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ABSTRACT:

The present paper as well as the study of size-weight indices,
maturation rate and the infection of meckerel is aimed at the
egtablishing of resemblance or distineciion in variation of theas
characteristice in various mackerel populations from the Horth-
west Atlantic.

The analysis of the data gas not revealed any reliable diffe-
rences in all the indices of infersst beiween the studied popula-=
tions.

New evidence have been obtained on the spwning and maturation
age of mackerel. It should be noted that the commencement of
spawning depends upon the hydrological conditions in the spawn-
ing ground,

INTRODUCTION

For organizetion of rational mackerel fishery the identificekkm

tion of stocks should be made.

Our investigations_are based on the analysis of various quali-
tative indices of mackerel ( sige-weight charscteristics, infec-

tion by Anisakis sp. larvae, maturation dynamice). &t thet we
proceeded from an asmumption on exiastence of two mackerel stocks -
the northern and southern ones. This subdivision was suggested by
O.Sette (1950).

By now, the avallable materlal allows to make a comparative

analysis of biological indices of individusl mackerel populations
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ffom the Northwest Atlantic, which, in ite turn, may give an ans-

wor to the question.

Material and Methods
This paper is based on the masterial presented below in

Teble 1.

Table 1
The total amount of material processed,
1968-1975.
: ARERL
Kind of material :_Few England i Nove Scotia
Age detsrminations,sp. 9394 1756
Weighted, sp. 7871 1756
Biclogical anmlysis
gample number 125 18

gpecimen number 11250 1570

Statietical processing of material was made according to
Plokhinsky N.A.(1970). To establish a resemblance or distinction
of mackerel populations under study the values of

Diff.z\%
1772
have been calculated, where M1 - M2 is a difference between
mean values of taken rows, and IV 2+ .2 1e a mean error of this
difference, A difference bhatwean t;riajgonal rows (Diff.} is
admitted 4o exist in case when & formula on solution gives a
quotient exceeding the velue of 3 (Pravdin,1966),

The data on mackerel maturation age and spawning terms have
been obtained by means of analysis of material collected during
the crhises, and bioanalysie made in the laboratory. The sex
and maturity stage of sexual producis were determined visusidly,
simultaneocusly the age was read, It should be noted that the
material collected during the spawning periocd ( Merch - July )
wes subjected to analysis. This period was more convenient for
classification by maturation stage: immature, pre-spawners,

gpawners, and post-spawners,
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In all the fish analysed the body length was measured -
from the tip of the lower jaw to the end of the middle rays of
the caudal fin (fork length},

For age determinations the otoliths were collected. One of
the mothods of the study of local character of figh gchools,
their distribution and migrations is a paragitological analysis,

In this respect the studles on mackerel are cinfined to the
investigations by Liubiniteky(1972) and Umnova( unpublished,
1973,1974). The author carried out the studles on mackerel in-
fection together with Umnova in 1973-1974 and individually in
1974-1975.

In these studies the larval. Anisakis sp. were used as "na-
tural tags*.

The number of fish subjected to analysis is given in Table 2,

Table 2
Number of fish (sp.) analysed for infection by

larval nematodes in the JCNAF area.

Areas Years : 6 : 5 : 4
1973 - 500 300
( Peb. 5Ze ) ( June, AW 3
1974 - 442 148
( Mar.-Apr.,6a+5Zw) { Apr.,4w )
1975 100 93 -
( Apr., 6b ) ( May, 5Ze )

Parasitologlicel analyslis presented a visual caloculation of
the larval nematodes number within the body cavity, followed by
further calculation of infected flshes and comparison of ex-
tensivensss ( percentage of infected fish ) and intensity ( meén
number of nematodes per infected fish ) of infection in various

regions.
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RESULTS

Growth rate. The data on mackerel linear growth by age are
presented in Tables 3 and 4. Both, our dats snd the data of An-
derson(1973) (Table 5) indicate thgt the intensive linear growth
continues for three years till maseive maturation in mackerel
population is reached. By this time they reach 2/3 of hteir
maximun length ( L., = 45 cm ) and 1/4 of maximum weight(W_=1019g).
In his studies on growth regularity in the West Atlantic mackerel
Mackay (1967) noted that mackerel growth rate, llke in many
other fish species, depended on population density.

