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Comparative biological and morphometric studies were
carried out on vendace from lakes Drawsko and Pefcz in two
seasons of the year. The summer sample covered 106 speci-
mens of this fish from Drawsko Lake and 120 specimens from
Petcz Lake, while the autumn sample consisted of 110 and
104 specimens, respectively. This survey demonstrated a
number of significant differences in the individual weights,
the condition ofthe fish, as well as in the mensural and meris-
tic characters. Out of a total of 28 analysed linear parameters,
such differences were recorded in 15 characters in summer
and in as many as 19—in autumn. Also 3 out of 11 meristic
parameters showed differences. Vendace of Petcz Lake,
among other things, had larger (related to fork length, FL) lin-
ear dimensions of individual body parts and they had smaller
maximal body depth. The reasons behind the above-
mentioned differences may be different environmental condi-
tions of both lakes.

INTRODUCTION

Considering its economical importance the vendace has been considered one of the
most important items of the ichthyofauna of Polish lakes. This is mainly because of favour-
able biological features ofthis species, namely: short (2-3 years) period of attaining market
size, relatively fast growth rate, schooling behaviour facilitating catches, and most of all—
the high meat value, making it a desirable consumer item. The above features as well as the
existing problems with maintaining on high level traditional eel fisheries, contributed to the
fact that "vendace management model" of lakes has been constantly developing since
1990s in water bodies environmentally suitable for this easily adaptable species (Leopold et
al. 1998).


* **
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Tough economic laws affecting fisheries practice have prompted an increasing num-
ber of efforts to stock lakes with vendace hatch. Not all of them were successful. Unfortu-
nately, the fry is not always released to the lake of’its origin. Sometimes other water bodies
are stocked, even those having their endemic populations of'this fish. Such practices lead to
crossbreeding and merging of different populations of this species, which in turn, translates
into the loss of unique morphometric features of vendace characteristic for a given body of
water. Out of 1575 lakes located in the Zachodniopomorskie Voivodeship (Filipiak and
Raczynski 2001), 44 have been assigned to the "vendace type". In only 23, however, ven-
dace has been exploited commercially (Czerniejewski and Filipiak 2001). Very few papers
were published describing biological and morphometric parameters of vendace inhabiting
lakes in above-mentioned area. Walczak (1953) and Gasowska (1973) studied the above-
mentioned parameters in vendace oflakes Kalensko, Krzemien, and Bucerz. The latter au-
thor studied also vendace from Lake Miedwie. They observed substantial differences,
among other things, in the overall shape of the body between populations of this fish from
different lakes. They attributed those differences to different environmental conditions and
distinct morphometric differences of those bodies of water. Earlier, Thienemann (1933)
and Nikanorov (1964) published similar remarks on the influence of the lake size on the
biometric parameters of vendace. The lack of contemporary literature data on biological
and biometric characteristics of different populations of vendace inhabiting lakes of the
Zachodniopomorskie Voivodeship and also long-term poor management of this fish spe-
cies prompted the present authors to commence studies intended to fill this gap of knowl-
edge and to help improve the existing situation. The aim ofthe present paper is to compare
the most important biological and morphometric features of vendace representing two—

trophically-different and important for fisheries practice—lakes: Drawsko and Petcz.

MATERIALAND METHODS

The material for the present study were vendace originating from lakes Petcz and
Drawsko. The fish were sampled in summer (group I or "summer group") and autumn
(group IT or "autumn group"). The fish were acquired during commercial catches, using
anchored gillnets, 24-mm mesh size. Petcz Lake yielded 120 vendace caught on 28 July
2000 and 104 specimens caught on 2 October 2000. The study on Drawsko Lake vendace
was carried out on 106 fish caught on 2 August 2000 and on 110 specimens randomly se-
lected from the catch conducted on 5 October 2000. All vendace were iced and promptly
transported to the Department of the Fisheries Management of Inland Waters, Agricultural
University of Szczecin. After the arrival they were divided into groups of 10, placed in
special two-wall plastic bags (to prevent sublimation of water from the tissues), and frozen

at -28°C. The fish were stored at the same temperature for up to three weeks and the bags
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were slowly defrosted, one at a time. Defrosted fish were weighed to the nearest 0.1 g on
an electronic balance ofthe "Axis" type and subsequently subjected to a detailed biometric
analysis. Also their sex, condition coefficient (Fulton coefficient), and age were deter-
mined, the latter based on scale readings. Mensural characters were measured based on the
method described by Bryliniska (1986) and modified by the present authors (Fig. 1).

