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Abstract: Modern fisheries management discourse is suppdrietivo fundamental
narratives that have global impacts. One is thedéapen access regimes, and the other
is the condemnation of catching under-sized andatare fish. These narratives have
existed for more than half a century and origirfieden the Common Property Theory
(Gordon 1954) and the Maximum Yield per Recruibttyg Beverton and Holt 1957).
Our aim is to critically discuss and evaluate themeatives which have been developed
within the context of scientific management of s$agpecies industrial fisheries. We will
show that the underlying assumptions can be sdyiousng and particularly absurd in
fluctuating multi-species, multi-gear artisanahgsies. Fishing effort in small scale
fisheries is often largely regulated by naturaldarction, like other top predators, and
many targeted fish stocks and fish communitieslaysa high degree of resilience.
Furthermore, in spite of common belief, small sealeegulated, non-selective, adaptive
fishing patterns could be healthier and far mokesgstem conserving than the current
imposed single species management strategies. bfahgse fisheries are serving as a
'social security system' - a common good and thyeiatction as a 'last resort’ for
economic mishap. Limiting open access will undemrtime role of small-scale fisheries
to provide insurance, particularly for the poomstl least advantaged. The immense
pressure to adapt to modern fisheries managemiekirty and economic theory is based
on flawed assumptions and will not only have negasiocial effects, but also negative
biological effects.

Background

For more than 600 years the fear and cry of steghedion and overfishing has been part
of fisheries lore. Consequently, in the beginnifithe 20" century, fisheries advice and
management institutions were established in theldan hemisphere in order to
understand how fish populations respond to exploitaand to regulate the way we
harvest them. The philosophies and principles agezl in these institutions have since
turned into universal models that permeate the@&mpislogy of fisheries management.
Some of these fundamental tenets, however, arel lmastheoretical and hypothetical,
relationships for which there is limited empiriealidence. Two of these ideas, which are
omnipresent in fisheries management, are the gecmrdemnation of unselective gears
and of open access to the resources. In theviicsparts of this essay we will critically
examine the origin of these notions. Then we wiiraine their general validity in
relation to small-scale fisheries. We will arguattthere are situations, notably in small
scale multi-species and multi-gear fisheries, wileeamplementation of management
regulations to address these two issues are ecalbygiand possibly also economically
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and socially, unjustified and may even be harnduhe functioning and structure of
exploited ecosystems.

Fisheries management involves numerous social @mbenic concerns, but there are
only two biological considerationeow muchcan be caught arftbw should it be
caught? “How much” refers to the quantity, the ltgtald, that can be taken from a fish
stock relative to its productivity and this amoislargely determined by the fishing
effort (e.g. numbers of fishers). “How” refers teetspecific fishing methods used to
obtain the targeted amount. All fishing methodsspecies and size selective to varying
degrees, and the construction, deployment and c¢atibn of gears used determine the
so-called ‘fishing pattern’ which is the specifjzegies and/or size selective harvesting
schedule of any fishery operation in a particutace.

Part 1. Selective fishing

The issue of how to catch fish sustainably date& lkeng before modern fisheries theory
was developed. Already in 1376 a petition was foded to Edward I, King of

England, complaining about a newly introduced bé&awl, or ‘wondy chouh with

mesh sizes so small tHato manner of fish, however small, entering witktinan pass
out” while its beanfdestroys the spawn and brood of the fish bendaghsaid water,

and also destroys the spat of oysters, musseleted fish by which large fish are
accustomed to live and be supported (....) to thatgtamage of the commons of the
kingdom and the destruction of the fisheries ia ikaces”(cited by Collins 1887)A
commission of inquiry was installed to investigdte matter of which we do not know
the outcome, but no legal action was taken. 20@syleter Elisabeth | passed the first act
of Parliament which introduced mesh size limitstefo inches and a half broaénd
minimum landing size limits on pike, salmon anddeds. In 1605 the legislation was
extended to marine fisheries by James |, whichegixfor pelagic species, was set to 1.5
inch knot to knot. Hundred years later, in 1714thar act was passed stating thaas

the breed and fry of sea fish has been of latesyéar) destroyed by the using of too
small size of mesh (....) no one shall use (ny)teawl-net, drag-net, or set-net (.....)
which has any mesh size less than three and antdl{90 mm] from knot to knot (...)”
(cited by Burd, 1986).

