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The paper presents blue whiting growth rate back-calcu­

lated from otolith broken surface radius. The calculations 

wer!) corrected using the Rosa Lee method. 

INTRODUCTION 

Growth rate of blue whiting in various areas of the species distribution was studied by, 
La., Saemundson (1929, after Polonskij, 1969), Matt (1959), Bas and Morales (1966), and 
Cendrero (1967) - the last three citations after Robles Pariente (1970), Zilanov (1968), 
Raitt (1968 a, b), Polonskij (1968, 1969), Robles Pariente (1970), Bailey (1970), 
Kompowski and Sosinski (1976), and Gordon (1977). 

Robles Pariente (1970) showed the nearly- rectilinear correlation to exist between the 
otolith growth and growth of 16.5 - 40 cm long blue whiting. Polonskij (1969) applied 
the Porcupine Bank blue whiting otoliths to growth rate back-calculations. That author, 
however, did not study correlation.between the fish and otolith lengths. 

The present. paper 'aims at using the otolith-based back calculations for studies on 
growth rate of blue whiting caught in the northern North Sea ad SW of Iceland. 
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MATERIAL AND METHODS 

The individuals to be examined were selected at random from the Polish commercial 

catches. Fish length and weight were measured to the nearest 1 cm and 1 g, respectively, 

the individual's sex being determined as well. The growth rate studies mvolved the use of 

otoliths. Growth zones are only exceptionally visible 011 the concave (external) side of 

those forms without any additional treatment. The author, therefore, employed a 

technique commonly in use in gadids' age and growth rate studies, the technique involving 

otolith burning followed by breaking whereby observations and measurements of the 

broken surface are rendered possible after a vertical positioning of the otolith in question 

(Christensen, 1964; Gambell and Messtorff, 1963; Trout, 1954; Messtorff, 1964; 

Blacker, 1964, 1974; Raitt, 1968 b, and others). The author does not share Polon­

skij's (1969) reservations as to the use of this technique. The lighting having been 

appropriately adjusted, growth zones on the otolith broken surface are sufficiently well 

visible. Moreover, the otolith centre (nucleus) can be localised with no difficulty 

whatsoever on the broken surface at the apex of a V-shaped structure. The structure has 

its base on the sulcus acusticus on the internal ( convex) surface of the otolith (Fig. 1). 
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Fig. l. I External (concave) side of an ot?lith, breaking marked with a dashed line: II Breaking zone of 
of an otolith, measuring line marked (AO); D - ii V-shaped form, its apex at the otolith centre 
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The otoliths were measured along the radius as used also by Polonskij (1969), the only 
difference being his measurements being taken from the intact otoliths (Fig. l I, part AO) 
rather than from the broken surface, The latter as well as a layout of the measurements 
are presented in Fig. 1, while the complete material examined is summarised in Table 1 *. 

Table 1 
Presentation of the material examined 

--

No ot otoliths 

Area, geographic position, Type Fish length 
measured 

and date of catch of range (1.t.) 
gear cm Seen 

for for back 
correlation calculations 

Iceland herring 
63

° 

10
1 

N: 22
°

00
1 

W bottom 19 -50 299 227 226 
June 11 and 12, 1976 trawl 

North Sea 
61

° 

30
1

N; 01
° 

55
1 

E herring 16-43 199 176 134 
April 1, 1971 trawl 

59
° 

17
1 

N; 03
° 

17' E herring 15-20 100 56 -

March 26, 1973 trawl 

59
° 

20 'N; 02
° 

14
1 

E herring 23-38 100 80 80 
March 28, 1973 trawl 

Total - - 698 539 440 

REMARKS 

Bailey (1970) concluded, basing on juvenile blue whiting caµght off Scotland, that age 
determinations made hitherto were erroneous. In his opinion, the 17 -22 cm long fishes 
were more likely to belong to the age group 2 rather than to the 1, the next age groups 
having been a year older than it had been previously thought. 

