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The whitefish (Coregonus lavaretus) of the Lake Miedwie was 

studied. Based on gill raker counts, three f onns of the species 

are discerned: lavaretus, maraena, and generosus. The 

maraena fonn individuals showed the highest growth rate. 

The other two forms grew more slowly, their growth rates 

being similar to each other. The maraena andgenerosus fonns 

fed on both plankton and benthos, while lavaretus consumed 

betnhos only; 

INTRODUCTION 

The increasing standard of �fe of the society results in a growing demand for high 
quality products. Among freshwater fish species, only the valuable ones are sought mo­
re and more. The whlte:fish, Coregonus lavaretus (L.) is one of such species. It occurs, 
albeit in declining abundance, in water bodies of northern Poland. Problems concerning 
the whitefish fishery in lakes involve obtaining suitable stocking material as well as de­
teriorating water quality. 

The data on the Lake Miedwie whitefish reported in this study should be, at present, 
regarded as historical as the species is extinct in the Lake. The ecological catastrophe 
which took place in the Lake in summer 197 5 (Stankiewicz and Mutko, 1978) resulted in 
a complete deoxygenation of water below 12 m depth and a mass mortality of the 
indigenous whitefish ensued. Single specimens were being sporadically caught until as late 
as 1985 (Mastynski, 1986). One should, however, consider the importance of these data 
which demonstrate the Lake Miedwie potential for whitefish production in the area. 
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The Lake Miedwie whitefish was frequently dealt with by researchers interested in 

coregonids. Lityriski (1932), Thienemann (1935), Wiese (1938), Steinmann (1951) and 

G<!sowska (1965, 199 7) published a number of interesting information. 

The present work is aimed at determining the taxonomic structure, food, and growth 

rate of the Lake Miedwie whitefish population. 

MATERIAL AND METHODS 

The fish individuals examined were caught in the Lake Miedwie between August 3, 

1973 and May 15, 1974 (Table 1) with both moved (smelt trawl, seine) and stationary 

(Peter net) gears. A total of 373 individuals about 68% of which were caught in autumn -

winter were examined. 

Table I 

Number of ,1 hitefish individuals caught in various months 

-

Year 1973 1974 

\lnnth VIII IX X Xl XII I II Ill IV V 

Nu. oi' "·hitcfish 15 2 I 46 75 119 54 19 11 8 5 
individuals 

Total 373 

-----
-

The meristic analysis to distinguish taxonomic forms was based on the gill raker count 

(as determined from the first gill arch), number of scales along the lateral line, and 

number of scales above and below the lateral line. 

The fish individuals examined measured (total length) from 16.2 to 70.2 cm. The fish 

were weighed to 5 g. Fish age was determined from scales taken from above the lateral 

line between the dorsal and adipose fins. Growth rate was calculated from direct 

measurements. 

The food analysis involved composition of food and frequency of planktonic and 

benthic organisms in diet. Food organisms were identified with the aid of a freshwater 

fauna key (Rybak, 1971). 

AREA OF STUDY 

The Lake Miedwie is one of the largest West Pomeranian lakes (Fig. 1). At present the 

Lake is a rudiment of a huge water body existing in the place 120 years ago and occupies 

on third of the latter's area. The Lake covers 3527 hectares; its maximum and mean 

depths are 43.8 and 19.3 m, respectively. Until recently, the Lake was classified as 
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Fig. J. Lake Mied\\·ie, \\·ith bathymctric data 

11111ra,11a 9111ero.sus 

50 

30 

20 

,o 

22 25 

Fig. 2. Distribution of gill raker counts (n = 37 3) 



Table 2 

Frequency of occurrence of whitefish with different gill raker counts 

White fish 
lavaretus I maraena Iform 

generosus 

Gill rakers 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 l38 39 40 41 42 43 44 

No. of 
16 20 54 14 18 46 17 31 16 15 10 5 1 8 11 28 16 10 22 8 7 -

individuals 

Mean 23.6 I 29.6 I 40.3 

Table 3 

Frequency of occurrence of whitefish with different number of scales along lateral line 