A comparison of linear and weight growih rates for the 1967,
1969-1973 year classes demonsirated their resemblance ( Table 6).
Since the growth rate of these year classes has not changed con-
siderably, it can be suggested that the stock size in the period
under study maintained approximately at the same level.

The analysis of bodyrlength increments by eeasons averaged
for 1968-1975 { Tables 7-9 ) showed an inorease of the body weight
in one year old fish taking place all the year round. In older
age groups the welght grouth was intensive in 1-3 quarters, be-
ing of little importance in the 4th quarter, and sometimes the
mean weight appeared to be lower compared with the 3rd quarter.
The loss of mackerel weight in the 4th quarter was likely to oc-
cur due to large expense of energy during the autwm migrations.
Considerable weight losses occured in the wintering period at the
end of the 4th and in the 18t gquarters.

The first person %o suggest a possibility of existence of
two mackerel stocks in the Northwest Atlantic was Sette (1950),
who proceeded from a difference between the modal and mean lenghts
of mackerel from the catch samples taken in tne New England and
Nova Scotian areas. However, that difference might be attributed
to varying age composition in meckerel catches taken from theae
areas. Therefore, & comparison between the individuals belonging
to the same year classes and age groups was requlred. To establish
a degree of regemblance and distinction between the two supposed

mackerel populations, we followed the variations in mean length
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and weight in the principal age groups of 2-6 year old figh., A8
soon as those age groups were represenialive of the bylk of the
-catches, there was every reason %o conglder the resultant dats |
valid for the population es a whole. |

Ag it im. mccepted in the studies concerned with the analysis
of bioatatistics, a reliability of disiinctions between 4hs cha~
racteristics subjected to comparison was examined using the wean
difference error (Diff.). For comparison those gamples were Ba-
lected which were simultaniously obtained from various areaq in
October 1973 ( Table 10 ).

As & result of comparison, no reliable distinctions have bacﬁ
discovered between the northern and southern populationp in terms
of the characteristics studied; in all cases Diff. was below tqé

value of three.

The studies on mackerel infection. The paragltological ana~-.

lyeis has not revealed any great differences in extensiveness
and intensity of mackerel infectlon by areas.

The extensivenssa of mackersl infection on Georges Bank in
1973 was 33%, the intensiiy being 1-4 specimens, gnd in the Nova
Scotia area - 40% and 1-5 specimens, respectively; the extensive-
negs of infection on Georges Bank in 1374 was 31%, the mean inten-
@ity being 1.5 specimens, and ln the Nova Scotia area - 40% and
2,2 apecimens, respectively.

No annual fluctuations in infection degree have been discover-
ed 1n comparison of mackersl gampled from the Wova Scotian area
in June 1973 and April 1974.

Insignificant variations in the extensiveness and intensity
of mackerel infection by larval nematodes were also marked in
zones ba and 6b, in the samples analysed by Liubinitsky (1972) in
1971, and between the zones 5W and 6c in the samples of 1975.

Age at gsexual maturity and spawning terms. A queetion on age

at sexual maturity and epawning terms 1s not profoundly studied.
However, the consideration of this gquestion is urgent for
organization of rational fishery and in the studies of mackerel

