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Abstract

Silver hake (Merluccius bilinearis {(Mitchill) distribution
and density in the Scotian Shelf area was researched in relation
to some environmental conditions, including near bottom water
temperature, salinity, circulation, wet biomass of net zooplank-
ton, density of smail and large zooplankton. Complex observetions
were carried out by means of successive surveys in the investi-
gation area at 61°W, covering shallow waters and the cuter shelf
edge. Hydrologit¢al observations at the stations were fulfilled
with probe of S4D type. To present the mesoscale circulation -
field, the diagnosis model of three-dimension circulation was
used, based on the barogradient ratios, taking into congideration
only its horizontal part. Water temperature, salinity, density
and gtmespheric pressure were taken as initiel data to the model.
Zooplankton sampling was carried out with the egg-net of 80 cm
opening diameter, or with the large BONGO plankton sampler, fixed
on the upper rope of the trawl. Research hauls were carried out
by the bottom trawl “"Hake-4M", used by AtlantNIRC as a standard
fishing gear in trawl surveys %o asgess demersal fishes abundance.
The towing period was 30 min at each station. The fields of
the above characteristics distribufion obtfained in six surveys
of the investigation area , were compared to each other, to catch
per effort value and silver hake distribution. The factors were
revealed, which had the major impact on the silver hake distribu-
tion. The results of regearches are useful te conduct inventory
trawl surveys and to monitor the conditions affecting the silver
hake distributicm.

Introducticn

The work presented ig the final part of the researches
carried out during 1988 and 1990 within the frames of Soviet-
Ganadian agreement on fishery in the Scotian Shelf area, which
were aimed at the problem of envircnmental conditions impact on
the silver hake distribution in  breeding and prespawning periods.
Materials were collected in two cruises of Soviet research vessels -
middle-tonnage trawler'“Strelnya" {June-August, 1988) and large-
tonnage trawler "Evrika" {(May-July, 1990), based aon the ecological
suvvoyn ol Llie oot Ern dhel 0wt salb Lple puvveyn of aoall slioht
arcas., The entire silver hake distribution pettern in relation
to the ecological conditions {(near-bottom temperatures field,
salinity, oxigen, phosphates content, geoastrophic circulation
and forrage zooplankton) was presented in ihe NAFO Report (Sigaev,

1990) according to the results of surveys in 1988, and in Report

to NAFO (Sigaev, 1994) with the results of surveys and statisti-
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cally treated data on catches and environmental conditions,
according to the shelf slope surveys in 1990. The article presented

considers only obgervations in the investigetion area in 1990.
This is stipulated by the fact, that cobservations in the investi-
gation area have been carried out incompletely in 1988. Three
attempts were made "to fix"™ in fthe prespawning silver hake aggreo-
gations, however, due to various reasons including those aof
technical nature, surveys in each arsa were unable to be repeated
more than 3 times,

Unlike the surveys in 1988, in 1990 only one shelf area was
selected, where 6 surveys were carried out, including measurements
of water temperature, salinity, phoghates, sampling of forrage
zooplankton and expleration catches of hake af§ each station. As
compared to survey in 1988, the cxigen content measurements were
excluded from the observations, as that factor is not a limiting
one in the silver hake ecology. The other observations in the
investigation area were similar in 1990 and 1988. The major
purpose of successive surveys in the investigation area was to
monitor the variability of environmental conditions and to reveal
the factors, affecting the silver hake distribution and density.

Material and Methods

The results of ohservations at 12 staticns, repeated & times
during 26 June .- 12 July, 1990, in the shelf area beiween 60°30¢
and 62°30'W are used as the material. At each station, half-pour-
hauls were carried out with the trawl, adopted in AtlantNIRO to
fulfil inventory trawling surveys cf demersal fishes from large
vessely and to figh hake., It promotes comparison of exploration
-and commercial catches. Hydrological observations and water sampling
were carried out with the hydrological probe of STD type. Zoo-
plankton was sampled with a large BONGO plankton sampler or taped
net of 80 cm in -diameter, attached to the upper rope of a trawl
and equipped with flowmeters. Unlike the surveys in 1988, when
zooplankton was sampled by the step-oblique towing of entire
water layer, in 1990 sampling was made directly in the layer
of a towing and simultaneously with a towing, Wet biomass of
zooplankion in each sample was weighted aboard the vessel, and.
dominated species, density and species compogition of zooplankton
were determined in the AtlantNIRO laboratory. The obtained complex
data on the environmental conditions and silver hake catches
were used to create and analyse the distribution fields of
hydrological features, zooplankton and silver hake catches.

