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Abstract _

As part of an extensive investipgation into the food of demersal
fish in the Kiel Bay Abra alba community, the ruts of 1170 floun-
ders (Platichthys flesus (I..)) were examined. The percentage of

erpty guts was very high (75.8%). The food consisted mainly of
small crustaceans, with Diastylis rathkei holding a share by

weight of 35.87 of the identifiable gut contents, and of poly-
chaetes. An estimate of the amount of flounders feeding in the

trawl.path shows that in 1971 predation on macrobenthps wvas strong-
est during and shortly after spawning despite the fact that the
percentage of empty guts is highest at this,time és well. The total
amount of macrobenthos. consumed by flounders in thé.deeper'parts'
of Kiel Bay is rather insignificant as compared with that taken by
other demersal fish like cod and dab.

Introduction . o _
The flounder (Platichthys flesus (L.)) is one of the cormercially
important demersal fish species in the western Baltic. Its biolory

and population dynamics have recently been studied by Muus (1967)
and Saeger (1974), showing that except for the spawning season
when large amounts of sexually mature fish seek for the deeper
areas the flounder is basically a shallow water species. For this
reason catches in summer and auturn are nearly exclusively based
on fishing by trammel nets. The number of flounders caught by
trawling in areas >18 m depth is very small during this period.
The present investigation is part of a comprehensive study on
the availability and production 6f macrobenthic food in the Abra
alba cdmmunity of Kiel Bay and the utilization of this food by
demersal fish (Arntz & Brunswig, 1975; Arntz, in press). The food
of dab (Arntz, 1971) and of cod (Arntz, 1974; 1977) have been
nublished; sirilar studies on the food of plaice, whitines and
gobies are under way. |
The aim of this paper is to find out whether the large arounts of
flounders present in the deeper Kiel Bay in -late winter and spring
and the few soecimens found during surmmer and autumn feed on benthos
at all, and to assess their predatory importance in relation to

the other demersal fish inhabiting the area.



Material and methods .
Trawling in 6 areas of Kiel Bay (Boknis Zclk, Norschrulde, Vejsnﬁs
Rinne, Millionenviertel, Stiderfahrt, Hohwachter Bucht =- cf. Arntz,

1974) with a water depth ranging from 18 to 35 m was carried out
mOnﬁhly during the period January 1971 to March 1972. No fishing
could be undertaken in February and September 1971. Of the 215.5
1-hour hauls in 1971/72, 29;5 hours fell within two "24 hour-
fishings" (13.5 resp. 16 havls within 24 hours) in March 1971

and January 1972 (Vejsn#s Rinne); an additional 24 hour fishing
(12 hauls) was .carried out in April 1975. In each case, an 80 ft
groundtrawl with a standard trawl codend (12 mm meshes) was used
from board. the research vessels "Alkor" or "H. Wattenberg". _
The totél nunber. of flounders caught was 1313 (Table 1). The catch
per hour was low ( <10) froh May 1971 to January 1972 and high
during the spéwnihg season, reachinp, peaks of 20.9 and 18.5 in -
March 1971 and 1972 respectively (Fig.1). o

In total, 1170 flounder guts (Table 2) were sampled directly
after hauling, preserved individually in 11% Formalin and lateron
sorted in the laboratory. Numbers and wet weight of the different
food species were deternined separately for stomach and midgut
but the contents are lumped together in this paper as "gut con-
tents". In some cases, the exact number - especially of bivalves -
could not be determined because the fish had chewed their food
beyond identification.

The mraterial is split up into U size groups, £20.cm, 21-25 cm,
26-30 cm and > 30 cm. The respective percentégés.for these gfroups
were 1.4, 23,6, 37.4 and 37.6%. Thus accofding to Saerer's (1074)
age data, the'majority of the flounders treated in this paper be-
1ong to ape proups II-IV.

Results

1. Percentape of empty ruts .

Of the 1114 flounders examined in 1971/72, 844 (75.87%) had not

fed at a11,~i.e. the three parts of the gut were comoletely_empty.
The percentape of empty flounders varies considerably throughout‘
the year (Fip.1): It was O% from June to October, between H0-60%
in May, November/December and in January 1971, and >70%, with a

maximum around 95% in January/February 1975, shortlyv hefore, dur-
ing and shortly after the spawning season. The rate of empty ruts



increased with the size of the fish. It was 58,37 in flounders
<20 cm (in the followinr referred to as "size eroup I"), 69,77
in flounders 21-25 cm ("size frroup II"),'and 72.07 resn., 84, 47
in size rrouns III and IV. There are also differences between
the 6 trawling areas, with only €17 eroty in Millionenviertelf
und 93% in Boknis Eck; these fifures are, however, somewhat mis-
leading since the material for the different areas is not eaually
distributed over the seasons.