The present author had no access to otoliths of fishes under 15 cm; he was unable then 
to follow the process of the first growth zones formation in otoliths. In view of the fact, 
however; that the most recent studies by Gordon (1977) tend to confirm the earlier 
opinions on the blue whiting growth rate, the author decided to base his considerations 
on that tradition. 

* The author wishes to express his thanks to Dr. J6zef Sosinski of the Sea Fisheries Institute, Gdynia,
for making his materials available.
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OTOLITH RADIUS LENGTH - FISH TOTAL LENGTH RELATIONSHIP 

The fundamental question arising when applying back calculations to fish growth rate 
studies is the determination of a nature of a possible correlation between the organ used 
in calculations and fish growth. 

The results of otolith measurements, presented in Fig. 2, indicate a nearly rectilinear 
relationship to exist between an otoHth radius length and 15-50 cm long blue whiting. 
The figure also shows clearly that there are no significant differences between the nature 
of the relationship discussed in the Iceland and northern North Sea fishes. It is still more 
conspicuous in Fig. 3 presenting mean otolith radii in length classes. Therefore the otolith 
measurements can be treated jointly; for the two regions. Basing on the above-mentioned 
mean values, a regression equation describing the relationship under consideration was 
calculated by the least squares method to obtain the following form: 

where: 

V = 0.069591.t. + 0.18347 

V = otolith radius length (mm) 
l.t. = fish total length (cm)

(1) 

The correlation coefficient approaching unity (r "" 0.993) indicates a fairly close 
relationship to exist between the two discussed characteristics of blue whiting. However, 
the regression line passes the y-axis at 0.183 mm from the origin. This shift resulted 
presumably from an allometric growth of fish and otoliths presented in fishes below the 
length range studied. Robles Pariente (1970) observed also a rectilinear correlation 
between growths of blue whiting caught NW of Spain and their otoliths. He measured 
length and width of otoliths taken from 16-40 c;m long fishes. His regression lines run at 
a considerable distance from the origin. Additionally, the author discussed refers to Bas 
and Morales (1966) (after Robles Pariente) who found an allometry in growth of total 
length and otolith length in the western Mediterranean blue whiting. Earlier studies 
(Kompowski and Sosinski, 197 6) showed the blue whiting in their first year of life to be 
longer' than 15-16 cm; starting at this length, the otolith radius-fish length relationship is 
certainly close to a rectilinear one. Therefore, the Rosa Lee's {1920) correction method 
should be applied to the back calculations. 

When V = 0, the equation (1) will be: 0.069591.t. + 0.183466 = 0 
hence Lt. = -2.636 cm. 
The latter value is the correction factor sought. 
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BLUE WHITING GROWTH RATE 

Tables 2 and 3 contain the results of corrected back calculations. Edges of otoliths of 
the North Sea blue whiting caught in March and April were to a great extent made of a 
hyaline substance, only some of them additionally showing small increments of too 
opaque zone. On account of that, in order to avoid inaccuracies, .the terminal year':i\ 
increment was always omitted when back-calculating lengths of fishes of the area und�r 
consideration. 

When the "1
11

" values calculated from otoliths of blue whiting of varying �ge an: 
compared it is seen that the values alter, to some extent, with age of fish. Since the 
calculations are in a corrected form, the gear selectivity affecting first the faster-growing 
individuals must be held responsible for the phenomenon. 

Table 4 presents growth rates of blue whiting of the discussed or adjacent areas of the 
Atlantic. Values obtained by direct measurements are usually higher than the back-calcu­
lated ones, particularly so in the first few. years ofHfe. It results mainly from .the higher 
back-calculated values of fish length read when the hyaline zone has just stopped growing, 
that is in late March - early April. On the other hand, some direct measurements are 
made on fishes caught in May and June. Moreover, back calculations nullify to a large 
degree an effect of trawl selectivity on estimated growth rate. H is also worth mentioning 
that - owing to a large difference between males and females growth rates (see below) -
a sex ratio of a sample considerably influences the final result. 

Table 4 shows also that the Iceland blue whiting grow faster than do the individuals of 
the species in the North Sea. 