Fig. 1. Diagram oflinear measurements of vendace, Coregonus albula L. (Bryliriska 1986,
modified by the present authors)

The modifications consisted in performing additional measurements: the distance be-
tween the dorsal fin and the adipose (x25), adipose length (x26), lower jaw length (x27),
and the upperjaw length (x28). All 28 linear measurements were taken with an electronic
slide calliper "Helios" to the nearest 0.01 mm. A custom-made software Com2exel, devel-
oped in our Division was used for simultaneous data transfer from the calliper to a com-
puter. The data were statistically analysed with the aid of MS Excel and Statistica software.
Using the method of Smitt (1886), the linear dimensions of the body were expressed in
relative values (%), related to the fork length of the fish (x8). The meristic analyses in-
cluded the lateral line scale count (/./.), number of gill rakers on the first gill arch (Sp.br. 1),
number ofbranchiostegal rays (7. branch.), number of spines in: dorsal fin (D), anal fin (4),
pelvic fin (V), and pectoral fin (P), and soft rays (r.d.) in the above-mentioned fins. The
counting procedure was aided by a probe and a dissecting microscope (magnification:
2.5x). All mensural and meristic data were processed statistically yielding the following
parameters: range, arithmetic mean, and coefficient of variation (CV). We assumed after

Ruszczyc (1981) that coefficient of variation was statistically significant when it attained
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value of 10%. The features, for which, CV > 10%, were considered highly plastic. The
Mann-Whitney U test was also used, to determine significance of differences of the fea-
tures studied between fish from both lakes. A discriminant analysis (Sokal and Rohlf 1998)

was used to verify levels of differences and correctness of the results.

Morphometric and hydrochemical characteristics of lakes Drawsko
and Petcz

The surface area of Lake Drawsko covers 1871.5 hectares, which makes it the largest
body of water within the Drawskie Lake District and one ofthe largest within the Pomera-
nian Lake District. Because it has been formed at a crossing of a number of glacial valleys
it is strongly dendritic. The development factor of the coastal line (WL) is 4.97, while elon-
gation factor (a) is 3.2. The slopes of the lake bed are steep and there are numerous deep
spots, the deepest of which (79.7 m) is located in the south-eastern part of the lake. Due to
its morphometric features and also because ofthe Drawa River flowing through, Drawsko
Lake is among the water bodies that are, in high extent, resistant to eutrophication. The di-
rect drainage basin is covered predominately by forests. According to Bernatowicz et al.
(1975) the oxygen content in this body of water measured between the surface and the bot-
tom was not lower than 2 mg*dm~, which constitutes a limit of the oxygen demand of
vendace. The most recent study of the Drawsko Lake waters, carried out during summer
stagnation (Cydzik et al. 2000) confirmed high quality of its waters, evidenced, among
other things by relatively high (4.3-6.0 mg*dm™) oxygen content in the benthic layers. Fa-
vourable oxygen contents and suitable food base observed for many years now, have en-
abled a rational fisheries management, with strong emphasis on catches of coregonids.
Within 1995-2000 the annual average catch of vendace in this lake fluctuated between
1.76 kg*ha' (2000) and 14.62 kg*ha' (1997) with the average value of 5.93 kg*ha' (data
from the lake book)

Petcz Lake compared to Drawsko Lake is smaller (279.5 ha) and it is located in the
nearby Choszczenskie Lake District. It shows much lower WL factor (3.34) and at the same
time, much higher elongation factor (a = 11.5). Its bed, well carved in moraine formations
also features numerous deep spots (maximal depth 31 m). The lake represents a non-flow-
through type and its direct drainage basin is covered predominantly by fields which causes
periodical (summer) worsening of the water quality. A hydrochemical survey carried out in
1994 (Cydzik et al. 2000) revealed a complete absence of oxygen as high as in the lower
part of metalimnion and in the entire hypolimnion, and the presence of hydrogen sulphide
above the bottom ofthe lake. Unfavourable environmental conditions were the main reason
behind the decline of the vendace population in Petcz Lake in the 1990s. As recently as
within 1980-1990 the mean catch efficiency was 18.5kg*ha™', whereas in the last decade it
dropped down to 6.7 kg*ha' (according to the lake book). It must be emphasised that a
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drastic collapse of commercial catches was observed throughout the year 2000 as a conse-

quence ofa complete oxygen deficiency in the water layers deeper than 7 m.

RESULTS

The comparison of biological parameters of group 1 vendace (caught in summer) re-
vealed that the Drawsko Lake fish compared to those of Petcz Lake were longer (7L by
17.4 percentage points; FL by 18.4 percentage points) and their individual weight was by
72.6 percentage points higher (Table 1). Consequently also their condition expressed by the
Fulton coefficient was by 14.1 percentage points higher. The principal factor causing
above-mentioned differences was the different age structure of fish analysed. The dominant
group in both lakes were vendace aged 2+ In Drawsko Lake they constituted 69.8% and
they average individual weight was 87.6 g, while in Petcz—50.8% and 57.6 g, respec-
tively). In the material, however, coming from the former body of water the share of
4-year-old specimens—attaining average individual weight of 127.4 g—was as many as
30.2%, whereas in Petcz Lake (average weight of 82.7 g) it was below 3.3%. Moreover, the
dominant (40.8%) item in the latter lake were small vendace (46.2 g) aged 1+. The per-
centage of females in Petcz Lake was 77.5%, whereas in Lake Drawsko—only 43.3%.

