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The author had studied the age and rate of
growth, the weight increase and the chemical
compositions of eels living under the most ty-
pical conditions, suchas: sea, littoral waters
and inland lakes. The investigated material
comprised 646 specimen of fish; out of this
499 representedthe yellow eel (282 migrating
from seaand river estuaries, 151 from Firth
of Vistula River and 66 from inland lakes) and
96 represented the silver eels migrating to
sea for spawning.

258 pieces were examined technologically
and 158 were subjected to chemical analysis
for content of proteins, fats, water and mine-
ral compounds.

The highest content of fat was found at the
silver eels; lower content was noted at eels
livingin bays and still lower content, at eels
livinginlakes. Thelowestrate of fat increase
was observed at eels from inland lakes.

Author concludes, that the content of fat in
meattissue is one of the characteristic condi-
tions for silver eel, which stimulates it for
spawning migrations.

The existing literature in eel comprises
strictly limited part of the problems such as,
biological or technochemical, but does not com-
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prise the problems in any complex form. Upto
now, in Poland no detailed investigations have
been carried out on the subject of eel.

Aim of the present work was to determine
the growth, changes in weight proportions and
in chemical compositions of the eels living in
Polish waters, with due consideration to the
most typical conditions in economical aspect,
such as:

Baltic Sea - migrating and feeding (yellow
eel) and silver eel

Mazurian Lakes - féeding eel (yellow)
Firth of Vistula River - feeding eel (yel-
low).,

The results of technochemical analysis per-
mitted to define the usable and consumptive
values of the fish,

MATERIAL AND METHODS

The material for investigations was collected during 1961 and comprised:
montée - French Atlantic Coast (10.4,61) - 51 pieces
bay eel - Firth of Vistula River (15.4. to 10.7.61) - 151 pcs.

moving inshore eel - Swibno, Leba and Gdarisk Bay (10.4. to 10.11,61)
- 282 pcs.

lake eel - FishIndustries Ruciane (Mazurian) (15.4.1012.9.61) - 66 pcs.
silver eel - Sea, in vicinity of Jastarnia (15.10. to 10.11.61) - 96 pcs.

For age, 595 eels of Polish waters had been examined with comparison of
51 pcs of montée, supplied from France.

For determination of sex, accepted the principlesthatthe mesenteric organ
represents the female’s, while the ribbonform - the male’s organ. Such prin-
ciples of sex determination by macroscopic differences, in spite of their wide
application, arequestionedby some investigators. E.G. Tes ch (1928)
ascertained, that Syrski’s organis anundeveloped form of gonads and there-
fore is baseless in determination of sex.

The eel ovaries, also called Krause’s organs, resemble the creased frill
fastened dorsally to middle dorsal part of abdominal cavity (Girs zto w tt,
1961). The non-fastened end of ovaries is longer than the suspended one anl
this forms a mesentery, or so called mesenteric organ. Accordingto the same
authoress, the width' of ovaries depends on the length of fish and it amounts
from 3,4 mm for 33,0 em'of lengthto8,0 mm at 49,2 cm of length, Extending
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on the both sides of kedney, the ovaries protrude beyond the rectum with
slight narroving towards the backend. The surface of ovaries is not even on
the both sides; it is directed towards the abdominal lobes which comprise
reproductive cells, while theinner sideis smooth., Atyoungeels, the ovaries
are translucent and are becoming white to yellowish during their growth.

At length of ab. 30cm (Suvor ov, 1954), the nucleus called Syrski’s
organs can be distinguished; they may be of racemoseform, or lobal com-
prising upto 50 of lobs, and are situated similarly to ovaries. At fish of
27 to 37 cm in length, they appear like a string of pearls of the thickness
width from 0.1 to 0.2 cm. In the posterior narrowed part, the thicknesses
are visible under 5-times magnifying. The nucleus, which generally are
translucent or semitranslucent, may became milky-white, as noted at some
specimen caught in sea during the Autumn.

Sex of the examined eels was defined according to the above-given descrip-
tion; all fishes with fully developed mesenteric organ were considered to be
female and with organs of ribbonformasmales, The specimen with sex organs
not clearly developed were considered in the third group as non-identified
sex.

The yellow eel was fished with basket-nets and setting-nets of a fine mesh,
the bay-eel with basket-nets and strings, while the silver eel - with set-nets.

To the group of silver eel, were accounted entirely the fishes possessing
the breeding livery (Schmidt, 1906) which acc. to Hornyhold
(1922), are acquiring the males of 24 to 51 cm in length and the females of
37 to 100 cm in length, Fishes of this group are characteristic for well
grown-in scale, richly appearing mucus, dark colour of dorsal part and of
glasy-white abdominal part. Comparingtoyellow eels, the eyes of these eels
are distinctly larger. Degeneration of alimentary canal, its decreased passage
and appearance pseudo-mucus substance, wasnoted at sections, what complies
with investigation results of S chnackenbeck (1953).

The eels caught in the sea, butnot showing the above-given characteris-
tics, and the feeding fish from remaining environments, were accounted to
the yellow-eel group.

The age was estimated by otoliths method, which ensures the most definite
results (Ehrenbaum and Marukova, 1913). According to in-
vestigations of other authors, suchas: Gonzoe (1908), Ehrenbaum
and Marukova (1913) and Tes ch (1928) , the scale method does not
ensure such guarantee, The moment of scaling, according to the above men-
tioned authors, is dependend on the length of fish and not its age. Usually,
the scales start growing after the fish spent minimum 2-5 years in fresh or
freshened waters and at its scaling length (16 to 20 cm), irrespectably of
age.,

The otoliths come into existance and grow inrelation to fish age. The age
calculated by otoliths and by scale method gives differences of 1 to 5 years
only due to delayed and variously startingperiodof scaling (F r o s t, 1945;
Thurow, 1930). Additional difficultylin estimating the age by scaling
method is due to fact, that the quantity of annual rings varies at the same
specimen, According to Frost, the difference may amount from 5 to 13 at fish
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T
length of 69 cm. Some part of rings is not complete and their appearance ig

not subsequent. (Hornyhold ascertained only 0.07 per cent of scales with ma.
ximum quantity of zones). Finally, according tothe above-mentioned authors
the scales cease growing from certain, clearly not defined, age.

The otoliths were accessible after flat cutting towards the snout of skull
upper part, uncovering and removing of brain. Thus, the otoliths were vi.
sible and easely removable. Directly after removing, the otoliths were deli-
cately cleaned with cloth and thenafter flushed in alcohol for 24 hours.

After grinding of the convex side, the otoliths were placed on a plate and
floaded with Canadian balm.

No distinct differences werenotedin counting the number of rings by other
methods; however, the method of keeping them dry and then for 24 hours in
alcohol, proved the best results. In the course of further experiments as-
certained, that the otoliths shouldnotbe dry-storedforlonger than 2 weeks;
after such time they become dull and their rings obliterate, what causes the
age reading very difficult. One the most important moments for exact read-
ing of otoliths age is their proper grinding, For this purpose was used a
fine-grade stone and the convex side of otolith was ground to obtain good vi-
sibility of nuclei; frequent check of result was made under magnifying glass,

The following interpretation of results was applied for determination of
age: usually, but not in every case, three very narrow rings of white colour
appeared around the nuclei; this was taken as corresponding to 3 Summer
seasons of living in sea. Thenafter, divided by dark narrow ring, appeared
white and wide zone of the first Summer season in fresh or freshened water;
next narrow for Winter season, and soon., The fully developed Winter rings
were considered only.

The reading difficulty of otoliths was due to the very narrow rings, fre-
quently of compound type;inpreparationitis very difficultto grind thoroughly
the edges. Summer and Winter zones can hardly be distinguished at the elder
eels at which in progression to age, the rings are getting more close and
more difficult for reading. Condisering suchdifficulties, the biologists agree,
that the age determinationat eels of above 7 years life in fresh water is pro-
blematic and frequently within the error of 1 to 2 years.