Basing on data obtained from back calculations, blue whiting growth rates in the two 
regions considered are presented in a von Bertalanffy growth equation. The equation 
parameters and theoretical fish lengths calculated for subsequent age classes are presented 
in Tables 2 and 3 and in Figs. 4 and 5. 

An attempt has also been made to express the blue whiting weight growth rate in a von 
Bertalanffy equation. The fish weight-length relationship is generally expressed as 

where: 
W = fish weight, 

= fish length, 

W =a.In 

n = power exponent approaching 3, 
a = proportionality coefficient. 

The relationship can also be expressed as 

where: 

wt
= a.lf 

Wt = fish weight at the age of t years,

It = fish length at the age oft years.

(2) 

(3)



Age n 11

I 54 19.66 
2 51 20.34 
3 29 18.65 
4 22 18.95 
5 27 18.17 
6 7 18.37 
7 10 16.90 
8 9 16.19 
9 4 15.50 

10 2 14.55 
11 1 16.30 
12+ 7 16.14 

n 223 223 

x 18.88 
Total 

±a 2.3074 

; 

Length(cm) 18.64 

Weight1 (g) 41.06 

12 

-

25.06 
23.82 
23.i3 
22.54 
22.50 
21.QS
21.30 
19.73 
19.85 
23.40 
21.57 

169 

Iceland blue whiting growth rate. Back calculations from otoliths 
(Lt. in cm) 

13 14 ls 16 17 18. 

- - - - - -

- - - - - -

27.55 - - - - -

27.49 30.23 - - - -

26.23 29.02 :ll.17 - - -

25.91 28.40 30.44 32.14 - -

24.50 27.27 29.30 30.88 32.37 -

23.88 26.50 28.18 29.62 30.86 31:99 
22.38 24.73 26.53 28.30 29.53 30.75 
23.85 25.60 27.55 28.80 30.00 30.75 
25.90 29.90 31.60 33.10 34.90 36.30 
24.83 27.29 29.41 31.63 33.24 34.66 

118- 89 67 40 33 23 

23.40 26.18 28.42 29.85 30.64 31.73 32.67 

2.4382 2.6794 3.2102 3.3809 3.4494 3.9976 4.6269 

Tl}eoretical length and growth after von Bertalanffy equation 

21.95 24.84 27.36 29.56 31.47 33.14 34.59 

65.49 93.26 122.91 153.31 183.34 212.53 240.19 

W
00 

.=' 492.217 g; L
00 

= 44.463 cm; K = 0.1374; t
0 

= -2.9538 roku 

Table 2 

19 110 1
11 

112

- - - -

- - - -

- - - -

- - -- -

- - - -

- - - -

- - - -

- - - -

31.98 - - -

31.60 32.40 - -

38.10 40.40 41.60 -

36.10 37.29 38.50 39.6'.i 

14 10 8 7 

34.42 36.62 38.89 39.63 

5.7640 6.1467 6.7111 7.4106 

35.86 36.97 37.93 38.77 

266.26 290.49 312.57 332.76 



Northern North 8ea blue whiting growth rate. Back calculations from otoliths 
(l.t. in cm) 

..... 
Age n 11 12 13 14 1. 16 17 

2 44 18.77 - - - - - -

3 66 18.78 23.64 - - - - -

4 18 16.18 22.07 25.96 - - - -

5 14 16.01 20.75 24.46 27.29 - - -

6 11 17.39 21.85 25.16 27.85 29.91 - -

7 HI 16.63 20.39 23.47 2631 28.64 30.52 -

8 9 14.90 19.50 22.99 25.34 29.97 28.60 30.29 
9 11 14.37 18.29 21.50 24.00 25.99 27.47 28.80 

10 9 15.68 19.98 22.49 24.70 26.67 28.16 29.71 
11 7 15.01 19.44 22.76 24.76 26.90 28.53 30.26 
12+ 15 13.87 18.39 21.63 24.26 26.03 27.39 28.55 

n 214 214 170 104 86 72 61 51 

X 17.22 21.53 23.56 25.62 27.26 2!U4 29.35 

Total 
±a 2.6864 2.7983 2.6144 2.7349 2.8613 2.8382. 2.6341 

Theoretical length and growth after von Bertalanffy equation 

Length (cm) 15.94 19.94 23.09 25.58 

Weight (g) I• 13.07 28.87 48.51 69.68 

W� "'209,778 g; L= = 34.931 cm; K = 0.2362; t0 = -1.5808 roku 

27.55 29.10 30.18 

90.59 109.95 125.07 

1. 

