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ABSTRACT

Most studies on the effects of field temperature on fish distribution and population
parameters have considered the temperature and its variability at fixed stations or sec-
tions rather than the temperature in the actual surroundings of the fish, the ambient tem-
perature. From spatial distribution of fish density and temperature, estimates of ambient
winter temperature were established for 1-7 year old Northeast arctic cod in the period
1988-1995. Four different estimates were calculated for each age and year based on fish
density observations from acoustic- and bottom trawl surveys and temperature record-
ings in two depth layers, bottom as well as 100m depth-bottom. The estimates of ambient
temperature were compared and also examined in relation to temperature series in fixed
areas and a standard section, the Kola meridian. As expected the interannual variability
in ambient winter temperature was found to be larger than in the Kola-section series. The
ambient temperatures were found to increase with age. For the younger age groups the
ambient temperature seemed to decrease with increasing numbers of fish. The mean
ambient temperatures are also compared with the temperatures used for calculations of

growth and consumption rate in cod in the ICES Working groups.




INTRODUCTION
Most workers studying the effects of field temperatures on fish distribution and popula-
tion parameters have considered the temperature and its variations at fixed locations
rather than the temperature actually surrounding the fish, the ambient temperature. Since
fish often inhabit regions of relatively large horizontal gradients they may, depending on
their migrations, experience temperature variations which are quite different from those
in any geographically fixed point.

Within the area of distribution of Northeast arctic cod, the Barents Sea and Sval-
bard waters (Figure 1), annual mean temperatures range from 6-8 °C at the spawning

grounds along the west coast of Norway (Aure and @stensen, 1993) down to 0 °C or

even -1 °C along the Polar front in the northern and north-eastern parts where the fish
feed during summer and Autumn (Mehl et al., 1985; Woodhead and Woodhead, 1965).
Cod is mainly found at depths below 100 metres (Korsbrekke et al. 1995) where sea-

sonal variations at a fixed locations are rather small, 1-3 °C (Ottersen and Adlandsvik,
1993). Consequently the majority of adult specimens, more than 7 years of age, experi-
ence significantly higher temperatures during their migrations to and from the spawning
grounds in November- May than during summer-autumn when feeding. A similar sea-
sonal migration, though less in extent, takes place for the immature fish, ages 3-6 years,
which prey on capelin migrating towards the coasts of Russia and Northern Norway in
winter/spring (Mehl et al. 1985). Seasonal migrations of the younger fish, age 1 and 2
years, appear to be smaller. Particularly the 1 year old cod seem to remain in the areas
where they settled during autumn as 0-group, at the end of their pelagic drift phase
(Baranenkova, 1957; Maslov, 1944 and 1960). In accordance with these seasonal move-
ments through the temperature field one would expect that ambient temperatures of the
various agegroups of Northeast arctic cod as a rule are higher during winter-spring than
summer-autumn. One would also expect that ambient winter temperatures increase by
age as demonstrated by Nakken and Raknes (1987) and Shevelev et al. (1987).

In addition to these seasonal variations, temperature related displacement has been
reported on the interannual time scale as well as on both small and large spatial scales
(see Nakken and Raknes, 1987 for references). In periods of warm climate the cod distri-
bution area is extended towards the east and north as compared to periods of cold climate
when the fish tend to concentrate in the southwestern part of the Barents Sea. Positive

effects of higher temperatures on recruitment and growth have also been shown (see
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Ottersen et al., 1994; Nakken, 1994, and Ottersen and Sundby, 1995 for references), and
increased mortality of fingerlings due to food limitation at low temperatures has been
suggested in numerous Russian works (see Ponomarenko, 1984 for references).

In the annual stock assessment of Barents Sea cod and capelin sea temperatures are
now being used quantitatively both in estimating the cods annual consumption of prey
species, particularly capelin, and in predicting cod growth (Anon. 1996a; Anon. 1996b).
In lack of estimates of actual ambient temperatures, climatological temperatures (Otter-
sen and Adlandsvik, 1993) in some few fixed points are used together with temperatures
from the Kola section (Bochkov, 1982) which capture the temporal variability (Bogstad
and Mehl, in prep.).

Brander (1995) who examined 17 North Atlantic cod stocks including Northeast
arctic found that most of the observed variability in growth was due to temperature. The
main conclusion he drew from his study was: ”More attention should be paid to quantify-
ing the effect of temperature on growth of cod (and perhaps other species), because it
probably has significant effects on stock assessment, catch forecasting, and evaluation of
the consequences of climate change. In order to investigate the effect in detail for indi-
vidual stocks, data on temperature and fish distribution need to be analysed jointly”.

The present work describes alternative methods of estimating the ambient temper-
ature of each agegroup of Northeast arctic cod, and the differences in results obtained by
the various methods are analysed and discussed. Variability in ambient temperature
between different agegroups and years are studied. We have also assessed the changes
the use of our results would generate in the estimates of consumption arrived at by the
ICES Atlanto-Scandian Herring, Capelin and Blue Whiting Assessment Working Group
(Bogstad and Mehl, in prep.).

MATERIAL AND METHODS

The data used in this study originate from combined bottom trawl and acoustic surveys
in the Barents Sea, conducted in February each year from 1988-1995. Until 1992 the area
covered by the bottom trawling was limited to ABCD (Figure 2), while the acoustic reg-
istrations covered a slightly larger area. The number of trawl stations have been between
230 (1989) and 383 (1995). Since 1993 the two areas have been the same and expanded
to the north and east in order to cover the geographical distribution of the younger age

groups of cod satisfactory. Abundance estimates, numbers at age, acoustic and swept




area, for all years are available in Anon. (1996a). During the cruises also CTD profiles
are taken throughout the whole Barents Sea. The number of stations have been between
148 (1989) and 389 (1995).

Monthly 0-200m depth sea temperature averages from the Russian hydrographical
section off the Kola Peninsula (Bochkov, 1982) are used. The position of the part of the
Kola section used is shown in Figure 2.

The annual temperature of the water masses actually surrounding the fish, the
ambient temperature, was defined as density weighted temperature means for each age-

group and estimated by the following equation:

pammual _ JP (X,¥,2,t) - T(x,Y, z, tydxdydzdt )
amb [p (x,y, 2, t) dxdydzdr

where p (X, Y, zZ, t) is fish density at position (X, y, z) and time t, T (X, y, z, t) the corre-
sponding temperature, and the integration is done over the whole distribution volume of

the fish and the year. In our case t is fixed to February reducing equation (1) to

J'p (X, y,2) - T(X,y, z)dxdydz
amb ~ le (x,y, z) dxdydz

2

The ambient temperature calculated for this time is taken to be representative of the tem-
perature conditions the cod have lived in throughout the winter. Equation (2) was used to
compute four estimates of ambient temperature for each age and year. Each of the two

types of density estimates (acoustic and swept area) were combined with the temperature
at the bottom and the average temperature in the 100m depth to bottom layer. Procedures

of data processing and analyses are given in the following.

Temperature

The CTD temperatures were, from the database’s vertical resolution of 5 meters, interpo-
lated vertically to a single horizontal field in two manners. To represent the bottom tem-
perature the average of the two lowermost depth levels from each station were used,
while the average from 100 m depth (or surface) to the bottom was taken to represent the
temperature of the total vertical range inhabited by the cod. These temperature values
were then interpolated horizontally to a (nearly) equidistant polarstereographic grid of 68
times 61 cells each of 20 times 20 km. A combination of Laplace and spline interpolation
was used, the Laplace-spline equation splved iteratively by the method of successive

over-relaxation (SOR, e. g. Smith, 1985 or Haltiner and Williams, 1980). The interpola-
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tion scheme is explained by Taylor (1976) while the actual programs used are described
by Ottersen (1991).

