Climate and currents

&35

w2t 820
,'-n:'(:' g
-,lv’r'l '\' "
W (4
S
TR

NORWEGIA
SEA .

GREENLAND <./
SEA
L \/7 ‘\Q BARENTS [SEA
e

— » Arctic water
—» Atlantic water
Coastal water



Presenter
Presentation Notes
The climate in the Barents Sea is to a large degree governed by the current systems shown here. One or two branches of the North Atlantic Drift (red) enter the Barents Sea and influences the climate far north and east. Relatively warm water also enters the Barents Sea by the Norwegian Coastal Current (green). From the north and east arctic water is flowing into the Barents Sea. Where the cold water and the warm water meet and mix, a frontal area “the polar front” is defined. The area to the north and east of this front is normally ice covered during winter.
The Nordic Seas are heated by the same warm North Atlantic Drift, which continues along the continental edge to the west of the Barents Sea and Svalbard. Some of this water continues northwards into the Polar Basin, one branch swings westwards into the Greenland Sea. From the Polar Basin, Arctic water enters the Nordic Seas by the East Greenland current, flowing southwards towards Iceland and further south. There is a polar front extending in NS direction where the warm (from the east) and the cold (from the west) water masses meet.
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Presenter
Presentation Notes
The temperature conditions in the Barents Sea are quite variable.

This graph shows annual mean temperature in the Kola section, a Russian hydrographical section observed regularly during practically the whole of the previous century. Periods with high temperatures have alternated with periods of low temperature, probably reflecting the magnitude of the inflow of warm Atlantic water to the central and eastern Barents Sea. In recent years the temperatures have been high, in 2007 the highest on record. In 2008, there was a minor decrease in mean annual temperature. We may now in fact be at the top of a long-term temperature cycle, and a decrease in temperatures may be expected in the years to come.


The main fish species in the Norwegian/
Barents Sea ecosystem

 Norwegian Sea e Barents Sea

— Herring — Cod
— Blue whiting — Capelin
— Saithe — Haddock
— Mackerel — Saithe
— Polar cod
— Herring

— Blue whiting?



Distribution and migration of the main stocks
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Biology of the main Norwegian
and Barents Sea stocks

 Cod  Haddock
e Capelin e Saithe
e Herring e Polar cod

* Blue whiting


Presenter
Presentation Notes
Now, let us have a short introduction to the biology of the main fish stocks in the Norwegian and Barents Seas and let us start with the cod


Biology of the main Norwegian
and Barents Sea stocks

e Cod (torsk)  Haddock
o Capelin e Saithe
e Herring e Polar cod

* Blue whiting



Biology cod
(Gadus morhua)

A predator (fish eater)

— At lengths above ~30 cm (3 years) fish is the main food
item. Capelin, when present, is preferred

Age and length at maturation: 6-8 years, 65- 75 cm

Maximum length: 150 cm

Good recruitment has been observed in periods of
high inflow of Atlantic water to the Barents Sea,
but... -
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Presenter
Presentation Notes
This map show the distribution and migration of cod. The adult cod is distributed over most of the southern and western parts of the Barents Sea, undertaking seasonal migrations within this area. During winter the maturing population migrates to the Norwegian coast to spawn in Lofoten and further north along the coast


Cod, catch and stock history

NEA cod - stock NEA cod - landings
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Biology of the main Norwegian
and Barents Sea stocks

s Eod e Haddock
o Capelin (lodde) e Saithe
e Herring e Polar cod

* Blue whiting


Presenter
Presentation Notes
Second, let us have a look at capelin biology


Biology capelin
(Mallotus villosus)

A small, schooling, pelagic fish, specialised plankton
feeder

Age and length at maturation: 3-5 years, 13-15 cm
Maximum length: 22-23 cm

A functional "energy pump” — transports energy
produced by primary and secondary producers from
north to south and up through the food chain

Is semelparous: Spawn once and then die




Capelin, distribution and migrations
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Presenter
Presentation Notes
During the feeding season capelin is found distributed over large areas in the central and norhtern part of the Barents Sea (blue).
During winter, the maturing population migrates to the coasts of northern Norway and Russia to spawn. The larve drifts out from the coast and are found in the southern and eastern part of the Barents Sea during summer.



Capelin, catch and stock history
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Biology of the main Norwegian
and Barents Sea stocks

s Eod e Haddock
e Capelin o Saithe
e Herring (sild) e Polar cod

* Blue whiting


Presenter
Presentation Notes
Second, let us have a look at capelin biology


Biology herring
(Clupea harengus)

* A pelagic, schooling fish, specialised plankton feeder
 Age and length at maturity: 4-5 years, 30-32 cm

e Good recruitment occurs in periods of high inflow of
Atlantic water to the Barents Sea, simultaneously with
the cod, but...