To describe water flow fields in mcre details as compared
to the geostrophnic circulation, the non-linear quasigeostrophic
modal Lo Liree-—dimension clreulallon agsessmenl (D-2) vy oarkisyan
was used (Sarkisyan, 1977, 1986; Stepanov and Sarkisysn, 1977).
The latter is based on the known equations of hydrodynamics.
General practical application of the model is shown in works
by Tjuriakov, Kuznetsova (Leningrad Hydromeisorclogical Ingtitute,
LOMI), Sedykh (At1antNIRC) etc.(Tjuriakov, Kuznetsova, 1972, 1976,
1978, 1982; Tjuriakov et al., 1978; Sedykh, 1975). The assessment




0f three-~dimension circulation by the model for our investigation
area was carrieq out also in IGMI, The results were presented

in the paper by Kuznetsova L.N. et al, (Kuznetsova et al.,
1993), Water temperature and salinity fields at stations

of the investigabtion area for standard levels, interpolated

from the station points to the kmots of the uniform grid

of the fields estimated were used as the initial data to determine
water flows. The atmogphere pressure fields, observed at stations
also were interpolated to the knots of the grid and were used
together with the data on a bottom relief. It should be mentioned, .
that the model allows to estimate the horizontal movemenf velocity
and direction at selected levels, three components of the vertical
movement {drift, gradient and'barocline) and the total vertical
velocity. In our research the horizontel circulation fields are

of the most interest, since we study the distribution of the near-
Wottom species. Tn that case it ﬁould be desirable to obteaine

the near-bottom circulation fields of the investigation area,

' The model utilized provided the celculation of water flow velo-

city and direction at standard levels for the investigation ares
grid knots. Due to the shelf bottom slope, the following approach
was used to determine the near-~bottom water flow field. For each
estimated field at the standard level velocity values were selected

© only from the points, located nearest to the bottom, starting

from the filed at 30-m level, followed by 50 m, 75 m, 100 m and
150 m levels. PFields: of vectors and horizontal flows mecdules for
gach of 6 surveys, created in above way, was congideréd as near-
bottom gsiructures of the horizontal circulation. PFurther, the
attempt was made to reveal ﬁhe circqlation heterogenity in the

form of mesoscale gyres by vectors. For that purpcse continuous
lines were drawn medigal to the estimated points ftowards the veciors
within egach field.

Results

Silver hake catches distribution. Silver hake catches distri-

bution in the investigation area during 26 June -~ 12 July iz shown
in the Figuré 1. The survey-to-survey catch distribution shows
that hake is actually absent in the depth range from 100 to 50m,
ant its major concentration occures on the slope at the depth of
120-150m and below. Besides, the most efficient hauls appeared

al bie abEnblonn ol LhoaxGeamy sonbhery row, Onlodies ol L s bl Toge
ol fhe northern slope row werd, aos o rule, one or two orders of
nagnitude lower, than gouthern cnes. Cateh in the slope avea
varied from O te 1770 kg per half an hour, widch is wtipuluted

by different cnvirgnmontml conditiona, An to Lhe aghallow orea

(the aren of major hake spawning), it should be note, that at
carly stage ol wolks in the inveullgation are prespawning hake
occured there only in insignificani amounts (14-18 kg per half an
hour) as compared tc the slope area. It shows the lack od gpawning
in that time. However, by the end of the period (9-12 July) large
aggregations of spawning hake were observed in the area, and the
catch amounted to 10500 kg per half an hour. It evidenced that the
major hake spawning in the ghallow ares off Sable Island occured



in the first ten days of July. To follow hake catch variations in
the slope areas, the catch wvalues were averaged for each survey.
Values obtained are presented in the Table. The values in the
Table show that the lowest average catch values on the slope
are obiained during the second and fifth surveys, the highest -
during the third one, and intermediate values associated to the
firagt, fourth and sixth surveys. Below we try to explaine those
variations, assuming the environmental conditions impact én the
latter. '

