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_ Feeding of sa]mon and sea tront
‘ and their tood resourceu 1n the Baltio Sea

by
, P} Chrzen,
Sea Fisherica Inatitute Gdynia, Poland
Our invcatigations on the reeding of ealnon and asa

| - trout were conducted in 1959=19754 214 salmon /1 196.7 kg/ and
252 aaa trout /962"&6 e/ wers ex.snined during this period; Attex'

| detemination of the npeciea the exanined nngutted fiuh wexre, :

\ .neasureé and wpighed, ﬂ‘ollo\fdng which tho stomach contents were B
‘welghed a;nd apecién oo’nl‘aositioﬂ doterﬁined; Inlthis x;knnér an 7
attu\pt was mada to detormine tho quantits' and quality of the | ~

- tood ugeatedé The data and assuned time of' dax' of fesding wore

reqordsd'&‘ Unrokrtunately, it was mpoaaible to identify all nprata
and herrings found in the steaachs due to the extent of digostion‘} -
!hun thesa two speciea wers eo::‘bined -and clasairied na olupeoidn'f

. - It geems, howsven; that greater quantitlos' of aprat aro 1ngentad&

- ‘Only in w:lnter, uhan sprat remainn at greatar deptha‘, ia harring B
'mgestod nore ottena Fuarther o‘bservationn shovw that salnon foeds "

' more mtennivoly in apring than in autnmu In the npring an ave—' -
rage of 1149 g of f.ood per 1 kg of live vaight was :touxd in\"fo-v_‘
machs of aalnon, whereas the fignxa for autuzn was only 5.4 gs
It seens that in spring, salmon have nuch more food at their dim-

‘ ponal. than in autnmn and vintor. Ihns 1n winter, havins only
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_a emall quantity of rood evailable, tho ealmon readily

graepe of hooked bait and in this nanner is eaeily'fieheds
The total food intake. round in tho’ stomaohe ot

~
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the all examined aalmon amounted . to 9,137.8 8e That ia'4257 g

ror one ealmon with an average weight of 5}592 g and ror-1 kg

of salmon live weight w Ts6 g of food. This ean be aesumed

a8 the’ mean weight

‘vations during a period of 24 hours salmon Ieade intensively

of & single- meal. According to our obser- :

twiee: rirst earlyvin the monning and the sooond time at duskx

‘Thus it eats twice in Zﬂ-houre, the global weight per 1 kg
or sahmon body weight 19 abont 15 g.on average. The qualita-

tive eomposition ot food eeems to be 1itt1e varied. The basie

‘ Iqod are elupeoids, whieh, aooording ‘%o our investigationn,-

constitut;d 87.5% or the food nasg The tolloving epeeiep

oocnpied succesaive poeitiono: : "{
- 'garrinh /Belone belone/ - 5.0%,

B Y

‘Vleod /Gadus morhua callarias/ - 2;5%
": . sand eel /. Ammodytes 87/ = 2.4% A
- roaeh /Butilue rutilus/ - 1%3% . - .'

‘smolts

/ Salmonidae/ - 131% -

) aticklebaek /Gasterosteue sp -‘Oﬁ1f

"erustee

-'he presence in the rood of such’ speciee as garfish, sand. eel '

ea. /Gammarne,crangon/ - 0&‘1%. ..

“

. and roaeh indioate that salnon feed in inehore vaters. Data .

S on. the amount of food ingested and the rate of inereaee oﬂ
-ealmon bodx'mass'enable tho determination of the feeding
index, r'eu the emount of weight units of rood required to

-~

”'enaure an inorease in salmon weight unit% For thie end, basing

'on the. investigatione on age, length and weight of nalmon

caught in the,yeare

1966 - 1975; their rato ot growth in

-
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succeseivo yearasof thei* marine life, wag detarmined. / ablc,1f

N -

samon growth in the sea Table 1
* - ) : . ’ e‘ *

Years ©| Range of . Mean “Mean | Weight
<~ of -}  growth .. "~ -length |- weight |[increase
marine nin, maxs , . . :

lite . | em~. . f. e | & | &
1 2430 -~ - - 675 | sz | 690 | 665
‘2 | 4n0 - 960 6550 | 2740 ' | 2050

3 | 630 = 1250 8353 7450 - | AT10°
4 7500 = 12950 | 108.6 |-13500 | 6050
5 11050 = 130;0 | 1182 | 18230 .| 47s0,

NN

Ehe mean lenguh or smolta migrating to the aea in 1435 cm',f ,
and their weight - about 25 g. COmparison of thc figurea given

