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Abstract

Year-class abundance variations of silver hake, cod,
pellock, haddock, herring and capelin in several NAFO subareas
and infterannual water temperature varisbility during 1977-1991
were discussed based on the hypothesis of oceanographic condi-
tions impact on abundance of fish year-classes from different
hydrological structures. The qualitative direct and inverse
relation of the latter is revealed. It is assumed that the
year-classes abundance of warm-water fish species is rather
related tc the warm water advection on the shelf, than to
that of cold water. On the contrary the yeér—classes abundance
of the cold-water fish species is related to the cold water

advection.

Introduction

It is known, that commercial fishes abundance in fishing
grounds of the World Ccean shows significant interannual varia-
tions. In conditions of optimal fishery, essuming no excessive
remeval, the above mentioned variations should be strongly relat-
ed to the environmental conditions, the impact of which on the
fish 1ife cycle could be hardly overestimated.

Thus one of the most important tasks of the fishery oceano-
graphy is to reveal those conditions and particular environmental
factors, .directly or indirectly affecting the abundance of
commercial fishes year-classea. The North-West Atlantic is the
area of the most likely relation hetween fish year-classes
abundance and environmental conditions (particularly oceanogra-
phic cnes). This ia atipulated by Lthe faect, thut the aren 1s
Lhe Lowallon of Dnlerecklion ol Lhe two sbrong boundal'y currents,
which create hydrological fronts with extremely high temperature,
salinity and other gradients, separating waters of different
climatic zones. Those oceanographical peculiarities provide the
extremely high biological productivity of the North-West Atlantic
area, and, at the same time, may strongly affect the commerciaj
fishes abundance and distribution, particularly near the boundery
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of the area. Temperature is the most important factor of fishes
life, as it determines the physical state of environment and
appears to be the major ecoleogicel factor, affecting reproduction
and survival at early stages (Rose, 1992; #yers and Drinkwater

et al., 1992; Drinkwater and Myers, 1987}, as well as qualitative
and quantitative composition of food items and other elements

of fish life cycle. It should be noted, that water temperature
variations in the North-West Atlantic are mainly determined by
advective processes, caused by the warm water northward transport
by the Gulf Stream system and the cold water southward transport
by the Labrador current system, which differed both in physical
characteristics and biotopes. Taking into account those peculia-
rities, the ettempt was made to compare interannual varaitions

of gome fish species year-classes abundance of the North-west
Atlantic and interannusl variations of the seasurface temperature
and some indices of warm and cold waters advection in 1977-1991.

Materials and Methods

Temporal series of average annual sea surfgce temperatures
by the sduares of 2.5 x 2.5° ghtained from average monthly data,
presented by the Moscow Ilydrometeocenter were used as materials.
Indices of hydrological fronts locaticn al the s2a surface which
were assumed to be the distance {in tens of miles) of hydrological
frons northward of 37°N at each longitude between 59° and 65°W,
were used as water advection indices. Those indices were cbtained
by averaging the data of 3-4 day canadian maps of hydrological
fronts bj a month and year over entire area from 59° to &59W.

Data on year-classes abundence in the age of 1-3 years by
several fish species and asgsessment methods were obtained from
different sources, shown in Table 1, The mathods of year-clagses
abundance assegsment include VPA, trawl and acoustic surveys.

The natural series of oceanographical indices and fish
abundance utilized for the 15-years period from 1S77 to 1991 werse
statistically treated by personal computer according to STATGRAPH
programme.

Results and Discussion

Silver hake (4¥WX). During the periocd of siudy the one-
year hake abundance varied considerably. The lowes® abundance
amounted to 1.8 x 107 specimens was found in 1979, and the highest
one of 55.2 x 107 8p. - in 1985. Comparison of young hake abundance
and temperature and dynamic indices shows the direct relation
to the latter (Fig. 1 4-C). The years of the most strong hake
year-clagses correspond to the ycars of the highest average

annual 53T and of the most northward shift of the cold shelf water
boundery. The more close relation Lo 337 is found &t the Scollan
shelf slope, where hake aggregarions are distributed in warm
water of the slope during major part of a year. The compariscn

of one-year-old hake abundance to three hydrclogical predictors
shows the mest close correlation to the temperature of slope

warm water (Fig. 1, B). The figure shows a begianing of SST
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increase in 1991, which allows o expect an appearance of strong
hake year classes in near future.

Cod (54). The strong inverse relation of ons-year-old cod
abundance of that subarea and 559 in the Labrador curpont arvea
{iMg. 1, D) i revealed, The Lighest coed abundpnee in found in
the years of the lowest 531, [he corrslation coefificient value
{0.48} shows the cold water advection impaci on that stock repro-
duction. As is seen from Figure 1 U, the varianility of cod
abundance and sea-surface tempersture has one pssuliarity, i.c.
before 1986 the inverse relalion appeared every year, and varia-
tions of both parameters were rather sharp. 3inczz 1986 the above
mentioned "response™ of cod abundance to SST variaticns ceased,
and in 1986-1991 its values slightly differed from year to year
and were close to minimum level. As Hunt and Buzeta (1992} show
thoge years were characterized by the cod stock decrease in the
arca ad & result of several poor year-classes appearance. The
causes of those poor year~classes appearance seem to be related
to some other conditions, not temperature, however as 1s shown
in the PFigure 1 D, the risc of the Labrador water temperature
wag found in those years. A preliminery conclusion could be made,:
that the decrease of the Labrudor water temperature since 1990

permits to expect cod year-classes abundance increase in 5Z zone.

