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Age of mackerel caught in Northwest Atlantic in 1983-1984 

was determined from otoliths. Growth rate was obtained from 

direct measurements and back calculations. Growth rate differed 

noticeably between particular year classes as well as sexes. 

INTRODUCTION 

Atlantic mackerel is, along with herring, the most important pelagic fish in 
Northwest Atlantic. It was of special importance in 1970-1976, when catches 
exceeded 200 thousand tons annually, mostly due to heavy fishing by European 
distant water fleets. Scientific studies on an international scale developed in this 
period as welt Their range increased in the last years of this period, notwithstanding 
a decrease of total catches and of the catch per unit effort. Introduction in 1977 of 
the exdusive fishery zone limited mackerel catches to about 30.000 tons annually. 
At the same time, Northeast Fisheries Center in Woods Hole, USA (a research center 
of the National Marine Fisheries Service), has overtaken the problem of macke.rel 
stock assessment from the International Commission for the Northwest Atlantic 
Fisheries (ICNAF). As a result of these changes� scientists from a number of 
coun1ries became less interested in this species, this being a typical situation in cases 
when exploitation of a species is limited. However, in order to understand the 
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mechanisms affecting the fish biomass, it is necessary to study the stock also in 

case of less intensive fishing. In view of this, studies were undertaken in order to 

determine age composition of mackerel stock in Northwest Atlantic and to charac

terize growth rate of this fish. 

MATERIALS AND METHODS 

Materials were collected during two research-commercial cruises of Polish 

trawlers m/t ,,Kunatka" (type B-29) in 1983 and m/t ,,Admiral Arciszewski" (type 

B-89) in 1984 to Northwest Atlantic:. Both ships used similar midwater trawls. Totally,

41 fish samples were collected in Subareas 5-6 of the Northwest Atlantic Fisheries

Organization (NAFO), 17 in 1983 ancl 24 in 1984 (Fig. 1, Table 1).

75" 

USA 

Sampling area � 

Fig. 1. Distribution of sampling stations of mackerelin Northwest Atlantic in 1983-1984 
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Table 

A review of the studies performed 

Number of fish 

Number of 

Period samples 
length age deter- otolith back-ea!-

measure- mination measu- culation 

ment rement 

1983 March 2 1561 30 29 29 

April 11 1851 425 422 419 

May 4 453 225 223 220 

March - May 17 3865 680 674 668 

1984 January 8 10 947 233 233 223 

February 3 6 054 120 120 120 

March 7 12 553 485 483 468 

April 6 10 367 192 190 184 

January - April 24 39 921 1 030 1 026 995 

Total 1983 - 1984 41 43 786 1 710 1 700 1 663 

Length cf all fish was measured (longitude caudalis). All other measurements 
given in this paper relate to this length. Length was measured up to 0.1 cm, but the 
fish were divided into length classes at 1 cm intervals, rounding up the results to th{: 
nearest cm. In cases when total length (l.t.) was recalculated into lo:r.gitudo caudalis 
or vice versa (this being done in order to compare the results), thr following 
equations were used (Hunt and Stobo, 1976): 

l.caud. = -0.0382 + 0.9271.t. (1) 

l.t. = 0.0412 + l.07871.caud. (2) 

Mackerel age was determined from otoliths, ur. der a binocular. Before reading, 
the otoliths were immersed in water. Opinions on tht readibility of particular otolith 
parts in mackerel are controversial (Fig. 2). Steven (1952) and Morawski (1976) 
s1:1ggested that the most reliable results were obtained using postrostrum, while 
Bolster (1963) and Nesterowicz (1971) stated that rostrum l·ias more readible. I have 
noted that in most cases the posterior otolith part (postrostrum) was more readible, 
although sometimes only the anterior part ( rostrum) could have been used, and in 
exceptional cases only antirostrum. 1 st of January was take:n as an assumed date 
of fish birth. 

Rate of growth. was estimated by direct measur'ements as well as back calcula· 
tions. The first method consisted of calculating mean length of the fish belonging 
to particular age groups. This method is less labour demanding than the mc:thod 
of back calculations, but the results are less reliable. This is due to a few facts: 
1) fish samples may be collected in different periods of the growing season so the·



Mean length of mackerel age groups in Northwest Atlantic in 1983-1984. L. caud. (cm). o - immature fish 

