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Abstract

The paper presents both estimates of cod ateock in Div. 3M, INO, 3L obtained from April-July
1993 trawl-acoustic survey, and biostatistical data for 1977-1993.,

Accordlng to the results of trawl-acoustic survey cod stock in Div. 3M was estimated to be
at a low level but a little higher than in 1991 and amounted for 23.4x10° fish with biomass 13.0xi0?
tons.

In Div. 3NQ cod abundance increased 4.8 times compared to 1991 and constituted 186.6x10% fish
with bilomass a little higher than in 1991 and accounted for 178.4x10° tons.

Cod stock in Div. 3I, was not covered completely because of the restriétion of area permitted
for survey. :

Introduction

Regular PINRO observations over commercial fish stocks in NAFCO Subarea 3 have been
continued in April-July 1993, The aim of the paper is to analyse results obtained from estimation of
abundance and biomass of cod in Div.3M, 3NO and 3L in 1993 compare to the similar data for 1977«
1991.

Materials and Methods

Traw) survey was conducted by stratified-random method used in NAFO (Doubleday, 1981) and
foallrowed by aconstic sarvey. Acoustlic observations allowed to assess a part of cod stock distributed
above ron of fishing by bottom trawl (Mamylov, 1988). Hauls were performed by bottom trawl with a
small-mesh inserticn (12 mm) in the codend. Duration of a haul was 30 min. With the vessel speed of
3.5 knots. The total stock was estimated as the sum.of pelagic component obtained by acoustic method
and estimate by trawl.

To characterize year-to~year variations of stocks 1993 results and data from trawl surveys
since 1977, as well as trawl-acoustic surveys beginning from 1987 ({Bulatova, 1990; Kuzmin, 1992)
were used. In 1392 the Grand Newfoundland Bank area was not covered by trawl-acoustic survey. Strata
in which catches were not taken but cod was observed according to historical data were included in
calculations,
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Div.3M. Ln June-July 19293 on the Flemish Cap shallows water temperature in the bottom layer
fluctuated from 2.4° to 2.9°C and increased with depth from 3.0° to 3.7°C. In this period
concentrations of cod were rarefied over the bank shallows, mainly on the ground. The largest
catches were taken over southern and eastern slopes of the bank and did not exceed 340 kg (Fig.1l).
Fish 27-35 cm long (Table 1) at age 2-3 |[Table 2) related to 1990-1991 yearclasses domlnated in
ratches. Tmmature fish constituted the bulk of concentrations (Table 3).

According to the 1293 trawl survey over the Flemish Cap cod stock abundance and biomass
increased 2.2 times and 1.9 times, respectively, gompared to 1991 but still remained at a low level
compared to 1983-1989 {(Table 4}.

Divs.3NO. Trawl survey over the southern slopes of the Grand Newfoundland Bank {Divs.3NO)

was carried out in April-May 1993. In this period in the north and over eastern slope of the bank up
te 200-m isobath a reduction of water temperature in the bottom layer by 0.5°-1.5°C and
considerable increase of water temperature on the southern and southwestern slopes by 0.5°-3.0°C
was observed compare to the mean long-term temperature. This appeared to be the main factor
determining behaviour and distributicn of the main commercial fish species. Cod were mainly
distributed along the Grand Newfoundland Bank slopé€ and a little rarely in the central part. Maximal
catches were taken in Div.3N {2.9 t) and 30 {6.9 t) at 155-395 m depth. Cod 18-%6 cm long occurred
over the whole Div. 3N and fish 30-44 cm long at age 3-4 from 19389-1990 yearclasses were predominant
{(Tables 1, 2, 5). In Div.30 (the southwestern slope)larger fish 18-147 cm in length occurred in
catches, and shifting of large fish from shallow part of the bank to Div.30 slope was observed like
in 1991. Maximal catch taken on the slope of Div.30 (stratum 719) included mainly large fish with
modal length of 114-119 cm at age 10-13 from 1980-1983 yearclasses {Tables 1, 2). In 1893 percentage
of mature fish (64%) was observed to increase compare to 1991 (25%).