- The first year in this row is that of 1991.

Follock (4-5). The interannual varaiastions of three year-old
pollock sbundance also show the inverse relation to S8T of Labrador

water (r=-0.40), illustrated in Pigure 1-£. Temporal series of
abundance data is restricted by 1988. , and that of temperature -
by 1991. The plots suppose thaet 3-year old pollock abundance

was higher in 1989 then in 1988, decreased in 1990 and was consi-
derably higher in 1991 than in 1990.

Haddock (4W)}. The one-year-old haddock abundance variability
is correlated both to 83T In the Scotian shelf area and to the
advective index, i.e. to the cold shelf walter bounder. Thus the
years of the lowest abundance 1983-1486 and 1989-1991 correspond
to the most pronounce northward shifts of the bounder (Fig. 1-T).
The plots suppose . that the haddock year-classes abundahce will
remgin at relatively low level unless the cold water advection
at the Scotian shelf increases alter 19971,

lerrin 47). Unlike cod, pollock and haddock, the abundance
of 2-yecar-old herring shows no narked relation fo the temperabure
conditions, however, comparison of the abundance and the warm
water advection {variations of the Gulfl Strean front bounder)
at the trend level during the cniire period, revealed decrease
of the wérm water advectilon al shell und slow growth of herring
st (Wign. 1=,

biapetin {3L). The abundarde ol 2-yeor -old capelin showy
the most close relation (r=-0.65) Lo the temperature of Labrader
water, as compared to the above mentioned ceold waier specien
(Fig. 1-H), however, it shcld be ﬁotcd, that thse.temporal scrices
aveilable are the most short one and the relation obtainsd is
not considered a reiiable one.
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Thus, the analysis shows mainly the qualitative relation
of year-classes abundance of some commercial fish species in
the North-West Atlantic to temperature and advectiwe factors
congidered. The relation revealed appeares a direct one for
warm water species (silver hake) and an inverse one for cold water
gpecies {c¢od, haddock, poilock, herring and capelin). It seems
that hake abundance variations is related rather to warm water
temperature veriations (slope water, the Gulf Stream) and its
advection, than to Labrador water advection, while cod year-
classes abundance is more close related to the Labrador current
system variability. Tewmpleman (1972) shows that strong year-classes
of cod and haddock appear at moderately low temperatures in the
area between the Georges Bankai (he West and the Barents Sea at
the EZast and the higher temperatures gouthwards should unfavou-
rably affect the year-classes abundance. It is illustrated by
haddock of the South Grand Bank, the abundance of which greatly
depends on the climatic varaiability. As to silver hake of the
Scotian shelf, it should be noted that the iatter is a warm water
species, as compared to cod and haddock, and distributs at the
northern boundary of the area. lence, we may suppose, that strong
year-classes of the hake population concerned will appear mainly
in the years of peositive temperature anomalies. In any case, the
results of the researches carried out are not contradicting
to the above mentioned conclusicns.
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Table 1

Methods of fish year-classes abundance assessment

(1-3 years) in NAFOQ zone

Species Stock Age Method of . Source
unit assessment
Silver hake Scotian area 1 Trawl Waldron et al.,
survey 1992
Cod Georges Bank 1 VEPA Hunt and
Buzeta, 1992
Pollock New Scotland 3 Trawl “Annand and
Georges Bank survey D.Beanland, 1992
Haddock Scotian area 1 Trawl Zwanenburg, 1992
survey
Atlantic Gulf of 2 VPA Claytor et al.,
herring St.Laurence 1991
Capelin Great 2 . Acoustic Miller, 1991
Newifoundland gurvey . '

Bank, 3




24 . o
-]
- s, 2 o
N 01‘3 _0.5;
LY - 3
2 Joz ., 033
Xret 3 % {or £
L - D 3 =] . g
= e 0 3
2 B £ 01,
E - -2 ¢ g P
S v
3 4f \ € 03
= YA .,
ol 1 i [ ML"
po- Q-J) I
r~ = 3
L & ]
‘g6 - 14 % -
® » 4 %3
wilhk I {282
@ T £ -1 'S:
< B__ (= 2
E i “‘0 o Cab
2 4— }g 7] :-'é
=T A R-04512 €~
a 2 ‘-4;3
%
% 3 "7’,\
v v
TOIS" B sﬁ & | 39
= el Y
< T —H3 2 © p ™%
::\lz—- - L—f“ﬁ o -l E§
b - - O o vy -y
« 3 n 3\1 @ ~3 55
£ L A 2t - -
| S £ -t
:.3{“ ™ E > -5 2
- 3 e < g
] IR SRR S U0 N0 N B T 3 P s -7 £
7% M 3 85 a7 B89 9 3

:J'
br ~0677

i 179 |og
I ™3 g
‘? 5 7 — =S 5 v
Sl 23 Ll {0 2
” - £ ; - .:;
22r -0 g wll . E
3L 1 o ; =y
£ =02 0 [ 410
%] o]

g = 41 & £t
+a4 3 =
- = -1 o
0 Jos 0 -20

O S oy N D S N S A N VOO VO N o
WOd A 3y 85 87 89 9

Fig. Interannual variability of some fish species year-classes

abundance and hydrological conditions in the North-West
Atlantic in 1976-1991.

Comments: SST - ses-surface temperature

LC - waters of the Labrador current
SL -~ slope waters
CSH - cold shelf waters

ST water of the Gulf-Siream
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