Size- and trait-based modelling of fish
communities




Feeding the globe

Stocks are overexploited

Fish are valuable

http://news.bbc.co.uk

1 February 2011 Last updated at 16:02 GMT BEOE=S

Global fish consumption hits record high
By Mark Kinver

Science and envirenment reporter, BBC News

The global consumption of fish has hita
record high, reaching an average of 17kg
per person, a UN report has shown.

Fisheries and aqUaCU"Ure Supplied the world
i mionnes in 2000 aroviding

AL 00 o
about 16% of the population's animal protein
intake

The findings published by the Feod and
Agriculture Organization (FAO) also stressed
that the status of global fish stocks had not
improved.

It said that about 32% were overexploited.
depleted or recovering.

"That there has been no improvement in the
status of stocks is a matter of great concern,”

said Richard Grainger, one of the report's
authors and FAD senior fish expert.

Fish products provide the planet's population with
almost 16% of its amimal protein intake

"The percentage of overexploitation needs fo go
down, although at least we seem to reaching a plateau.” he observed. Related Stories

The authors added that it was estimated that the level of overexploitation City street to open sea
had increased slightly since 2006, but 15% of the stocks monitored by the _ gop farming's new
FAQ were either "underexploited” or "moderately exploited”. frontiers

Vital role for

This meant that catches in these regions could increase in order to meet ‘neglected’ fish

the demand for fish products.
Ports ‘fail on illegal

Big business fishing’

The report also showed that fish continued to be the most-fraded food
commodity worth US $102bn (£63bn) in 2008 - a nine percent increase







Fish traits




._-_,_1_ A wulrl.-'l.rm_m I'ur:ud

‘.ﬂﬁlﬂ

Whales: sl kol phin

A,;/

='ﬂ' .
R 11' ‘%ﬁj}?

\‘*&"lh

.\“l.l-' 1. \ !
"?‘{p l‘i"" "n&ﬂﬁ ,‘4 \
N :W*?#?-ﬂ'i 4
t N o /

‘, ‘.\
‘ fm- \v“k‘ ,‘\‘i i‘i E

Bz il

mq.» .
W 4 7\ .\;\\\
“::F ( r ’ n \ J= o
& T, ."--"-"k i -qrh o
E-ﬁﬂh&ﬁﬁlﬁé{? /
.. - e oy "1 [y )
i o

! __,
et arowndiah B *--mr

‘m=~~ -... ﬁ* ‘*‘“\1 RS 7 ‘r
il

v tf"f; N
/5 W IR )
- mﬂ"m ‘\."r.r“r : i- “"i / “@

i
et
e F /
s T
K i W 0 [

Bactyia Phitoglankicn Migroogpl, Desrive

Yodzis (2000) Ecology






Which two fish are ecologically
most alike?
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How do we characterize fish?




Species distributions vs. trait distribution

1 2004 / Species biomass
E 0+ Py @ <« Individual biomass:
Eé N @ trait distribution
5§ 1T % o,
m o 00 o

Body mass (log,,)

Jennings et al (2007) J. Anim. Ecol.



Individual level
processes




Population structure

Population

Indivi I-level
processes

Trad



Population structure Community




The mechanistic approach to trade-offs

1) Gut capacity 4) Allocation to reproduction

functional Std. metab. activity
response

volume

reproduction

3) Search volume

2) Time on foraging arena
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Model of the size distribution
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Andersen and Beyer 2006
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Fcrash
Flim

F (year')
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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.

Evolutionary Calculator

Calculate the expected rate of fisheries induced evolution on a stock. The chosen values are for Baltic

cod.

Biological parameters
Asymptotic (maximum) weight (22000 grams
Von Bertalanffy growth rate (K) [0.15 year! (default is 4.5 (asymptotic weight) *3)
Adult natural mortality 02 year ! (default is 1.3 K)
Size at maturation |1500 grams (default is asymptotic weight/4)
Fishing
Fishing mortality 0.7 ye:ar'1
Minimum fished size 1000 gram
Fishing mortality on spawners |0.3 year'1

Calculate
Results

Press [Calculate] to perform calculation.

The calculations are based on the model in Andersen and Brander PNAS 106(28) 11657-11660 (2009). Note that the model is
based on a number of assumptions, see the article for details. Output of the model should not be used in a practical management
setting without first consulting the authors. The R code for the model is here. Php code by Casper Berg. R-code by Ken Andersen.
September 2009.







