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The smelt have been little studied in Poland. There are only a few papers
on smelt concentrating mostly on their biology. Smelt have been considered
mainly from a fishermen’s point of view and as they are of little commercial
value, that interest was rather limited. World literature on the family Osmeridae
including the smelt is, however, quite extensive and McALLisTEB (personal
communication) mentions that his bibliography cards contains no less than
1250 references.

The genus Osmerus Linnaeus, 1758 contains now but single species Osmerus
eperlanus (Linnaeus, 1758), divided into two subspecies 0. eperlanus eperlanus
(L.) and 0. eperlanus mordax (Mitch.) (McAllisteb, 1963). Whilst the latter
inhabits Western Atlantic, Pacific and Arctic Oceans as well as their drainages,
the first has a more limited range and is known from North and Baltic Seas and
their drainages. In Poland it occurs in lakes in the northern third of the country
and penetrates rivers. While some data on distribution of smelt has never been
analysed and the filling in this gap is the main purpose of the present paper.

The smelt samples analysed here came from the following 9 lakes, lagoons
and sea.

1. Zatoka Pomorska. The only sea smelt population sample analysed in this paper was
caught 0.5 kilometres from shore, NE from Swinoujscie on May 14th, 1964. The salinity
in that area of Baltic Sea is rather low and amounts to 7%o.

2. Zalew Szczecinski. Vast lagoon of the Odra River near its estuary, separated from
the Baltic Sea by islands Uznam and Wolin but connected with it by three narrow branches
of the river. The maximum depth is 8, mean depth 4 metres. Smelt were caugth on September
18th, 1962.

3. Zalew Wislany. Long and relatively narrow lagoon formed by one of Wista River
delta branches. An intermediary brackish environment characterized by a considerable
variation of hydrobiological factors, the salinity alone varying from 0.12 to 6%,, in relation
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to seasonal flooding by fresh river water or marine transgression. The greatest width of the
lagoon is 13 kilometres the biggest depth — 5 metres. The smelt sample was caught in
June 1961.

4. Miedwie Lake. The largest lake in the Odra River drainage basin, narrow and long,
is formed by River Ptonig connecting it with neighbouring lakes. The shore line is poorly
developed, shores low and in some places marshy. The surface 3377 hectares, maximum
length 15.3 kilometres, maximum width 3.2 kilometres, maximum depth 42 and average
depth 20 metres, altitude 14 metres above sea level. The fauna of the lake includes some
glacial age relicts like Mysis oculata relicta Léven, Pallasea quadrispinosa G. 0. Sars and
Pantoporeia affinis (Bruzelius). My material was caught on March 15th and 29th, 1966.

5. Elk Lake. In the Narew River drainage basin, Elk district, is one of the deepest
lakes in that area. Its maximum depth is 57 metres, surface 409 hectares, length 6.5, width
1.58 kilometres, altitude 120 metres. My material was collected on April 23d — 26th, 1964.

ZATOKA POVORSKA
UHNncuatim
POZNAK
6. Mamry Lake. Large lake in the Pregola River drainage basin, We¢gorzewo district

connected by a channels system with several other lakes. Its surface is 2663 hectares, ma-
ximum length 9.2, width 4.6 kilometres, maximum depth 43.8, altitude 116 metres. Shore
line well developed, shores low, gently sloping or flat, bottom undulating with numerous
boulders often forming stony islets. My material was caught on January 29th, 1964.

7. Wigry Lake. In the Neman River drainage basin, Suwatki district. Shore line is
very complicated and lacustrine conditions in different parts of the lake variable — from
oligotrophic to eutrophic or even pond-like. Lake is formed by Czarna Hancza River, which
connects it with Hancza Lake. Surface — 2166 hectares, maximum length 9.6, maximum
width 2.7 kilometres, maximum depth 73, altitude 132 metres. My material was caught
on December 3rd, 1965.

8. Hancza Lake. Connected by Czarna Hancza River with the Wigry Lake. Narrow,
oligotrophic, deep lake (108.5 metres) with sand and moraine boulders covered bottom.
Shores high, deforested, surface 306 hectares, maximum length 4.5, maximum width 1.2
kilometres. An altitude 227 metres. My material was caught in February 1968.

9. Szelment Wielki Lake. In the Neman River drainage basin, Suwatki district (there
is another lake of the same name in the Etk district), connected by a small river with Szelment
Maty Lake. Surface 365 hectares, length 5.9, width 1.1 kilometres, maximum depth 45,
altitude 176 metres. My material was caught on October 22nd, 1966.

Analysing the above mentioned lakes and lagoons from, the point of view
of smelt presumed environmental requirements we can see certain differences
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between the hydrological conditions in the lakes and the lagoons. In inland
waters smelt occur in deep oligotrophic or mesotrophic lakes only and disappear
when lake became eutrophic (STANGENBERG, 1936; WrLLEr, 1926). Both
lagoons (Zalew Wislany and Zalew Szczecinski) are, however, quite shallow
(8 and 5.1 metres respectively). It appears that the smelt is only a seasonal
visitor from the open sea to these two lagoons and it is a lack of suitable feeding
and spawning conditions that make smelt less numerous in these lagoons (MA-
RRE, 1931; WiLLER, 1926).

METHODS

Research was done on a series of 50 smelts from each lake ane lagoon studied, from
Miedwie Lake two series of 50 were taken to provide more material for study of two diffe-
rent populations — large and small — living there. Series from Zalew Wislany and Zatoka
Pomorska were smaller.

All specimens were preserved in a 2% formaldehyde solution. Stomach contents were
analysed in 15 specimens from each series. Age of specimens was determined from scale
annuli (following methods of Masterman, 1913 and Lapin, 1956). Vomerine dentition and
ethmoid bones were studied in 15 to 20 skull alizarin stained preparations from each series
of 50 smelt.

Mensural characters were measured with help of calipers and a ruler (reading preci-
sion — 0.1 mm). I limited myself to the following characters:

a) head length ratio, minimum body depth ratio, caudal peduncle length ratioandanal
fin depth ratio (all expressed in percentages of the fork length).

b) head length to standard length ratio was calculated to enable comparison with Mec-
Allister (1963) data.

c¢) eye diameter ratio, interorbital width ratio and gill raker length ratio (all expressed in
percentages of the head length).

Other mensural characters studied usually in salmonids (Pravdin, 1939) are omitted
here because of their great variability within each population — which makesthem of
little taxonomic value. Similar opinion was also expressed by Kirpiénikov (1935).

Meristic characters were studied with a help of a stereo-microscope. I analysed follo-
wing characters:

a) fin rays count in dorsal (D), anal (4), pectoral (P) and ventral (F) fins, branched and

simple rays were counted separately, the two last rays in dorsal and anal fins were counted
as one;

b) gill rakers count (on first gill arch);

c) lateral line scale count and pored scale count;

d) vertebral count (urostyle included) — made on alizarin stained preparations;

e) branchiostegal ray count;

f) pyloric caeca count.

Statistic methods of comparison of results included calculating of mea nvalue — X,
mean value error — Sj, standard deviation — s and, for comparison of measurements

and ratios between various populations, value t (following the formula ——————

where S* —Sxa = I"Sil+ S*)' For verV striking differences, however, Mayr’s et all. (1953)

formula of difference coefficient CD= -------eoee- was used.

G+ @
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MERISTIC CHARACTERS

There is a tendency to sum up value of meristic characters of all smelt studied
by certain authors without paying attention to differences characterising parti-
cular population (BErG, 1948; McALLISTER, 1963). I was more interested to
find out whether certain populations differ and, if so, to which extent. Certain
information on meristic characters populational variations were given by
KirP1&ikov (1935), BErG (1948) and JEnNseN (1949). There are only meagre
data from Poland: gill rakers were counted by LEskien (1942) and D ABROW SKI
(unpublished), vertebral counts were given by Marre (1931).

1. Fin ray counts:

a) The dorsal fin formula in studied material was (I) II1-IIT 7-10. Single
simple ray was found only once, the usual number is two, more rarely three.
Branched rays were usually 8 or 9. There were no marked populational diffe-
rence in this count.