The data presented in Table 2 indicate also a substantial disproportion in biological
characters between vendace from lakes Petcz and Drawsko caught in the autumn. In the
former lake the range of individual weight of fish was 21.5-85.3 g, while in Drawsko Lake
the analysed fish were much heavier (69.2-221.6 g). It is also interesting that the average
individual weight of fish from Petcz Lake were as many two times higher compared to
"autumn specimens” from Drawsko Lake and the difference between total lengths was 22.2
percentage points, while between fork lengths—23.2 percentage points. In all above-
mentioned parameters—similarly as in vendace caught in summer—distinct differences
were noted for each sex of'this fish from both lakes. For example in "autumn" males from
Petcz Lake, mean individual weight was two times higher than the weight of males from
the other lake, whereas the same parameter between females differed three times. The age
structure of fish from both bodies of water, in large extent, explains the differences ob-
served in the studied biological parameters. Even ifthe dominant age group in lakes Pelcz
and Drawsko were three-year-old fish, weighing on average 47.9 g and 87.6 g, respectively,
the former lake featured also 22.1% of fish aged 1+ (average weight 32.4 g) and 2.9% of
those aged 3+ (71.0 g), while in Drawsko Lake as many as 27.3% constituted four-year-old
specimens (127.4 g) and five-year-old (190.1 g). At the same time a disproportion was ob-
served in the sexual composition of this fish. Similarly as in "summer" group, also the
"autumn" vendace from Drawsko Lake featured 3 times fewer females (28.19%) than in
Petcz Lake (84.57%).



Basic biological data of vendace acquired in summer for morphometric study

Table 1

Capture Sex Sample Value TL FL Total Fulton Number of fish in each age group:
site size [mm] [mm]. weight [g] | coefficient 1+ 2+ 3+
Mean 230.2 208.8 95.8 1.05
Total 106 Minimum 207.0 186.0 69.1 0.88 — 74 30
Maximum 259.0 234.0 147.8 1.22
Mean 2333 211.5 100.1 1.05
?;EZSkO Females 47 |Minimum 215.0 196.0 80.1 0.90 _ ky) 15
Maximum 259,0 234.0 147.8 1.22
Mean 227.7 206.8 92.5 1.04
Males 59 Minimum 207.0 186.0 69.1 0.88 — 44 15
Maximum 259.0 233.0 146.7 1.16
Mean 196.1 176.3 55.5 0.92
Total 120 Minimum 154.1 136.0 30.5 0.68 49 61 7
Maximum 258.0 225.0 110.6 1.10
" Mean 197.6 177.9 57.3 1.00
EcheZ Females 93  |Minimum 154.2 136.7 312 0.76 32 52 6
Maximum 258.0 238.0 110.6 1.23
Mean 190.6 170.8 49.1 0.98
Males 27 Minimum 160.0 142.8 30.5 0.82 17 9 1
Maximum 218.4 196.6 723 1.28




Basic biological data of vendace acquired in autumn for morphometric study

Table 2

Capture Sex Sample Value TL FL Total Fulton Number of fish in each age group:
site size [mm)] [mm]. |weight [g] | coefficient 1+ 2+ 3+ 4+
Mean 227.83 206.71 101.9 1.13
Total 106 Minimum 197.20 181.80 69.2 0.92 _ 80 24 6
Maximum 284.90 258.60 221.6 1.45
" Mean 237.89 215.65 127.6 1.22
E;E;VS © | Females 47 [Minimum 202.20 181.80 70.7 1.01 — 13 13 5
Maximum 284.90 258.60 221.6 1.45
Mean 223.89 203.20 91.8 1.09
Males 59 Minimum 197.20 185.30 69.2 0.92 — 66 12 1
Maximum 276.20 250.10 156.0 1.24
Mean 177.16 158.83 45.2 1.11
Total 120 Minimum 149.02 133.36 21.5 0.69 23 78 3 _
Maximum 213.89 196.93 85.3 1.45
Pete Ms‘ea‘n 176.20 157.95 453 1.14
Lake Females 93 Minimum 149.02 133.36 29.1 0.59 3 11 1 —
Maximum 213.89 194.72 85.3 143
Mean 182.87 164.04 444 0.98
Males 27 Minimum 151.19 136.07 21.5 0.78 3 11 1 —
Maximum 213.68 196.93 66.6 1.16
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The relation between the total length and the individual weight of both groups of
vendace, shown on Fig. 2, indicate substantial differences between material acquired from
Drawsko Lake and that caught in Petcz Lake. Both in summer and in autumn, vendace
from the former lake showed distinctly better condition, increasing along the increase of
the total length. It must be emphasised that the higher condition was observed in vendace
collected in autumn, which was associated with the maturation oftheir gonads at that time.
Vendace of Petcz Lake did not show this regularity and the power functions describing re-
lations between the length and the weight did not differ much between samples of summer
and autumn. It is interesting that in vendace ofboth lakes caught in summer the determina-
tion coefficient was distinctly higher than in "autumn" group. It means that the latter group

was characterised by a wider ranger of individual weight of fish having the same total

lengths.
250
v
200 +—— - J— r /_ .
y = 2E-0f &% = 3Ry 1985
B R = D.8673 RZ= 0.9089
E Drawsko Lake- summer]
o 150 —— - o e — .+ .
2
E T I e e - i
E ¥ = 0.0002¢ % /"’;.oonzx’-”“
R =0.8974
Pelcz Lake- summer . i
0 . . .
140 160 180 260 220 240 260 230 300 320

