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FEEDING HABITS AND FOOD RELATIONS OF BENTHOS-EATING FISH IN THE GULF OF RIGA.

Data is:available'iﬁ ﬁhe literature on the feeding-habits of certain types
of fish in the Gulf of Riga (Zheltenkova, 1954;.Shurin, 1957; Kostrichkina, .
1962, 1964; bhchuk:na, 1962 Erm, 1963) - However, fhere is littlé.data on their
feeding relations, The aim of our 1nvest1gation was té determine the mechanism
of feedlng of benthos- eatlng fish and their food,relatlons, and to clarlfy
thelr utlllzatlon of the avallable food. - . |

We collected data on'the feeding habité”of bénthoé%eating.fish during
1960-1964 in various-regions-of tbe Gﬁlf'qﬂ Rig#.- A totdi of 4800.digéstiVB
tracts were analyzed using standard methods (Manual,‘1961). Data on the
| available food was kindly»pfo?idéd.by»A.T.‘Sﬁurin; while information on the

distribufion of fish was taken from V;S, Ei‘n;msiichuk's data and augmented by us,

The fpur—prongedggoby PWoxocephélus quad:icorniSt.L«is_a typical benthos-
eating bottom dwelling fish whichkiives mainly iﬁ.the‘deep zones of the.éulf-
and does not carry out'extensive migratiohs.A

The weigsht of food 1n thelr stomachs as a percent of bodyweight is con51der-
ably higher than that of other flsh, and Very few speclmens ﬁlth empty d1gest1Ve
tracts were encountered. Food of small specimenh (14~17 cm) consists prlmarlly
of Mysis, while"thaf of iarggr_flsh is mainly Mss;dothea~entotomop. Goby
lohger than 16-17 cm. eat fish (éprat, e!lpout,'émelt).' The sizé.of food
eaten by the aoby varles con51derab1y. Thus the length of Mbsidothea entomon

va,ries from 10 to 80 mm, Whlle flsh food is up to 59% of the Iength of the goby.

SOS—200—10-31 :
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The four-pronged goby has: llttle flex1bility in 1ts feeding habits
(Kostrlchklna, 1964) and the. compos1tion of 1ts food is relatively constant “
The mlnor regional and seasonal variatlons result from varying availability
of food. Thus the 1ncreased role of sprat in the food,of the goby in June
and October, 1962, was related to formations of spawnlng accnmnlatlons of
sprat. Increased consumptlon of Mysis in the autumn coincides with the formation
of their autumn concentratlons. A reduction in nourishment of the goby‘occurs
from the Sprlng to the autumn (Table 1). |
Durlng the course of the year goby are ba31cally dlstrlbuted 1ndependent1y
of the locatlon of food, w1th a direct relationshlp being observed only in
June (r = + 0,62 at P —'0.999), There is no.relatlon between the_biomass of";
the feed bentnos and the gobyls nourishment'durinétthe‘different seasons{. Tbe '
correlation coefflclent between - these varlables varied from —9 02 to 0, 44 1n |
1962-1964, However ‘there is a strong negative relationshlp between the average
. bottom temperature in the gobys' habitat and thelr 1sochronous nourlshment during :
the different seasons (r = -0.94 at I’:—O 995)' Bl&logically thls can be (32’).
Aexplalned by the fact that the goby belong to the Arctic complex (Mlkol'skll,

1947) and increased temperature, ev1dently, reduces thelr feeding act1v1ty,:




god'ca'hfo.i/%'u{v/%ur‘/rohj&& 7,-,,47 J%% 4u//o/' ,8;,, in Flo5¢y Tz:ék/ Tgﬁnuga 1
/”\, &t ’7:/ CocTaB nmuul ueTHpexporux 6mukos Puxcoro 3amsa s 1960—1964 rr. (s % no mecy) - - /50y .
/6o 19601 #4564 1961 T - 7§62 1962 /5(31963r. 1964 r.
OpMOBBIE Ofi1er 3 | . - , ) 4 o C . '
/ T s ég ,.‘.J ’ Vi, V11 X ¢ f“_’ v Vi, VIl X1 ) Vi VI v VHI-IX D(—?( VII X—-XI V.
Mesidothea entomon , .| 70,16 | 70,02 | 90,20 79,80 | 88,48 | 79,58 | 83,82 7| 87,26 | 79,69 | 93,69 | 83,88 | 94,88 = o é'}
Pont :-ie14 temorata . . 0,48 1,85 - 0,42 { 0,06 5,85 | 1,30 — | 3,34 0,19 | 0,05 0,09
Pontuporeia affinis ... .| 0,28 6,10 | — | 0,03 0,06 — | 02 | 0,8 0,20 0,06 { 0,04 0,06
Gsmmarus locwsta . . .| 002 | — | — | — 004 | — - = 1 - — 0,01 0,02
Mysis oculata v. relicta . — = —_ 6,34 5,70 0,07 2,47 10,44 7,80 0,99 8,78 0,10
Mysis mixta . . . . . .| 247 | 2070 | 1,97 | — 0,04 | — — | os3 | o032 | 017 | 00 | o001
Neomysis vulgaris . . .| — — | =~ — — | =] = = .| o010} 002 | +
Macoma baltica . .., — | . — — __0,23 B — - e L — — _0,0l e
Canaxa . -gm'f-f I - — —_ = — 13,71 5,31 | 1,22 7,26 | 3,49 | 2,42 | 2,86
Koprouka S‘"\'//f . - j = - N R 0,31 . - - e 10,08
. ' Benpmoraf‘?%’-t-.. — b = = s = | = | em | — | =
ol Mami Guziox S &4 g0byy  — - — — — |l es0 | — | o, | = | — | — | o0
A hvee - 40, foT peXHFIaA KOMOWKA . .. J - — - — — — — —_ — 4 07 | — | -
sty ke Buckh Pegnpe s N Y Y Y R
pHG %%}5?. red | 25,90 | 6,41 4,75 | 12,85 5,38 0,3¢ | 0,87 | 0,2 0,98 0,02 1,89 | 0,12
et 75l g60.1 091 | 1,40 | 033 0,27 |- 005 | 001-| 001 | 04l 02 | 004 | 0,98
C Miscelonenns| - - ‘ . ' 1. B R
- O6ul muzexc, Yoos - .| 302,0 13000 |361,0 |1870 |148,2 |2282 {1495 |184,2 °|154,4 '|292,6 - 156,9 . | 339,2
ﬁM 1’1‘1&‘\(' - . . . . R . e RASLANEE I '
wq’go comAOR X P 0 | 3 55 s6 |60 | 60 |12 lwr 172 f1u3 M9
8 NMA"@%#"Z-_ ) .- . 1 - , ' ] . ¥ B

/'thfo'i .vf(,J/ qn»)ﬁ. oo

(2€)
. .g.

N mp gial e g e L e L At S P oty &t Gl g A L i P s T o B o o oy atia e ofA .



increased welghts of food 1n stomac}; as % of body weight are normally related _

.that during the autumn and w1nter My51s concentrate in the deep areas of the

botbm trawl net, conflrmed thls data.' All th1s indlcates that the varlations -

| 5u;;fa;1?

Smelt Osmerus eperlanus L can be c1assified as pelaglc bottom dwelling

fish by thelr way of 11fe and are wldely distributed 1n the Gulf of Riga.

Smelt. feed on varlous crustaceans and flsh in the Baltic Sea and its gulfs..
Wbrms and shell fish | are absent from their food (Shevchenlya cited by Berg, .C;

1940*»Kub11tskas, 1963. Kostrlchklna, 196&, et al )
The most 1mportant 1tems in the food of. smelt of the Gulf of nga are

various forms of Mysls, especlally Mysis oculta v. rellcta and M mixta, and

sometlmes Pontoporeia (Table 2) : Benthonlc organisms are first found in the T
food when the smelt are 6 0 - 6. 5 cm, long.s Spe01mens 9—10 cm. 1ong already

eat nektobenthos. Flsh (e&lpout, sprat, small goby) are found in the food

of medlum and large. speclmens more than 13 -1l cm, 1ong.- "‘:
The dist of smelt in different regions.oonsists.oflvarious foods}sance‘sneiti"i
is very flexible in.its feeding habits,and;ghen.one‘fcod is not available can"'
switch to anotheri(Kbstriohkina 1964) L |
The ngur;shment of smelt 1ncreases.from.the spring ‘to the autumm w1th

some reduction being observed dUrlng'the-summer months (see’Table 2) ‘ The -
to the hlyher percentage of My51s in the feed._ It has ‘been establlshed . '»j-‘ e