1983 1984 

Age 0 9 o+o+9 cl 9 o+o+9 cl 

x 11 x n x n x n x n x n x n 

l 21.00 3 21.50 2 17.83 30 - - - - 21.00 l 21.00 3 

2 28.57 44 28.31 42 28.40 88 28.19 21 26.82 45 26.84 JOO 28.45 65 

3 34.85 26 34.96 27 34.91 53 32.65 141 32.69 155 32.62 300 32.99 167 

4 37.73 22 38.32 22 38.02 44 36.92 26 36.85 27 36.89 53 37.29 48 

5 38.53 50 39.17 52 38.83 Ill 38.87 23 39.83 24 39.36 47 38.62 82 

6 38.90 10 39.69 13 39.35 23 39.44 43 39.67 54 39.57 97 39.34 53 

7 40.00 2 40.13 8 40.10 10 40.00 8 40.40 10 40.22 18 40.00 10 

8 39.82 17 40.52 27 40.25 44 40.33 12 40.73 15 40.56 27 40.03 29 

9 40.09 64 40.30 60 40.19 124 40.50 38 40.79 39 40.65 77 40.25 102 

10 39.91 23 40.47 43 40.27 66 40.69 61 40.95 88 40.85 149 40.48 84 

11 40.42 12 40.80 IS 40.63 27 40.67 39 41.23 39 40.95 78 40.61 SI 

12 40.67 6 41.29 7 41.00 13 42.13 8 41.67 12 41.85 20 41.50 14 

13 41.00 2 42.25 4 41.83 6 41.50 4 42.00 II 41.87 15 41.33 6 

14 42.00 I 42.00 5 42.00 6 41.83 6 42.67 6 42.25 12 41.86 7 

IS 41.00 2 41.60 5 41.43 7 41.86 7 42.33 6 42.08 13 41.67 9 

16+ 41.25 4 - - 41.25 4 41.00 6 42.29 7 41.69 13 41.10 10 

Total 1983 - ] 984 

9 

x n 

21.50 2 

27.54 87 

33.03 182 

37.51 49 

39.38 76 

39.67 67 

40.28 18 

40.60 42 

40.49 99 

40.79 131 

41.11 54 

41.53 19 

42.07 IS 

42.36 II 

42.00 II 

42.29 7 

Table 2 C7"I 

0 +cl+ 9 

x n 

17.94 31 

27.57 188 

32.97 353 

37.40 97 

38.99 158 

39.53 120 

40.18 28 

40.37 71 

40.37 201 

40.67 215 

40.87 105 

41.52 33 

41.86 21 

42.17 18 

41.85 20 

41.59 17 
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resulting mean fish lengths may differ even for the same year class in the same 
calendar year, 2) gear selectivity may result in an overestimation of the mean 
length of fish belonging to younger age groups. 

As regards the method of back calculations, caudal radius of the otoliths was first 
measured (R) (Fig. 2) and then correlation was calculated between this radius and 
caudal fish length (Fig. 3). This correlation appeared to be almost linear for fish 
16-48 cm in length, being expressed by the equation:

R = O.OSi l.caud. + 0.2946 (3) 

A 

B 

Fig. 2. Scheme of mackerel otolith structure with measured radii (r
1
, r

2
, r

3
, R). 

A-postrostrum, B-rostrum, C·antirostrum, N-nucleus, R-caudal oto1ith radius

In view of the fact that the point at which the regression line crossed the abscissa 
was shifted, back calculations were made with Rosa Lee method, using the equation: 

where: 
Lt - fish length at age t, 

(L- c) rt 
Lt=. R + c (4)
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R =0,051 l. mud. + 0,2946 
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Fig. 3. Dependence between caudal length (l.caud.) and length of caudal otolith radius (R) in mackerel 

L - fish length at the moment of catch, 
R - total otolith radius, 
1t - otolith radius at age t, 
c - correction resulting from the shift of the regression line in relation to the coor

dinates. 
Value of c was calculated from eqcation (3); it amounted to -5.78 cm. 

Otoliths of some older fish were partly unreadible, i.e. only a few first growth 
zones were clearly visible, while the edge of otolith was quite unreadible. In these 
cases, measurements embraced only the radii in the readible part and total otolith 
radius. Kompowski (1981) found that in horse mackerel, otoliths of rapidly growing 
fish were more readible. They were characterized by broader distances between 
hyaline zones. In of this, unreadible otoliths were not totally discared as this would 
resultin an overestimation of the growth rate. 

Von Bertalanffy's equation was fitted to the empirical data obtained from back 
calculations: 

where: 
t • - fish age, 
Lt - fish length at age t,

L
00 

- asymptotic length, 
k - catabolism coefficient, 

L = L [ l - e -k(t - t_o)}
t 00 

t� - theoretical age at which the fish begin to grow. 

(S)
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Parameters of von Bertalanffy's equation {L , k and t ) were determined using 
00 0 

the method by Allen (1966). Moreover, in order to determine the suitability of various 

growth models for characterizing mackerel growth, theoretical growth of this species 

was estimated according to the models of Gompertz (after Beverton and Holt, 1957) 

and Ford-Walford (after Gulland, 1969) as well as using a polynomial of the 2nd 

order (Szypula, 1977). 