Accordingto Nordquist and Vallin (1923),the otoliths grow
during the whole period of eel’s life including the period of reduction in
length. With the years, the beginning of otoliths growth is retarded and
starts appearing in July; therefore, in determination of age, considered the
completed Winter ring. The age proper was expressed in age-groups denoting
the quantity of years lived in fresh or freshened waters, but excluding the
larval stadium, montée,and young-fish time, and was marked by Roman digits.
Thus, for determination of fish age, three years spent previously in sea,
must be added to age-group.

The data relating to eels investigated was collected according to defined
scheme; length of particular parts was measured and thenafter, the whole
body, head, intestinals, liver, bones, skin, fillets and gonads were weighed
in gramms. Calculated wass: the content of protein in meat tissue according
to Kieldahl’s method, of water (by desiccation method - 105°C), of fat ac-
cording to Scxhlet, of ash (by burning), and the other.
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This material was collected regardless to sex, as this was impossible
for determination by exterior characteristics. As certain guidance in sex
determination may be taken the size .of fish, as it is known, that the length
of male is limited to about 45 cm,

The obtained data relating toage, length and weight was presented on the
tables and it expresses the proportions of length and weight to age-groups.
Such form of representation allows for comparison of own results with the
results of other authors, who investigated the growth of eel under specified
or diametrally different conditions and environments.

The rate of eel growth was calculated by the author on the basis of average
length and weight in particular age-groups without the back calculations;
owing to hardly ligible and small otoliths, the measurement of annual rings
was not tenable.

RESULTS

A, Biologic characteristics - age and growth of eels investigated’

The examined 51 pcs of montée supplied from France, represented en-
tirely the group 0. The length of fish was 7 to 9 ¢m and weight 0,25-0,35 g.
This was not already glassy eel, but the young fish in various studies of
pigmentation, which was appearing particularly intensively along the side-
lines. The skin of dorsal part of body and of head did not contain pigment
yet.

Yellow eel - isrepresentedinthree groups dependingonenvironments
of catching.

Ascending moving inshore eel - caught in the vicinity of sea coast at Sopot
and at estuaries of Vistula and Leba, represented nine groups of age from 1
to IX in quantity from 1 to 85 pcs. Of the total quantity 282 pcs, sex was
identified at 241 and this represented 34 males and 207 females. At the re-
maining 41 pcs, no sex could beidentified owing to small size of fish and not
sufficiently developed gonads.

Wide range in sizes and age of eels accounted to that group, may be ex-
plained by the facts, that besides the fish migrating to fresh waters, were
also caught some fishes remainingthere temporarily and those, which could
remain in these waters until the breeding migration. There was no possibi-
lity to divide these fishes accordingtoabove mentioned scheme, as non pos-
sessed the breading livery andthus, all of them were acceptedunder the com-
mon definition as ascending.

The total age of ascending eel oscillates, according to obtained data,
between 3 and 12 years (group I to IX), with average of 8 years (group V),
corresponding to body weight 64.8 g and to length of 33.6 cm. In material
investigated, the.mostnumberous were eels of age-group IV to VI amounting
to 76.2 per cent, The same data in relation to sex proved the increasing
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weight of females in relation to males with growth of age from O per cent in
group III to 19 per cent in group VII.

Bay eel - was representedby 151 pcs, entirely females; no males were
identified. The average age of fish belonging to twelve age-groups (III to
XIV) was 10.0 years at weight of 163.0 g and at length of 42.3 cm. Most
numberous was the age-group VI amounting to 27.8 per cent and the fish of
length 36 to 40 cm, amounting to 30 per cent. The widest range in length of
31 cm was noted in group XIII (from 57 to 88 cm).

Lake eel - the 66 pcs, which represent this énvironment, belonged to
eleven age-groups from IX to XX, Theaverage age was 15.7 year, at weight
of 698 g and at length of 65.9 cm. Most numberous was the age-group XII
amounting to 26.8 per cent.

General remarks relating to age and growth of yellow eel

Eel originating from the three above-mentioned waters (sea, bay and lakes)
was represented innineteenage-groups in quantity of 1 to 131 pcs; most num-
berous was the group VI, amounting to 26 per cent. Average age was 9.7
year at weight of 136.5 g and at length of 36.2 cm. The widest range of fish
length (32 cm) was noted in age-group XIII (55 to 87 cm) and 860 g in weight
at XIV (840 to 1700 g). The collected data is represented in Table 1.

Length and weight of the yellow eel in the particular age-groups, as ca
culated on the basis of all material collected from various regions, is pre-
sented on Fig.1 and 2.
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Fig.l. Length of yellow eel in age-groups

On average, ascending (movinginshore) eel shows by one year higher age
than bay eel of the same length. This proves, thatthe bay eel has better rate
of growth than the ascendingeel. Annualincrease of bay fish is proportional
to its growth and, contrarytoascendingfish, tends to be increamental., This
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Ta

ble 1

Age-group 1 11 111 v v V1 VII VIII X X
Length (cm) 11.0 18.0 26,7 31.0 | 34.6 34.7 39.4 146.0 46,8 | 52.5
Range of length - 11-25 | 20-34 .| 21-39 | 28-41 31-51 | 28-48 |38-58 41-57| 48-58
Weight (g) 1.5 11.0 | 28,4 | 51.3 | 62,8 75.8 | 98.1 [180.4 | 241.3|257.9
Range of weight - 2.5-45| 6-65 25-90 | 42-110 | 45-220| 35-200|75-440 |120-520| 200-300
Quantity of fish 1 11 27 71 104 131 36 16 18 12
Per cent 0.2 2.2 5.4 14.2 20.8 -26.2 7.2 3.2 3.6 2.4

Age-group X1 XII X111 X1V XV XVI XVII XVIII XX |Average
Length (cm) 55,2 59.8 | 66.8 | 72.2 | 82.2 87.3 | 98 112 125 | 36.2
Range of length 47-63 | 51-67 | 55-87 | 59-81 | 74-88 | 78-96 | - - N
Weight (g) 341.3 485.0 |627.4 |768.8 [065,7 [1280.0 [1320.0 |2700 2750 [136.5
Range of weight 195-510 |380-590 | 450-980{490-1100 630-1360]840-1700 - - -

Quantity of fish 11 28 18 9 7 3 1 1 1
Per cent 2.2 5.6 3.6 1.8 1.4 0.6 | 0.2 0.2 0.2

1
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Fig.2. Weight of yellow eel in age-groups

same increasing phenomenom appliedtolake eel, when comparingittobay eel,
While within the groups IX to XII, the lake eel proves lower increase than

bay eel, it shows intensified increase in length between the XIII and XVIIL
groups.

It may generally be ascerted, that comparatively to other species, the in-
creasing rate of yellow eel is slow; although, some of them show considerable
deviations in both directions, i.e. inlengthand weight. During its life within
the fresh and freshened waters, the yellow eel proves three indifferent growing
periods, viz. : intensive growthfrom1 to VI group, slower rate between VI
and XII, and again intensified thenafter. These periods are related to sub-
sequent living environments, i.e. sea, bay, lakes.

The characteristics given above, comply with the observation results of
other authors, except Thurow (1959). Heascerts that, owing to com-
mulation of fat in tissues, the growth is falling-down to zero beginning from
thirteenth group. The present investigations lead to conclusion, that the eel

is growing throughoutits whole span of life but its rate of growth is changing
only.

The differences in rate of fish growthamoungannual environments should
be explained by different biochemical and physical conditions. Mainly, by
abudance of nourishment, by density of fish, and by temperature which de-
cides on intensivity and length of feeding period (Bertin 1957).