-

-

-
-

-

-

-
30.35 
30.94 
3L60 
29.74 

42 

30.47 

2.8708 

31.30 

142.28 

Table·3 

le 1. 0 l, 1 

- - -
- - -
- - -
- - -
- - -
- - -

- - -

- - -
32.09 - -
33.98 35.37 -
30.83 32.31 33.30 

30 19 13 

31.84 33.27 33.30 

3.1836 3.4918 3.7523 

32.06 32.66 33.14 

154.88 165.38 174.14 



Table 4 

Blue whiting growth rate as estimated by various methods 

Mean total length in age groups 
(abundance in brackets) 

Area Season Reference Method 
11 lz 1, 14 15 16 17 1. 19 110 111 112 

SW of May 1927 Saemundson, direct 18.0 24.0 25.59 29.5 - -· - - - ·- -

Iceland (after Polon- measurec (1) (1) (27) (2)

skij, 1969) :rnents 

SW of May 1962 Raitt, 196 8 b direct rneasu-
0

20.56 23.8 25.7 27.0 .28.91 28.68 30.8 33.0 - - - -

Iceland rernents (9) (6) (10) (18) (28) (31) (9) (2)

SW of June 1971 Kornpowski direct rneasu- 22.0 26.3 28.77 30.88 3L39 31.3 32.46 32.59 - - - -

Iceland and Sosinski, rernents (84) (67) (41) (28) (30) (12) (11) (11)
1976 

SW of June 1971 Kornpowski back calcula- 18.88 23.40 26.18 28.42 29.85 30.64 31.73 32.67 34.42 36.621 38.89 39.63 
Iceland (present paper) tions (223) (169) (118) (89) (67) (40) (33) (23) (14) (10) (8) (7) 

Faeroes May-June- Raitt, 1968 a direct rneasu-
1965 rements 19.5 23.2 25.4 26.2 28.2 28.6 29.8 30.5 31.8 34.2 - -

NWNorth April 1971 Kornpowski direct rneasu- 18.68 24.42 27.73 29.33 29.39 31.30 32.39 33.32 31.58 33.36 33.0 35.75 
Sea and Sosinski, rernents (43) .(29) (20) (24) (10) (8) (14) (13) (14) (11) (7) (6) 

1976 

NWNorth April 1971 Kompowski back calcu- 17.22 21.53 23.56 25.62 27.26 28.34 29.35 30.47 31.84 33.27 33.3 -

Sea March (present pa- lations (214) (170) (104) (86) (72) (61) (51) (42) (30) (19) (13) 
1973 per) 
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Fig. 5, l.e� growth rate of northern North Sea blue whiting. l.egend as in Fig. 4. 
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Table 5 
Growth rates of blue whiting males and females (I. t. in cm) 