Table 1. Branched rays frequency in dorsal and anal fins

Number of dorsal fin branched rays Number of anal fin branched rays

Population n
7 8 9 10 10 11 12 13 14 15
Zatoka Pomorska 37 21 16 1 20 12 4
Zalew Szczecinski 53 23 30 1 2 24 23 3
Zalew Wi$lany 17 10 7 9 8
Miedwie Lake
(large pop.) 68 1 45 21 1 26 40 2
Miedwie Lake
(small pop.) 51 1 29 20 1 15 27 9
Mamry Lake 50 32 18 1 30 17 2
Elk Lake 54 3 38 12 1 2 27 20 5
Hancza Lake 21 13 8 2 17 2
Wigry Lake 50 25 25 5 24 19 2
Szelment Wielki
Lake 53 21 32 1 5 32 13 2
n 454 5 257 189 3 1 7 163 220 59 4
Pechora Riverl < —_—> <~ >
Ozero Pskovskoyel > < —>
Beloye Ozerol
Gulf of Finlandl <> < _>

b) The anal fin formula was (II) III-1V (10) 11-15. Usual number of simple
rays was three, two found only once. There were 12 to 13 branched rays usually,
more rarely 14 and even 15. Higher branched rays count was more frequent
in Wigry and Szelment Wielki populations, other populations were quite uniform.

1 After KIRPIONIKOV, 1935.
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c) The pectoral fin ray count was I 10-13, with 13 being found only twice
in specimens from Mamry Lake. The Wigry and Szelment Wielki Lakes po-
pulations tended to have higher ray counts, other populations were quite
Uniform (tab. 2).

Table 2. Branched rays frequency in pectoral and ventral fins

Number of pectoral branched rays Number of ventral branched rays

Population n
10 11 12 13 6 7 8
Zatoka Pomorska 37 27 9 1 1 36
Zalew Szczecinski 63 33 19 1 53
Zalew Wislany 17 7 9 1 17
Miedwie Lake
(large pop.) 68 2 49 17 68
Miedwie Lake
(small pop.) 51 2 35 14 49 2
Mamry Lake 50 2 29 17 2 50
Elk Lake 54 33 20 1 1 51 2
Hancza Lake 21 4 17 21
Wigry Lake 50 21 29 1 49
Szelment Wielki
Lake 53 1 31 21 53
n 454 111 239 102 2 3 447 4
d) The ventral fin ray count was I 6-8, the mean number 7 is by far the
most frequent. There were no population differences in this count.
2. The pyloric caeca count was 3-7, usually 4, 5 and 6. iTo clear population
differences.
Table 3. Pyloric caeca frequency
. Number of pyloric caeca
Population n
3 4 5 6 7
Zatoka Pomorska 35 6 18 11
Zalew Szczecinski 20 7 12 1
Zalew Wislany 17 1 9 6 1
Miedwie Lake (large pop.) 20 7 12 1
Miedwie Lake (small pop.) 20 4 11 5
Mamry Lake 32 5 20 6 1
Elk Lake 20 3 17
Hancza Lake
Wigry Lake 26 3 16 7
Szelment Wielki Lake 30 14 16

n 220 4 50 120 43 3
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Fig. 1. Number of gill rakers. A — Zatoka Pomorska, B — Zalew Szczecinski, C — Za-
lew Wislany, D — Etk Lake, E — Miedwie Lake, small pop., F — Hancza Lake, G — Mamry
Lake, H — Miedwie Lake, large pop., ] — Wigry Lake, K — Szelment Wielki Lake.

3. Gill raker counts — there are quite distinct population differences in
this character, particularly between sea-brackish water and lake populations. The
first have lower counts both in Poland and elsewhere in the Baltic sea (LEs-
KIEN, 1942; JENsEN, 1949). Certain exceptions from, that rule quoted by Km-
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Author’s data:
Zatoka Pomorska
Zalew Szczecinski
Zalew WiSlany
Miedwie Lake

(large pop.)
Miedwie Lake

(small pop.)
Mamry Lake
Etk Lake
Hancza Lake
Wigry Lake
Szelment Wielki

Lake

n

Leskien, 1942:
Wigry Lake
Pluszne Lake
Drawskie Lake

Kurskiy Zaliv

D ABROWSKI,
unpublished :
Szelment Wielki

Lake
Szelment Maly
Lake
Wigry Lake
Hancza Lake

KIRPIONIKOV, 1936:

Pechora River
Ozero Pskovskoye
Beloye Ozero
Gulf of Finland

JENSEN, 1949:
Ringkobing Fjord
Randers Fjord
Kilen
Flade So
Flynder So
Viborg Lakes
Silkeborg Langso
Ivosjo
Fureso
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Table 4. Gill rakers count frequency
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36.28+0.19
36.46+0.16
34.43

36.82+0.15

36.18+£0.15

36.98
36.14
34.58
31.26

36.20

35.70
37.80
36.00

33.60
33.80
34.40
33.40

30.89i0.08
30.69+0.26
31.16+0.11
31.44

30.34+0.18
34.49+0.10
34.69+0.11
34.71+0.11
37.07+0.17

71

1.20
1.20
0.75

1.36

1.34
1.33
1.10

1.09

1.08

1.26
1.69
1.16

1.12
1.31
1.16
1.23
1.29
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Table 5. Vertebrae count frequency

. Number of vertebrae
Population X£81
54 55 66 57 58 59 60 61 62 63 64 65

Author’s data:

Zatoka Pomorska 20 2 6 7 5 57.75£0.21 0.95
Zalew Szczecinski 21 1 710 2 58.43+0.23 1.05
Zalew Wislany 14 1 110 1 59.00+0.21 0.84
Miedwie Lake

(large pop.) 20 8 11 1 60.65+0.15 0.65
Miedwie Lake

(small pop.) 20 60.00+0.20 0.91
Mamry Lake 25 14 60.44+0 14 0.69
Elk Lake 20 10 59.80+0.17 0.74
Hancza Lake 19 10 60.42+0.21 0.90
Wigry Lake 23 15 3 2 63.17+0.16 0.75
Szelment Wielki

Lake 23 2 10 11 63.39+0.15 0.71

205 2 8 16 39 53 35 10 25 14 2

Kirpionikov, 1935:
Pechora River 107 6 22 45 27 6 1 60.08
Ozero Pskovskoye 11 2 4 5 59.27
Beloye Ozero 20 111 7 1 58.40
Gulf of Finland 22 1 911 1 60.55

Marre, 1931:
Kurskiy Zalivl 139 58.97
Kurskiy Zailvl 61 58.79
Kurskiy Zalivl 100 58.87
Baltic Seal 100 58.89
Zalew Wislanyl 100 58.86
Lasmiady Lakel 100 59.94
Nidzkie Lakel 100 58.27

Jensen, 1949:
Ringkobing Fjord 220 59.24+0.06 0.86
Randers Fjord 41 59.56+0.16 1.00
Kilen 130 58.85+£0.07 0.76
Flade So 213 59.21+£0.05 0.78
Flynder So 43 58.77+£0.14 0.90
Viborg Norreso 136 59.12+0.08 0.95
Silkeborg Langso 71 < 59.80£0.09 0.77
Skanderborg So 8 K > 59.80
Viborg Sonderso 17 59.06+£0.23 0.97
Vejle So 5 60.60
Brasso 5 59.40
Ivosjo 143 59.38+0.05 0.64
Fureso 108 61.39+0.09 0.93

1Marre’s (1931) data ammended by an addition of the urostyle to the vertebral count.
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picNikoVv (1935) and JenseEN (1949) are presumably due to insufficient number
of specimens studied or to the marine origin of smelt caught in the lakes con-
nected with sea (Lakes Fladeso and Flynderso populations — JeENSEN, 1949).

Uniformity of gill rakers counts in smelt populations in the lakes of the
Suwaltki Lake District has been stressed by Dasrowskr (unpublished); he
has overlooked, however, that his own data indicate higher counts for the
Lake Wigry population (tab. 4). Population difference have been noted by
PeETrROV (1934).

The general range for gill rakers count in 0. eperlanus eperlanus is 25-40,
altough some authors gave it slightly lower (McALLisTER, 1963, 25-37).

The sea-brackish water smelt in Poland have 30-35 gill rakers with a mean
count of 32.24 (Leskeen, 1942 gave that mean for Kurskiy Zaliv slightly
lower — 31.26). Lake smelt have a count of 33-40 with a mean of 36.06
(LESKEEN gave a mean count for 3 lacustrine populations slightly lower —35.90).
The Wigry Lake population has a mean count of 36.82 and can be compared
with Danish Fureso population with mean count of 37.07 (JEnsen, 1949).
The mean count of Szelment Wielki population is 36.18.

