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The turbot belongs to the most appreciated and highly payed marine food fishes.
In spitec of its eccnomic importance only very few publications deal with the growth
of this species. This may be caused partly by its high price preventing the investi-
gation of larger samples. From the attempts made until now to establish the growth
rate of the turbot, it may be sugrested that the annual rings in the otoliths and bones
do not alleow exact age determinations. aAs is well known, scuales are absent in this
species. )

In order to complete our knoviledge on the biology of the turbot, the second-
named author was charged with age doterminations by means of otoliths. The matorial
uscd was collected from trawl catches by R.V, "Uthorn" in 1956-60 and from landings ot
the Bromerhaven fish market in May 1959 and September 1960. We arc much obliged to
Dr. Kotthaus for handing cver thc otoliths taken during the survey of the stock of
plaice in the south-castern North Sca.

Former investigations,

T.W. Fulton (1906) cstimoted the growth of the turbot by means of the maxima
observed in the length distribution. H.M. Kyle (1926) tried to determine the age fronm
the zoncs on the opcrculgm of 28 specimens. Their results arc tubled below.

Tablec 1. The size of the turbot in the different years of life,

age T.W. Fulton (1906) H.M. Kyle ( 1926)
1 ycar 7,5-10,5 cn 5,5 cn
2‘ 1" 15 7" 7 _13 1"
3 " 13 =17 " 13-15 "
4 " 18 -22 " ' 16-18 "
5 22 -26 " abt, 24 "
6 " 27 -31 " 26-30 "
7 31 =35 ™ 31-39 "
g " 35 =41 " 32-49 "
9 " 42 -26 " _ 3555 "
0 " 46 -52 " 40-56 "
11 " GO "
16 " 68 "

E. Ehronbaum (1936) stated the age of the turbot at its first maturity to be 5
years (wales from 28 cm, females from 35 cm in length) in contrast to A.C.Johansen
(1915) who rcad from the otoliths 3 years for o mature malo 27.5 cm in length, and 4
yeurs for a maturc femoale 34.3 cm in length. Further on two unpublished dravings of
the opercula of turbot exist which Fr. Hoincke considered as 3 yecars (30 cm) and 6 yeurs
(44 en) old, unfortunctely without giving the sex (R. Kindler 1949).

A.C. Jonhansen (1915) has published numerous meusurcments of young turbot caught
in 1905-13 at the coust of J -tland thay aro grouped according to the month of capture
in Table 2.

In the spring two length groups occur represcnting the age-group I (6-11 cm) and
II (19-23 cm). In July the O-group (2-3 cm) appears in the catches. The length dis-
tribution in August shows two maxima at 3 cm and 13 cm, advoneing to 4-5 cm and 14-16 cm
respective in September. They belong to the age-groups 0 and I the average length of
which differ by 10 cm. 4t the end of the first year of 1life, the young turbot very very
much in size as the length range of the O-group in October extends from 2 to about
12 cn. In November only few small specimens of the first yecur-class were still present
near the coast, as the larger and older fish had migrated into decper wters.
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‘At the beginning of the winter, the average length of the O-group may be estimated at
least to 8 cm, of the I-group to 18 cm which fairly correspond with the values

obtained in the spring (Table 2).

Ovm results of otolith readings.

The otolith of the turbot proved to be well readabls and can be obtained and
prepored for reading by less trouble and expense than the bones. The annual zones are
quite similar to those in the otoliths of the plaice. They can be well rccognized even
at older fish, and the age determinution could be carried out reliably up to the age-
group XIV,

According to the origin the material is divided in 3 groups:

1, 201 spocimens from biologiecnl catches in the years 1948-60 (June/ﬁuly
and Septerber),

2. b80 specimens from commercial landings in September 18E€0 (contral North
Sea), separated according to sex, '

3. 517 specimens from commorciul landings in lay 1559 (southern North Sea),
wiithout scparating the sex.
The length range in the biological catches varied from 15 to 54 em for males, from 17
to 68 cm for females, in the commercial samplos from 26 to 57 cm for males, to 70 cm
for females.

During tho spewmning period in carly summer the males predominated by 59%
(biological catches), whereas in the autumn the females were more frequent (59% in
biological catches, 614 in cormercial catches). After spavning the turbot leave the
coastal region and migrate to deeper water. Therefore the biological catches from the
German Bight in late spring contain more larger fish (567% 40 em and more in length)
than in the autumn (12%).

Biological catches.

The results of the age determination for males and fcemales are given in
Tobles 3 and 4. At first sight one finds a much more rapid growth of the females than
of males, compared with the results for other species of flatfish. The difference in
tho mean sizes of the age~-groups increases with increasing age, from 2 cm in the third
year of life to 7-8 cm for fish morc than 10 years old.