RESULTS 

Length distribution 

Fig. 4 presents length distribution of mackerel caught in NAFO Subareas 5-6 by 

Polish trawlers in 1983-1984. Length of the fish under study ranged from 14 to 49 cm, 

the lene:th distribution being different in particular years. In 1983 (Fig. 4a) this distri· 
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L. caud. (cm)

Fig. 4. Length distribution of mackerel caught in Northwest Atlantic (Subareas 5-6 NAFO); 

a) March-May 1983, b) January-April 1984
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bution · showed three peaks, the modal values of these being 16-17 cm, 28 cm and 

40 cm, while the mean fish length amounted to 31.57 cm. In 1984 (Fig. 4b) there were 

also three length peaks, but their modal values were 25 cm, 32-33 cm and 40 cm, 

the mean fish length being 32.49 cm. In 1984 there were practically no small fish 

(14-19 cm) in the catch although the same fishing gear was used and the fishing took 

place beyond the coastal area in both years. This suggests that in 1984 smaller fish 

were less abundant. On the other hand, appearance of one modal value at 25 cm 

instead 28 cm and another at 32-33 cm, while such fish were scarce in 1983, suggests 

that particular year classes of mackerel differed as to the growth rate in the first 

years of life. 

Age composition 

Mackerel, similarly as a number of pelagic fishes forming schools, is characte

rized by considerable fluctuations of the recruitment, so that its catches are usually 

predominated by a few year classes, and it is possible to observe these year classes 

in consecutive years. This phenomenon was clearly noticeable in mackerel caught 

in 1983-1984 (Fig. 5). In 1983 younger fish (age group 1 and 2) were most numerous, 

% 
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n = 656 

n = 1 020 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

AGE GROUPS 

Fig. 5. Age composition(%) of mackerel catches in Northwest Atlantic (Subareas 5-6 NAFO); 

a) March-May 1983, b) January-April 1984
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constituting 4S% of the total mackerel catch. As regards older fish, age group S (11.5%) 
i.e. the fish born in 1978, and age groups 9(13.6%) and 10 (7.9%) i.e. born in 1974
and 1973 were most numerous (Fig. Sa). In 1984 the following age groups were
dominating: 2(33.4%), 3(28.3%), 6(6.6%), 10(8.7%) and 11 (4.7%) i.e. the fish born in
1982, 1981, 1978, 1974 �nd 1973 (Fig. Sb) and most numerous also in 1983. It is
interesting to note that in 1984 there were almost no fish in the age group 1, pointing
to strong year class of 1982 (age_group 1 in 1983) and weak of 1983.

The oldest fish found were 19 (1983 catch) and 18 years old (1984 catch) but 
totally the fish older than 12 years were scarce, not exceeding 1%. Mean age of 
mackerel in the catch decreased from 4.89 in 1983 to 4.58 in 1984. 

Growth rate 

Growth in length was estimated at first by calculating mean fish length in parti
cular age groups (Table 2). Rate of growth i!l length was very rapid during the first 
two years of fish life, becoming much slower in the third year. Significant inhibition 
of the growth rate was observed since the fourth year. Attention should be given 
to noticeable differences in the growth rate between particular year classes, 
especially in the first 3-4 years of life. For instance, mackerel belonging to age group 
3 in 1983 were almost 2.3 cm longer than the fish at the same age caught in 1984. 
Similar differences were noted for age groups 2 and 4. Length differences noted 
in 1983 and 1984 for age groups 2-4 were statistically significant (Student's t test). 

Comparing growth rate of males and females caught in 1983 and 1984 (Table 2) 
it can be noted that males aged 2 years were longer than females. On the other hand, 
no differences between the sexes were found in fish aged 3 years. As regards older 
fish, females tended to be longer than males, but the differences usually did not 
exceed 1 cm. 

Back calculations {Table 3) made it possible to use not only the data on mean 
lengths of particular year classes in 1983-1984, as in direct measurements method, but 
also the data on earlier growth of a number of mackerel year classes occuring in 
th� catch. Older fish appeared to be characterized by much slower growth rate in 
the first years of life compared to younger fish, this bias being typical of the back 
calculations method. Average lengths in consecutive years of mackerel life obtained 
from back calculations were lower than those estimated from direct measurements, 
the only exceptions being 11 and 12• Most pronounced differences were observed wi
thin age range 4-9 years, suggesting more rapid mackerel growth in the last years. 

Data on mackerel growth given in Table 3 were used to calculate the parameters 
of von Bertalanffy's equation: 

L = 40.81 cm, k = 0.3804, t = -0.6749 
00 0 



Table 3 

Growth rate of mackerel in Northwest Atlantic. Back calculations from the otoliths. L. caud. (cm) 