Total length {mm)

Fig. 2. Relation between the total length and individual weight of vendace
from lakes Drawsko and Petcz

Mean values of mensural and meristic characters with their coefficient of variation
(CV) for group 1 (summer) of vendace is shown in Table 3, while for group 2 (autumn)—
in Table 4. Coefficients of variation for group 1 fish from both lakes were high (CV > 10)
for the adipose fin length (x26) and the length of caudal peduncle (x 15). The CV values of
the former parameter were 10.41% in Drawsko Lake and 14.49% in Petcz Lake, while for
the latter parameter they were 10.20% and 12.73%, respectively. In group 2, the CV values
for x26 were 15.41% in Drawsko Lake and 11.84% in Petcz Lake, while for x15—10.61%
and 9.20%, respectively. The above-mentioned features should be considered highly plastic

and taking this into account they were rejected from further statistical analysis.



Table 3

Ranges, mean values, and coefficients of variation of measural and meristic characters
of vendace caught from lakes Drawsko (106 specimens) and Petcz (120)

Character Drawsko Lake Pefcz Lake Discriminant
code Range Mean CcvV Range | Mean CvV analysis (A)
Mensural characters (in % of fork length)

x1* 17.33-20.84 18.87 497 | 19.60-24.02 21.70 447 | 0.142652

x2* 3.88-5.68 4.38 7.27 4.52-6.37 5.48 7.11 | 0.096844

x3* 4.19-5.70 5.04 6.60 | 4.82-6.76 5.83 7.12 | 0.108764

x4* 7.87-10.73 9.42 5.32 9.06-12.11 10.59 5.80 | 0.082348

x5* 9.22-12.00 10.73 7.51 | 11.28-14.93 13.46 6.26 | 0.048364

X6 7.51-9.34 8.41 5.24 7.40-10.08 8.56 5.76 -

x7 105.58-115.76 | 110.25 1.18 | 101.07-116.09 | 112.02 1.95 —

x9* 90.95-97.01 95.14 1.04 | 89.43-97.67 93.99 2.15 | 0.091757
x10* 39.87-47.68 42.66 3.25 | 38.43-47.56 4421 340 | 0.04787
x11 37.80-45.94 40.30 448 | 24.86-44.85 39.94 8.19 —
x12* 17.90-23.06 20.52 576 | 12.75-22.73 18.42 8.15 | 0.129701
x13 63.57-74.65 68.29 3.67 | 47.71-73.06 68.65 7.69 -
x14 5.87-9.39 6.71 7.28 5.70-10.39 6.72 8.92 —

x15a 9.11-13.18 10.57 10.20 6.13-11.80 8.72 12.73 —
x16* 18.17-25.86 22.04 9.43 | 19.41-31.16 23.89 8.61 | 0.032911
x17 14.10-16.75 15.33 428 | 12.21-17.95 15.49 7.02 —
x18* 12.65-16.98 14.44 5.02 | 12.27-18.40 15.03 6.93 | 0.0326482
x19 12.00-16.98 14.98 9.73 | 12.15-18.81 14.40 8.57 —
x20%* 9.33-12.98 11.65 8.68 8.15-11.91 10.24 9.79 | 0.045513
x21 7.69-11.00 9.53 6.61 6.31-12.07 9.60 9.01 —
x22 10.00-14.13 12.11 8.03 9.36-12.37 11.58 8.57 —
x23%* 24.46-31.31 28.10 5.11 | 23.58-29.79 27.22 4.56 | 0.045234
x24* 18.78-24.74 22.20 5.71 | 20.31-27.62 23.02 5.68 | 0.046709
x25 20.29-27.89 24.98 5.12 | 21.55-29.31 24.41 5.36 —
x26a 4.35-5.32 4.83 10.41 2.99-6.43 424 | 1449 —
x27* 7.89-8.96 8.25 5.23 8.38-11.64 9.91 7.10 | 0.172133
x28* 5.23-6.01 5.55 5.67 5.87-7.49 6.62 6.40 | 0.066604
Meristic characters
D 33 3 0 2-3 2.99 0 —
rd.D* 8-10 9.67 5.46 7-10 8.58 7.89 | 0.045369
A 33 3 0 3-3 3 0 —
rd. A* 11-15 12.03 7.33 9-14 11.10 7.37 | 0.044621

vV 2-2 2 0 2-2 2 0 —
rd.V 9-11 10.07 6.94 9-11 9.85 5.38 —

P 1-1 1 0 1-2 1.01 0 —
rd.P 10-14 13.25 7.63 12-15 13.55 5.64 —
r.br. 7-8 7.06 3.89 7-8 7.13 4.82 -

sp.br.1 37-41 39.13 3.09 36-43 38.93 4.93 —
LL* 72-87 82.64 3.58 73-85 77.97 4.05 | 0.054044