4. Vertebral counts (trunk and caudal vertebrae together) have been taken
from alizarin stained preparations made from about 20 specimens from each
population. The results are given in fig. 2 and comparison with other authors
data on tab. 5. The mean count in sea-brackish water smelt populations is
68.33, the same for lake populations (Wigry and Szelment Wielki excluded)
is 60.25; the populations in the two excluded lakes differ in having even higher
the mean counts and amounting to 63.23, which exceeds upper range suggested
for 0. eperlanus eperlanus by McArrisTER (1963). The difference coefficient
between the Wigry and Szelment Wielki populations and the marine popula-
tions is 2.55, the same coefficient between all the remaining lake populations
and the marine populations in Poland is only 0.95. The difference coefficient
between the Wigry and Szelment Wielki populations and all the remaining
inland populations is again 1.86 (calculated according to Mayr et al.,, 1953,
formula). Remembering that difference coefficient value exceeding 1.28 indi-
cate subspecific difference, Wigry and Szelment Wielki Lakes populations
seem to deserve promotion to a separate taxonomic rank. It seems to be im-
possible to explain so striking differences in gill rakers and vertebral counts
by influence of environmental factors like temperature or salinity because
these never give so high a difference. For establishing a separate subspecies
more arguments would be necessary and these are not sufficiently prepared.
This question is discussed more fully later on in this paper. To end with ver-
tebral count problems I may add that differences in that count were used for
separation of various smelt and also herring populations by Jean (1967)
and McKEenzie (1964). It is worth of notice that even so small difference
as 0.21 or even 0.11 in the mean vertebral count were considered significant
by these authors.
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5. Lateral line scales count vary from 56 to 71 in Polish smelt. The diffe-
rences within each population are considerable but the mean count seems to
be characteristic for particular lake populations (fig. 3, tab. 6).

It appears that there is a correlation between the vertebral and scale
counts and that smelts with higher vertebral count have more scales along

NO OF SPPCIMPNS IN %
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Fig. 3. Number of scales. For explanation of symbols — see Fig. 1.



Table 6. Lateral line scales frequency and the number of pored scales

Number of scales No. of po-
Population n s
56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 red scales
Zatoka Pomorska 37 1 41210 9 1 58.68i0.18 1.11 0-5
Zalew Szczecinski 52 210 15 812 3 2 59.71+0.20 1.45 2-7
Zalew Wi$lany 15 3 4 4 2 2 61.73+0.33 1.29 0-9
Miedwie Lake
(large pop.) 52 2 1 4 810 911 5 2 64.5270.26 1.87 0-11
Miedwie Lake
(small pop.) 41 1 2 610 14 4 4 63.51+£0.22 1.38 (0)2-8(9,10)
Mamry Lake 47 2 4 71313 7 1 63.19+0.20 1.37 0-8
Elk Lake 53 6 10 919 9 62.28+0.17 1.26 0-7
Wigry Lake 47 1 1 715 711 5 64.68+0.21 1.41 2-9
Szelment Wielki
Lake 49 2 411 15 8 4 3 2 66.20+0.24 1.71 0-5

n 393 I 622 25 31 35 34 63 67 38 42 18 6 3 2
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their lateral line. This has been already noticed by Bolik (1967) in her
research on Barbus sp. and has been found true in my studies. The mean
scale count for sea-brackish water smelt populations in Poland is 59.61, the
same for lake population is 63.37 and in those two Wigry and Szelment
Wielki populations as high as 65.45. Unfortunately there are no comparable
data in other papers.

The pored scales count vary from 0 to 11 and there are no population diffe-
rences (tab. 6).

MENSURAL CHARACTERS

Mensural characters are more or less correlated with growth of fish and
vary so greatly, especially in smelt, that it is difficult to discern any traits
characteristic for particular populations. My studies on variations of mensural
characters in the large and small smelt populations of Miedwie Lake have
generally confirmed opinions of Kirpiénikov (1935) and in the following ana-
lysis I limit myself to a few more useful mensural characters.

While measurements of head length, minimum body depth, caudal pedu-
ncle length and anal fin depth increase with growth of fish, their ratio to
caudal length remain relatively constant during the life span of fish. Some
other ratios change, however, and for instance interorbital width to head length
ratio slightly increases. Eye diameter and gill raker length to head length
ratios decrease during life span of fish.

The values of characters in various smelt population are given on tables
7-13.

1. The head length ratio is almost invariable in the majority of smelt po-
pulations in Poland. The exception is the long headed large smelt population
from Miedwie Lake, which differ from a Zalew Wislany population by 12.32
Pravdin’s (1939) difference coefficient, the same coefficient with the short
headed small Miedwie Lake smelt population is 9.70. Such a high difference
coefficient should be considered highly significant were there supporting me-
ristic character differences; in want of these, the value of the coefficient in
this case is rather doubtful.

The other exceptions are Wigry and Szelment Wielki populations which
are short headed with the head length to standard length proportion equal
to 4.7. This exceeds proportions seen in other smelt populations in Poland
and can be compared with Pechora River and Pskovskoye Ozero populations
(Kirpicnikov, 1935), but there are no other resemblances among these popu-
lations. Head length in the Fureso population is unfortunately unknown.
Baltic Sea populations are also short headed.

2. The minimum body depth ratio (tab. 8) remained constant within par-
ticular populations, with Wigry and Szelment Wielki populations having it
particularly low. The high value of this ratio is usually connected with better



78 J. M. Rembiszewski 14

Table 7. Mensural characters values

Head length in % of caudal length Head length

Population in standard length
n Range XiS* s t n Range X
Zatoka
Pomorska 37  20.3-22.7 21.69+0.11 0.70 37 4.1-4.6 4.3
Zalew 1.81
Szczecinski 53 19.8-23.9 21.42+0.10 0.73 53 4.1-4.6 4.3
Zalew 2.95
Wislany 17 21.0-23.1 21.95+£0.15 0.62 17 4.1-4.6 4.3
Miedwie 12.32
© Lake (lar-
3 ge pop.) 59 22.7-26.6 24.16i0.10 0.74 60 3.5-4.1 3.8
o Miedwie
) Lake 9.70
rd (small
pop.) 45 20.3-25.4 22.62Jb0.14 0.94 45 3.8-4.6 4.2
Mamry 1.64
Lake 50 20.6-23.7 22.23+0.11 0.71 50 4.0-4.6 4.2
Elk Lake 47 20.7-22.9 21.94+0.07 049 2.21 47 4.1-4.6 4.3
Wigry 8.52
Lake 50 18.8-22.8 20.86+0.11 0.81 49 4.3-5.1 4.7
Szelment 4.23
Wielki
Lake 51 18.5-21.8 20.23+0.10 0.70 51 4.4-5.0 4.7
Pechora
River 25 20.70+0.12
Ozero
Pskov-
iR skoye 11 20.90
@g Beloye
Ozero 10 21.00
> Gulf of
M Finland 12 22.50
£ Ozero
E& Onega 100 22.80+0.08
t Ozero
: Ladoga 224 21.80+0.12
Ozero
Ladoga 4 22.50
Neva River 116 22.3070.08
Norway 15 22.30

feeding of fish, as Wigry and Szelment Wielki Lakes populations have appearan-
ce of being well fed, low value of the ratio in their case may be significant.

3. The caudal peduncle length ratio (tab. 9) was low in Baltic Sea popula-
tions and in that it resembles the Beloye Ozero population (Kirpiénikov
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Table 8. Mensural characters values

Population
n
Zatoka Pomorska 37
Zalew Szczecinski 53
Zalew Wislany 17

Miedwie Lake
(large pop.) 60

Miedwie Lake
(small pop.) 46
Mamry Lake 45
Elk Lake 47
Wigry Lake 50
Szelment Wielki Lake 52
Pechora River 25
Ozero Pskovskoye 11
Beloye Ozero 10
Gulf of Finland 12
Ozero Onega 100
Ozero Ladoga 224
Ozero Ladoga 4
Neva River 116
Norway 15
Table 9.

Population

Zatoka Pomorska

Zalew Szczecinski

Zalew Wislany

Miedwie Lake
(large pop.)

Miedwie Lake
(small pop.)

