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1 IDENTITY
1.1 Nomenclature

1.11 Valid names

Cyprinus brams Linnaeus, 1758,
Systema Naturae, 10th Ed.

Abramis brama (Linnaeus): Cuvier, 1817,
Regne Anim., II

1,12 Objective synonymy

There are no junior objective synonyms of
the name.
Abramig brama (L). An objective synonym of one

of its subspecies is given in section 1.23.

1.2 Taxonomy
1,21 Affinities
Suprageneric

Phylum Vertebrata
Subphylum Craniata
Superclass Gnathostomata
Series Pisces
Class Teleostomi
Subclass Actinopterygii
Order Cypriniformes
Suborder Cyprinoidei
Family Cyprinidae

GGeneric
Abramis Cuvier, 1817

The generic congept adopted here is that of
Berg (1949 ).

Body laterally strongly compressed. FPha-
ryngeal teeth in one row 5~5, sporadically 6-~5
or 5-6, their crowns compressed and obligue with
a groove on the masticating surface. A scale-
less keel on the belly; a scaleless furrow a-
long the edge of the back, from head to dorsal
fin; no keel behind the dorsal fin. Dorsal fin
begins behind the vertical line drawn from the
base of ventral fins, ray formula D III 8-10;
anal fin long, begins before a vertical line
drawn from the end of the dorsal fin, ray for-
mula A IIT 15-44. Scales strongly attached to
the skin. Lateral line slightly convex ven-—
trally, without sharp curves. Mouth small, up-
per jaw protractile.

According to Berg(1949, this genus contains
the four species: A. brama (L, ),A. sspa (Pallas)
A, vallerus (L.) and A. melanops Heckel. How-
over Karaman 1924 (in Berg, 1949; in Drenski,
1951) put the last species in the genus Vimba;
if this is done, the generic definition should
be modified to.Anal fin III 21-44.

Specific
Abramis brame (Linnaeus, 1758) (Fig. 1)
Type localitys Gulf cof Finland

Diagnosis: Fin formula D ITI 9(10),
A IIT (23) 24-30; L.l. 49-60; gillraker
¢ount 17-25, vertebral count 38-46. Body
deep, maximum height 35-40 percent of stan-
dard length. (Tables I and II).

Subjective synonymy
Cyprinus rarens Linnaeus, 1758, placed in

synonymy in Siebold (1863) as description of
young specimens.

Abremis microlepidotus Agassiz, 1835, and

Abramis argyreus Agassiz, 1835, both placed
in Bynonymy in Siebold (1863):; reasons dis-
cussed.

Abramis vetula, Heckel, 1835, placed in_ syno-
nymy in Sieboid (1863) and Blanchard (1880);
reasons discussed.

Abramis gehini Blanchard, 1880, placed in
synonymy in Moreau (1881) as & "variety" of A.

brama.

Koy to the species of Abramis simplified

(from Berg, 1949).

1 (6) Anal fin more than 20 soft Tays.

n

(3) Anal fin less than 30 soft rays.
teral line less than 60 scales ...

La~

A.breme (L)

[99)

(2) Anal fin more than 30 soft rays.

(5) Lateral line less than 60 scales ...

~

A.sapa (Pall.)

(4) lLateral line more than 60 scales c..
A, ballerus (L.)
(1)

(8)

oN

Anal fin 20 or less soft rays.

)

Dorsal fin usually 9-10 soft rays ..»
hybrid of bream and roach
(1

Dorsal fin usually 8 soft rays. Balkan

Peninsula ... A, melanops Heckel.
1.22 Taxonomic status

This is a well defined species by morpho-
logical as well as by breeding data (cf. hy-
brids, section 2.4), It seems to be polytypic.
¥o published analysis of this subject is avail-
able.
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Figure 1, The bream, Abramis brama (Linnaeus).
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Table II

Morphometris characters of Abramis brama (L;S; expressed as percentages of standard length;

values in upper row for males, in lower row for females

(After Shaposhnikova, 1948, and Pavlov, 1956)

Abramis brama

Abramis brama

Abramis brama danubii

Features brama (L. orientalis Berg Pavlev
‘ Yalpukh Lake
Gulf of Finland Aral Sea (males and females combined)

Depth of body 37.00 38,84 34.77
37.62 39.58

Depth of caudal 9.68 10.72 9.79

peduncle 9,56 10,36

Antedorsal 56,63 58.62 56,57

distance 58,28 58,50

Distance P - V 24,13 22,96 22,57
24,95 24.30 ‘

Length of P 19,37 21.08 20,31
19.04 20,14

Base of D 12,54 13.54 13,30
12,28 13.25

Height of D 20,05 26.16 22,43
20,56 24.92

Length of head 21,37 22,20 21,76
21,38 22,06

Length of 15.19 13,52 13.72

caudal peduncle 15.14 13,68
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1.23 Subspecies

Abramis brama drientalis Berg, 1949.

Synonym (objective)s Abramis brama bergi
Grid and Vernidub, 1935, placed in synonymy in
Berg (1949) as nomen preocupatum,

Type locality: Aral Sea.

I+ occurs in the basins of the Caspian
and Aral Seas.

Abramis brama danubil Pavlov, 1956.

Type locality: Yalpukh Lake and Kitai
Lake in the Danube Estuary,

It ocours in the Danmube Estuary. Balon
(1961, 1962, 1964), Banarescu (1964) and
Pacdk (19625 used the name of this subspecies
for the bream of the Danube River,

The statistical analysis of bream's
characters applied by Paviov (1956) may
raise reservations. He used Pravdin's (1939)
methods, but, on the criteria of Mayr,
Linsley and Usinger (1953), a number of
features cannot be considered different
snough to be subspecific (Casowska, MS).

For subspecific characteristics see
Tables I and II,

1,24 Standard common names,
vernacular names



136

FRi/S36 Abramis brama

Table III
Standard common and vernacular names

{After Antipa, 1909, Steinmnann, 1948, and others)

Country Standard common names Vernacular names
Austria Brachsen Brasse, Scheibpleinzen
Balgium Bréme
Bulgaria Platika Diverika
Czechoslovakia Cejn velky Pleskic vysoky, leso
Denmark Brasen
England Bream
Finland Lahna
France Bréme commune Brame, Bramme, Brasem
Greece Lestia Lestika
Germany Bracksen Blei, Brassen, Breitling
Rungary Dévér Keszeg Durda
Fetherlands Bley
Worway Brasme Brase
Poland Leszcs
Roumania Flatica Platicuta, Carjanca,; Carjencuta,

Albituray, Ciabac, Lest
Sweden Braxen
Switzerland Brachsmen Steibrachse, Blei, Breiteln,
Braese, Blagge
Brame, Cormontant, Platton,
Bracsele
Turkey Ciapac balac
U.S8.8,R, Leshch Tsebak, Liashch, Laskir

(in Russian)
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1.3 Morphology
1,31 External morphology

Some morphological data are given in
Table I,

Geographic variation small
(Shaposhnikova, 1948),

Morphological changes with growths in
juvenile and adolescent phases 1ength/depth
ratio decreases with growth. Quantitative
data not available (of. section 3.2),

1,32 Cytomorphology

Lieder (1954) studied chromoscmes of
roach (Rutilus rutilus) and of the hybrid
roach x bream (male): since the hybrid had
a similar chromosome count (2n = 52) to the
roach he concluded that bream also had 52
diploid chromosomes.

1.33 Protein specificity

Schumann (1959) made use of eleciro=
phoresis to study haemoglobins of some fish
species including bream. He found that
bream Hb was dual and that the migration
velocity of Hb fractions was specific.
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2 DISTRIBUTION
2,1 Total area

Bream occurs in fresh and brackish
waters of Europe, off the northwestern part
of Agia Minor and in the drainage areas of
Caspian and Aral Seas. (Berg 19493
Banarescu, 19643 Stephanidis, 19373
Ladiges, 19603 Ntmann, 1962), The natural
distribution area has been enlarged east—
wards by transplantation {see section 6.52)
Fig. 2.

2,2 Differential distribution

2,21 Spawn, larvae and juveniles

Demersal eggs, adhesive, deposited on
hydrophytes in shallow waters, mostly at the
dept?s of 20=80 cm, (for detail see section
3,16)»

Larvae remain in shallow watexr near
their hatching place. When they are about
20 mmy, Jjuveniles start feeding at the bottom
and move away from the shore. At that time
(June and July) A, brama orientalis starts
its downstream runs to brackish waters (cf.
section 3.22).

2,22  Adults

Peeding individuals remain dispersed at
the bottom, far from shores. Before winter
they gather in schools. Early in spring
A. brama orientalis and the bream of the Sea
of Azov begin their spawning migration upstream
(cf. sections 3.5 and 5.31).

2,3 Determinants of distribution

The lethal temperature for southern
bream is 33=34°C (Shkorbatov, 1964),  For
larvae, 2 weeks old, raised in aguaria a%
30°C, the lethal temperature was 37=39°C
(Horoszewicz, unpublished data), During
embrygnic development the temperature of
28-31"¢ proved to be lethal (of. section
3.21), Alabaster (1964) recorded 50 percent
survival for 1000 min at 30.2°C and 100 min
atogl°8°c’ (Backiel) in bream acclimatized at
20"C. .

Oxygens Lethal oxygen contents are
1.8 = 1,9 mg 05/1 for larvae (Kuznetsova,
1958; and 5 mg Op/1 for embryos (Iurovitskii,
1961). In the case of mature bream, accor—
ding %o Privolhev and Koroleva (19535, it is
0.3 mg 0o/1 at a temperature of 20°¢C,
Alabaster and Robertson (1961) observed pro-
nounced restlessness among bream at an oxygen
content of 1=1,5 mg/l.

Salinity. The highest salinity at
which bream occur in the Sea of Azov is-
12,9%/00 (Karpevich, 1955). Bream eggs can
be fertilized in the Aral Ses at a salinity
of 10.2% 00 (cf. section 3.21).

Water flow. .Bream are not found in the
rivers with strong currents (Backiel, 1956
Berg 19493 Shaposhnikova, 1950). Aslanova
(1952) found that bream 24=35 cm long could
resist a current of 16 cm/sec for up to 3 h
30 minutes when immature but only up to 30
minutes when fully mature.

It seems that the natural distribution
of bream is limited by the conditions necesg—
sary for their reproduction and embryonic
development: maximum temperature not higher
than 28°C, high oxygen content, salinity up
40 2.8%»and up to 10%0 in the case of the
Asb. orientalis, gentle water flow,

2.4 Hybridization
2.41 Hybrids
= frequency of hybridizationj species
with which hybridization occurss methods of
hybridization.

Rutilus rutilus (L.) x Abramis brama (L.)

This cross was described by Heckel as
Abramis leuckartiis Junior synonyms are
Abramis heckelii Selys Longohamps; 1842,
and Leuciscus buggenhagii (Valanciennes
1844 (Nikoliukin, 1§§é§."'31ebo1d (18633
named this cross Abramidopsis leuckartii
(Heckel) but he was aware that it was &
hybrid of the roach and bream. Berg (1949)
described it as a cross and gave its
characteristics, Nikoliukin (1952) thorough-
ly examined specimens of this hybrid from
natural waters and from artificial
fertilization,

Characteristics: D III(IV) 9-10(II),
ATII(Iv?) (13)14-20, P I 15-16, V II 8,
C 19, L.l 44=55 9~12, pharyngsal teeth in
5.

one or two rows, vertebrae usually 41=44,

Keel complete or only half of it is present.
Females preponderate over males among sexu=
ally mature individuals (Nikoliukin, 1952),

Abramis brama (L.) =x
Scardinius erythrophthalmus (L. )

Nikoliukin (1952) stated that Long-
champs found the above cross in ponds in
1887. Regan (1908) described this hybrid
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Black Seqg

Figure 2. Geographical distribution of bream (after Banaresou, 1960,
supplemented by data in Niimann, 1962, and Ladiges, 1960 =
dotted line),
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from 12 individuals from Ireland and England,
Nikoliukin (1952) reared specimens of this
cross to an age of five years. The
characteristic features given by him are
similar to those described by Longchamps

and Regan.

Characteristics: externally the hybrid
resembles something between the rudd and
breams D III (7)8=9(10), A III(IV) 15-18,
Lol 45-51 _9=11 , vertebrae 41=43, pharyngeal

475

teeth usually in two rows.

Blicca bjoerima (L.) x Abramis brama (L.)

According to Nikoliukin (1952) this
hybrid was described by Knaute in 1896,
Nikoliukin (1952) raised individuals from
artificial fertilization until they were 5
years old. Zhukov (1958) obtained one
gpecimen from the Nemen River. According
to Nikoliukin (1952) the characteristics of
the hybrid ares D 8(9), A (20) 21=25, L.1
48-53, gill rakers 18=22, vertebrae 43,
pharyngeal teeth 1.5=5,1l. In contrast to
the bream, there is no scaleless furrow on
the backe

Alburnus alburmus (L.) =x
Abramis brama (L.)

Specimens obtained by Nikoliukin (1952)
from artificial fertilizations survived for
up $o two years. This hybrid can hardly be
distinguished from that of

A, alburnus x Blicca bjoerkna.

Nikoliukin (1952) also crossed the
bream with Gobio gobio (L.), Tinca tinca (L.),
Cyprinus carpio L.S and Carassius carassius
(L.i but in each case either the embryos or
larvae did not survive. He also unsuccess—
fully crossed the bream with Perca fluviatilis

(Le), Lucioperca lucioperca (L.) and Acerinsa
cernua (L. ).
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3 BIONOMICS AND ILIFE HISTORY

3,1 Reproduction
3,11 Sexuality,

The bream is heterosexual. ¥o informa-
tion on hermaphroditism, even as an anomaly,
is available. Sexual dimorphism of the sec—
ondary sexual oharacters is weak: pearl or-
gans of males can be distinct in autumn (01~
iva, 1952), and males have longer paired
fins (Vladykov, 1931, quoted by Oliva, 1952),
On the spawning grounds; males can be distin-
guished by colour, spawning tubercles and in-
jured fins, especially the dorsasl fin (Fabri-
cius, 195150

3.12 Maturity.

The following data supplement Table IV.
Differences in the age at which first matu=
rity is reached can be consideradble. In the
Caspian Sea, 85 = 100 percent of four-year
old bream are mature, in the Sea of Azov 52
percent of four-year old, 32 percent of
five=year~eld and 14 percent of six-year-old
bream are maturing for the first time (Demen—
teva, 1952a, 1955). On the other hand, im-
mature bream of ten years or older have been
found by Neubauer (1926) and PeCzalska (1963)
in the Szczecin Pirth (Lagoon) and by Ostrou-
mov (1956) in the Ribinskoe Reservoir. There
are considerable differences in the length of
the sexual activity period. Driagin (1952)
quotes the data of Tereshchenko concerning
the Volga Delta (Caspian Sea) where male
bream older than eight years and females of
12 years appear to be sterile, whereas ac-
cording to Potapova (1954) female bream of
20-26 years from the lakes of the Karelo-
Finnish SSR are still sexually active, and
in the Volga (Shaposhnikova, 1943) 13~year-
0ld males and lé-year-old females showed no
signs of sterility. A male bream of the Kama
River (Griazeva, 1936) could still spawn at
the age of 15 years.

The bream of the southernmost waters
(the Dnepr Delta, Volvi Lake, Pertd Lake)
mature earliest, i.e. at the age of three-
four years. In the remaining area no clear-
cut regularity could be observeds The matu-—
ring period ranges from three to ten years,
and, according to numerous obserwutions,
males frequently reach maturity one year ear-
lier than females,

The geographio position and climate do
not influence pronouncedly the size at which
moturity is reached. The data of Table IV
do not oonfirm the assumption of Laskar
(1948) that the climate affects the size at
which bream reach maturity. In the Aral
Sen, according to Moromova (1952), two popu-

lations of bream occur together and reach
maturity at the sams age, but they differ
considerably in size.

The bream of the Aral Sea transferred
to Leke Balkhash (Kazakh SSR) reaches matu-
rity at the same age as in its native waters
although the fish are much smaller (Pet-
kevich, 1953; Ivanov and Pechenikova, 1960).

Geyer (1939) pointed out the inter-
dependence of growth rate and maturity. He
was of the opinion that, under conditions of
rapid growth, males and females mature at

. the same time; and one year later than in

lakes where growth is slow., On the con~
trary, Shaposhnikova (1948) linked earlier
maturity with faster growth in the first
years of life. These differences result
largely from regional variations, as stated
by Wundsch (1939), who confirmed the fin-
dings of Geyer (1939) for the lakes studied
by hime

Though the age of sexual maturity va-
ries from 3 to 10 years, the length at which
maturity is reached is less diversified and
lies between 14 cm and 30 cm ératio 1:2),
Perhaps, as suggested by Alm 1959), matu-
rity is affected by "physiological age™,
which is determined by absolute age and
growth rate. Zemskaia (1958) expressed a
similar opinion.

3,13 Mating.

Male and female bream spawn repeatedly
with different partners., Mating is there-
fore promiscuous,

3.14 Fertilization,

Foertilization is external. At a tem~
perature of 19-21°C sperm motility lagts
for eight minutes in fresh water and
for 10-13 minutes in brackish water (8,6~
10.1%0). (Data for bream of Aral Sea, Gos-
teeva, 1957). According to Dziekoriska
(19583, sperm motility lasts for 45~75 se-~
conds in the Vistula Lagoon.

3.15 Gonads,

The quantity of eggs produced annually
by one female may differ considerably and
it depends mainly on body size, Rerg (1949)
reported 941,000 eggs as the highest fecun~
dity of the breamj; aocording to Bauch
(1963) the lowest is 2,000, Different fec-
undities are recorded for different dist-
riots: for the middle reaches of the Ton,
the range is 98,000-713,000 and the average
218,000 eggs per female (Syrovatskaia,
1949); for the middle reaches of the Volga,
40,500-6%54,000, average 176,500 (Shaposhnik-
ova, 1948)5 for the Aral Sea, 92,000-
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314,

338;500, average 205,000 (Morozova, 1952);
for the lakes of the Karelo-Finnish SSR,
25,000-501,500 (Potapova, 1954); for Lake
Mamry, Poland, 45,000-520,000 (authors® ma-
terial). _

Teking into account a small number of
studies and differences in the methods ap-
plied, the data concerning the average fe—
cundity of weight' classes, as presented in
Fig. 3, should be treated as tentative.

The number of eggs per gram of body
weight and the relative weight of gonads
are presented in Table V. Attention is
drawn to the great variability of the re-
lative weight of female gonads from the
same body of water, e.g. from 10 to 23.8
percent for the Aral Sea. After spawning
this index diminisheg in the case of fe=
males to 2.2 - 2.3 percent (Morozova, 1952),
Seasonal changes in gonads were studied by
Butskaia (1955) and Shilov (1962).