Comparing to fish of Windermere (F rost, 1945), the eels of Polish
waters are of higher weight, except for group XI and XIV; compared with
eels from Elbe (G emz oe, 1908), higher weightisnoteduntil the group V.
The eels from Alster (Gem zce, 1908) and from Cemaccio (Bellini,
1910) were of larger sizes within the same age-groups than the eels from
Polish waters. Such comparison is represented on Fig.3.

The wide-headed eels proved generally the weaker condition than the nar-
row-headed, what complies with observations of Frost (1945). The
collected material allows to conclude, thatattainable sizes are close for both
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Table 2

Age-group VIIL X XI XII X111 X1V XV XVI
Length (cm) 49.0 53.0 59.8 64.8 70.6 74.7 74.7 64.0
Range of length 48-50 48-58 54-65 56-76 59-83 62-90 73.6 -
Weight (g) 172.5 190.0 349.5 506.0 678.3 802.1 776 .6 450.0
Range of weight 170-175 | 230-360 | 290-465 325-980 320-1100| 330-1400 710-820 -
Quantity of fish 2 6 10 15 9 12 3 1
Per cent 3.4 10.8 16.9 25.4 15.2 20,3 5.1 1.7

Table 3
Length, weight and age of silver male eel

Age-group \ Vi VIL VIII X X X1 XII
Length (cm) 40.5 37.7 38.8 37.2 35.5 39.0 445 445
Range of length
(cm) 40-41 | 34-43 35-42 35-39 32-39 - 40-49 | 42-47
Weight (g) 75.5 90.7 94.1 87.5 80.0 115 170.0 162.5
Range of weight
(g) 65-86 60-120 70-125 80-95 50-110 - 120-220 | 125-200
Quantity of fish 2 13 12 4 2 1 2 2
Per cent 5.2 34,2 31,5 10.5 5.2 2.6 5.2 5.2

‘199 jo suonaodoad 1yStem Jo saBueyd pue yimoasd ‘sfy
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the narrow-headed and wide-headed eels, This is contrary to ascertion of
Ehrenbaum (1930), who considered, thatthe narrow-headedeels groy
to weight of 1.5 pound only, and the wide-headed grow above that.

Silver eel. This group of eels was represented by 38males and 58
females. The females were accounted to age-groups from VIII to XVI with
most numberous (upto 25.4 per cent)in group XII. Their average length was

64.5 cm and weight 524 g. Particular data is presented in Table 2,

The males were considered in eight age-groups from V to XII with most
numberous (upto 34.2 per cent) in group VI. Their average length was 37.7 cm
and weight 90,7 g. Particular data is presented in table 3.

cm
100 |
80
60 -
] /
/" —— from Poland
40 - +—-+ from Windermere
] o—o from Delba
20 +=--=+ from Alster
£ --- from Commaccio

L T T T T T T
" v VI vii X xH XV XV xvii
age-group

Fig.3. Length to age relation of eels from various waters

Owing to wide ranges in weight, lengthand age, the fact of migratory start
can not be assigned as strictly relative to these values. As the main causes
for fish migration should be considered the physiological changes which take
place in organisms of fish and which force it to emigrate from fresh waters
at various age and size.

Some authors such as, Frost (1945), Bellini (1910), Ehr e n-
baum and Narukova (1913) considerthe sizeof fish as imperative
for migration starting. Thurow (1959) ascertains, that an obtainment
of breeding livery depends on some physiological changes, on annual increase
of condition factors and onfactor of fataccumulation, Similarly to F rost
(1945), he considers, that certain critical limit of young age exists which
some fast-growing specimen may exceed and still remain in fresh waters.
Such limit, according to Thurow falls on group IX to X at length of 57 cm,
weight of 325 g and with fat content of 28 per cent.

The male eels differ from females by their size, similarly to other fish
species. In catches, the males are not very numberous owing to their small
sizes and to limited presence, as generally they didnot enter the fresh waters,
but remain within the zone of estuary waters. E hr enbaum (1930)
ascerted, that the males do notlike the currents (tides) and therefore do not
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enter the fresh waters; this, however, is contradicted by the fact of males
presence at Firth of Vistula River.

Annual increase of length and weight

These increases show at eels very distinctindividual deviations, The in-
crease of length i5 more regular andinaverage amounts to 5 cm, for younger
groups and 6 cm for elder groups. The weight, however, increases distinctly

in relation to age i.e., from 1 g for group I to 1470 g for group XX. Fig.4.
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Fig.5. Proportional growth of yellow eel

Basing on this data, the value of 5.5 cm may be assumed as an average
increase of length; this value may be taken as the basis for guidance at de-
termination of eels age appearing in Polish waters,

The per cent increases related by Rozenseféell and Ever-
hardt (1953) can be appliedfor preparation of diagrams for the relative
groups. Fig.5 and 6.
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Fig.6. Proportional growth of silver eel

Curves representing the per cent increase in relation to growing length
show constant fall, butatinconstant rate, Such rapid fall, corresponding to
transition from intensive to slow growth, is occuring at yellow eel upto VI,
and above XII. age-group. Between these periods, the fall is rather slow.

At silver eel, the curves for all age-groups are more regular and do not
show any distinct deviations.

The ratio of weight to length expressed in g/cm shows constant growth
throughout the span of life of yellow eel, beginning from value of 0.13 in
group I to 24,2 in group XVIII, Fig.7. At silver eels, the value is increased
from 3.55 in group VIII to 10,5 in group XV for females, while for males
attains 1.86 in group V to 3.84 in group XI. This gives the constantly in-
creasing advantage of weightto length increase in relation to age. For silver
females, these values are generallylower than for yellow females beginning
from group X. Similar, but mcre distinct difference, can be observed when
comparing the silver males with yellow males. Beginning from group VIII,
the curve representing such ratio, deviates more distinctly with age from

analogical curve for females, what proves much lower increase on weight of
males.

gfcm
20
5 7
" _ «— yellow eel
] o ——- silver eel
o e ~~
51
] e
L T T T T T T T T T T T T U L} T T T T
" w vr Vit X X XY XV XVl
age-group

Fig.7. Weight to length ratio (g/cm) in age-groups
The analysis of weight to length ratio without considerationof age (Fig.8)
shows, thatthe female eels attain the characteristic specific for silver eel
at the length of about 50 cm., Thenafter, until the length of about 70 cm, the
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silver females show lower increase of weight in relation to yellow ones, to
equalise at 70 cm. After thisage, the silver females became heavier to obtain
the maximum at 80 cm, with tendency for equalisation of weightat 90 cm. Si-
miliar phenomenom was ascertained by F rost {1945).
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Vi vill X X XtV xXv/ XVt
age-groups

Fig.8. Weight to length ratio of eel
B. Technical characteristics

One of the basicfactors, whichdecides on the value of fish raw material,
is the per cent content of meattissue by weight; this practically is considered

as weight of fillets without skin., The measurement results of 258 pcs are
presented on Fig..9.
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Fig.9. Per cent weight of eel fillets

The bay eel is characteristic for the lowest and slowly increasing with
length, ratio of meat to weight of complete body; this is in contrary to fish
coming from the remainingenvironments. The mostintensive in time increase
of meat tissue proves thelakeeel, At silver eels, the growth of meat tissue
is in direct proportion to growth of size.
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—

It appears from data, that the grade of muscularity is one of the factorsg
characteristic for silver eel, The readiness for migration, except for lake
fish which exceeded the length of 80 cm (XVI age-group), demonstrate only
the specimen of high grade of muscularity relatively to given length and age,

The remaining weighed parts of body or organs of fish were in per cent
decreased in relation to fish growth (Table 4 and 5).