Of the 326 flounders which had fed only 242 (20.7% of the total
catch) had identifiable contents in their stomach or midgut. On
these 242 specimens the followins analysis of the food is based.

2. Composition of food

Compared with other derersal fish in the deeper Xiel Ray, flounders
have a fairiy wide food spectrum as can be seen from Tables 3 and 4.
On the other hand, the nurber of really important food species 1s
rather small. By far the most important food iter is the cumacean

~Diastylis rathkei which is also the main food for dab and juvenile

cod (Arntz, 1971, 1774). Surprisingly hirh is the amount of pria-
pulids (mostly Halicryptus spinulosus) and of the nolvchaete Tere-

bellides stroemi which - despite its abundance - does not nlay an

important role in the food of dab and cod. Other rajor food species
include the bivalve Abra alha, the polychaetes Nenhthys spp.,

Pectinaria koreni and - to a lesser depree --Capitella capitata

and Harmothoe sarsi. The latter is most abundant in surrer and

auturn when it is taken in larpre numbers by cod and dab; but dur-
ing this tire flounders, as shown in Fir.1, are rare.

Diastylis is also the rost important food in terrs of incidence
frequency, bteing eaten by 80.6% of all flounders containing food.
It is followed hy Abra alba, Pectinaria koreni, Terebellides stroeri,

priapulids and Nephthys (Table 3).

In terms of weight, crustaceans provided the largest share (36.37)
of the identifiable stomach contents. Polychaetes were the second
important group (33.2%). Prianulids provided 19.0%, molluscs -
bivalves only - 10.3%. Other groups (fish and nererteans), with
1.2%, do not.play a sipnificant vart. (A1l figfures are reans for
flounders > 20 cm in lenesth; size rroun I was evcluded because the-
share of these fish was very small),



With incfeasing size of the flounder, the share by weight of
crustaceans decreases, while that of rolluscs and priapulids
increases (Fip.2). The share of polychaetes as a whole does not
show ény significant changes although there are differences in .
the individual species (cf. Table 5). In the case of molluscs

and crustaceans only one species (Abra, Diastylis) is respon-

sible for this shiftingy in the diet (Tahle 5).

Again for the whole material excl., size rroun I, Diastylis (35.87%),
priapulids(19.0%) and Terebellides (13.9%) nrovide over two-thirds
of the weipht of the identifiab]e gut contents. The six most import-.
ant species , including Abra (7.97), Nephthys (5}5?) and Pectinaria
(4.0%), provide R6.1% of the flounders' food.

3. Seasonal and diei_asgects'

Unlike the other demersal fish investirated so far, flounders in

the deeper parts of Kiel Bay do not exhibit a very distinct seasonal-
ity in the.compoéition of their food. As can be,séen’from Table 3,
most food iters seem to be taken throuphbut the'different seasons

without a particular pattern. Table 6 gives the averape weipht of
certain species per gut containing these forms in the first guarter
as opposed to the rest of the year. For the three most impnortant
food items ‘there is no difference; on the other hand there is quite
.a clear increase for certain bivalves and polychaetes. Because of
the material beine so scanty it is not possible, however, to fol-
low up the percentage of the ﬁore’important food species through
individual months or seasons as was done for cod and dab,

Another question is the relative seasonal importance of flounders
for the predation on macrobenthos available in the Abra alba com-
munity. For thisApurpose, the nurmber of fish containinpg food

(Table 7) was calculated from the data used in Fig.1. It turns

out that, according to the season, the number of flounders caught
feeding in the trawl's path - i.e. in an area about 1N h'x 3 miles
wide - varies between 0.1 and 5.0. The real numbers may be twice

as hipgh if a 50% efficiency of the trawl is assured. In addition,
the flounders mirht digest.their food more rapidly during the

warm season as has been shown by de froot (1971), thus increasing
the relative irportance of the few specirens in the Atra alba

community in surmer (see below).



_5_

Although three 24 hour fishings were carried out, it was not
nossible to come to any conclusions about the diel rhythm of
feeding in "deep" water and about the diel rate of food intake
like in former studies on plaice (Hempel, 1964), dab (Arntz, 1971)
and cod (Arntz, 1974). In two cases, the number of fish per haul
was insufficient, and in the Vejsniis Rinne trawlines in March 1971
when a large nuhber of fish was caught 81% were erpty, and the
rest kept a consistantly low gut filling around 0.2 g throughout
the fishing. Anglers in shallow water of Kiel Pav report that
flounders feed twice a day, at about sunrise and sunset. Since
this tallies with Muus' (1967) and de Groot's (1971) findines and
with our own data for Kiel Ray dab, we may assume that the basic
feeding rhythm of flounders'in deeper water ray be similar. The ’
amount of food taken per day must be smaller than in dab since
fFuts of flounders from deeper water contain in general mruch less
food than those of dab of the same size.