Gulf and spread out over the entlre Gulf in the sprlng. o hey are.wldely dis-
persed in the summer (Chekhova, 1961). iStudy of'the number of'Mysis.caught |

by our aux111ary trawl net which wa.s attached to the upper frame of the

in feeding rate of the smelt are, to a 1arge extent dependent on the
avallablllty of Mysls. .'
Smelt 11ke other sohool flsh, feed intensively in areas where they

accumulate., The effect of bottom temperatures, in the areas where smelt

L4




" fishes %ill show whether such.é relationShip,exiS§s for Gulf of Riga smelt,

exist, on the variatlon in feed rate is small (Figure) HoweVer T N Belyanina

(1965) observed a ‘more rapld rate of growth as a result of feedlng conditions _

in warm years. ' Further study of the blolqu andtquding_habits of these

. T
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. Seasonal varlatlon of the noutishment index and bottom temperaturex

A) ellpout E) smelt; C) four-pronged goby, 1) average weight of food in

stomachs aS'%of'body'welght, 2)javergge bottom temperature.in the areas of -

"fish habitation. -

. Eélpout Zoarces v1v1parus L is widely distributed in the Gulf of nga,_

\

and is found in both shallow-and deep areas. "It is a bottom-dwelllng, bentho s~

eating fish whose food ration,inpludes 24 conpénents. The.maih-bomponehts ateé_ .




Pontoporeia affinisg'Mbsidothéa.entomon, M&édmﬁ;béltica;fﬁwéis.ocuitata v,

relicta and small goby—PomatoshiS£ué minutus;¢?fﬁis_fish‘eats:théfsama type

of food in the area of the Estonian Islands and in Pyarnusk Bay (Shchulina, 1962);

\
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The size of obJects encountered in: the dig tive'organs of eelpout

varies as follows: Mesldothen entomon fron 5 torho mm, Macoma from 2 to 15__

" mysis from 10 to 25 m and Pontoporeia from 1 9. mom, . Shell fish form a
greater portlon of the food of large eelpout than of small ones (Shchukina,
v1962) Small goby (30-40 ‘Tm long) and’ young eelpout (60-65 mm long) are e
'-found in the stomachs of fish with a mlnimum length of 16 5 cm. Larger » |
speclmens eat sprat Eelpout normally eats whatever food is available since
it has a great flexibility in feedlng hablts (Kbstrichklna, 196#)

| In splte of the varlatlon in food compositlon of eelpout throughout
the year, 1ts bas1c food during the entlre period of study was Pontoporeia affinis. -
The quantlty of shell fish,ln the food decreases from the summer to the autumn. )

This isd a result of the fact thatﬁat.the beglnn;ng of the summer eelpout

concenbrates in the.northwestern\secbor of the‘dulf'uhere‘Sheil<fish an&' |

cray fish form the major part of the bottom fauna, Later eelpout scatters

throughout the Gulf and oscupiesklarge areas'where the bottom fauna consists

primarily of crayfish, In addition, the MySiS'portidn of the feed increaSes

in the autumn when autumn concentretions of:Mysis are formed.. Wbrms are
found in the eelpout's food oniy in‘the>sumMer. :v' o

The feedlng rate of eelpout also varles reglonally ‘and seasonally._‘
The maximum and mlnlmum 1nd1ces occur in June and Angust~September, '
respectlvely (Table 3). The low feedlng rate in August-September 1s,h
according to V.S. Tanasuchuk (1963), due to the fertllizatlon of thelr eggs. .
During this perlod a dlrect relatlonship betueen the dlstributlon of (331) ji
eelpout and P.affinis crayfish (r = 40 ?2 at P 0 999) is also observed
This relatlonshlp is oonsiderably weaker or totally absent in the other months.