Size selectivity is therefore deeply rooted in &8s legislation, and regulations to
control it are almost mandatory around the worlderg are two theoretical biological
reasons — as well as several economic — for coraterg on size in fisheries
management. The biological reasons are 1) a norenatgument, known as the
‘propagation theory’, that fish should be giveneatst one chance to reproduce before
being caught, and 2) the ‘growth theory’ that f$tould not be fished too young before
they have utilized their growth potential (Peter&8084, Cushing 1976).

The origin of the propagation theory can be tracetthe above historical accounts and
that “a fish should have a chance of spawning leefas killed” was first formulated in
scientific literature by Fulton (1890) and Holt @8. But the argument also has parallels
in the historic legislation of game hunting (e.@ylden 1942), where the Anglo-Saxon
notions of “fair chance” and “protection of younig'the hunting of game have had



considerable impact on the formulation of fishersgulations (Malasha 2003). The
theory also intuitively appeals to most people Miitiited knowledge of the life history
pattern and potential fecundity of most fish spgcvehich have survivorship completely
different from mammals (Fig. 1). The tacit assumptdften made is that all fish that
escape being caught when young will contributeutare catches of mature fish. This is
certainly not the case with fish that are expetbedie predominantly young — but we are
mammals, surrounded by mammals, and see the woddgh mammal eyes.

Although already formulated by Petersen (1894) gitosvth overfishing argument was
not really adopted until the pioneering theorettoaatise of Beverton and Holt (1957),
which became the genesis of modern age-structymecbach for fisheries sciences. In
their so-called Yield-per-Recruit (Y/R) model, whits purely theoretical, they showed
that for long-lived species, with a low natural nadity, one can maximize the theoretical
potential yield by delaying the age-at-capture tedain optimum. This so-called
‘eumetric fishing’ principle invoking minimum mesind/or fish sizes is simply done by
adjusting the size selectivity of the gear. Evacsij the ‘growth-overfishing’ concept has
permeated the global management discourse. Regewthp succinctly formulated by
two fisheries economists, incidentally showing tmeammal bias:

‘(...) afishery will yield its maximum physicatums if all fish are allowed to grow to
the point where the rate of increase in weight giesises to outstrip losses due to natural
mortality and then harvested, sparing a breediruglstf the existing stock has not bred
sufficiently prolifically. (This is logical, and isow a farmer would produce meat,
bearing in mind that he must leave a breeding sjo@Hillis and Arnason 1995)
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Figure 1 Dying is more certain than giving birther@ralised survivorship curves of different animal
categories (mammals, birds, and bony fish). Thevglieag mortality pattern — i.e. when does death
commonly occur to individuals in a population? Hwhape the adapted life history strategy. Fistheha
very high fecundity, often millions of eggs, buethast majority of juveniles will die long beforeaching
adulthood (Larkin 1978). After Miller (2007).

Under the ‘growth-overfishing’ concept, old largatore individuals are the legitimate
target for harvest, albeit a healthy biomass ofungaindividuals, the so-called ‘spawning
stock biomass’, is also needed to safeguard tlheefutf the stock against the risk of
reducing its reproductive capacity, or ‘recruitmewerfishing’ as it is known among
fisheries scientists (Larkin 1978, King and McFad®003). The assumption often made
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is that spawners in their first year of maturityk@a major contribution to reproduction
and then can be captured safely afterwards. We khowever, that the youngest
spawners have the lowest relative fecundity angtiweest egg quality and larval
survival (Rijnsdorp 1993, Solemdal 1997, Marteirtidand Begg 2002).

Yet, generations of fisheries biologist have beemght the Yield-per-Recruit models to
the point that unselective or, with a term ofteadusr small-scale fisheries literature;
‘indiscriminate’ fishing methods are by default spymous with destructive fishing
practices. In small-scale fisheries the normagirguiment that killing juveniles is
depleting the stocks has become so dogmatic tdaegn’t even warrant verification. In
addition, with the increasing focus on discardedabgh problems in single species
industrial fisheries (Alverson et al. 1994; Kellel2005; Lewison et al. 2009) the issue of
selectivity has been further highlighted, and mresearch is devoted to develop
increasingly selective fishing methods or exclusiemices. The topic is also closely
connected to the modern western management modad ba single species quota
regulations (TAC or ITQs), with their economic apisation incentives of targeting the
right species and sizes with the highest value.r€kelt of all this is that the modern
objective for industrial fisheries has become dlyigelective kill on targeted species
and sizes.

