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Growth in length and weight of Psetta maxima in consecutive
years of life was determined basing on back calculation of age
from the otoliths. Von Bertalanffy’s equation and Szyputals
polynomials were also used.

INTRODUCTION

Psetta maxima (L.) is a little known fish inhabiting the Baltic Sea. This is due to low
abundance of this fish and low catches (82 tons in 1980, ICES 1982). The fish is of
negligible economic importance; percentage of Psefta maxima in Polish catches of
flatfishes does not exceed 2% (Draganik and Reiman 1979).

The species is more abundant in the Gulf of Pomerania; its spawning grounds are
located over the Oder Sandbank (Fesotowicz and Wiktor 1959).

The objective of the study was to determine growth rate of Psetta maxima in the Gulf
of Pomerania. This problem has been never studied before.

MATERIAL AND METHOD

Materials were collected from March till May 1984. They originated from commercial
catches of fishermen from ”Certa” Cooperative in Migdzywodzie. Psetta maxima
represented a small by-catch in the catch of “white fishes” i.e. bream, roach, pikeperch
and flounder, obtained with gill nets set in coastal waters, about 1 nautic mile from the
shore, in the fishing zone E-2 (Fig. 1).
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Fig. 1. Sampling areas for turbot in Pomeranian Bay.
1 — sampling sites of juvenile turbot in 1982—84;
2 — area of adult fish catches in 1984,

Total length of 209 fishes was measured up to 1 mm; 174 fishes were weighed up to
5 g. Otoliths were collected from 159 fishes, but 155 pairs of these were used in the
analysis.

Otoliths were placed in water over a dark background, viewed and measured in
incident light using a Zeiss measuring microscope. Longer radius was measured in the
otoliths collected from 157 fishes in 1984, and additionally in the otoliths collected in
1983 from 68 fishes at the age of O+. Dahl-Lea method of back calculation was used to
determine the growth rate. Average length in age groups was calculated from these data
using von Bertalanffy’s equation and polynomials of the 2nd order (Szyputa 1977). L_
parameter in von Bertalanffy’s equation was obtained with linear regression used within a
coordinate system y =L 41 —L, and x =L_ for points along the line above the inflexion
point (Ricker 1983). Parameters K and t o Were determined in a coordinate system y=In
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L, —Lt) and x =t (FAO 1981). Average age at which Pserta maxima reached 95% L_
was calculated from Taylor’s equation (1962); assuming after Pauly (1980) the maximum
age, tmaxB'

To establish the relationship between weight (W) and total fish length (1.t.), the
equation W =aL" was used. W_ was obtained using L, in this equation. This is one of
the parameters of a modified von Bertalanffy’s equation for weight increase. Average
weight in consecutive years was obtained using average length in these years. The latter
were also used to obtain parameters of the polynomial of the 3rd order, modelling growth
in weight (Szyputa 1977).

Parameters of all equation were obtained with the least square method,.using matrix
calculus (Balicki and Bielecki 1980, Polard 1982).

RESULTS
Length of the fish caught

Length of males varied between 8 and 32 cm, and of females between 16 and 48 cm
(Fig. 2). “’Peaks” of the length distribution were assumed to represent modal length in age
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Fig. 2. Length frequency distributions of turbot caught in March — May 1984.
A — males; B — females. Numerals III-XV denote age groups.



16 Jacek Szlakowski

groups. The assumption was based on direct observations as well as back calculation of
age. As regards the males, fishes 18—20 cm were most abundant; these belonged to the
age group III. A weak peak was formed by the fish 26 cm in length, of the age group V.
The consecutive age groups were not all represented by the curve. This was due to
relatively low numerosity of the samples, and a certain obliteration of the differences
between fish length in older fish. As regards length distribution of females, modal values
were clearly noticeable: 20, 28, 32 and 40 cm, corresponding to age groups III, IV, V and
VIIL

Relationship between total fish length (L ) and length of the longer otolith radius (R).

Character of this dependence affected interpretation and method of the back
calculation. Within fish length range 1.78—42.90 cm, and agé group range 0—IX, this
dependence was expressed by the equation: L = 0.2381+9.8076 R, r = 0.9676 (Fig. 3).

