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Why?
http://news.bbc.co.uk

Why?

F di th l bFeeding the globe

Stocks are overexploited

Fish are valuable



How?How?



Fish traits



Yodzis (2000) Ecology



Which two fish are most alike?Which two fish are most alike?



Which two fish are ecologically
most alike?



How do we characterize fish?

Size



Species distributions vs. trait distribution

Species biomass

Individual biomass:
trait distribution

Jennings et al (2007) J. Anim. Ecol.
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The mechanistic approach to trade‐offs

1) Gut capacity 4) Allocation to reproduction
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Model of the size distribution
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Metabolic assumptionsMetabolic assumptions
MortalityMetabolism MortalityMetabolism

weight‐1/4
weight3/4

Hirst & Kiørboe (2002)Brown et al (2004) Hirst & Kiørboe (2002)Brown et al (2004)



Traits and trade offsTraits and trade‐offs
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Single species perspectiveSingle species perspective
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Single species simulatorSingle‐species simulator

http://stockassessment.org/singlespeciessizespectrum/



Fcrash
Flim

Metabolic rule
Fmsy

Asymptotic weight (g)

Reference points do not obey metabolic scaling rules

Andersen and Beyer (2013)



Try the “evolutionary calculator” on http://bestandsvurdering.dk/Evolution.



How?How?
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Who eats whom

Shakespeare (1607)p ( )

Ursin (1973)

Jennings et al JAE 2001Jennings et al., JAE, 2001
Breughel the elder, 1556

“Grandibus exigui sunt pisces piscibus esca”
Due to differences in size fish are prey for fishDue to differences in size fish are prey for fish
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Caught food = search volume  suitable foodCaught food  search volume  suitable food

(+ satiation)
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Model of the trait distribution
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Example #2: Conflicting objectives

What do we want?

Feed the world ‐> maximize protein yield

Earn money ‐> maximize profit

Conserve ecosystem function ‐> avoid collapse
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The North Sea today

1) We do not need to remove all fish
2) We can get more protein out of the sea
3) Conflict between maximizing protein and profit

y

3) Conflict between maximizing protein and profit
4) Conservation hardest for the largest species, and gives lower yield.



Tradeoffs between management objectives

Protein yield

RentRent Maximize 
protein



Ontogenetic trophic niche shifts



Community size spectrum model
Fishing 

large fish

Community size spectrum model
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Does ontogenetic trophic niche shifts matter?g p

reproduction rate predation lossesp

std. metabolism

p

production

1 32 4

Trophic level (size)



size 
spectrum

100
ns

ity

spectrum

10

10

-10

-5

B
io

m
as

s 
de

n

trophic 
chain

10

10

ge

1

re
la

tiv
e 

ch
an

g

10 10 10 10 10 10 10-4 -2 0 2 4 6 80.1

weight (g)

r



Why the difference?Why the difference?

1 3
2 4

Predation: …mediates cascade

Ontogenetic trophic transfer:
…dampen cascade

Trophic level (size)



Cod biomass
decreased by 
a factor 2

Large zooplankton
decreased
by a 30 %by a 30 %

Estes et al, Science (1998)
North‐west Atlantic
Frank et al (2005)



Two kinds of ecosystems...

Ontogenetic trophic 
niche shift

No ontogenetic 
trophic niche shift

System
niche shifttrophic niche shift

...

105 g10‐4 g

Model Unstructured food 
b

Structured model
with food‐web dependent growth

Global controlControl Local control

... two kinds of control... two kinds of control



Stability of size spectra

Community model
(Benoit & Rochet, 2004)

Trait‐based model
(Andersen & Beyer, 2006)

Trait based model:Trait‐based model:

Community model:Community model:



Stability analysis of linearized solutionStability analysis of linearized solution

Discretize equations ‐> equilibrium numerically ‐> Jacobian ‐> eigenvalues
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=> Both models are linearly unstable!



Community model
(Benoit & Rochet, 2004)

Trait‐based model
(Andersen & Beyer, 2006)
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Trait‐based model

Zhang et al, TE 
(2012)

Community model
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spectrum.stockassessment.orgspectrum.stockassessment.org

Check also: http://stockassessment.org/singlespeciessizespectrum/





Questions:Questions:

• Which pattern of F generates the highest 
yield?y

• Which pattern conserves biomass?
Wh h if d fi h f fi h?• What happens if we do not fish forage fish?

• Which species group tolerates the highest F?p g p g