Near-bottom temperature and catches. As is seen from Figure 2,

the near-bottom temperature field varied frem survey to survey,
however, during entire period silver hake distributed within its
temperature range of 7.5-10.5°C. That factor affects the hake
occurence on the slope at the depth not less than 100-120 m, gince
the layer of 100-50 m is characterized with the cold intermediate
water avoided by hake., The near-bottom layer temperature varied
within Q.7-5.0°C in the investigation area. All exploratory hake
catches within above temperature range were zero. A3 1s noted
before (Sigaev, 1990, 19%94), température gradient at the shelf-
slope front is another important environmental factor for silver
hake: &g to that factor within the investigation areas, it may be
noted'that, during the surveys the above-mentioned index varied
temporaly. The lowest temperature gradient near the botiom was
observed during the second and fifth surveys (PMig. 2.2 and 2.5).
During the second survey the gradient lowered apparently due to
the cold water asdvection decrease over entire investigation area.
During the fifth survey the gradient reduced on the coutrary

due to the warm water mdvection in the area between 60°50 and
61915W.

Note, that during two above surveys, the average hake catch
at the slope _amounted to the lowest values. In other cases the
temperature gradient near the bottom remained high. In genersal
during the observation period, the temperature field in fhe
investigation area was characterized by temperature docrease
at intermediate depths due to increased advection of cold waters,
starting from the third survey. As is seen from Pigure 2 the
" near-bottom temperature minimum decreased asg following: 2.7, 2.6,
2.2, 1.8, 1.6 with simultaneous extention of cold water ares.

The above process provided retention of high gradionts nt the
shelf-slope front. Thuas, we may conclude, that water temperature
at the depths of hake digtribution and %emperature gradient shall
be considered as the major environmental factors, controiling

the silver hake distribution in the Scotian Shelf area. The above
information allows also to recommend for inventory trawling sur-
vayn of adult hake to aveld truwl gtatlons on Lhe shelf withiln
the layers at depths of 100-50 m, as the catches always will
approach zerc, Since areas of the above-mentioned depths consti~
tute considerable pert of the shelf, the restriction will save
time and expehses of inventory surveys.

Near-bottom selinity and catches. The distribution od galinity
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and hake catches is similar to that of temperature, i.e. all
considerable catches of hake are obtained within the maximum sali-

" nity gradient zone at the slope (Fig.3). The gradients decrease

also was observed during the sccond and fifth surveys. If the
salinity fields are presented according to the three-layer struc-
ture of the shelf water masses, it may be stated that the hake
aggregations associate with the warm slope water mass, characte-
rized by salinity of 33.50-~35.50%¢ (Bryantsev, 1964, 1967). As
Pigure 3 shows, all significant catches of hake are cbtained within
the above salinity range. Thus, the factor of salinity may became

a reliable indication of breeding and préspawning hake aggregations
on the shelf.

It should be noted, that in major spawning grounds of hake
salinity does not seem to be one of the majof factors, since its
val@es in the surface water mass of spawning grounds are conside-
Tably lower than on the slope (32.05-32.20%c }.In this case tempera-
ture conditiong remain to be the major factor, or in other words, -
sufficiently warm water in the spawning grounds provides optimal
conditions to hake eggs and larvae development and survival.
Begides, water circulation in the shallow area off the Sable
Igsland which is the quasi-stationar anticyclonic eddy (Sigaev, 1978),
restricting hske eggs and larvae transport outside the shallow
area at the early stage of development, is likely to become an
important factor. i

' Water circulation in the investigation area. Two circulation

models were used to present water flow fiied in the investigation
area, The first model is truly geostrophic one, taking into consi-
deration water density redistribution and Coriolis force. The second
model is based on hydrodynamic equations, taking in account a
gradient, barotropic and drift components, bottom relief and
boundary conditions. The results of the geostrophic circulation
estimation are shown in the Figure 4. In the Figure the water

flow fields are rather uniform and reveal the general wesiward
transport and the lack of any significant heterogenity within

the restricted investigation area. Thus the reliable interpretation
of catch distribution in the geostrophic circulation field is
impossible. Horizontal part of circulation, estimated with the
hydrodynamic model for a near-bottom surface is shown in Figure 5.
In the knots of the water flow assessment grid, arrows show the
direction and numbers - vecolity in cm/sec. Dotied lines point

the gyre contours. Those fields fundamentally differ from the
previcus ones, as they have heterogenities in the form of meso-
gecale eddies, comparable to the investigation area. Following the
survey-to-survey water flow pattern, some peculiarities may be
outlined. The first survey shows the anticyclonic eddy formation