Iceland North Sea 
Age length -·

9 0 9 

x dl. 18.37 19.18 16.84 17.58 

1 ±a 2.3548 2.1715 2.6301 2. 7161
n 92 134 105 109

x dl. 22.51 23.85 20.84 22.17 
2 ±a 2.8187 2.0669 2.4867 2.8733 

n 62 109 79 93 

x dl. 24.44 26.93 22.86 24.29 
3 ±a 3.1904 2.0075 2.2977 2.416 7 

n 38 82 48 76 

x dl. 26.33 29.48 24.90 26.38 
4 ±a 3.4367 2.3463 2.3916 2.8460 

n 32 59 40 49 

x dl. 27.26 31.23 26.67 28.12 
5 ±a 3.1074 2.4948 2.5626 3.0573 

n 2� 44 32 41 

x dl. 27.68 32.50 26.96 29.30 
6 ±a 2.3688 2.7511 1. 7226 2.9736 

n 16 25 26 37 

x dl. 28.24 34.00 27.92 30.20 
7 ±a 2.3952 3.0779 1.8105 2.6507 

n 13 20 19 32 
·-

x dt 28.81 35.63 28.84 31.30 
8 ±a 2.2867 3.6955 2.0764 2. 7883

n 10 13 16 28

x dl. 29.02 38.48 30.01 32.51 
9 .± a 2.1349 3.9601 2.2505 3.1306 

n 6 8 10 22 

x dl. 29.53 39.66 31.25 33.81 
10 ±a 2.8424 4.4277 3.5004 3.3196 

n 3 7 4 15 
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At the same time, according to the von Bertalanffy growth model, the length of a fish 

at the age of t years is given as 
(4) 

If It of the equation (3) is substituted by the right side of the equation (4), the 
following formula for calculating the theoretical weight of a t-years old fish is obtainedo 

Wt= a { L°"
[l-i{K(t-to)] 1 n (5) 

Then, when 1 of the formula (2) is substituted the asymptotic length L"" the result 
is the asymptotic weight w c;-

The length-weight relationship estimated by the least squares method for the two sexes 
jointly are given as the follmwLng formuh1e- concerning -- respectively -- the Icelandic 
individurJs (mostly mature individuals were at resting gonad stage H, Maier scale) and 
the northern North Sea ones (gonads mostlyat the pre-spawning stages V and VI): 

wt = o.oo96241f,8573 (6) 
wt = o.ooon9s1�·5373 (7) 

The theoretical weight grm,,,th rates in the two regions, cakufated using the above 
method, are presented in Tables 2 and 3 and Figs. 6 and 7. 

Table 5 contains data on grnwth rates of males and females. It can be clearly seen that 
in both areas females grow much faster than males. Previous observations recorded by 
Saemundson (1929, after Polonskij, 1969), Matta (1959, after Robles Pariente, 1970), 
Raitt (1968 b), Pokmskij (1968, 1969), and Robles Pariente (1970) confirm this finding. 
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ODCZYTY WSTECZNE SZYBKOSCI WZROSTU BU�KITKA 
MICROMESISTIUS POUTASSOU (RISSO, 1810) Z REJONU ISLANDII 

I MORZA POLNOCNEGO (PRZY POMOCY OTOLITOW) 

S treszczenie 
Celem pracy bylo zbadanie szybkosci wzrostu bl�kitka -, Micromesistius poutassou (Risso, 1810) 

przy pomocy odczyt6w wstecznych z otolitow. 
Zmien:ono otolity 227 bh;kitkow z rejonu Islandii i 312 z pol:nocnej cz�sci M. Pol:nocnego 

(tab. 1). Otolity, uprzednio ·prazone, mierzono po powierzchni przelomu wedlug schematu podanego 
na rys. 1. 

Stwierdzono, ze u bl�kitkow o dlugosci calkowitej 15-50 cm, korelacja mi�dzy dlugosci11 
calkowitii i dlugosci:\ promienia otolitu jest zbl:izona do prostoliniowej i wyraza si� wzorem: 

V = 0,069591.t. + 0,183466 
Nie zaobserwowano istotnych roznic w charakterze korelacji u M�kitkow z obydwu badanych 

rejonow (rys. 2 i 3). 
Przy obliczeniach szybkosci wzrostu stosowano poprawk� metod11 Rosa Lee. Szybkosc wzrostu 

bl�kitkow w rejonie Islandii byfa wyisza n:iz w polnocnej cz�sci M. Pol:nocnego (tab. 2, 3 i 4; rys. 4, 
5, 6 i 7). Parametry r6wnania wzrostowego v. Bertalanffy dla rejonu Islandii wynosz11: L00 

= 44,46 cm; 
K = 0,1374; to = -2,9538 roku i w

oe 

= 492,22 g, zas dla pol:nocnej CZ\JSCi M. Pol:nocnego: 
L..,= 34,93 cm; K =0,2362; t0 

= -1,5808 roku i W00 
= 209,78 g. 