Age n L1 L2 L3 L4 L5 L6 L7 Lg L9 LIO 
Lll Ll2 Ll3 Ll4 LIS 

Ll6 

1 31 17.94 - - - - -
- - - - - -

- -
- -

2 188 18.02 27.57 - - - - - -
- - - - - -

- -

3 350 18.38 28.83 32.97 - - - - -
- - - - - -

- -

4 97 19.91 31.59 35.32 37.40 - - - - - - - - - -
- -

5 158 19.97 30.75 35.23 37.34 38.99 -
- - - - - - - - - -

6 119 19.56 30.05 34.33 36.58 38.28 39.53 - - - - - - - -
- -

7 27 19.50 28.74 33.28 35.87 37.56 39.02 40.17 - - - - - - - - -

8 71 17.66 26.50 31.78 34.50 36.27 37.81 39.15 40.37 - - - - - - -
-

9 198 17.18 26.21 31.39 33.68 35.42 36.86 38.14 39.29 40.37 - - - - - -
-

10 213 17.12 25.98 30.91 33.27 34.87 36.28 37.55 38.70 39.75 40.68 - - - - - -

11 104 16.70 25.32 29.98 32.63 34.19 35.63 36.95 38.09 39.12 40.05 40.86 - - - -
-

12 33 17.90 25.71 30.04 32.61 34.09 35.44 36.52 37.68 38.70 39.72 40.57 41.32 - - -
-

13 21 17.59 25.56 29.68 31.93 33.67 35.13 36.22 37.30 38.25 39.33 40.22 41.04 41.78 - -
-

14 17 17.94 24.64 28.62 31.16 33.14 34.87 36.15 37.18 38.13 39.0.9 39.95 40.75 41.51 42.25 -
-

15 19 17.06 23.78 27.62 30.70 32.38 33.67 34.94 36.09 37.06 38.03 38.92 39.71 40.49 41.20 41.94 -

16+ 17 15.64 21.93 26.21 28.82 30.18 31.77 33.13 34.31 35.40 36.40 37.30 38.17 38.88 39.66 40.31 40.97 

n 1663 1662 1631 1434 1071 967 807 685 658 590 397 194 93 65 46 30 13 

x - 18.16 27.83 32.40 34.58 35.98 36.81 37.62 38.67 39.52 40.05 40.26 40.40 40.75 41.13 41.24 40.97 

Ran-
ge - 10.58- 17.78- 22.39- 24.48- 27.26- 28.38- 30.52- 31.95- 33.14- 33.83- 34.87- 36.07- 36.76- 37.45- 37.79- 38.38-

26.52 35.94 38.83 40.02 42.00 42.00 42.84 44.00 43.00 44.00 43.97 44.93 45.50 46.27 47.23 48.00 

-

s - 2.33 2.79 2.53 2.49 2.34 1.96 1.64 1.56 1.41 1.47 1.54 1.74 1.80 1.82 1.93 2.35 
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Fig. 6. Growth rate of mackerel in Northwest Atlantic according to von Bertalanffy's equation; 

points - direct measurements , crosses - back calculations 
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Table 4 

Theoretical growth rate of mackerel calculated from various models: 

von Bertalanffy [l ], Ford-Walford [2], Gompertz [3 ], polynomial of 

the 2nd order [4 ]. Empirical data [5], I. caud. (cm) 

Age 1 2 3 4 

1 19.23 17.50 18.16 23.42 

2 26.06 27.33 23.21 26.58 

3 30.73 32.85 27.57 29.44 

4 33.92 35.95 31.13 32.00 

5 36.10 37.69 33.90 34.27 

6 37.59 38.67 35.99 36.23 

7 38.61 39.22 37.54 37.89 

8 39.30 39.53 38.67 39.26 

9 39.78 39.71 39.49 40.32 

10 40.11 39.81 40.07 41.09 

11 40.33 39.86 40.49 41.56 

12 40.48 39.89 40.78 41.72 

13 40.59 39.91 40.99 41.59 

14 40.66 39.92 41.14 41.16 

15 40.70 39.92 41.24 40.43 

16 40.74 39.92 41.32 39.40 

Average difference 

between empirical 
0.60 0.92 1.07 1.43 

(column 5) and 

theoretical data 

5 

18.16 

27.83 

32.40 

34.58 

35.98 

36.81 

37.62 

38.67 

39.52 

40.05 

40.26 

40.40 

40.75 

41.13 

41.24 

40.97 

-
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Fig. 7. Growth rate of mackerel males and females in Northwest Atlantic 
according to back calculations from the otoliths, l.caud. (cm) 

Theoretical curve of mackerel growth, drawn using these parameters, is pre
sented in Fig. 6. Theoretical values usually fit well those obtained from back 
calculations. Notwithstanding this, mackerel growth in length, with very large 
increments in the first two years of life, and very small ones for fish older than 4 years, 

is not very typical for fish. As a result, it is difficult to fit the theoretical model 
to the empirical data. In case of von Bertalanff'y equation, these difficulties are 
reflected in L00 which appeared to be lowe::- than mean lengths of the oldest fish 
(age groups 14-16). Irrespective of these discrepancies, von Bertalanffy's model 
reflects better real mackerel growth than other more frequently used models 
(Table 4). 