The quantity of eggs which remain in
the ovaries after spawning is inconsider-
able; according to Dementeve (1952a) it is
1.4 percent.

The potential gquantity of eggs which
could be produced by one female depends on
the duration of its sexual activity and its
rate of growth., From data referring to the
middle reaches of the Volga (Shaposhnikova,
1948), it appears that a female which matures
at the age of six years, weighing 680 g,
may spavn for the last time at the age of
16 and a weight of 4,380g; such a fish
could produce about 2.5 million eggs during
these 10 years. Shpet (1964) gives an ab-
solute potential fecundity of one pair of
bream during nine years of life as 6 x 10
pairs of progeny.

Griazeva (1936) carried out a histolo=
glcal analysis of changes occuring in bream
gonads.

3,16 Spawning.

Some orientative data concerning the
spawning of bream are presented in Table VI,

In most water bodies bream spawn only
once a year, but there are populations known
in which females spawn twice or even three
times (Papadopol, 1963). In the spawning
period, the ovaries contain egss of two or
three different sizes. (Driagin, 1949;
Morozova, 19523 Syrovatskaia, 19495 Sych,
1955). Quantities of small eggs found in
bream from the Aral Sea and River Don make
up 30 and 32 percent respectively of the
total number of eggs.

e

Repeated spawning can occur in the
wholy vopulation ox in parf of it. Accor-
ding to Zakharova (1955) females with two
egg fractions occasionally occur in the
Rybinskoe Reservoir. In Lake Ilmen only
seven percent spawn repeatedly but in the
Don and in the Danube Delta the great majo=
rity of females spawn more than once a year.,
The fact should be stressed that repeated
spawning occurs more frequently among the
semi-migratory populations which spawn in
the areas inundated by spring floods.,

In the water bodies where female bream

- spawn only once a year, the population may

often be divided into groups which spawn at
various times; sometimes these groups are
related to the size of the spawners. Accor-—
ding to Jidrnefelt (1921) younger and smaller
bream spawn first in Iake Tuusula, while ac-
cording to Pgczalska (1963) bigger and older
individuals spawn first in the Szczecin La~
goon. In several water bodies the periods
at which particular spawning groups appear
are regular enough to have local names

iven. . by fishermen, e.g. in ILake Ilmen
%Driagin, 1949), in Szczecin Lagoon (Neu~
baur, 1926). They are often connected with
Phenological observations. According to
Bernatowicz (1962) the first period of
spavning in Mazurian Lakes coincides with
full blooming of apple trees (Malus domes~
tica) 'and lilac (Syringa vulgaris); the se-
cond period begins with the flowering of
Stratiotes aloides,

Males are ready to spawn first and they
remain longer on the spawning grounds; they
are therefore in a majority in the spawning
schools (Pgczalska, 1963; Shaposhnikova,
1948; and others),

Table VI also shows the spawning sea-
son, The data refor to different years of
observation, and the season can differ by
two—three weeks in successive years, depen~
ding on the weather,

The main factor influencing the begin-
ning and courge of spawning is temperature,
Driagin (1949) stated 12-13°C to be the
lowest temperature, at which bream have
observed to spawn. The corregsponding highest
temperature is 279C, recorded in the Aral Sea
(Shaposhnikova, 1948). The most commonly re-
ported spawning temperature is 16-18°C. A
sudden cooling may stop spawning (Zakharova,
1955). During warm and calm weather, bream
spawn in masses in a short time (two-three
days); under bad conditions spawning lasts
longer. The maximum water level reached in
spring and the time when it occurs are im-
portant factors influencing the populations
of estuariesy, rivers and retention rosor-
voirs. These fuctors affect the area of the
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Figure 3. Fecundity of bream in relation to
individual weight.
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spawning ground and the spawming season e.ge!
in the Volga (Shaposhnikova, 1948), in the
Vistula (Sych, 1955), in the Rybinskce Reser-
voir (Zakharova, 1955; Elizarova, 1962).

According to the observations of Sych
(1955), spawning lasts day and night, beco~
ming more intensive at night. Fabricius
(1951) and Svirdson (1949§ observed bream
spawning in Lake M#laren by days. According
to Shaposhnikova (1948), most intensive bream
spawning lasted from 10,00 to 11.00 and after
a break at noon from 16.00 to 17.00 hours.

= Location and type of spawning ground.

Bream deposit eggs in sheltered places,
whore the water is either still or the our-
rent is weak. Depths at which eggs have
been found vary from 9 cm (Sych, 1955, Vistu=
la) to 3=3.5 m {Driagin, 1949) and even 17 m
in the Kakhovskoe Retention Reserveoir (Belyi,
1962). Ths most common spawning depths are

from 20 to 80 cm (Shaposhnikova, 1948; Zukow-
ski, 19625 Zakharovay, 1955). When bream spawm

at various times in the same body of water,
the earliest spawning tekes place on shallow
grounds,y and later spawnings are on deeper
grounds (Driagin, 1949); +the temperature of
the water is probably important. Sych {1955)
observed that during calm weather eggs are
lzid at the minimum depth (9 cm), when there
are waves they are laid at a greater depth
{30 cm). Cne body of water can have both
shallow and deep spawning grounds (Driagin,
1949; Morozova, 1952; Dziekodiska, 1956).

There is considerable variation in the
areas of different spawning grounds, Sha-
poshnikova {1948) described particular spawn-
ing areas in the Volga as occupying about
100 m?; Pliszka (1953a) reported & spawning
area of 0.5 ha in a lake of 200 ha; Zakha-
rova (1955? stated the ares of a spawning
ground in the Rybinskoe Reservoir to be
‘about 50 ha, In many Mazuriasn lakes fisher—
men know the main. spawning grounds which are
relatively constant (Pliszka, 1953%)and the
same is true of the Szczmecin Lagoon (Pgczal=~
ska, 1963)., In retention reservoirs, rivers
and estuaries, where bream spawn on inun-
dated areas, the locality and size of the
spawning ground are changeable and they de~
pend on the hydrometeorological conditions
(Zakbarova, 19555 Morozova, 19523 Demen-
teva, 1952a, and others).

The breamh is a'generatively phytophilous
gpecliesy a term applied by Kryzhanovskii
(1949)5 4its eggs adhere and develop on
plants. The plant substratum may be quite
diverse: flooded land plants, the remains
of the previous year's aquatic vegetation,
tree leaves, stems and roots of emergent
plants, slgae (Cladophora), submerged hydro~

phytes. From among the latter the follo-
wing are cften mentioned: Myriophyllum

Bp.y Chara sp., Stratiotes alcides, Elodea
Bp., tc. In the Vistula, Sych (1955) found
the eggs of bream on Rorippa amphibia, Buto-
mus umbellatus, Sagittaria sagitiifolia and
Glyceria aquatica. Bream eggs are deposited
also on "artificial" spawning grounds, where
the branches of conifers are used as a sub-
stratum (cf. section 6.26).

The spawning of bream may coincide with
the spawning of other species of fish. In
the Szczecin Lagoon a part of the bream pop=-
ulation spawns on the same breeding grounds
and simultaneously with Blicca bjbrkna (L.).
The eggs of bream, pike-perch and ruff were
found at the same time on the artificial
spawning grounds in the Don delta.

At time of spawning, bream are alert

‘and shy. A splash of an oar or voices

frighten them away, and they swim to deeper
water (Shaposhnikova, 1948),

According to lake fishermen, bream

_spawn in great masses during calm weather.
-The spawning is stormy; +the fish splash wa-

toer with their tails, making characteristic

‘noises which can be heard from afar., The

water of the spawning ground is turbid and
vegetation tom out by the fish can be seen.

According to Svirdson (1949) and Fabri-
cius (1951), who observed the spawning of
bream in Lake M&laren, the spawning ground
coensists of a number of plots occupied by
big males which are on the move. Their
movements attract females and scare away
males. The male defends its territory and
when another male appears there is intensive
splashing. According to Svirdson one terri-
tory is about 5 m2; Fabricius observed
smaller territories. Males did no% abandon
their territories during the whole time of
observaticn (8 h.).

/  The data of Zakharova (1955) suggest
that the spawning of bream may follow a
similar course in other water bodies. 1In
the Rybinskoe Reservoir she found bream eggs
deposited in patches, each covering about
1 m? and containing about 1,200 eggs. The
fact should be stressed, however, that eggs
are often not evenly distributed (Shaposhni-
kova, 1948; Pliszka, 1953a) and their great
quantities suggest that many fish may spawn
in the same area. Thus according to Potapo-
va (1954) from 60,000 - 2,300,000 eggs were
found on 1 m* in Lake Vygozero, In the Vie-
tula Lagoon, Dziekorgkae ?1956) found 30,000
- 738,000 eggs per m° on the shallow
spawning grounds and, on the average, 2,000
e{¢s per m on the deep grounds., In Lake
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Harsz, Pliszka (1923&) found 20,000 =
400,000 eggs per m“<,

3,17 Spawn,

The polyplasmatic eggs show various
shades of yellow and contain little
perivitelline space. The diameter of a mature
egg ig 1,62 = 1,82 mm, without membrane it is
0,97 = 1,30 mm, The blastodise is from
0.325 to 1,30 mm high depending on the stage
of development, in width it almost equals the
diamter of the yolk sace The membrane is
transparent, and the filaments which attach
the egg to the gubstratum are minute and
thinly spread. The egg membrane is
delicate and it breaks esasily
(Kryzhenovekii, 1949). Other authors give
the egg size as followss Driagin (1949)s
163 = 1.9 mm, ave 1.5 mm, after swelling av.
2,1 mmy Morozova (1952)t 0.9 = 1,2 mm, av.
1,0 mmy Sych (1955)s ave 1,3 mm,

The average welght of a bream egg varies
between different populations from 0,75 =
1.35 ng. The differences in average weight
of eggs of particular females may amount %o
100 percent. Maximum egg weight of 1.25 g
was found in females seven years oldj
younger and smaller females as well ag
older and heavier ones had lighter eggs
(Privol'nev, 1964).

The biochemistry of bream eggs and
spawners has been studied by Maliarevskaisa
and Birger (1965),

3,2 Pre—adult phase

3,21 Embryonic phase.

Developmental stages of bream eggs are
presented in Fige 4. The rate of embryonic
development depends clearly on temperature
(Table VII), Kryzhanovskii (1949) stated
that the incubation period lasts from 3 =
13 days and data from other works are in
agreement with this.

A temperature of 28°C was found to be
lethal during cleavage and it caused heavg
losses at other stages of development, 24°C
was responsible for heavy losses during
cleavage and before hatching, 10 = 18°C gave
similar results to the control (14 - 15°C),
and the temperature of 6°C caused considerable
losses only at cleavage (Volodin, 1960),

The same author gquotes the lethal temperature
for the developing bream eggs from the Don
River as 29 = 31°C. Dziekofiska (1958) %ook
developing bream eggs from the Vistula
Lagoon at five defined developmental stages
and placed them in water of 35, 32, 8 and
4°Cc for 5 minutes. At the temperature of

35°C all eggs, irrespective of the develop-
mental stage, perished, while at 32°C and
4°c, 10 = 20 percent of eggs survived.

At the temperature of 8°C the results were
similar as in the control at 170°C,

= Oxygen.

According to Iurovitskii and
Rosnichenko (1961) the critical oxygen
content for bream egg development at 15°C ig
5 mg/l. At 3 mg/1 losses were 100 percent,

‘at 5 mg/l they amounted to 11 percent and

there were 67 percent of abnormally
developing embryos. At the control at

10 mg/l the losses were 7 percent and

T percent of embryos were developed
abnormally, ~According to Kuznetsova (1958)
the critical oxygen content is 1.9 mg/la

= Salinity,

Morozova (1952) and Gosteeva (1957)
reported that in the Aral Sea, some bream
gspawning grounds, far from the shore and
4 = 5 m deep, show a salinity of 9 = 10%o.
Under experimental comditions (Gosteeva,
1954, 1957) bream eggs from the Aral Sea
developed normally at & salinity of 10012%00
A% 11,5 = 11.6 %o the development was
abnormaly at 11,7 %o embryos perished at the
beginning of segmentation and at 12 %o the
dsvelopment stopped at the blastula stage.
Changes in salinity from 5.4 = 10 .%o did not
impair the development.

The survival of Bream embryos at
different salinities is also given by Cherfas
(1956) after Konovalovs
Bream eggs from the Sea of Azovs
Salinity (%o) 0 2.7 465 504
Survival (%) 60.1 32,3 21,5 15.1
Bream eggs from the Aral Seas
Salinity (%o) 0 4.3 5.7 T.1 10,2
Survival (%) 88,4 86.3 80.0 67.3 38.4

Bream eggs from the brackish water of
the Vistula Lagoon, do not develop at such
& high salinity. Fertilization could be
carried out only at 2.8 %o but fertilized
ova could develop at a salinity of 5.6 %o.

€02 is harmful to the egss of bream

only at the concentration of 50 mg/l or
greater (Volodin, 1960),
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Figure 4, Embryonic development of bream,
after Kryshanovskii (1949).
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Explanation of Fig, 4

Stage of two blastomeres; age 1 h 5 min, yolk sac diameter 0.97 mm,

Stage of four blastomeres, from above; age 1 h 27 min,

Bight blastomeres, from above; age 1 h 48 min.

Two superimposed drawings of the same egg, at the stage of eight blastomeres(age 1 h 48 min,)
and at the stage of early morula (age 4 h 5 min),

Two superimposed drawings of the same egg at the age of 4 h 5 min and 5 h 55 min.
Transitional stage between morula and blastula; age 6 h, temperature 22°C.

Blastula; age 6 h 30 min, temperature 22°¢,

Beginning of gastrulation; age 8 h 15 min, temperature 22%¢,

End of gastrulation, blastopore still partially open; age 16 h 40 min, temperature 19.2%,
Blastopore closed but still visible; age 2 days 3 hrs, temperature about 16°c¢,

Cephalic mesoderm s+ill linked with body mesoderm; age 21 hy temperature 2008003

Cephalic mesoderm rudiment separated from body mesoderm, the latiter beginning to divids i
segments; age 2 days 17 h, temperature about 16°C.

Three segments: rudiments of eyes and Kupffer's wvesicle visible (the latter is situated in
the future eleventh segment); age 22 h 40 min, temperature 20.8°¢C,

8 segmentsy age 24 h 18 min, temperature 21000

12 segments: encephalomeres and ear vesicles can be seen; age 26 h 40 min,

15 segments: gall bladder differentiating, Kupffer's vesicle has increased in size and its
location now corresponds to that of 12 segment; age 28 h 10 min.

18 segments: the location of Kupffer's vesicle corresponds to that of 24th segments age 29
h 40 min,

20 segments; elongated head, encephalomeres have disappeared, Kupffer’s vesicle has moved
towards caudal kidney and its location corresponds to .that of 27th segment, embryo moves
slightly.

22 segments: Kupffer's vesicle is very small, its location corresponds to that of 31s%t seg-
ment; age 31 h 40 min, tempeTrature 20.4000

35 segments (9 segments in the tail)s gall bladder pear-shaped, otoliths visible in ear ve-
sicles; age 42 h 24 min, temperature 1904009

17 segments in taily heart starts beating, beginning of blood circulation; age 48 h, tem~

perature 20°C,
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Table VII
Fumber of "degreehours'" of embryonal development,

from fertilization to hatching

Temperature Yo of degreehours Source
11°¢ 2950 Kryzhanovskii, 1949
18%¢ 1300 Pliszka, 1953a
18%¢ 2600 Shaposhnikova, 1948
19°¢ 1501 Dziekofiska, 1956
20-22°C 1430-1890 Kryzhanovskii, 1949

23%¢ 2208 Dementeva, 1952a
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Developing bream eggs can withstand
short (60 minute) periocds of exposure to
the air (without water). This does not
disturb the process of development but
irregularities during hatching must be men-~
tioned (Dziekorska, 1958).

The percentage of fertilization of
bream eggs oit the natural spawning grounds
is high (Driagin, 1949; Dmitreva, 1960).
Pliszka (1953a) reported 98 — 100 percent
fertilization in Lake Harsz, of which 70 -
90 percent hatched. Sych (1955) estimated
the fertilization on the Vistula spawning
grounds to be 91.2 = 96.7 percent and the

losses to be 65%, Zakharova (1955) des-
cribed the losses on the spawning grounds of
the Rybinskoe Regervoir as 32 percent,
Dziekodska (1956) estimated the losses in the
Vistula Lagoon, depending on the character of
the spawning ground, to be 6.8 = 19.6 per~
cent, Potapova (1954) reported that 75 = 90
percent of egys are fertilized in Karelo-
Pinnish lakes.

Different causes are r1esponsible for
losses in bream eggs on natural spawning
grounds. According to Dmitreva (1960) and
authors quoted by Zakharova (1955) and Gos=~
teeva (1957), they are (a) oxygen deficiency
in poor water circulation, caused by de-
caying organic matter or, at night, by plant
respiration; +this can check the development
of eggs deposited on the bottom, on vege-~
tation near the bottomy; or on decaying
leaves (shallow inshore grounds of the Volga
Delta, Aral Sea); (b) eggs not fertilized;

¢) drying out dus to a fall in water level

rivers, retention reservoirs); (d) infeo-
tion with the mould Saprolegnia; (e) pre~

dation by invertebrates and fishes. Zakha-
rova (1955) found up to 400 bream eggs per
fish in perch caught on a spawning ground,
and Gosteeva (1957) mentions Pungitius pun-
gitius L. as a predator, It seems that fish
can cause considerable losses in bream eggs.
In the lower reaches of the Don River,
Mikheev and Meisner (1954) observed bream
oggs deposited on artificial grounds, where
pike=perch had spawned earlier. The bream
oggs were protected by the male pike-perch.

On those spawning grounds the losses in
bream eggs were very small when compared
with those on natural spawning grounds.

= Mode of hatching.

Glands containing a substance which
woakens the egg membrane can be found on the
head and back of the embryoc. They are con-
spicuous and full in larvae taken from the
egg—capsule before hatching (Kryzhanovskii,
1949). PFrom bigger eggs hatch bigger larvae,
from 4.57 to 5.30 mm, (Dmitreva, 1960),

3,22 Larval phase.

General features of development. The
post—-embrionic development of the bream has
been worked out in detail in a number of pa-
pers from the A. N. Severtsov Research In-
stitute of Animal Morphology in Moscow (Vas-
netsov, 1948; Vasnetsov et al. 1957
Eremeeva, 1960, 1960a; Dmitreva, 1960;
Kryzhanovskii, 1949; Sablina, 1960?.

Those works distinguish a number of
developmental stages in the pre-and post-
larval phases. These stages are illust-
rated in Fig. 5, and a summarised descrip-
tion is given in the accompanying expla-
nation. o

The rate of development depends on tem~
.perature, hence the rate of development may
change, but in principle the course of larval
development is similar in lake bream,; estua~-
rine bream (semi-migratory) and in those of
retention reservoirs (Dmitreva, 1960; Ere-
meeva, 1960, 1960a). The main difference is
in the fact that at stage G, bream in estu-
aries; such as the deltas of the Volga, Don
and Kuban, gather in schools and begin their
migration towards the sea.