No.of 
scales 

79-81 82-84 85-87 88-90 91-93 94-96 97-99 100-102 n mean 

Form 

lavaretus 2 6 39 23 19 11 4 - 104 88.5 

maraena - 10 30 53 42 24 - - 159 89.0 

generosus - - 8 lC 32 42 12 6 110 94.5 



Coregonus lavaretus in Miedwie 7 

mesotrophic; at present, as demonstrated by oxygen conditions and contents of 
phosphates and ammonia in the hypolimnion,, increasing eutrophication is observed 
(Tadajewski and Mutko, 1980). The process is reflected in changes in the hypolimnion 
oxygen content (1 m above the bottom) during the peak summer stagnation: from 
6 mg O)dm3 in 1963 to 0.8 mg 02/dm3 in 1978 (Tadajewski andMutko, 1980).

RESULTS 

1. Gill raker counts
The analysis of gill raker counts demonstrated the existence of three forms in the

population, the forms differing markedly in their counts (Table 2; Fig. 2). Following Berg 
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Fig. 3. Growth rate of three whitefish forms and their mean annual increments 

1 = f lavaretus; 2 = f maraena; 3 =f generosus 
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Table 4 
Total length (Lt., cm) growth rate in different whitefish 

forms lavaretus maraena generosus 

mean mean mean 
age group n range mean annual n range mean annual n range mean annual 

increment increment increment 

I i 5 15.1-18.5 16.8 16.8 19 16.2:....20.4 18.3 18.3 - - - -

II 8 22.1-27.1 24.6 7.8 17 23.9-32.5 28.7 10.4 11 22.5-24.5 23.5 -

III 14 29.1-37.1 33.1 8.5 24 34.1-48.7 39.9 11.2 14 30.1-36.7 33.4 9.9 

IV 15 41.S:-44.9 43.2 10.1 20 44.2-47.8 46.0 6.1 7 38.3-41.l 40.2 6.8 

V 13 44.4-48.0 . 46.2 3.0 15 48.(-50.8 49.5 3.5 26 44.4-49.4 46.9 6.7 

VI 23 47.1-49.9 48.5 2.3 18 46.9-53.6 51.6 2.1 23 47.4-50.6 49.0 2.1 

VII 16 50.1-51.1 50.6 2.1 14 52.7-54.9 53.8 2.2 20 49.2-53.3 51.2 2.2 

VIII 5 51.0-53.8 52.4 1.8 18 54.0-57.8 55.9 2.1 7 52.4-54.1 53.1 1.9 

IX 3 52.8-54.2 53.6 1.2 6 58.0-59.4 58.7 2.8 1 54.5 54.5 1.4 

X l 54.8 54.8 1.2 4 59.1-61.3 60.2 1.5 1 55.6 55.6 1.1 

XI 1 55.7 55.7 0.9 2 60.8-62.4 61.6 1.4 - - - -

XII - - - - 1 63.6 63.6 2.0 - - - -

XIII - - - - - - - - - - - -

XIV - - - - l 70.2 70.2 - - - - -
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(1948) and Kaj (1962), three subspecies can be separated: Coregonus lararetus maraena 

(Bloch, 1779), Cl.generosus (Peters, 1875), and C.l.lavaretus (L., 1758). 

At the present state of knowledge on the intraspecific structure of Coregonus 

lavaretus, it is difficult to accept the division into subspecies. It is more practical and 

purposeful to regard the three groups as forms (Heese. 1985). 

The sample examined consisted in 43% of the maraena, in 29% of the generosus, and 

in 28% of the lavaretus individuals. 
2. Number of scales

The scale analysis (Table 3) demonstrated similarity between the lavaretus and

maraena individuals. Those belonging to forma generosus have 6 scales more, on the 

average, along the lateral line, which indirectly evidences the presence of finer scales in 

this form. The scale formulae of all the three forms are as follows: 

8--13 
lavaretus 79-98

8-11

8-12
maraena 82-96

9-13

9-12
generosus 87-102

10-14

3. Length and weight growth
Table 4 and Fig. 3 present data on growth rate" of the whitefish forms distinguished.

The highest growth rate was observed in the maraena form, while the two other fonns 

grew more slowly and at a rate similar to each other. The difference in growth rate of the 

maraena and other individuals amounted to about 3-5 cm. 