Back calculations made separately for males and females confirmed the diffe

rences noted in the growth rate between two sexes (Fig. 7). In the first 6 years of life 
no sex prevailed as to the growth rate, and the differences between mean lengths 
were not significant statisticall/) . Only in case of fish older than 7 years, females 

became significantly longer than males and the differences increased with the 
fish age. 

x) Statistical significance was verified using Student's t test for the differences between two means.
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DISCUSSION 

Reliability of mackerel age determinations was studied mostly by the authors 

dealing with this fish in Northeast Atlantic. Their opinions are controversial. Steven 

(1952) examined 8422 pairs of mackerel otoliths and stated that 25.% were unre

adible, this being true mostly of fish older than 6 years. Postuma (1972) also 

ad,;ocated that age determinations were reliable for young meckerel (up to 5 years), 

while the otoliths of older fish were hardly readible. In addition to this, experiments 

on simultaneous reading of the same otoliths by a number of researchers showed 

that in case of older fish the results were less consistent than for younger fish. 

Hamre (1978) analysed the effect of fishing on mackerel stock in the North Sea 

and he grouped together all fish older than 8 years, explaining that their otoliths 

were unreadible. On the other hand, Bolster (1963) advocated that if proper light 

was used, age of older mackerel (10 years and more) could have been determined 

precisely. Scientists studying mackerel in Northwest Atlantic limited them�elves 

(in the papers known to the author) only to stating that the fish age was determined 

from otoliths, without mentioning any difficulties. Moores et al. (1975) mentioned 

that discrepancies in the results were delt with by a third researcher (age was 

determined by two scientists), but nothing was said about the substance cf these 

discrepancies. In view of the fact that age was determined for a number of age 

groups, and no difficulties were mentioned even in case of older fish, it might be 

assumed that otoliths of mackerel from Northwest Atlantic were readible and inter

pretable. However, the literature (Isakov, 1977; Anderson, 1982) gave some examples 

of considerable discrepancies in determining mackerel age. Moreover, these 

discrepancies were related to younger fish, the age of which should be doubtless 

and possible to verify with Petersen's curve. Since the discrepancies did occur, 

it is obvious that determination of age in case of older fish (wbich is always more 

difficult) must be connected with a risk of error, the more so that for fish aged 4 

years and more it is not possible to use Peterson's method. These fish form right

·hand side peak at the graph of length distribution (Fig. 4).

Domination of particular age groups in mackerel catches changes from year to

year, reflecting passage of r;nost abundant year classes into consecutive age groups.

The strongest year class in the past, which dominated in the catches for a number

of years (until 1969) was born in 1959. The next exceptionally strong year class

was the one born in 1967. It was intensively exploited in 1967-1977 and cor:stituted

25% of the total mackerel catch (Anderson and Paciorkowski, 1980). Since 1976

the year class born in 1974 dominated in the catch for as many as 6 years. This

year class appeared to be the second most numerous since 1967 year class. As late

as 1981 almost 21% of the catch were represented by 1974 year class (Andersor:,

1982), and studies by Paciorkowski and Mucha (1982) showed that also in 1982
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this year class was most numerous. In the eighties, apart from the 1974 year class, 

the catch contained also fish of 1978 year class, representing 22% in the catch of 

198(! (Anderson, 1982), 2L8% in 1982 (Paciorkowski and Mucha, 1982) and 9.9% in 

1983 (Paciorkowski et al., 1983), as well as 1975 and 1973 year classes, the latter 

representing about 10% each in 1982 (Paciorkowski and Mucha, 1982), and 8.3 and 

6.6% respectively in 1983 (Paciorkowski et al., 1983). Attention is also drawn to 

numerous share of age groups 1 and 2 in Polish catches in 1983, and age groups 

2 and 3 in the catches in 1984, at almost complete lack in the latter catch of fish 

from age group 1 (Fig. 5). This suggests strong year class of 1981 and especially 

of 1982, the same being observed also by other authors (Anderson, 1982; Paciorkow

ski and Mucha, 1982; Paciorkowski et al., 1983; Giedz and Paciorkowski, 1984). 

Comparing the data given by different authors with those presented in this paper, 

it is readily seen that the estimates of age composition of the exploited mackerel 

stock in the eighties are quite consistent. It should be underlined that age deter

minations made by different authors gave similar results also for older mackerel, 

this being very important (1974 year class belonged in 1983-1984 to 9-10 age groups). 

Hence, it may be concluded that determination of mackerel age in Northwest Atlan

tic can be reliable also for older than 6-8 years fish. 