The gonads weighed at fish of size above 71 cm amounted to 1.3 to 2.4
per cent of total fish weight.

Table 4
Weight of some parts of yellow eel body
in per cent to total body weight

Length Head Intesti- Liver Bones Skin | Fillets

cm (%) nals (%) (%) (%) (%) (%)
16-20 9.3 26.0 - - - -
21-25 8.0 27.7 - - - -
26-30 10.0 13.4 - - - -
31-35 7.6 11.4 2.0 21.0 11.9 52,7
36-40 7.2 6.5 1.8 21.3 13.5 48.5
41-45 5.2 7.6 2,2 19.6 13.6 52.0
46-50 4.2 5.2 1.8 25.2 14.7 53.0
51-55 5.0 8.7 2.1 25.4 15.9 47.4
56-60 4.1 8.2 1.7 20,1 14.3 52.0
61-65 3.7 7.1 1.6 24.5 13.8 53.7
66-70 4.2 8.5 2.3 21.3 12,7 54,8
71-75 4.3 6.1 3.0 19.0 12,0 57.5
76-80 4.4 3.3 1.0 22.2 11.8 57.8
81-85 3.5 4.1 1.4 18.9 9.6 62.5
86-90 3.5 3.9 1.3 17.4 7.9 67.0
96-100 4.6 4,7 1.6 14.8 9.4 70.5

Table 5
Weight of some parts of silver eel body
in per cent to total body weight

Lecrrlr%th H\gﬁd %rgclis%) Ll(%jr B?%es 585/51 Fi °/}5ts
36-40 9,0 4.4 2720 12,4 10.0 03.5
41-45 10,6 9.9 4.2 14.2 12.6 62.0
46-50 5.7 10.0 2.7 11.9 12.6 67.7
51-55 5.5 7.6 2,2 13.0 12.3 60.5
56-60 5.7 5.9 2.3 12.8 10.2 64,8
61-65 5.3 6,5 2.1 14.6 11.3 62.0
66-70 4.4 4.9 2.5 13.2 11.2 66,0
71-75 4,8 6,2 2.2 12.5 10.1 65.0
76-80 4.5 4.8 2.4 10.8 9.2 67.9
81-85 4.9 5.5 2.6 11.4 9.2 65.8
86-90 4.7 5.6 2.3 9.7 9.8 71.5
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CHEMICAL CHARACTERISTICS OF EEL

Meat of eel is highly caloric with the high content of vitamins and of mi-
neral compounds. AccordingtoMc C an o e (1944) it contains 12,6-19 per
cent of protein and 2,19-23 per cent of fat, The mineral compounds in mg on
each 100 g of meat tissue amounttos sodium 12, potassium 207-302, cal-
cium 323-614, magnesium 18-31, ferrum 1,3-4, phosphorus 313-475,
chlorine 52-92, The content of vitamin A amounts to 0 in 1 g of meat tissue
at glass eel and attains 9000 atsilver eel., Ryboflavinfor each gram amounts
to 1.8-54, nicotinic acid 3.6-24.8 irrespectably of biological condition.
The lever contains not much of fat (4,7-6,5 per cent), but more sodium,
ferrum and chlorine than any meat tissue. Skin is characteristic for high
content of protein (above 25 per cent) and of ferrum (above 100 mg for each
100 g). On average, each 100 g of meat gives 15 g of proteins and 300 calories.

Wiehr (1932), Polimonti (1913) and Shinobu Oshima
(1928) ascertained irregular, but constantincrease of fat quantity in relation
to growth of fish. Eelaccumulates the fatmainly inthe subcutaneous connecti-
ve tissue, from where it spreads into myomer connective tissue, Allocation
of fat in meat tissue is not uniform. M ay e r-Waarden (1945)
and Morova (1956) ascertained its highest content in the tail part and
the lowest content indorsal part, Thu r o w (1957) determined the content
of fat in six lengths of fish, He ascertained, that the content of fat was in-
creasing to be 12.6 per cent in first length (taking from head) to 34.8 per
cent in the part before last one, to decrease in the final length to 21.6 per
cent. Relatively smaller quantities of fatwere determinedat the wide-headed
fish (Thurow, 1958) and at some specimen showing certain patalogical
changes - M urina, 1956). Toillustratethe chemical composition of meat
tissue at eel, with quantitative changesinrelationtoage, size and sex, phy-
siological and environment condition, effected 158 analysis and the quantities
of protein, water, fat and ash were recorded (in all 632 readings).
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/5 Water (per cent)

Protein {per cent
50 1 g o ) P )

o
;3 8 I‘at (per cent)
I 7 SRV N RN —
Vi v Vo v Xl XS
Age-group
Fig.10. Chemical composition of meat tissue at yellow eel
Changes in chemical composition of yellow eel according to age-groups
are presented on Fig.10.

The content of fat intensively increases with age from ab. 3 to ab., 25 per
cent. Decrease of protein can be expressed from ab. 20 to ab. 14 per cent
and decrease of water from ab. 75 to ab. 58 per cent.
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Fig.11 graphically presents the changes occuringin quantitative chemical
composition at silver eels withrespect to age. At males, the content of pro-
tein is relatively equalised with slight decrease in relation to growth (from
ab, 17 to ab. 16 per cent) ; the content of water decreases from ab. 59 to ab,
52 per cent, while the contentof fatincreases fromab, 22to ab. 32 per cent,
At females, the content of water decreases from ab., 57 to ab., 54 per cent,
protein from ab. 18 to ab. 14 per cent, while the content of fat increases
from ab, 22 to ab. 30 per cent.

Water (per cent)

0 0 e o .~ |30 Protein (per cent)
8 97 o Fat (per cent)

65 L 25

e 0 "~z ~° Water (per cent)
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Fig.11l. Chemical composition of meat tissue at silver eel
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Fig.12. Content of fat in meat tissue at eel

The highest quantitative oscillations among analysed components proves
the fat, which shows also distinct deviations according to environments of
living (Fig. 12).

The highest contant of fatis noted at silver males; the females of the same
length show some decrease. Further come the yellow eels, bay and lake eels.
Increase of fat content in relation to growth of bay eels is lower in younger
age-groups; it is, however, of higher value at elder eels in relation to lake
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eels, at which the rate of fat growing is noted to be the lowest.

It may be concludedfromthe above given observations, thatthe fat content
in meat tissue is one of the conditions characteristic for attainment by silver
eel. The bay eels attain sooner the minimum required and therefore are able
to migrate sooner than the lake eels.

It is noted in the course of analyses, thatthe wide-headed eels proved quite
distinct differencesintheir chemical compositionin relationtoaverage values.
Tab1e6presents the results of analyses at the wide-headed eels comperati-
vely to average for the particular age-groups at the narrow-headed eels,

Table 6
Chemical composition of meat tissue at narrow -
and wide-headed eels
Narrow-headed

Age-group

XI1I X111 X1V XV XVI | average
Protein % 15.4 14.5 14 .4 13.8 13,9 14 .4
Water % 58.3 58.9 56.5 57.0 | 56.4 57.4
Fat % 24.6 25.3 27.2 24.5 | 24.0 25.1
Ash % 1.0 0.9 1.0 1.1 0.9 1.0
Analysed qty 8 7 4 2 2 =

Wide-headed

Age-group

XI1 X1 X1V XV XV1 average
Protein % 19.1 19.2 20.9 15.9 | 18.8 18.8
Water % 66.5 64,3 62.2 61.0 | 64.2 64.2
Fat % 12.2 14.1 11.3 17.2 | 15.1 14.2
Ash % 1.1 1.1 0.9 1.1 0.9 1.0
Analysed qty 1 1 1 1 1 -

Progressively with age at narrow-headed eels, the content of protein
decreases from15.4to13.9per cent, water from 58.9 to 56.4 per cent. The
wide-headed eels of analogical age-groups showed non-uniform, but higher
content of protein (15.9 to 20.9 per cent) and of water (61.0 to 66.5 per
cent). The content of fat, however increasing relatively to age from 12,2
to 17.2 per cent, proved lower values than analogical groups of narrow-
-headed eel.