According to the 1993 trawl survey data abundance and biomass of cod in Div. 3N inereased 6.9
times and 3.3 times, respectively, compared to 1991 (Table 6). However, in Div. 30 abundance was
observed to increase 1.5 times and biomass reduced 1.5 times {Tables 7, 8). The main reason for
decrease of cod biomass is reduction in abundance of fish from older age groups 1980-1988.

In the whole for Divs. 3NQO a trend of Newfoundland cod stock restoratlion was observed. Total
cod abundance ln 1993 amcunted to 186.6x10° fish and biomass 178.4x10° tons (Table 9).

Div.3L. Investigations were conducted in the end of May - beginning of July. In this
pericd bottom layer temperature on the shoal was by 0. 3°-1.5°C lower than the mean long-term one,
and only negligible positive anomalies ©.5°-0.6°C were observed in the southern Div.3L on the 50°W.
Cod concentrations were sparse and distributed in bottom layers, mainly in the eastern Piv.3L
(Fig.3). Maximal catch did net exceed 180 kg. Fish 30-48 cm in length at age 3-5 (Tables 1,2)
dominated in catches. The bulk of fish (to 63%) were immature.

Estimation obtained for cod abundance and biomass in Div.3L did not reflect the actual

status of cod stock because the area permitted for survey were restricted by Canadian authorities
and assessment was not completed {(Table 10]).

Conclusions
Though cod stock on the Flemish Cap is cobserved to exceed the stock by estimation of
1991, it still remains at a low level. 1991 yearclass were predominant in catches.

In Divs.3NO a trend of Newfoundland cod stock restoration were cobserved. Age structure of
cod catches were dominated by 13989-199C yearclasses.
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Table 2. Age composition of cod in NAFO Subarea 3 from 1989-1993 trawl surveys data,‘%.

+
i Age
H 159
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8 87
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number, %, 1002

No. of fish in
age sample, spec. 315

Mean age 5,77

ot O

[alip=]

W O

o N = N RN -

1002

1000

1000

1000

1993 ¢ 1990
- 6

17 19
397 186
449 707
48 68
24 i
12 -

5 4

3 1

12 -

9 -

15 -

5 -

2 -

+ -
1000 298
540 238
4,03 3,87

1000

Tabkle 3, Humber of mature and immature fish in catch per trawling from the data of 1983-1993
trawl surveys on the Flemish Cap Bank

of immature
spec.

fish,

mature

spec.

of mature

fish,

]

| spec.