Authors of the papers published in the seventies and dealing with mackerel 

growth obtained similar results irrespective of the method used (Table 5). Studies 

carried out in the first years of the next decade revealed that mackerel growth 

accelerated. In 1981-1982 fish belonging to age groups 2-6 were characterized by 

much higher mean lengths than those observed in the previous decade (Paciorkow

ski, 1985). In 1983-1984, fish 4-7 years old were noticeably longer (Table 5). Closer 

analysis of the data by Paciorkowski (1985) and of my own data (Table 2 and 5) revealed 

that rapid growth was related most of all to the year classes born in 1976-1980. For 

example, year class of 1979, characterized by the most rapid growth, was 4.99 cm 

longer in 1981 that the mean length of the respective age group in the seventies 

(age grnup 2), by 5.2 cm in 1982, by 5.39 cm in 1983, and by 4.98 cm in 1984 (cal

culated on the basis of Table 5). For the 1978 year class these differences were from 

4.90 cm in 1981 (age group 3), through 4.87 in 1982, 4.45 cm in 1983, to 3.69 cm in 

1984 (age group 6). For the year classes born in 1976, 1977 and 1980 these differences 

were only slightly lower. As mentioned before, acceleration of mackerel growth 

in the eighties did not embrace the whole stock; year classes born in 1981 and 1982 

were characterized by slower growth than those born in 1976-1980 (Table 2 and 5) 

while 1982 year class attained mean length of only 26.84 cm at 2 years of age (1984) 

i.e. 0.87 cm less than the mean length of fish for this age group in the seventies, and

as many as 5.86 cm less than the fish in age group 2 belonging to 1979 year class.

Theoretical curves of mackerel growth according to von Bertalanffy' s equation 

and parameters of this equation obtained by different authors are presented in 



Table S 

Mean length of particular age groups of mackerel caught in different periods in Northwest Atlantic. L. caud. (cm) 

Period Age  groups 
Region of Method Source 

studies 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

New England 1968-1975 23.5 27.2 29.8 32.2 34.1 35.7 37'.3 38.2 38.9 39.1 - - - - - - direct measu- Isakov, 1976 
(I-XII) rements 

New Scotia 1970-1973 24.1 27.5 30.6 32.9 34.2 - - - - - - - - - - - direct measu- Isakov, 1976 
(IV-XII) rements 

New 1970-1973 - 29.5 32.1 33.9 35.6 37.1 38.0 39.1 40.7 40.2 40.9 - - - - - direct measu- Moores et al., 

Found.land (VI-VIII) rements* 1975 

Subarea 5 1970 (XI) 22.6 28.9 32.6 - - - - - - - - - - - - - back-calcu- Nesterowicz, 

ICNAF lation* 1971 

Subarea 5 1970-1972 21.6 27.3 29.7 31.7 33.9 36.2 37.9 39.1 39.9 40.5 - - - - - - direct measu- Ucinski, 1973 
ICNAF rements* 

Subarea 6 1972 21.6 27.3 29.6 32.0 33.5 34.6 36.4 - - - - - - - - - back-calcu- Morawski, 
ICNAF (III-IV) lation* 1976 

New Scotia 1974 23.9 26.3 31.9 33.l 35.0 35.8 36.1 36.9 38.4 39.0 - - - - - - direct measu- Hunt (in Ander 
(V-X) rements son and Pacior-

kowski, 1980) 

- 22.9 27.7 30.9 32.6 34.4 35.9 37.1 38.3 39.5 39.7 40.9 - - - - - arithmetical -

mean from 

measurements 

Subareas 5 1981 18.6 32.7 35.8 35.6 38.0 38.8 38.9 39.1 39.3 39.8 40.1 40.7 - - - -
direct measu- Paciorkowski, 

and 6 NAFO (I-IV) rements 1985 

Subareas 5 1982 18.4 31.l 36.1 37.5 38.2 39.0 38.6 39.3 40.0 39.9 40.3 40.9 42.4 41.8 42.2 42.7 direct measu- Paciorkowski, 

and 6 NAFO (I-IV) rements 1985 

Subareas 5 1983-1984 17.9 27.6 33.0 37.4 39.0 39.5 40.2 40.4 40.4 40.7 40.9 41.5 41.9 42.2 41.9 41.6 direct measu- Own studies 

and 6NAFO (I-V) rements 

Subareas 5 1983-1984 18.6 27.8 32.4 34.6 36.0 36.8 37.6 38.7 39.5 40.1 40.3 40.4 40.8 41.l 41.2 41.0 back-calcu- Own studies 
and 6NAFO (I-V) lation 

* Lt. originally, recalculated to I. caud. 
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Fig. 8. Theoretical growth rate of mackerel in NorthwestAtlantic according 
to von Bertalanffy's equation as calculated by different authors: 1 Paciorkowski et al., 1973; 

2. Draganik and Ueinski, 1972; 3. Morawski, 1976; 4. Moores et al., 1975; 5. Paciorkowski, 1985;
6. own studies

Age 

Table 6 and Fig. 8. Theoretical length of mackerel in ccmecutive years of life, 
calculated from different basic data, are very similar (with the exception of 11 for
which the differences are more pronounced), differing in one case only. Parameters 
for this untypical curve of growth were obtained on the basis of mean lengths in age 
groups of mackerel caught in 1981-1983 (Paciorkowski, 1985). These catches 
contained a few mackerel year classes characterized by an exceptionally rapid 
growth, affecting parameters k and t of the equation. These parameters differed 
considerably from those usually obt;ined for mackerel in Northwest Atlantic. It 
seems that the use of dir�ct length measurements in calculating theoretical growth 
curves should be limited only to the cases when particular year classes do not differ 
much as to the growth rate, or when studies are carried out for a longer period. 
This is the reason why Paciorkowski (1985) omitted high catabolism coefficient (k) 
in calculating the parameters of Beverton and Holt catch equation for mackerel 
caught in 1981-1983 (Table 6): It was stated that the coefficient was related to a very 
brief period and was not confirmed by the results of other studies. 