All the three forms showed the highest mean annual increments to occur in the first 

four years of life, before attaining sexual maturity (Fig. 3), after which time the annual 

increments dropped markedly. 

Data on weight growth vs. fish age (Table 5) set off, too, the maraena individuals as 

the fastest growing ones. On the other hand, the weight-total length relationship is similar 

in the maraena and generosus individuals (Fig. 4), the relationship increasing faster in­

forma lavaretus, which presumably resulted from different body proportions or better 

condition during measurements. The logarithmic and exponential equations describing 

the relationship in the three forms are as follows: 

lavaretus log W = 2.8976 log L - l. 7546 

W = 0.017595 L2 ·8976 

maraena log W = 2.9449 log L - 1.9070 

W = 0.01238 L2.9449 

generosus log W = 2.3869 log L - 0.9027 

W = 0.12511 L2.3869 



form lavaretus 

age group n range mean 

I 5 41-78 59 

II 8 180-300 224 

III 14 480-600 520 

IV 15 640-780 710 

V 13 810-1128 919 

V1 23 1190-1310 1250 

VII 16 1423-1567 1495 

VIII 5 1581-1821 1751 

IX 3 1904-2004 1954 

X 1 2178 2178 

XI 1 2314 2314 

XII - - -

Total weight (g) growth rate in different whitefish forms 

maraena 

mean mean 
annual n range mean annual 

increment inctement 

59 19 43-85 64 64 

165 174 207-390 299 235 

296 24 246-706 526 227 

190 20 665-885 775 249 

209 15 925-1175 1050 275 

331 18 1250-1430 1340 290 

245 14 1597-1663 1630 290 

256 18 1798-1992 1895 265 

203 6 2005-2295 2150 255 

224 4 2190-2374 2332 182 

136 2 2410-2590 2500 168 

- 1 2613 26q 113 

generosus 

n range mean 

- - -

11 221-259 240 

14 480-650 555 

7 700-1000 850 

26 970-1128 1049 

23 1136-1268 1201 

20 1387-1539 1463 

7 1648-1750 1699 

1 1883 1883 

1 2090 2090 

- - -

- - -

Table 5 o 

mean 
annual 

increment 

-

-

315 

295 

199 

152 

262 

236 

184 

207 

-

-
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4.Food

The whitefish food was analysed mostly qualitatively, the food items being ascribed to

plankton or benthos (Table 6). The maraena and generosus individuals fed on both the 

planktonic and benthic organisms, the plankters in the first being less abundant and 

diverse. On the other hand, no planktonic animals were found in the food of forma 

lavaretus. Fig. 5 presents differences in food composition. 

The diet of larger whitefish (longer than 40 cm) included also fish, mainly smelt and 

ruff, and sporadically the montee eel. Moreover, fish eggs, presumably those of 

conspecifics, were found in stomachs as well. 

From 

lavaretus 

% 

maraena 

% 

generosus 

% 

Table 6 

Food composition of whitefish studied (frequency of occurrence 
of principal food groups) 

Plankton Benthos Other 

Chironomidae larvae, shells, sand, detritus -

Asellus, Chaoborus, Bi- ruff, eggs, fragments 

thynia, Valvata, Piscicola, of vascular plants 

Pisidium, Dreissena Ostra-
I coda, Chydorus, Alona, 

Diptera 

0 86 14 

Daphnia, Mesocy- Sialis, Theodoxus, Chiro- Melosira, Gloeotrichia, 

clops, Diaptomus, nomidae, larvae, Asellus, detritus, sand, white-

-Leptodora Chaoborus, Bithinia, fish eggs, smelt, ruff, 

Valvata, Piscidium, montec eel 

Dreissena, Piscicola, 
Ostracoda, Chydorus, 
Alona, Diptera 

13 ,,, 65 22 

Cyclops, Mesocy- Chironomidae larvae, detritus, sand, shells, 
clops, Daphnia, Asellus, Theodoxus, smelt, fragments of 
Bythotrephes, Lep- Pallasea, Phyllopoda vascular plants 
todora, Eudiapto-
mus, Leptocerus 

61 28 11 
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DISCUSSION 

Forma maraena is the most interesting whitefish fom1 among those discerned. The 

form is indigenous in the Lake Miedwie, thus its present extinction is still more 

regrettable. 