w N oo HmHFEN

1000




po1Ixad

zZ' 99 6°9T gz v°S 122 €12 0°90T €202 £7£01 9°€g 5°Gg 0" LT BT 6°LT ¥ 95  A2AIns sog
J2QUINU UesK
- - - + - - + - - - - - - - - 87
- + + + - - - - - - - - - + - LT
- - - + - + - + ~ - + + - + - o1
+ ] + + - + + + - T'0 + + + - - ST
T°0 10 + + - T°0 + - 10 + + + + + - b
£°0 Z2°0 + 1°0 T°0 T°0 z'0 z*0 + + 10 + + + + £1
0T 50 1°0 0 zZ°0 P 0 vo 13, 10 "0 zZ°Q 10 + T'0 + z1
30 5 0 1°0- T°0 £°0 570 970 9°0 Z°0 Vo £°0 T'0 T°0 TG + TT
8°0 01 z°0 "0 S0 Lo £°1 Z'1 8°0 6°0 LT0 T'0 Z°0 z°C T°0° ok
z°0 11 10 z°0 S 0 80 52 z° 71 T 61 rARY zZ°0 £°0 Pt 270 5
£°0 L] 170 $°0 F0 870 z° 8¢ 8T 0z 0°Z PO L0 £ 9-0 8
80 zZ°0 170 v 0 ) 8'0 9% L9 5 ¢ £°¢ 'z 8°0 Z'1 g0 91 L
9 T 8°0 z70 20 570 0°T z'0T L°ZT 675 STy g g’ z°71 z'zZ =1 0k a
FA iz ¥'o z'0 Z°0 0°1 rl o €7 0F 5zt LTL z°01 6°T 9-2 voc 8°0T S
8762 vz 90 0'T S0 0°1 L°1% ¥ 05 1°52 be €01 Al b2 B¢ 8797 F
£°9Z 871 v0 LT AN 1°Z 1 2FA € ¥9 vree A 00T g9 9-¢ g-g - £
z°1 T°§ zZ°0 L0 00 Z°1 vy 0'81 9° L1 L'y FrET 60 7S -2 L°E z
- + - 10 6°1 8°0 z°0 bE 2T 1€ 870 S0 -0 g1 270 T
€667 1667 ¢ 066T * 68B6T * BBE€T @ LBET * 9861 5861 ° PBRET * €861 * ZBET * T8ET : 0861 * GLET ¢ QLET ¢ aby
r_m...hu \mumv sfaAaIns TMBIY CE€T=LieT WOII ONE "SAT(Q UT UCHH?MHU Inoy-yTey T1ad Yo2e> UT BI-T wmm‘ 18 pPOoo IC Iodunu Uesy .m, aTde L
c0°et 0z°2 8E"ZZ 95 Z¥ 09 LY 97°0¢€ 69 55601 £€66T
68°1T ¥L'9 65°TT L2 15707 18T Z0°0T 29751 z8 1806 1661
b4 Bk 26°€E FAN 9.°2 € F 98°¢ 08°9 oy L 58 €18t 0661
16T 75°9€ 68°ES BE ' Z€ FFOL 16°LOT 0E"FS ZL roT 60T 1806 6861
66" b ZLtL SP'OT 05°'51 £L°92 06°LE Y ARAY 06°2% LE TTke 8861
0L 10T 8z €1 8922 ZB 9¢g 96°0S 0z 9t 09°85 POT 6LF8B LBET
gg-g1 20792 9L 9¢ 1112 0Z°LE 6Z2°€9 0L"8E 0€°55 80T 1806 286 T
8y 12 L0°8Z 99" pE BP 62 90 LE b9 bF oL TR 60°'5S 90T 1806 SB6T
£1°€2 127 1% 62°6€ 96 Sk 8909 Ov 6L obop 0Z°06 €01 1806 P86T
30751 L0z LD 1E L9 0E £5°599 6£°00T 0E"vE 0V L6 €01 1806 €867
61°€ £B €T L8 €2 99°9 $E-0T €0 T 5502 SETST zo 1806 zesT
Z0°ST £6°VE €9°pE B6 L gz-91 BS +Z ShUEf 5€°82 52 SrLL 1861
VLo L 0zl Te 9T 00" L 876 FeZT 06°LT 09 p1 9L 1305 086T
1z°0T E€°0F 8L TL oL'g 22° %S £0°Z07 $6°09 09°08 v9 1806 6L6T
9g €T Lo zz 6L°0€ 098 ZV €z vz 8¢ 06" 6E ={=Rd-47 o€ LovL 8L61T
£z 8 07 GET 85° 292 €€ 28 187451 887292 0% 102 0t vyED Pz 1806 LL6T
I { , | i | By | us13z | f I
WNWITUTR | uesp [ wnuTxepW | wnWTUTN | uesap | W TXER | ‘3ybTem | ‘Taqunp | | |
mm——————— e e ——— B it —————— e ———— —————— e _——————— e |  sIney jo | STTw bs | 1es]
SUCy QT ‘ssewotq _ UsT3 ,0T ‘eouepngy I ysies ueay | Taquny ‘eely i

vlep sASAINRS TMBIL €66T-(i6] WOII WE “ATQ UT POD JO SSPWOTg pue =2suepunge ‘Tney Jad sayoled Uesi - p S1gEl