4, Estimate of the arount of macrobenthos consumred bv flouﬁders,

Assuming a 50% trawl efficiency and a summer (June-Nctober) feed-
ing rate twice as hirh as in winter, i.e. a diel food consumption
of 1% of body weigsht during the winter and 27 during the sumrmer
for those flounders which are feeding in the Abra alba community,
the amount of food taken in the trawl path can be estimated for
the two seasons. As "body weiprht", for this rourh calculation a
rean value of 200 g per flounder is used. This value takes into
account the lenrth composition of the flounders containinp food

in 1971 and the different X values for males and ferales as sriven
by Saerer (1074), ’

The "true" mean number of flounders in the trawl pnath (cf. Table 7)
was then 1.3 during the "surmer" months June-October and 5.3 in
"winter" 1971 (rest of the year). With the 2% resn. 1% of body
weipht diel feeding rates, the monthly amount of macrobenthos
taken by flounders in the trawl path is 5.2 ¢ (wet weirht) in
summer and 10.6 g in winter, or roughly 100 g durine the vear 19071.



Conclusions

The present investiration shows that the food of flounders in the
deeper parts‘of Kiel Bay, like that of juvénile‘cod and déb, is
based nearly exclusively on macrobenthos. Food coincidence with
the other demersal fish species is high if the taxonomic froups
are considered and in the case of NDiastylis rathkei as the common

primary food item., On the other bhand prlapullds and Terebellides

stroemi are an important food for flounders but only of secondary
importance for other demersal fish. Surprisingly low was the share
taken by bivalves which according to Blegvad (1916), Hertling (192°)
and Mulicki (1947) are normally among the main food items. This is

_ true for Kiel Bay shallow waters where flounders take Mytilus in

. large amounts (own samples, unpubl.).
Probably the clue to the feediny biology of flounders in the .
Abra alba community has to be sought in the fact that these fish
are only guests in this area which have come_thefe to snawn rather
than for feeding., This 2also explains the lack of a clear seasonal-
ity in food intake which has been described fof flounders in other
areas (Mulicki, 1947; Moore & Moore, 1976), and the apparent lack
of a diel rhythm of feeding in deeper water.
The impact of flounders on macrobenthos in the area investigated
is almost neplipible. As pointed out ahove, in 1071 it was highest
during the spawning period in spite of the high percentapre of
empty fguts, but the 1972 spring samnles show that the number of
flounders feceding at this time of the year can he ruch lower.

. The 100 ¢ macrobenthos consumed 1n 1871 on the trawl nath (2 55, OOOr‘ )

2 as estimated

corresponds to the annual mlnlmum production on 1 m
by Arntz & Brunswig (1975). Thus flounders consurme N.0027 of the

i macrobenthic production . in the Abra alba community - indeed not a

very severe predation.
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Table 1 Number of hauls carried out in 1971/72 and total number of flounders caught

(whole Kiel Bay)

lel 1T | 11T | IV v |vr |vit | virz{ x x | xt | xtr{t.72 | 11 |1I1 [Iv.7s| &
Jumber of , - ' , I A

1-hour 8 | 25 | 13.5]39 | 17 y- | 20 e | 16 7 15 | 29 11 11 12 [l227.¢

. ol o

hauls ot ot

C CcC M~

= o Z o

Number of 5 , &
flounders h “1s22 | 23960 | 18 6 5 12 2 16 | 56 54 | 20% ﬁ 56 11313

caurht ’ o :




Table 2 Number of flounder puts-investigated according to trawling areas and months (n = 1170) -
Month Boknis Eck | Dorschmulde -| Vejsnds Rinne Millionenviertel‘ S{iderfahrt Hohwachter Bucht
I.71 - 15 1 15 - L3
IIT 43 26 253ttt 33 2l 34
IV 29 34 39 18 26 .59
\4 - - - 57 -1 2
VI 1 1 8 1 6 1
VII - ~ - ] 2 -
VIII _++ _+4+ _++ 5 _ 4+
X 4+ _++ _++ _++ s _++
XI 2 -t _tt _+ ++ -
XIT - b 5 2 1 1 3
I.72 11 8 15*+* 14 5 3
1T 11 10 12 3 1 17
ITT 52 23 54 Zh 18 22
IV.75 - - - 5ttt - -

++ ++4+

- *No tﬁawling

flounders in the haul(s)

24 -hour fishing



Table 3 Platichthys flesus (L.): ﬁore‘important benthic food _species+ during the investigation

period I. 1971-II1.1972 (all trawling areas)

Months Whole neriod
I-IIT ] Iv-v1I | '| VII-XII
N2* of guts'with identifiable contents.
147 . - 8n 15 242
N° of | N® of | N° of N® of |7 inec.