Individual level
processes







Trait distribution

N(9)

Community
Individual-level
processes
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Who eats whom

Third Fisherman: Master. I marvel how the fishes live in the sea.
First Fisherman: Why, as men do a-land; the great ones eat up the

little ones. 16 -
Shakespeare, Pericles 2.1.69-7
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Reproduction -and
growth
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Reproduction

- food

Caught food = search volume - suitable food

‘/0 N (wp'rey)wprey¢(wprey)dwprey

(+ satiation)
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Model of the trait distribution
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Biomass density
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Example 1: fishing large fish

0.1g




Example #2: Conflicting objectives

What do we want?

@ Feed the world -> maximize protein yield

Earn money -> maximize profit

Conserve ecosystem function -> avoid collapse




g g
Max. size

Change in biomass

s

Fisheries effort

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

4) Conservation hardest for the largest species, and gives lower yield.



Tradeoffs between management objectives

Protein yield

Rent ..
Maximize

protein



Ontogenetic trophic niche shifts




Community size spectrum model

Fishing
large fish
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Does ontogenetic trophic niche shifts matter?
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Why the difference?

3
Ky r

Predation: ‘ t ‘ ...mediates cascade

Ontogenetic trophic transfer: » - » -

...dampen cascade

Trophic level (s)ize)
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Two kinds of ecosystemes...

System

Structured model
with food-
dependent growth

Model Unstructured food
web

Control Global control Local control

... two kinds of control



Stability of size spectra

Community model Trait-based model
(Benoit & Rochet, 2004) (Andersen & Beyer, 2006)
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Discretize equations -> equilibrium numerically -> Jacobian -> eigenvalues

Biologically relevant range
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Community model
(Benoit & Rochet, 2004)

Trait-based model
(Andersen & Beyer, 2006)
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level of detail

abundance

Size spectrum models
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spectrum.stockassessment.org

Size Spectrum Calculator

Calculate the expected ecosystem effect of a management plan involving changing the fishing effort on one aspect of the fish community. The fishing
effort is divided on three groups of fish species:

- Small species ("forage fish"): asymptotic weight less than 100 g

- Medium species ("small pelagics"): asymptotic weight between 100 g and

- Large species ("large demersals/pelagics"): asymptotic weight larger than 4 kg

r— Input parameter
Before change After change
Faall [0.5 year™ [0.5 year!
Pmadimil(]_f} )*ea.r'l |2 }fear'l
Flargs |0.5 }'ea.r'l |0.5 }’Eﬂfl
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The fshing mertality as 2 fimetion of individuz] s1ze for the base case (before the changm) Size spectra for 18 asymptotic size classes as a fimction of individual weight The dotted
in blue and after the change in red. Each line correspond to an asyngptofic size class. lines in the top left corner are the resowce spectra.
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Centre for Ocean Life

How will life in the cceans respond to environmental change? With our
increasing awareness and concern for human impact on the marine
emvironment and its role in regulating global climate, the need for
predicting the future of life in the ocean becomes pressing. The goal
of the centre s to develop a fundamental understanding and
predictive capability of marine ecosystems.

The centre brings together biclogists, physicist, chemists, and
mathematicians from three Danish universities, funds PhD and
postdoctoral fellows, offers PhD summer schools, internaticnal
workshops, and operates a Researcher Visitors Centre.

The centre openad January 1, 2012,

Centre management team

Chair: Thomas Klarboe
Deputy chair: Ken H. Andersen
Agministrative management: Kirsten Thomsen

VILIIIM FONDEN

News & activities

International workshop
26-2Bth of August 2013
International workshop on
Trait based approaches to
ocean life

At The Roval Danish
Academy of Sciences and
Letters

HC Andersens Boulevard 35,
Copenhagen, Denmark

Mow open for applications

Annual meeting

10-11th of December 2012
At Sgminestationen, Holbaek
Read mare

See all Mews B activities




N YaYe 1 (Y

n 'l'.f\ ' @il
LUCTOLIVUIID.

Which pattern of F generates the highest
vield?

Which pattern conserves biomass?
What happens if we do not fish forage fish?

Which species group tolerates the highest F?