According to Vliadimirov (1964), morta-
lity at this phase resulting from hereditary
factors may be very high and may differ
greatly between the progeny of different fe-
males. His experiments lasted 30 days, un-
der good environmental and feeding con-
ditions; mortality among the progeny of 60
percent of the females was less than 20 per—
cent, but among the progeny of 12 percent of

‘females it was 90-100 percent. Vladimirov

observed the highest mortality of larvae on
the 13th =~ 15th and 20th - 23rd days after
hatching. Larvae shorter tham the mean
length perished. Abnormalities of the ali-=
mentary tract were the cause of losses. The
results of breeding bream in ponds for the
purpose of stocking (Nikolskii, 1955) show
thut at low densities, i.e, 200,000 pike-
perch eggs and about 1.5 million bream eggs
per 1 ha, the moritality of bream amounted to
95 percent in 60 days, and when the density
was 2 - 3 times greater it rose to 93.5 -
99.6 percent in 30 days. In Poland, in
fish-ponds near lakes where bream larvae
were raised together with tench, the morta-
lity of the bream amounted to 99 percent in
90 days, but the survivors grew excellently,
and on average they measured 7.5 cm and
weighed 4 g after three monthsy i,e, 2 = 3
times higher gain than in the adjacent lakes.

According to Berg et al. (1949) frogs
sometimes do considerable damage to bream
larvae.
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Figure 5. Stages of bream development (after Dmitreva, 1960),
See explanation on following page.
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Explanation to Fig. 5 (after Vasnetsov et al., 1957,

and Dmitreva, 1960)

Age

Stage L?;ith (a20a) Structure Behaviour, Food

Al 4,5-5,3 3 Yolk sac pear-shaped, head slightly Larvae motionless,
bent down, Body surrounded with lar- attached to veéetation or
val fin, Mouth inferior, immobile. resting on botiom., Feed
Fyes slightly pigmented. Pectoral only on yolk,
fin bases horizontal., Rudimentary
gill cover. Glutinous glands under
eyes for attachment of larva,

Ay up to 6 2-3 Yolk sac cigar-shaped., Head straight.
Mouth inferior, lower jaw movable,
Pectoral fin bases oblique. Mem-
branous gill cover reaching first
gill arch only, Few melanophores onmn
yolk sac,

B 5.2-6,.4 3-4 Filled air bladder. Yolk sac small, Stay near shore, in vegeta-
Tail fin develops from larval fin, tion, Swim obliquely,
Mouth inferior, not completely clo- head upwards. Feed on yolk
sing. Membranous gill cover leaves and small sluggish organ-
last three gill arches uncovered. isms such as rotifers and
Chorda straight, Pectoral fin bases their eggs.,
vertical, Intestine resembles a
straight tube,

Cq 6.4-7.5 3 Yolk disappears, Chorda straight. Swim well and fast, chasing

Dorsal and anal fins develop. Mesen-
chyme concentration can be*seen in

caudal fin.

food. Feed on rotifers, di-
atoms, nauplii, copepodids

and small copepods,
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Co T05=8.6 Chorda end bent slightly upward, Stay near shore (depth
cartilaginous hypural beneath it. 0.5m), in surface layer of
Heterocercal tail. Mesenchyma watery agile. Feed on
concentration in dorsal and anal fin rotifers, mauplii and
lobes, Membranous gill cover leaves copepodids.
last three gill arches uncovered.

Dy 8,6=10 Anterior cavity of air bladder fills Stay among plants., Feed on
with aire Posterior chorda end small copepods, Cladocera,
bending slightly upward. Tail almost rotifers and diatoms.
homocercal, Bony fin rays in tail
fin, Mesenchymal rays in dorsal and
anal fins., Operculum still
membranous, not covering last two
arches. Mouth slightly
protractile.

Dy 10-13.5 Bony finrays developed in dorsal and . Stay near shore in
anal fins., Tail homoceréal. Caudal vegetation. Feed on large
fin forked. Ventral fins developed Cyclops and on rotifers and
as two horizontal folds without fin- diatoms,
raysg.

E 13.5=16 Bony finrays developsed in all fins, Stay a little further from

Olfactory cavity resembleg figure
of eight, septum starts forming.
First two intestinal ansae

developed, Gills covered.

shore. ‘'Feed on zooplankton

and periphyton.

X x 3



FRi/S36 Abramis brama

P 1620 7 Scales develop. Preanal fin lobe Stay far from shore, in
disappears. Body height increases. places without vegetation,
Upper profile line almost straight, not shallower than 1.5 mg
lowsr one convex., Finrays stars gwim in upper water layers,
branching. Olfactory cavity double, feoding on zooplankton
although septum not complete. (large Daphnia, Cyclops,
rotifers, larvae of
Chironomidae).
G 20 Whole body covered with scales. Stay at bottom, feed on

Mouth semi=inferior. Two nostrils,
Second pair of intestinal ansae

developed,

larvae of Chironomidae,
larger zooplankton, green

algae and diatoms,
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At a temperature of 17 = 20°C, the yolk
sac resorbs between the sixth and eighth day,
and the larvae then start feeding on minute
organisms. The information on feeding habits
is summarized in Table VIII.

A concentration of food organisms of
500 per liter provides good feedin
conditions for larvae at stage Cp ?ic = T mm,
weight 1, mg) according to the experiments
of Panov ?1960). Zheltenkova (1964) states
that 227 = 275 organisms/liter is a
sufficient food concentration, A plankton
biomass of 30 = 40 mg/liters, i.e. about
1,000 organisms/liter, secure proper feeding
conditions for bream larvae at stage Do
(length 12 mm, weight 15 mg) according to
Panov (1960), Karzinkin (1952) gives the
following data on the amount of food eaten by
larvae in a days

16~day-old, weighing 7.7 mgs
101.9 percent of body weight,

32~day-o0ld, weighing 38,8 mgs
57.0 percent of body weight,

48=day-o0ld, weighing 85.0 mgs
35.0 percent of body weight.

Larvae were fod on tiny Cladocera in aquarisa.
= Growth.

Body length reached in the first year
of life is exemplified by the following
datas (Table IX).

Shaposhnikova (1948) expressed the
opinion that the growth of juvenile bream
responds readily to a number of factors and
therefore it may be different in particular
parts of a bigger water body and in
particular years. This is illusitrated by
her data in the table IX, showing widely
different growth rates for different. parts
of the Ural and Dresna rivers.

3,23 Adolescent phase.

Depending on the population, the
adolescent phase lasts from two to eight years
(Table IV).

The basic period of development and
organogenesis ends at the length of 75 =
107 mm (Sablina, 1960). The bream attains
its final body shape when longer than 14 cm
(Vasnetsov, 1948).

= Predators.
Bream is mseldom eaten in large

quantities by predatory fish. (Table X). The
data of Domanevskii (1964), Hartley (1947),

Filuk (1962a), Ivanova (1956, 1960)
Makkoveeva (1956), Vashchenko (19583

Romanova (1956? and Balagurova (19633 confirm
the small proportion of bream in the food of
predatory fish, apart from those exceptional
cases where no buffer speclies are available
and bream is practically the only available
food for the predators (ecf. Dziekofiska,
1954). Bream are also eaten by some birds,
such as grebes (Podiceps sp.), divers

§Colxgbus 8p.), herons and cormorants,
Authors™ material).

Bream longer than 20 cm are attacked
rarely and only by big predatory fish.
Although detailed information is not available,
it seems that, except in the larval phase,
predation iz rarely a factor controlling the
density of bream. In Polish lakes, where
predatory fish are protected and commony no
decrease in the abundance of adolescent bream
has been observed. (Authors' material),

Parasites can probably affect the sur—
vival of bream in the adolescent phase (of.
section 3.35),

343 Adult% phase, mature fish
3.31 Longevity,

Segestrile (1933) published a photograph
of a scale of a 32=year-old female bream from
Hajka Pjbrd, Finland. It was 50.4 cm le and
weighed 2.4 kg. Potapova (1954) found 26«
year=0ld bream. A 23=year-=o0ld female bream
from Lake Sniardwy, Poland, weighed 5.2 kg
and its le¢ was 57 cm. The oldest bream
found during archeological excavations im
Central Russia wag 20=years-old {Levedev,
1961), Bigger bream and probably the older
ones have been caught in Central and Northern
Europe. Berg (1949) reported that a bream
weighing 11.5 kg was caught in Lake Vestjarvi,
Finland., Wundsch (1939) quoted data
according to which bream of German waters can
be heavier than 10 kg,

Maximum age is not older than 15 years
in the case of the populations of the
southernmost areas of the distribution of
the species (Berg 19493 Dementeva, 19523
Balon, 1961, 19635. Fimann (1962) reported
that he caught bream up to 2 kg in Spanca,
an Anatolian lake, Turkey.

The interdependence between longevity
and growth rate is not clear. Semi-migratory
bream of the estuariss of the Caspiang; Azov
and Aral Seas are characterized by a fast
growth rate and a short 1life cycls; but at
the same time an ecological variety of a
slow growing bream with a short 1life cycle
also occurs in the Aral Sea, (Morozova, 1952).
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Table VIII

Bream diet in the first year of life

Water body Size or age Main food Author
of fish
Volga 6 days Phytoplankton Pankratova, 1948
10-=11 days Small Cladocera and
Copepoda found in
aggregations
2=3,7 cm Tendipedidas and
zooplankton
Tsimlanskoe 4 em Zooplanktons Bésmina, Lapitskaia, 1958
Reservoir
Daphnia, Moina, Cyclops
4,1=6 cm Forms found at the
bot toms A;égg 8p.
Pleurorus, Harpacticidae
Mazurian 1.8-4.8 cm Littoral forms of Pliszka and Dziekoriska,
?;ﬁi:nd) Cladocera 1953a
2,3=2,9 em Cladocera, Copepoda, Leszozyfiski, 1963
Nematocera puppae
Lake Bolshoi Age O+ 60 percent = Alona affinis, Bogatova, 1963

Ivans (¥orth,)

USSR

12 percent -« Bosmina sp.




3:20 FRi/S36 Abramis brama

Table IX

Body length of bream in the first year of life

Water body Date Le:ﬁth We;ght Author
Tsimlanskoe Reservoir Sept,1953 92.0 15,0 Ginzburg, 1958
‘Tsimlanskoe Reservoir Sept.1954 86.1 12,6 Ginzburg, 1958
Tgimlanskoe Reservoir Sept.1955 64.4 4,7 . Domanevekii, 1958
Vistula River 0ct.1952-1955 25,0 Backiel and Bontemps, 1958
Mazurian Lakes autumn 32,0-37,0 0,5-0,8 Zawisza, 1953
Ural River August 29.0-59,0 Shaposhnikova, 1948

Desna River August 16,0-40,0 Shaposhnikova, 1948
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The growth rate of bream has been
determined for several hundred Polish lakes,
Z. Marciak, unpublished data), but no relation
can be established between the longevity of a
population and its growth rate.

It is almost & rule that females are
more numerous in older year—clagses of bream
(of. section 4.41).

3,32 = Hardiness.

Wunder (1936) reported that at an
oxigen content of 2 = 2.5 mg/l bream show
the first signs of aspyxla and at 0e4 = 0.5
mg/l they begin to die., Similar results
were obtained by Privel:nev and Koroleva
(1953). Lethal temperatures for southern
brezm are;33 - 34°C, for northern bream they
are less than 30°C (Shkorbatov, 1964).

3.33 Compoetitors.
= Reproduction.

Ppczalska (1963) mentioned common
spawning grounds of bream and white bream
in the Szezecin Lagoon. In the Don Delta
bream spawned together with pike=perch and
the males of the latter protected the eggs
of both species (Mikheev and Meissner, 1954).
Sukhoivan (1959) reported similar
observations. The hybrids described (cf,
section 2,4) suggest that bream can spawmn
together with a number of other species of
f£ish, thus competition for spawning grounds
cannot be excluded,

= Competitors for food.

In lakes and rivers ruff, eel, white
bream, roach, carp, Chondrostoma nasus and
tench show common food items with bream
(Aristovskala, 19543 Bogatova, 19633
Podarueva, 1960: ‘undsch, 19393 Pliszka
and Dziekofiske, 19533 Neuhaus, 1934).

In the Azov, Aral and Casplan Seas, the food
of bream is similar to that of Neogoblus
fluviatilis (Pallas), ¥, melanostomus
(Pallas), Rutilus rutilus caspius (Yakovlev),
Porcarina demidoffi maeotica Kuznetzov,( )
Aspius aspiug, wild carp, Abramis sapa (L.
and Barbua braqhycephalué (Kessler) !Berg
ot al., 19495 OShorygin, 1952). The latter
calculated and compared a number of
quantitative indexes referring to the
competition for food among the fish of the
Casplan Sea (cf. section 4.6).

Vasnetsov (1948) was convinced that the
strongest competition between bream, wild
carp and roach mey take place when they
start to feed on benthos (bream about 25 mm
long), The older year claszes of those
spscies have their owvn specific feeding

grounds and the competition for food oceurs
only in poorly differentiated water bodies
containing not enough food.

Karzinkin (1952) gave a number of data
on the availability of Tendipendidse larvae
as food for a number of fish species. These
observations suggest that under similar
conditions carp, crucian carp, tench and
ruff are superior to bream in finding food.

3,34 Predators.

Predators were discussed in section
3,23, Large bream are rarely preyed upon
by fishesy big fish=eating birds attack
them when on the spawning grounds (Berg
ot al., 1949). ‘

3:35 Parasites, diseases,
injuries and
abnormalities.

= Parasitic diseases.

Ichthyophthiriosis

A disease caused by Ichthyophthirius
multifillis Fouquet, 1876, (Protozoa,
Ciliata),

A cosmopolitan parasite ococurring in
numercus fish species, including bream.
The vegetative form of the parasite (up to
1 mm in diameter) is found under the gill
epithelium and under the epidermis on the
fins but also on the entire surface of the
fish body. On heavily infested fish there
are found small, whitish nodules. The
parasite couses an inflammation of the skin,
increased mucus secretion, peeling of the
akin, and in more advanced cases even death.
The parasite is dangerous to fish of all
ages but especially so to fingerlings
(Amlacher, 19615 Markevich, 19513
Schiperclaus, 1954).

= Control,

Best results are obtained by keeping
the infected fish for some time in a trough
with a strong current of water, which :
washes off the parasites from the skin and
alse from the bottom of the trough. A
thorough disinfection of the pond erradicatesz
the invasive stapges of the parasite
accumulated on the bottom.

Bucephaloais

A disease caused by an invasion of
metacercariae of the family Bucephalidae
(Trematoda). In Burope snd Asia two
species of this family are found in breams
Bucephalus polymorphus Baer, 1827, and
Rhipidocotyle illense (Ziegler, 1883),
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Sexually mature forms of the parasite are
found in the intestine of predatory fish
(Esox lucius L., Lucioperca lucioperca L.,
Porca fluviatilis L. and Acerina cernua Lo)o
Cercariae develop in mussels (Unio and
Anodonta), metacercariae are usually found
under the gill epithelium, in the eyes,; sub=
cutaneous tissue and in muscles of various
species of Cyprinidae.

Pathogenic effects of both the species
depend on their localization in the fish
body. Kozicka (1958) reported fin damage,
gkin hypersemia and even large wounds on the
body, in bream infested with Rhipidocotyle
illense. According to Kozicka metacercariae,
by pressure on the blood vessels, cause
circulatory disturbances. The resulting
blood songestion may result in atrophy of
particular parts of the organs.

The presence of metacercariae in the
eyes may cause blindness., Grabda and Grabda
(1961) observed a massive invasion of
Bucephalus polymorphus metacercariae in the
eye cornea isome 500 larvae in one eye)
causing cloudiness of the cormea and an
increase in the amount of fluid in the
interior chamber of the eye and exophthalmus,

Parasites pathogenic both to fry and
$0 older bream.

Caryophyllaeosis

A disease caused by Caryophyllaeus
la: ,ceps (Pallas, 1781) (Cestoda,
Caryophyllaeidaes, a parasite of Cyrpinidae,
extremely common in bream.

The parasite is common all over Europe
and also in the Asiatic part of the USSR,
The adult tapeworm is found in the fish's
intestine and its larvae develop in the body
cavity of various speoies of Tubificidae,

A heavy invasion of the parasite causes
an inflammation of the intestine. The
intestine may be blocked by numerous tepe=
worms and heavy mortality may result. The
heaviest infestation occurs in April=May,
The intensity of the invation increases
with the age of the fish., According to
Schiperclaus (1954), the degree of
infestation inc.eases markedly from the
fifth year onward, when the bream starts to
feed at the bottom.

= Control.

Intensive catches of bream with the
onset of the disease,

Ligulosis

A disease caused by plerocercoids of
the tapeworms (Cestoda, Ligulidae), Ligula

intestinalis (L.) and Digramma interrupta
(Rud., 1810), living in the body cavity of
fish. The first intermediate hosts of the
parasite are copepods (Cyclops strenuus,
Diaptomus gracilis and others), im whose
body cavity develop larvae of the procercoid
type which are infectious to fish. The
development of the larvae (plerocercoidae)
in the body cavity of fish takes about 12 -
14 months (Dubinina, 1957). A% this time
the parasite attains the length of an adult
tapeworm, the gonads develop but there is

no egg production as yet. Sexvally mature
tapeworms are found in the intestine of such
piscivorous birds as gulls, grebes, wild
ducks and others. The final host may be
also the domestic duck. (B, Grabda, 1951),
In the intestine of birds, Ligula matures

in about two days and begins to produce
o888

The parasites are very common in Furope
and the Asiatic part of the USSR in many
species of Cyrpinidae, the main host being
the bream. In many lakes the extent of the
infection exceeds 50 percent. Single tape—
worms are usually found, but sometimes a
few or even some dozen are present in +the
body cavity of a single fish., Adul+t plero—
cercoids attain 1 m length and 1.5 cm width.
A mixed simultaneous invasion of both
species of cestode is sometimes encountered.

Ligulosis is most often found in palm~
gized bream. According to Schiperclaus
(1954) the heaviest infestation is found
among bream under 17.5 cm, According to
Zawisza (M.S.), *the highest percentage of
infestation is found in bream aged 4 = 5
Years, which corresponds to the length of
20 = 24 cm. Dubinina (1957)reports that
bream aged 1+ to 3+ are subject to the
heaviest infestation. After the fish have
started bottom feeding the incidence
decreases.

Ligulosis causes heavy losses among
fish. Reshetnikova (1959) estimated the
annual losses in the Tsimlanskoe Reservoir
at 1,200 tons.