Mamry Lake

Elk Lake

Wigry Lake

Szelment Wielki Lake

Pechora River
Ozero Pskovskoye
Beloye Ozero
Gulf of Finland
Ozero Onega
Ozero Ladoga
Ozero Ladoga
Neva River
Norway

37
53
17

60

46
44
47
49
50

11
10
12
100
224

116
15

Minimum body depth in % of caudal length

Range

4.6-6.2
4.5-6.9
4.6-5.4

4.8-6.1

5.1-6.7
4.7-6.0
5.0-6.1
4.2-5.2
4.3-5.5

X+Sx

5.41+0.07
5.44+0.06
5.02+0.06

5.35+0.03

5.69+0.06
5.434£0.04
5.58+0.04
4.76+0.04
5.00+£0.04

5.60
5.00
5.50
5.40
5.00+0.03
4.70+0.05
5.00
5.30+0.06
5.10

Mensural characters values

Caudal peduncle length in % of caudal length

Range

8.4-11.9
8.2-11.4
10.1-12.0

10.1-12.7

10.0-12.9
10.8-12.8
10.2-12.7
10.9-13.8

9.8-11.9

xEts*

10.45+0.15
9.99+0.10
11.07+0.15

11.16+£0.08

11.58+0.11
11.74+0.08
11.64+0.09
12.38+0.10
11.05+0.09

12.30
11.60
10.60
12.20
11.70+£0.08
11.30+0.16
12.50
12.3070.09
11.20

8

0.43
0.45
0.24

0.25

0.76
0.30
0.26
0.25
0.27

8

0.90
0.71
0.63

0.64

0.76
0.51
0.60
0.69
0.68

0.33
4.95

4.93
5.08

3.61
2.66
14.45
4.25

2.55
6.01

0.53
3.10

1.17
0.83
5.48
9.88
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Table 10. Mensural characters values

Population

n
Zatoka Pomorska 37
Zalew Szczecinski 53
Zalew WiSlany 17

Miedwie Lake
(large pop.) 59

Miedwie Lake
(small pop.) 46
Mamry Lake 49
Elk Lake 47
Wigry Lake 50
Szelment Wielki Lake 50
Pechora River 4
Ozero Pskovskoye 11
Beloye Ozero 10
Gulf of Finland 12
Ozero Onega 100
Ozero Ladoga 224
Ozero Ladoga 4
Neva River 116
Norway 15
Table 11.

Population

n
Zatoka Pomorska 36
Zalew Szczecinski 52
Zalew Wislany 17

Miedwie Lake
(large pop.) 59

Miedwie Lake
(small pop.) 45
Mamry Lake 50
Elk Lake 47
Wigry Lake 50

Szelment Wielki Lake 51

Pechora River
Ozero Pskovskoye
Beloye Ozero
Gulf of Finland

Ozero Onega 100
Ozero Ladoga 224
Ozero Ladoga 4
Neva River 116
Norway 15

\

Anal fin depth in % of caudal length

Range

9.4-12.6
9.5-12.4
8.5-10.6

9.5-11.9

10.0-13.2
9.2-11.7
8.9-11.5
12.8-15.9
9.4-11.3

X*ts*

11.24i0.13
10.7510.09
10.04i0.13

10.6910.08

11.1910 .11
10.39i10.09
10.20i0.07
14.76i0.10
10.2910.06

10.80
9.80
10.70
9.50
10.30i0.07
10.40i0.12
9.30
9.90+0.08
9.20

Mensural characters values

N

0.81
0.66
0.53

0.58

0.72
0.61
0.51
0.74
0.43

Eye diameter in % of head length

Range

21.7-28.8
20.0-27.2
15.8-19.7

15.1-21.2

19.0-27.9
18.8-25.0
19.2-23.2
18.2-25.0
20.0-25.0

X+Sx

25.0770.32
23.47i10.23
17.8810.25

18.31i0.19

23.3710.22
21.32i0.20
21.10i0.16
21.8510.20
22.3510.18

22.3i0.14
20.6010.24
24.80
19.60i10.12
19.90

8

1.91
1.65
1.02

1.45

1.49
1.44
1.10
1.42
1.31

16

3.11
4.51

4.19

3.67

6.55
1.67
38.30

38.20

4.05
16.70

1.37

17.38

7.18
0.86
2.93
1.85
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1935). It is interesting to note that there are differences in this character between
Wigry (high value) and Szelment Wielki (low value) Lakes populations.

4. The anal fin depth ratio (tab. 10) was constant and there are only mi-
nor differences among populations. Note higher value of this ratio in Wigry
Lake population.

5. The eye diameter ratio (tab. 11) was directly correlated with head
length — see Zalew Wislany and Miedwie Lake large populations. Sea and
brackish water populations have large eyes.

6. The interorbital width ratio (tab. 12) was rather constant and only Wigry
and Szelment Wielki Lakes populations had lower values of this ratio.

Table 12. Mensural characters values

Interorbital width in % of head length
Population

n Range X+Sx 8 t

Zatoka Pomorska 37 18.8-25.7 21.36+0.25 1.50 4.08
Zalew Szczecinski 53 15.8-25.2 20.33+0.03 2.24 2.91

3 Zalew Wislany 17 19.4-22.8 21.11+0.27 1.13

Ngf) Miedwie Lake 0.55

® (large pop.) 52 18.1-25.7 21.3140.27 1.92

UEI Miedwie Lake 3.97

(small pop.) 44 17.7-24.9 19.88+0.24 1.60

<0 Mamry Lake 50 16.9-23.8 20.79rt0.18 1.27 3.02
Etk Lake 47 20.2-25.2 22.7740.18 1.24 7.83
Wigry Lake 49 16.4-20.3 18.5420.15 1.03 12;?
Szelment Wielki Lake 51 15.8-22.3 19.50+£0.23 1.62 :
Pechora River

§ Ozero Pskovskoye

— Beloye Ozero

< Gulf of Finland

S Ozero Onega 100 24.50i0.14

g Ozero Ladoga 224 20.50+0.24

s Ozero Ladoga 4 21.40

-i Neva River 116 23.70+0.17
Norway 15 25.10

7. The gill raker length ratio (tab. 13) seemed to be inversely related to
head length — this is particularly noticeable in Miedwie Lake large smelt

populations. Wigry and Szelment Wielki populations have a higher value of
this ratio.

Summing up the analysis of mensural and meristic characters of smelt in
Poland shows that there are four groups of populations.

Sea or brackish water smelt populations (Zatoka Pomorska, Zalew Wislany,
Zalew Szczecinski) differ from all the remaining ones in having low gill raker
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Table 13. Mensural characters values

Gill raker length in % of head length

Population
n Range X+S§:z 8 t

Zatoka Pomorska 35 12.4-18.4 15.08+0.67 1.25 0.94
Zalew Szczecinski 52 12.2-16.9 14.43+0.16 1.18 7.21
Zalew Wislany 15 10.5-14.2 12.58+0.20 0.80
Miedwie Lake 3.56

(large pop.) 17 9.6-14.5 11.2170.33 1.37
Miedwie Lake 9.58

(small pop.) 42 12.7-16.7 14.68+0.15 0.98
Mamry Lake 46 11.6-17.7 14.7940.19 1.27 0.46
Elk Lake 47 12.7-17.7 14.4920.17 1.19 118
Wigry Lake 49 13.9-19.5 16.4710.21 1.44 731
Szelment Wielki Lake 49 13.0-17.6 15.61£0.14 1.01 3.55

counts, low vertebral counts and low lateral line scale counts. Zalew Wislany
and Zalew Szczecinski populations have also lower caudal peduncle lenght ratio
and higher eye diameter ratio.

Lake smelt populations, which represent the presumably prevalent type
in Poland, differ from two further populations.

The large Lake Miedwie smeltpopulation differs in having longer heads
but similarities in other characters do not permit one to separate it from the
wide-spread lake type populations. There is, however, a group of two strikingly
different populations from Wigry and Szelment Wielki Lakes. Considering all
their peculiarities, both in meristic and mensural characters, as well as their
similiarities to that special smelt population from the lake Fureso in Denmark,
I think that they deserve better attention and further research. The up to now
studied data do not yet permit one to describe these three populations as a se-
parate taxon of a subspecific rank although eventually it may appear possible.
So I have decided to describe these populations provisionally as a new form,
which I propose to call forma jenseni in honour of Inger Bohus Jensen, who
discovered the peculiar character of the lake Fureso smelt population and has
compared it with Wigry Lake smelt population.

Osmerus eperlanus forma jenseni f.n.