A great number of age-groups is included in the biological material from the
spavming periocd. The III- and IV-groups arc most frequent (more than 20%), the
following V-IX-groups are represented by 6-107%, and the fish more than 10 years old
omount to 17.5%. In the outumn catches the number of older fish is low (only 12% for
age=-group V+), and the II-group dominates by 52%.

Commercial scmples.

The material taken at the Bremcrhaven fish market is far richer comprising about
1100 turbot. For Moy wnd Scptember it must be dealt with separately as only in the
latter sample the sex was detcrmined. The rcluationship between length, age and sex in
the sample from September 1960 cre prescnted in Tuble 4. Duc to the large numbers even
in the higher age-groups, thce culculated average length for males and females is fairly
reliable up to the XIV-group which shows a difference in size by 8.7 cm in favour of
the females.

According to nct sclcction and demand of commerce, the length range compriscs fish
from 32 cm and age-group III upwards. The most frequent age-groups wre VIII (11.9%)
and IX (11.2%), followed by V (9.6/%), VII (8.9%4), and XI (8.2/%). Up to the age-group
XIII the percentage is above 5%, only for XIV-group and the youngest age-groups III and
IV it is cround 4%. The colloctive group XV+ contributes 12.2% to the catch, an
astonishing high part of which the males account for 3.4% (moximum longth 57 em) and
females for 8.8% (moximum length 68 cm).

The length-age-analysis of the commercial samples taken in qu/%%Sgivon in Table
5. The longth varies from 26 to 70 cm, but the smaller fish up to 31 em are rare. The
length distribution in the age=-group IV and oldor ones shows a striking phenomenon:
instcad of a ncarly normal distribution two moxima occur in a distunce of about 6-8 cm.
Obviously they arc caused by the differcnces in the growth rute of males and femules.
Por example wo find in the age-group IV moxima at 35 and 41 cm; thoy inerceasc to 40
and 46 cm in the VI-group, and to 46 and 51 cm in the VIII-group. Looking at Table 4
we find thut these valuces lie near tho mean values for males and fermules in the
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preceding age-group from the avtumn. Ir age-group X and older the sex is clearly
separated in the length range by a gap of 2-3 cm. Therefore the average length for
males and ferales can be calculated casily without sex determination, as was done in
Table 5.

In the commercial catches from May, i.e. before spawning the age-group V
dominates by 20.7%. The oldest group XV+ (9.1%) meintains the fourth place after the
age-group IV (11.6/) and VI-group (9.77%). This age analysis shows also that the
turbot fishery is based on meny age-groups.

The average length of all age-groups obtained by bioclogical and commercial
catches in May/ﬁuly and September was plotted in o diagram to draw growth curves for
moles and females (Figure 1).

Thereby the problem of the growth rate of the turbot in the North Sea, as yot
unknown, seems to be solved in a satisfacteory way. PFurther investigations arc ncces-
sary to obtain knowledge of the size and age compositicn of commercial catches from
different parts of the Horth Sea, From the results prescnted in this paper, the
conclusion may be drawn that many age-groups are insluded in tho landings. Many turbct
reach a considerable size and high age. This may be explained by the fact that the
oxploitation of the turbot stock is limited by its scarcity and the wide dispersion
over a large area,
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Table 2, Length distribution in catches of young turbot caught in
April-November 1906-1913 in coustal waters of dJutland,

Length cm April/Uune July August September October Hovember

2 - 6 77 6 5 -

4 - 10 275 120 31 2

6 1 1 31 95 44 14

8 1 3 8 22 33 8

10 1 3 49 4 74 1

12 2 3 £5 4 27 -

14 - - 59 9 12 -

16 - 1 39 8 14 -

18 - 2 25 4 8 -

20 2 1 10 3 15 -

22 3 5 8 - 2 -

24 1 3 1 2 3 -

26 - 1 - - 1 -

28 - 2 - 1 1 -

Mumber 11 41 637 278 270 25
Mean O-group - 3.1 3.5 4,8 8.0 6.7

Length, I-group 9.5 .7 13.5 15.1 17.5 -

cm, II-group 2l.2 22.2 21.5 25.2 - -




Table 3. Length and age distribution in Qological catches of turbot in the sC®h-eastern North Sea (June/July)
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Table 4. Length and age distributicn in tiological ‘ Table 5. Langth and age disgibution in commercial catches of turbot,