4 heavy invasion ig manifested by
flatulence. This often results in bursting of
the abdominal cavity and the parasites drop
into the water. Infested fish become
languid and may easily be attacked by
predators, In ligulosis there is observed
a substantial deorease in fat content of
fish muscles, a chronic peritomitis, and
frequently there is a serum exudate in the
body cavity. The internal organs of the
fish are damaged owing to the pressure
oxerted by the parasites. The development
of gonads is inhibited (Willer, 1912),
According to Kerr (1948), infested fish
show hypophysis changss and disturbances
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in the secretion of gonadotropic hormones,
which results in a decreased fecundity.

The investigations of Kosheva (1957)

showed a lowering of the haemoglobin

content and an increased blood sedimentation
rate among infested bream, A slowing down
of growth and a reduction in weight of
bream infested with Digramma interrupta
wag found by Reshetnikova (1965).

Affected bream show low survival in
tanks and during shipment.

= Control,

Intensive catches of infested fish
and checking of the stocking material.

Ergasilosis

A disease caused by Ergasilus sieboldi
Nordmann, 1832 (Crustacea: Copepoda para—
sitica), a £ill parasite of numerous species
of fresh water fish, frequently found in
bream.

The parasite is very common in the
lakes of Europe and Asia. The larval
stages of the parasite develop outside the
fish body, in water. Only the females are
parasitic.

E.gieboldi injures the gill
epithelium of the fish and causes
respiratory difficulties. Heavily
infested fizh die of asphyxia, espscially
during summer heat. An emaciation of the
fish is frequently observed. The intensity
of the invasion is generally milder in
bream then in Tinca tinca, the latter being
the main host. As many as five hundred
parasitea have been reported on the gills
of a single fish (Cnadebsrg, 1948).

Controls an examination of the
stocking material 'as well as intensive
catches with the onzet of the disease.
Neuhaus (1929) recommended intensive
catches during the winter season, when no
Juvenile forms of the parasite are found
in the water, thus the females of E.
sieboldi hibernating on the gills of fish
are eradicated along with the fish.

Tracheliastosis
A disease caused by the parasitic

copepod Tracheliastes maculatus Kollar,
1836 (Crustaceas Copepoda parasitica).

Only females which attach to the
gcales of fish, are known to be parasitic.
Males unkown.

T.maculatus is found in Europe, mainly
on brsém, less frequently on other members
of the family Cyrpinidae. It damages
scales at the place of attachment and
causes dermatitis, local at first and then
diffuse. If the fish is heavily infested
and the disease is more advanced, wounds
form at the places of attachmsnt. These
may become portals of secondary infection
through bacteria or fungi, Dermatitis is
accompanied by a profuse mucus secretion.
The disease causes strong emaciation of
fish resulting in dsath (Grabda and Grabda,
1957). According %o Geyer (1939a), bream
ranging from 14 = 17 cm in length ars most
frequently subject to infestation. Grabda
and Grabda (1957) found the heaviest
infestation among fish over 20 cm 1t. The
intensity of the invasion amounts frequently
%0 100 percent. Usually only single
parasites are found on a fish. When the
invasion is heavy several parasites may be
present,

-= Controle.

There are no means of eradicating the
parasites themselves. They can be controlled
through usual management practices, i.e., the
control of gtocking material and intensive
catches of bream to +thin the stock and to
diminish the possibility of contact
contamination.

Table XI summarizes data concerning
the common parasites of bream.

= Infectious diseases.
Bream septicemia

An infectious disease manifested by
an inflammation of the skin accompanied by
congestions and haemorrhages. Frequently
there are local swellings of the skin due %o
serum exudate in scale pockets. On the
skin there may form lesions, sometimes
reaching deep into the muscles. The gills
are usually pale, sometimes there is pro-
trusion of the eye—~balls. Internal anato=
micropathalogic changess serum fluid in
the body cavity, & congestion of the
intestine, liver, and swim bladder, necrosis
of the kidneys.

The investigations of Flemming (1954)
proved that in the initial phase of +the
disease there is an increase in the number
of leucocytes of the blood. Among them
there are numerous granulocytes. In more
seriously affected fish complete dsstruction
of erythrocytes is observed,
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Table XI

More frequently occuring parasiteg of the bream, Abramis brams (L).

Yo, Species of parasite Found in Dist:i::tion Autkors
Frotozoa
1, Cryptobia abramidis blood Furope Markevich, 19513 Koshe-
(Brumpt, 1906) va, 19573 Bykhovskii,
1962
2, Myxidium pfeifferi géll—bladder Europs, Asia Markevich, 1951; Bogda~-
Auerbach, 1908 nova, 19573 Barysheva
and Bauer, 1957
3, Myxobolus oviformis gilla, Furope, Asia Wegener, 1909; Marke-
Thélohan, 1882 musocles, (Sibaria) vich, 1951; Akhmerovy and
viscera Bogdanove, 195T7; Bykhov-
skii, 1962
4. myxobolus exiguus gills, in- Europe Wegener, 1909; Markevich
Thélohan, 1895 . testine, 19515 Kogteva, 195T;
kidney Orabde and Grabda, 1961;
Bykhovskii, 1962
5o Myxobolus miillexri skin, gills, Furope, Asie Markevich, 19913 Bogdan-
Bitschli, 1882 kidneys (Siveria) ova, 19573 Kogteva,
19575 Grabda and OGrabda,
1961, and others
6, Myxobolus cycloides viscera Furope Wegener, 1909; Marke-
Gurley, 1893 vichy, 19513 Grabda and
Grabda, 1961
7. Chilodonellé cyprini gills, skin Burope Kozicka, 19513 Marke-
(Moroff, 1902) vich, 19513 Bogdanova,
1957
8. Ichthyophthirius skin, gills Europe Kozicka, 1951, 1959;
multifiliis Markevich, 19513 Bogda~-
Fouquet, 1876 nova, 1957; Pacak, 1962
Monogenoidea
9, Dactylogyrus auricu- gills Burope, Asia Markevich, 19513 Prost,
latus (Kazakhstan) 1957, 19%; Bogdanova,
(Fordmann, 1832) 19573 Vo jték, 19593
Margaritov, 19595 Byk-
hovskii, 196235 Agarova,
1962
10, gills Europe Markevich, 1951; Bogdan-

Dactylogyrus cornu
Tinstow, 1818

ova, 19573 Pacak, 1962;
Bykhovskii, 1962; Lucky
and Dyk, 1964

00 2
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11. Dactylogyrusg falcatus gills Turope, Kaz- Markevich, 19513 Prost,
(Wed1, 1§575 akhstan 1957, 1959;u Bogdanova,
19575 Vojtek, 19593
Agapova, 1962, Bykhov-
skii, 1962
i2, Dactylogyrus crucifer ‘gills Furope Markevich, 19513 Bogda-
Wagener, 1857 nova, 19573 Bykhovskii,
1962; Iucky and Dyk,
1964
13. Dactylogyrus sphyrna gills Furope Markevichy 19513 Prost,
Linstow, 1878 1957, 19593 Bogdanova,
19575 Bykhovskii, 19623
Incky and Dyk, 1964
14. Dactylogyrus wunderi gills Burope, Markevich, 19513 Bogda~
Bykhovskii, 1931 Kazakhstan nova, 1957;” Kogteva,
19573 Vojtek, 19593
Agapova, 1962; 3Bykhove
skii, 1962
15. Dactylogyrus zandti gills Furope Markevich, 19513 Prost,
: Bykhovskii, 1933 1957, 1959; Bogdanova,
19575 Margaritov, 1959;
Vojték, 1959
16, Gyrodactylus parvicopula gills Burope, Kaz- Prost, 19573 Bogdanova,
Bykhovskii, 1933 akhstan 19573 Margaritov, 1959;
Agapova, 19623 Bykhov-
skii, 1962
17. Cyrodactylus medius gills Eurogpe, Markevich, 1951; Agapo-
Kathariner, 1893 Worth Asia, va, 1960; Lucky and Dyk,
Kazkhstan 1964
18, Diplozoon paradoxum gills Burope, Asia Markevich, 1951; Ko~
Nordmann, 1832 (Siberia, zicka, 1951, 1953; Prost
Kazakhstan) 1957, 19595 Vojték,
19593 Margaritov, 19593
Pacak, 1962; Agapova,
19603 Bykhovskii, 19623
Iucky and Dyk, 1964
Trematoda - Digenea
19, Bucephalus polymorphus gills, Furope, Markevich, 19513 Ko-
Baor, 1827, larva eyes, Asia zicka, 19513 Grabda and
skin Grabda, 196%; Bogdanova,
19575 Vojtek, 1959; Ag-
apova, 19603 Bykhovskii,
1962
20, Rhipidocotyls illense skin, Poland Kozicka, 1953, 1958, 1959
Ziegler, 1883, larva gills, fins
21, Phyllodistomum folium urinary Europe Markevich, 19513 Koshe-

(Olfers, 1916)

bladdery ur-
eters

va, 19575 Vojtkova,
19595 Bykhovskii, 1962

saoo 3
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22, Phyllodistomum elongatum urinary Europe, Asia Markevich, 19513 Bary-
Fybelin, 1026 bladder sheva and Bauer, 195T;
Akxhmerov e&nd Bogdanova,
19573 Vojtkova, 19593
Bykhovskii, 1962
23, Sphaerogtomum bramae intestine Burope Markeviech, 1951; Ko=
Willer, 1716) zicka, 1951, 19593 Grab-
da and Grabda, 1961; Pa-
cak, 19623 Bykhovskii,
1962, and others
24, Asymphylodora imitans intestine Turope Markevich, 19513 go—
(Wilhling, 1898) zicka, 19513 VoJtek,
1959; Wierzbicka, 1964;
Bykhovskii, 1962
25, Diplostomum clavatum vitreous Purope, Asis Markevich, 19513 Ko~
Fordmann, 1832, larva body of eye (Kazakhatan) zicka, 1953, 1958; Bog-
danova, 19573 Vojtkova,
19595 Agapova, 1958;
Grabda and Grabda, 1961;
Bykhovskii, 1962
26, Diplostomum spathaceum eye lens Furope, Asia Markevich, 1951; Ko~
{Rudolphi, 1819) larva (Kazakhstan) zicka, 1951, 1953, 19593
Bogdanova,; 19573 Engel-
brecht, 1958; Orabda and
Orabde, 1961, and others
27. Posthodiplostomum cutico- gkin, fins, Furope Kozicka, 1953, 1958;
1a gills Grabda and Grabda, 1961;
{Wordmann, 1832) larva Pacak, 19623 Bogdanova,
1957, and others
28, Apophallus mublingi gills, fins Furope Markevich, 19513 Vojték,
(Jagerskield, 1899 19593 Bykhovskii, 1962
larva
29, Metagonimus yokogawail scales, fins, USSR, Vojtgk, 19593 Zitman,
Katsurada, 1912, larva gills Czechoslo- 19603 Bykhovskii, 1962
vakia
Cestoda
30, Caryophylleus laticeps intestine Europe, Markevich, 19513 Janis-
(Pallas, 1761) Asia, zewska, 19543 Kozicka,
581beria, 1953, 19593 Engelbrecht,
Kazakhstan) 19585 Agapova, 19603
Pacak, 1962, and others
31, Caryophyllaseides fennica intestine Burope, Kozicka, 19593 Pacak,
(Schneider, 1902) Asia 19623 3Bykhovskli, 1962
32, Ligula intestinalis body cavity Europe Markevich, 19513 Ko-

(L., 1758) larva

zicka, 1958; Dubinina,
19575 Willer, 1912;
Pacak, 1962; Xosheva,
1957, and others

000 4
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33. Digramma interrupta body cavity Furope, Kosheva, 19573 Dubinina,
{Rudolphi , 1810), larva mainly Fast 1957; Bykhovekii, 1962
Furope
34, Proteocephalus torulosus intestine Furore Markevichy, 19513 Kosh-
ZBatsch, 17869 eva, 19575 Grabda and
Grabda, 19613 Pacak,
1962, and others
Hematoda
35, Rhaphidascarie acus viscera Europe Markevichy, 19513 Schi-
(Bloch, 1779) larva perclaus, 1954; Dyk,
19613 Bykhovekii, 1962,
and others
36, Philometra ovata body cavity Burope, Ka~ Bykhovekii, 1962; Aga~
{Zeder, 1803) zakhstan pova, 1962
37. Philometra abdominalis body cavity Furope, Markevich, 19513 Bykhov-
¥ybelin, 1928 Asiatic USSR skii, 1962
Acanthocephala
38, Weochinorhynchus intestine Worthern ho- Van Cleave and Lynch,
rutili larctic re- 19503 Grabdae and Grabda,
(Miller, 1780) gion 1961; Bykhovekii, 1962,
and others
39, Acanthocephalus intestine Holarctio Kozicka, 1951, 1953s Pa-
anguillae region cak, 19623 Iucky and Dyk,
(‘Mﬁfi’““""‘ar, 1780) 19643 Bykhovskii, 1962,
and others
40, Acanthocephalus lucii
(Miller, 1776) intestine Furope Kozicka, 1953, 1959; Pa-
cak, 19625 Bykhovekii,
1962, and others
Crustacea parasitica
41, Ergasilus Bieboldi gills Burope, Asia Feuhaus, 19293 Markevich,
Nordmann, 1832 1956, Grabda and Orabda,
19613 J. Grabda, 1962;
Schéperclaus, 1954; Pa-
czk, 1962, and others
42, Caligus lacustris gills, skin Furope, Asia Markevich, 19563 Kozikow-
SteenstirTup et Lutken, (basing of ska, 1957; J. Grabda,
1861 the Baltic, 1962; Bykhovekii, 1962
Black, Cas~ and others
pian and Ar-
al Seas)
43, Tracheliastes maculatus skin Central and Schiperclaus, 1954; Mar-
Kollar, 1835 East FEurope kevich, 19563 Kozikowska,
19573 Grabda and Orabda,
1957 J. Grabda, 1962;
Bykhovskii, 1962, and
others
44, Argulus foliaceus skin, mouth Europe, Asia Bogdanova, 19573 Stammer,
(Linnaeus, 1758) cavity, gills 19595 Pacak, 1962; Bykh-

ovskii, 1962, and others
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From the affected bream, Schiperclaus
(1954) isolated Pseudomonas punctata (Sym.
Aeromonas punctata)., The disease is quite
common in Germany and Poland.

It is frequently found together with
carp saepticemia (Abdominal dropsy).
Although it has not been established that
it is caused by the same gesrm as in carp,
utmost precautions should be taken when
gtocking lakes with the latter species.

Focal liquefactive necrosis

An enzootic disease of bream found in
Poland (Waluga, 19625 Niewolak, 1961).

The disease occurs among lake bream
weilghing approximately 1 kg, in summer
(Avgust = September). Weakened fish swim
upside down near the surface. On the body
of the fish there are found tumors of a
soft consistency.

Histopathologlec symptoms: a lique=
factive necrosis of the skin and muscles,
focal necrosis of the liver, spleen and
kidney, fatty degeneration of the liver,
peeling of the intestinal epithelium.

In extreme cases there is a complete
necrosis and loss of the caudal part of the
fish (Waluga, 1962).

These changes are irreversible and
usually lethal.

From the affected bresam there has been
isolated Pseudomonas chlororaphis (Guignard
et Sauvageau, 10894) (Niewolak, 1961).

= Diseases of unknown etiology.

Epithelioms

In the initial phase of the disease
there is a proliferation of the epithelial
cells in the form of soft, whitish patches
which eventually harden. The disease may
affect the gills, causing their degeneration,
or the skin. When the patches cover large
portions of the surface of the fish body the
fish become emaciated, the growth is
retarded and death may eventually result.

Epithelioma is a disease common among
carp. In bream the symptoms were observed
by Schiperclaus (1954) in Germany, by
Liaiman (1949) in the USSR, in Poland by
J. Grabdae, (unpublished cbservation). In
older bream the disease is found sporadicallys

The etiolegy of the disease is not
sufficiently knowne

= Poisoninge.

Water pollution by industrial wastes
containing phenol.

Phenol poisoning causes disturbances of
the circulatory system (congestioms,
haemorrhages), necrobiotic changes in the
cells resulting in a destruction of the
cytoplasm and nucleus, the presence of foci
of coagulative necrosis. Phenol affects the
central nervous system causing abnormalities
of respiration; motion and pigmentation = the
bream bscome pale. Death results from
respiratory paralysis (mors per asphyxiam) oy
from paralysis of the heart (mors per
syncopem) (Waluga, 1966).

Low concentrations of phenoly, although
not lethal to fish, cause changss in the
peripheral blood of fish, characterized by
an increase in the number of non-typical and
Jjuvenile forms of blood corpuscles and a
destruction of morphotic elements of blood
(Waluge, 1966a),

3.4 Yutrition and growth

3,41 TPeeding.

Acoording to Laskar (1948), in lakes,
younger bream feed by day and the oldexr ones
by day and night. Kogan (1963) and
Nebolsina (1962), after studying the daily
feeding rhythm of bream in retention
reservoirs, came to the conclusion that they
feed exclusively by daylight. Feeding is
most intensive from 11,00 to 13.00 and then
from 15.00 to 19,00 hours if the temperature
is higher than 27°C,

Tendipedidae preponderate in the food
when the light is strong, and Mollusca at
dusk, Younger year classes feed in the
littoral zone, the older ones in the sub=
littoral and profundal regions of lakes
(Laskar, 19483 Pliszka, 1953). Peeding
places depend on the limmological character
of the water body (Table XII, and Pliszka and
Dziekofiska 1953, 1953a). In the Vistula,
bream feed in muddy places, at greater depths,
where the current is weak zPliszka et als,

1951).

Poddubnyl (1959) reported that, in the
Rybinskoe Reservoir, one-to-two—-year-old
bream feed inshore, two=to=three—ysar—olds
on the newly inundated areas, and older
bream mainly in the former river beds bream
schools were observed on rich feeding grounds,
while, at the same time, single fish or small
groups were feeding on the poorer ones.

The mouth of an adult bream is semi-
inferiors it makes & long snout directed
downward, at an angle with the long axis of
the body. The gill covers have strong
muscles, which give the mouth considerabls
sucking power (Eremeeva, 1948, in Vasnetsov,
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According to Wunder (1936), the bream
uses mainly its taste when looking for foods
according to Kogan §1963g gight is most
important. Disler (1948) proved that the
sense organs of the lateral line may be
helpful in finding food,

‘Bream can search for food in the upper
mud layer only. According to Karzinkin
(1952), bream 11.5 ocm long can penetrate mud
layers up to 5 em thick, 16 cm fish up to
9 om, Karzinkin (1952) is of the opinion
that old bream (6 years old) can find their
food even under & 15 cm mud layer. Changes
in nutrition in older year classes of bream of
the Caspian Sea are presented in Fig. 6, im
thogse of Ceniral Furopsan lskes in Fige T.
Many authors agree with the general rule that
as bream grow older they move to deeper
feeding grounds and feed on bigger organisms.