In catches at Firth of Vistula River, the size classes from 30 to 44 cm
represent 34.8 per cent quantitatively and 16.4 per cent by weight, Eel of
these classes, inspite of higher flavouring aspects, represents lower caloric
value and lower weight of meattissue (fat contentfrom 3.4 to 13.1 per cent).
By changing the protective size from 35t045 cm, the annual quantity, which
could be obtained wojld amountto 18,2 per cent., Assuming the annual fishing
of 200 tons, the increase of 36.4 tons would thus be gained. This would mean
additional quantity of valuable raw material when considering, that in the
next year this would mean increase of fat by 3.5 per cent.




90 M. Pigtek

REFERENCES

Bellini A., 1910: Aalsucht - Versuche, Zeit.f.Fisch.15.

Bertin L., 1957:Eels. A.Biological Study. Phisiol,Library Inc, New
York,

Ehrenbaum J., 1930: Der Flussaal. Binn.Fisch.Mitteleuropas. 3.

Ehrenbaum J. und Marukava, 1913: Uber Alterbestimmung
und Wachstum beim Aal. Zeit.f.Fisch. H.14,

Frost W.E., 1945; The Age and Growth of Eels from the Windermere
Catchment Area, J.of Anim.Ecol., vol.14, No 1,2,

Gemzoe K.J., 1908; Uber Alter und Wachstum des Aales, Rapp. of the
Danish Biol. Station for 1906.

Girsztowtt X., 1961:Obserwacjemorfologiczne nad stanem czynno$-
ciowym wegorza wstepujgcegoiobsadowego z okolic Szczecina. [Morpho-
logical observations on the functional state of entering and migrating eels
from Szczecin region ] In manuscript. Praca magisterska przedstawiona
na Wydziale Rybackim Wyzszej Szkoty Rolniczej w Olsztynie.

Hempel O,und Naeresheimer E,,1914: UberAlterbestimrnung
und Wachstum des Aales. Zeit.f.Fisch, H.14.

Hornyhold A.G., 1922: The Age and the Growth of some Eels from
small Warcestershire Pond. J.Roy.Microsc,Soc.London, 9-26,

Hornyhold A.G., 1928: L’age et la croissance de la petite anguille
argentée de 1’étang de Thau., Bull,Soc.Centr,Aquic,Pé&ch, XX.36.

Hornyhold A.G., 1930: Lesexeetla croissance de la petite anguille
de la roubine du pont de Rousty. Bull.Soc.Centr.Aquic.P&ch. 37.

Jespersen P,, 1926: Age Determination of Eels from Norfolk and
Cumberland. J.Cons,Perm.Int.Explor.Mer 1.

Marcus K., 1919;: Uber Aaltumund Wachstum des Aales. Beiheft Jahrb.
d.Hamb,Wiss.Anst,Mitt.d. Zool.Muz. 36.

Mc Cance R.S., 1944: The Chemistry of Growth and the Food-value
of the Common Eel., Bio-chem.]. 38,

Meyer-Waarden P.F. 1945: Qualitatsuntersuchungen der Nutz-
fischen der Ostsee. Zeit.f.Fisch,XLI.

Morava F., 1956: Dieregionale Verteilung des Fettes bei verschiede-
nen Siisswasserfischarten. Zeit.f.Fisch. Bd.1/2.

Murina W,., 1956: Pitanijeugria w Kursom i Vislinskom Zalivach Bal-
tijskogo Morja. (in Russian) Trudy Vsesojuznogo Gidrobiologideskogo
Obséestva, VIL., A,N,.Moskva.



Age, growth and changes of weight proportions of eel 91

Nordquist O,und S.V., 1923: Untersuchungeniiber Aalbrut, ihre Ein-
wanderung in der Ostsee und ldngst der Ostseekiiste Schwedens.

Pigtek M,, 1963: The Age Growth, Changes of Weight Proportions and
Chemical Composition of Eel duringits Lifein Polish Waters. Intern, Coun
cil for the Exp. of the Sea, Baltic-Belt Seas Committee, Nr 123.

Polimonti O., 1913: Uber den Fettbehalt und die biologische Bedeu-
tung desselben fiir die Fischeund ihren Atifenthaltsort.Biochem.Zentrbl,

56.

Rousensefell G,A, and Everhardt W.H,, 1953: Fishery
Science its Methods and Applications. N,York,

Sakowicz (Korwin) S.,1930: Wegorz, biologiai zarys produkcji. Wyd.
Przemyst Rolny.ﬁiel, biology and outline of production;[ In Polish.

Schmidt J., 1906 Contrubutionsto the Life-History of the Eel, Rapp.
P.-v.Reun.Cons.Perm.Int. Explor. Mer.5.

Schnackenbeck W,, 1953: Entwicklung des Laichhabitus beim Aal.
Zool.Anz, 150.

Schneider G., 1909:Wachstumdes Aalesin Schweden, Publ.d,Circ.
No 46.

Seligo A., 1912: Der Aal. Ausdruck aus F.Z, Stettin.

Shinobu Oshma, 1928: On the chemical changes of the Eels in the
course of fasting.

Suworow F,, 1954: Podstawy ichtiologii Warszawa.In Polish.

Tesch J., 1928:Onthe sex and growth investigations on the Freshwater
Eel in Dutch Waters. J.Cons.Perm.Int.Explor.Mer. 3-4,

Thurow F., 1957: Uber die Trockensubstanz und die Kieler Foerde.
Arch,.f,Fisch,Wissen. 8, 1/2,

Thurow F., 1958: Untersuchungen iiber die Spitz und Breitkdpfigen
Varianten des Flussaales. Arch.f,Fisch,Wissen.9,2,

Thurow F., 1959: Uber Fingerfrage und Wachstum des Aales in der
westlichen Ostsee, Zeit.f.Fisch, VIII,

Wiehr H., 1932: Uber die Chemie und Biologie der Fettsubstanzen von
Aal, Zeit.f.Fisch,XXX.

Wundsch H., 1916: Neue Beitrage zu der Frage nach dem Alter und
Wachstum des Aales. Zeit.f.Fisch, XXVIII,



92 M. Pigtek

WIEK, WZROST I ZMIANY STOSUNKOW WAGOWYCH ORAZ SKLADU
CHEMICZNEGO WEGORZA W CZASIE JEGO ZYCIA W WODACH POLSKI

Streszczenie

Wegorz odtawiany w polskich wodach stanowi pod wzgledem ilo$ci jak i
warto$ci powazng pozycje ekonomic inq . Dodatnie cechy organoleptyczne mie-
sa, jego delikatno$éé, soczystoéé i wysokie walory smakowe - predystynujg
go jako jeden z najwartoéciowszych surowcédw rybnych dla wszelkiego rodzajy
przetwdrstwa i konsumpciji.

Celem niniejszej pracy bylo zbadanie wzrostu i zmian stosunkdw wago-
wych oraz sktadu chemicznego wegorzy z najbardziej typowych, majgcych
znaczenie gospodarcze, Srodowisk, to jestmerza, Zalewu Wislanegoi jezior,z
rozbiciem na ryby zerujace i srebrzyste.

Materiat dla opracowania stanowilo 646 ryb, w tym 51 montée,499 sztuk
wegorza brunatnego (282 wstepujgcego z morza i uj$é rzek, 151 z Zalewu
Widlanego, 66 z jezior) oraz 96 srebrzystego z morza. Wszystkie wegorze
poddano ogdlnym pomiarom, a oprécz tego 258 sztuk pomiarom technologicz-
nym oraz 151 analizom chemicznym.