Definition. Differs from other inland populations of Osmerus eperlanus
(Linnaeus, 1758) in higher vertebral count (62-65, most commonly 63-64,
mean 63.28), higher lateral line scales count — mean 65.44, higher gill rakers
count — mean 36.49, slightly higher anal fin branched rays count — (11)
12-15, more frequently 13-14. It is short headed, has a lower minimum body
depth and interorbital width ratios value, and has longer gillrakers. Forma jenseni
differs from Osmerus mordax (Mitch.) in having a lower pored scale count
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0-9. Forma jenseni can be characterized by the following: D II-II1 8-9, 4
ITI-TY (11) 12-16,P 1 (10) 11-12, V' 1 7(8), I1. 0-9, scales (61, 62) 63-71, vertebrae
62-65, gill rakers 34-39, pyloric caeca 4-6, branchiostegal rays 7-8.

There are some minor differences within forma jenseni between Wigry
and Szelment Wielki lakes populations, the first has longer caudal peduncle
and deeper anal fin.

Forma jenseni described above has already been discussed by a number
of authors. Jensen (1949) who suspected that smelt from Fureso lake may be
a separate race and compared their gill raker counts with those in Wigry Lake
smelt, has called attention to its occurrence with postglacial relicts like MySiS
oculata relicta Loven and Pantoporeia affinis (Bruzelius) in lake Fureso.
That is true and these also occur in Wigry Lake. There are, however, other
lakes with postglacial relicts in Poland (Mamry, Miedwie, Hancza) but there
are “normal” lacustrine smelt in those and not f. jenseni. Swardson (1961)
admits two invasions of smelt — this is concluded from comparison of gill
rakers count in various populations of smelt. To this I may add that Swardson
quotes gill rakers count values in a somewhat careless manner: W hite Sea
smelt has not an “about 37” gill rakers count value but 32-37 (Kirpidnikov,
1935; Berg, 1948), western Europe coast smelt has not 30-31 but 25-33 value

of this count (op. cit.). This reduces the credibility of his conclusions.

REMARKS ON OSTEOLOGY

The variation of the ethmoid bones in the studied smelt populations is
quite wide. This seems to be worthy of some attention because of the taxonomic
importance of these bones, being used as characters separating higher taxa in
Osmeridae and also in Stomiatoidei and Galaxioidei. One may notice that conclu-
sions drawn by various authors from the ethmoid bones structure were a bit
contradictory. For instance Gostine (1960) classified Osmeridae within suborder
Salmonoidei closely related to Esocoidei. Greenwood et al. (1966) seconded
this and left the Osmeridae, and Plecoglossidae (which was once reduced to
a subfamilial rank within Osmeridae by Chapman, 1941) within the Salmonoidei.
On the other hand w eitzman (1967) excluded the Osmeridae from the Salmo-
noidei and created a new suborder Osmeroidei related to Galaxioidei and Sto-
miatoidei. One may wonder whether these taxonomic rearangements were
not connected with individual or population bone variation.

The ethmoid region is one of most characteristic parts of skull within the
Osmeridae (W eitzman, 1967). It consists of the following parts.

a) Frontals — with their anterior parts covering dorsal surface of the ethmoid
cartilago.
b) Proethmoids — two thin bony plates anteriorly to frontals.

¢) Supraethmoids — thin bony plate lying directly on the ethmoid cartilago
and partially hidden beneath the frontals and proethmoids.
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d) Capsular ethmoid bone — thin bowl shaped bone covering lateral surfaces
of the posterior part of the ethmoid cartilago.
e) Ventral ethmoid — anterior to the ventral part of the ethmoid cartilago,

partially hidden beneath vomer and parasphenoid.
f) Single toothed vomer.
g) Parasphenoid.

h) Myodome bone — cone shaped bone lining the anterior conical cavity.
i) Lateral ethmoid — covering posterior wing-like projections of the ethmoid
cartilago.
These bones may be reduced or fused in various genera of Osmeridae. Single
proethmoid occurs in Mallotus Cuv. and Hypomesus Giti1. Starks (1926)

and Chapman (1941) reported a paired vomer in Osmerus sp. A myodome is
known in Spirinchus Jordan €t Everman, but is probably lacking in other
osmerids.

Skull variation in smelt populations in Poland was studied on 107 skulls.
I have found that both myodome and capsular ethmoid bones are lacking in
the studied smelt populations. The ventral ethmoid occured only in the large
smelt population from Miedwie Lake (in 8 specimens of 9 studied) and in the
Zatoka Pomorska population (in 7 specimens of 19 studied). In the latter it
occured also in small specimens. The supraethmoid varies from a small and
barely conspicuous bony plate between proethmoids and frontals to a large
bone covering large part of the ethmoid cartilago and hidden beneath pro-
ethmoids and frontals. I saw supraethmoid in only 88 of 107 specimens studied:
in Wigry Lake population it was developped in 4 specimens of 12 studied in
Szelment Wielki population in 9 of 12, in smaller Miedwie Lake population
in 12 of 15, in Zatoka Pomorska in 14 of 19 specimens studied. A single proethmoid
was found in three specimens of smelt (from smaller smelt in Miedwie and from
Elk lakes populations and this is a key character of the subfamily Hypomesinae
(McArtister, 1963 following Chapman, 1941), separating it from the Osmerinae.

The vomer in studied smelt was single, which confirms previous descriptions
(McAllister, 1963, Bembiszew ski, 1964, Weitzman, 1967) but its dentition
varies from 1 to 3 pairs of large canine-like teeth and 1 to 4 pairs of smaller
teeth. McArtister (1963) reported a single large pair of canine-like teeth,
sometimes accompanied by smaller ones. Branchiostegal rays vary from 7
to 8; their number often differ on left and right side (in 16 specimens of 107
studied). Similar variation has been found in infraorbital and postorbital bones,
instead of normal 6 bones on each side, there may be 5-5, 6-5, 4-5, 7-6 (observed
twice) and 6-4 (observed once).

According to Weitzman (1967), ethmoid bones are influenced by the life
condition of fish and that may explain the wide range of variation found in
smelt in Poland. As these characters were considered as cornerstones of ta-
xonomic divisions their variation now discovered calls for special attention
by taxonomists.
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BIOLOGICAL OBSERVATIONS

Age and sexual maturity

From amongst various methods of fish age determination (otolith method
of Cumaevskaja-Svetovtdova, 1945, concentric layers on vertebral trans-
verse section method of Nordquist, 1910 or the various bony elements method
of M arre, 1931) the normal scale method as used by M asterman (1913) and
Kirpicnikov (1935) seems to be the best for age determination in smelt. Master-
man has described three types of ridges formed on scales during life span of
fish: concentric, spiral and bilateral. The formation of these ridges is disturbed
every autumn and resulting anomalies — scars — permiting precise age
determination. M asterm an himself considered only the first year scar as re-
liable and Nordquist (1910) doubted if the age of smelt exceeding 112 mm
could be determined. I have found, however, that even in 5 or 6 year-old-smelt
scars are visible although a little bit less distinct. I do not agree with Lapin’s
(1956) differentiation of scale ridges, which are said to be only bilateral during
first year of life in lake smelt (“snetok”) and concentric or spiral in sea smelt
(“koryushka”l).

All three types of ridges occurred on the smelt I have seen and often all
three on three neighbouring scales, also on young fish. Scales for determination
of age were taken from beneath the dorsal fin or, if these were lacking, from
around the ventral fin. In doubtful cases the concentric layers on otoliths and
the scars on operculum were checked.

The life span of majority of smelt does not exceed 2 or 3 years. Out of 356
specimens studied 60% achieved 2 years, 19.6 % —3 years, 3.1— 4 years.

The details of smelt longevity in the studied area is given on the table
below.

1 11 111 v \ VI VII years
Population 6-12  —5 26-63 38-44 51-53 65 77 months
Zalew WiSlany 5 10 2 spec.
Miedwie Lake (large smelt) 5 16 20 10 10 spec.
Zat. Pomorska, Zal. Szczecinski,
Miedwie (small smelt), Mamry, Elk,
Wigry, Szelment Wielki Lakes 65 209 71 11 spec.
183 60 19.6 3.1 %

Wigry, Szerpily, Sajno, Serwy

Lakes (after Koszutowski) 114 779 102 9
Wigry, Serwy, Szelment Wielki,

Szelment Maly, Gatadu$, Hancza,

Boczne Filip. Lakes (after Nat-

kanski) 6 50.2 38.4 4.8 0.7 9L

1 McAllister (1963) spells “korioshka”.
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The data from two last groups of lakes are taken from, raw data in unpublished
papers of Koszutowski and Natkanski and modified by myself. All these
data show that only small fraction of smelt live more than 4 years, but some
can live as long as 8 years (it means 7+)- One should remember, however,
that proportions of age groups among smelt caught are influenced selectively
by type of nets used. Older specimens change their feeding habits and feed on
small fishes (small smelt included) — the more intensive feeding allows them
to achieve considerable dimensions (biggest specimens: 400 mm — Jensen,
1949, and 375 mm — Nordqtiist, 1901) and contributes to higher mortality
of smaller smelts.

