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Exploitation patterns in fisheries, a global

meta-analysis from Ecopath models.
Kolding, J.; Bundy, A.; Christensen, V.; Steenbeek; Law, R.; Plank, M., Zwieten, P.A.M



Balanced harvesting: Can it reconcile
fisheries and conservation objectives,
and how can it be done?
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Why Ecopath?

= Balanced harvest = catches proportional to
production

Y=F-B
P=Z§=P/BE

F Y
E:—:—
Z P



Data

= 200+ Ecopath models

Christensen et al. in press “Fish biomass in the world
ocean: a century of decline” Global Ecology and
Biogeography.

= Reduced to 151 models with fishery catches

Type # N
Temperate 51
Tropical 47
Tropical upwelling 25
High Latitude 16
Temperate upwelling 10
Inland Sea 2
Total 151
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Can we harvest the waters as land?

Global plant production

Billion ton carbon (Giga t)
60

30

Land Oceans

v' 2% of human food from oceans

v 4-5% of the primary production on
land is directly consumed by humans

v All domesticated animals for food are
herbivores




The food chain in fisheries and agriculture

Food chain agriculture Food chain fisheries

¢Humans (TL2.21) [ et

feed 2 trophic levels | ¥%J wolf.enters o4
higher in the oceans MG
than on land

¢ Very inefficient
utilization of the
primary productivity

After Duarte et al 2009
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Exponential relationship between production and
trophic level

Data from 150 trophic ecosystem models across the world
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Global mean exploitation rate vs trophic level

Exploitation rate —@— Polynomial (3. order)
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Global fishing pattern by TL

Ln(Production) E=Y/P [ Production
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Global fishing pattern by 33 functional groups
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Body size vs abundance

Invariance of biomass:
Biomass is constant over
logarithmically sized bins



Sheldon spectrum on TLs?

Sheldon spectrum

Ln(Biomass(kg)) a =17.1400

18 — b = -0.2941

rr= 0.8175

] p= 0.0052
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Hypothesis

= Fishing pattern is driven by market demand

= Higher prices for large fish in the North than in the
South

= Fishing pattern is less balanced in the North than
In the South?



Global fishing pattern

All 150 models
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Temperate fisheries

Temperate fisheries

1<TL<5
Ln(Catch) —@— Temperate
1,000,000 b 0,053
. =0.019
i p =0.465
100,000 N= 30

10,000

1,000

l
100 | _k=l_ I
: % =

10

'
-

1 T T T T TTTT T T T T TTTT T T T TTTIT T T T TTTTT T T T TTTTT T T T TTTIT

1 10 100 1,000 10,000 100,000 1,000,000 Ln(Production)



Ln(Catch)
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High latitude fisheries

High Latitude fisheries
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Ln(Catch)
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Temperate upwelling

Temperate upwelling fisheries

1<TL<5

—@— Temperate upwelling
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Ln(Catch)
1,000,000

100,000

10,000

1,000

100

10

Tropical fisheries

Tropical fisheries

1<TL<5

—@— Tropical
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Ln(Catch)
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Tropical upwelling

Tropical upwelling fisheries
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Norwegian Sea and the Barents Sea:
ECOPATH model (1997-2001)
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[ Production

Is the Norwegian fishery in balance?
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Balanced harvest = catches proportional to production

Norwegian and Barents Sea North Sea
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and now Alida..