Wiek ryb badano na podstawie otolitéw, przygotowujgc je do odczytu we-
dtug opracowanej metody polegajgcejna zanurzaniu przez 24 godz. w alkoho-
lu, szlifowaniu i umieszczaniuna ptytce z czarnym ttem w balsamie kanadyj-
skim, oznaczajac go w grupach, wyrazajgcychiloéélat spedzonychw wodach
stodkich lub wystodzonych, oznaczanychwedlugilo$ciukoniczonych pierscie-
nirocznych.

Zebrany material nalezal do grup wieku od O do XX, przy rozpietosci
dtugosci catkowitej ryb od 7 do 115 cm, a ciezaru od 0,5 g do 2750 g. Uzy-
skane dane zestawiono jako stosunek dtugo$cii ciezaru do wieku, celem moz
liwo$ci porédwnania z wynikami innych autordw.

Wegorze wstepujg donaszych wdd stodkichi wystodzonychw grupach wie-
ku od I do IX, przecigtnie V, odpowiadajgcejcatkowitemu wiekowiryb 8 lat,
o przecietnej dtugo$ci 33,6 cm oraz cigzarze 64,8 g. Samce posiadajg prze-
cietny wiek 7,2 lat (V grupa) dtugo$é 32,8 cm, ciezar 55,8 g, samice nato-
miast 8,2 lat (VI grupa), dtugo$é 34,6 cm i ciezar 66,8 g. Samce wykazy-
waty lepsza kondycje od samic 0,59 g/cm wobec 0,51 g/cm. Wegorze wste-
pujace cechujg sie zblizong dlugos$cig do zalewowych w mtodszych jedynie
grupach wieku, w starszych natomiast dtugo$¢ ich jest mniejsza.

W materiale z Zalewu Wislanego stwierdzono jedynie obecnos$¢ samic o
przecietnym wieku 10 lat (VII grupa), diugoéci 42,3 cm i ciezarze 163 g.
Wykazywaly one jednakowe przyrosty dilugoéci na przestrzeni zycia w tym
Srodowisku, natomiast przyrosty ciezaru w miare wieku stawaly sie coraz
wyzsze.

Wegorze jeziorowe - takze wylgcznie samice - wykazywaly przecietny
wiek 13 lat (X grupa), dtugoéé 65,9 cm i ciezar 698 g. Do XX grupy wieku
wykazujg one wieksze dlugo$ciniz zalewowe, odIX do XIII nizsze, a powyzej
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znéw wyzsze, réwnomiernie przyrastajgce wmiare wieku, Przyrosty ich sa
intensywniejsze niz wegorzy zalewowych, Ciezary natomiast w tych samych
grupach wieku przyrastajg w tym samym tempie.

Wegorze srebrzyste - samce - posiadaty przecietny wiek 10,3 lat (VII
grupa), dtugos$é¢ 38,6 cm i cigzar 97 g, a samice 15,3 lat {(XII grupa), dtu-
goéé 64,5 cm i ciezar 524 g, Stosunek ciezaru do dtugoséci w grupach wieku
w pordwnaniu z wegorzami brunatnymi po poczatkowo wyzszych wartosciach
(samce do VII grupy, samice doX) staje sie w miare wieku coraznizszy, wy-
kazujgc coraz mniejsze przyrosty w stosunku do brunatnego.,

Przecietny, obliczony na podstawie przeprowadzonych pomiaréw przy-
rost dltugosdci wegorza w wodach polskich wynosi 5,5 cm rocznie, ktéra to
wielko$é moze stuzyé do orientacyjnego okreélenia wieku ryb. -

Stwierdzono iz wzrost dlugoéci ciala wegorza w wodach stodkich jest
prawie réwnomierny; minimalnie zwiekszajgc sie z wiekiem ryb. Wzrost cie-
zaru z wiekiem ryb jest szybszy niz dtugos$é,

Najwyzszym procentem wagowym tkanki miesnej dla danego wieku cechu-
ja sie srebrzyste samce, a najnizszym, nawetmalejacym w miare wieku za-
lewowe. Natomiast najsilniejszym przyrostem ciezaru tkanki miesnej cha-
rakteryzujg sie wegorze jeziorowe,

Poszczegdlne organa i czedciciata wegorzy précz mieéni i gonad wyka-
zujg stopniowy, chol nieregularny, procentowy spadek ciezaru.

Najsilniejszym zmianomiloéciowymna przestrzeni zycia wegorza podle-
ga ttuszcz, rosnac z wiekiem i dlugo$cia ryb od okoto 2 do ponad 30%. Za-
réwno biatko jak i woda wykazujgtendencjemalejaca, popidinatomiastutrzy-
muje sie niemal na jednolitym poziomie, Najwyzszy procent tluszczu w tym
samym wieku majg wegorze srebrzyste, a zwlaszcza samce., Najsilniejsze
tempo wzrostu ttuszczu z wiekiem posiadaja wegorze zalewowe, a najniz-
sze jeziorowe, Brak wegorzy w Zalewie powyzej dtug. 80 cm $wiadczy, iz
uzyskaly one odpowiedniprocentttuszczuimigrowaty z tych wéd. Natomiast
wolno wzrastajagcailos$é ttuszczu u wegorzy jeziorowych wskazuje na odda-
lony termin ich migracji. Samce, zarédwno srebrzyste jak i brunatne posia-
daja wyzszy procent tluszczu niz samice w tym samym wieku,

Réznice miedzy wegorzami szeroko i wagskogtowymi polegajg na nizszej
zawartosci ttuszczua wyzszejwodyibiatka, nizszych ciezarach a wyzszych
dtugosciach dla poszczegdlnych grup wieku, a wiec gorszej kondycji.

Wegorze srebrzyste rdéznig sie od brunatnych stosunkiem wieku do dtu-
goéci i ciezaru, ciezaru do dlugoéci, procentowg iloScig tkanki miesnej,
ttuszczu, barwg skéry, wypelnieniem przewodu pokarmowego, wielkodciag
gonad i $rednica oka, ktdra jest u srebrzystych okoto 50% wieksza.

Wegorz Zalewu Widlanego ogdlnie, a zwlaszcza ryby o wielkoéci 30 do
44 cm cechujg sie najnizszg wartoécig kaloryczng oraz procentem tkanki
miesnej, Podwyzszenie wymiaru ochronnego z35na 45 cm, przez zwieksze-
nie $rednicy oczek sieci, datoby w efekcie okoto40ton rocznie wiecej war-
to$ciowego surowca dla przetwdrstwa i konsumpciji.

Klasy wielko$ci od 30 do 44 cm stanowig w odlowach Zalewu Wiélanego
34,8% ilo$ciowo i 16,4% wagowo. Wegorz z tych klas, pomimo. ze cechuie
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—

sie dodatnimi walorami smakowymiichetnie nabywany jest przez konsumen-
téw w stanie wedzonym, przedstawia niska warto$é kaloryczng {(zawartos¢
ttuszczu od 3,4 do 13,1%) a réwniez procent wagowy jego tkanki miesnej jest
stosunkowo nizszy (48,5 do 52%). Pozostawiajac go w ZaleWwie dla wyroénie-
cia przez podwyzszenie wymiaru ochronnego do 45 cm(dotychczas obowig-
zujacy wymiar ochronny wynosi 35 cm), zyskaloby sie rocznie 18,2% masy
wiecej, czyli przy odtowachwynoszacychprzeciéinie 200 ton rocznie mozna
uzyskaé dodatkowo 36,4 ton. Jest to powazna, dodatkowa ilo$é cennego su-

rowca tym cenniejsza, ze juz w nastepnym roku posiadajgca przecietnie o
3,5% ttuszczu wiecej.