It can be concluded from this equation that zero otolith length corresponded to fish
length 0.24 cm. In view of the length range of the fish under study, this displacement in
the coordinate system is negligible. Thus, Dahl-Lea method of the back calculation may
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Fig. 3. Relationship between turbot total length [L]
and longer otoliths radius [R]
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safely be used. Similar dependence was found by Szlakowski (1985) tor Psetta maxima
juveniles (108 indiv., age groups O andI, length range 19.5—120.0 mm);
L =1.2398+47.9551 S, r = 0.9974, during an analysis of the relation between total fish
length and otolith length (S in mm).

Rate of growth in length

Back calculation served to esta- [t;tﬁ]

blish average fish length in conse-
cutive years of life. This, in turn, 25
was used to determine rate of "°1
growth in length and annual incre-
ments (Fig. 4). The data were also l
taken advantage of in calculating
parameters of von Bertalanffy’s 30+
equation and the 2nd degree poly- 27
nomial, so that theoretical models ] g
of Psetta maxima growth could /
have been worked out (Figs. 5 and /
6, Tab. 1, 2 and 3), and parameters /
of these models could have been /
computed (Tab. 4). ]

Von Bertalanffy’s equations for
Psetta maxima in the Gulf of Pome- 101
rania are as follows: P

males: 1 S
Lt - 33.4[1_6-0.347(‘1'0.413)] ———

females: A A A AR P P
L =519 [1_6-0.2003(t-0.296)]
. )

Maximum age, tmaxB’ (in which Fig. 4. Rate of growth and yearly incre-
the fish attain the length Le 0.9 5), ments of turbot males and females [data
and the corresponding maximum from back calculations ]
length LmaxB’ are 9.1 years and
31.8 cm for males, and 15.3 years and 49.3 cm for females (Tab. 4).

Polynomials of the 2nd order are as follows:

males: L = —1.515 +8.856 t — 0.63 t%,

females: L, =—1.062 +8.742 t — 0.436 t*

Maximum age, b axW (corresponding to function maximum in case of the polyno-
mials), and the corresponding maximum length, Lmax W T€ 7.0 years and 29.6 cm for
males, and 10.0 years and 42.8 cm for females.

In the first two years of life, both males and females attain similar length; the
differences do not exceed 1 cm. Differentiation of growth takes place in the third year of
life. Females are still characterized by high growth rate, while growth of males is
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Table 1
Rate of length growth of turbot males
[back calculations from otolishs]
Length of fish
No. of
[em] L L I3 1y Is s | 17 |
Age group
I 6.2 2
IL 7.0 14.5 4
III 6.1 14.3 19.5 74
v 6.5 14.6 20.3 24.0 6
A% 6.3 14.0 20.0 24.1 26.4 8
VI 6.0 14.5 20.0 24.2 26.6 28.4 1
VII 6.5 14.5 20.2 24.0 26.3 28.6 30.1 1
Mean lengths 6.2 143 {1 19.6 24.1 26.4 28.5 30.1 96
Table 2
Rate of length growth of turbot females
[back calculations from otoliths)
Length of fish d No. of
[cm] 0. O
bl ! il ] %% ]| fsh
Age group
i
111 6.8 | 14.7 120.8 31
v 6.7114.7 122.8}27.0 13
\Y% 6.9 | 14.6 {22.4 {27.6 } 32.0 3
VI 7.6 115.0122.6 |27.6 131.6 354 2
VII 7.3 11551226 §27.7{32.0135.4]38.3 3
VI 6.9114.8{22.2127.8131.9{35.3]38.2{40.9 S
IX 6.8115.6123.0}27.7{31.1134.8]38.2140.8}42.8 2
Mean lengths 6.8114.8 121.7127.4131.8}35.3[38.214091]42.8 59
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Table 3
Comparison of rate of length growth of turbot males and females
according to various methods
Method  lengths
(o) Bl Bl Y4l s b%]%}|%|ho
Back 3 6.2114.3119.6{24.1}26.4]28.5]30.1
Calculations Q 6.8114.8121.7]27.4]131.8]353]138.240.9]42.8