In tlhe venler ol the lovealblgollon wrea noar Lhe boltbom, witleh
developes and extends over the entire area during the second zurvey.
During the third survey some smaller eddies of the oposite rotation
are found. During the fourth survey, the entire area was occupied
by one c¢yclonic eddy, and during the fifth survey two eddies of
opposite rotation were observed. [Minally, during the last survey,

one anticyclonic eddy wes formed over the investigation area near
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the bottom. The estimated near-bottom flow velocities seems
comparable to the actual ones of the shelf. A more detailed
consideraiion of variations in the near-bottom flows pattern
supposes that the eddies replacement directed from the last west-
wards in accordance to the éeostrophic transport. Simultanecus
consideration of water flow fields on Figure 5 and catch distribu-
tion reveals the following peculiarities. During the second sur-
vey when the average catch was low, stations were located on the
glope in the center of the anticyclonic eddy. During the fifth
survey, when the average catch was also low, stations were at the
southern edge of two opposite directed eddies. Besides low catches
during thig Eurvey occured in the northward water flow between
the above eddies. Catches of the avergae 3ize were obtained at
stations, located at the dominating eddies periphery.(Surveys 1,
4, 5), Maximum average catch at the slope associated with the case,
when a definite pattern had not been developed yet in the investi-
gation area. The above-mentioned mesoscale circulation features
in the investigation area, certainly, do not directly affect the
gilver hake aggregations distribution and development. This effect
may be expected rather through development and distribution of
forage zooplankton patches, discussed below.

Phosphates distrisution. The near-boitom distribution of phasg=

phates ig similar to those of water temperature, sslinity and
geostrophic circulation (Fig. 6). Along the slope the gradient
developes due to the rapid increase of phosphates content with
depth, The common picture is intensified by the upwelling events,
related to the intrusion of warm slope water on the shelf.
Upwelling of water of inereased nutrients content results in deve-
polment of vegetal plankton, followed by zooplankion in the area
as well as in 8ll other ocean areas. Thus, along the shelf slope
the bioproductive zone occures continuously, providing the base
to forage zooplankion development.

ExamplesAof'high nutrients content water upwelling are shown
in Fipgure 7.

Morapse zooplankton and catches. The data on wet biomass and

on forms dominating in samples were used to compare zooplankbon
distribution and hake -catches. Beth biomass values and hake catches
were averaged only in samples from the slope., Those date and
catches are presented in Table. As the table shows hake catch.
value does_not correspond to the average wet biomass of zooplank-
ton. At this point the comparison of catches and forage zooplank-
ton species dominating in each survey, while fhe latter are divided
inte small and large forms, ireveals apparent correSpohdence of
them (Pig. 8). Low hake catches at the slope asgociate with small
forms dominating (Calanoida) in surveys 2 and 5; and noderate
catch assoclates with approzimately equal number of large and small
zooplankton (Euphausiidae and Calancida) at the glope in surveys
1 and 4, The maximum average catch associates with large forms
domination at the glope (Euphausiidae) in survey 3.

Isolines in the Figure 8 shows equal wet biomass of zooplank-
ton in grams per catch. The following symbols are assumed to illus-



trate the forms, domineting in samples:

- 7=

5h - Shrimp € - Calanoida

E - Buphausiidae Co ~ Copepoda

Th -~ Themigto 3a - Saggita

e - Magatyphanae Tu - Tunicatsa

e - Meganightyphanes Q0 =~ Ovapisces
norvegica AL - Alga

G - Gammariidae

Ct - Ctenophora

Let us follow survey-to-survey qualitative and quantitative
variations in the major forms distribution.

During the first survey, as is seen from Figure 8, the small
zooplanikton dominated at the eastern slope and formed & patch of
biomags over 300 g per a catch in the center. Westwards the large
zooplankion of lower biomass values dominated, however, the hake
catch in the area was higher than in the eastern part. It evidences
the hake selectivity for focd items. Note, that at that time
the catch at the slope corresponded to the average one during
the period of observation in the investigation area.

In the second survey (Fig. 8(2)) the small forms dominated,
which dominsted in the same patch of bicmass over 300 g per catch
eastwards. The patch size corsiderably decreased as compared to
the first survey. Note, that the average nake calch at the slope
was relatively low in that time.

During the third survey (PFig. 8(3)) significent variations
were observed related to apparent domination of large zooplankton
in the areas of hake fishing at the slope. Twe patches were distine
guished., In the eastern patch the large formg dominated. Tts biomass
exceeded 300 g per catch. The wegstern patch of the biomass over
500 g per a catch consisted mainly of Calanus, and the hake catch
was zerg in the area. Further southwards along the slope the
Eupahusiidae domination was noted (145 g per a catch). Exectly in
that area of the slope the heke catch was maximum for entire period
of observation in the investigation area (1700 kg), as well as
the average value of the hake catch. It seems, that in that case
the nake aBility to select larger food appeared as well.