' shows that in its Lirst yean*of marine lire aalmon increases

its weighﬁ,about 21-£old. In its 9econd year o:-life,-as qom-. o

pared with the prefioua;'the weight 1ncréaaes-threefold;“ana

: 1n the third - slightlyrovor tworolda In the next years'the -

weight increase diminishes; o _

The subject of our investigations constituted
mainly salmon in their third year of life, when their mean
annual weight increase is: 4,710g with a day's 1ntake of 15 g
-of food per 1. kg of live weight ‘of the salmonj to reach the:
weight increaae in mass o£ 4,710 geop the annual food intake
‘should be 2558 kgﬂ From the relation ‘of the weight of food '
ingeated to the weight increase, it results that the salmon
feeding inde: 18 about 5.5,5('Basing on an index so deter-l

. mined attempt waa mada to oalculato the total demand of food

1
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by salmon 1nhab1ting the sea” According to our calculatlons |
the mean annual- salmon catch in the Baltic 1n the years o

1966-1975 amounted to 2 215;8 tons% ‘The catch 1noluded 6 age

groups, the weight, number‘and quantity of rood taken up
by these fish being presented 1n Table 2.., ’

o R o f Table 2 :
Marine | . |Velght of | Mean = |Number of | Welght of
age: % fish = |jweight ‘salmon food
groups, : - _ca?%?t ; sagggn eztraizyu", 1n7ested
L. g8 4 K
Y 001 | osz | 1e0 |, 3m| . 1%0
Ate 1mer | 135329 | sete | 1125021 . 281305
e s4:43 | 1,20631 | 411 | 291,258 | 6633i55
a3e | 22i04 | L 4esis | 6971 | 70,062 | 2686i20
A g 2,97 | esi.| 940 | 7000 | 361350
P 0.74 1644 10750 | 1,526 | - -'gq'iéo' |
' (AO# 'A% | f00500 | 2 ,215:8 4584 482,000 12_135190’ ,

A o P
\

: As can be seen, most salmon are ‘fished in their third year 7: -

of nnrina life /group AZ%/. Salmon one yesxr younger~and older.

- constitute a. considerable part or catchea '/ groups Al and

A3+/. Thus three- age groups of ealmon are the main food oon- o

sumers in the’ aea. Alongside the fish which were objoct of

fishing, those,salmon which died natnral deaths and ware not .

extraoted by’ fiahing, were also rood consumers. Aooording 1o
Carlin /1962/, about 80% ,die in their first year of marine

lira. In the aeeond year natural mortality'deoroasau aigniti-\

ountly; but nay'amount to about.5% of the fishz Taking these
two valuQS»/ 807 and 5%/ as the basia for ﬂurther calculationa

-



thc approximat&.mass of food taken in by-thoso fish can be‘
determined. Swedish spccialiats defined tho annual production
of salmon emolta - natural and artificial - as the moan for a
10 years to bo @37 nillion individuals. Acoording to Carlin, _

_ ahout 3:8 million rfsh from thiu numbcr died during the first,
- Year or lifc. Thess fish wore algo fecding until- they were
eliminatod frea the stook; ag the result of natural mortalitfa'

) ~ro simpliry caloulations on the naps of food utilized by these

v,fiah it is assnmed.that they fed fox only'halt a year rqachipg'
the mean wolght of 280 gi In this mamner tho total woight of
f1sh elininated fron the stock in tho first year was abou
950 tond’y Applying the feoding index\ot 535 it was 6alcn1ated
that. in brﬁon-to‘rench such a"veight,‘theae'fish ooculd ingest
sbout 4,702.5 tons of food /250-25/x3,600 000 x 5i5/;

In the aeoond year natural nortality eliminated abou'_~

ﬁﬂ,ooo individuale / 5% / from the ‘stook or - 900,000 jnvanilo
aalmonﬁ Again for simplifioation 1t wag assumed that these
Iish fed for +. half of a yeax reaching tha nean weight of

‘1 370 gl At that time the weight increase of & single fich
could be 680 gi and that of all the elininated rish 2046 toan
‘Continuing calculations in the above mamner /306 = 5.5/ the -
veight of fooa ntilized by fish elininated from the atock,
eould reach about 168;3 tons in ‘the second yearzisalmon whiech
migiatéd‘to rivers for spawning should be added to those

i.utiliilng the roodi‘In Iact, bscause of the lack of statis = -

tical data on finh migrating te the rivers of Sweden, Finland
-and the USSR the quantity and ‘masa. cannot bs datermined?
Even so, taking accepting a subatantiallorrox; it can be

. ' o \ . R
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'éssqmed,?hat their total weight was about 700 tons With the

feeding index of 5:5. thens salmon could utilize about. 3,850 -
._'tons or food. From our oalou]ationa it follows that over the ‘