Herring, distribution in the 1990s
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Presenter
Presentation Notes
Herring spawn along the west coast of Norway, and the larvae are transported northwards with the currents systems. In years with good recruitment they are transported into the Barents Sea and are found in the southeastern part of this area during their first three years of life. After that they migrates out of the Barents Sea to join the adult stock in the Norwegian Sea
LINK



Herring, catch and stock history

NSS Herring - stock NSS Herring - landings

s Total stock 2.0

s Spawning stock
1.5

@= == Blim

s e eo0e Bpa
1.0

Biomass (mill tonnes)
Biomass (mill tonnes)

0.5

0 TTTTTTTTTTTTTTTTT I T T T TTTTTTTTTTTTTTTTTTITITITTN 0.0 TTTTTTTrTrrrrrrrrrrrr e e e e e T T T T T T T T T T T T T T T T T T T T rrTTr Tl

1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000

NSS Herring - recruitment NSS Herring - fishing mortality
4.00

3.50
3.00
2.50
2.00

Billions

1.50
1.00
0.50
0] T T T 0.00
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000




Biology of the main Norwegian
and Barents Sea stocks

s Eod  Haddock (hyse)
e Capelin e Saithe
e Herring e Polar cod

* Blue whiting



Biology haddock
(Melanogrammus aeglefinus)

e A specialized benthic feeder
« Max size/age 110 cm, 19 kg, 20 years
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Haddock, catch and stock history
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Biology of the main Norwegian
and Barents Sea stocks

s Eod e Haddock
o Capelin e Saithe (sel)
e Herring e Polar cod

* Blue whiting



Saithe (Pollachius virens),
biology

 Mainly pelagic, cod-like fish
* Are fish-eaters as adults
 Max size/age: 130 cm, 20 kg, 30 years
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Biomass (thousand tonnes)

Saithe, catch and stock history
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Biology of the main Norwegian
and Barents Sea stocks

s Eod e Haddock
e Capelin o Saithe
e Herring e Polar cod (polartorsk)

* Blue whiting



Polar cod (Boreogadus saida),
biology

* A semipelagic, schooling cod-like fish

e A true arctic species, capable of living In
temperatures well below zero

* Feed on zooplankton
 Max size/age: 25cm, 100g, ~5 years
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Polar cod, catch and stock history
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Biology of the main Norwegian
and Barents Sea stocks

 Cod e Haddock
e Capelin e Saithe
e Herring e Polar cod

e Blue whiting (kolmule)



Blue whiting (Micromesistius
poutassou), biology

* A deep pelagic fish in the cod family
* Feed on plankton, fish larvae etc.
 Max size/age: 50 cm, Y2 kg, 10-20 years
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Blue whiting, catch and stock history
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Capelin recruitment
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Presenter
Presentation Notes
This figure shows the stock/recruitment plot for capelin, that is the number of 1-year-olds from the acoustic measurements and the modelled spawning stock size based on the acoustic measurements of maturing fish.
The blue points follow quite nicely for instance a Beverton-Holt recruitment function. But note that some of the points are red and are labelled with a number which is the year class. These years are 1984 and 1985, and 1992, 93, 94, and 1999-2000, and 2004. In those years, the recruitment was much lower than what should be expected from the function fitted to the blue points. As noted previously, the larval production was just as high during most of the red years as during the blue years. Seemingly, the survival conditions must have been very bad these years. You will recognise these years as the “herring years”. Capelin larvae has been found to constitute a part of the herring diet. It has not, however, to date been possible to substantiate the hypothesis that grazing from herring is responsible for most of or all this observed mortality. Obviously, not only the amount of young herring, but spatial and temporal overlap between herring and capelin larvae play an important role here.
LINK


Cod

consumption
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Presenter
Presentation Notes
This figure shows the estimated consumption by cod based on stomach samples and laboratory experiments where e.g. the stomach evacuation rate have been studied under various temperature conditions. The consumption by all age groups of cod is divided on prey species or groups. Capelin is the blue part of the bars.
It is seen that the proportion and the absolute amount of capelin in the cod diet have changed dramatically from the capelin collapse periods *point on figure* to the periods when the capelin stock was large *point*. Note that the lack of capelin in the diet is partly compensated for by and increased intake of planktonic food green and brown *point*, but only partly, the total consumption, and also the consumption per cod decreased considerably, especially during the first capelin collapse.
LINK


Cod growth
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Presenter
Presentation Notes
Now, how does this affect the cod? This slide show that the average individual growth, that is the average weight increment from one year to the next of different year classes drop during both capelin collapse periods, most notable during the first. This decreased growth affected most age groups but the 4 and 5 years old cod was seemingly most seriously affected.


Cod cannibalism
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Presenter
Presentation Notes
A growth reduction because of lack of capelin is not the only effect on the cod stock. This slide show how the consumption of small cod by larger cod has varied since 1984. There is, seemingly, a negative relationship between the amount of capelin (blue) and cod (red) consumed. Obviously, the amount of small cod available will also affect the possibility for, and the amount of, cannibalism. This is, perhaps, the reason that there is practically no cannibalism during the first capelin collapse.
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