catches of turbot, i1n the south-eastern North Sea September 1960
| (September)
Longth I I 11T older Total Length| III| IV | v VI VII VIII 71}: X | XI | XII | XIII KIY | XV+ / Total
7 %% 7 ' A T 5 Sl o 5 £ 5 % -
(cm) g 9 |© o o7 9 g7 0 & o (cn) o g9 gl oj¢ 9| o 9| 9 o |d ok g‘o g_d’! 0P o go.zg/o’ o
16 1 - 1 - 32 1 -1
18 2 5 2 3 8 |2 2 -
20 2 3 2 3 36 3 13 - 6 1
22 2 3 2 3 38 3 11 -j2 - 6 1
o4 4 1 4 1 4o 2 87 =~-i 4 - 13 8
26 3 2 3 42 - 27 -7 - - 19 2
28 - 8 - 6 44 - 1- 1{8 1 -1 - 11 3
3o ) 3 5 46 - 2/686 11! 9 311 -2 - 1 - 29 16
32 6 |1 - 1 6 48 - 1| -15] - 5 1{7 - |1lo =-|7 -3 -1 - 33 23
34 5 |1 - 1 3 50 - 2{-13|- 18{1 5/ 9 -013 -{15-i{8 - |3 -]1- 50 38
36 2 - 2 - 52 - 17- 12| - 3] - 8l- -la-ls - |5 -la-l2- |25 s2
38 - 1 - 1 54 - 40 - 17| -13|- -1-=|3 -7 -2 -156- {17 34
m v 1 - 56 - 6 24 |~ 1o~ 4f= =11 -3 -{7 - (11 44
42 v 1 - 58 - 91-13]- Ti- 2}- -6~ 6 31
44 v 1 - 6o ' - 2- 13{- 8¢ 3|- 3] - 29
~66 XIII, IX, 62 - 4|~ 7l-7|- 15| - 34
| XIII 1 3 - - 2l -
| ey 64 1/- 2/- 15 18
| : 66 - 1i- 16| - 17
| Fumber | 7 9 |9 21 |4 1| 4 3 24 34 68 -2l - o
g tg | 16 50 J ! 28 Numberllo 14 18 4| 27 29 16 2 9 22 2 |
‘ umber! 1o 1 29 16 23 17 35|10 59| 20 45 20 19 22 2416 1811o 132 51| 226 354
% 27.6 52.2 8.6 11.6 100.0 A i ‘ 2 20 24 %
‘ _— g +gql 24 22 5 i 39 ! 52 69 65 29 | 42 44 / 34 /23 | 71 | 580
iMean - J 2 .
‘length 671 19.5 26.4 4.5 A 4.1 {3.8 | 9.7 {6.7 | 9.0 | 11.9 |11.2 | 6.7|7.2!7.6] 5.9]4.0 {12.2|100.0
| em Q 20.2 29.6 38.5 :
j Mean !
l length 3
(em) &136.7 4o.1 42.8 44.5 | 46.9 47.8 |49.0 49,4 50.2 151.4.52.9|53.5{55.2| 47.86
!
) 2139.4 46.2 {47.3 149.1 |51.2 | 52.7 |54.8 57.2(58.2 [59.7/61.0|62.2163.5( 52,66




Table 6. Length and age distribution in commercial catches of
turbot, May 1989.
Agegroups
Length III v v VI VIiI VIII IX X T XII X111 XIv | XV+ Total
(em)
26 3 3
28 6
30 6
32 9 4 3 17
34 3 13 25
36 15 28 1 44
38 8 13 7 28
4o 6 16 9 1 32
42 11 22 6 4 43
44 5 8 4 7 3 27
46 1 4 13 5 7 3 33
48 8 11 7 3 36
50 2 5 4 9 4 2 37
52 7 4 - 2 5 8 3 1 33
54 3 8 2 - 1 3 3 3 23
56 9 4 3 - - 2 7 25
58 1 6 7 3 2 - 2 21
60 2 3 1o 7 "5 1 28
62 2 7 4 3 16
64 1 2 7 lo
66 1 14 15
68 7 7
To 2 | 2
Numboer 27 60 107 50 36 31 37 25 22 25 30 20 47 517
% 5.2 11.6 20,7 9.7 7.0 6.0 7.1 4.8 4,3 4.8 5.8 | 3.9 ] 9.1 |loo.0
I Mean lenzth o7+ ¢ 0.3 38.0 38.7 43.5  |46.7 49.0 52.3 53.6 54,7 158.5 57.1 8.5 163.6
(em) ' & 46.8 | 48.9 49.2 | 49.8 |51.4 [52.2 |53.0 |55.6 -
o 52.0 54.5 5%/0 58.1 {59.5 60.7 61.7 |66.7
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Figure 1.

Growth curves of the turbot in the North Sea.