* statistically significant differences (p < 0.05),
archaracters rejected from data subjected to further statistical analysis.
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Of the remaining 25 mensural features of vendace, expressed in percents of total
length, the lowest variability (CV < 3%) in both groups (1 and 2) and from both lakes
Drawsko and Pelcz, was stated in: the standard length (x9) and the total length (x7). In
vendace collected in autumn the lowest CV was observed also in the preanal distance
(x13). It is important that the CV differences, ranging from 2.4 to 4.1% between the fish of
summer catch form lakes Drawsko and Petcz, were found for seven mensural features (x11,
x12, x13, x15, x17, x21, and x26) and for two meristic characters (rd.D and sp.br1). The
above-mentioned higher CV differences in "summer” vendace of Petcz Lake suggested
higher morphometric variability of those fish compared to vendace collected at the same
season from Drawsko Lake. CV differences, ranging from 2.5 to 3.6% in "autumn" ven-
dace between lakes Pelcz and Drawsko were observed in two mensural features only (x4
and x26) and in a single meristic character (rd. P)

Table 3 shows also comparative results of biometric characters of vendace acquired
in summer from lakes Drawsko and Petcz in a form of a non-parametric Mann-Whitney U
test. Out of 25 mensural features (presented in relative values) as many as 15 exhibited sta-
tistically significant differences, whereas in the case of 11 meristic characters such differ-
ences were visible only in the lateral line scale counts (/.[.), the number of soft rays in the
dorsal fin (7.d. D), and in the anal fin (7.d.A). To determine the level of differences of re-
spective morphometric features of "summer” vendace of both lakes a discriminative analy-
sis was used. It can be concluded from the calculated lambda indices that the most exten-
sive differences between the fish from lakes Petcz and Drawsko were visible in the follow-
ing features: x27, x1, x12, x3, x2, x9, and x4. It must be emphasised that as many as 5 of
the above-mentioned characters describe dimensions of the vendace head. Slightly smaller
differences (A < 0.08) were noted in 8 remaining linear measurements and in 3 meristic
characters (Table 3). Correctness of these results measured with a classification matrix was
obtained at the level of 92.6%. It amounted to 96.8% for vendace of Drawsko Lake and to
88.4% in the case of Petcz Lake fish.

Substantial differences were also stated between vendace of acquired in autumn from
lakes Petcz and Drawsko. Results of U test of Mann-Whitney shown in Table 4 demon-
strated differences between studied fish from both lakes in as many as 19 linear parameters
and 3 meristic characters. The highest levels of differences (A > 0.08) were observed (in
decreasing order) in x27, x1, rd.D, x3, x12, and x6. Except for the number of soft rays in
the dorsal fin (7d.D) and maximal body length (x12) the remaining parameters describe
shape and size ofthe head ofthe fish studied. Compared to "autumn” vendace of Drawsko
Lake the fish from Petcz Lake—similarly as fish collected in summer—had higher (statisti-
cally significant) values of those linear parameters and lower values of maximal depth of
the body (x12).



Table 4

Ranges, mean values, and coefficients of variation of mensural and meristic characters
of vendace caught in autumn from lakes Drawsko (110 specimens) and Petcz (104)

Character Drawsko Lake Petcz Lake Discriminant
code Range Mean CV Range Mean CV analysis (V)
Mensural characters (in % of fork length)