While some “large” and “small” smelt populations like those studied by
MARRE (1931) from Kurskiy Zaliv appears to be a result of selective catching,
the two Miedwie Lake populations have some special features: large smelt
spawn one month later than the little one and that is opposite to other fishes
where larger specimens spawn first. Two large specimens (standard length

151 mm, $ 137 mm) caught there in March have still immature gonads,
while normal smelt reach sexual maturily reaching about 80 mm standard
length, I have even met 54 mm long mature female (in Zatoka Pomorska in
May 1964). I cannot explain the delayed sexual maturity in larger smelt from
Miedwie Lake. Smelt reach sexual maturity usually during second year of life,
but this may vary quite widely and in some populations I studied maturity
was reached during first year of life (Etk and Mamry Lakes, Zatoka Pomorska).
The reports I have read give different information on the age of maturity in
smelt. Nordquist (1910) reported maturity during second year of life, MAKRE
(1930) found that lake smelt mature at the end of second year, but in sea (Kurskiy
Zaliv) and also in some lakes at the end of the first year. In his next paper (1931)
MARRE states that smelt mature during the first year and MOHR (1941) agrees;
WILLER (1926) reports maturity during first and second year of life.

Growth and weight

It appears that the fastest growth occurs between 6th and 10th month
of life of smelt. There are, however, differences in growth and weight of the
same age smelt in various lakes. Such differences observed in 8 lakes are shown
on figs. 4-6. The fastest growth is observed among Wigry, Szelment Wielki
and Mamry Lakes populations, the slowest among Zalew Szczecinski, Zatoka
Pomorska and smaller Miedwie Lake populations.

The increase in weight is slow and proportional to age (fig. 5), more intense
growth in weight can be observed beginning in the third year of life — Wigry
and Szelment Wielki Lake populations, as well as large Miedwie Lake popu-
lation where some exceptionally heavy smelt were caught.
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AfiF IN MONTHS
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Fig. 4. Eelationship between length and age. For explanation of lines see Fig. 5.

The correlation between length and weight is quite understandable (fig.
6) but it may be disturbed during the spawning period. Larger smelt popu-
lations from Miedwie Lake and Zalew WiSlany grow more rapidly than
other populations. My observations agree with previous reports (tab. 14;
Marke, 1931).

The influence of environmental factors on growth of smelt was discussed
by W iller (1926), W iktor (1964), and Cumaevskaja-Svetovidova (1945).
The importance of feeding conditions is clear but even in the same lake, where
environmental conditions should be constant, different growth rates can be
observed during consecutive years. This is presumably due to cool summer
and delayed spawning. My observations do not confirm 1STordquist’s (1910)
hypotheses on better growth of smelt in lakes with dark water, deep and with
steep shores. Hancza Lake which has lacustrine conditions corresponding with
IsTordiquist’s descriptions has particularly small smelt.

Spawning and sexual dimorphism

The spawning period varies in Poland from beginning of February (Western
Poland — for instance Zalew Szczecinski) to the end of May (in Eastern Po-
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land — Hancza,, Wigry and Szelment Wielki Lakes). This is due to climatic
variation and may vary from year to year. Spawning is always connected with
water temperature reaching +4°C and begins usually when the remnants of
ice float in the middle of lake and only narrow channel along shore is melted.

W IN MONTHS
75
n

a

a
&
A
51
th
11
K
u 2C2eCIAASKI
u Mieowie b*kf (small pop)
a
u
mieoHie iAki(bizdepop)
15
a.
A

=

Fig. 0. Relationship between weigth and age.

Smelt spawn in shallow water (20 to 100 cm deep) over hard, gravel or stone
covered bottom and there is a marked preference for air saturated water as
at mounths of streams, mill dams etc. They can also penetrate into river, up
to 30 kilometres upstream. Eggs are adhesive and stick to the bottom. Spawning
lasts for several nights, being interrupted at dawn, and large shoals spawn
at the same time and spot. It is quite easy to catch a quantity of smelt during
spawning time with a help of a small hand net.

Sexual dimorphism is particularly marked at spawning time: nuptial tu-
bercules are more distinct in males and cover the whole body, fins included,
females are thicker and their body is deeper. Certain dimorphism is discernible
in minimum body depth, caudal peduncle length, eye diameter and interorbital
width, but this vary in various populations (tab. 15 — note Etk and Wigry
Lakes populations).



Author’s data

Koszutowski,

Natkanski,

i

Czeczuga,

WILLER,

I Leskien,

unpublished

unpublished

1926 1957

1942

Population,
month of catching

Zatoka Pomorska,
May

Zalew Szczecinski,
September

Zalew WiSlany,
June

Miedwie Lake (largepop.),
March

Miedwie Lake (small pop.),
March

Mamry Lake, January

Elk .Lake, April
Wigry Lake, December

Szelment Wielki Lake,
October

Wigry Lake
Szurpity Lake
Sajno Lake

Serwy Lake

Boczne Filipkowskie
Lake

Hancza Lake

Galadu$ Lake

Szelment Maly Lake

Szelment Wielki Lake

Serwy Lake

Wigry Lake

Rajgrodzkie Lake,
February

Rajgrodzkie Lake,
July

Dadaj Lake, January
Lasmiady Lake, January
Ro$§ Lake, January
Ukiel Lake, November

Wigry Lake, April

Wigry Lake, December
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I year

Range

43-55

62-77
2.05-2.74

73-89
2.25-5.0

65-82

63-90

76-89

68-87
2.2-4.9
71-89
3.5-6.1

62-78

58-61

0.8-2.8

48.5

71.0
2.35

81.5
3.71

82
5.6

74.9
2.8

78
2.54

83
3.0

74

67
69
74

78.5
4.1
86.5
4.5

71.6

59.5
93

80
2.15

IT year
Range

54-77
0.9-2.5
66-90

(1.8)2.1-4.5

82-93
4.5-6.6
87-108.5
5.15-11.2
91-109

85-102
4.6-7.5

84-101
3.6-7.3

80-123
88-102
102-136

92-117

84-99
4.6-8.5

86-104
5.5-9.0

80-113
86-90(113, 126, 127)
72-83
66-73

2-7.1

2.5-9.3

66.87
1.80

77.30

2.98

87
5.57
101

7.8

94.4

9.1
94.4
6.3
90.3
4.8

107
8.23
105
7.63
116
10.45
99
6.0

96
95
94
109
94
91
103

92.7
6.7
95.7
7.0

101

101
77.3
70.3

11.1
5.09

111.4
6.14

IIT year

Range

75-97
2.04.9
95-101

146-153
20.1-23.6
124-163
20.1-36,1

112.5-117
9.7-12.1

99-130
7.3-14.5
97-123
6.3-12.2

115-120
112-135

120-154

105-127
9.6-21.0
105-125
7.5-13.5

118-125
110-119
92-104

4.9-10.2

7.2-10.5

Table 14. Caudal length in mm (a) and weigth in gram (b)

8.2
3.84
98
7.94
149.2
22.4
142.8
27.4
112
9.2
114.8
11.2
110
13.6
110.4
10.6
110.9
9.8

117
10.55
123
13.25
143
21.10
118
10.90

112

127
121
113
113

111
13.5

111.5
11.3

121.4
115,2

124.5
6.97

126.6
8.51

in relation to age smelt in Poland

IV year
Range

95-109

157-166
27.4-35.3
148-200
36.0-66.3

126-149
17.4-32.7

121-129

101
7.52

161.4
30.7
172.7
45.7

133.4
22.3

129
19.4

134

147
147
150
128

125.8

111

V year
Range

178-183
37.9-46.2
150-212
36.7-85.5

180.5
42.1
194.5
69.5

171
176

157

VI year

Range

194-226
70.3-101.0

211.9
85.9

VII year

Range

208-242
79.7-139.4

223.9
96.2



Population

Zatoka Pomorska

Zalew Szczecinski

Miedwie Lake
(small pop.)

