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Abstract

In this paper variability of environmental factors and
cod age-groups abundance are discussed. Correlation of the
above variabiliiy is shown. The global pattern of the latter
i3 assumed. Correlestion in trends of variations in cod recruit-
ment in Subdivisions 2J3XKL and 3NC, water salinity and tempe-
rature at station 27, ice conditions along the coast off
Labrador and Newfoundland evidence the likely effect of non-
fishery factors upon the cod stock decrease in Subdivision
2J3KL. The decrease of cod stock in the latter areé i3 explained
by long-term reduce of recruitment, caused by weakening of
Gulf Stream advection and cod immigration into the southern
areas due to intensification of Labrador waters infiux.

introduction

The Report of NAFQ Scientific Coumncil at the Statutory
Sesgion (8-22 June, 1994) provided possible explanations of
the general cod mortality increase in Subsrea 2J3KL. Iwpact
of non~fishery factors represents one of them.

In the work of lyers et al, (19%92) the direct relation
between recruitment of cod in the Atlantic area off Canada and
summer salinity of sea water within the layer of 0-50 m at
station 27, lccated at Newfoundland Island near St.-Johns.

It is agsumed that hight salinity stratifics water and promote
in a surface layer a retention -of large amount of nutricnts,
required to develcop plankton - major food of cod al early stages
of life cycle. Overall impact of cod gpawning biomass, zalinity
in the year of larvae hatching and in the year of the first
age-group surviving define 71% of cod bicmass variability.

In the paper of Barovicov et al.(1989) the relation betwsen fish
distribution and near-bottom water temperature is shown. In
particular, fish biomags decrease in Subdivision 2J3KL was observed
from 1983 to 1988 caused by low water temperature, The results
of the aboveé papers provide a basis for gsearching reuscns of a
cod gtock decrease and non-~fishery fgctors impucl, inelding

environmental ones.




Material and Methods

Naterials cbtained in trawling surveys froam 3ubarsa 3J3XL
(Bighop et al., 1993) and 3HC (Beird et al,, 1992} and data
on 3 years old fish abundance in Subareas 2J3KL {ivers et &al.,
1992) and 3NQ (Davis et al., 1993) are used in the work. Data
on sea water salinity in the layer of 0-50 m at Station 27 and
ice conditiong off Labrador and Newfoundland are ohtained from
the publication by Myers et al. (1992), and those on water
temperature at Station 27 in January - from the publication by
Sigaev (1992), To reveal trends and critical points in the above
parameters variability, the time series of the latter are trans-
‘formed into the series of integral-differential valuss f£(x),
using the following algorythm:

1. The average value of a time series iz defined:
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. 3. Consccutive devigtions are summed up to obtain the inte-
ozal differential values of f(x '
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Results

Abundance of cod estimated in trawling surveys

Pigure 1 shows the curves of cod abundance indices on age-
groups in Subareas 2J3KL and 3NO. In Subarea 2J3KL trends of
the curves reveal comparable natural transfer of abundance values
“from any age-group to a subsequent one. In -Subarea 3H0 the natural
pattern was disturbed in the second half of 1930s. IFor example,
a divergence between age-groups 3 and 4 is obgerved In the latter
area. While the trend to decrease is observed in the third age-
group abundance that <f the fourth age-group inercaseys, The in-
crease of abundarcs values is cbserved in age-groups 4, 5, 6 and
7 during the same year. The bruak of sequence in the natural
pattern from s younger age-group toan older one . in Subdiviasion
3NQ and replenishment of the lattéer between Subdivisions in the
age groups 5-6 and 6-7 .may be related to fishery or to. fish
" redistribution. 3ince ne increase of the'young 4ze-groups
propoftion is observed in catches, it may be assumed that the
" above-mentioned event is caused by cod red*gtrlbutloq and most
likely by migration of the latter.