x1* 17.99-21.57 19.94 327 | 17.81-23.53 21.33 4.79 | 0.091871

X2* 3.84-591 4.96 7.96 4.42-6.13 5.56 6.97 | 0.07449

x3* 4.17-5.99 5.10 7.54 5.16-6.94 6.16 6.98 | 0.86241

x4* 8,06-11.09 9.86 4.72 7.06-11.92 10.32 7.28 | 0.0422799

x5* 9.57-13.64 11.97 6.97 8.61-12.65 11.21 6.04 | 0.049273

X6 7.05-10.38 8.37 8.25 7.89-11.69 993 7.16 | 0.81021

x7 101.01-115.03 | 110.24 2.35 | 106.21-116.99 | 111.08 2.28 —

x9* 89.97-95.96 93.46 2.52 | 89.54-9648 93.03 142 —
x10* 38.60-46.76 43.29 3.48 | 39.44-49.69 4445 391 | 0.04212
x11 36.62-45.89 41.76 4.00 | 29.71-41.62 39.11 5.70 | 0.041374
x12* 17.21-27.02 21.81 8.36 | 15.93-24.21 19.65 8.75 | 0.82163
x13 63.78-73.74 68.59 2.40 | 65.86-76.02 70.54 2.77 | 0.03262
x14 5.48-7.72 6.77 6.65 5.44-7.63 6.68 6.58 —
x15a 6.84-12.66 9.44 10.61 6.10-10.71 8.79 9.20 —
x16* 15.25-25.92 22.41 8.33 | 19.26-26.97 22.99 7.14 | 0.04514
x17 13.62-17.42 15.48 503 | 12.14-17.27 15.21 6.92 —
x18* 12.91-17.94 15.19 6.11 | 12.61-16.71 14.80 5.81 | 0.02989
x19 10.97-19.63 14.89 8.17 | 11.74-17.21 14.15 7.15 | 0.041701
x20* 9.92-15.71 12.02 8.01 8.44-12.91 11.09 7.85 | 0.046845
x21 8.57-11.88 9.92 6.69 7.62-11.17 9.19 7.62 | 0.056646
x22 10.32-15.74 12.41 8.18 | 10.78-15.91 12.81 848 —
Xx23* 24.89-35.88 28.91 594 | 23.12-31.61 27.98 640 | 0.050884
x24* 18.53-26.30 23.21 693 | 19.82-27.96 24.11 6.33 | 0.04602
x25 22.31-28.53 2543 549 | 20.00-2648 23.54 5.66 | 0.043516
x26a 2.72-5.78 4.24 1541 242-4.55 3.85 11.84 —
x27* 7.02-9.68 8.38 6.22 7.62-10.69 9.70 5.83 | 0.139339
x28* 5.06-8.87 6.04 7.87 5.11-7.81 648 8.17 | 0.047765
Meristic characters
D 3-3 3 0 3-3 3 0 —
rd.D* 7-10 9.72 5.59 89 8.72 5.16 | 0.090123
A 3-3 3 0 3-3 3 0 —
rd A* 10-15 11.75 8.16 10-13 11.33 6.22 | 0.042799

V 2-2 2 0 2-2 2 0 —
rd.V 9-11 10.15 5.36 10-11 10.15 3.57 —

P 1-1 1 0 1-1 1 0 —
rd.P 10-14 13.47 7.01 13-15 13.45 4.29 —
r.br. 7-7 7 0 7-7 7 0 —

sp.br.1 35-41 40.33 4.68 38-43 40.2 342 —
LL* 72-86 83.13 4.12 75-88 81.74 3.45| 0.03216

* statistically significant differences (p < 0.05),

a, characters rejected from data subjected to further statistical analysis.
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DISCUSSION

In Lakes of Polish Western Pomerania vendace has been caught using anchored gill
nets of the mesh size of 24 mm, targeting 3-year-old specimen (Bernatowicz et al. 1975).
Despite the employment of relatively selective fishing gear the fish acquired from lakes
Petcz and Drawsko exhibited relatively high variability of basic biological parameters
(weight and length). This enabled us to conduct comparative studies on the growth rate of
length and weight with vendace from other lakes of Western Pomerania also exploited with
the aid of anchored gill nets ofthe same parameters.

Based on the age studies of vendace collected from 205 lakes of Poland Marciak
(1970) demonstrated that, similarly as in the age structure in lakes Petcz and Drawsko, the
dominant group in all year seasons were 3-year-old fish. It is possible that small differences
in the age of vendace between both lakes resulted from fisheries management of Petcz
Lake, which failed to consider the worsening environmental conditions there. The latter
fact was farther evidenced by a rapid (over 20 times) decline in catches of vendace within
1995-1999, despite the constant fishing effort. The above-mentioned situation contributed
to "overfishing" and small representation of 3+ and older specimens in the samples col-
lected in summer and autumn of 2000 from Petcz Lake.

The head has been considered one of the most morphometrically variable parts of
fish body (Gasowska 1973; Radziej 1973). Results of statistical tests and discriminative
analysis of the present study confirmed that among 27 mensural and 11 meristic features
studied, in both summer and autumn sample, the highest differences between vendace were
stated particularly in parameters describing the shape ofthe head. It is evident from the lit-
erature data (Kozikowska 1961; Gasowska 1973) that the lateral length of head fits within
184-22.6% of the fork length. Thienemann 1933, using data from Mecklenburg (Ger-
many) and Pomeranian and Masurian (presently in Poland) lakes determined differences in
much higher range (14.3-24.8%). Despite statistically significant differences in the lateral
length of head (x1) in vendace from lakes Drawsko and Pelcz the mean values of this pa-
rameters in "summer" group of these fish amounted to 18.87 and 21.70%, respectively,
while in the "autumn" fish—19.94 and 21.33%, respectively, which makes them consistent
with the ranges most often quoted in the literature (Kozikowska 1961; Gasowska 1973).
The data collected by Sandlund (1997) suggest that the lateral head length usually corre-
lates with the remaining dimensions of this part of fish body. Therefore the vendace ac-
quired in summer and autumn from Petcz Lake, in contrast to those from Drawsko Lake,
showed higher dimensions of linear parameters of the head, which was statistically signifi-
cant. The highest level of differences between morphometric features in both "summer’
and "autumn” vendace was observed in the length of the lower jaw (x27). The fish from

Drawsko Lake attained distinctly lower mean value of this parameter (summer 8.25% and
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autumn 8.38%) compared to Petcz Lake (9.91% and 9.70%, respectively) and to data of
Radziej (1973) for Wierzbiczany Lake (9.0%) and Narie Lake (10.0%).