abundance dynamics.
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According to special literature spawning of mackerel beginse
at mid April in the Chesapeake Bay, in May the spawning continues
along the coast of New Jersey, in June - in the Gulf of Main; on
the Nova Scotia shelf, in the Gulf of St, Lawrence and in some
years around the Newfoundland Island mackerel spawning takes
place in June-July ( Bigelow H.B., and Schroeder, 1953; Mackay K.T.
1967; Moores C.A. et al., 1974). The data obtained during our
studies make it possible to amplify and epecify the terms of
mackerel spawning ( Table 11). Our studies confirm that the
spawning of mackerel begins in the Chesapeake Bay region mov-
ing gradually northwards to the Gulf of St. Lawrence, The spawn-
ing of mackerel is prolonged in the New England area as well,
and lasts for three months on the average, from April to June,
According to our data the commencement of the.spawning along
the coast of New Jersey ( Sub-area 6a ) may fall on the end of
March, as it occurred in 1974; which 1s in contrast with the evi-
dence of Bigelow and Schroeder (1953) who indicated the momth
of May. In that same year an unusually early commencement of
spawning - at the beginning of April - was recorded in the No-
va Scotia area as well.

In spite of the delay in spawning in 1972 and early spawn-
ing in 1974, the end of the spawning has not shifted according
to our observations, and fell on the end of June - gtart of
July in the New England area and on the end of July in ths Nova
Scotia area. Unusual spawning period in 1972, 1974 can be at-~
tributed to hydrological regime in the spawning ground. Moores
ot al.(1974) noted that it was unusually cold in 1972, while
1974 was the warmest year in the long-term observational period
from 1962 to 1974 ( ICNAF Summ. Doc. 75/30).

Sette (1950), Mackay (1967), Moores et al.(1974) also noted
that sexusl maturity in mackerel is reached at age 2-3. Our
resulte presenied in Table 12 indicate ihat massive maturation
of macksrel ocours at age 3 (8145%). These data are in good

agreement with the resulis submitted by Moores et al.(1974)
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with the exception of two year old fish. It appeared that the
pumber of immature individuals of 2 year old wap greater in the
Newfoundland waters, them in the New England area. -

14 is evident from our data ( Table 13) that 45.2% of indi-
viduals of 2Tcm in length were participating in spawning for the
first time. The length of the largest immature fish reached
31 cm, howsvar, at the length of 32 cm - which corresponded to

age 3-4 - all the individuals became mature.

SUMMARY
The results of studies showed that mackerel in New England
and Nova Scotia areas is repregented by a single stock.
Growth rates of body length and weight are most intensive
in the first threa years of life,
Maximum weight of mackerel im reached in 3-4th quarters.
The spawning terms of mackersl depend on hydrologicel con-

ditions on the spawning grounds.
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Table 4. ILinear growth rate of mackerel from Nova Scotia ares

AGE . 1970 1972 1973 :1970, 1972-1973 Growth rate
groups MeaxclmL, gg MeagmL, %g Me:: L, %g Iulegﬂn1 L, ?13 P em %
1 25.2 133 - - 23.6 16 24.1 149 24.1 53.5
2 29.5 263 27.7 45 26.7 166 27.5 474 3.4 Teb
3 30.8 230 31.0 94 29.4 a2 30.6 406 3.1 6.9
4 32.8 53 33.6 62 31.8 53 32.9 168 2.3 5.1
5 - - 34.1 105 34.5 23 34.2 128 1.3 2.9

NOTE: 1970 date given for 2-3 guarters; 1972 data-for 3-4 quarters; 1973 data - for 2-4 guarters.

Table 5. Linear growth rate of mackerel from dorthwest Atlantic.

A GE :_New Bngland, 1968 - 1974  : New England* ( Autumn ) __: Nova Scotia,1970, 1972-1973

! Mean L, om Growth rate,% Mean L, cm ° Growth rate, % ! NMean L, cm Growth rate, %

1 23.9 53.1 20,2 44.9 24.1 | 53.6
2 27.3 745 26.5 14.0 27.5 7.5
3 29.8 5.6 30.1 8.0 30.6 6.9
4 32.2 5.3 32.3 49 32.9 5a1
5 33.9 3.8 33.5 2.7 34,2 2.9
& 35.7 4,0 34.6 2.4 - -
7 37.5 4.0
8 38.7 2.7
9 39.4 1.5
10 39.8 0.9