Temperature values representative for each 30 minutes latitude times 1 degree lon-
gitude acoustical rectangle were calculated by averaging the values from the smaller
polarstereographic grid cells within the rectangle. Mean temperatures within each suba-
rea (Figure 2), within the ABCD area, and for the whole area covered were calculated by
taking the arithmetic mean of values belonging to the rectangles within the area in ques-

tion.

Swept area densities
In the bottom trawl surveys a shrimp trawl (Campelen 1800) has been used. Further
specifications on equipment and methods are given in Korsbrekke et al. (1995) and
Aglen and Nakken (1996). Density estimates (number of fish per square nautical mile, p)
were calculated for each 5 cm length group.

p=c/(ds) 3)
where ¢ is numbers at length in the catch

d is distance towed; i.e. length of swept area

s is effective spread; i.e. width of swept area

Equation 3 was applied haul by haul and we have computed densities from bottom
traw] stations in predetermined positions as well as from catches taken for identification
of acoustic scatters. At selected trawl stations otoliths from two fish at each 5 cm interval
were collected and the age read, giving an age/length key for each of the different stand-
ard areas (Figure 2). Densities at length at each station were converted to densities at age
by applying the appropriate age/length keys. An average density at age was computed
for each temperature interval and multiplied by the area of the interval in order to arrive

at numbers at age at temperature intervals.

Acoustic densities

The acoustic method and computation procedures used are described in several text-
books (Gunderson, 1993; MacLennan and Simmonds, 1991; Ferng and Olsen, 1994),
and for these particular surveys in Dalen and Nakken (1983), and Korsbrekke et al.
(1995). Density estimates (number of fish per unit area, p) were calculated for each 5 cm

length group.




p=(s,/8).p / )
where sy is acoustic backscattering per unit area for cod

O is the mean scattering cross section of individual fish

p is the proportion of fish in the length group from swept area estimates

Equation (4) is applied for rectangles of 30 minutes latitude and 1 degree longi-
tude, from surface to the bottom, using mean values of s5, & and p as input. Estimated
density at length is converted to absolute numbers at length by multiplying with the area
of the rectangle. As for the swept area estimates, numbers at length are converted to

numbers at age by applying age/length keys.

Mass centre of distribution

The centres of mass of the fish distributions were calculated separately for each age
group and year based on the acoustic estimates described immediately above. The longi-
tudinal and latitudinal coordinates of the centres of mass of distribution are averages of
the coordinates of each acoustical square weighted by the number of fish, N (x, y), esti-
mated in the square,

fon = ¥ (N(x.y) -lon(x,y)) /Y N(x,y), and )]

fat = Z(N(Xc)’) ‘lat(X,}’))/zN(X’Y)

Ambient temperature estimates

Ambient temperature values based on acoustic density estimates were worked out by
means of the temperature values calculated above representative for the same acoustic
rectangles. Mecan ambient temperatures were determined separately for each agegroup
and year from Equation (2), in practice by dividing the sum over all rectangles of the

products of number of fish and temperature with the sum of numbers of fish:

Tom = 2 (NCLY) - T(X,¥)) /3 N(X,Y) (6)
Relative frequency distributions within temperature intervals were calculated separately
for each agegroup and year by summing the number fish in acoustical rectangles with
temperatures within the interval in question and dividing by the total number of fish.
Swept area estimates and temperatures were combined using Equation (2) in the follow-

ing manner. Each trawl station was first given the temperature value of the polarstereo-




graphic cell in which it is situated. Mean ambient temperatures for each agegroup and

year were then worked out as

int=7 int27
Tomb =( 2 Nint'Tint)/ 2 Nint (7N
int<~1 int<~1

where N, = Area, i.e. the total number of fish in each temperature interval is esti-

int pint ?
mated as the area covered by such watermasses multiplied by the average density of fish
caught within this temperature interval. The temperature intervals range from below -1

°C to above or equal to 7 °C in steps of half a degree giving a total of 18 intervals, t,
is the midpoint in each interval ranging from -1.25 °C to 7.25 °C. Relative frequency
distributions within temperature interval int were in this case worked out for each age-
group and year as N, /> N,.

Linear regression analyses between different ambient and mean temperatures, with
and without allowing for an intercept, were performed separately for each agegroup by
means of the SAS package (SAS Institute, 1988). The choice of regression does not
imply belief in any causal relationships, only that the slope and intercept parameters are

of interest. The root mean squared error is defined as

n

RMSE = J—L > (%-v,) ®

i=1
where Y, are the observed values, ¥; the estimates, n the number of observations and p

the number of parameters. Linear regression assumes uncorrelated error terms. The
Durbin-Watson statistic (SAS Institute, 1992) was used to test for lag 1 autocorrelations
which in most cases were found to be not statistically significant at the 5% level.

Paired t-tests (SAS Institute, 1988) were also used to compare the different ambi-
ent and mean temperatures separately for each agegroup. While an ordinary t-test would
have tested for differences in temporally averaged ambient temperatures, the paired test
examines if the difference within single years on average is different from zero. The sig-
nificance levels should be regarded as approximate, due to the assumptions of normality

and independence not being fulfilled for all cases.

RESULTS AND DISCUSSION
Temperature and its variation in space and time

For an extensive description of Barents Sea oceanography several papers by Midttun




may be recommended, e.g. Midttun (1989) and Midttun (1990). The general develop-
ment of winter bottom temperature during the 1988-1995 period is shown in Figure 3 for
the subareas given in Figure 2 as well as aggregated within ABCD. More details are
shown in Table 1 where temperature means and standard deviations are given both for
the bottom and 100m to bottom depth levels as well as the means of the differences in
temperature between the levels. The spatial differences in mean temperature between the
areas are clearly larger than the temporal variability from year to year. The A, B, Cand D
areas, covered by survey each year, always have the same order of increasing tempera-
ture: D, A, C, B, with the difference between B and D varying from 2.60 °C in 1990 to
3.61 °C in 1991. The dominating interannual temperature variability would seem to be
of large scale origin, in syncrony throughout the different areas. The Kola section tem-
perature, which has been used as an indicator of the general Barents Sea temperature sit-
uation by several authors, e.g. Borisov and Elizarov (1989) and Ottersen and Sundby
(1995), is seen to vary in reasonable accordance with the ABCD temperature mean. The
level of temperature in the section is in best accordance with that in subarea A, not with
D where it is situated.

As seen by the temperature differences in Table 1 the 100m to bottom temperature
is for most areas and years clearly higher than the bottom temperature. There are how-
ever systematic dissimilarities between the areas, with the vertical gradient being largest
in F and A, while in area B the temperature was actually slightly higher at the bottom for
every year from 1990-1995. This can be explained by the convection process connected
to the winter cooling of the ocean by the atmosphere not reaching the bottom layer in this
area. The standard deviation of temperature differs clearly from subarea to subarea. Typ-
ically the smaller areas of B and C have the most homogenous water masses. In some
years the variability in the large D’, E and F areas is small, but this can be explained by
only a minor part of the area being covered by the survey and is reflected in a small

number of rectangles included.

