Food security, co-management and the
ecosystem approach to fisheries

Jeppe Kolding (university of Bergen, Norway)

Paul van Zwieten (Wageningen University, The Netherlands
Michael Plank (University of Canterbury, New Zealand
Richard Law (University of York, UK)

Hans D. Gerritsen (Marine Institute, Ireland)

David Reid (Marine Institute, Ireland)

African Great lakes Conference,
Entebbe 2-5 may



http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.uib.no/elin/logoer/&ei=FzVGVMfaOOfKygPnkILICQ&bvm=bv.77880786,d.bGQ&psig=AFQjCNGpS9rcLIye9-6UlgFzLuW-ldVdEQ&ust=1413973680780706
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.uib.no/elin/logoer/&ei=FzVGVMfaOOfKygPnkILICQ&bvm=bv.77880786,d.bGQ&psig=AFQjCNGpS9rcLIye9-6UlgFzLuW-ldVdEQ&ust=1413973680780706

The big challenge

=With a growing
population: How do we
reconcile food and
conservation?



Which fishing pattern gives the highest yield
and least structural impact on the community ?
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Johannesburg 2002 Declaration § 31 (a):

«Stocks should be kept at biomass levels that can
produce maximum sustainable yields (MSY).»

CONVENTION ON BIOLOGICAL % SITY )

CBD Malawi principles for Ecosystem Approach:

«A key feature of the ecosystem approach
Includes conservation of ecosystem structure and
functioning»


http://www.biodiv.org/
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The aquatic food web is size structured...

Top predators

Tertiary consumers

Secondary consumers

Log Biomass

Primary consumers

..abundance is inversely correlated with size



Community size spectrum

The distribution of biomass by body size
follows regular patterns

Log Biomass

Size

Under conventional selective fishing slope and
Intercept will change



Changes in the North Sea
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Balanced harvesting... (carcia et al 2012)

It will reconcile objectives
by maintaining community
structure while returning
highest yields

Biomass

Size

.. Is fishing as many sizes and species as possible in
proportion to natural productivity
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Lake Kariba
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Lake Kariba
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Mesh size distributions
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Mesh size distributions
and catch rates (Zambia)
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Comparison between unfished and heavily fished areas in Lake Kariba

Lake Kariba 1980-1994 Standardized CFUE [grams/ 45 m net)
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Comparison between unfished and heavily fished areas in Lake Kariba
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Comparison between unfished and heavily fished areas in Lake Kariba
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Bangweulu swamps Northern Zambia
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Carl Huchzermeyer




Bangweulu swamps

Fish are getting smaller
Rampant use of illegal gears




Mesh size Total number of gear by type Mesh size
(mm) gilinets kusikila seines | weir trm cum %
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Species and size composition by gear

Method

Gill nets

Fusikila

Seine nets

Floodplain weirs

Channel weirs
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Clarias ganapinus
Mormyrops daficiosus
Hajargbranchus fongifilis
Hgrocynus viaius
Saranochromis robusius
Auchanogianis ocoidamals
Meormyrus longirosiis

Clarias buthupogon
Chnysichifng mabusi
Marcusanius moniam

Moi idenified spacias

Clanas RGamansis

Clanas theodorae
Synodoniis nigromaciiaius
THapia randalli
Saranochromis angusiicaps
Alasias grandisquanis
Oraachromiz macrochy
Clanopoma mulliseinis
Tidochramis bangwalans!s
Alastas macrophiftalnus
Marcusanius macrolapigolus
Saranochromis mallandl
Schiltra mnsivs
Sapanochromis macrocephalls
Clanas shaparsi

THapia sparmmarn
Hippopofamyrus Siecomnchus
Farbus paludinosis
Distichogus macuiaivs
Clanopomea itarma it
Pravdocraniabrus philendar
Schitka bangualansis
Alasias lataraliz

Foflimrus castalnaw
Pafrocaphalus caiastomea
Barbus aff unitaamaius
Barbus inmacuiatus
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Fishing pressure
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two multispecies fisheries

Celtic Sea (EU)
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major commercial fishery

demersal, ~15 spp, trawls

guotas, minimum landing sizes
100,000 to 150,000 tonnes yr1

>1000 vessels

Bangweulu Swamps (Zambia)
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Ocean

small-scale artisanal fishery

>30 spp, gilinets, seines, traps
largely unregulated

~15,000 tonnes yr?

~5000 fishers



size distributions of yield
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Plank et al. 2016



size distributions of catch

smallest fish: Celtic Sea Ban(gl](w)eulu
g
~250 g } (tonnes) _
~10g 10°]

. .. . . 1108
size limits not operating in Bangweulu

103]
largest fish

~5 kg (fish caught when smaller) | —
~10 kg (upper limits to growth) 10

110t

range of body sizes
~20-fold

~1000-fold

both fisheries are sustainable




how is this possible?

model of an unregulated fishery:
fishers share an aquatic ecosystem (commons)

each fisher decides what size of fish to catch
what happens to the fish stock and catch?

how does fishing mortality F(x), aggregated over fishers,
get distributed over over fish body size x?

Dynamic size-spectrum model a different ecological model:

stochastic event
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Model overview (Law et al. 2015)

1. The fish population
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2. The fishers

* know nothing about ecology or size-spectrum
dynamics

 do know their own catch, and the catch obtained
by their neighbours — and their gears

From time to time he will evaluate his own catch
(and gears) compared to those of his neighbours. If
he catches less, he will tend to shift gear



F,(x) by fisher

rule for each individual fisher

each fisher 1 chooses a net mesh
centred on an arbitrary fish size

fishing effort is area under curve

Fi(x) by fisher

body weight X (log scaled)

random shift

JAWAN

update net mesh from time to time
new net mesh size chosen uniformly at
random on range of body sizes

more likely to move if his yield (cpue) is small
compared to others: 1 — Yi/max(Yj).

body weight X (log scaled)

aggregate fishing mortality F(x)
sums over all fishers
(simple SEES model)

F;(x) by fisher

)\ CVANDAN

body weight X (log scaled)
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F(X) ~proportional to
productivity



Result = emergence of balanced harvesting

constant biomass ——) all fishers get equal biomass yield

a fisher cannot increase yield by a change in gear

No fisher has an incentive to change fishing

Nash equilibrium: . _ .
strategy, given the strategies of all other fishers

F(X) proportional to productivity = = balanced harvesting




BH gives

much greater — ‘Bangweulu-like’
biomass yield

% = collapse of stock and fishery

aggregate biomass yield
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caveats:

total fishing effort must still be controlled
biomass yield and profit are very different things



Conclusions

= Mesh size regulations in small-scale fisheries are
Impeding maximum yield and healthy resilient
ecosystems

= When food security (biomass) is more important
than commercial value, then catch-rates (CPUE)
will regulate the fishing pattern towards a
Balanced harvest regime.

= For co-management to work the State will have to
abandon size and gear regulations.