An important mensural feature is the diameter ofthe eye. Variability of this parame-
ter in vendace of lakes Breite Lucin and Stechlin enabled differentiation of two forms of
this fish: "nominate form" and "deepwater form" (Thienemann 1933; Anwand et al. 1997).
This parameter in vendace from deeper bodies of water is distinctly higher. For example,
Radziej (1973) determined that the eye diameter in vendace of Narie Lake (max depth 43.8
m) was 5.7%, whereas in Wierzbiczany Lake (max. depth 21.6 m) it was 4.9%. Kozikow-
ska (1961) suggested that the values of the eye diameter might be influenced not only by
the depth but also by the transparency of water. On the other hand, in the case of vendace
collected in both seasons from lake Drawsko and Petcz the difference in this linear
parameter as well as in the remaining mensural parameters of the head are difficult to jus-
tify consistently. It is possible that the elevated values of the above-mentioned linear
parameters of vendace from Petcz Lake were caused by a limited access to food resulting
from abnormal overcrowding of all fishes in the narrow epilimnion zone, which was the
only zone where oxygen was present.

The condition of fish is an indirect reflection of hydrochemical and hydrobiological
conditions observed in a given body of water. Its exponent is the maximum depth of fish
body (Kozikowska 1961). Most often the values ofthis feature range from 19.11% (Bucerz
Lake) to 23.29% (Ptesno Lake) (Kozikowska 1961; Gasowska 1973). Even if the mean
values of the maximum height of the body of vendace from lakes Drawsko and Petcz fit
into the range determined for Polish lakes, the statistical analyses performed, have demon-
strated significant differences in this feature. Similar dates of collecting the fish from both
lakes, rule out possible effect of the developmental advancement of gonads on the above
parameter. Most probably those differences were caused by unstable and unfavourable hy-
drochemical conditions occurring in summer in Petcz Lake (limited water layer containing
suitable oxygen concentrations and unsuitable—too high water temperature) and hydrobi-
ological ones (limited access to food resulting from the earlier mentioned excessive con-
centration of fishes representing all species in a narrow—reaching depth of 7 m—oxygen-
ated zone). The above factors could have been the reasons behind distortion of the body
shape of vendace acquired in summer and in autumn and "creation" of hunger forms of
these fish in Petcz Lake which was reflected in the values of the discussed linear parame-
ters ofthe head and the maximum body height.

Statistically significant variability of vendace of both lakes in their meristic charac-
ters was observed in the number of scales in the lateral line (LL). The above feature shows
an extensive variability. For example, the range of the number of scales in the lateral line
was in lakes: of Sweden 65-90 (Smitt 1886), of Poland, 72-91 (Gasowska 1962, 1973),
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of Byelorussia, 70-90 (Galcova 1954), and Russia, 72-90 (Pokrovskij 1967). The remain-
ing meristic features (rd.D. and rdA.) which enable differentiation between vendace from
both lakes studied, are consistent with the data most often cited in the literature (Table 5).
It must be emphasised that the low number of gill rakers recorded in vendace of lakes
Drawsko and Pelcz (35-41 and 38-43, respectively). Walczak (1953) and Gasowska
(1973) attributed the number of gill rakers to the specific character of the environment in
different bodies of water. The highest values of this feature vendace reaches in lakes simi-

lar to oligotrophic type, while the lowest numbers—in eutrophic ones.

Table 5
A checklist of meristic characters of vendace according to different authors
(including present data from lakes Petcz and Drawsko)
Area surveyed Author Number of soft rays in fins:| Number of N.umber of
D A scales gill rakers

Sweden Smitt(1886) 8-10 10-13 65-90 36-49
Charzykowo Lake 8-11 9-14 39-48
Bucerz Lake 7-10 9-12 35-44
Kizemiei Lake | Y lczak (1953) 8-10 10-14 _ 42-51
Kalenskie Lake 8-11 10-14 36-51
Naro¢ Lake Galcova (1954) 8-11 10-14 70-90 36-46
Poland Gasowska (1962) 89 10-13 72-84 35-52
Onega Lake Pokrovskij (1967) 7-10 10-14 72-90 39-49
Yanskie Lake 8-10 10-13 7591 4179