"period of a year 211 the salmon ‘took up 20, 915;7 tons ot Iood,

including 18,955 . tons of clupeéida. The. salmon eliminated

from the atock due- to natural mortality'had utilized about
4,876.8 tonm, i.e. 23 3%; In some reapects~that food ¢za bo
treated as losﬁz . ‘

Investigations on the feeéing of sea trout

“'wero carried out similarly'to those. on salmonx Reaeaxch P

¢erial game primarely'from Iishing in the open seaa as sea
trout atop feeding in the Gulf of Gdaﬁuk and othex fishing

f.groundz.oft the coast& 252 sea trout weighing total of -
“5962&6 kg wero examined, the stomachS'oonuaining 6,738 & or

_ foods Aooording to this, 267 gs of food.foll to each sea
trout with a mean welght of 3,820 gi and 7 giof food per 1 kg;
" of 1ive Qeighﬁg As in the ca§e of salmon, this zmount kﬁa

l

. . . . . # .
" assumed as the mean amount of a single mealy As sea tromt -

 feodn: intensively twice in 24 hours, one day'm food.intaﬁo :

is 14 g, per 1 kg of body waighty The qualitative composition :
of. sea trout food is similar to that of aalmonx There is,

: howeven, a- zmaller quantity of olupeoids but moro other

species of fish and crustaceans hia is indicated by figurea :
J}ch characterice the weight share of particular Iood com -
ponents: clupeoids: /Glupeidao/ ~ 77:0%; gartish /Belona belo=

-‘ ne/ - 9.6#, sand eal./Ammodyted tobianua/ - 4.3%, gobies
-/ Gobiua sp&/ - 0.4%, atioklebaeka /Gastenosteus Bpo/ -0.3%

~and cruataccans /0ruatacea - mainly Orangonxcrangon/-4$6%;
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- -1In ordar to datermine the foeding index thc nean
length /1633 on/ and weightt /40 g/ of smoltm were first de-

tined, and than the growth of gea trout in the coneeoutive ’
yeara of marine life / Tablo 3/%

!

Table 3

Growth ot.sea trout in the sea

- -

*

for e T ] ]
_ ﬁége 1 nin{ ‘cm | !2&7.:0 _,~cm \ g\ . o 5 | .
1 | 260 - 6650 a1 | 9e0 940
2| 45,0 - 825 6434 | 3,450 " 2,470
£ 63‘:0"_#— 99:0 - | 820 |7,280 | 3,830 |

‘.Ehe figures in the Table show that in the tirst year of |

-life ‘sea trout 1ncreases 1ts weight 245 timea; in the second
. yoar = 335 tines, and in the third - slightlg'oven:twofoldw
.Ihase data 1ndioato that aea tront grow somewhat slower thmn
‘ salmon in the neaM \ _
'Most of the sea trout exemined for the eontents of food '
“in the stomachs wore in their seoond JYoar of narine 1ife,- when ’
the mean amnual weight 1ncreasa wap 2, 4170 & With a day’ﬂ~food
intake of 14 g per#1.kg of sea trouﬁ:livo weight, ‘the annual -
food 1ntake should be 12’620 g. ror a veight increaae o£72,470 g%
-It resulta rrom the relation of food intako to the weight in-
crease that the feeding 1ndax of seq trout in about 5.1§ Thua: R
1t 1aanonewhat lesa than that of salmon; It would 1ndioata that
- aea trout utiliza food alightly batter than salmon; Applying
a faqﬂing index ao\detc;mincd, let ua atﬁampt~to define the

rd
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total food demand of a stock of sea trout feeding in tha seal} -

; Unrortunately there, ara no atatiatical datm on sea trout cat-
chos in the. Baltic% Attempts wero thorefore made estimate

) them on the basis of various data available} In this manner |

' the mean annual sea trout oatchea in 1966 - 19lb>were estimated
at 11835 tonsy Our 1nvestigationa indicated that these ‘catches
were.composed of 5 age groups. rheir weight number of fish
and ‘weight of Tood taken up by theae fish are presented 1n

rable 4%
rable 4 ‘.’
W=Tae || Welght | Woan velaht Waabor o | WeTait o7 \
age 1.4 "} of fish of sea .| sea trout utilized
groups " e | caught } trout - & caught J] zfood /t/ |}
o ' It/ le . | 1 -
“aos 10337 | o0ias | 1se7 | 211 | 2k B
&1+ 26526 | 31513 | 3201 | 9456 |  158i76
A2+ 57326 | 67586 | 3781 17945 | 346408
Az J1si1s | 1mi9s | ases 3949 | - 9154
k4 lojo6 | 1912 | 42 o159 | s
&0+ -M+[100300 | 118350 | -3820 - 31786 | 604333 |,