An important additional factor is that mesh sized gear restrictions are among the
cheapest, most easily applied and therefore maktlywused management regulations;
much cheaper than ‘how much’ regulation such ashoatiotas or effort restrictions,
which require biological monitoring and the asstedacostly information and
enforcement requirements. Consequently most naliams imposed legislation banning
certain gears and mesh-sizes with the aim of piatgthe resources. Although these
regulations are originating from the theoreticdimysation problems associated with the
large scale single species fisheries, they ar@umlf applied and mostly without any
form of empirical research for their configurationjustification. Despite that numerous
authors have already pointed to the problems ohuhef the “right” mesh-size in a multi-
species fishery (e.g. Sainsbury 1984, Murawski 1€8ibert 1994, Caddy 1999), the
paradigmatic notion of a need for regulations dacwity still persists. Selective fishing
gears are continuously advocated among the uni&rkdions to prevent overfishing
and rebuild collapsed fisheries among conservdtiologists (Worm et al. 2009), and
even highlighted in the FAO Ecosystem Approachishiéries and Code of Conduct
framework (Bianchi 2008).

Life history effects of selective fishing

Vital population parameters (or life history trajtgypically consist of growth, survival,
recruitment, and reproduction (age-at-maturityufetity, egg size, investment in

parental care etc.). The combination of thesebaities largely determines the life history
strategies (roughly the adaptations) to which déife species have evolved. Nearly all

life history parameters have a strong relationstith size and age. Changes in these
parameters therefore indicate changes in exteehatts/e pressures, particularly the
probability of mortality as a function of age (FiD. Life history parameters are also used
for classifying the resilience and the potentiadarctivity of fish stocks. Some of them,
such as growth and mortality, form the basic inpuisll fisheries stock-assessment
models.



For most fish species, unprotected by parental tae@atural rate of mortality
decreases almost exponentially with age (size)tt&obigger you get the less chance
there is that you are eaten by predators. For @gplpopulations, however, tlishing
mortality generally increases with age in accoreanith the ruling ‘growth overfishing’
theory. The result is an almost exact opposite alitrpattern from natural predation and
thus opposite selective pressures (Fig. 2). Wevkinom theoretical and empirical
studies that there is a strong inverse correldigtween the age at which a fish matures
and mortality (or life expectancy) (Adams 1980, Higel983, Roff 1984, Law 2000).
Consequently, as populations experience increasethlity on adult stages under
fisheries that select for large sizes, maturingragarlier age (or smaller size) becomes
evolutionary advantageous to increase the chanmpadducing before dying. This
indeed has been observed in several heavily ergifith stocks (Jgrgensen et al. 2007,
Fig 3).

Whether this stunting effect is a short term reseadio pressures (compare stunting in
human populations during famines) and is easilgrgble, or whether selective fishing
has longer term genetic consequences that are lesheversible has only recently been
addressed (Sutherland 1990, Law 2000, Swain 208lZ, Conover et al. 2009).
Controlled experiments performed to illustrate ¢fffects of size selective mortality, have
largely confirmed the earlier predictions from Iifestory theory, and have shown genetic
effects. Populations experimentally harvested oallssizes produced after only four
generations nearly twice as much yield than theufadions where only large specimens
were harvested. (Conover and Munch 2002, Conovalr 2005). This is clearly in
contrast to what the Yield-per-Recruit model preslidhere were also genetic effects:
the populations that were harvested on small gshained having faster growth rates
even when the harvesting stopped (Walsh et al.,20060ver et al. 2009)
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Figure 2. Age specific mortality rates due to fighi(F) and predation (M2) on Atlantic cod in therftio
Sea. Data averaged over 1987-1994. After ICES (1997
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Figure 3 Median age-at-maturation (sexes combinédjortheast Arctic cod based on spawning zones in
otoliths (after Jargensen 1990).

Some biologists claim that the laboratory selectegimes imposed in experiments do
not resemble what happens in nature. They poiatvast body of literature that shows
that fish grow large faster, not slower, when fighpressure is high due to decreased
competition for food (Hilborn 2006), Others clailat there are no genetic effects from
fishing (Beverton, 1998). Nevertheless, the expenits have shown that growth is a
heritable trait and provided testable hypothesib@n fisheries actually operate.