During the fourth survey both small and large zooplankton
forms dominated in samples from the slope; however the highest
nake catches were obtained at stations, where the large forms
dominated (Fig. 8(4)). The zooplankton distribution was more uniform
than in the previous surveys when the density was slightly higher

at the slope (200 g per a catch)., As was mentioned above, the hake

catch at the slope averaged by stations, was compatible to the

intermediate value. ‘ :
During‘the fifth survey zcoplankton density decreased and

vnounted mainly below 200 g pur w catel: (Fig., 8(5)). A small patch

‘of biomass over 200 g per a calch was found at the western boundary

of the investigaticn area. Small and moderate size forms dominated
in the catches. Remember, that the average hake catch at the slope
wag compatlible to the lowest value during the survey period.
During the last survey (Fig. 8{(6)) two grong patches of zoo-
plankton (with the biomass over 2000 g per a catch in the center)



again appeared in the investigation area. In that period moderate
size zooplankton (Themisto) dominated at the slope though Euphau-
giidae and shrimps dominated by weight at separate stations, 4s a
result, the average hake catch at the slope increased.

Followlng Lhe wouplunklon diatrlbublon over entire luvesti-
gation area for all 6 surveys, it is found that in the depth range
cf 100-50 m near bottom Calanus 1is the main deminating specles,
which is known to occure in the cold intermediate layer. In con-
clusion, it should be noted that the forage =ooplankion density
variability has the less impact on the hake density distribution,
than zooplankter's size. Thus, food selectivity is the second
major factor, affecting this species distribution.

Circulation and zooplankton digtribution. Apriori it may be
supposed that the near-bottom circulation fields, estimated based
on the model D-2, and nesar-bottom forage zooplankion distribution :
should be compartible, However, the comparison of Figures 5 and 8

shows that the zoplankton distribution features may be explained by .
the water flow patftern not in all surveys, Let us digcuss in order )
zooplankton patches digtribution in surveys and location of meso- i
geale eddies found. In the first survey a zooplankiton patch of
Calanus domination occured in the eastern periphery of the anti-
cyclonic eddy where the near-bottom water flow was directed south-
gouth-eastwards, i.e. from ithe shallow areas to the slope, and
turned westward at the slope. It seems to promote Calanus trahsport
from shallower depth to deeper waters, into zone of high gradient,
and further westward transport along the shelf-slope front which
was indicated by the patch extensicn from the east to the west.
It is likely the case when the hydrclogical front "shelf-slope"
acts as "the liquid wali", restricted plankton uptake outside the
shelf. At the western slope the current vectors had opposite
direction from the south tc the north, along the boundary belt
between the anticyclonic eddy and the adjacent cyclonic one. Ii may
promote Bupahusiidae aggregation in the area.

In the second survey the patch of Calanus occured in the eagtern
periphery of the same, btut destroyed, anticyclonic eddy where
vectors were also directed from the north to the south. To the west
the water flow had the northward direction, however (alanus domingt-
ed there alsoc which may be the result of aggregation due to its
trangport from the eastern patch along the slope.

In the third survey the vectors directions weve similar to
the previous one: predominance of the transport from the north
o Lhie ggubhe fo.the eagtern part, and from the soublh to the north -
in the western part. Besides, wooplankion putches were associated
with the periphery of Lhe opposite dercclbed eddieg.

The fourth survey was characterized by a relatively uniform
zogplankton distribution on the zlope where the southern periphery
of the distroyed cyclonic eddy with predominated emstward vectors
wag located. The fifth survey revealed,a®s was noted above, two
eddies of different direction with ihe gouthern periphery at the
slope. Opposite direction of water flow vectors seems unlike to
promote apparent zooplankton patches formation. To the east at
the southern periphery of the anticyclonic eddy the middle-size
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zooplankton predominated, and to the west (&t the southern peri-
Bhery of the cyclonic eddy)} Calanus was dominating species.