Fish density and its variation in space and time.

In order to visualize the distribution of density and temperature for each year as well as
the development throughout the period of investigation we have presented annual maps
of two of the data sets used for computation of ambient temperature. In Figures 4 and 5

distributions of echo density (all sizes) and swept area densities (fish bigger than 30 cm)




are presented together with bottom temperatures. The two sets of maps show similarity
as to the main development; an extension of the distribution area towards east and north
from 1990 to 1993 following the increase in temperature during 1989 demonstrated in
Figure 3 as well as by the eastward displacement of the 1 and 2°C isotherms from 1989
to 1990 (Figures 4 or 5). Regarding the areas of higher fish densities, the two types of
estimates show dissimilarities which to a large extent reflect differences in availability of
fish for the sampling methods (Aglen and Nakken, 1996). Fish distributed close to or at
the bottom are well within reach of the bottom trawl but less accessible to the echo
sounder since fish echoes cannot be distinguished from bottom echoes. On the other
hand, pelagic concentrations of fish favour reliable acoustic sampling but reduce the
-.availability to the bottom trawl. Hence, variations in the vertical density profile of fish
over the area may effect the two types of density estimates differently. Also, systematic
changes in the overall vertical distribution pattern from one year to another, as shown in
Figure 6 for cod for 1993-1995, may reduce the comparability between these years in
either type of estimate. Clearly, there was a tendency to an increasing proportion of fish
close to the bottom during this period. In 1995 about 65 and 90 percent of the total
acoustic recordings of cod were obtained at distances respectively less than 50 and 100m
from the bottom, while the corresponding figures for 1993 were 43 and 73 percent. Bot-
tom depth in the area of cod recordings vary mainly between 150 and 400m and most of
the fish are found over depths between 200 and 300m (Korsbrekke ez al., 1995; Figure
3). Figure 6 thus indicates that 100m depth might be a more appropriate upper limit for
‘computation of ambient temperature in these years.

The swept area densities may also be effected by temperature dependant capture
efficiency. For a range in temperature from -1 to 6°C as observed in Figure 4 and 5 the
capture efficiency will be affected in two ways (He, 1993). In the upper range, 4-6°C,
large cod are capable of maintaining swimming speeds of more than 3 knots for longer
than 30 minutes; the duration of a trawl haul. In the lower range, -1 to 1°C, the swim-
ming speed of the smaller specimens, less than 20 cm in length (1 and 2 year old), will be
less than the herding speed of the sweeps. These specimens will consequently be over-
taken by the sweeps and not caught. The mentioned mechanisms imply that the tempera-
ture and size dependant endurance swimming ability of cod may bias the swept area
estimates downwards; for large fish in the warmer south western parts of the area and for

small fish in the cold eastern parts. Since swept area densities are used in the calculation




of proportions of number of fish at length, p, (Equation 4) for acoustic density estimates,
the latter will also be effected by these mechanisms.

The locations of the centres of mass of distribution for each age group, as calcu-
lated from each years acoustic density distribution, are enveloped in Figure 7. Older age
groups were distributed farther west than the younger ones as also shown previously by
Nakken and Raknes (1987) and Shevelev ez al. (1987). A clear tendency of reduced

interannual variability with age of the centre of distribution is also seen from Figure 7.

Ambient temperature and its variation

In Table 2 the relative frequency distribution of number of fish by age and bottom tem-
perature is shown for acoustic density and in Table 3 for swept area density. Two system-
atic patterns, which clearly show up in both frequency distributions, should be noted.
Each year the main distribution density moves downward to the right indicating that
older fish were found in warmer water than younger ones. It is also seen that in some
years, like 1994, the whole density distribution is skewed to the left, towards lower tem-
peratures, in other years, like 1990, to the right, towards higher temperatures. Focusing
on acoustic estimates of 3 year old cod, the median bottom temperature in 1994 is in the
0.5to 1 °C interval, in 1990 in the interval from 4 to 4.5 °C. This large difference is also
reflected in the four different ambient temperature representations given in Tables 2 and
3, although the actual size varies.

A year by year comparison of distributions of echo densities (Figure 4) with swept
area densities (Figure 5) indicates that some difference in the corresponding ambient
temperatures must be expected. The higher temperatures of the 100m depth to bottom
interval, as compared to bottom temperature, found in most areas must also effect the
ambient temperature values. A systematic study of the different categories of ambient
temperature is done by regression analyses and tests (Table 4). The mean 100m depth to
bottom ambient temperatures are found to be higher than those at the bottom for all ages,
acoustic and traw] estimates. The mean ambient temperatures based on acoustical esti-
mates are higher (equal in one case) than the swept area estimates at all ages and both
vertical temperature levels. The differences are, however, small and not statistically sig-
nificant for fish of age 1, 2 and (marginally) 3. The temporal development of the four dif-
ferent ambient temperature representations are shown in Figure 8 for 3 and 5 year oid

cod.
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While the above discussion highlighted the dissimilarities of the different mean
ambient temperature categories, no suggestion was given to which best represents the
temperature at which the cod actually have lived. The 100m depth to bottom vertical
interval was chosen to cover the whole vertical distribution area of the cod. However,
Figure 6 indicates that by far the most cod are distributed from the bottom up to 100m
above so that, in accordance with the discussion in the previous section, the bottom tem-
perature is probably a more realistic choice than the vertically averaged 100m depth to
bottom temperature.

Since the temperature fields used are the same there are 2 main factors that deter-
mine the difference between acoustic and trawl based ambient temperatures: Differences
in the density estimates themselves and in the manner of ambient temperature calcula-
tion. Causes of differences in the two types of density estimates were discussed in the
previous section. A strength of the acoustic estimates is that they are based on continu-
ous recordings along the transects at all depth levels in addition to including information
on species and size composition from trawl samples. An extra source of uncertainty
enters the trawlbased ambient temperature estimates through the rather rough estimates
of area within each temperature interval. This lead to ambient temperatures based on
acoustic estimates and bottom temperature, hereafter termed ambient temperature, being
used in all further calculations and comparisons.

Mean ambient winter temperatures for cod of ages 1, 2 and 3 are in Table 4 shown
to be significantly lower than the corresponding Kola section temperatures. For ages 4
and 5 the mean differences are not statistically significant, while the ambient tempera-
tures of 6 and 7 year old cod is higher than that of the Kola section. The same pattern is
reflected in the root mean square errors of the regression analyses which are smallest for
age 5, and the slope parameters of the regression without intercept parameter which
gradually increase with age passing 1.0 from age 4 to 5. The situation is similar when
comparing with mean bottom temperature within the ABCD region (Figure 2). Figure 8a
shows how the three mean temperatures overestimate the ambient temperature of cod at
age 3 the latest years, while Figure 8b indicates a much better correspondence for the 5
year old fish.