Miedwie Lake
(large pop.)

Mamry Lake

Elk Lake

Wigry Lake

Szelment Wielki Lake

Table 15. Sexual dimorphism in selected mensural characters in % of caudal length (1 and 2) and in % of head length (3 and 4)

SE€X

18
19
33
20
24
2i
47
13
31
19
29
18
34
14
27
25

66
29
66
29
66
cc
66
9%
66
c?
66
$$
66

66

Minimum body depth

X+£%

5.41£0.10
5.42+0.16
5.50+£0.07
5.40+0.08
5.64+0.08
5.80+£0.09
5.35+0.03
5.28+0.08
5.38+0.06
5.50+0.07
5.42+0.02
5.73+0.06
4.68+0.04
4.91+0.05
5.01 £0.05
4.98+0.06

1

N

0.42
0.46
0.40
0.32
0.37
0.41
0.23
0.27
0.30
0.29
0.11
0.24
0.24
0.19
0.26
0.29

0.05

0.94

1.33

0.83

1.29

3.60

0.38

2

Caudal peduncle length

X£§*

10.34+0.19
10.43+0.23
9.88+0.13
10.17£0.12
11.68+0.16
11.47+0.17
11.18+0.08
11.20+0.14
11.52+0.09
12.04+0.13
11.88+0.09
11.29+0.13
12.22+0.02
12.75+£0.05
10.89+0.11
11.09+0.12

8

0.79
1.02
0.74
0.53
0.73
0.80
0.57
0.49
0.43
0.45
0.47
0.56
0.65
0.70
0.57
0.59

0.30

1.62

0.90

0.13

3.29

3.73

9.80

1.23

Eye diameter

X+Sx

26.04+0.43
24.41+0.49
23.7240.30
23.18+0.34
23.28+0.28
23.44+40.32
18.43+£0.19
18.01 £0.21

21.52+0.19
20.69+0.24

22.49+0.27
22.35+£0.24

3

8

1.83
2.10
1.71
1.51
1.34
1.47
1.30
1.64

1.00
1.02

1.42
1.15

0.30

1.50

2.72

0.39

Interorbital width

X+S£

21.85+0.36
20.87+0.32
20.75+0.39
19.71£0.50
19.85+0.31
19.93+£0.34
22.55+0.45
21.09+0.29

22.2440.21
23.58+0.20
18.40+0.19
18.76+0°20
19.45+0.31
19.07+£0.29

4

8

1.53
1.40
2.23
2.24
1.49
1.61
1. 18
1.87

112
0.84
1.10
0.75
1.63
1.40

2.04

1.63

0.17

2.80

4.62

1.28

0.90
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Fig. 6. Relationship between weigth and length. For explanation of lines see Fig. 6
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Food

Stomach contents] in studied smelt consisted mainly of Cladocera (espe-
cially Bosmina coregoni Baird and Daphnia sp.) markedly less of Copepoda.
Other Crustacea like Neomysis vulgaris J. Y. Thompson (Mysidacea) and Co-
rophium volutator P all. (Amphipoda) were found in Zalew Szczecinski and Za-
toka Pomorska smelt. Ostracoda were found in Zalew Szczecinski smelt. There
were numerous plant remnants as well as bottom fauna and quantity of bottom
mud, which indicate that smelt can also dig out their food from the bottom.
Fishes were found in stomach of only the largest smelt but if they are eaten,
quite large specimens are swallowed. One 178 mm long smelt contained 106 mm
smelt, another specimen 200 mm long contained two smelt specimens (56 and
58 mm long) as well as 48 mm Acerina cernua (L.). Other identified remnants
were dragonfly larvae, fish eggs and once an accidentally drowned harvestman.

The research of both other authors and myself show lake and seasonal
differences in smelt stomach contents. Smelt are omnivorous and variation
in their stomach contents is presumably due to changes in seasonal abundance
of different food, for instance various proportions of Copepoda and Cladocera.
These may be also due to certain food preferences discussed by certain authors
(Litynski, 1922; Czeczuga, 1959; Lesklen, 1942). It seems that food rela-
tions and food preferences in smelt need further research.

CONCLUSIONS

1. Smelt in Poland occur in the northern part of the country. They are
non-migratory in the lakes and anadromous in the lagoons and along the shore
of the Baltic Sea.

2. The most suitable environment is provided by deep mesotrophic lakes,
except for sea lagoons which are populated by anadromous smelts.

3. Mensural and meristic characters analysis shows certain differences
among various smelt populations in Poland:

a) sea and lagoon smelt — having lower vertebral, gill rakers and scale
counts as well as lower caudal peduncle length ratio;
b) inland smelt — considered here as a standard for Osmerus eperlanus

(L.). From these populations should, however, be separated two other distinct
populations: larger smelt from Miedwie Lake characterized by longer head,
and Wigry and Szelment Wielki populations resembling in some aspect Fureso
population and described in this paper as a a new forma jenseni. Forma jenseni
has higher vertebral, gill rakers and scales counts, a shorter head, a lower mi-
nimum body depth, a lower interorbital width ratio and longer gill rakers

3 1 wish to express my deep gratitude to Dr. M. Gliwicz and Mag. A. Prejs for iden-
tification of stomach contents.



27 Population variation in smelt 91

(figs 1-3, tab. 1-14). Forma jenseni shows certain resemblances to both 0.
mordax (Mitch.) and 0. eperlanus (L.). It should, be rather included in the
latter species.

4. Studies on ethmoidal region bones demonstrated a wide range of va-
riation of these bones.

5. The life span of smelt in Poland is 8 years. The largest age groups are
2 and 3 years.

6. Length and weight increase are correlated in certain populations (fig.
4-6).

7. Spawning lasts from February in North Western Poland to the end of
May in North Eastern Poland and is influenced by the weather.

8. Sexual dimorphism is not pronounced with except during spawning time
when is distinct (tab. 15).

9. Stomach contents show seasonal variation, there are no marked food
preferences.

10. T second K ljukanov’s (1969) suggestion that the subspecies distin-
guished by M cA llister (1963), Osmerus eperlanus eperlanus (L.) and Osmerus
eperlanus mordax (Mitch.), should be raised to full species, because of their
sympatric distribution (White Sea — Pechora and Dvina North Eivers).

Author’s address:
Instytut Zoologiczny PAN
Warszawa, Wilcza 64
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STRESZCZENIE

[Tytut: Zmienno$¢ populacyjna stynki — Osmerus eperlanus (Linnaeus,
1758) (Pisces) w Polsce]

W niniejszej pracy autor analizuje materiat stynek zebrany w 9 zbiornikach
w Polsce: w Zatoce Pomorskiej, Zalewach Szczecinskim i Wislanym oraz w 6
jeziorach $rédladowych. Wyniki analizy, porownane z dotychczasowymi da-
nymi na ten temat, pozwolily stwierdzi¢ wiele réznic zachodzacych miegdzy
badanymi populacjami. Przy opracowywaniu materialu brane byty pod uwage
gtownie cechy merystyczne (przeliczalne) i niektére plastyczne (wymierzalne).
Cechy te analizowane byly za pomoca metod statystycznych stosowanych
w literaturze ichtiologicznej, a pozwalajacych stwierdzi¢, czy réznice migdzy
populacjami stynek z poszczegdlnych zbiornikow sa istotne. Badany byt takze
wiek stynek, osiggane dlugosci i ci¢zar, okres tarta, stosunki pici. Dla stwier-
dzenia przyczyn zaobserwowanych réznic miedzy poszczegdlnymi populacjami
autor zbadat takze zawarto$¢ przewodow pokarmowych oraz osteologie etmoidal-
nej czeSci czaszki. Przeprowadzone badania cech plastycznych a zwlaszcza
merystycznych pozwolity na wyodrebnienie kilku grup populacji w Polsce:

1. Populacje morskie i Zalewoéw o nizszej liczbie kregéw, wyrostkow fil-
tracyjnych, lusek i krétszym trzonie ogonowym,;

2. Populacje $réodladowe przyjete jako standardowe dla Osmerus eperlanus
L.);
‘ )3. Populacja duza miedwianska charakteryzujaca si¢ dtuga glowa i pewnymi
odrgbnosciami biologicznymi;

4. Populacje Wigier i Szelmentu Wielkiego o wysokiej liczbie kregow,
wyzszej liczbie wyrostkow filtracyjnych i tusek, krotszej glowie, nizszej mini-
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malnej wysokoS$ci ciata, wezszym czole i dtuzszych wyrostkach filtracyjnych.
Populacje tych jezior zostaly wyodrgbnione jako nowa forma jenseni.