Salinity, waber temperature and ice conditions

Pigure 2 preserits the curves of integral-differential indices




of salinity in the layer of 0-50 m and water temperature at

Station 27 in January, as well as the indices of ice conditions
along the Labrador and north Newfoundland coasts. Water temperature
increases in relaticn ic salinity inecrease. Ice condition is
inversely related to salinity and tempersture, i.e. ice cover
dicreases when water salinity and temperature rises which is a
result of ice melting at higher water temperatures,

Salinity and cod stock recruitment

Figure 3 shows the curves of iLtegr&l-differential indices
of salinity in the layer of 0-50 m ?t Staetion 27 and those of the
third age group abundance of ced. The curve of 3 years old fish
abundance i3 shifted to the lefit f0£ 3 years as compared to the
curve of salinity index to match thé temporal scale of salinity
by years to a year of cod birth. Co%parisén of the curves shows
a similarity in trends of the latter. More abundant year-classes
occure during the period of salinity increase and at the lower

|
salinity the oposite trend ig observed,
Discussion

The results of the integral—di{ferential curves comparison

are in agreement with the conclusio?s, presented in the work

by Wyers ?t al., (1992). The water b?Oproduction variability
mechanizm is represented by the following sequence of events.
Infiew of warm and salinity water i?to the Labrador and Newfound-
land areas increases ice melting and aessociated income of nutri-
ents into surface water layer where| conditions luvourable to phyto-
and zooplankton development appear. | Subsurfuce saline water
mainteins asustained stratification, retains highly productive
waters near sea surface and creates|a favourable feeding basis

for cod end early stages of life cy?le. Inflow of cold water
decreagses subsurface layers productivity and recruitment abundance.
It is evidently illustrated in Figure 3. 3alinity decresse is
correlated to recruitment abundance |reduce.

Borovkov et al. (198%) showed Ehat spreading of Labredor
cold water results in migration of fish aggregations. Since water
of the Labrador current is characterized by low salinity as
compared tc that of Gulf Stream var%ability of the latter evidences
also variability of the cold water inflow.

Comparison of salinity and vhe [fourth gite group abundsnce
curves in Subarea 30 shows that in?rease (decrease) of abundance
occures during the period of salinity decrease {increase) (Fig.4).
In the period of salinity decrease the abundance of older age
groupa also increasses. It geems relate to fish migration from
the North to the South from Subarea |2J3KL to Subarea 3NO.

This event may be confirmed by the results of Borovkev et al.(1989)
presenting the decrease of fish bioTuss in Subdivision 2J3KL
during 1983-1938, caused by low tem?peraturm of negr—bottom water.

Therefere, it may be steled that from late 1900s to late
19808 the trend to decrease of cod survival at carly stages
of 1ife cycle ia cbeerved which means a susbtalincd decreoase of



the stock recruitment. Besides regular strengtliening of the
Labradoq current results in ced migration frow Subarea 2J3KL to
southward areas. In general the above. non-fishery factors played
an importent role in cod stock reduce in Subarea 2J3KL by

early 1980s.

Prospects

As is shown in the previous section, waiter advection is
an initial link in the mechanism defining biological productivity
of the Labrador and Newfoundland arecas. Waru {(cold) water inflow
results in increase (decrease) of biologiecal production. Warm
water most likely comes with the North Allantic and Iruminger
currents. The latter form together with the Labrador one the

‘cyelonic eddy. The complete cycle of water tewperature anomalies
turnover within the eddy equals to 2 years (Chuvashina et al.,889).
‘The Gulf Stream. is the source of warm weter entronce into
the eddy while the Gulf Stream outflow is directly related to that
of the North stlantic current {Baryshevskaya, 1982). Rings are
the integral feature of  Gulf Stream According to Bulatov (1987),
rings play an important role in the meridisl transport of heat,
and their number is related tothe Gulf Stream outflow (the higher
outflew results in more rings). Therefore, the rings nunber may
evidence the Gulf Steam water transport Variations of averuge
annual number of warm rings, obtained from the work by Bulatov
(1987) and transferred into series of integral-diflerentizl values,
is in agreement with variebility of the diurnal pericds duration,
i.e. with the Barth rotation velocity {(Fig.5).