Table 4 shows that the variability in ambient temperatures is higher than that
reflected in temperatures at geographically fixed areas. This is also indicated in Figure 8

and further elucidated in Figure 9 for cod of ages 3 and 5. It should be noted that the hor-
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izontal and vertical axes are equally scaled. For the periods 1978-1984 (Nakken and
Raknes, 1987) and 1988-1995 the temperature average for December to February from
the Kola-section varied from 2.8 to 4.5 degrees, a range of 1.7 degrees, while the ambi-
ent temperature for 3 year old cod varied from 0.6 to 5.0 degrees, a range of 4.4 degrees.
For other ages the range in ambient temperature was typically somewhat smaller but not
below 3.5 degrees, still more than twice that of the Kola-section. Nakken and Raknes
(1987) found that the temperature variations in the Kola section reflected the variations
in ambient temperature for age groups 3-8 rather effectively for the period 1979-1984.
However, the 1978 data were found to fit poorly to the trend. Our results (Figure 9) show
that while 1978 still may seem to be an odd year out for the 5 year old cod, the correla-
tion established by Nakken and Raknes (1987) no longer seems to hold for 3 year old
fish.

Figure 10 visualises what was found in Tables 2 and 3; mean ambient temperatures
increase with age. This is in agreement with Nakken and Raknes (1987) who, based on
studies of the years 1978-1984, concluded that age groups 3 or older maintained their
relative distribution within the temperature field more or less independent of the absolute
values of temperature. This is confirmed by our results which indicate that the rule holds
for age groups 2 or older. Only a few occurrences of 2-year old cod being located in on
average warmer water than those of age 3 were found (Tables 2 and 3).

Table 5 presents ambient temperatures by age and mean temperatures separately
for each subarea. While the differences in ambient temperatures between the age groups
are negligible in the small B and C areas, Figure 11 shows that in the larger and less
homogenous D area the pattern of younger fish in colder water is distinct, with 1989 as
the most notable exception. The temporal development within subarea D is also marked
and comparable to that of the whole sea (Figure 12a).

All ambient and mean temperatures dealt with in this work have been for the win-
ter, mainly February. But what is the connection between these temperatures and annual
ambient temperatures? As mentioned in the introduction the seasonal migrations of cod
increase in range with age. The fish will be at its south- and westernmost location in
March-May and at its north- and easternmost location in September-October (Mehl et al.
1985). For fish of age 3 years and older this pattern implies that the seasonal migration
covers an increasing range in temperature with age (Figure 1). It further implies that the

seasonal variation in ambient temperature is mainly determined by the migrations and to
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a lesser extent by the rather limited seasonal temperature variation in fixed points. Con-
sequently, during the annual cycle cod experience the higher temperatures in March-May
and the lower in September-October. For the smaller fish (ages 1 and 2 years) which
undertake insignificant or very limited seasonal migrations, the annual mean ambient
temperature will not differ much from our estimates. However, for larger fish and partic-
ularly for 6 and 7 year olds which feed for several months along the polar front in waters
of -1 to 2°C the annual means might be significantly below the values estimated by us
for February.

The present investigation includes only parts of the Svalbard component of the
stock. That component inhabits the waters to the north of the western parts of our area of
investigation (Figures 1 and 2) and it makes up about 10-40 percent of the total abun-
dance, varying from year class to year class (Aglen and Nakken, 1996). In this area there
is a southward (winter) and northward (summer) migration (Figure 1) and to a large
extent a deep water (winter)- shallow water (summer) movement associated with the
cooling and heating of waters on the shallow areas of the Spitsbergen bank (Mehl et al.
1985). These migrations will generate seasonal variations in ambient temperature similar
to those described above for the Barents Sea component. It also implies that portions of
the Svalbard component in February will be inside our area of investigation particularly
after 1993 when the area was extended. For fish of ages 4-7 which undertake long dis-
tance seasonal migrations we assume that our observations and findings are representa-
tive for the total number at age, but regarding the smaller fish probably about 20-30

percent of the total abundance were not included in the present investigations.

Comparison of fish distribution patterns and temperature

Figure 12 shows the development of ambient temperatures (a) and the location of the fish
as represented by the longitude of the centre of mass of distribution (b) of each age group
for the years 1988-1995. In 1988-1989 a slight decrease in sea temperature coincided
with eastward displacements for all age groups except for the 1 and 2 year old fish. Dur-
ing 1990-1993/94 an eastward shift of all age groups, particularly age 3 and younger,
occurred in concurrence with a decrease in mean ambient temperature. During this
period the Kola section temperature as well as the mean temperature for the ABCD area
indicated high but gradually decreasing temperature in the Barents Sea. The outstand-

ingly high ambient temperatures for all age groups in 1990 (Figures 10 and 12a) can be
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explained as a combination of a rapid increase in temperature during the first half of
1989 throughout the southern Barents Sea (Loeng et al., 1992) and a westerly cod distri-
bution (Figures 4 and 5). Several factors accounted for the westerly distribution of the
fish. The previous years had been cold (Loeng et al., 1992), typically shifting the cod dis-
tribution towards the southwest (Midttun ez al., 1981), and older cod dominated the stock
due to several years with weak recruitment (Anon., 1996). The downward trend found in
mean ambient temperature of all age groups, but particularly 1-3 following the 1990
maximum can partly be explained by the survey coverage until 1992 being restricted to
the ABCD area (Figure 2). This is expected to have lead to the ambient temperatures of
the younger, most easterly distributed, age groups being overestimated prior to 1993,
since fish east of ABCD and thus in colder waters were not recorded and included in the
estimates.

In the period from 1993-1995 the distribution of the two youngest age groups
again showed a somewhat different pattern than the others. The centre of mass of distri-
bution shifted westwards as the sea temperature decreased, thereby reducing the signifi-
cant drop in ambient temperature from 1993 to 1994 as seen for the other age groups.
The low ambient temperatures experienced by the older age groups in 1994 seems to
" have lead to a more westerly distribution the year after.

Our results of east-west displacements of Northeast arctic cod in connection with
varying water temperature in the Barents Sea support the results of earlier authors, nota-
bly Midtun et al. (1981), Nakken and Raknes (1987) and Shevelev et al. (1987) and are
also similar to those from other waters (Rose et al., 1994). Whether these variations in
horizontal distribution can be regarded as a response to temperature alone, to other
related environmental factors (abiotic and biotic) or to abundance, i. e. a simple need for
space, remains illusive. Shevelev et al. (1987), who studied the 1974-1981 year classes,
hypothesized that the response to changes in water temperature occurs through tempera-
ture induced changes in distribution of prey organisms.

The distribution of a year class of cod could also, to a large degree, be determined
during the first half year of life when larvae and 0-group are transported by the current
system from the spawning grounds into the Barents Sea. A year with enhanced inflow of
Atlantic water would normally be warmer than average and would also advect the
pelagic O-group cod further eastwards into the Barents Sea. Baranenkova (1957) and
Maslov (1944 and 1960) described the 1 year old cod to remain close to were they bot-
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tom-settled in autumn as 0-group. Thus an easterly 0-group distribution would lead to an
easterly distribution of the 1-group which again could influence the distribution of the
year-class at older ages. Figure 12b does, however, not give any strong support or evi-
dence for this scheme, the connection between the distribution at age 1 and 2 and that of
3 year old cod is weak. It should be noted that the centre of mass for the years 1988-1992
is computed from fish distributions inside the standard area ABCD only. In those years
fish of age 3 and younger were recorded and caught at the eastern boundary of the stand-
ard area and consequently the estimated longitude might be to low and the ambient tem-
peratures to high especially for the warm years of 1990-1992.