Wegorz wstepujacy, bedacy onajnizszych warto$ciachkalorycznych (za-
warto$é ttuszczu przecietnie 7,8%) powinien byé odtawiany jedynie w celach
zarybieniowych i to przede wszystkimwuj$ciachrzek, w ktdrych ze wzgle-
du na bariery biologiczne oraz spietrzenia ma utrudnione wzglednie catkiem
uniemozliwione wstepowanie,

BO3PACT, POCT I W3MEHEHUA BECOBMX COOTHOWEHVZA I XUMUYECKOTO
COCTABA ¥I'PAd B IIEPUOI ET'O XUSHI B BOJAX IOJBIL

Pesnwue

JTOph, BHIABIUBAEMHI B IONBCKWX BOZAX, C TOYKW 3DEHUA KAK KONUUYECTBA,
Tas 1 LEHHOCTU ABIAETCS CEPLEBHON BKOHOMUUECKON mosunueii,  [OIOKUTEIBHNE
OPTaHOJENTUUECKNE KAauecTBa MAca, €r0 LeluKaTHOCTh, COUYHOCTE I BHCOKNE
BXYCOBEHE KAuecTBa ZENanT ero OHVUM U3 CAMHX LEHHHX CHDBEBEHX DHOHHX Ma-
TEpUaNoB ANA BCAKOT'O pOZa 1IepepalOoTKU U MOTpeCieHNd,

[lenslo HacTosAmeil paCoTH OHIO MCCJIELOBAHUE DOCTA U U3MEHEHMUA BECOBHX
COOTHOWEHM, a TaKke XUMUYECKOTO COCTaBa yIpA U3 HauGonee TUMNUHEX, ¥ME-
OIUX XO03AflCTBEHHOE 3HAUeHUE, BOZOEMOB, T.6., MOPfA, BUCIMHCKOT'O 3aiuBa I
036p, C DAa3ZeNeHUEeM Ha HATYABHYWL U IIOKATHYH DHOY.

MaTepuamoM 1y 06paCOTKM ABUAUCH 646 WTYyK yrpdA, B ToMm uncie 571 - cTew-
NAHHHT yTOpBh, 499 WTyK - Oypeil yroph (282 - BXOXAlMe U3 MOPA I JCTHEB
pek, 151 - u3 BUCHMHCKOTO 3aluWBa, 66 — U3 03ED),a Takwe 96 WTYyK  cepe-
OpuCTOTO yTpA U3 MOpPA. Bechk yropds OHI HOZBEPTHYT OOCLEMYy W3MEDEHUND, KPOME
TOrO 258 WTYK - TEXHONOTWMUECKUM U3MepeHusaM, a 151 - XUMUYECKUM aHAMU3aM,

BospacT pHObH WUCCNEZOBANV HA OCHOBE OTONWTOB, IPUTOTABINUBAA UX IJf OT-
Cu8Ta IO Pa3palGOTaHHOMY METOLY, 3aKNWYAKLEMyCS B IOTPY®EHUUM B ANKOTONb
Ha 24 uaca, WINQOBKE ¥ yMEULEHUV HA NJIACTUHKE C UEPHHM (POHOM B KAH3ZCKOM
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Galb3aMe, lccnenyemMyl pHlOy paclpeZediiyl 10 BO3DPACTHEM IpyIlaM, BHpa®a-
OIUM KONUYECTBO JET, NPOBELEHHHX B IIPECHEX WU ONPECHEHHHX BOZaX.llocnez-
HEE ONpEeZesAnll [0 KOJMUYEeCTBY 3aKOHUEHHHX T'OLUUYHHX KOJEI,

CoOpaHHH{l MaTepuanl OTHOCUICHA K BO3pacCTHHM Ipynnam oT O 7o XX , Ipu
IUANAa30He IONHOM ANMHHE pHOH oT 7 7o 115 cm u Beca or 0,5 r zo 2750 r.llo-#
JYYEHHHE ZaHHHE CONOCTABJIEHH KAK COOTHOWEHUE IJNHE I Beca K BO3pacTry cC
[eJB0 CPABHEHNS 3TUX NAHHHX C pe3yibTaTaMu IAPYTWX aBTOPOB.

JTOph BXOZUT B Halll NPECHHE 1 ONDPECHEHHHE BOZH B BO3PACTHHX I'pyNNax
or O no IX, B cpezHeM V, UTO COOTBETCTBYET IOJHOMYy BO3DACTy pHOH 8 JeT,
co cpezHeft nnunoft 33,6 cM I Becom 64,8 T, Cpemuuit BO3pacT CaMIOB COCTa-
pusier 7,2 roja (V rpymma), InuHa ux 32,8 cM, Bec 55,8 T, B TO BpeMs Kak
CpEeIHUl BO3DACT CaMOK cOCTaBifeT 8,2 roza (VI Tpymna), NIWHA 34,6 cM 1
BEC 66,8 T'. CaMIpl XapaKTepu3OBajUCh Jyullell KOHAWUNNEH, UeM CaMKu: 0,59
r/cu no cpaBHeruw ¢ 0,51 r/cM. Bxogmmuii yToph UMeN IJUHY HOZOCHYW AJNHE
yIpdA, OCUTANLETO B 3alUBe UCKAWUATENBHO B MJIAZNNX BO3DACTHHX IpylNnax; B
cTapuUnNX ¥e AJNNHA eT0 ABJIAETCA MeHbuell,

B maTepuane 13 BUCIMHCKOTO 3aluBa KOHCTATHPOBAHO TONBKO HAIWUNE CaMOK,
CpenHuii BO3pacT KOTOPHX cocTaBuan 10 jer (VII rpymna), OIuHA - 42,3 cM
n Bec - 163 1, Habuwzanoch y HUX OZVHAKOBOE yBeJUUEeHUE ZNUHH HA [POTHA-
KEHUJ KU3HU B 3TO#l Ccpele; NPUPOCT Beca C yBeJUUEHNUeM BO3pacTa CTaHOBUICH
BCE OOIBUE,

O3EpHHIl yTops - TaKKE NCKINUUTENBHO CAMKVl — XapaKTepu3OoBalCs CpEeZHUM
Bo3pactom 13 gqer ( X rpymmna), ZAIuWHOE B 65,9 cM u Becom B 698 T, Lo XX
BO3DPACTHO}l TIpynmel IJuHA UX OpjJa OOnBWeEl, 4eM y OOUTaOWMX B 3aluBe, OT
IX pgo XIIT - meHbueil, a BHUe - CHOBa Conbuell, paBHOMEDHO BO3pacTawlelt
10 MEpe yBEIWUYEHUsA BO3pacTa, [[pupocT 03EPHOIO yrps Owil 60JEe  UHTEHCUB-
HEM, 4eM y yIpA, OCMTaWWero B 3aluBe, BeC XE B TeX XK€ BO3DPACTHHX IpYNIax
YBENUUBAJICHA B TOM XE TEMIE,

CepeGpucThil yroph - caMupl — UMeJ CpelHU Bo3pacT 10,3 TozZa (VII Tpyl-
.ma), miIuHy 38,6 cM u Bec 97 Tr'., a camku - 15,3 rozma (X<II Tpymma), IJINHY
64,5 cM u Bec 524 r, CoOTHOWEHUE Beca U AJVHE B BO3PACTHHX IpYNIax no
CPaBHEHUD C GYpHM yIPEM C GOJjiee BHCOKUMU JMCXOZHEMIU ZaHHHME (CaMIB A0 VIT
TPyNmE, CAaMK# ZO X ) CTAHOBUTCH C yBEXWUEHWEM BO3pacTa BCE HUKe, Npofi-
BIfA BCE MEHBUU MPUPOCT IO CPABHEHUW C OYpHM,