A" typical pattern of feeding activity
is shown in Fig. 8 (after Hartley, 1947).
The date of Laskar (1948) for German lakes,
Pliszka (1953, 1953a) for Polish lakes and
Morozova (1952) for the Aral Sea suggest
that bream feed most intensively from June
to August, According to Pliszka et al.
(1951), however, in the Vistula there are
two feeding maxima,’in Wovember and May, and
two minima, in January and Julys; the latier
is connected with the level of waterj; feeding
is intensive at & low water level,

The data of Hartley (1947), Laskar
(1941, 1948), Pliszka (1951, 1953, 1953a)
and Nebolsina (1962) suggest that there is
a drop in the feeding intensity both during
the spawning season and in winter. The
observations of Ziemiankowskl and Cristea
(1961) suggest that bream feed at a
temperature of 0.5°C, but in the Gorki
Reservoir Zhiteneva 11960) noticed that
feeding gtopped in October at a temperature
of 4 = 5 C and in 1958 bream stopged
feeding at a temperature of 8 = 9°¢C,

= Abstention from feeding.

During the &pawning season bream
hardly feed (Morozova, 1§52; Pliszka et
al., 1951). Ivlev (1955) studied the
effect of starvation upon the biological
reactions in fish. The data (Fig. 9) refer
to bream weighi'.g 0.32 g» Starvation
clearly diminished +the resistance to water
pollution (phenol) and infection with
mould (Saprolesmia).

3442 Food,

Data on bream food are numerous.,
Laskar (1948), Shorygin (1952), Aristovskaia
(1954) and Pankratova (1948? made lists of
appropriate references, Table XIII and

Fig. T show the most important food
components of bream,

Meny authors confirm the pattern of
food composition (Egereva, 19623 Volgin and
Vertinin, 1964, and others already quoted).

Annual changés in food composition
were observed in lakes (Pliszka, 1953,
1953a) and brackish waters (Shorygin, 1952).
It is believed that they reflect changes in
availability of food animals. This
explanation may be applied to differences
in the food of bream in diverse biotopes,
and in various years in reservoirs
(Aristovekaia, 19543 Ivanova, 19603
Kogany, 19583 Zhiteneva, 196050

Detritus, or mineral particles from
the bottom, are almost always found in
bream feeding on demersal fauna. They may
make up to 80 « 90 percent of the contents
of the digestive tract by weight (Bogatova,
19633 Shorygin, 1952), Gomazkov (1959) and
Ananitchev z1959) discuss detritus as a
source of food for bream. They conclude
that detritus cannot be sufficient food for

.bream although it contains comparatively

large amounts of vitamin B{p., The part

played by bacteria is not clear.

The daily food intake (as percentage
of body weight) is 19.5 percent in ponds,
38.4 percent in aquaria for small bream
and 5 =« 9 percent for big ones. The annual
food requirement is the body weight times
15 (Zheltenkova, 1964),

Karzinkin (1952) found in experiments
that one=year—o0ld bream had a daily food
intake of 5.7 percent of body weight in
June, 10,1 percent in July and 6.6 percent
in August. During 92 days the bream ate
16.5 times its weight at the beginning of
the experiment.

Kogan (1963} estimated the daily food
intake of bream in the Tsymlanskos Reservoir
ag 2,5 = 3 percent of the body weight during
summer, Nebolsina (1962) obtained a similar
result of 2.5 percent for the bream of the
Volgograd Reservoir. Shorygin (1952)
reported the daily intake to be T.4 percent
in the case of bream aged one~plus in Lake
Glubokoey +the annual intake was equal to
15 $imes the body weight.

3.43 Growth rate.

The growth in length and body weight
of many bream populationg has been
established during the last 50 years. Mos%
data were obtained from scale reading and
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Figure 6, Food composition of Caspian bream,
changing with growth (after
Shorygin, 1952),
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Pigure 7. Food composition of bream from two eutrophic lakes
(after Laskar, 1948).



3334 ‘ FRi/336 Abramis brama

100{
90-
80

701
501
60 -

301

10+

A o A Y A A . A I A " A !

B W WV OV o Wvove v i X Xt e ot W

A 2 . A A 2 A A

B WV Y vi vi via X X Xt Xo

1939 1960

Pigure 8. Variation in feeding activity in the course of the years 1939 and
1940, Percentage of f£ish containing food (after Hartley, 1947 )o



FRi/S36 Abramis brama 3135

Time to SO percent mortality days
30 50" 70 90 110 1:r30 150

T I
09 F ~ I‘r
N

N

o
o)

o
J

./;{
" ~o

o
[

~ Feeding level
29
-—"'(,/'

Y

3
0\

AY
N\
[« RN N

I

0 LA |
0 10,0 200 300 400

Loss in individual weight, percent

Figure 9, Loss in weight (solid line) and time to
50 percent mortality (broken line) in
bream in relation to the "feeding level"
expressed as proportion of maintenance
food ration (after Ivlev, 1955).



3236 FRi/S36 Abramis brama
Table XIII
Food of bream
Water body Food components Remarks Author
Yorthern Cumacea, Corophildae Shorygin, 1952
Caspian Sea Adacna (69 percent by weight)
Tendipedidae, Polychasta
Gammaridae, Mysidae
Moneodacna, Oligochaeta
Volga River Tendipedidae, Oligochaeta Pankratova, 1948
Corophiidae
Vigtula River Tendipedidae, Oligochaeta Pligzka g% al., 1951
Tipulidae
Danube Delta Tendipedidae bream Botnariue and Spataru,
= flooded Nematoda, Copepoda 6.2=37.5 1963
areas cm long
= delta itself Tendipedidae, Mollusca
Ivankov Tendipes sp. up to 94 percent summer Zhiteneva, 1958
Reservoir Mollusca 10=61.8 percent food
Oligochaeta 10=T6 percent
Volgograd Tendipedidae, Oligochasta Nebolsina, 1962
Reservoir Mollusca
Gorky Zooplankton 33 percent in Zhitensva, 1960
Reservoir 19573 in other years
Tendipedidae, Oligochasta,
Mollusca
Tsymlianskoe Tendipedidae, Oligochaeta Kogan, 1958, 1963

Reservoir

Mollusca
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back calculations and they should be
treated with caution. Numerous data on
the growth rate of bream in European waters
can be found in the works of Balom (1962),
Bauch (1963), Berg (1949), Geyer (193§),
Hartley (1947), Karpifiska=Walus (1961),
Segestrlle (1932, 1933), Shaposhnikova
(1948) and Wundsch (1939).

Table XIV presents some available data
to show differences in growth rate of bream.
It is possible to distinguish two principal
types of bream growth. The first is
represented in Fig. 10 by the curve of the
growth rate of bream in the Ural River delta
and the Sea of Azov§ in these casesy, a high
growth rate during the first 3 = 4 years is
followed by a pronounced slowdown at the time
of attaining sexual maturity. The second
type of growth rate is shown in Fig., 10 by
the data referring to Lake Tumsula, Gr.
Pléner See and averages for Polish and
German lakess here the growth rate is
approximately uniform, and there is no
slowing down after sexual maturity is
reached. This type of growth ig common
in the water bodies of Central and Northern
Burope.

Vasnetsov (1934) regarded the first
type as representative of bream. He

defined the relative growth index or "growth
characteristic®” as

log 14 = log 11;__’1
1
0.4343 =1

i.e, the difference between log of length
at age t and log of length at age t = 1,
times length at age t = 1. He considered
the growth of bream to show two periods in
most cases: +the first, or juvenile, with
rapid growth, and the second, after sexual
maturity is reached, with low rate of
growth. The data of Fig. 11 give the
values for the "growth characteristic™
index for three bream populations of
various growth rates., Sharp differences
in the index can be observed most frequently
in the populations from the southernmost
areas of the species distribution (Balon,
1963).

The relation of weight to age is
presented in Table XV for three bream
populations, For length/weight relation—
ship, Hartley (1947) gave the formulas

3.296
W = 0,0065 L

for fork length of bream from English waters.
Mg. 12 presents a relationship between body

weight and length for bream from Lake
Godopiwo, Poland, after Karpifiska~Walu$
(1961), and data referring to a number of
other water bodies. These show a similar
trend, although they represent extremely
widely separated populations with different
growth rates. This confirms the opiniom of
Geyer (1939) and Wundsch (1939) on a close
correlation between body length and weight
in bream, irrespective of growth rate.

The Fulton condition index does not
show any greater differences in the case of
populations from different lakes and of
diverse growth rate. For instance,
according to Savina gt al. (1964) the Fulton
index for seven lakes situated in the north—
western part of the USSR varies from 1,73
in Lake Tiosto t0 1,90 in Lake Ilmen.
Shaposhnikova (1948) gave the Fulton index
as 2,20 for the Volga, the highest value
being for three~year—olds, 1.8 = 2.4 for
Lake Itkul, 2.00 = 2,21 for the Dneper delta.
Other authors give similaxr values for bream
from a number of water bodies, (in
Shaposhnikova, 1948). Starvation forms
ars, however, also known among bream, when
body proportions and -condition deviate from
the mean (L#ihmamn and Mamm, 1957T).

Wo correlation has been found between
growth rate of bream and limnological type
of lake (Zawisza, 1961). Wundsch (1939
stated that when comparing the growth rate
of different populations of FEuropean bream
it was impossible to find any dependence
on the geographic position or climatic
conditions, Shaposhnikova (1948) also
reported that the geographic position of a
water body and climatic conditions are
rather secondary factors, the effects of
which may be alleviated by food abundance.
The growth rate in different areas is
shown in Fig. 13, from the work of
Shaposhnikova (1948), supplemented by datae
from other authors.

The following classification of growth
rate of bream follows Jirnefelt (1921),
Geyer (1939 and Wundsch (1939):



3338

FRi/S36 Abramis brama

Age (years) at which

Rate of standard (total) length welght of 1 kg and
growth at age 9 (em standard length of
37 em are reached
good 31.5 (37.5) before 11
medium 25 = 31.5 (30 = 37.5) before 14
poor less than 25 (30 ) after ‘14

In addition, a class of "wery good" growth
rate has been introduced; after Shaposh-
nikova (1948), to denote those populations
which reach the length of 31.5 om at the age
of five-to=-six years and the weight of 1 kg
and body length of 37 ocm at the age of sixz=
to=eight years. Such growth rates have been
observed not only in estuaries and brackish
waters of southeastern Burope but also im the
Bodensee (Haakh 1929, in Wundsch, 1939), the
Vistula Lagoon (Filuk, 1957) and among survi-
vors in smaller lakes after winter-kill (Kar-
pifiska-Walud, 1961),

A number of authors, from Jirnefelt

Stock ins

Factors affecting growihs

{1921} %o Laskar (1948), have drawn attention
to the dependence of growth rate upon the
quality and quantity of food. This is very
noticeable in retention reservoirs during the.
first period of their existence (Elizarova,
1962; Iliina, 196035 Marketova; 1958;
Shaposhnikova, 19485. But in lakes no clear—
cut correlation between the abundance of the
profundal fauna food and the growth rate of
bream can he established if other factors are
not taken into consideration (Wundsch 1939;
Karpifska=-Walud, 1961; Zawisza, 19613.

Some other opinions eoncérning growth
relations may be summarized as follows:

Authors

Finnish lakes Temperature
German lakes
Polish lakes

of factors

Azov Sea

Combination of factors

Food abundance, combination

Food availability, length

of growing season

Caspian Sea

availability

Abundance of bream and food

Segestrile, 1932

Geyor, 1939

Karpifska-Walu$, 1961,
Zawisza, 1961

Dementeva, 1955

Zemskaia, 1958, 1961
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Growth in length of bream from some waters:
1o Ural River, 2, Sea of Aszov, 3. Grésse
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Figure 11, Vasnetsov's growth index: (in 14 = 1n 1;

o 1
1, Ural River, 2. Tuusula Lake both from %aﬂ il

netsov
(1934), 3. Charzykowo lLake (Stangemberg, 1950)
calculated by Balon (1963).
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Figure 12, Length/weight relationship in bream
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3.44 Metabolism.

The available data are presented in
Table XVI and Figs. 14 and 15,

Kuznetsova (1958) studied the oxygen
requirement of bream from fertilization of
egg until the larvae attained a weight of
2 g According to Vinberg (1956) a rough
estimate of the gtandard metabolism of
bream at 20°C can be obtained from the
formulas

Q/ 02 m1/p/ = 0,3 wO8

or 0.8
Qg/calories/dax/= 36w

where "w" ig welght in grams.

Wo data on active metabolism has been
found.

3¢5 Behaviour

3,51 Migrations and local movements

Bream from the estuaries of Black,
Casplian and Azov Seas have been described as
gseml=migratory. The spawning and winter
grounds of those populations are in the lower
reaches and deltas of large rivers, while
their feeding grounds are in bracklish sea
areas. Consequently two periods of mass
migration are observeds spring and autumn.
The spring migration of the Caspian bream
beging with the melting of ice on the gea.
The first group of bream start their up~
stream migration at the beginning of April,
while the second and larger run lasting for
15 = 30 days begins when the wateroof the
river reaches the temperature of 8 C,

After spawning, dbream return to the sea

and disperse to feed. They school at the
end of July and in August. The autumn
migration in ‘the northern part of the Caspian
Sea begins in August and reaches its peak in
October. Bream spend the winter in the
deeper parts of rivers, not far from the
places where they discharge themselves into

" the sea (Dementeva, 1952a3 Berg in Bersz et
8l., 1949).

Only a part of the bream population of
the Aral Sea spawn in rivers, while the rest
spawn in the areas swrounding river mouths.
In March = April bream appear in coastal
areas to breed. After spawning, bream move
$0 marine feeding grounds and return to the
shore in September = October. In December
bream aggregate near the Syr and Amu~Darie
Rivers (Morozova, 1352). Veolikokhatko
(1941, in Berg 1949) distinguishes two forms
of Dneper breamt a "winter" form which
nigrates up to 100 km upstream and "spring"
£ish which occur in the lower reaches of ths

river, The runs of the “winter® form begin
in autumn, at the end of September and in
October, and they last all through the wintex.
The "spring® form is not so numerous as the
“"winter"™ ‘one and starts its migration in
spring. Young bream reaching the length of
25 = 30 mm swim seaward.

The results of tagging carried out in
German rivers and in the middle Vistula
(Pliszka, 1951) prove that most of the
population does not migrate for long
distances, Similarly, the observations of
Sakowicz and Backiel 31953), on the migrations
of fish along canals linking lakes with dense
bream populations, did not reveal any cleaxr=
cut migratory trends.

Within particular lakes, however, there
occur local migrations which in some degree
regemble those of semi-migratory bream of
the North-European big river estuaries.-
Driagin (1949) described the spawning
migration of bream from Lake Pskovsko, USSR,
to adjacent rivers. . Tagging was carried out
in Lake Sniardwy, Poland, (unpublished data
of the Inland Fisheries Institute in Olsztym)
on a spawning ground where they were very
abundant. Tagged fish were caught on feeding
grounds over the whole lake in summer, and
they were found on & gathering ground in
winter,; when 40 tons of bream were taken in
one seine haul,

3,52 Schooling.

Bream school in early stages of their .
development (Vasnetsov et al., 1957) after
reaching the length of 16 mm (Paiusova, 1961).
These schools or aggregations, known also as
"elementary populations® (Lebedev, 1946),
differ in individual size, gize distribution,
condition factor and degree of infestation ,
with metacercariae., Paiusova (1961l) observed
separate aggregations of young bream for two
weeks., The behaviour of those bream was not
observed. Observations on bream in an
aguariuvm suggest that they school when
excited and thsy scatter for feeding.

Ohlmer and Schwarzkopf (1959) proved that the
swimming velocity of bream studied :
individually increases with their length,
from 0.66 m/sec, when they are 12 = 16 cm .
long t0 0.90 m/sec at the length of 24=28 em.
Bream, when studied in a school, swaem 0,65 =
0,68 m/sec irrespective of their length’

(of. also section 3.51).

3,53 Responses to stimuli,

Bream are able %0 see light of wave~
length 400=710 mp, their greatest sensitivity
lying between 600 and 630 mp. At dusk they
are most sensitive to rays of 540 mp. The
number of pictures a bream can distinguish
in one sec is 55 (Radakov and Protasov, 1964).
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Table XVI
Respiration rate of bream
Xge (days) Weignt (g) 0, consumption Author
Embryo 0,655 mg/h/g Kuznetsova, 1958
Larvae mm3/h/10 larvae Nikiforov,1953
20 b 0,080 0,84
25 0.100 0.38
30 0,120 0.42
45 0,210 0.42
60 0,200 0,42
Older bream at t° = 20°C mg/b/g Ivanova,1939
38,7 0,177 in Vinberg, 1956
69,5 0,165
102.9 0,114
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Figure 14. Metabolis rate of boream and temperature
(from Vinberg, 1956, after Bogdanova
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The reaction to light changes with age.
Privolnev (1956a) found that bream younger
than 15 days shun strong light, from the
15th to the 20%th day of their 1ife they get
more photophilous, and they again avolid
light when they are 40 days old.

A positive rheotazis was observed by
Aslanova (1952) among bream 4.5 = 5.5 om
long, when the water current wag 3.32 om/secs
Bream aged two-to-sixz ysars, which were
24 = 35 cm long, took am upsitream position
in flow rates of 4.54 = 8.46 om/sec.

A drop in the oxygen content of water
to 1l or 1.5 mg/l caused bream to leave that
place and search for another where the
oxygen content was higher (Alabaster and
Robertson, 1961). Privolnev (quoted by
Vinberg, 1956) observed restlessness among
bream at an oxygen content as high as
2-2.5 mg/1l.

Bream of the southern region of its
distribution avoid salinities higher than
12,9 %o (Karpevich, 1955).

According %o Lenkiewicz (1964), young
bream of é-10 cm, studied in November and
acclimatized for one=to=five days at
7=8°C, showed a preference for wajer of
temperature 9=19°¢ (average 13,75°C)s but

when acclimatized at the temperature of
14=25°¢ they preferred a higher tempsrature,
from 13=249g (averagg 18.900)- Bream bred
in an aquarium at room temperature for 6
months showd a preference for temperatures
from 26° to 28°C (Horoszewiez, unpublished
data),

The bream is sensitive to direct
eloectric ourrent of field intensity equal %o
0.66 V (Bodrova and Kraiukhin, 1959). 4%
the intensity of 3.64 V eleotronarocosis
takes place. The reaction to alternating
ourrent (Shentiakov, 1964) begins with fin
twitohing at about 0.46 = 0.77 V, head=to=
tail voltage {"Gestaltspannung® in German,
denoted by UR).