From Figure 12b it appears that the longitudinal location of the 1-3 year old cod
gradually became more similar from 1992 to 1995 and also that the 2 year old fish in
these years were located slightly further east than the 1 year olds. Such a development
might be caused by temporal and geographical variations in predation on these small fish
from large cod. According to Anon. (1996b) cannibalism on ages 0-3 increased consider-
ably from 1991 to 1993/1994. In 1991 cannibalism accounted for an annual mortality
rate of about 0.1 for these ages while in 1993 and 1994 it generated annual mortality
rates of 2.4 (1 year olds), 0.5-0.7 (2 year olds) and 0.5-0.8 (3 year olds). It is likely that
this increase in predation was more pronounced in areas of extensive overlap between
prey and predator, i. e. the more western parts of the distribution area of the small fish.
Thus the densities in these areas would be reduced at a faster rate than farther east. Can-
nibalism may thus have counteracted the westward displacement with age of ages 1 to 3
of the year classes 1991 to 1993.

Comparisons of the abundance, the longitudinal location and ambient temperature
as well as the sea temperature (Kola section) are made in Figure 13 for 3 year old cod.
Figure 13 shows that an increasingly eastward location of 3 year old cod, from 1990 to
1994, coincided with a decrease in the ambient temperature of this age group, as also
shown in Figure 12, and with an increase in abundance. The eastward displacement dur-
ing this relative warm period in the Barents Sea resulted in much lower mean ambient
temperatures than in the cold years of 1988-1989. From 1993 to 1994 the temperature in
the Barents Sea decreased and one should expect that the fish would be more westerly
distributed in 1994 than in previous years, but instead the mass centre of fish aged 3 or
older shifted even further to the east. This might be a result of the increasing abundance

of young fish in combination with an effect of increased cannibalism as discussed above.
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Although temperature seems to be an important factor inﬂuencing the horizontal distri-
bution of cod, at high abundances the fish are distributed over a wider area, extended
towards the east and thus shifting the centre of mass of distribution eastwards, apparently
independent of the temperature conditions. This is in accordance with the findings by
Shevelev et al. (1987). They found that at age 3 the more abundant year classes had the
easternmost limit of distribution and that fish of such rich year classes migrated slower
westwards with age than fish belonging to less abundant ones. This was accounted for as
a combined effect of the regulating influence of high abundance and maturation rate
which was lower in rich year classes than in poorer.

Myers and Stokes (1989) identified three different manners in which the geograph-
ical distribution of a fish population may change in response to changes in overall popu-
lation size. The patterns identified where; 1. A proportional increase throughout its
range, 2. A range extension in which the population increases relatively more in mar-
ginal habitats and 3. A relatively greater increase in the prime habitat, i.e. increased pop-
ulation density leads to higher concentration. The results of our study indicate that
Northeast arctic cod respond according to the second manner with an easterly range
extension, resulting in low ambient temperature, in periods with a general increase in
population size.

In the Southern Barents Sea the mean temperature of the water column usually
obtains its minimum in April, but in some years seasonal minimum in the bottom layers
may occur as late as May or even June. The time of temperature minimum in the bottom
layer and the rate of increase in temperature during hydrographical spring, seem to be the
crucial factors for the start of cod feeding migrations eastwards. The second factor has
also a major influence on the feeding migration route of cod eastwards in June-August
(Boytsov et al., 1987). They found that the availability of cod to the fisheries in June-
August along the Murman coast was closely related to the longitude of the eastern
boundary of the cod distribution in March as well as the increase in temperature during
spring-summer in the deep water of the Kola section. This would suggest that our mean
ambient temperatures and centres of mass of distribution may be a good indicator of the

distribution into the early summer.

Effects on estimates of consumption by cod

In recent years the consumption by the stock of cod has been estimated annually by ICES
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Atlanto-Scandian Herring, Capelin and Blue Whiting Assessment Working Group, e. g.
(Anon., 1996a) as described by Bogstad and Gjgszter (1994) and Bogstad and Mehl (in
prep.). The temperatures used in these calculations are monthly climatological tempera-
tures (Ottersen and Adlandsvik, 1993) in three fixed locations which are regarded as rep-
resentative for the western, eastern and northern parts of the distribution area of the fish.
The interannual variability is introduced by applying the monthly mean temperatures in
the Kola section. The number of fish at age within each of the three areas is found by
combining the ratio between numbers estimated by the surveys with the stock numbers
estimated by VPA (Bogstad and Mehl, in prep.). Consumption by age group is thus esti-
mated for each of the three areas and total consumption is found by summation.

Figure 14 indicates the “ambient” temperatures generated by the procedure
described above as well as the range of ambient temperature as estimated by us. Both the
interannual variability in mean ambient winter temperature of each agegroup and the
variation between age groups is a lot larger in our estimates. For the period 1992-1995
the mean ambient winter temperature of ages 1-3 years were 1-3 °C lower than those
used in the consumption estimates, a difference which would generate an upward error of

10-30 percent in the consumption estimates (Bogstad and Gjgsater, 1994).
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Table 1. Mean and standard deviation of temperature aggregated within the total area, within the ABCD areas
covered each year (Fig. 2), and separately for each area A, B, C, D, D’, E and F. Areas with no or insufficient cov-
erage are noted - . Temperature difference is defined as temperature 100m to bottom - bottom temperature.

N denotes the number of 1/2 degree latitude times 1 degree longitude acoustical rectangles covered.

© O . L O [ [

) ~EEEB358 o8 (58588528 48
E 85 , SEER5SEEB8 §F - SEERESEEca
LR} H TR S R Y
eE8 P ag @3 EESRR ol “s
TOTAL 1988 142 333 400 047 123 126 1992 181 338 396 038 155 139
ABCD 124 377 412 035 134 124 167 372 409 037 151 134
A 53 349 415 065 135 1.14 48 437 473 037 084 075
B 18 569 580 0.1 038 027 16 602 594 -008 037 049
C 13 440 464 024 047 045 11 480 504 024 037 018
D 40 307 315 008 080 083 92 285 331 046 130 118

D’ - - - - - - - - - - - -

E - - - - - - - - - - - -

F 16 186 334 149 084 106 S .
TOTAL 1989 149 343 391 049 138 131 1993 271 287 331 044 169 138
ABCD 127 367 408 041 157 131 165 371 404 033 154 145
A 49 359 431 072 116 095 47 443 500 057 1.02 077
B 22 576 580 0.04 132 055 15 602 597 005 048 036
C 13 437 454 016 034 037 11 459 507 048 048 016
D 4 247 279 032 101 073 92 285 311 026 131 117
D’ - - - - 48 1.16 1.76 0.61 0.81 0.78
E .. 19 140 189 048 078 082
F 22 202 298 095 057 085 42 211 276 065 075 106
TOTAL 1900 100 464 480 0.16 122 114 1994 282 208 261 033 185 170
ABCD 108 466 482 0.16 120 1.12 168 295 329 034 171 151
A 37 470 524 054 101 082 49 386 431 044 098 077
B 18 635 618 -0.18 037 0.71 19 515 511 004 043 035
C 14 492 491 001 028 024 11 441 445 005 048 041
D 39 375 376 001 088 0.68 8 179 219 040 135 113
D’ ST T 47 019 036 055 069 0.58
E .. 25 065 135 070 086 098
F e 42 203 319 117 070 084
TOTAL 99T 19T 365 417 051 157 138 1995 295 1249 2.98 049 188 187
ABCD 161 376 418 041 168 146 167 353 3.92 039 153 142
A 49 439 505 066 088 0.70 48 407 468 061 090 082
B 19 623 614 -0.10 0.50 0.37 18 602 598 004 044 035
c 12 501 506 005 021 022 12 434 495 061 076 013
D 81 262 306 044 136 1.09 89 262 294 033 123 106
D’ . T T 50 040 071 031 130 107
E e .o 29 049 102 053 1.02 130
F 29 308 415 107 042 080 51 228 326 098 071 125