There is no deflnlte connectlon between the degree of nourishment of eelpout

and bottom temperature., o sf;f?bixfr}; _ V .‘~.; -
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ARiver‘flodﬁer Pleuronectes plesus trachﬁrﬁs”bhnker is a'benthonic fiSh

which lives in the coastal areas of the Gulf durlng the summier and in the o ,

open waters during the cold season, F‘u’l.l-grown flounder i‘eeds primarily on

shellfish (Mikel'sarr, 1950; Zheltenkova , 195% Shurin, 1957. Kostrichklm,
1962; bhchukin, 1962 and others) ‘Benthonie organisms, small Amphipoda, are.
found in the>food of the current year s brOod, while shellfish occur in the
food of two year olds (M:Lkel'saa.r, 1950) 01der flounder (22—24 em and
longer) feed a]most exc1u51ve1y on shell flsh (Zheltenkova, 1954),- \

The basic components of its food in the Gulf of Riga are: Macoma baltica,
Pontoporeia affinis,_various'MyBidAe,-and bccaéiénélly Mesidothea entomon,
In addition they eat fish: éﬁrat, SmﬁllAgoby;‘th£§e-spine»stickléback. .The
51ze of the varlous foods found 1n the digestive tracts of flounder are as -
follows: Macoma 3 15 mm, Mesi?iothea 5—47 mm, Pontoporeia 3—12 nm, Mysidae

12-15 mm, In certain cages they can swallow even 1arger 1tems. ‘12.-13 cm




long sprat were found in the 1ntest1nes of fish 21 om long._;.

The compositlon of the flounder s food varies depending On its habitat

and the related varlatlon in food base, and is a result of its great feeding
Aflexibllity (Kostrichklna 1964), Seasonal changes 1n the flounder 5 food,.
which are the major varlatlons, are caused by 1ts mlgratlons. Durlng the cold R
season the flounder llves in deep water and feeds on crayflsh whlch are the main :

constituent of the bottom fauna. In the spring they migrate to. the coastal zone,;._

which are ba51cally shell fish areas and become shell flsh saters (Table k).
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The diet of flounder living in deep watars throughout the y;,ar does not
experlence any sharp changes consistlng only of crayfish at all tlmes. For'
“example, An July and November 1963, in the - Kblka-Rukhnu reglon 98, 7 - 9? 7%
of the food intake of flounder con51sted of two types of antoporela at a depth
of 30 m.., antoporeia femorata was the predominant species found in the

intestines in July, While in Ootober it was P, affinls.




Nourlshment of the flounder varies wlth the season (see Table 4) It
" feeds most intensively dur:mg the summer (M.W. Zheltenkova, 1954), (332)
'Its nourishment varles from_year to year. Thus in 1962 and 1963 the average

welght of food in stomachgas % of body weleht for July—October wore 122. 8°/ooo

and 118{00/000, respectively}> This 1is evidently a result of different tempera- S

ture conditions auringfthese‘years; Bottom temperature was 1. 3 hlgher in 1962 f

than in 19631."" This 1nd1cates a tendency to better nourlshment of the flounder‘

in warm years; It is known that the feedlng condltions, along with other
factors,.have'a slgnlflcant effect on the growth rate of flounder. The direct -
relatlonshlp between the growth rate of the flounder and the temperature
condltlons during its feeding perlod,establlshed by K A. Zemskaya (1961) are
Aconfirmed by our data. |

Vlmba vimba . v1mba L 1s a translent fish of the Gulf of nga. Its largest

concentratlons are observed at the southern and eastern coasts of the Gulf, -
The coastal zone is 1ts feeding area. There is llttle publlshed data about
the feeding habits‘of this'fish Tt is known that in rivers (Nyamunas River)
it eats the larvae of hlronomlds, caddls flles, shell flSh and other 1nvertebrae
(Kublltskas, 1962). Vimba east crayflsh, polychaete and shell fish in the
Gulf of Kursk (Kublltskas, 1959, 1963) ' The main food of v1mba in the Gulf
'of nga~1s Macoma baltlca Corophlum volutator, Bathypore;a pllosa, Pontoporeia.
affinis, | | ' -