In the sixth survey the easfern patch of zooplankton occured
at the eastern periphery of the large cyclonic eddy, where middle-
gize mooplankton predomirated. The western paetch, with middle and
large forms predominating, was affected by the western periphery of
the eddy,where the water flow was directed west-north-westwards.
Thus, generally we may conclude that the forage zovoplankton patch
distribution and composition are compatible to the near-bottom
eddies location and flow vectors direction. It may be noted also
that eddies occured at the boundary between two water masses directly
determine the density distribution of zooplankton species, often
uptaken by the hake, In any case, the near-bottom flows revealed,
evidence the likely nortiaward transport of Calanus, distributed
in the cold intermediate layer and its aggregation in some areas
of the hydrological front, as well as its fransport in the opposite
direction. Similarly, the large zooplankton from ithe warm slope
water may concentrate in the front area, and its patches may shift
northwards of the front. The above-mentioned allows o suppose
that the most favourable feeding conditions for the silver hake
occure in the area cof predominating water flow along theAslope
and the lack of cross flows, i.e. in the front stability conditions.
The more detailed pattern of forage zcoplankton distribution was
obtained based on the results of gsample soriing at the laboratory.
Figures S and 10 show the density distribution of some relatively
large (Euphausiidae, Gammariidae, Giperiidae) and small {Calanoida)
forms in the investigation area which nwore precisely reflects the
dynamics of the large and small zooplankton patches and the relation
of the latter to the averapge hake catch dynemics at the slope.

The analysis of hake stomach contents from samples, obtained
at the investigation area stations and in tine slope surveys shows
that the bulk of the silver hake (modal length of 28-33 cm) uptakes
mainly Euphausiidae,and rarely Gammariidae, Giperiidae, shrimps,
anchovy and very rarly - Calanug, Even in those cases when Camlanus
predominated in zooplankton samples, hake stomach content consisted
mainly of Buphausiidae. Thus, it may be concluded that feeding and
prespawning hake aggregations are mainly formed in the large zoo-
plankton patches.

Finally, to gummarize the ecological conditions of gilver hake
aggregations in the Scotian 3helf area, we may conclude the following:

1. Surveys in the investigation area confirmed that feeding
and prespawning silver hake aggregatiorg develope.at the warm side
of the hydrological front "shelf-slope" at the temperatures of
7.5-10.5°C, In the cold water of the intermediate layer at the
depth of 50-120 m no aggregations of the silver hake develope and
the latter occures only by individuals. This conclusion may be
utilized in inventory surveys.

2. The front, as the boundary between two waler masses, is
the necessary environment condition for the hake, providing both
optimal physical conditions and forage base, ms it is the major
imgtrument of the latter development and redistribution.
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3. Euphausiidaee which aggregatés in patches also at the warm

gide of the front "shelf-slope" congtitutes the feeding base of
the modal-s ze hake,

4, The analysis of the near-bottom circulation shows that the

lack of cross flows, distructing s "liquid wall" which restricts
the major food transport northwards to the temperature conditions,
unfavourable to hake, and carring small zooplankton unaiutable

for heke feeding from the north to the front, appeares the most
favourable.condition of development and maintenance of forage zoo-
plankton patches at the front,
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Table
Distribution of average silver hake catch, wet biomass
of zooplankton and plankton species predaminated in

samples

Survey HNo. 1 2 3 4 5 6
Date 26-27 27-29 30.VI- 01-02 04-05  09-12

VI VI -01.VII VII VII Vi
Average catch 3
kg/0.5 hour ave 109 447 253 101 181
Average zooplankjon 4 h 6
biomass (g/catch) 0 233 221 136 164 60
Predominated plank- gp/q I oA C/E o Th

ton species

E ~ Fuphausiidae, ¢ - Calancida, Th - Themisto



1.29.06

Fig. 1. Exploration catches distribution in the investigation ares
during 26 June - 12 July, 1990 (kg). |
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Fig. 2. Distribution of near-bottom temperature (0°C) and silver
hake catches in the investigation area during 26 June -
12 July, 1990.
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Fig. 3. Distribution of near-bottom salinity and silver hake catches
in the investigation area during 26 June - 12 July, 1990.
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Fig. 6. Phosphates (P0) distribution near-bottom in the investigatio
area during 26 June - 12 July, 1990.
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Fig. 7. Phosphates vertical distribution at the section 2 of the
investigation area during 26 June - 12 July, 1990.
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Fig. 9. Distribution of large zooplankton (Zuphausiidae, Gammaridae,
Gyperiidae, shrimps) in mg/m3 in the investigation area
during 26 June - 12 July, 1990, and silver hake catches.
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