Table 2. Relative frequency distribution of number of fish as estimated by acoustic density, by age and bottom
temperature. The two last columns show ambient temperature corresponding to each distribution and based on

bottom temperature, t,, or temperatures in the 100m depth to bottom layer, t_l; .

t

Year Age Percentage of fish within temperature intervals (upper boundary given) t_b p
<-1-05 0 05 1| 15 2 25 3 35 4 45 5 55 6 65 7 >=7
1988 I O 0O O O O o0 13 26 18 20 3 21 0 O O O O O 288 299
198 2 0 0 0 O O 7 9 18 6 19 7 32 1 1 0 O O O 316 351
1988 3 0 0 O 1l O 1t 11 4 5 18 7 38 2 2 1 0 O O 329 395
1988 4 0 O 0 1 O 9 16 5 9 11 7 32 4 4 2 0 0 0 325 4.14
1988 5 0 0 0 3 0 2 9 5 7 9 7 3014 10 6 0 0 0 382 451
1988 6 0 0 O 6 0 O 2 4 4 9 2 25 19 1512 1 0 0 413 467
1988 7 0 0 0 12 0 0 O 4 3 12 1 29 14 17 8 1 O O 387 438
989 1 O O 0 1 O 1 2 62 3 3 6 18 1 I 1 0 0 0 287 314
198 2 0 0 O O 1 10 8 23 8 17 6 18,3 3 2 0 0 0O 302 327
1969 3 ¢ 0 0 O |t 8 7 21 16 14 8 16 4 2 1 0 0 0 301 338
19¢9 4 ¢ 0 0 O 2 8 8 23 20 10 7 12 4 3 2 0 0 0 299 34
98¢ 5 0 0 0 O I 4 5 22 13 8 8 18 8 5 4 0 1l 1 342 384
1989 6 0 0 O O O I 2 9 5 6 9 21 1 11 16 1 3 4 452 473
19¢¢ 7 0 0 O O O I 2 5 3 5 1020 9 11 21 1 4 9 498 504
990 1 0 0 0 0 0 O I 2 22203 7'9 3 0 0 0 ¢ 360 351
1990 2 0 0 0 0 0 0 O 0 3 7 31192316 1 1 0 0 430 421
1990 3 0 0 0 O O O O O O 1 12 16 23 27 7 9 4 0 496 496
1990 4 0 0 0 O O 0 O O O I 6 11 17 35 12 11 7 0O 523 521 -
190 5 0 0 0 O O O O O O I 4 6 12 28 16 26 6 0O 550 5.28
190 6 0 0 O O O O O O O O 2 3 7 25 16 41 4 0 573 533
199 7 0 0 0 0 O O O G 0 O 2 1 4 18 14 55 5 0 589 543
991 1 0 2 2 6 9 2 2 113019 9 1t 5 1 0 0 0 0 252 1298
1991 2 0 0 O O O O O 4 22 2033 5 14 1 0 0 O O 361 385
1991 3 0 0 0 O 0 O O 3 1016 16 6 30 14 2 2 2 0 423 451
199t 4 0 0 0 0O O O O 2 7 13 13 § 25 20 6 4 5 0 452 484
199t 5 0 0 0 O O O O 2 6 11 15 4 26 22 5 4 S 0 457 484
1991 6 0 0 0 O O O O 2 6 9 13 5 2521 6 5 7 0 469 498
1991 7 o0 0 0 O O O O 1 6 7 9 5 2619 7 6 12 0 485 509
992 1 0 0 24 0 26 5 14 3 9 7 5 4 2 1 0 0 0 0 152 219
1992 2 0 0 15 0 22 10 6 2 23 13 7 1 0 O O O O O 183 241
1992 3 0 0 4 0 9 5 2 2 17 19 19 16 5 2 1 0 0 0 303 347
1992 4 0 0 1 0 2 3 1 2 131519 2412 5 2 1 0 0 371 406
1992 5 0 0 0 0 O 1 1t 1 8 11 12 20 19 13 7 6 0 O 435 4.67
1992 6 0 0 O O 1 1 1 1 9 11 11 1521 13 9 7 0 0 440 473
1992 7 0 0 0 O 1 1 O 1 8 10 12 14 22 14 10 8 0 0 450 480
1993 1 3 0 7 302015 8 9 4 2 1 1 0 0 O 0 O 0 100 151
1993 2 2 0 1 12 24 21 16 14 5 3 1 1 0 O O O O O 140 192
1993 3 0 0 I 3 9 9 12 14 12 10 7 13 7 3 O 1 O O 273 317
1993 4 0 0 0 1 1 1 3 6 & 6 9 18 29 10 1 5 0O O 404 437
1993 5 0 0 0 O I 1 2 4 5 4 6 19 3 15 2 5 1 0 439 468
1993 6 0 O O O I 1 1 4 5 4 5 1533 17 3 7 3 0 450 477
1993 7 0 0 0 O 1 2 2 5 7 4 6 12 20 19 6 11 5 0 453 477
1994 1 0 12 40 7 7 6 11 5 3 3 3 2 1 0 0 0 0 0 064 130
1994 2 o0 15 8 3021 8 11 3 1 1 1 O O O O O O O 054 116
1994 3 0 5 3 36 11 9 19 7 4 2 2 0 0 0 0 0 O 0 100 160
1994 4 0 3 2 13 3 4 24 4 6 8 7 5 6 2 3 0 0 0 230 280
1994 5 0 2 1 8 2 2 1411 5 7 9 1414 4 6 0 0 0 308 345
1994 6 0 1 1 4 1 1 1010 6 7 9 21 18 6 4 0 0 0O 344 374
194 7 0 1 1 1 1 1 9 9 6 7 7 2024 10 3 0 0 0 368 401
995 1 3 3 157 2 8 17 8 15 8 5 5 3 0 0 0 0 O 183 235
1995 2 1 1 12 6 4 14 24 5 18 9 3 1 0 O O O O O 167 221
995 3 0 1 5 2 0 11 13 10 18 20 14 4 2 0 O O O O 250 299
1995 4 0 0 0 1 O 3 4 13 152123 12 7 0 1 1 0 0O 330 386
1995 5 0 0 0 0 O 1 t 8 15 14 22 18 13 1 3 4 0 0 373 434
1995 6 0 0 0 O O I 1 .7 17 10 20 17 13 1+ 6 7 1 O 394 459
1995 7 0 0 ¢ 0 O O O 7 18 8 20 16 I3 1 7 8 O O 398 465




Table 3. Relative frequency distribution of number of fish as estimated by swept area density by age and bottom
temperature. The two last columns show ambient temperature corresponding to each distribution and based on

bottom temperature, L; , or temperatures in the 100m depth to bottom layer, t; .