As is geen from the rigure, decrease of rings number is
in agreement with reduce of the Earth rotaticn while increase
of the number is related to acceleration of the latter. The best
agreement in trends of the curves is observed when the number
of rings shows 1 year delay relative to the diurnal period
duration. 3Since the number of rings defines the Guif Stream out-
flow, it may be assumed that in a year after the Zarth rotation
‘acceleration start, warm water inflow into the Nerthatlantic
current and further inlo the cyclonic eddy with complete cycle of
the temperature anomaliss turnover of 2 years, will increage.
Therefore, warm water inflow into the Labredor and Newfoundland
areas muy be expected in 3 years after the Earth rotation accele-
ration start. Comparison of salinity and diurnal duration curves
at 3 years shift shows a coincidence of the Earth rotation accele~
ration periods and salinity increase which may support the assump-
tion on the mechanism of Gulf Stream warm waler inflow into the
Labrador and Newfoundland sreas. )

Decrease of sgalinity which defines the Labrador current
strengthening, associates to the pericd of the Zurth rotation
decreasec. To confirm the latter conclusion, the dala on radio-
isctope 140 (the tracer of Labrador water) accumulution in
the molluse {Arctica isl&ndim$ at Georges Bank are ultlilized
{(Weidman and Jones, 1%93). curve of 1%¢ wccuaulution is in zood
agreement to the curve of diurnsl duration {(Piz. 6), i.e. during




the period of the Earth rotation decrease tliv Labrador wabter
cutflow is increased.

Relations, revealed between hydrdphysical, biclogicel featu-
res and the Earth rotation velocity define the global paltern
ol .varalabilily in hydrosphere mnd squatic ccodystems.

The results of this study and of earlier one {(Vyalov, 1993)
allow  to amssume that a long-term fish production of Lhe vcean
ecosystems 18 controlled by the entire ocean circulation while
varigbility of the latter is in agreement to the Zarih rotation
veloeity. In accordance with the above hypothesis, 1{ may be
noted that the start of the Earth rotation acceleration in late
1970 - epproaching its peak in middle 1980s, seems to be an
indicator of increasing warm water inflow intoc NAFO Subareas
and occurence of favourable conditions to cod survival at early
stage of life cycle. The agsumption is confirmed by increase
of the first age-group abundance from 19828 to 1920 (according
to the trawling surveys results). Since the barth rotation velo-
city has been decreaging from 1989, faking in account 3J-yeals
shift, the conditions favourable to cod survival st carly stages
of life-cycle should retain till 1993, Decrewse of one-year old
cod abundance according to the trawling surveys resulla after
1990 wmay be explained by occurence of young [ioch outside the study
area (Report 505, 1994). If it is true, the cod spawning stock shoul
be recruited until 2000. After 19935, as the data on the Larth
rotation veleocity evidence, the condition will be unluvourable
to recruitment of the spawning stock which may result in another
decrease of the cod stocks after 2000.

Conclugion

Decrease of the cod stock in Subarea 2J3KL is explained
by & 1long decrease of recrultment stipulated by the warm Gulf
Stream water edvection reduce. Besgides, the process is likely
Lo be affected by cod mipgrabion inte soulheln wreaa which is
cauged by the cold Labrador water inflow.

We are very grateful to Rikhter V.A. and Sigaev I.K.,
gelentists of AtlantNIRO, for valuable remarks on the manuscript.
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Fig. 1. Integral-differential curves offcod age-groups abundance
in Subdivisions 2J3KL (bold line). and 3NO (dotted line).
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Pig. 2. Curve of the LBarth diurnal period (1), integral-differen-
tial curves of sea water salinity within 0-50 m layer at
the station 27 (2), sea ice area along the coastline of
Labrador and Newfoundland (3), water temperature at the
station 27 in January (4).




S H%

0 3
1955 60 66 0 5 80 85 90 9

Year

Fig. 3. Integral-differential curves of sea water salinity within
0-50 m layer at the station 27 (1), abundance of the third
age~group cod in Subdivisions 3NO (2) and 2J3KL (3).
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Fig. 4. Integral-differeﬁtial curves of sea water salinity within
0-50 m layer at the station 27 (1), abundance of fourth age-
group cod in Subdivision 3NO.
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Pig. 5. Integral~differential curve of the Gulf Stiream warm rings
number (1), curve of LOD the Earth diurnal period (2).
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Pig. 6. Curve of the Labrador water tracer at Georges bank (1),
curve of LOD (2). (Stephenson and Morrison, 1984, recent
data by Sidorenkov N.S. from Roshydrometcenter).
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