CpezHuit, MOZCUYNTAHHHA HA OCHOBE NIPOU3BEZLEHHHX W3MEDPEHUl NpUPOCT  ZLJINHH
yIpA B MOJNBCKUX BOZOEMAX COCTABAAET 5,5 CM B TOZ, UTO MOKET CIYXUTH s
OPUEHTUPOBOYHOT'O ONpEZLeieHlaA BO3DAcTa DHOH,

JCT8HOBIEHO, UTO DOCT ZIMHH Tejla yIPA B NPECHHX BOZAX ABIAETCHA [OUTH
DABHOMEDHHM, MUHMMAJIPHO YMEHBHAKMUMCA IO MEpPE yBENWUEHHH BO3PacTa pHOH.
IBennueHue Beca C yBeJNUYeHUEM BO3pacTa puOH ABIAETCA 60jee OHCTPHM, UEM
YBENMUEHNE JJIVHH o

CaMbM BHICOKVUM BECOBHM INDOLEHTOM MSCHOW TKAHU IJIA ZAHHOTO BO3pacTa Xa-
PAKTEpPU3YNTCA CaMip CepeOpUcTOoro yrps, a CaMsM HU3KUM, U ZaXe  yMEHBUa-
omuMCsH, C yBEINUEHWUEM BO3pacTra, OCUTakmue B 3ajlBe, CaMbM BEICOKUM  [pU-
POCTOM BeCa MFCHON THAHU XAPAKTEpU3yeTCH O3EpHHH yTODb.
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OrzenbHEe OpTaHH U YaCTU Teja yIpA, KPOME MHUI U TOHAZ,  NPOABIANT
[IOCTEIEHHOE, XOTHA U HEPETYNAPHOE, NPOIEHTHOE CHUKEHUE BECA.

CaMpM CUJIBHBIM KOJNUECTBEHHEHM WSMEHEHUAM HA NPOTAKEHWE KUSHU YBPA 07~
BEpPraeTcAa KUD, KOTODHI yBENNUWBAETCA BMECTE C YyBEIUUEHUEM BO3pacTa U -
HH pPHOH HTPUGIU3UTENBHO OT 2 1o 30%. Kak Gemok, Tak u BOZA NDPOABJIANT YMEHEH-
wapuyncsa TEeHAEHIU, 30Jla Xe NPOZONXAaeT OCTaBATEHCA NOUTU HA ONHOM U TOM Xe
ypoBHe, CaMmuil BECOKW{ NpOIEHT XUpa B OZHOM ¥ TOM Xe BO3pacTe UMEET CEPE-
OpUCTHII yropb, a OCOGEHHO caMib. CaMblil CUNBHHI TeMmMm pocTa kUpa C yBEIU-
YEHNEM BO3pacTa MMEeT yropb, OOCUTabuuil B 3aluBe, a cambll HU3KWUA - 038p-
Heft, OTcyTcTBue B Buciuackom 3anuBe yrpa ziuxHee 80 cu CBUIETENBCTBYET
0 TOM, YTO OH NPUOOPET COOTBETCTBYWWUA NPOIEHT XUpa U MUTPUPOBAJN U3 3TUX
BOZL, MezieHHOE BO3pacTanlle KOJUUeCTBa XWUpa y O3EPHOTO yIPA yKAa3HBaeT HA
OTZANEHHHA CPOK ero Murpanuil. Camipl, Kak cepeCpuUcTHe, Tak u Oypue, UME—
0T OOJee BHCOKUIl MPOIEHT XUpa, UEM CAMKU TOTO X€ BO3pacTa,

PaszHuIa MEXZy YIDEM WUPOKO - U Y3KOTOJOBHMU 3aKINYaeTCA B 00JEe HU3=
KOM COZepkaHUll ¥Upa, ONHAKO OOJiee BEHICOKOM COZEDXaHUU BOIH U OEJIKA ;MEHB-
meM Bece U OONbUell ANuHE LJA OTZEJBHEX BO3PACTHHX IPYyNl, a CIeLoBaTelb—
HO G6ojee cnaloll KOHZAUIUK .

CepelOpuCTHil yIoph OTJIMYAETCA OT OGypOr'0 COOTHOWEHWUEM BO3pacTa U ZJIUHH
I Beca, Beca U IJVHH, NPOIEHTHHM KOJNUUECTBOM MFCHOH TKaHU, XUpa, LIBETOM
KOXWl, HANOJIHEHUEM IUIEeBOZa, BENNUUHON TOHaZ U AMaMETPOM Ijal3a, KOTOphil
y cepeGpUCTOTO yIpA NpUOIU3UTEeNBHO Ha 50% GOouble,

Jrophk 13 BUCHUHCKOTO 3aluBa BOOOWE, a pHOH pasmepom OoT 30 1o 44 cMm
0COOEHHO, XapaKTepU3yKNTCA caMolf HUBKOMl KaJOpUfiHOCTRBL, a TakKke IMIPOIEHTOM
MACHOI TKaHU, [[OBHWEHNE 3aWUTHOTO pasMepa ¢ 35 70 45 cM myTéM  yBenuue-
HUf ZuaMeTpa fUeeK CeTHU '7aJo Ok B pe3ynbTaTe Okomo 40 TOHH B T'OZ OONBIE
IEeHHOT'O CHPBA IJfA NepepaCoTKN U IOTPECIeHUd,

Kmacce Benuuur oT 30 70 44 cM COCTABIANT B yaIOBaX BUCINMHCKOTO 3aluBa
34,8% B KONUYECTBEHHOM I 16,4% B BECOBOM OTHOWEHUAX, YTOPH N3 IDTUX KIAC—
COB HECMOTpPf HAa TO, UTO XapaKTEpU3YyEeTCA MOJOXUTEJBHHMY BKYCOBEIMU KauecT-
BaMll I CXOTHO [OKYIaeTCs MOTpPeCUTEeNneM B KONUEHOM BUZe, UMEET HU3KYD Ka-
nopuitHOCTE (Comepkanue ¥upa oT 3,4 1m0 13,1%), @ BECOBOR HDPOLEHT €T0 MAC—
HO/l TKAHU ABIAETCS OTHOCUTENBHO Goyee HuU3KUM (48,5 ;o 52%). OcTaBnas
eT0 B 3ajllBe 4JA pOCTa NYyTEM MOBHUEHUA 3alUTHOT'O pasMepa 70 45 cu (mo
HACTOSNMET0 BpeMeHI OCA3aTeNbHH 3amUTHH{ pasMep COCTABIAN 35 CM), MOXHO
OHJIO OH IIONYyUUTH B I'0ZL HA 18,2% DHOH OCONBLE, T.E€, IIPU yIOBAX,COCTABIA-
ouux B cpezaeM 200 TOHH B T'OZ MOXHO MONYUYUTH ZOIOJNHATENBHO 36,4  TOHHH.,
IT0 cepbE3HOE INOIONHUTENBHOE KONUYECTBO ILEHHOTO CHpPbI, TeM COJee IEHHO-
TO, UTO y%e B CHELyleM TOXy UMEeNo OH B CPEZHEM Ha 3,5% #uUpa OOJbIE.

Bxogamuit yrops, oGnazawmuii caMbMil HU3KUMY KAJIODURHEIMU KaueCcTBaM® (CO-
IepXaHne ¥1pa B cpenHeM 7,8%) ZMONKEH BHIABIUBATHCA TOIBKO B IENAX 3apH-
GNeHUA U NpexAe BCET0 B YCTHAX DEK, B KOTODHX U3-3a OMOJOTWUECKUX 6apbe-
DOB,a TaKEe HATDOMOXZEHUA BOI BXOZ fABIAETCA 3aTDYZHEHHHM WU ke BOOOWLE He-
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