8¥-og Priée~ 60°9€ 2918 0Z° %S (o150 24 - BL 9GF8T E66T

90T~ 2L 12T 057 %92 L9 2 IR Ly 9F . 06°96 956 T oL BS69T T66T
08791 Ls et - bPETBF oL 1 S50°¢ o3 2 4 QL tE 0Z°€ FAS 250€el 066 T
68°LT [°X 3 207 LE LB7E 5oL 65Z°0T rZroe PSS £6 0FZ287 : 686 T
6076 LE 0L S TET ZE'B o8- LI BZ 92 QE"ZS FZET 6L LPIBT 8B6T
[ AR LP’T9C 81°GLS 0T L ¥ 6E be-TL 9rTLeTl LLT6C 99 Se8LT LBET
£EL°9Z21 z0°992 TE"GOF 08°59 06Tl - QEtiLe 0cL7861 0T°82T 8L LBZBT 9861
o018 LV PLT S6°LET L6 SZ- PS5 8EZ 90 €09 LV TEET B¥ g8l S BvoLT S8l
Fc 66 6P LFT SLTSET LETTL 0L7091 00062 0g°¢cl 02 CT1T 3] ' CSLLT 861
FZ 9¢ . 58719 S¥ L8 SZ°8¢ BT 0% TI1°¢6 0Z"9¢p SYTLb =34 98GLT €861
86 " 9¢ yL e8 IST0ET 68797 98769 ¢8'20T ob L9 LT 8% oy SLLOT 4104
LECTT 9LLT "R v 98 0T BG €T T€°9T L0 9T 62 2T 6¢ Bigtr1 T8671T
FFTCE 19" 9¢ BLT0S 60°TT LT 8T ¥z-s¢ FASIN -3 S9°FT gv FPELST 0867
£E€°9 FLDZ S1°8F £0°6 S€°6T L2762 16702 ET"ST [ 65211 6L6T
LSTTT 8L T2 00" zZe BE"FT £E9°TC - L8°8Z 8L 12 29°1¢ Le TOSET | BLET
96 Ve 08°2¢ PO 0L £5°EC S5L°T8 86°69 LS ek ELTTP (4 €¥L91 LL6T
[ [ [ _ ﬁ [ By [ ys1z _ | [
wnU TUTE | UES[ | wunuixe | WNWTUTH | uesk boownwtxel | ‘qybtapm | f1aquingy | } |
U T ———— e ——m—me e e —————— e - | ,=Iney jo | =TTU-bs | Iesy,
3 ¢0T fsseuwoTg i Usty 407 ‘asuepndgy | yosjled uesp | Taqunpy | ‘eagy
Blep SADAINS TMBIL €66T—fL6T WOIF Of "ATQ UT POD JO SSEWOTQ puk aduepunge *BuTimery 1sd saynieo uesW -7 aTgel
| .
W
|
v PE"LY 257599~ S99 L) 9§ -0ee 00"E6 627 LOT 08 SL8¢1 E66 T
1Z2°L IS ANV 09 EE EL"Z Pe TT be 6T I87£Z CTITTET T3 PLETT 1661
£9°€E 06"tk LT 9% 5870 S22 19 00°¢¢ 00 < . £9 09281 0661
[0 30 4 81" kg 40798 £ET ¥ SE°g i5'8 0z Lk . £5°6 144 £0857 6861
067 LT S6°6F 00°¢9 v rIT- 19 L€ 5998 0E " 9¢ 0z e 65 958K T BBET
2T LT Se 8¢ 6F"6¢ 9z QLT 9712 9z e 11721 <L G691 LBET
0T7€8 BE 65T 69°E62Z T1°0¥% 0E"86 0S-est TO02ET Zr 18 Lo 0pgot 986T
TELT90T £z E8g EL EGE - 0ZeTT LT728¢ PT SEF 0§ Fez [0 I A 9L ZOTLT SB6T
az 09 827611 DE'BLT 5959 L9786 BG 1T UB 66 oF-e8 13 Zrial FBET
0E°¢9 00T 12t IT°6LT 0o0°BY 9T L1 TE€ 90T 0T 9¢ 0E" 19 3] L6691 £8671
96 "8V T b8 Ly a1l 96°6¢ [A<N=FN 50°€eT Tg™62 68°¢2 Zg BZF9T [4-1-31
£E0'ET 6E°6¢€ YL SS © o §1°sT SZ°b2 SE'EE ¢ LETPE £S5 TS Zt £0281 86T
geig LG e BLTLP 499791 19712 55 °BE £r76d Prred ig ZOEST 0851
BE BT £g° ¢ gy be 66°1¢Z 10°52 EQ B PEET PLTOT i 2LZ9T 6Lal
SLL a7 gL L9 ST 89991~ [T e z1c 9g 0L LZ7L8 4 orest BreT
LT 9L 08" L6 6ETETT S6°¢8 8y g60T 00" 9€T L8708 C 92716 £k 95F2T LLET
| I | | C , sk | | usgz | | |
WnWTUTE | uespy [ WNWIXeR | WnWTuTi UEBN [T wnwTxen | ‘3ybtam | fasquing] | |
||||| e e e e sIneyY jo |. a&Ttwu-bs | Iea )
1 (0T ‘ssewolqg | UsTI G071 ‘souEpngy | UD5eD UESH | JTaqunp | ‘eeay