NOTE: Data presented by Anderson (1973).
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Table 6. Linear-weight growth of various mackerel year classes from Wew England
AGE : YEAR -CLASSES
1967 : 1969 : 1970 : 1971* 1972 1973"
f f W, g fLengtn,cme, g fLength,cmf W, B fLength,cmf W, g fLength,cmf W,g fLength,cm’ Wy, g
Length,cm : : .
1 25.2 128 24.3 142 24.0 9N - - 19.3 64 20.3 64
2 27.3 189 26,0 155 27.0 195 25.0 171 20.4 139 25.7 150
3 30.0 268 30.3 264 28,3 217 29.9 187 29.8 240 - -
4 MN.7 309 32.1 333 - - 32.3 323 - - - -
5 33.7 388 34.0 497 - - - - - - - -
Inere- ) B
nent, 66.6 36.3 67.3 25.9 62.9 271.3 66.4 18.4 66.2 23.6
%
NOTE: Length and weight lncrements were calculated for three year old fish (%) of maximum

length Lws 45 cm and weight We = 1019 g .
* Data for the 1st gquarter.

Table 7. Mean weight of mackerel {(g) from the New Zngland area,
1968 - 1975.
Fishingf1st t E2 d rter =-31'6. uarter E41:11 uarter 1 -4
3 quarter :2nd qua : q : 4 quarisrs

period : H

AGE ;Mean W: %g. :Qean w: %g: :MSan w: ﬁg. :Mean W: %g. :Mean W: ﬁg-
o - - - - - - 82 69 a2 69
] 69 234 102 95 123 127 147 250 111 708
2 139 273 157 680 235 344 227 386 186 1683
3 223 452 239 797 326 349 303 531 266 2129
4 299 37 318 669 379 168 374 231 329 1445
5 307 231 38 336 452 18T 457 109 404 863
6 420 117 447 159 518 127 532 46 469 449
i 512 70 512 82 582 44 574 13 53 209
8 552 68 599 57 625 17 605 & 581 148
9 597 30 591 43 670 1 a0 9 595 a3