Length according to 3 6.2 {14.1119.8 {23.8126.6 {28.6{30.031.0{31.7132.2
Von Bertalanffy
equation Q 6.8 115.0 121.7 §27.2 131.7 }35.2 |38.3 |40.8 |42.8 j44.5

Length according to 3 6.7 |13.7 119.4 |23.8 |27.0 [28.9 |29.6

Second-order

polynomial Q 7.2 114.7 121.2 {26.9 }31.8 }35.7 138.8 141.0 §42.3 {42.8
Table 4
Comparison of von Bertalanffy equation and second — order
polynomial parameters [tmaxB’ LmaxB — calculated
according to von Bertalanffy equation; tm axW’ Lm axW?
VL — according to second — order polynomial]
K t0 L00 tmaxB tmaxW LmaxB LmaxW VL
[yrs] [cm] [y1s] [y1s] [cm] [em] | [cm/yr]
Males 0.347 0.413 33.4 9.1 7.0 31.8 29.6 4.2
Females 0.2003 § 0.296 51.9 15.3 10.0 49.3 42.8 4.3

considerably inhibited. The differences in average length between males and females
increases to 1.9 cm in the third year of life, and as many as 8.3 cm in the seventh
(according to von Bertalanffy’s equation). Average rate of growth in length, VL, is
practically identical fot both sexes, being 4.2 cm/year for males and 4.3 cm/year for
females, but in case of males this value is applicable to the period tm . 7 years, and in
case of females to tm W o 10 years.

Average length in the third year of life of both males and females (established from
back calculation) for the most numerous (and thus most representative) age group III
deviated from the average values obtained for the third year of life in other age groups



20 Jacek Szlakowski
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Fig. 5. Length growth curves of turbot males and females
according to von Bertalanffy equation.

(Tab. 1 and 2). This difference was very small for males (maximum 0.8 cm), but fairly
significant for females, reaching 2.2 cm. Since these age gorups predominated in the
samples, calculation of average length in the third year of life for both sexes was somehow
biased. Assuming normal length distribution in particular age groups, and taking into
account that age group III predominated the sample of males, representing 77.1% of all
males under study, the difference of about 0.6 cm in relation to other age groups seems
natural.

As regards females, age group III also predominated, embracing 52.5% of the sample.
Length range within this group was fairly large: 17—23 cm. Length difference in the third
year of life amounted on the average to 1.8 cm in relation to other age groups. This
difference was probably caused by considerable variation of length in the age group HI.
As a result of these variations, average length was underestimated. Materials for this study
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Fig. 6. Length growth curves of turbot males and females
according to second — order polynomial.

were collected since March till May. Otoliths of the fish caught in March and April had
glassy hyaline zone at their margin, whereas otoliths of the fish caught in May had already
developed a new growth: opaque zone. There was almost a month gap between samples
collected in April and May. Consequently, fish caught in May (third decade)'v{/ere able to
complete annual growth increment and initiate new season, contrary to the fishes caught
earlier. This might have resulted in a difference of length assessment of 1 -2 cm.

Rate of growth in weight

Average weight in particular length classes was similar for both sexes. Notwithstanding
this, considerable differences in length between males and females were reflected in fish
weight. Dependence between total fish length and weight was calculated separately for
males and females (Fig. 7). The equation for males is:

W=0.0167 L3.0223 and for females:

W =0.0099 L*-1783
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Fig. 7. Total length — total weight relationships for
turbot males and females

Using L., value for males and females in these equations, corresponding We. values
were obtained (W.. = 676.9 g for males and 2798.7 g for females), which were then used:
to calculate growth in weight of the fish in consecutive years of life. Modified von
Bertalanffy’s equation (Fig. 8, Tab. 5) was used:

formales W, =676.9 [1 —e0-347(t-0413); 3.0223
t

for females: W, =2798.7 [1 —¢0-2003(t=0.296)13.1783

Similarly as length, growth in weight was the same for males and females in the first
years of life. It began to differentiate in the third year. In the next years, females became
much heavier than males of the same age. Weight difference amounted to 36 g in the third
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Table 5
Rate of weight growth of turbot males and females according
to modified von Bertalanffy equation — A and third-order
polynomial — B
Weight A B
atagen s Q 3 9
(wn)in g
Wy 4.1 4.4 6.2 14.4
w21 50.4 54.2 43.6 38.9
w3 139.2 175.2 131.7 163.2
W, 242.4 358.4 244 .4 360.1
ws 340.2 582.3 355.7 602.4
W 423.3 825.3 439.3 862.8
Wq 489.5 1069.7 469.4 1114.3
We 540.3 1303.4 - 1329.6
wg 578.2 1510.0 - 1481.4
WYio 606.1 1712.7 - 1542.8
Table 6