As the electric field strength grows,
the twitching of fins inoreases; there are
body jerks, uneasy swimming around; then
sudden swimming for long distances and
oonvulsive movements of the body. Shock or
tautening of fing and the whole body,
twitohing and at last complete immobility
take place at Up @ 2 to 3.5 V, depending om
the body length, at the water resistance
3035 Obm/cm.
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4~ POPULATION
4,1 Structure
40,11 Sex ratio

Aveilable data are presented in Table
XVII. In the catchable populations females
usually predominate., It may be assumed
that the same is true of the population as a
whole owing %o the greater mortality rate
among males (Alm, 1959). In older age
groups the proportion of females keeps in-
oreasing.

During the spawning season far more
meles are taken and up to 80 percent were
recorded by Shaposhnikove (1948). This is
because males remain longer on the spawning
grounds (of. section 3.16)s In bream ag-
gregations observed in the Sea of Azov,
called "elementary populations" by Lebedev
(1946), the sex ratio varied widely, ranging
from 48 to 80 percent of females. To sum
up the available datas

= the ratio among young bream is close
to 1 s 13

= the number of males declines faster
than that of females as bream grow older
females predominate in older age groupsj

= in the spawning asggregations usually
females predominate before spawning whersas
males are more numerous during spawningj

- in feeding aggregations the ratio
varies,

4,12 Age composition

Table XVIII exemplifies age composition
in bream catches. Populations from northern
waters (Siamozero) are composed of more age
groups than those from southern waters.

The composition of a population varies
from year to year, particularly in heavily
exploited populations (e.g. Caspian Sea)
owing to considerable variations in the
abundance of different generations (Fig. 16).

Age at first capture is frequently two-
to-three years (Teble XVIII)., In the lakes
of northern Poland it is five-to=six yearse

The average aye of bream caught in the
northern Caspian Sea (Lukashov, 1961) was
4.5 in the years 1937 - '48 and 3.6 in the
years 1953~"' 58, In the Sea of Azov 1t
ranged from 4.5 to 5.5 in 1939-'47.

The most abundant age groups of bream
caught in northern waters ares

431
' Siamozero T =12 years
Vigtula Lagoon 3 = 8 years
Vistula River 4 = 6 years
Lakes of Northern Poland 6 = 10 years

In the Danube estuary T6 percent of the
bream caught are two years old (Popescu,

'1958) .

The age composition in the populations
caught varies in the course of a year, as
shown in Table XVIII for the Caspian Sea.

In spring, older individuals are usually ta-
ken in spawning aggregations.,

Age at maturity - cf. section 3.12

Maximum age -~ of, section 3.3l

4.13 Size composition

The composition of bream populations in
length groups are illustrated by the datza of
Dementeva (1955), for catches with a gear
called "lampara®™ in the Sea of Azov. The
catches comprise individuals ranging from
5 to 51 om in length (Fig. 17). The varia-
tions in the size composition are in agree-
ment with the variations in age composition
(cf. section 4.12), so that bream 7 cm long
dominated in the Sea of Azov in 1948, while
bream 27-35 c¢m long were predominant in 1952,
In commercial catches from various waters the
length of bream was as followss

" 28 ~ 57 om body length
(Backiel unpublished)

Nogat River
(Vistula estuary)

Vistula Lagoon 15 = 60 cm total length
(Filuk, 1957)

Elbe River 22 = 57 cm total length
(Bauch, 1958)

Danube estuary 21 = 38 cm total length
(Popescu, 1958)

Size at first capture:s cf. section 6,12,

The average lengths of bream caught in
various waters vary, due to differences in
the abundance of generutions, variations in
growth and also exploitation.,

In 1929-'39 the average length of bream
caught in the Volge Delta ranged from 24.5 =
31 cm (Dementeva, 1952) due to variations in
the abundance of generations. A decrease in
the average length of bream caught today, as
compared with bream caught during the Middle
Ages and in prehistoric times, has been ex-
plained by changes in the methods and inten-
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TABLE XVII
Sex ratio in bream populations
Data Percent of
Locality obtained from females Author
Szezecin cormercial catch 63,8 Pgczalska, 1043
Firth, 1956-1959
Poland
Szezecin commercial Poczalska,1963
Pirth catchy, age
groups
2 43.3
3 55.9
4 70.5
5 59.7
6 61,6
7 60,0
8 65,0
9 64.0
10 70,0
11-15 78.7
Cerman lakes abt 50,0 Wundsch, 1939
Vistula River conmercial catch Zawisza,1951
Poland aze groups
3 46,0
4 39,0
5 48,5
610 55.5
Danude River, special collec~ abt 50,0 Balon,1963
Czechoslo- tion
vakia
Volge eatuary young bream abt 50,0 Berg,1949
catch, age 1 and
2
Volgas estuary spawning popula~ 53.0 Berg,1949
tion . in autumn
Volga sstuary commercial catch,
and Azov Ses age groups Dementeva,1952
3 28.6
4 45.3
5 64,0
é 78,2
7 87.5
8 100.0
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Figure 16, Age composition of bream catches in Volgs
Estuary (after Dementeva, 1952).
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sity of exploitation. So, for ezZample, ex-
cavations from the first eight centuries
A.D. revealed that the average length of
bream from Lake Pskovskoe was 39.6 cimy
whereas the average for 1951 is 33.1 cme
Bxcavations in the viecinity of Lake Ilmen
from VII to IX centuries A.D. revealed the
average length o be 42.4 ocm; +today it is
305 cem (Nikolskii, 1958). Similar tenden-
cies have been observed in bream from the
Sea of Azov (Nikolskii, 1958), the average
length being:

5,000 years ago, about 36.0 cm

in 1925 w 343 cm
" 1929 " 31,0 cm
¥ 1955 " 29.4 cm

4ccording to Tsepkin (1964), bream ave-
raging from 28,9 to 29.5 cm wers caught in,
the VI - XI centuries A.D., in the estuary
of the Amu-Daria River, where it enters the
Sea of Aral. It must be stressed that 5,000
years ago bream comprised only two percent
of all catches, whereas today they amount %o
some 39 percent,

Size at maturity cf. section 3.21.

In lakes, adult bream inhabit deeper
regions. In the shallow coastal waters of
lakes only young bream, about 4 cm long, are
found, and these occur only in small numbers’
even in the vicinity of spawning grounds
(Backiel, 1953). In running water, larger
bream avoid shallow places, They move %o
deeper waters within one month of hatching
(Backiel, 1958).

The same applies to the Volga (Demen-
teva, 1952a; Tanasiichuk, 1952, 1959), and
to the Amu-Daria and Syr-Daria (Berg, 1949)
where young bream move to desper water and
to the brackish water of the estuary. As
early as July, bream about 2 cm long have
been found in brackish waters {Dementeva
1952a; Paiusova, 19613 Taenasiichuk, 1952)0
The data concerning the age distribution in
autumn and spring catqhes,inmthe Worthern

Caspian Sea (Table XVIII) show differences
in bream size in various places and seasons,
connected with spawning migration.

According to Berg (1949) the maximum
weight of bream is 11.55 kg. Toner (perso-
nal communication) reported that a 5.3 kg
bream has been caught in Ireland. Bauch
(1958) gave 8 kg as the maximum weight in
the Blbe River. Lebedev (1961) mentioned
the length of 74 cm as the maximum for
bream, %cf. section 3.31),

4.2 Abundance and dengity

4,21 Average abundance

No information is available on any at-
tempt to estimate the abundance of bream by
tagging or from data on fishing effort and
catch. Xarpevich (1955) estimated the so=
called "Promyslovyi zapas' (available com=-

'mercial stock) of more than three~year-old
fishes in 1947 and 47.7 million fishes in
1949~'50, The areas where bream gccured were
17,000 = 18,000 km? and 10,000 km® respec—
tively. Therefore it is possible to caleu—
late that average numbers of bream older than
three years were 22 per hain 1947 and 48 per
ha in 1949 and 1950, '

_bream of the Sea of Azov 4o be 39,4 million

4.22 Changes in abundance

Changes in abundance caused by hydro-
graphic and other conditions were studied in
the Sea of Azov by Maiskii (1955). He esta~
blished the area where bream were present,
and then the relaitive density was found in
various places of that area by means of
catches made with a net called "lampara®,
which can take fish from 5-50 cm long. The
numbers of fish caught are an index of rela-

tive abundance, according to the authow, The
results were as follows:

Year 1937 1940 1946 1947 1948 1949 1950 1951
Area where
bream were 0 1 18 13 12 10 10
found 22 2 5
{thousand ka)
Relative abun-—
dznze 161 62 120 96 130 40 40 66

(million fish)
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A shrinkage of the area of occurrence,
and consequently a drop in abundance, were
caused, according to Xarpevich (19553 and
Maiskii (1955), by an increase in the sali-
nity of the Sea of Azov, as a result of flow
regulation of the Don River where retention
regervoirs have been duilt,

Tanasiichuk (1952), Dementeva (1952a)
and Koblitskaia (1961) have pointed %o the
dependence of the abundance of young bream
‘on the water level of the Volga delta. A
high, although not disastrous, water level
lasting for 12-15 days during bream spawning
.and egg and larval development and then a
Jlowering of the water level favour the deve-
:lopment of a numerous generation. Romany-
cheva (1958) noticed a similar correlation
between the strength of year classes in the
Aral Sea and the water level in the Amu~Daris
JRiver. His suggested explanation is that a
.high  water level makes bream more difficult
to calch and therefore more bream reach the
spawning grounds.

Changes in hydrological conditions and
an increase in the water area resulting from
the building of retention reservoirs gene-
rally cause a rise in the abundance of bream,
both in absolute and relative numbers
(Wundsch9 1949; Backiel, Kossakowski and
Rudnicki, 1956; Nikolskii, 1948; Sebventsov
and Meisner, Mikheev, 1953; Vasilev, 1956),

The following four reservoirs may serve
as an examples:

Pape (1952) drew attention to the un-
desirable effects of river bed correction
uponr the population of bream. Hs was con-
vinced that a drop in catches (mainly bream)
in the Elbe from an average of 56.6 kg fish/ha
between 1896 and 1928 to 18.5 kg fish/ha was
caused largely by cutting-off or destroying
lentic environments and by pollution. Bauch
(1958) was of a similar opinion. Hydro-—
graphic conditions should be accepted,
therefore, as one of the most important fac-
tors influencing the abundance of bream.

Wikolekii (1954) arew attention to the
effects of climatic changes and stated that
5,000 years ago bream were the main fish in
the catches in the drainage basin of the
White Sea; and now they are caught there in
negligible amounts., The retreat of bream
from those waters is connected with cooling
down of the c¢limate.

- Biotic factors.

Competition for food is mentioned as an
important factor but no reliable data are
available (cf. section 3.33). Tanasiichuk
(1952) mtated that a decrease in the popu—
lation of Blicea bjdrkna L. in the Volga
delta favours a better survival of bream,

Predation on bream is inconsiderable
and cannot really affect the changes in
abundance (cf. section 3,34).

An invasion of parasites can have se-

Reservoir Year of fishery

exploitation Percentage ;n catches
M&hnes to 12th year very low
Westfalen
(highland) 12%th = 14th years up to 8.3 percent
Qtmuchdw, 1st = 4th years 1.0 percent
Slask, Poland <
(1owland) 13th - 20th years 75.0 = 90,0 percent
Kutuluk, lst - 5th years congiderable amounts of
Middle~Volga, young
USSR
(lowland) 8th - 10th years 34.0 = 42,0 per cent
Rybinskoe, 1945 9.5 percent
USSR
(Lowland) 1951 35.8 percent

In all thess water bodies Tthe catches of
bream increased with the lapse of years,
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rious effects (cf. section 3.35).
= Effects of exploitation.

A break in bream exploitation in the
group of "Siamozero"™ lakes in 1940-'42
caused an increase in the abundance of 1941~
143 generations (Balagurova, 1963). An in-
crease in bream catches in Polish lakes du=-
ring the years 1958-65 was partly due to
greater legal sizes and stocking (Zawisza, in
Backiel, 1965),

According to Dahl (personal communi=
cation), bream in Danish lakes is underfished
and therefore numerous. Hofstede {personal
comunication) is of a similar opinion con-
cerning Dutch waters,

The importance of exploitation in the
changes in the abundance of fish, including
breamy, ig commonly accepied.

4.23 Average density.

From the duta quoted by Karpevich (1955)
it has been calculated that in the Sea of
Azov there were 22 individuals/ha in 1947 and
48 individuals older than three years in 1949
—'5?. The average yield was 6.6 kg/ha (Table
XIX).

Data presented in the table show diffe-
rences in the average density of a bream
population. The intensity of catches is not
known, and therefore water bodles exploited
in a similar way for a long time have been
selected. Thus it may be assumed that dif-
ferences between catches result from dif-
ferences in population density.

The differences are even more distinct
vhen a group of 238 lakes exploited in Po-
land is taken into consideration (Leopold,
date Inland Fisheries Institute). This spe-
cies was not taken at all in three of the
lakes, and the amount of bream caught in the
remzining lakes was as follows: In 27 lakes
(11.3 percent) less than 1 kg/ha; in 26
lskes (10.9 percent) 10-20 kg/has in 3 lakes
it wus higher than 20 kg/ha, the maximum
yield being 27 kg/he; in the remaining lakes
(76.5 percentg the yield was between 1 and 10
kz/ha. The average yield per ha, which to &
certain degree pupplies information on the
density of bream, does not depend on the area
of a lake (Leopold, personal communication).

4.24 Changes in density

Catches per unit of fishing effort with
varicus types of gear are very diverse in
the lakes of Northern Poland., Average values
are presented in Table AXIV (Bection 5.41).

The catches near the Volga delta in the
Caspian Sea per 100 gill nets are given by
Dementeva (1952); they vary with the region:

Region Western [Central Bastern

kg/lOO nets$0,9-2.2 (3, 7=23+4{in single casges
up to 5.0

In the Volga delta, the farther from the sea
the lower catches per unit of fishing effort
were reported, e.g. in 1937:

Delta region Lower Central Uppsr

kg per 218,52 44.61 6.69
Seine haul

Tanasiichuk (1952) included the results of
catches made with & fry trawl in the Northemn
Caspian Sea and information on salinity:

Salinity No. of Bream per hour
. ﬁg trawling

0 903

1
1051

2
1063

3
236

4
210
2 26
p 5
251

7
_ 315

8
23

9
6

10
121

11
106

12
24

13
T

14
o]

15
¢

16

The few examples mentioned above illustrate
the enormous variability in the bream popu~
lation density in fresh and brackish waters.

Seasonal voriation of available stock is
shown in Table XXIII. This variation is a
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Table XIX

Amount of bream caught per ha of some water bodies

. - Percentage of
Water body Br;Z?hin bream in total Author
catch
Sea of Azov 6.6 9,1 Bervald, 1952
North-Caspian 4.1 13.0 Bervald, 1952
Aral Sea 1.8 36,0 Borvald, 1952
Siamozero
Karelia,ﬁSSR 0.2= 0.3 Balagurova, 1963
Ijssel Lake 1o 0 Hofsted . .
Netherland; > 3 orateds, pers.comm
Forth-eastern
German lakess
Griminitz 11.8-24.3 58,0~72,9 Tesch,1955
(data for 2 years)
Miigelsee 0,0 b
(2 years) 12,0 3 esch, 1955
Sacrowerses =50
(6 yoars) 0,3=T7.7 1.7-50.6 Tesch, 1955
Tallenses
(3 yoars) 3.7=15.0 6.5-18.4 Tesch,1955
Polish lakes:
Average for all 26 Leopold, pers.comm.
in 1950-1964 4.73 1925 (Dpt.Economics, Inland
Fish,Inst,)
minimum (1957) 3,14 17.55
maximum (1952) 6.79 23,87
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result of winter or spawning aggregations.

4.3 Natality and recruitment

4,31 Reproduction rate

Zemskaia (1961) estimated annual egg
production rates for the bream of the Volga
Delta (Fig. 18). She multiplied an average
fecundity by the number of females probably
reaching the spawning grounds. Numbers of
eggs deposited varied from 520 to 3,962 mil-
lion million in 1936-'49,

For survival in embryonic and larval
phases see sections 3.21 and 3.22.

- Forecasting of potential yields.

An estimate of the density of young
fish, made AQuring their seaward runs in the

Volga delta by Tanasiichuk (1952), has beenused
to forecast the relative sbundance of year clasg-

ses in catches (Dementeva, 1952; Dementeva,
1952a3 - Zemskaia, 1961). Thers is a direct
relation between the number of young bream
caught during one hour trawling and year
clags sirength caleulated by the Derzhavin
method, as ghown by the approximate formula:

2y olNb
Nx w &y or ;
J— [, x =
Nb a.b . ab

where s 8ys 28y are number of young per one

hour of trawling in the years x and b, Nx
and Nb are year class strengths in the years
z and b,

As seen from Fig. 19, such calculations
may contain considerable errors. It should
be mentioned that the correlatiocn between the
density of young and the year class strength
was close in 1931-'30, the correlation coef-—
ficient being 0,91 (Monastyrski, 1952),

4.32 Factors affecting reproducticn

The water level in the estuaries of the
Volga and Amu-Daria affects decisively the
number of larvae hatched (cf. section 4.2).
A pudden lowering of the water level in the
river after spawning causes drying out of
eggs (of. sections 3.21, 3.22).

The amount of food available for larvae
and young figh is mentioned as the main factor
influencing the brood strength (Zemskais,
19613 Dementeva, 19953 Nikolekil, 19533 and
sections 3.22, 3.35). According to Karpevich
(1955), the survival of four-day-old bream
larvas in the Sea of Azov, in water of sali-
ity 0 = 7.% %0 and temperature of 17°C, was
reagonably high and it did not depend on

salinity; an increase in salinity above
7.5%0 caused increased mortality. A sgimilar
resistance was shown by 1ll-day-—old larvae to
salinities of up to T.5%o.

4,33 Recruitment

Monastyrskii (1952) proposed to divide
the spawning population into two parts on
the absence or presence of spawning marks on
scales:(a) fishes spawning for the first
time and (b) those repeating their spawnings.
The spawning population of bream in the in-
land seas of the southern USSR is the main
object of exploitation. Therefore fish which
have not yet spawned are to a certain degree
recrultment to the fishable stock., The age
distribution of that part of population is
shown by data referring t¢ the bream of the
Northern Caspian Sea (Table XX). In the
catchable stock of Casplan bream, the rela-
tive numbers of recruits defined as above
varied from 42.2 to 87.7 percent, depending
on brood strength, in the period 1933='39,
Relative numbers of recruits can be higher
in lightly exploited populations, Varia~
tions in the growth rate of bream and resul-
ting changes in the average age at which sex~
uval maturity is reached affect the recruit-
ment rate (cf. sections 3.12 and 3.43).