Year Age Percentage of fish within temperature intervals (upper boundary given) t, t_p
<-1-05 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 >=7

1958 T 0 0 0 0 0 0 9 308 203 2 0 O 0 0 0 O 295 340
1988 2 0 0 0 0 0 3 3 4 4 7 123729 0 0 0 O 0 393 431
1988 3 0 0 0 0 0 10 5 6 5 11 24 2215 0 0 0O O O 345 399
1988 4 0 0 0 0 0 17 4 16 5 6 221510 3 1 0 O 0O 316 3.98
1988 5 0 0 0 0 0 7 3 17 5 6 19 18 11 11 2 1 0 O 361 432
1988 6 0 0 0 0 0 1 1 151 7 10 15 10 32 6 3 0 O 428 475
1988 7 0 0 0 O O 0 1 13 0 11 13 17 12 24 7 3 0 O 425 472
1989 T 0 1 2 1 4221219108 5 10 3 1 2 0 0 0 241 271
1989 2 0 0 5 2 3 5 131211 17 9 14 3 2 1 0 0 280 304
1989 3 0 0 2t 2 3 7 11 13 5 .12 14 9 2 1 O O O O 219 253
1980 4 0 O 24 2 4 5 17 14 6 9 5 8 3 1 1 O O O 193 251
1989 5 0 0 10 2 3 3 19 13 9 7 5 15 9 2 3-1 1 O 274 351
1989 6 0 0 1 1 1 1 10 7 9 5 7 2214 8 9 4 2 0 38 466
1989 7 0 ¢ 0 1 1 0 7 5 8 6 6 20 12 13 13 7 -2 O 429 503
1990 T 3 4 1 0 5 7 4 16 23 16 11 5 3 2 0 O 0O O 252 278
1990 2 0 0 0 0 0 0 1 3 1216 19 20 14 12 0 1 O O 38 409
1990 3 0 0 0 0 0 0 O 1 4 6 11 32 22 14 5 5 1 0 451 473 .
1990 4 0 0 0 O O O O 1 2 3 9 282615 8 5 2 0 466 493
1990 5 0 0 0 0 0 0 0 2 2 2 8 212212 20 8 3 0 488 508
1990 6 0 0 0 0 0O 0 0 1 1 1 5 13 15 12 34 14 4 O 524 532
1990 7 00 0 0 O O O 1 1 1 3 9 9 9 3725 4 0 549 551
1991 1T 0 3 1312 7 16 4 12 21 11 0 1 O 1 O O O O 15 216
1991 2 0 1 1 1 2 16 1 202023 3 4 1 1 0 O 0 0 259 301
1991 30 0 0 0 0 1 0 5 1827 9 7 1019 1 1 2 O 38 434
1991 4 0 0 0 0 0 O O 3 12 18 8 6 10 31 4 3 5 0 440 4387
1991 5 0 0 0 0 0 0O O 3 12 24 6 6 9 32 3 3 3 0 427 484
1991 6 0 0 0 0 O 0 0 3 1014 6 8 8 383 4 4 5 0 452 5.03
1991 7 0 0 0 1 0 O O 4 11 11 5 7 8 36 4 6 6 0 45 509
1992 1 0 0 8 6 6 3 24 8 7 11 13 7 6 2 1 0 0 0 242 295
1992 2 0 0 1 4 2 2 11 26 1429 2 1. 0 0 O O O 272 302
1992 3 0 0 0 1 1 3 6 5 8 173 1310 3 1 0 0 0O 35 379
1992 4 0 0 0 0 1 2 4 3 8 13 22 17 19 7 2 1 0 0 38 422
1992 s 0 0 0 0 0 1 1 2 5 11 14 19 20 14 6 7 0 0 435 485
1992 6 0 0 0 0 0 1 2 3 6 12 13 16 18 14 7 8 0 0 432 483
1992 7 0 0 0 0 0 1 1 3 5 11 13 14 19 16 8 9 0 0 442 488
1993 T 0 0 1 10 8 26 2513 5 4 2 2 2 O 1 O 0 O 172 195
1993 2 0 0 2 8 22182710 7 4 2 0 0 O 0 O O O 152 180
1993 3 0 0 0 4 2010 9 14 13 16 6 4 2 1 0 0 O 0 220 262
1993 4 0 0 0 2 6 3 5 121311 12 16 12 6 1 2 1 O 334 375
1993 s 0 0 0 1 2 1 2 4 11 10 13 18 19 10 2 S5 2 0 400 4.38
1993 6 0 0 0 2 2 1 3 7 11 8 11 14 19 9 3 7 3 0 404 438
1993 7 0 0 0 2 2 1 2 3 10 7 12 1416 9 5 12 6 0 435 454
1994 T 0 11T 17 1217 7 9 9 3 6 4 2 2 1 0 0 0O 0 1I3 159
1994 2 0 1817 17 16 11 8 6 3 2 1 O O O O O O O 063 1.12
1994 3 0 10 12 10 16 14 21 10 2 2 2 1 0 O O O O O 103 153
1994 4 0 2 4 4 9 13 23 24 3 5 6 4 2 1 0 0 O 0 19 243
1994 5 01 2 2 4 101621 4 6 10 9 7 5 1 0 0 O 264 3.07
1994 6 0 1 2 1 2 7 1416 5 6 14 12 9 10 1 0 O O 3.08 345
1994 7 0 1 2 2 1 6 1414 6 7 16 12 10 7 2 0 0 0 310 345
1995 T 0 6 12 6 5 2117 9 125 2 3 2 1 O O 0 O 153 205
1995 2 0 4 8 9 6 16 27 11 12 4 1 0 0 O O O O O 149 202
1995 3 0 2 2 5 4 7 2512 18 1310 2 1 0 O O O O 223 269
1995 4 0 0 0 0 O 14 20 12 1316 13 6 5 1 1 © O O 272 317
1995 5 0 0 0 0 O0 1614 9 9 13 10 10 10 3 5 1 O O 309 3.61
1995 6 0 0 0 0 0 13 7 11 9 13 9 1012 6 9 2 0 0 345 405
1995 7 0 0 0 O O 7 3 151015 9 12 13 5 9 3 0 0 364 425




Table 4. Comparison of ambient and mean temperatures by regression analyses and paired t-tests.
R isthe determination coefficient, RMSE the root mean square error, and p the two-sided probability value.

= With intercept No intercept Paired t-test
'QO) ) = 8
SE2 8 & g 8 3 8 g3

) 8 3 E k=] 5 <8 p

-1.08 128 098 0.17 0.88 037 -039 000
-0.94 120 099 012 090 035 -037 0.00
091 1.14 098 0.16 090 030 -041 0.00
-1.16 1.18 094 024 090 030 -042 0.00
-149 126 091 025 093 030 -034 0.01
-194 136 0.84 029 094 032 -027 004
2.81 154 089 026 095 035 -024 0.09
021 114 048 078 104 074 007 0.79
0.12 095 076 067 099 062 000 099

Acoustic, bottom
Acoustic, 100m-bottom | Independent

g

§ § 032 097 087 045 1.06 043 022 0.8
g = 095 083 086 038 110 045 041 002
% :33 080 089 092 024 110 028 041 000
2 F 063 092 085 028 107 027 032 001