Food species fish 4 n ¢ |rish 4 n | g |fish 4 n P frish 40 IS0 |3
Abra alba " 3.5 118+ 9.85 23 98+ | 13.07 11 68 5.75 69 28.5 284+ 28.67
Yacoma baltica lfﬁ - - - 1 20+ | 0.90 1 + 0.75 2 0.8 20+ 1.65
Harrmothoe sarsi 7T | 19 ,'0,53 6 50 2.4y - - - 13 | 5.4 69 .3‘07‘
Nenhthys spp. 10 -} 20 0.95 19 6R+ | 16.39 it 12 3.24) 33 13.6 100+ 20.58
Canitella capitata J 13 589+ { L4.26 - - - 2 T+ 2.11 15 6.2 5906+ 6.37
Pectinaria koreni 33| 189 3. 47 13 195 7.05]1 1 1 0,04 b7 19.4 385 10.56
Terebellides stroemi 131 249+ |10.27| 17 347+ 110.96 9 451 12.741 39 16.1 | 1047 .33.97
Mierodeutopus - gryllotalpa r - - - 5 55 0.13 - ; - .'5 2.1 55 ;0,13
Corophium spp. 1 o 0.37 1 14 0.03 - - - 2 0.8 51 'O.Ub
Diastylis rathkei 105 6321+ [ Bh.TO| 7T 3716 156.75| 13 (1153 [11.74) 195 | 80.6 [ 11,1004 153.19
Gastrosaccus spinifer 10 18 0.23 5 R Nn.0o - - - 15 6.2 26 0.3%2
APr‘iapulids 29 215 34,86 5 16 5.65 2 9 2.38 36 '111_‘9 2140 | 42, Re

+Only species which occured in > 2N specimens



Table 4 Less important food species of flounder in Kiel Bay (whole investipation period)
Mollusca ﬁ Polychaeta n Crustacea ' n Others n
Nucula tenuis 1 | Harmothoe imbricata 1 | Tdotea spp. - 1 Nemertini 1
Musculus niger 3, Pholoe minuta 1 | rrphipoda undet. 1 Ophiura albida 1
“Mytilus edulis. , 2 | Scoloplos armiger 1 ' ‘ | - Ascidians’ _ 4
ﬁontacuta'bidéntata 5 Pherusa plumosa 1 Pomatoschistus minutus 1
~Cardium fasciatum , 8 Amphicteis»gunnéri 6 _ - Clupeid 1
Cyprina islandica (juv.) |15 | Euchone papillosa 5 Undet.fish. (remn.) 3
" Macoma calcarea % o | ' .
Phaan‘pellucidﬁs_ 1 9
Saxicava arctica 1
Aloidis gibba 5
- Siphon | 1

Table 5 Size-dependent share of some important food species in the food of Xiel Bay flounder
~ (all trawling areas; values = % of ident. put contents) '

" Size group " Abra Diastylis ’Pbiapulidé" Nephthys ; Pectinaria. | Terebellides.

' +. ' 59, ‘ +onTy In X N
£20 cm 1.2 59.1 0o 0 0.2 0 trawling areas
21-25 em by 55.4 6.1 1.4 5,2 10.4 '
26-30 cm 8.9 33.1 17.5 R.2 3.3 19.0
>30 cm - 10.5 18.9 33,4 7.0 3.0 12.2

e N s




~Table 6 Averare weight of more irportant food species per flounder + in the first quarter
and the rest of the year

Species ' ‘ 18t quarter 2nd-lth quarter
D e 0 r
Abra alba 0.3. 0.6
Macoma baltica 0.0 0.8
Harmothoe sarsi N.1 0.4
Nephthys spp. 0.1 0.9
Capitella capitata 0.3 1.1
Pectinaria koreni 0.1 n.5
Terebellides stroemi 0.8 0.9
Diastylis rathkei 0.8 0.8
Priapulids 1.2 1.2

Table 7 Flounders per 1 hour trawling with puts containink food
(calculated from Fig.1)

‘Month , I.71 ITT IV \Y VI V1T VIII X YI XII I1.72 II I1I
‘Flounders containing | . , .
food (n/hr) | 4.3 | 5.0| 3.2 0.9 1.1 | 1.5 | 0.3 | 0.1| 0.1]0.5 0.5 0.3| 0.7
n/hr when assuming
50% efficiency of 8.6 10.0 AL 1.8 2.2 3,0 0.6 0.2 0.211.0 1.0 0.6| 1.4
the trawl

1T , IX

(9.3) ' (0.4)

- 2T -
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Fig. 1: Catch of flounders pef 1 hour trawling and percentage of empty guts during the
1971/72 investigation period. All areas; total number of hauls: 215.5; total
number of flounders caught: 1257; number of flounders examined: 1114, '
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Fig 2: Size-dependent share by weight of the more important taxonomic groups-in the food
of Kiel Bay flounder, Whole: investigation period; all trawling areas,