Recruitment may proceed during the en~
tire growing season or only in the warmex
period. Fig. 18 shows the ratio of eggs de-
posited by bream in the Volga delta to the
density of young fish. As can be seen, there
is no simple .correlation. In our opinion i%
is very characteristic that meximum numbers
of young fish developed from eggs deposited
in numbers below the average (see year clas—
ses 1941, 1942), and this suggests a relation
resembling Ricker's reproduction curves. Ac-
cording to Dementeva (1952) the number of
spawners, and hence the quantity of eggs
laid, has little bearing on recruitment.

4.4 Hortality and morbidity

4.41 Mortality rates

Average annual moritality caused by
fishing and natural fuctors was estimated for
the postrecruitment phases of the North-Cas-—
pien bream (Lukaskov, 1961) (cf. section
4.5). Balon (1963) from one sample of 256
individuals, estimated total mortality of
bream older than four years to be 65 percent
annually. It follows from the age compogi=
tion (section 4.12) that among older age
groups, particularly in the northern water
bodies, total mortality is less than 50 per-
cent. Tiurin (1962) estimated the survival
of the Lake Ilmecn bream using Baranov's me—
thod. The method assumes that if, in a given
sample, maximum age is represented by one in-
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TABLE XX
Age composition Percentage of Northern Caspian bream migrating
for spawning for the first time (after Dementeva,1952)

Year e 5 3 Age (Xears - —
1933 25,8 45.3 27.5 0.9
1934 0.2 91,2 8.4 0.2
1935 2.8 94.1 3.1
1936 2.4 45.9 51.7
1937 3.5 46.6 36,3 9.8 3.8
1938 0.9 28.3 66,0 2.5 0.7
1939 80,3 17.0 2.7
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reproduction rate, 10" eggs.

Relative abundance of young bream in the Volga
Estuary against potential number of eggs
dogo;itod in the same year (data from Zemskaia,
1961).
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dividual then anmual survival is a funciion
of maximum age and the size of the sample.
Tiurin'’s sample contained 260 bream in age
groups from 2 to 11, from which he estimated
the total mortality rate to be 40 percent.
His estimate of fishing mortality as 22 per
cent seems to be not very convincing,

Cherfas (1956) quoted Demenieval's
estimate that the proportion of eggs.which
eventually gave rise to caught fish in the
cagse of North-Caspian bream varied from
0, 0006 to 0,0220, or from 6 to 220 fish were
caught per 10,000 eggs laid.

These data show variations in mortaliiy
rates. As can be seen in Fig, 18, there is a
considerable variation in survival in the
first year, but a more consistent survival
rate in later years of life is suggested by
Fig, 19, The oscillation of the fishing
return coefficieont,; expressed by Zemskais
(1961) in arbitrary units, ranged from 0,01
t0 0,18 (ratio 1 s 18).

4,42 Factors causing or
affecting mortality.

Predation by fish is a factor which
usually hag little influence on the survival
of young bream (cf. section 3.23). When the
density of young bream is great, however,
competitors or predatory fishes may affect
the survival rate {cf. seation 6.44).

4.43 Tactors effecting morbldity
= of, section 3.35.

4.5 Dynamics of population (as a whole)

Lukashov (1961), in a very short paper,
attempted to apply a mathematical model to
the exploited bream population inm the northern
part of the Casplan Sea. The survival rate
wag eztimated after taking into account the
year-class composition of +the population
fished, during two periods of varying
intenslity of exploitation, i.e. in period Is
1937=48, period IIs 1953-58. The total
mortality rate in period I was 0,55 and in
period II it was 0,80, He estimated fishing
and natural mortalities; without describing
the method in detall, as followss

Hatural mortality Fishing mortality

Period I 0.15 0.40
Period II 0,15 0.65
Growth rate parameters to the Bertalanffy'sm
formula Ly o Le(l @-k(t—to))

were estimated as:

Low = 42 cm

k = 0,233

to = 0,62 years

From the weight/length relation
Weo = 0,0215 , Lo

the maximum weight was calculated to be
1,593 grams,

In calculating yield per recruit the
following valussg have besn accepted:

¥ (natural mortality coefficient) = 0,165

ty (age at recruitment) = 2 years
tc (age at first capture) = 3 years
tj‘(méximum age) = 20 yeoars

Lukashov €1961) was eonvinced that
increasing t; (age at first capture) by one
year and diminishing the intensity of fishing
(¥) could result in a three— or fourfold
increase in yield.

Many Soviet ichthyologists (Monastyrskii,
19523 Dementeva, 19523 Nikolskii, 1950,
19533 Dementeva g% al., 1961, and others)
view fish population dynamics in & different
way, emphasizing the connections between
dynamic parameters and environmental
conditions and the community, and looking for
causality. ~The latter has been mentioned
sbove (sections 4.2, 4.3, 4.4). According %o
those authors the size of a population
depends mainly on the "feeding base" (the
area and richness of feeding grounds) and
also on spawning conditions. Monastyrskii
(1952) explained variations in the abundance
of & bream population in the region of the
Volga delta as resulting from the changes in
those factors and in the conditions under
which young fish live in winter. He stressed
the fact that looking for one factor
responsible for variations in abundance does
not solve the problem.

Fikolskii (1950) pointed to the relation=
ship between food, growth rate and age of
sexual maturity, and stated thsat the sirength
of fish year—-classes depends on the above
relationship, For the bream of the Volga
Delta region, Zemskaia (1961) foumd a
positive correlation betwsen the food supply
index and the growth rate of bream in the
3rd, 4th and 5th years of life.
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Factors responsible for veariations in
abundance may be different in diverse environ=
mentg., Thus; e.g. changes in the sbundance of
bream in the Sea of Azov and the Don Delta
are connected with variations in salinity
(Karpevich, 1955). The water level oscille=
tion in the deltas of the Volga and Amu=-Daria
are of great importance (Tanasiichulk, 19523
Romanycheva, 1958), Water level was algo held
responsible for wvariations in the year=class
strengths of bream of the Rybinskoe Reservoir
(0stroumov, 1956).

Numerous authors have drawn attention 4o
exploitation as the main factor controlling
abundance (Berdichevskii, 1961 Nikolskii,
19585 Tsepkin, 19643 Zawisza, 1961g
Lukashov, 1961;.

4,6 The population in the commumity
and tho ecosystem

The bream is a generatively stagno=
philous fresh-water species, living also in
brackish waters of & salinity up to 10 %o
(ofo sections 2.3 and 3.21), In bigger rivers,
1% ocours in the middle and lower reaches (e.g.
in the Rhine, Elbey, Danube; Vistula, Don,
Volga), When the current of a river is strong,
ag @,8. in the Amu-Daria, it occurs only in its
delta (Shaposhnikova, 1950). In small rivers,
even those with very wesk currents; bream are
found in negligible quantities (Backiel, 1964).
When a river is divided into zones, the bream
is recognized to be a characteristic species
of certain physical conditions (Borne, 1877,
and Nowickl, 1882, according to Starmach, 19563
Huet, 19493 Bauch, 1963). According to Huet
(1949), a bream zone comprises those river
stretches of slope less than 1 in 2,000 and
which are from 5 m to 300 m widej according
to Starmach (1956), & bream zone comprises
river strstches of slope beitween one in 800
and one in 10,000 and 15 = 200 m wide. Bauch
(1963) defined that zone in & different way,
namelys besides bream and white bream there
are found numerous species which also occur in
the lakes of the German Lowlands including
sporadically Barbus barbuss the bottom is sandy
and muddys lotioc environment with abundant
vegetation, the banks overgrown with Typha

and Phragmites.

The fishery olassification of the lakes
in Germany, Poland and USSR also accepis the
bream as a characteristic species (Bauoh,
19633 Sakowicz, 19523 Cherfas, 1956),

Among bream lakes, Bauch (1963)
distinguished four subtypss which differ in
certain environmental properties and in
quantities and siges of bream most often
caught (Table XXI). Cherfas (1956) defined
bream lakes in the USSR as those which are not
too deep, with a well developed littoral region,
abundant vegetation and a very muddy bottom.
During winter and summer, oxygen exhaustion
often occurs in the deeper layers of water.

Two subtypes have been distinguished: smelt-
bream lakes and bleak=bream lakes, according
to which of these two species is abundant in
the pelagic zone of a lake.

In the bream lakes of Poland, from 17 te
23 fish species are found, but roach, bream
ang yleak predominate (Zawisza in Backiel,
1965),

It should be stressed that the fighery
clagsification of lakes as described above
has not resulted from sn analysis of ceriain
properties of water bodies and the co=
existance of fish specles in those water
bodies; and therefore it ought %o be looked
upon as & working conception. I% has been
mentioned here since it is very common.

According to limnolegical typology,
bream lakes are b-mezotrophic and eutrophisc.

The bream population position im the eco=
system is determined by their abundance, food,
predatore feeding on bream, and paragiteg,
gsome of which have a complex life oyele {of.
section 3.35). The abundance of bream in many
waters can be comparatively great (of. section
4,2) and therefore it may be concluded that
their part in the ecosystems of lakes and some
brackish waters is considersble,

After gtudying the food of fish of +the
Northern Caspian Sea, Shorygin (1952) stated
that bream feed mainly on Cumaces (more than
25%. of daily intake) and that Cumacea are also
the main food of some Gobiidae (Fige. 20). A
complete 1ist of orgaenisms on which bream feed
shows that many of its items are taken by ale
most all the fish species, but the coincidence
is strongest in case of some Gobiidae and
Cyprinus carpio and less, although still con-
siderable, with Butilus rutilus caspius and
Acipenseridae., Taking into account the area of
fish occurrence in the Northern Caspian Sea,
the biomags of fish and that of food organisms,
Shorygin (1952: 203) established the relative
intensity of competition for food between the
bream and other fish species (in arbitrary
units) as followss

Neogobius fluviatilis pallasi = 144
Benthophilus macrocephalus = 32
Rutilus rutilus caspius - = 20
Neogobius melanostomug - 21
Acipenser stellatus - 16
Acipenser glildenstidti - 8
Lucioperca lucioperca - 6

The food of the carp is similar %o that of
the bream; but, since the two fish occur in
different regionsy; they do not compete. In
fresh waters, the composition of fish species
and food is different (cf. section 3.4), but
the bream is a demersal fish in these waters
t00.

Predatory fish attacks upon bream are
inconsiderable (cf. section 3,32),
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Fishes
Acipenser stellotus

-0

Invertebrates
Cumnocea

F‘igure 20,

\ () Ac giildenstidii

\

O
£
% Didacna
§

~

P
Lyicioperca -— Alosa brashnikovi
lcgpercu \Ougmc hanica

__ A.br.brashnikovi
A saposhnikovi

Gobiidae
Acipenser
ruthenuys

Dreissena

\/

Chironomidae

Cardium
Gastropoda

Pood interrelations among fishes in Northern-Caspian Sea, Arrows
directed towards prey,. Areas of ocircles « relative biomass of
groupe indicated. The figure includes only food items whioh
constitute not less than 25 percent im food of & fish species
(after Shorygin, 1952),
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5 EXPLOITATION

5.1 Fishing equipment

5.11 Gears.

Various types of fishing gear, adapted %o
local conditions and to the behaviour of
bream, are used in commercial fishing. In
large water basins (Sea of Azov, Caspian and
Aral Seas, large retention reservoirs of the
USSR) trawls are mainly used but seines,
pound nets and gill nets are also employed.
Winter seines; for fishing under ice, are
used on ice-covered lakes. In summer, bsach—
seines and various set nets are used,

In Polish lakes, so—called bream gill
nets, mesh size 60=90 mm, height 2.5 = 3.0 m,
length 40-45 or 90 m, are used. Best fishing
results with this gear are obtained in April
and in October and November. In the Aral
Sea, from 40 to 50 percent of bream are
caught with gill nets (mesh size 60=75 mm),
from 30 %o 35 percent with seines and from
10 to 15 percent with fyke nets (Bervald,
1956). In the Rybinskoe Reservoir, gill
nets, mesh size 50 to 90 mm, as well as
trawls and seines, smallest mesh size 6 mm,
are used (Ostroumov, 1956) .

In large rivers, usually river seines
without bag are used (lower Danube, Vistula)
fyke nets and drifting gill nets, less
frequently river seines with bag (Table
XXII).

In the Rybinskos and Tsimlanskoe reser—
voirs, successful attempis have been made to
catch bream with a trawl, the lead line of
which was equipped with & system of
electrodes supplied with alternating current
(Shentiakov, 1964),

5012 Boats.

Various fishing oraft, ranging from
simple rowing boats or boats with an out=
board motor (lakes, rivers) to trawlers or
drifters (e.go Sea of Azovy Caspian Sea) are
used, according to the type of fishing gear.

5.2 Fishing areas

521 General geographieo
distributions

Bream are taken almost everywhere they
ocour (of. section 2.1), although commercial
catches are made only in regions of their
greater concentrations. The richest bream
fishing grounds are situated in the southern
seas of the USSR (Table XXII and XXVI), and
in the brackish waters of the South—~castern
Baltio.

Exploitation and its intensity in
various waters also depend upon whether
people consider hream as a savoury fish, as
do the fishermen of Northern Germany (Bauch,
1963), people in the USSR (Berg et al., 1949)
and country people in Hungary (Entz, personal
communication). It is considered as a
coarse fish by Danish people (Dahl, personal
communication), and Duich people (Hofstede,
personal communication), and as of little
valus in Sweden (Sasserson, personal
communication). Bream is believed to
compete with other highly valued species in
Danish lakes and in the Netherlands.

5.22 Geographic ranges.
See sections 5.21 and 5.43
5.23 Depth ranges.

Adult bream are demersal fish. In lakes,
however, they have not been taken by bottom
fishing at a depth of over 40 m. Bream
fishing grounds in brackish waters usually
do not go beyond the 12 %o isohaline, i.e.
they do not reach any great depth.

5024 Conditions of the grounds.

An increase in salinity in the Sea of
Azov has affected the abundance of bream
(Karpevich, 1955). The construction of
retention reservoirs has resulted in new
fisheries having conditions different from
those existing in the river, e.g. the
Rybinskoe Resexrvoir on the upper Volga, wheiw
trawls are used in fishings +this gear was
formerly limited to the sea (Ostroumov,

1956).

River pollution in Central Europe has
affected fishing grounds,; e.g. the Elbe
(Bauch; 1958), A decline in abundance was
noted, and the meat of bream (and of other
species) acquired an unpleasant “chemical®
flavour and this in turn caused & decline in
demand., In the middle Vistula and lower
Odra, fish developed the flavour of phenol or
its derivatives.

Variations in the abundance in certain
regions and the resulting variations in the
importance of certain fishing grounds are
also related to changes of climate over long
periods of time, Nikolskii (1954) found that
5,000 years ago bream was the main
constituent of all catches in the White Sea
drainage area, Today only single individusls
are taken. Thus the conditions on the
fishing grounds are subject to rapid changes
due to the activities of man, whereas the
changes resulting from variations of climate
are slow.
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563 Fishipgwgéasons
5.31 General.pattern of season(s)

The general distribution pattern of
commercial catches throughout the year is
very much the same in variocus regions (Table
XXII). Most bream are taken at the time of
spawning aggregations in spring, or in winter
(in freezing lakes). In the warmest period,
i.e. at a time of intensive food intake as
well as great dispersion of fish, the catches
are very small. A few examples are given in
Table XXIIL. >’

5.32 Dates of beginning, peak and
end of season(s

Cf. Tahles XXII and XXIII,

5.33 Variation in date or duration
of season

According to Dementeva (1952a) a cool
spring retards the spawning migration of
bream to the Volga estuary, thus shifting
the peak of catches {Romanycheva, 1958).

In lakes, winter caitches depend on the
date on which a sufficiently thick ice cover
forms. The duration of the fishing season in
turn depends on winter weather. The lakes of
northwest Poland frequently fail to freeze
and therefore do not permit the use of winter
seines.

5.4 Fighing operations and results

5.4l Effort and intensity

It is difficult to estimate the fishing
effort in a bream fishery since, in lakes,
bream are caught under conditions that vary
frequently, and they are usually caught to~
gether with several other species. Dabrowski

et al. (19643 and Leopold and Nowak)(1964,1964a

1964b, 1964c) made an analysis of catches in
lakes and established, among other data, the
average (annual) yield of fish caught per
gear per day (Table XXIV). The authors
stress, howevery, that yield per gear per day
varies widely throughout the year and with

the locality., It can serve only as a compari=

son for a large number of data.

Catch per h has been accepted as an ef=
fort unit when catching young fish with a
speclially designed fry trawl in the Caspilan
Sea and in the Aral Sea (cf. section 4.24).

5.42 Selectivity

Baranov (1948, page 207) stated that the

optimum mesh size (a) of bream gill nets is
given by a = 0.2 ILc or a = T./w,- where Lo
i8 body length in cm and w is weight of
fish in gram.

) ~ The available_data_on the selectivity of
some fishing gear in relation to the size of
bream are presented in Table XXV.  In Table
XXIV it is worth noticing that the catch of
bream varied with the use of different types
‘of fighing gear, constituting a larger or
smaller percentage of all fish landed., This
depends on the distribution of bream in wateﬁ.
bodies and on the fishing technique used.
Usually, however,’ seines and trawls catch
smaller fish than other nets.

In the Rybinskoe and Tsimlanskoe reten-
tion reservoirs an alternating electric cur-
rent has been applied %o trawls (a system of
electrodes at ca. 230 v placed along the lead
line, to prevent the fish escaping the trawl).
This device was used in selective fishing:
the average weight of bream caught with the
selective trawl exceeded the average weight of
bream taken with a usual trawl by 22 percent #
in the Tsimlanskoe and by 58 percent in the
Ryvinskoe Reservoirs (Shentiakov, 1964),

5.43 Catches

The available data on commercial bream
catches are presented in Table XXVI, In some
countries bream catches are recorded together
with the catches of other fresh water species
(partially in the Netherlands and Denmark),

In most countries bream is caught by
anglers and in some exclusively so. The
amounts of bream caught by anglers may be-
considerable; e.g. in Belgium, annual ang-—
lers' catches are estimated to be 37 tons
(Huet, personal communication in 1963), Ac-
cording to Rimler (1949)9 the ratio of com=
mercial to sport catches varied from 1 : 1 o
1 s 11 in Lake Sacrowery, near Berlin, in 1923
"'l 948 @

Similarly around Warsaw, Poland, the
ratio of anglers' catches to commercial
catches has been estimated by tagsing, as ab~
out 1 s 1,

The number of bream caught by anglers
makes an estimate of the total catch in the
whole region of their exploitation difficult.