The results of studies on the Lake Miedwie whitefish presented evidence a large 

potential of the Lake for coregonid production. Growth rate of the whitefish forms 

discussed is one of the highest in Poland, which is mainly an effect of environmental 

conditions. Marciak (196 7), too, considers the habitat as a rather important factor for 

white fish growth. 

The analysis of the whitefish food composition demonstrates the species, ability to 

consume diverse food. There was a certain trend toward a dependence of the planktonic 
to benthic items ratio on the density of the fish filtration apparatus. Stomach contents of 

the whitefish with the lowest gill raker count (f. lavaretus) lacked plankters. On the other 

hand, the largest quantities of plankton were found in the fish possessing a dense 

filtration apparatus (f.generosus). This is then a rather clear indication that the gill raker 

count determines the domination of planktonic or benthic items in diet. Food availability 

is another important factor, limited - in the case of whitefish - by water oxygenation. 

According to Kaj (1955), this is a key factor for whitefish feeding in the Gorzyn lakes. In 

summer, the whitefish could have been fished with the Peter net within the epilinrnion 
only, while in autumn, after the water column had been mixed, the whitefish were caught 

at depths down to 18 m. 

� 

Comparison of mean gill raker counts and contributions of various \\'hitcfish 

forms in the present study and in G<isowska (1965) 

Table 7 

Gqso,,·ska ( 1965) Authors data 1973-1974 

Whitefish form --

'X contribution 
nll'an gill raker 

'.lc contribution 
mean gill raker 

count count 

lavaretus 0.5 - 28 13.6 

-� ·----·

maraena 50 31.0 43 29.6 

gcnerosus 49.5 39.4 29 40.3 

Ta hie 7 compares the results obtained in the present study with earlier data reported 
by G;.isowska (1965). The basic difference concerns the respective contributions of the 

whitefish forms occurring in the Lake, mainly lavaretus and generosus. A comparison of 

gill raker counts demonstrates that the maraena and genero�us forms have retained their 

specific mean counts. No comparison was possible for form a lavaretus due to the lack of a 

representative sample in G;.isowska ( 1965) 
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Comparison between Lake Medwie f. maraena and migratory whitefish 
of Szczecin Lagoon 

Table 8 

f. maraena, Lake Miedwie
Migratory whitefish, Szczecin 

Character Lagoon (data from Heese, 1986) 
-

n range mean n range mean 

gill rakeis 159 27-35 29.6 267 22-35 29.0 

119iles along 
159 82-96 89.0 267 80-98 · 89.1lateral line 

A number of authors (Svardson, 1952, 1970; Himberg, 1970; Re'§etnikov, 1980) stress 
the fact of hybridisation between various whitefish fonns, intermediate values of gill 
raker count being the effect. 

Within the recent years (1983-1985) a migratory form of whitefish spawning in the 
Szczecin Lagoon was studied (Heese, 1987).'The data obtained on gill raker counts and 
number of scales along the lateral line are similar to those found for the Lake Miedwie 
fonna maraena (Table 8). The Lake is connected with the Lagoon via the river Plonia and 
Lake Dl!bie. One should, however, remern ber that - according to P�czalska (1962) -' the 
mean gill raker count in the Szczecin Lagoon whitefish was 26 (the range of 23'-33). The 
data may evidence the introgression of fonna maraena to the Szczecin Lagoon whitefish 
population due to, mainly, stocking operations. A hatchery in Goleniow (located in the 
vicinity of the Lagoon) produced whitefish hatch and fry within 1962-1972; fertilised 
eggs were supplied to the hatchery from the Lake Miedwie and the Lagoon, a situation 
which facilitated mixing of the stocking material. 