Blep SASAINS TMBI3 EEET-LLET WOIF NE ‘ATlQ UT pod JO SSEWOTq PUE sauepnge ‘Bulimers asd ssysjes uedl -5 s{qel -



Table 9. Estimation of abundance (10° fish ) and blomass

Table B.

Mean catches per trawling, abudance and biomass of cod in Div. 3NO
from 1977-1993 trawl surveys data

Abundance, |
10% fish |

Biomass,
103t

Area, | Mean catch
q.mil¢ | = mm e

! Number, | Weight,

I fish | kq
33198 65.6 61.2
28741 56.4 47.6
33535 17.¢ 19.7
32636 18.9 29.4
30121 17.0 25.6
33203 55.5 68.13
34583 53.6 71.4
33894 103.3 106.3
34748 202.3 177.8
34371 106.0 167.1
34330 21.3 113.9
33003 22.86 45.1
33743 5.4 32.6
28312 2.5 27.4
28532 16.9 67.3
36331 66.3 71.3

b
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w
R I o oI ST T« RN B VI LI - Ne o e o I SR Y

150.
101.

71.

57.
les.
182,
266,
457,
425.
289,
110.

37.
142.

126.

N RN E JoOONWO &S

{10% t) of cod from 1987-1993 trawl and acoustic surveys data

Trawl
1987 Acoustic
Total

Trawl
1388 Acoustic
Tetal

Trawl
18892 Acoustic
Total

Trawl
1990 Accustic
Total

Trawl
1891 Acoustic
‘Total

1993 Trawl
Acoustic
Total

| 3L

Biomass | Abundance Biomass
130.5 73.4 131.9
134.8 29.4 45.3
265.3 102.8 177.2
331.2 B89.4 159.4
143,3 194.9 223.8
474.5 284.3 383.2
352.2 123.2 195.5
308.7 62.9 BE.3
660.,9 186.1 283.8
335.8 99.6 123.7
213.14 77.8 101.5
549.0 177.4 225.2

<] 170.2 166.7
t a 27.8 22.7
198.0 1893.4
© 4.6¥% 1.3»
t a 13.1~* 4.5%
17.7+ 5.8%

due to being partly closed by

] 3NO

| Abundance Biomass
54.2 289.8
6.7 36.9
60.9 326.7
55.4 110.2
135.2 149.8
1%0.6 260.0
13.4 B1.5
4.9 26.0
1€.3 107.5
5.2 57.5
2.6 2.8
7.8 60.3
35.8 142.1
3.4 8.9
39.2 151.0
113.7 126,2
72.9 52.2
i86.6 178.4

Canadian authorities

3M
Abudance Biomass

36.8 10.2
40.2 9.3
77.0 21.6
26,7 A
123.8 26.5
150.5 34.2
70.4 36.5
88.7 41.8
159.1 18.3
4.3 3.9
14,7 11.3
19.0 15.2
10.5 6.7
2.4 1.5
12.9 B.2
22.4 13.0
1.0 0.8
23.4 13.8
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Fig.1.

Distribution of cod catches per 3C-min trawling on the Flemish Cap Bank
in June-July 1993 from trawl survey data, fish:

0:
1-5 fish;
6-10 fish;

11-100 fish;
101-300 fish;

over 301 fish
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