A regular variatlon in the nature and 1ntensity of feedinu.of vimba is
observed ‘during theyear (Table 5) The signlfloance of warm water complex

crayfish Corophium and Bathyporeia in the food decreases from summer to autumn

1. ‘Data.of Gidrometsluzhba.
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while that of"’ cold water comnlex crayflsh Me51dothea and,antoporelav1ncreuse
"This varlatlon is a result of the dynamlcs of‘the food base and the m1gratio
.of the v1mba. Vlmba uSe food whlch is avallable tc them at a given tlme

because of their feedlng hablt flexlblllty (Kbstrichklna, 196&) It feeds
‘most intensively durlng the summer (June-July) ThlS is confirmed by the
studies of L. I Spirinova (1960), whose data indicate that 50% of the annual -

welight galn of the v1mba ocours durlng June—August.v

Food relatlons of fish, Intensmfled feedlng relatlons between the various‘w
fish spe01es occur as a result of thelr use of the same food.‘ Due to lack
of complete data in studylng the food relatlons of benthos~eat1ng flsh of the Gulfn
of nga, we calculated only the 51m11ar1ty indlces of food compositlon by A. '
.Shoryglns (1962) method. As an example we w1ll examine the food relatlons4
of fish. during 1961 (Table 6) | _ _

During the sprlng (4pril-lay) four~pronged goby, smelt -and eelpout are 'dl
the main 1nhab1tants of deepwater areas of the Gulf, whlle flounder and v1mba

remain prlmarlly in the shallow waters. The max:mum e01ncldence of feedlng

'grounds (65 59) at that tlme was observed for smelt and goby, with flounder
and.vimba feedlng in approxlmgtely ‘the same spousi ine feedlng areas of other
flsh.coincide'to a leseer degree (3#;5%). 'There'iu_llﬁﬁleAsinllarity between

~ the food of the g:obyi, smelt and A:e'elpou’c_.z,_whieh eat cold water complex

crayfish (Mesidothee. etonn_n, ?ontomreia 'atffini;s,"Po'ntoporeie. famora’ﬁa,
Mysis.oculata ' relicta, ﬁ..nixta) and fisnf(eee’Tébles l‘ 25 3, 5) Bronged ‘

goby, smelt anda ev1dently, elpout3 by genesis belong to the Saskl Arctic ocCean

complex (ﬁlkol'skll, 19&7, Lishev, 1950)

1. We considered coincidence of feedlng grounds to be the 51multaneous occurrence

~of fish in trawl catches, : o
2. Due to lack of data on the feeding: of eelpout durlnv the spring of 1961 we
used data from 1964 when the maxzmum food similarlty (FBY 1ndex for these

© fishes did not -exceed 14,4%, - .

3+ We considered eelpout to belong to the Arctlc complex . baSed on the" 51m11ar1ty of ;

. its way‘of Tife to that of other cold.water fish of the Gulf of Riga.  Although
eelpout ismore of a warm.water fishlt '
seas. o

han goby 1t 1s not found in’ warn so'th"
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Accordlng to G. V. leol'skil (1953) the greatest dlffereneo 1n foodﬁn

comp051tlon occurs between representatives of different faunal complexes.:lA
Therefore the 1n51gn1f1cant 51milar1ty in food of the goby, smelt and eelpou
is qulte reasonable. Flounder and vimba whlch eat shell flsh and crayfish of:
the warm water complex (Corophlum volutator, Bathyporela pllosa, Gammasus .
lucusta and Weomy51s vulgarls) and less frequently those of the cold water
complex and fish, have a con51derably 1arger FS coafficient. ‘These fishes
| differ in orlgln. flounder is a sea 1nhab1tant of the Arctlc (Nikblskii, 1947),¥3
while vimba 1is, ev1dently a pont1 Caspian dweller. This explalns the 1arge L

food similarity 1ndlces.
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to the Sprlng, gbby, smelt and eelpout are foL

‘ flounder and v1mba, as well as eelpout, occur in the coastal areas., The

open areas of the Gulf was more than 60% The habitats of the other flsh

f fish are closer. The maximum FS coefficient’ (58 1%,, Table 6) is: observed for

eelpout and vimba whlch eat Ma.coma Corophium and other Amphipoda.