Additionally, the presence in the Lake Mie,dwie of forma lavaretus having 22-25 gill 
rakers is interesting as no population with such a sparse filtration apparatus was recorded 
in the Szczecin Lagoon. Similarly to the generosus individuals, the form in question had 
been presumably introduced during earlier stocking operations. 

It is the present author'<.: opinion ithat a next attempt to stock the Lake Miedwie with 
whitefish should involve mainly fonns with dense filtration apparatus. During a prolonged 
summeI stagnation, the' benthos-feeding lavaretus individuals suffered of the lack of 
suitable feeding condition, which was confirmed by poor filling of their stomachs during 

·summer.
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FORMY SIEI COREGONUS LA VARETUS (L.) JEZIORA MIEDWIE 

STRESZCZENIE 

Ryby do badari (n = 373) pobrano z jeziora Miedwie w okrcsie od 3.08.1973 do 15.05.1974. 

W oparciu o liczb<;, wyrostk6w filtracyjnych stwierdzono trzy r6zne formy tego gatunku: lavaretus, 

maraena i generosus (odpowiednio srednia liczba wyrostk6w filtracyjnych wynosi 23,6; 29,6 i 40,3). 

W pobrancj pr6bic proccntowo najlicznicj rcprezcntowana byfa forma rnaraena 43%, nast1rpnie 

generosus 29% i lavaretus 28'}/,. 

Najszybszy wzrost obscrwujc si<;, u formy rnaraena, natomiast formy lavaretus i generosus rosly 

wolniej i w podobnym do siebie tcmpic. Wszystkic trzy formy siei najwyzszc srednie przyrosty rocznc 

miaty w picrwszych 4 latach zycia do osiqgni<;,cia dojrzalosci plciowcj. Tempo wzrostu omawianych 

form nald.y do jcdnych z najwyzszych w Pobcc, na co gl'6wnic wplyn<;,l'y warunki srodowiska. 

A.naliza skJ:adu zjadancgo pokarnn, swiadczy o wiclozernosci siei i moiliwosci zjadania r6inorod­

ncgo pokarmu. Sieje o najmnicjszt:j liczbie wyrostk6w filtracyjnych (f. lavaretus) nie posiadaly w 

badanych iot.idkach organizm6w planktonowych. Z kolei najwi1rcej planktonu stwierdzono u ryb z 

g1rsty111 aparatcm filtracyjnym (f. generosus). Charakter tego odzywiania swiadczy o dominacji 

poszczcg6Inych skfadnik6w pokarmowych w zaleinosci od ilosci wyrostk6w filtracyjnych. 

Prczcntowanc w oparcowaniu wyniki badari natl siejq jcziora Miedwie nale:i:y JUZ dzisiaj uznac za 

historycznc, gdyz obccnic gatunek ten w omawianym zbiorniku caJ-kowicic zanikt. W 1975 roku 

miata tu micjscc katastrofa ckologiczna powodujqca calkowitc odtlcnicnie wody ponizej 12 m i 

mas owe sni<;,cia sic i. Pojedynczc okazy sporadyczn ie l'owiono jeszcze w 1985 r. Stqd w ynika znaczcnic 

powyzszych danych swiadczqcych o mozliwosciach produkcyjnych w tym akwenie. 

Najbardziej intcrcsujqcq i szczeg6lnq formq siei z wyr6znionych jest forma rnaraena. Form a ta w 

jcziorzc Miedwic ma swoje pierwotne sicdlisko i jej obecny zanikjest tym bardziej dotkliwy. 

Zdanicm autor6w pracy, przy ponownej pr6bie zarybienia jeziora Miedwie nalciy przedc 

w,zystkim uwzgl<;,dnic formy siei o duicj liczbic wyrostk6w filtracyjnych. Badana forma lavaretus, 

zywiqca si1r gt6wnic faunq dennq, w czasie przedtuiaj&cej si<;, stagnacji letniej nie miata wtasciwych 

dla siebic warunk6w pokarmowych. Potwierdzeniem tcgo byl' fakt slabo napel:nionych przcwod6w 

pokarmowych tej fon:ny w okresie lata. 
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