Studies described in this paper were carried out in 1983-1984 when the percentage 
of rapidly growing year classes in the catch was still high, Thus, the methcd of bick 



Period 
Region of 

studies 1 2 

Subarea 5 1970-1972 21.9 26.0 
ICNAF (I-V) 

Subareas 5 1970-1971 20.1 24.9 
and 6 ICNAF (I-XII) 

New 1970-1973 21.3 26.9 
Foundland (VI-VIII) 

Subareas 5 21.5 26.0 
5 and 6 
JCNAF 

Su bare as 1981-1983 21.1 29.7 
5 and 6 (I-IV) 
NAFO 

Subarea 6 1972 18.1 25.3 
ICNAF (III-IV) 

s_ubareas 5 1983-1984 19.2 26.1 
and 6NAFO (1-V) 

North Sea 19�9-1969 16.9 25.8 
(IV-V) 

* Lt. originally, recalculated to I. caud. 

Parameters of von Bertalanffy's equation, and calculated theoretical lengths of mackerel in particular 

years of life as estimated by different authors. L. caud. (cm) 

Age (years) Equation parameters 

3 4 5 6 7 8 9 10 K to 

29.3 31.9 33.9 35.6 36.9 37.9 38.7 39.4 42.00* 0.228 -2.2476 

28.9 31.8 34.2 36.0 37.5 38.7 39.7 40.4 43.20* 0.234 -1.68 

30.8 33.5 35.4 36.7 37.6 38.3 38.7 39.0 39.73* 0.36 -1.14 

29.5 32.2 34.3 35.9 37.2 38.2 39.0 39.6 41.70* 0.25 -1.9

34.6 37.3 38.8 39.6 40.1 40.4 40.5 40.6 40.70 0.584 -0.248 

30.2 33.5 35.7 37.3 38.3 39.0 39.5 39.8 40.50 0.387 -0.53 

30.7 33.9 36.1 37.6 38.6 39.3 39.8 40.1 40.81 0.3804 -0.675 

30.9 33.8 35.4 36.3 36.8 37.1 37.3 37.4 37.50 0.57 -0.05 

Table 6 

Source 

Paciorkowski 

et al., 1973 

Draganik i Uciq-
ski, 1972 

Moores et al., 

1975 

ICNAF, 1973 

Paciorkowski, 

1985 

Morawski, 

1976 

Own studies 

Postuma, 1972 
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calculations was used. This method eliminates the differences of growth rate between 
fish year classes. As a result, theoretical growth of mackerel did not differ much from 
the results obtained earlier for mackerel in Northwest Atlantic (Fig. 8). It is worth 
noting that parameters of von Bertalanffy's equation are almost the same (and thus 
so are the growth curves) as those obtained by Morawski (1976) (Table 6, Fig. 8). 
In both cases the growth rate was estimated by back calculations. Taking into 
account 10-year difference, i. e. totally different composition of the exploited 
mackerel stock, it may be concluded that the method is a reliable one and can be 
used to characterize mackerel growth. At the same time, the highest differences 
of the mean length are noted for fish aged t=l year although the curves of theoretical 
growth are similar. Most probably this results from an overestimation of the mean 
length attained by mackerel after the first year of life (1

1 
) as the authors used the 

method of direct growth measurements. In practice, fish lengths are measured in
different periods of the growing season. In case of age group l, the fish increase their 
average length from spring till autumn much more than the older age groups (Bie· 
gelow and Schroeder, 1953). Consequently, mean calculated from such measure
ments would exceed the real 1

1 
value much more than for other age groups. This 

mean was then used as an empirical value to calculate the parameters of von Berta· 
lanffy's equation. As a results, theoretical 1

1 
value is overestimated, while \ and k 

parameters of the equation become underestimatedx) . This is confirmed by the
results of Moores et al. (1975) related to estimation of the parameters of von Berta
lanffy's equation. These authors used data from direct measurements made from 
June till August, but also paid attention to the effect of time since the assumed 
fish birth (l January). They took into account additional growth during this time, 
so that age t was established as being 2.6, 3.6 etc. Data presented in Table 6 reveal 
that this method of calculating coefficient k gave almost identical results to those 
obtained by Morawski (1976) as well as by myself in course of this work . 