Na podstawie analizy materialtdw wlasnych oraz w oparciu o literature
autor uwaza, podobnie jak Kljtjkanov (1969) na podstawie analizy osteolo-
gicznej, ze traktowane przez M cAllisteba jako podgatunki O. eperlanus
eperlanus (L.) 1 O. eperlanus mordax (M itchill) nalezy podnie$¢ do rangi sa-
modzielnych gatunkéw takze ze wzglgdu na ich sympatryczno$¢ (M. Bia-
e — rzeka Peczora, Dwina Pdéinocna). W obrebie gatunku O. eperlanus (L.)
nalezatoby umiesci¢ wyodrgbniong formg jenseni.

Badania biologii stynki pozwolily stwierdzi¢, ze najodpowiedniejszym sie-
dliskiem dla stynki sa wody glebokie o charakterze przejsciowym, mezotro-
ficznym. Wyjatkiem sg tu Zalewy Wislany i Szczecinski, ktérych stynke¢ zalicza
autor do formy anadromicznej. Dlugos¢ zycia stynek w Polsce sigga 8 lat.
Wiekszos§¢ populacji przypada na drugi i trzeci rocznik. Tarlo trwa od poczatku
lutego w poinocno-zachodniej czesci Polski do konca maja w czesci potnocno-
-wschodniej w zalezno$ci od pogody w danym roku. Analiza zawarto$ci prze-
wodow pokarmowych wskazuje na znaczng ré6znorodnos¢ w pobieraniu pokarmu,
uzalezniong gléwnie od pory roku.

PE3IOME

[3arnaBue: IlomynsiroHHass W3MEHUYMBOCTH KOPIOMIKH — Osmerus eperlanus (Linnaeus,
1758) {Pisces) B Ilonbie]

B Hacrosimielt myOimuKanuyu aBTOp aHAIM3UPYET MaTepHal KOPIOMIKH, COOpaHHBIN M3
9 BomoemoB Iloxnbmy, B ToM ynciie u3 [lomMmopcekoii Oyxtel, IllermHckoro u BucnuHCckoro
3aJMBOB U U3 6 BHYTPEHHHX 03ep (CM. KapTy). AHaau3 MOIyYCHHBIX PE3YyJIbTATOB B CPaB-
HEHUM C UMEIOLIUMHCA B JUTEpaType JaHHBIMHU IO3BOJIMJI YCTAaHOBUTH PAJ CYIIECTBEH-
HBIX Pa3In4uil MEXTy HCCIeTyeMBIMH Tomyiasuusmu. [Ipu oOpaboTke MaTtepuana mpH-
HUMAaJINCh BO BHMMAHHC IPESKAE BCET0 MEPHCTUYCCKUE NPU3HAKM, a 3aTeM JIMIIb HEKO-
Tophle IUactudeckue. Kak Mepuctuueckue, Tak M IUNIACTUUECKUE TPU3HAKU ObUTH aHATU3U-
pOBaHbI MPH MOMOIIM CTaTUCTUYECKUX METOJO0B, NMPUMEHSEMBIX B MXTHOJOTMYECKUX pa-
00Tax, KOTOPHIC MO3BOJIIN YCTaHOBUTH JOCTOBEPHOCTH PA3IMIMN MEXKIY MOMYIIIISIMI
U3 pasUuHBIX BOJOEMOB. BbUI HccienoBaH Takke BO3pacT, JJIMHA Tela U BEC, MEPUOJ
HepecTa, COOTHOIICHHE MOoB. C IEeNbI0 yCTAHOBJICHHUS MPHYUH HAOIIOAAEMBIX Pa3IIHIHii
MEXAY OTJEIbHBIMU MONMYJSIIUSAMH aBTOP HUCCIEOBAl TAaKXKE COACPKHUMOE IMHIIECBapHU-
TENBHBIX KAHAJIOB M OCTCOJIOTHYECKOE CTPOCHHE 3TMOUAAIBHON YacTW uyepena. AHaIu3
IUIACTUYECKUX, 4 OCOOEHHO MEPUCTHUECKUX MPU3HAKOB ITO3BOJII BBLICIUTH HECKOIBKO
TPy IOIYJIALUN:

L [Nomynanuy Mopckas M U3 3ajJUBOB, OTJIMYAIOLIMECS MEHBIIUM YHUCIOM IIO3BOH-
KOB, >KaOEpHBIX THMMHOK, YeIIyd B OOKOBOM JHHUH M 00Jee KOPOTKHM XBOCTOBBIM CTe-
onewm;
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2. Tlomynsamuy W3 BHYTPEHHHX BOJOEMOB, pacCMaTpHUBAacMbBIC aBTOPOM KaK THITHY-
Hele 1ns1 Osmerus eperlanus (L.);

3. Homymsiums w3 o3epa Mezase, xapaKTepU3YIOMIAsCs KPYIMHBIMA pa3MepaMH Tela
U HEKOTOPBIMH OTJIMYHUTEIbHBIMH OHOJOTMYECKUMH OCOOEHHOCTSIMU;

4. Tlomynsuuu u3 o3ep Burpsr u bonbmioir IlenbMeHT ¢ yBETMUYEHHBIM UHCIOM
MMO3BOHKOB, >Ka0CPHBIX THIYMHOK M YEIIyi, Oojiee KOPOTKOW TOJIOBOH, MEHbINCH MHUHU-
MaJIbHOW BBICOTOH Tella, IMUPUHON J10a W Ooiee JUIMHHBIMH KaOCPHBIMH THIYMHKAMU.
[omynamum U3 3THX 03ep aBTOP BBIACISIET KaK CaMOCTOSATCIBHYIO (OpMY jenseni.

Ha ocHoBanum aHaim3a COOCTBEHHBIX MaTEpUANIOB, a TaKke OHOIHOTrpaduIecKux
JAHHBIX aBTOpP CYUTACT TaK ke, KaKk Kawkanos (1969) HA OCHOBAHHH OCTEOJOTHYECKOTO
ananusza, uyro Osmerus eperlanus eperlanus (L.) u O. eperlanus mordax (M itchill), pac-
CMaTpuBacMbIC M cAllister'om KaK IIOABHUIbI CICAYCT CYUTATh CaMOCTOATCIbHBIMH
BUZaMH, TeM Oojiee, 4To X apeansl cumnarpuudbl (benoe mope — peku Ileuepa u Ce-
BepHas J[BunHa). HoByl0, BBIZIETICHHYIO aBTOpOM (HOpMY jenseni CIEAyeT OTHECTH K BHIY
O. eperlanus (L.).

HccenenoBanns 1o OHONOTHH KOPIOMIKM OKA3aJId, YTO HamOoJee XapaKTePHBIMU IS
Hee SBILTIOTCS TITyOOKHE BOJOEMBI ME30TPO(HUYECKOro THma. VICKIIOYeHHe COCTaBIISIOT
nonyysuuy 13 Bucnuackoro u LenuHCKOro 3aIMBOB, KOTOPBIE aBTOP NPUYHUCISET K aHa-
IpoMHO# (opme. MakcuManbHBI Bo3pacT Kopromku B [lombine mocturaer 8 nmer. AHa-
JIA3 BO3PACTHOM CTPYKTYphl MOIYJISIMUI IMOKa3aj, YTO OCHOBHAas Macca MOMYJSILHHA Co-
CTOUT M3 JBYX M TpexjeTHuX pbi0. Hepect mpomomxkaercs ¢ Hayana ¢eBpais B ceBepo-
3amagHoi [lompmre 1o KOHI@ Mas B CEBEpPO-BOCTOYHOW YACTH CTPAHBI B 3aBHCHMOCTH
OT METCOPOJIOTMICCKUX yCJ'IOBI/Iﬁ B JaHHOM Tronay. Amnannx MUIICBAPUTCIIbHBIX KaHaJIOB
YKa3blBaeT Ha 3HAYUTENbHYIO aupepeHIranuio NHUTaHuS, O0YCIaBIMBAEMYIO MpPEXIC
BCETO BPEMEHEM TOfa.