059 093 080 035 106 034 027 005
034 088 045 064 1.01 060 005 0.83
043 085 079 052 099 051 002 093
061 088 08% 036 1.05 039 023 0.11
135 0.73 087 029 1.08 043 036 003
133 074 089 021 1.05 030 024 004
148 070 086 018 1.02 025 013 0.16
178 064 082 020 1.01 030 009 043
044 101 095 014 084 0.17 -042 0.00
-0.51 106 099 0.11 09 022 -035 000
053 104 099 011 08% 020 -041 0.00
066 105 098 0.17 088 023 -048 0.00
-0.88 1.0 096 0.18 088 023 -051 000
-0.78 107 091 021 090 022 -046 0.00
063 105 08% 025 091 024 -042 0.00
156 014 000 1.11 053 104 -185 0.00
-028 069 006 134 062 124 -151 0.01
279 149 031 106 079 103 -087 004
-3.04 169 066 058 093 064 -029 022
-1.70 147 073 043 104 044 015 039
097 087 034 058 111 055 046 005
149 077 022 068 1.14 066 057 004
428 172 061 069 058 084 -161 0.00
-5.94 225 068 078 068 1.03 -128 001
-5.59 233 085 049 085 083 -063 005
-279 173 077 048 100 057 -0.06 0.79
-131 146 079 037 110 038 039 003
-0.64 136 091 021 119 021 070 0.00
-036 132 073 041 122 038 0381 0.00

Acoustic, 100m-bottom
Trawl, 100m-bottom

Trawl, bottom

Acoustic, bottom
Mean Kola,, Dec.-Feb. | Trawl, 100m-bottom

Bottom ABCD
\IO\M-P.L;JNH\]G\UI-PUJNH\IO\U\-thH\lO\MAWMH\IO\M-PWNH\IQ\MJAWNH

Acoustic, bottom




Table 5. Ambient temperatures by area and age 1988-1995 from acoustic estimates and bottom temperature.
Areas with no or insufficient coverage are noted ~ . The rightmost column shows the corresponding mean temperatures.

No. Ambient temperature by age Mean
Year . Area cells 1 2 3 4 5 6 7 temperature

1988 A 53 - 33 32 33 38 39 39 3.49
1988 B 18 - - 57 56 55 55 54 5.69
1988 C 13 41 43 44 44 45 45 45 440
1988 D 40 28 3.1 38 39 40 40 40 3.07
1988 F 16 - 16 17 18 19 17 L5 1.86
1989 A 49 277 33 34 34 37 40 42 3.59
1989 B 22 56 55 57 60 61 62 65 5.76
1989 C 13 44 43 43 43 43 44 43 4.37
1989 D 43 25 28 27 26 25 26 28 247
1989 F 22 1.7 15 16 16 19 24 26 2.02
1990 A 37 46 46 52 53 53 53 354. 470
1990 B 18 6.1 60 61 61 62 62 62 6.35
1990 C 14 50 48 49 51 52 52 52 4.92
1990 D 39 35 41 43 44 44 44 43 3.75
1991 A 49 44 42 48 49 49 50 350 4.39
1991 B 19 59 65 62 62 62 63 63 6.23
1991 C 12 49 50 50 50 50 50 50 501
1991 D 81 23 3.6 40 40 40 40 4.1 2.62
1991 F 29 29 31 32 32 32 31 31 3.08
1992 A 48 36 36 40 41 43 44 45 4.37
1992 B 16 56 59 59 59 60 61 6.1 6.02
1992 C 11 48 47 47 48 49 49 50 4.80
1992 D 92 1.1 18 26 31 34 34 35 2.85
1993 A~ 47 37 42 44 47 47 47 438 443
1993 B 15 58 58 58 58 58 58 58 6.02
1993 C 11 47 47 47 48 48 47 47 4.59
1993 D 92 1.2 15 25 36 38 38 35 2.85
1993 DD 48 06 13 14 13 13 13 12 1.16
1993 E 19 07 08 13 18 19 19 19 1.40
1993 F 42 18 20 25 26 27 27 27 2.11
1994 A 49 36 35 34 37 40 41 44 3.86
1994 B 19 50 50 50 53 52 50 51 5.15
1994 C 11 43 42 43 44 45 44 44 441
1994 D 89 1.1 0609 1.7 20 23 26 1.79
1994 D 47 01 -01 00 -00 -02 -03 -04 -0.19
1994 E 25 -0 07 13 08 08 11 13 0.65
1994 F 42 1.7 14 19 2.1 23 24 27 2.03
1995 A 48 37 36 35 37 40 40 40 4.07
1995 B 18 60 59 59 59 60 60 60 6.02
1995 C 12 42 41 42 41 42 42 41 434
1995 D 8% 18 17 25 33 35 36 37 2.62
1995 DD 50 10 18 17 06 06 06 06 040
1995 E 29 1.0 11 14 18 1.6 - - 0.49
1995 F 51 20 19 21 24 27 27 27 2.28
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Figure 1. The area of distribution of Northeast Arctic cod and isotherms (T °C) at 100 m depth. Feeding
areas (hatched), spawning areas (cross hatched), seasonal feeding migrations (F) and spawning
migrations (S) are indicated (after Mehl, 1991). Temperature distribution is for August 1995 (Anon.

1996¢).
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Figure 2. The survey area. Subareas for calculating indices of abundance and average temperature are

framed. The part of the Kola section for which mean temperatures are established is shown.
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Figure 4. Distribution of echo densities (back scattering coefficient, s,) of cod (shaded areas) and bottom

temperature (isotherms, T °C) in February 1988-1995. Dark shading for s4> 100 m?/ (nautical

mile)2.




[N

S S 3 38 4T 46 50 5414 1B 22 26 30 & 3B 42
Figure 5. Distribution of swept area densities (p) of cod >30 cm in length (shaded areas) and bottom tem-

perature (isotherms, T °C). Dark shading for p>10000 specimens/ (nautical mile)?.
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Figure 6. The vertical distribution of cod relative to the bottom in February 1993-1995. Horizontally accu-

mulated s,-values in 50 m height intervals given as percent of total (from Korsbrekke ez al. 1995).
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Figure 7. Areas within which the centre of mass of distribution of each age group were located 1988-1995.
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Figure 8. Mean ambient temperatures of 3 year old cod (upper panel) and 5 year old cod (lower panel) in
February 1988-1995 based on acoustic estimates and temperatures 100m-bottom (AP), trawl esti-
mates and temperatures 100m-bottom (TP), acoustic estimates and bottom temperatures (AB) and
trawl estimates and bottom temperatures (TB). Mean temperatures at 0-200m in the Kola section

(K), in area ABCD at the bottom (B) and 100m to bottom (P) are also shown (stippled lines).
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Figure 9. Mean ambient temperatures of 3 year old cod (upper panel) and 5 year old cod (lower panel)
plotted against mean temperature in the Kola section. Years 1978-1984, shown with open circles

and thin font, are from Nakken and Raknes (1987).
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12. Mean ambient temperatures (a) and centres of mass of distribution (b, in degrees eastern longi-
tude) of Northeast arctic cod 1988-1995 for agegroups 1 to 7. The mean bottom temperature in the

ABCD area (ABCD) and the 0-200m December-February temperature mean from the Kola section
(K) are shown (stippled lines).
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Figure 13. Location and abundance of 3 year old cod and temperatures in February 1988-1995. Abundance
index (acoustic, from Korsbrekke er al. 1995) of 3 year (*) and 2-4 year old cod (+) as well as the
" longitude of the centre of mass of distribution for age group 3 (open circle) versus mean acoustic

ambient temperature for 3 year old cod (filled circle) and mean temperature in the Kola section (K).
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