" From commercial catches only, Table XXVI, the

total annual yield amounts to about 70,000
tons, and 80 percent of this quantity comes
from the fishing grounds of the Caspian, Azov
and Aral Seas.
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Table XXIV
Bream fighing with various gears in Polisgh lakes
(Data from Dgbrowski et al., 1964; Leopold and Nowalk]1964, 1964a, 1964b, 1964c)

!
+

Pishing Size class Catch of bream Total average Ko, of
Geaxr season of lakes as percentage catch per lakes
(ra) of total catch gear per day consi—
(ke) dered
Vinter seine January- up to 100 28,02 24504
with bag April 100 = 500 41,83 323.3 108
500 and more 28,38 500, 6
Summer seine July= up to 80 22,32 1575
with bag December 80 -~ 500 19.57 177.9 206
500 and more 6056 252.3
Fyke nots March- up to 100 6.73 1.36
with rings October 100 = 500 15,07 1,78 101
37-80 cm 500 and more 10,03 1.52
Fyke nets March- up to 1000 15,19 1.93
(traps) September 1000 and more 23,98 1.72 44
height av.
100 cm
Gill nets, April- Mamry lake less than 3.1 2.44
mesh 30-50 Decembaxr complex
mm (10,000 ha) '
less than 17.0 3.26 21

other lakes |
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. TABLE XXV
Selectivity of some gear in bream fishing
Gear (water body) mesh size fish caught Authority
Seine towed by mogtly 20-35 cm
boat
beach seine 20-35 em Filuk, 1957
trammel nets 35=45 cm
ill nets 60 mm Piluk, 1962

Vistula Firth)

30-74

Trawl and seine

cod end 6 mm

2=17 years old

Ostroumov, 1956

nets 50=90 mm 6-18 years old
(Rybinskoe Reser-
voir)
percent of fish under 18 cm

Gill nets in 28 100 Berdichevskii, 1959
autumn 1956 and 35 73-90,2
spring 1957 38 70,4=93,8

43 15.1=54.8
(Northern 50 0-1.3
Caspian)
Seines and trawls average body length Berg, 1949

nets
(Northern
Cagpian)

24,2=36,2 cm
3269=3T7.9 cm
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5:8
Table XXVI (Sheet I)
Bream catches
Country Catch estimate (per anyum) Authority

Denmark Coarse fish: total 800—{1,100 ton (1955—63), Dahl, p.c.
‘bream is the most abundant., (see editor's mnote)

Sweden Freshwaters total 2,700~ 4,000 ton 21956-59 , Yearbook
bream 100~ 200 ton (1956-60),
Brackish water: bream 126 ton (1961) Sagserson, P.ce
(e.g. in Lake Aspen, bream 15 percent of 10
ton),

‘Pinland Bream 3,300~ 4,500 ton, which is 5- V.Sjéblomy pece
15% of total freshwater fish yield.

Netherlands Lake Ijssel: total 10,400-15,800 ton (1955—62), Hofsteds, p.C.
large bream and roach 400-710 ton;
“immature f£ish" 7,600-10,800 ton, includes
small bream.
Other waters: 250-300 ton.

Yugoslavia Bream not more than 5% of total freshwater X.Apostolski,p.co
catcho
Darube: 595 ton (1963). Disalov, 1964

Bulgaria Danube: 154 kg-48 ton, average 12.6 ton Ivanovyp.c,
(1925-58)
Coastal lakes: average 2.7 ton.

Hungary Bream, average for all commercial waters,l,6Q0 Entz, Do

' ton,  which is to 55 percent of total cateh
Roumania Danube estuary: ca 200 to 400 ton (1962-1964), Ziemiankowski, p.ce

which is 2=3.8 percent of total catch,

GCermany VWest

Danube: 457 ton (1963), Disalov, 1964
Other waters: about same as Danube. Popascu,1958
Total freshwaters ca 10,500 tony Bream, perch Yearbook*

etc 10,100 ton.

Germany East

Total freshwaters 3,200- 4,100 ton (1960-1964),
Bream 900~ 1,400 %on

Menzelyp.c.

Poland

Lakes:  total 5,400~ 7,000 ton (1956-60),
Bream: 1,3~1.,4 th ton.
Hivers: total 800~ 1,200 ton (1956-61),
Broay 0.3 th ton,

Szczecin Firth: bream 745 ton {(1948-50)
Vistula Firth: bream 300-400 ton (1948-60)

Peczalska,1963
Filuk,1962

000 2
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Table XXVI (Sheet II)

Bream catches

Country Catch estimate (per annum) Authority
USSR Preshwater: total 420,000-489,000 ton (1956-61) Yearbook#
bream 464,400~ 56,300 ton
Bream catch (1936-39) Fikolskii, 1954
Caspian Seas 47, 600-105, 300 ten
Sea of Azov (inclu—
ding very little
from Black Sea): 17,800~ 47,100 ton
Aral Seas 9,800— 16,700 ton
Gulf of Finland: 30— 460 ton
Northwestern Lakes: 830~ 17,400 ton
Onega and Ladoga
Lakes: 220- 360 ton
Lake Pskovskoe-Cud- -
skoe: 300~ 700 ton

Lake Ilmen:

1,300~ 3,100

ton

#/ Yearbook of Fishery Statistics, Production, 1961, Vol.XIV, FAO
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6 PROTECTICON AND MAWAGEMENT

6.1 Regulatory (legislative) measures

6.11 Limitation or reduction of
total catch,

Iimitation on efficiency. No data are
available on limitations other than those
presented in Table XXVII. Egqually no limita-
tions has been imposed on the number of
fishing units,

= Quota limitation.

Fishing was prohibited in some of the
recently constructed retention reservoirs in
the USSR (Sebentsov gt al., 1953), In some
Polish retention reservoirs there are
quantitative restrictions on fish taken with
nets, bream included. This measure applies
to reservoirs heavily exploited by anglers.

6,12 Protection of portions
of populations.

Closed areas, season, legal siZes,; etce
are presented in Table XXVII,.

Rescue action of fry in the estuaries of
the Volga, Ural, Dneper, Amu-Daria Rivers
includes bream zCherfas, 1956). The aim of
this action is to rescue fry remaining in
shallow basins which lose their connection
with the adjacent river as the water level
falls, TYoung fish are rescued in two ways:
(i) when the bottom of the cut—off basin
igs above the low water level of the river; a
canal connecting the latter with the basin is
dug and the young fish are released with the
waters (ii) when the bottom of the cut=off
basin is beneath the water level in the river,
young fish are caught with fine meshed nets
and transferred to the river.

In both cases the number of the rescued
fish is estimated. In 1948 in the USSR,
8,272.4 nillion young fish were rescued, and
the percentage of bream amounted to 15.3 per—
cent (Cherfas, 1950); in 1953 2,422,
million were rescued, including 579,6 million
(16,9 percent) bream (Cherfas, 1956).

6.2 Control or alternation of physical
featu-ag of the environmsnt

6,21 Regulation of flow.

In many countrieg the construction of
damg to regulate the flow of water in rivers
has led to changes in the population of
bream. This has been mentioned in sections
4» 22 and 5e 20

The regulation of flow resulting from
the construction of a dam on the Don River
affected the abundance of bream in the Sea

of Azov (Karpevich, 1955). In rivers after
the construction of a dam the bream
population increased (Nikolskii, 19483
Backiel et al., 19563 Wundsch, 1949).

6,22 Control of water levels.

The construction of dams alters the
water level. The effects are the same ag
those mentioned above,

6,23 Control of erosion and
silting,

That, too, is achieved by building dams,

6,24 Tishways at. artificial and
natural obstructiong.

Although bream use the fishways
constructed at the dams, this is of minor
importance (Sakowicz and Zarnmecki, 1954).

6,25 TFish screens.

No screens specially adapted for bream
have been devised. The Soviet electric
soreens .of the B RZ U = 1 type (Strakhov and
Nusenbaum, 1959) are used at damsy, to dirsct
fish into the fishways, and in front of
irrigation canals, to discourage young fish
from ascending these canals. The screens
are up to 85 percent effective. Bream are
also protected by thems

6,26 Improvement of spawning
grounds.

In the comstruction of artificilal
spawning grounds, use has been made of the
fact that bream spawn on branches of coni-
ferous trees placed in lakes (Mikheev, 19513
Sukhovan, 1959)., Floating spawning grounds
have also been used; consisting of bunches of
coniferous tree twigs or bulrush (Scirggs)
attached every 30-40 cm to ropes hanging
3040 cm apart from & floating wooden frame.
Mikheev (1951) advised the use of this type
of spawning ground in reservoirs of
oscillating water level, e.g, retention re—
servoirs, But Antipova et al. (1954) found
that bream did not use such spawning grounds
in the Rybinskoe Reservoir, in spite of un—
favourable conditions on natural spawning
grounds. Dudin (1954) sharply criticized
this method, drawing attention, among other
things, %o the considerable cost and losses
in eggs, Trials in Poland with floating
artificial spawning grounds have also not
been very successful,.

Mention should be made here of the
measures taken on the so-called “poimennyse
ozera', ox—bow lakes in the Volga delta.
These are flooded during high water in spring
and they serve as the spawning grounds of
bream and other figh (Suvorov, 1948
Sukhoverkhov, 1948). Improvement is possible
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by construction of a sluice in the canal
linking a lake with the river and securing

a high water level from spring to the end of
August or the beginning of September. Such

a sluice prevents spawners from swimming into
the spawning ground but desirable species may
be released in the lake, In the middle of
August, 196 kg of fry, weighing om average
1.6 g, was obtained from 1,000 bresm spawners
released in 95 ha of lake. Sukhoverkhov (1948)
reported that with careful management 300=400
kg/ha of carp and bream fingerlings can be
obtained from such lakes.

6.3 Control or alteration of chemical
features of the enviromment

6,31 Vater pollution control.

Water pollution control exists in all
couniries where bream occur (Economic
Commission for Europe, 1962).

This water pollution control is not
carried out from the point of view of the
bream?s demands only but the criteria of
surface water purity are good enough %o the
populations of this species.

6,32 Salinity control.

In spite of the fact that an increase in
salinity limits the occurrence of bream (cfe '
section 4.2 = the Sea of Azov), not much can
be done to prevent the undesirable effects of
these changes.

6.4 Control or alteration of the bio—
lorical features of the environment

6.42

Introduction of fish foods
(plant, invertebrate, forage
fishesso

Invertebrates are being introduced in the
USSR, They are not exclusively organisms
pregsent in the natural food of bream but they
are accepted as food by bream (Karpevich and
Bokova, 1963, 19613 Karpevich and Lokshina, 1965) .

6.43 Control of parasites and
diseanes -~ cf. section 3.35
6044 Control of predation and

compe tition.

In the USSH attempts have been made %o
regulate the species composition of spawners in
ox=bow lakes which have sluices and are periodi=-
cally flooded (Irinarkhov and Tokarev, 1949).
Regulation has consisted in preventing preda-
tory fishes and less valuable species from
entering those ox—bow lakesj carp, bresm and
Caspian roach (R.rutilus cespius) were loocked
upon as valuable species. Changes in fry
species composition were as follows: in the
gspawning grounds under control 59.4~83,5 per—
cent of fish were valuable while the respect

‘spawnersy too.

ive figures were 20.5=67.8 percent on un=
controlled spawning grounds. Neverthelesa
this method has been criticized (Kuznetsova,
1950) since the production of fry on the
controlled spawning grounds proved to be
lower than on the uncontrolled ones.
Kuznetsova (1950) does not attack the basic
jdea but she stresses the technical diffi-
culties, laborious control of species compo-—
gition of spawners and inconsiderable effects.
6.45 Population manipulation (cf.
sections 6.1 and 6.5),

6.5 Artificial stocking

6,51

In the USSR some river deltas are
stocked with bream fry reared in the so=
called spawning and breeding farms (Cherfas,
1956)s Those farms have ponds lying in hole
lows separated from the river bed by natural
olevations or by dams with sluices. Such
reservoirs are flooded during high water in
the river or by means of pumps. Young fish
when two months old are usually released by
emptying the pond into the river. Their
pumbers are estimated(see section 7). Stocking
with bream eggs was done in the USSR to
strengthen the population in recently

Maintenance stocking,

_cons¥ructed retention reservoirs (Milkheev

and Meisner, 1954).

Such reservolrs were stocked with
Recommendations have been
made t¢ release one female and one=to=two
males per one ha (Bizaiev, 19525 Mikheev and
Prokhorova,'1952)o

The transfer of two=io-~three year old
bream from lakes having an abundant popula—
tion 40 lakes and retention reservoirs with
a small bream population is common in Poland.
Some such transfers have been successful.
Wundseh (1949) mentions the stocking of
German retention reservoirs with bream.

6.52 Transplantation

and introduction.

Bream have been introduced into numerous
Sibirian waters (Table XXVIII). These works
are being continued on a big scale in the
USSR, e.g. in 1960-61 Abramis brama orientalis
wag introduced into eight lakes and two re—
tention reservoirs and in 1962 inio more than
30 lakes and four reservoirsi in most cases
spawners were released (Karpevich and Bokova,
1961, 19633 Karpevich and Lokshina, 1965).

The bream is being introduced into those
water bodies within its matural geographic
distribution where it did not previously ocour,
@a.ge 0 some lakes of Finland (Sjdblom, p.o.
1965) and Poland. It can be stated that its
introduction into the lakes within its
natural occurrence area and its acclimatiza-
tion in Sibirian waters have been successful,
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TABLE XXVIII

Acclimatization of bream

Year of Stage of
Locality first in- fish in=- Results Authority
troduction troduced
Ponds and 1863 Successful, invaded Cherfas, 19563
lakes in the some sectors of Burmakin, 1963
Iset” River middle Irtysh river
system (near
Sverdlovsk, .
West Siberia)
Lake Ubinskoe 1929 spawners In 1950 estimated Petkevich, 19543
(near Fovosi- stock abt, 300 ton of Pikhii, 19543
birsk, West young bream, in 1951 - Volgin and Veprtinin,
Siberia) 30-40 percent of total 1964
catch
Lake Zajsan 1949 spawners Spawning and fry ob- Goriunova and Serov,
(Bast Kazakh, served in many places 1954
SSR) after 2 years
Lake Balkash 1949 spawners 1958 commercial cat~ Goriunova and Serov
(Bast Kazakh, ches about 1.5 ton per 1954; :
SSR) trawl Ivanov and Pecheni-
kova, 1960
Lake near 1954 gpawners young observed in many Askhasv, 1958
Baikal Lake places in 1955-=57
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7  POND FISH CULTURE

Bream have not been reared in ponds until
reaching marketable size. Nevertheless, the
rearing of young fish has much in common with
pond fish cul ture.

- 7T.1 Procurement of stock

Bream spawners are caught in the waters
adjacent to a fish farm during their spawning
migration in the spring (in May) (Cherfas,
1956§ Syrkov, 19533 Kozhin and Letichevskii,
1953).

T-2 Genetic selection of stocks

Genetic selection of stocks has not been
attempted.

7.3 Spawning

Bream spawners are released in a pond
having proper spawning conditions, usually
together with carp spawners and occasionally
also with Caspian roach spawners (Rutilus
rutilus caspius Jak,) and pike-perch spawners
ZSyrkov, 19533  Nikolskii, 1955). The sex
ratio among spawners should be 1 ¢ 1 (Kozhin
and Letichevskii, 1953) and 5-11 females are
releaszsed per ha. The number of spawning fish
released depends on the guantitative relation
of fish speciesy; female fecundity and the sur—
vival rates of young fish {Cherfas, 1956).
According to Kozhin and Letichevskii (1955),
survival was between 3.34 and 8.5 percent from
fertilization of the eggs until the fish were
two~to~three months old. .

When necessary, artificial spawning is
used (e.g. when thers ism no suitable sub-
merged vegetation to induce natural spawning).
The fertilization is carried out by the dry
method {Russian method). The eggs are then
placed on a substratum of coniferous tree
branches or their adhesiveness ig removed by
mixing with river mud for one h. (Cherfas,
195631193 Vernidub, 1953).

Liggs, on & substratum or after un-
sticking, are put into hatching boxes which
are submerged in a pond or river. Greenfs
or Chalikov's apparatus sets are usedj
these are cases; some or all walls of which
are made of fine-meshed netting.

T.4 Holding of stock

The so-called gpawning and breeding farms
cover an area of about 7,000 ha in the Volga
delta (Syrkov, 1;53; Letichevskii, 1965,
of., section 6.5L), There are also farms in
the deltas of the Don, Kuban and Kura Rivers
(syrkov, 1953). Attempts to rear young bream
were made in Poland before World War II

(Mrugasiewicz, 1931)., At present bream are

reared in ponds near lakes. Similar
attempts have been made in Roumania
Ziemiankowski, personal communication).

Young fish (bream, carp and eventually
others) are reared in ponds until the middle
or end of August, then released into a river
by letting out water through a sluice or
similar arrangement. PFishes releassed are
counted (Cherfas, 195682753 Kozhin and
Letichevskii, 1953).

To5 Pond management

Ponds of 50-500 ha in area are filled im
spring, at the time of high water in the
adjacent river. These ponds are without
water from about the beginning of September
until the spring. The importance of early
flooding is stressed, since food organisms
can then develop.

Emergent plants overgrowing ponds and
their control are & serious problem (Kozhin
and Letichevskii, 1953). To secure suitable
spawning conditions, grasses should be sown
in autumn (Letichevskii, 1965).

7.7 Disease and parasite control

The spawners (of bream and other
species) should be carefully exzmined and all
individuals either injured or having external
parasites ought to be discarded (Cherfas,
1956). Apart from that, the drying out of
ponds should be looked upon as a means of
controlling diseases and parasites.

7.8 Harvest

. Some date on the yields obtained by the
farms of this type ars presented in Table
XXIX,

7.9 Transport

Live ,eggs deposited on a substratum of
oconiferous tree branches have been
transported in the USSR (Mikheev and Meisner,
1954). Eggs on chopped branches of coni-
ferous trees were put into impermeadls card—
board hoxes and the twigs were interlaid with
wet napkins. After 8,5 h of transportation
the eggs were in good condition.

In Poland;, young bream for stocking are
usually transported in autumn in tanks,
trucks or lorries with tarpaulin and barrels.
From 20=50 kg of fish is put per 1,000 liters
of water, depending on the time required for
transportation.
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Marketable live bream are rarely trang-
ported. Privol'nev (1956) advised in such
cases the use of the same appliance as when
trangporting carpy providing that only 72
percent of carp weight is carried; e.8. in
a railway wagon (car) provided with tanks of
24,000 liters capacity and an appropriate

system of aeration the following quantities
of bream can be transported for two-to—three
dayss

water o
temperature (°C)s 0=2 2=5 5=10 10=15 15-20

tonsg of fish
(vream) s Te2 605 5.8 4.3 2.9
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Table XXIX

Harvest from spawning-breeding Farms in Volga Estuary

(atter Syrkov, 1953 = selected data)

Year No of Total aresa Yo of fish harvested, millions Harvest
farms (nsa) Carp Bream  Other species (kg per ha}
1946 5 1454 46,9 41.4 - 420
1948 T 1874 62,7 83,8 14,2 318
1951 10 4052 215, 7 267.9 6.7 160
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