®

ﬁdst of the sea trout werc oéughf 1h their third yoar 5
of marine 1ife /m.2+/. Fish in their seoond year of marine life
oonstituted a comparativcly numerous group / A 1v/; Ovcr 600 - tonu
of food wero taken in by fish'in all the age groups of whioh
the catchea wera constitutad‘ However, those sea trout, which

_ were elinminated from the atock as the result of nutnral morta-~
| 1ty and also tha adult finh which migrated to the’ rivera, ahonld
" ba included among those utilizing food“ ~i ~  » s
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Therc ares no apeolal 1nvcntigationn on natural morta-

lity of sea trout in the sea. Ap sea trout lead a 1ite Bimi-
. lar to that or aalmon, we assume aIter Carlin that in the |

first year mortality attalns 80%, in the seoond - 5%5 The
adppting of these values enables a rough caloulation of the

o rbod nass, taken 1n by Juvenile soa trout prior to their
elimination from the tock% The annual natural and artiri-.

cial production of sea’ trout amolta 1n the last deoade waa

: eatinated at 350 000 1ndividua18. Natural mortalitx reaulted -
\in a 1080 of about. 280 ooo 1ndiv1dua1a in the first year%

To nimpliry calculations: it was asaumad that, these fish: fod".

- for six months reaching a mean weight of 3oo iy their total
‘mass ‘thus being 84 tonsw Applying the tééding 1ndex of 541 )

1t was.oalculated that in order to reach this masa they had’
fresuﬁably'takenbin:428 tons of fobdi‘About 3560 fish Qied
ap the result of natural mortality*in the Becond yeark !heirb

mean weight ‘increase was about 1?00 e !hna the amount of

- food taken in by these fish wap / 3500 x 1700 x- 5.1/ abont

-

30 tonsa

—

It wag estinated on the baaia of Polish catches that

- the mesan maaa of sea trout ontaring the rivers in 1966-1975_
. was about 40 tonsz Again, baaing on the reeding index 1t waa j

oaloulated thats to reaoh this naau; these fish took in about
204. tons of. food in the sea’} On ‘the basis of the above cal-

oulation 4t follows that the sea trout which wers the objcct
of riahing in the saa,and rivero, ‘utilized 808 tons of food

in ‘the Boaz On the other hand tiah eliminated from the



_.10_‘ ,—.\

'etock due to natural mortality, took in about 458 tona or rood‘

7

Thus 1266 tonsxor Iood were required to produce 158.5 tone,or
fish oaught. Food intake, which can be defined as a natural
1‘1085, constitutes: A considerable part of this amount /36.2%/;

v In the yeere 1966-1975 the nean annual catoh of sammon
and sea trout in sea and ‘rivers amounted to 30743 tons
According to our calculations during the process oi produetion
'of this mass, 22.180 tone or Iood were utilized, includinb .
19 :970 tone or elupeoide The queation arises as to how large
is the biomaes of clupeoids conetitutung the rood baee for

~.sa1monide in the aea?

0

-

According to the ICES Working Group on the Assessment

’

of Pelagic Stocks*in the Baltio in the arcm.or the Baltio frem |
K the Arcona Baein to the Gulf of Finland in the years 1970-1977,

the mean annual biomaee of sprat in all age groupn amounted to f

155351 thoue.tone. Most of the sprat 83 8 thous.tone'/ 53.6%/

. inhabited the Gdaﬁsk and Gotland Baeine. Ancording to the same 2
‘ sonrce in the area rrom the Belts:inoluding the Gulf of Bothnia

the herring biomasa'amounted to 2&08,3 thous'{ tonsy Herring
occur mainly in the areas of; the Gu}£e of Bornholm, Gotland

. and Bothnia / 19157 thousjtons - 79i5%/% Hence the total |
biomaSS of'elupeoidefwas 3 961:4 thouektone Prom the compari-'
gon of” data concerning the intake of olupeoids by salmonids;
and their bidnaes: in ‘the Baltie 1t reeulte that salmonids ~
.utilize barely 0.5% or ‘the, bipmass ot these two speciess. Ehe -
data on cod are aleo interesting, as theee Iieh feed on the )
clupeoide Zalachowski /1977/ estimated the biomase oﬂ'juve -
. nile.cod /O-II age groupe/ to be. 161,698 tons and adult rieh-
i':teeding mainly on fish - to be 320,346 tons'y The pean total - -

eed.ﬁiqmeseyin the_yeers 1972 ;vi974'amoﬁhted to 482,044 tone&,f

N
d

by
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] B ST According to the author the’annual food intake'by cod
l \,1n all the age groups was 2, 180.5 thous. tons, including

. ' 670,678 tons of olupeoids; It would thus appear that of
. the total biomass of elupeoids, cod utilizes 16.%%. There-

fore cod are . ‘the main predatora'or clupeoids“ ,
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