Comparison of modified von Bertalanffy equation and third —

order polynomial parameters t W W__ — calculated according

maxB’ " maxB’ th’ PB
to modified von Bertalanffy equation; tm axW’ wmaxW’ tpW’ Vw — according t third —

order polynomial. tp, Wp — coordinates of point of inflection

Parameter Males Females

K 0.347 0.2003
to (yrs) 0.413 0.296
W_() 676.9 2798.7
tmaxB (yrs) 9.1 15.3
Wmaxp® 581.4 2381.5
t-pB (yrs) 3.6 6.1
wa &) 200.6 829.3
tmaxw (yrs) 6.9 10.1
Waw ® 469.6 1543.0
tpW (yrs) 3.9 5.7
pr ®) 232.8 784.4
Vw (&/yr) 68 153
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Fig. 8. Weight growth curves for turbot males and females.
according to modified von Bertalanffy equation
[wp’tp — point of inflection coordinates}

year, but reached 1106.6 g in the tenth year. Males were characterized by increasing
growth increments till 3.6 year (maximum of the curve illustrating growth in weight).
Afterwards, increments in weight gradually decreased. Maximum of the growth curve for
females was in 6.1 years, but increments were high (thought decreasing) even beyond this
maximum.

Growth . in weight was also described with the polynomial of the 3rd order (Fig. 9) as
follows:
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For males: Wt = 45.525 — 86.369t + 51.404t —4.345t3,

for females: W =116.816 — 174.967t + 77.076t" — 4.532¢°

The results were similar to those obtained with von Bertalanffy’s equations. Some
differences were related only to weight increments in the first two years of life (Tab. 5).

An index characterizing average rate of weight increments, V_, also pointed to the
differences between growth rate of males and females. Value of this index was 68 g/year
for males and 153 f/year for females, at maximal age, tm~axw, 6.9 years for males and

10.1 years for females (Tab. 6). The results were thus different than in case of length,
when VL index showed no differences in the rate of growth.

DISCUSSION ADN CONCLUSIONS

Otoliths are widely used in back calculation and age determination of Pleuronecti-
formes. Age of Psetta maxima was determined from the otoliths by Cieglewicz et al.
(1969), Rae and Develin (1972) and Jones (1974). Kyle (cit. after Jones 1974) used
operculum bones instead.

Psetta maxima is characterized by good growth in length for the first three years of
life, especially in the second year. Sexual dimorphism is expressed in this species by
differences in length, becoming noticrable since the third year of life, when growth of
males becomes inhibited. This takes place in females in the fourth year of life, but to a
much smaller degree. Growth in weight continues to be good for some time; its inhibition

takes place in 3.6 year in males and 6.1 year in females, although weight increments of
females remain quite high.

Table 7
Comparison of von Bertalanffy equation parameters
for turbot from Gdansk and Pomeranian Bays
Gdansk Bay Pomeranian Bay
Cicglewicz et al. [1969] author’s data
males’ females males females

Loo [em] 32.9 51.3 33.4 51.9
W [kel 0.682 2.528 0.677 2.799
K 0.381 0.215 0.347 0.2003
) [yrs] 0.450 0.350 0.413 0.296
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Fig. 9. Weight growth curves. for turbot males and females
according to third — oerder polynomial
[WI;, tp — point of inflection coordinates]