Zaleinosc dlugosc/ci\Jzar dla rejonu Islandii wyrai.a si\l wzorem: Wt = 0,009624 1/•8573; zas
1
dla

p6lnocnej cz�sci M. P6lnocnego:Wt = 0,000729S lt3,5373 ;
W obydwu badanych rejonach szybkosc wzrostu samic byll1, wyzsza n:iz szybkosc wzrostu samc6w 

(tab. 5). 



2_2 _______________ Andrzej Kompowski ____________ _ 

A. KOMIIOBCK!t!

OEPATHblE BbJqJllCJIEHJ/!H CK OPOCT!t1 POCTA IIYTACCY MICROMESISTIUS POUTASSOU 
(RISSO, 1810), B PAiilOHAX ll!C JIA H]lL'llll JI! CEBEPHOro MOPH no OTOJIJ/!TAM 

Pe a10M e 

UeJibIO pa60Thl 6hlJIO li!CCJie�oBaH!t!e CKOpOCT!t! pocTa rryTaccy - Micromesistius 

poutassou ( Risso, 181 o) - np!t! nOMO!l\M o6paTHhlX Bhllf>'!CJieH!t!M no OTOJIMTaM. 
J/laMepHJI!t! OTOJIMThl 227 3K3. nyTaccy li!3 paMOHa J/lcnaH�MH H 312 3K3, li!3 ce-

BepHOM lfaCTH CeBepHoro MO.pH ( Ta6JI. 1 ). IlpoKaJieHHble aapaHee OTOJIHThl 
Jll3MepHJIJll Ha IIOBepXHOCTH li!3JIOMa no cxeMe, rrpe�cTaBJieHHOM Ha pMC, 1, 

YCTaHOBJieHO, lfTO y ITyTaccy, 061l\aff �JIMHa KOTOphlX COCTaBJIHJia OT 15 �O 50 
CM, KOppeJIHUMff Me��y 061l\eH �Jl>'!HHOH M �JIJIIHOH Jiylfa O�OJIMTa rrpM6JIM�aeTCff K 
rrpHMOJIHHeHHOH Ii! MO�eT 6hlTb Bhlpa�eHa WOPMYJIOM: 

V = 0,06959 l.t. + 0,183466 
He 06Hapy�eHO Cyll\eCTBeHHhlX paaJIHlfMH B xapaKTepe KOppeJIHUM!t! y nyTaccy 

li!3 060MX MCCJie�yeMhlX pawOHOB (pMC. 2 H 3). 
IlpM BhllfJIICJieHM!t! CKOpOCTH pocTa np!t!MeHHJIM norrpaBKY no MeTo�y Rosa Lee, 

CKOpOCTb pocTa nyTaccy B patioHe L'lcJiaH.l.(lili! 6hlJia ClOJibIIIeM, lfeM B ceBepHOM lfaC­
TM CeBepHoro MOpff (Ta6JI. 2,3 111 4; pMC. 4,5,6 w 7). IlapaMeTphl ypaBHeHMff 
pOCTa v. Bertalanffy �Jlfl pattoHa L'lcnaH.l.(JllM COCTaBJiffIOT: L = 44, 46 CM; K = 
= 0,1374; t = -2,9538 ro.l.(a Ii! W00 = 492,22 r., a .l.(JIH ceBepHott lfaCT!t! CeBep-

o 
. 

. 

HOrO MOpH: Loo = 34,93 CM; K = 0,2362; t
0 

= -1,5808 rO.l-(8 M Woo = 209, 78 r, 
3aBMCMMOCTb .l.(JI!t!Ha/Bec �na pawoHa L'lcnaH�Mlll MO�eT OhlTb Bhlpa�eHa wopMy-

now: 
wt = 0,009624 1t 

Z, 8 573;
a �JIH ceBepHOM lf8CT!t! CeBepHoro MOpfl: 

W - o 0007295 1 3,5373,t - ' t •
·B 060111x MCCJie�yeMhlX patioHax CKOpOCTb pOCTa CaMOK ClhlJia oonee BhlCOKOM,

lfeM cKopocn pocTa caMUOB ( Ta6n. 5). 
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