~ similarity of food 1ncreases. ‘The maximum. similarlty* coefficlent observed

The distrlbutlon of flSh varles somewhav

1n the open areas, while

‘F“d\ ‘2’ =
general pattern of 4-& emains the same’ Whil > the

ratlo of 1ndiv1dnal

components varies, The colnoldence of feeding grounds of fish lxv1ng in the

alsorcoincided to a large‘extent.: The FS coefflcients of the flrst group
of fish'were.small., The relatlve 51m11ar1ty of food of goby and eelpout isl“riui
caused by the greater consumptlon of Me51dothea entotom by eelpout It should
however be noted that goby prefer a larger siee of M951dothea entotomon .

(4-6 cm) than eelpout (1- -2 em), - The food - relations of the seoond group of

"The flsh dxstrlbutlon changes in the autumn (October—November) When
the water cools off flounder leave the coastal area for the deep water, while
v1mba and eelpout depart from the coasts. The food of the goby, smelt, eelpout
and flounder, living in the open areas of the Gulf at this tlme, con51sts of '

the same- components as durlng the other seasons in these reglons, but the

in the smelt and eelpout (48, 4%), while that of the ﬂounder and eelpout is
374 7% (Table 6)." This is a result of the. greater consumptlon of Amphipeda
by smelt and of My51s and'Amphlpoda by other fish.l
The increased 51m11ar1ty of food within one fawnal complex is 1n th1s case,
ev1dently, a result of good availability of food for the fishes., A concentration

of Mysis occurs 1n_deep.waters~1n the autnmng(Chekhova; 1961);

* T believe that there is an error in.the Russian text: it refers to the flll
coefflclent where I believe the 51milar1ty coefficlent 1sdmeant




»A- In addltion, accordlng to I I. Nikolae rea
in availability of antoporeia for pelagic and evidently, pelagih_bonthonic

,(including smelt) fish due to increased vertica migration of these erayfishx

Fairly large FS coefficlents (45 3%) are noted a hthis time for repreSentative
of different faunal complexes, goby and vimba, as a result of Mesidotheah"
entomon consumption. However, the feeding grounds of these fishes do no‘
coincide. Therefore in’ this case we can only speak of thelr indirect influencei'
on each other s food suppLy.. ‘ . e RN L
Due to the yearly variation in food base and fish distribution their :;j*i
food composltion varies each year, This is reflected 1n a certain variation in |
food relatlons of the flSh. “Thus 1n the summers of 1961 and 1962 eelpout' o
vimba and ellpout—goby had the mo st 51m11ar food compos1tion. The ES.""”f“

-coefficients were higher in 1961 than in 1962.

CONCLUSIONS

Examination of the use of benthonie fauna of the Gulf of Riga by bbnthos-ff-“

' eating fish shows that all organisms, except mature Balanus 1mprovisus and large
'Mytllus edulis, are eaten by fish. The maJor role is played by the bulk forms

- of invertebrae: Macoma baltica, Pontoporela affinls, P femorata, Corophium

‘volutator, Bathyporela pilosa, Mysls oculata v._relicta M. mixta Neomwsis

vulgaris, Masidothea entomon.

However the consumption rate of these organisms varies throughout the year.:f
Mhrm water. crayflsh C. volutator and B. pilosa as well as shell fish M,
baltica are consumed at a higher rate durlng the spring-summer season, when the :

main feeding of flounder, v1mba and eelpout occurs.' Cold water crayfish are.(;

eaten at a high rate throughout the year, parti'ularly during the autumn.li ti

We do not have at our disposal detaoled information about benthos productlon;» 4

of the Gulf of nga. Tt is known only that some_lnerease in bonthos biomass;



" occurs from the summer to the autum (Shurin,
'~ conclusion that fish fattening:¢c§ﬁré.55:5155;

production,
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