Cigglewicz et al. (1969) studied growth rate of Psetta maxima in the Gulf of Gdarisk.
Comparison of the parameters of von Bertalanffy’s equation given by these authors with
those obtained for Psetta maxima in the Gulf of Gdassk showed that there were no
differences between the two fish populations (Tab. 7). On the other hand, growth rate
and maximal size attained by Psetta maxima in the Baltic Sea differed from those
attained by this fish in the North Sea. For instance, Jones (1974) stated that L.
amounted to 49.2 cm for males and 64.8 cm for females. Differentiation of growth
between fish in the Baltic and North Sea took place in the second year of life; sizes
attained in the first year were comparable -(Szlakowski 1985).
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Growth in length and weight of Psetta maxima was described equally well by von
Bertalanffy’s equations and polynomials of the 2nd and 3rd degree. Curves obtained with
thé two methods fit well the empirical data on length and properly model the weight
increments. Maxima of both curves approximating weight increments have similar
coordinates. There are, however, differences in the parameters estimating maximal age
and maximal fish size in the population under study (tm R Lmax, Wmax), both as
regards growth in length and growth in weight. These differences resulted from the
assumptions referring to the growth models as such. Asymptotic model of von
Bertalanffy assumes indefinite fish growth, so the equation parameters are higher. Model
by Szyputa, based on polynomials, assumes growth inhibition (limits), so that maximal
values of the parameters are only slightly higher than the highest empirical values. In case
of the population under study, parameters obtained from von Bertalanffy’s equation
seem more adequate.
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Jacek Szlakowski
WZROST SKARPIA PSETTA MAXIMA (LINNAEUS, 1758) Z ZATOKI POMORSKIEJ
STRESZCZENIE

Materiat pochodzacy z przybrzeznych rowisk Zatoki Pomorskiej (Rys. 1) zebrano 'w okresie od’
marca do maja 1984. W potowach wystgpowaty samce o dtugosciach od 8 do 32 cm z grup wieku od
I do VII oraz samice o dtugosciach od 16 do 48 cm z grup wieku od III do IX i starsze, ktérych wieku
nie oznaczono (rys.2). Ustalono, zZe zalezno$¢ pomigdzy dtugoscia catkowita ryb (L.), a dtugoscia
dtuzszego promienia otolitu (R) jest prostoliniowa i wyraza si¢ réwnaniem:L=0.23814+9.8076R
(Rys. 3), co umozliwia dokonanie odczytéw wstecznych metoda DahlLea. Zréznicowanie wzrostu
samcow 1 samic nastepuje w trzecim roku zycia (Rys. 4, Tab. 1 i 2). Wzrost dtugosci opisano przy
pomocy réwnania von Bertalanffy’ego i wielomianu 2-go stopnia (Rys. 5 i 6, Tab. 3 i 4). Parametry
réwnania von Bartelanffy’ego sa nastepujace:

dla samcéw: L_= 33.4 cm; K =0,347; t0= 0.413 roku,

dla samic: Lco =51.9 cm; K =0,2003; to =0.296 roku.

Roéwnania wielomianéw maja postac:

dla sameéw: L,=—1.515 + 8.856 t — 0.63 tzj

dla samic: Lt =— 1.062+ 8.742t - 0436 t".

Zaleznosé pomigdzy dtugoscig i masa ciata skarpia wyraza si¢ wzorem: W =0.0168 L
samcéw i W = 0.0099 L™ dla samic (Rys. 7). Wyznaczony na ich podstawie parametr
zmodyfikowanego réwnania von Bartalanffy’ego wzrostu masy W_ wynosi dla samcéw 676.9 g a dla
samic 2798.7 g (Rys. 8, tab. 5 i 6). Wzrost masy opisano takze przy pomocy wielomianu 3-go stopnia
(Rys. 9) otrzymujac réwnanie:

dla samedw: W, = 45.525 — 86.369 t +51.404 2 _ 4345

dla samic: Wt =116.816 — 174.967 t + 77.076 t2 —4.532 t3.

3.0223 dla

Obydwa modele wzrostu dobrze pasuja do danych empirycznych, istnieja natomiast réznice w
wielko§ciach parametréw szacujacych maksymalne rozmiary ryb (Tab. 4 i 6). Nie stwierdzono réznic
w tempie wzrostu skarpia z Zatoki Pomorskiej i Zatoki Gdanskiej (Tab. 7).
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