Wigry Lake 7-9 10-12 75-90 40-49
Mamry Lake Gasowska (1973) 8-9 10-12 77-40 41-45
Miedwie Lake 89 10-12 73-88 37-47
Bucerz Lake 7-9 10-12 78-91 37-43
Petcz Lake Present data 7-10 9-14 73-88 36-43
Drawsko Lake 7-10 10-15 72-87 35-41

Different environmental conditions of both lakes had a decisive effect on formation
of mensural and meristic features of vendace. It is possible that the linear parameters of the
fish studied in substantial way were affected by the individual hydrochemical factors (water
temperature and oxygen level) affecting directly the quality, quantity, and the availability of
food and probably also some morphometric elements of those bodies of water (water
surface area and depth) mentioned by Nikanorov (1964), Radziej (1972), or Thienemann
(1933). Therefore the knowledge on the biology ofthose fish should be also supplemented
by hydrochemical analyses of vendace lakes, which may be of crucial importance of a

rational fisheries management.
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CONCLUSIONS

1. Meristic features of both groups of vendace of Petcz Lake can be expressed using the
following formula: DII-I117-10, A 111 9-14, VII 9-11, PI-11 12-15, r.br. 7-8, sp.brl
36-43, [.1. 73-88, whereas for Drawsko Lake— D I'Tl 7-10, A 111 10-15, V11 9-11, PI
10-14,r.br. 7-8,sp.brl. 35-41, /./. 72-87.

2. Vendace of Petcz Lake caught in summer as well as in autumn were characterised by
only three meristic features assuming higher values (statistically significant difference)
than the respective features in the fish of Drawsko Lake: number of scales on the lat-
eral line (L), number of soft rays in dorsal fin (#d.D.) and anal fin (rd.A.)

3. Statistical analysis revealed significant differences between vendace of both lakes in
15 mensural features in summer and in as many as 19 in autumn. The highest level of
differences was visible in linear dimensions of the head and in maximal height ofthe
body.

4. Out ofthe 27 linear parameters of vendace caught in summer and in autumn in both
lakes a low variability (CV < 3%) was stated in the total length (7L) and in standard
length ((SL), whereas the highest variability (CV > 10%) was stated in the length of adi-
pose fin and in the length of caudal peduncle.

5. Because of unfavourable oxygen conditions, vendace of Petcz Lake characterised
themselves substantially lower individual weight values and lower condition compared

to vendace acquired Drawsko Lake—hitherto resistant to eutrophication.
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Przemystaw CZERNIEJEWSKI, \Jaroslaw FILIPIAK|

CHARAKTERYSTYKA BIOLOGICZNO-MORFOLOGICZNA SIELAWY
(COREGONUS ALBULA L)) Z JEZIOR DRAWSKO I PELCZ

STRESZCZENIE

Materiat do badan stanowity sielawy pozyskane wontonami o $rednicy oczka 24 mm zjeziora
Drawsko (2.08.2000 oraz 5.10.2000) i Petcz (28.07.2000 oraz 2.10.2002). Kazdy osobnik zostat
przebadany pod katem biologicznym (wiek, pte¢, masa jednostkowa) oraz biometrycznym -
28 cech wymierzalnych (przedstawionych tabelarycznie w odniesieniu do longitudo caudalis)
i 11 policzalnych. Z przeprowadzonych analiz wieku ryb wynika, iz zaréwno w jeziorze Petcz
jak i jeziorze Drawsko w grupach ryb pozyskanych latem i jesienia dominowaty sielawy trzyletnie.
W tym pierwszym zbiorniku ryby z obu okreséw potowu charakteryzowaty sie wyraznie gorszymi
wspdtczynnikami kondycji, oraz mniejsza masajednostkowa i dtugoscia (/.2 i l.caud.)

Wysoka zmienno$¢ (V > 10%) zaréwno dla grup ryb pochodzacych z potowdw letnich,
jak ijesiennych z obu zbiornikéw stwierdzono w wysokosci ptetwy ttuszczowej (x26), oraz w dtu-
gosci trzonu ogonowego (x15). Najnizsza warto$¢ wspdtczynnika zmiennosci stwierdzono u sielaw
z obu jezior w dtugodciach: ciata - x9 i catkowitej - x7, a takze u ryb Jesiennych" w dtugosci
przedanalnej (x13). Test U Manna-Whitneya wykazat istotne réznice w 15 (okres letni) i az 19
(okres jesienny) cechach wymierzalnych i 3 policzalnych. Sielawa zjeziora Petcz charakteryzowa-
ta sig statystycznie istotnie wigkszymi wartos$ciami wymiaréw gtowy, jak i mniejszymi pomiarami
maksymalnej wysokosci ciata. Wydaje sig, ze ze wzgledu na zblizony termin pobrania materiatu
z obu jezior, przyczyng tych réznic nalezy upatrywaé w niekorzystnych warunkach srodowisko-
wych, co posrednio potwierdzaja nizsze wartosci wspdtczynnikow kondycji sielaw zjeziora Petcz.
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