10 623 18 594 29 - - 649 5 609 52
10+ 700 14 632 21 - - - - 689 35
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Table 8. Mean weight of mackerel (g) from the Nova Scotla area,
1970 - 1973,
Fi:f,i!g_, ; 2nd quarter : 3Jrd qua.ftlr :: 43h quarter . 12~4 quarters
AGE sMesn W ;Atgg' iMoan W : _gg' Mean W 1 %ﬁ' :Mean W ;4§£°
0 - - - - 15 1 15 1
1 86 92 116 45 157 134 126 271
2 175 164 202 129 233 130 201 423
3 224 109 288 104 306 293 285 506
4 362 60 374 82 394 89 319 2N
5 428 26 434 48 418 64 424 138
6 439 i8 479 25 . 501 42 493 105
7 559 18 618 11 535 35 556 64
8 630 M5 1 687 682
9 625 2 - - 768 721
10 800 4 713 1 - - 783 5
Table 9. Mean weight of mackerel (g) from the Northwest Atlamtic,
1968 - 1975,
gt:?ﬁgs; 18t quarters 2nd quarter E3rd quarter E 4th quarter E qlgﬁtera
AGE Elo&n " e (Mean ¥ %g"loan v %g‘:lean v Sp- Moan w:§£°
0 4 - - - - - - 81 70 81 70
1 63 234 9% 87 121 172 150 384 1% 977
2 139 273 160 844 226 473 228 516 189 2106
3 223 452 238 906 316 453 304 837 270 2635
4 299 M 322 729 3717 250 380 320 336 1676
5 367 23 384 362 448 235 449 173 406 1001
6 420 117 456 197 512 152 517 as 473 554
7 512 70 520 100 589 55 546 48 537 273
] 552 68 599 58 630 18 638 10 585 154
9 597 30 593 45 670 1 652 13 604 89
10 623 18 619 33 T3 1 649 5 625 57
10+ 700 - 14 682 21 - - - - 683 35
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Table 10. Length - weight indicee of mackerel from the Northwest Atlantic
AGE: NovVa 3COTIA NEW ENGLAND
Poking e e Pon P omig P i e 1 M diff,
1270, 4th gquarter, length (em)
1 25.2 ¥ o.01 1.00 4.0 133 25,7 ¥ 0.09 1.41 5.5 242 2.2
2 29,5 % 0,21 1.73 5.9 63  29.0 ¥ 0,17 1.97 6.8 131 1.9
3 30.8 £o0.114 1.70 5.5 230 30.9 ¥ 0,07 1.52 4.9 457 0.8
4 32.8 * 0.29 1.58 4.8 53 33.4 % 0.17 1.80 5.4 105 241
1973, October, length (em
2 27.3 ¥ 0.26 2.24 8,2 75 27.7 ¥ g,26 1.98 2 56 1.1
3 29.9% 0,26 1,64 5.5 40 29.4 t 0.34 1,41 .8 18 1.2
4 3z.8*o0.18 0.9 2.7 26 33.1 £ 0,20 1.95 .9 23 1.1
5 34.4%0,5 1.58 4.6 8 350 %o0.39 1.82 .2 22 0.9
6 36.4 0,37 2.2 641 36 35.5 £ 0,37 1.52 .3 17 2.1
1973, October, weight (z)
2 208 £ 7.7 61.2 29.4 64 220 £ 7,0 52.1 23.7 56. 1.2
3 280 £ 9,4 57.0 20.4 37 256 £ 9,9 42.1 16.4 18 1.7
4 384 T 7.5 35,9 9.3 23 399 * 7.0 3%.9 9.0 26 1.3
5 474 * 27,7 62.0 13.1 5 474 15,7 73.6 15.5 22 )
6 528 ¥ 19,1  99.5 18.8 27 499 £13,7 58,3 1.7 18 1.2
Table 11. The pattern of mackerel spawning in the Northwest Atlantic,
1970 - 1974.
ARLEAS erara ! Beginning of spawning : Massive apawning End of spawning
New England 1970 18t decade of April - 3rd decade of June, 18t decade
6 + 5Zw ) of July ( 4w )
Hova Scotia 1970 - - 3rd decade of July ( 4w )
New England 1971 2nd decade of April 18t~2nd decades of kay 3rd decade of June ( 5Ze )
( 6a + 6b ) ( 5ze )
Nova Scotia 1971 - - -
New England 1972 1st decade of May (5%Ze) - 18t decade of July ( 5Ze )
Nova Scotia 1972 - - 18t decade of July (4W 3
New England 1973 18t decade of May (S5Ze) 1st d?cade c):f June -
5Ze
Nova Scotia 1973 - - 3rd decade of July ( 4W )
New cngland 1974 3rd decade of March 18t decade of April 18t decade of July { 5Ze )
( 6a + 6b ) 6a + 5iw
fova Scotia 1974 - 3rd decade of April - 3rd decade of July ( 4w )
15t decade of July(4W)
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Table 12. Age at sexual maturity in mackerel from the

Northwest Atlantlc

Kew Englsnd.1969-1975:ﬂ°'a Scotia, 1970, : Newfoundlandy{

AGE : - :  1970-1973
:Number of ap., ure :XNumber ol a&p., umber of’sp.znatura
: atudied ; % 1 studied ; % 3 studied :
2 1215 49.1 83 46.3 92 22.8
3 89 81.5 134 771 184 85,9
4 753 98.8 26 96,0 562 94.1
5 345 99.1 24 91.0 661 100

* Data presented by Moores (1974).

Table 13. The number of mature mackerel from the

Hew England sxrea, 1974 - 1975.

LENGTH,om} 24 | 25

LI )

26 ‘27 128 29 !30 |31 (3233

Number of spe-~ .
cimens atudied 8 9 7 29 47 45 33 40

41 50
Number of ma-
ture specimens, -
% 0 o 0 45,2 63.8 68,9 94.0 97.5 100.0 100.
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