.Biegelow and Schroeder (1953) reviewed the results of Nilsson from 1914. This 
author stated that growth rate of North European mackerel was slower than of Arne· 
rican mackerel. Biegelow and Schroeder commented that growth rate of American 
mackerel varied so much the differences presented by Nilsson might have been 
accidental. However, subsequent studies confirmed Nilsson's suggestion. Theoretical 
length of mackerel in consecutive years of life, calculated on the basis of 11-year 
studies of the North Sea stock (Postuma, 1972) revealed that rate of growth was 
similar to that found for east USA shelves until 6-7 year of the fish life, whereas later 
on the North Sea mackerel grew slower (Table 6). The oldest specimen from the west 
of Ireland and south part of the Bay of Bi�cay did not exceed 39 cm, notwithstanding 

x) This does not refer to L 00 which is relatively stable and usually reliable, as the length of the oldest 
fish is similar irrespective of the method used to estimate growth rate. 
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the fact that at age of 3-5 years they were as big as in Northwest Atlantic, reaching 
maximally 32-35 cm (Dawson, 1986). In the Celtic Sea mackerel growth is very slow, 
so that the fish never exceed 37 cm (op.cit.), the average length at the age of 10 years 
being 35-36 cm (Lockwood and Shepherd, 1984). 

CONCLUSIONS 

L Fishes belonging to the same year class dominated the catch in both years of 
studies. These were year classes of 1982, 1981, 1974, 1978 and 1973. The oldest fish 
were 18-19 years old, but older age groups (over 12) did not exceed 1%. 

2. A review of the results of a number of studies on mackerel age revealed that age
determinations from fish otoliths may be reliable even for the oldest fish. 

3. Mackerel growth rate is most rapid in the first two years of life. It slows down
in the third year, and becomes inhibited since the fourth. 

4. There are no length differences between the sexes untill 6th year of the fish
life. In case of older fish, females become longer than males, the difference being 
statistically significant and increasing with fish age. 

5. Von Bertalanffy's equation is more suitable in characterizing real mackerel
growth than the models by Gompertz,Ford-Walford or a polynomial of the 2nd order, 
although theoretical asymptotic length (L 00) tends to be lower than average length
of the fish in the oldest age groups. 

6. Growth rate of mackerel year classes born in 1976-1980 was much more rapid
than of those born by the end of the sixties and the begining of the seventies, as well 
as of those born in 1981-1982. 
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Zbigniew Neja 

CHARAK1ERYSTYKA WIEKU I WZROSTU MAKRELI (SCCMBER SCOMBRUS L.) 
PCLA WIANEJ W POlNOCNO-ZACHODNIM ATLANTYKU 

STRESZCZENIE 

W latach 1983 i 1984 zebrano w p6lnocno-zachodnim Atlantyku materialy w celu okreslenia wieku 
i szybkosci wzrostu dl:ugosci makreli atlantyckiej (rys. 1, tab. 1). Wiek ryb oznaczono na podstawie otolit6w 
(rys. 2). Szybkosc wzrostu okreslono metod11 pomiarow bezposrednich oraz metod& odczytow wstecznych. 
Dlugosc badanych rnikreli zawieraia si� w granicach 14-49 cm, a rozklad dl:ugosci mial: charakter tr6j
wierzchol:kowy, choc byl roiny w poszczeg6lnych latach (rys. 4). W obyd,.;u latach dominowaly liczebrt!e 
ryby naleif!Ce do pi�ciu pokoleri: 1982, 1981, 1978, 1974 i 1973, natomiast najstarsze osobniki, kt6rych wiek 
oznaczono, mialy 18-19 lat (rys. 5). 

Wzrost makreli jest nier6wnomierny - bardzo szybki w pierwszych dw6ch latach zyda, wyraznie 
zwolniony w trzecim roku i bardzo wolny poczllwszy od czwartego roh1 :i;ycia (tab. 2 i 3). Stwierdzono 
ponadto wyrazne r6znice w szybkosci wzrostu poszczego!nych pokolen - szczeg6lnie szybki wzrost cecho
wal: pokolenia urodzone w latach 1976-1980. Samce i samice charakteryzowaly si� podobnll. szybkosci& 
wzrostu w pierwszych 6 latach i:ycia, natomiast w�r6d starszych osobnikow zaznacza si� przewaga dlugosci 
samic, k16ra rosnie z wiekiem (rys. 7). Ns podstawie danych z tabeli 3 .obliczonc parametry rownania von 
Bertalanffy'ego, ktore wynosz�: L = 40,81 cm; K = 0,3804; t = -0,6749. Pomimo pewnych trudnosci z do
pesowanierr. teoretycznego mode� von l:lertalanffy'ego do d�nych e�pirycznych, wyrazem ktorych bylo 
ustalenie L na poziomie nizszym od sredniej dlugosci najstarszych grup wieku, wlasnie ten model najlepiej 
oddaje rze�ywisty przebieg wzrostu dlugosci makreli w por6wnaniu do innych cz�sciej stosowanych 
mc,deli wzrostu (tab. 4). 
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