Fisheries scientific advice to management, howasédargely oblivious to these
evolutionary and ecological studies and continoe®iterate the standard recipe from
Yield-per-Recruit models. In the North Sea and@umding waters, during the past two
decades, the minimum mesh sizes in the demersdlftishery has been increased in
several steps from 90 to 120 mm, in combinatiomwmany other management measures
(Suuronen and Sarda 2007). The expected bendditserer, have not materialised and
the only rationale for regulation of size at ficsipture might be a prevention of wastage
through discards (Halliday and Pinhorn, 2002).ried&ngly, already two decades ago,
the ICES multispecies working group, in a less Wetwn study discovered that
increasing mesh sizes in the North Sea fisherymubispecies situation would in the
long term result in lower yields due to greaterdattéon rates (and thus competition) from
large predatory fish (cod, whiting, haddock, s3gittedeased by the larger mesh sizes
contrary to the predictions from from single specyeeld-per-Recruit models (ICES
1989, Fig 4).
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Figure 4. Percent changes in the long term fislyalgls for North Sea multispecies system resulfiogn

an increase in trawl mesh size from 85 to 120 mniHe directed fishery for cod. Results are presgifor
single species (but multi-fleet) Yield-per-Recrussessment (dark bars) and multi-species virtual
population analyses (MSVPA) including interspecipsedation (light bars). Lower yields in the
multispecies analysis are due to greater predatites from large predatory fish (cod, whiting, hacld
saithe) released by the larger mesh sizes. AftESIC1989).
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Figure 5. Observations (left) and model (right)eft)l. Actual annual estimates of relative yield (idalots)
and spawning stock biomass (open dots) from 19506y for plaice caught in the North Sea versus the
annual average fishing mortality rate of plaice2db 6 years old. Landings of plaice (includingcdisis)
and the estimated spawning stock biomass are nedatéve by dividing them by the estimated number of
recruits (one year old fish).(Right) Modelled relat yield and spawning biomass per recruit over
corresponding fishing mortality.This diagram is ttesult of a classical yield-per-recruit model gsi
used by ICES, simulating the positions of the bldoks (Yield/recruit) and open dost (SSB/recruitXhe

left diagram. All data as well as the model reaudt from the ICES advice of 2008 (ICES 2008).
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Thus empirical experiments, historical experieriéig @), and multispecies models are
basically invalidating the theoretical foundatiam §ize selective fisheries management
regulations. The old single species Yield-per-Rigenodels, upon which decades of
management advice, and volumes of simulation ssuthee been performed are
basically not reflecting reality (Fig 5). They d@0% synthetic (there is no fitting of
model to data), and they are ecologically vacuaisgodensity independent, steady state
models that contain no genetic responses and latrephic interactions.

Fish community effects of selective fishing

Fish communities are regulated by both bottom-uptap-down processes (Fig. 6).
Bottom up processes are controlled by the eneayy fihrough the food-web starting
from input of nutrients, temperature and light coting the primary productivity
(algae). Energy (food) is then partitioned up thedfweb between populations of
different fish species in a fish community througimpetition and predation. As there
generally is a larger biomass of small fish, camsjsof small prey species and juveniles
of large species, compared to large predatory d&gultthe overall shape of a biomass-
size distribution is a descending curve over sgtee(don et al. 1972). Variations in the
shape of this curve, both its slope and interceft the vertical axis, indicate systematic
changes in the abundance and size structure ofdistmunities. The descending

Biomass

e B

Catch=F [E(E) =f m [E(E) =X [E(P) Exploitation

(F=f.q)

Figure 6. A fish community represented as a biorsass distribution forms a framework that illustrat

the various components consisting of environmedtalers (E), resource states (B) and exploitation
pressures (F). The basic relations are that Catatfriaction (F=f-q) of stock biomass (B) and atfom (X)

of biological production (P). “ How much” is fishéslexpressed by f = nominal fishing effort, wHitew”

is being fished, or the efficiency of a unit of @tf is expressed by q = catchability coefficientock
abundance and the amount of biological productienexpressed as a function of the environment (E).
Arrows indicate main processes affecting fish comities, both internal (competition, predation) and
external (fishing and environmental drivers). Tresaknding slope of the curve is represented here as
straight line on a logarithmic scale, while on aithanetic scale it would be an exponential downward
curve as for the fish survivorship-curve in Figmiodified from Jul-Larsen et al. 2003).

slope represents the decrease in numbers ovearsizis therefore related to the mortality
pattern (see Fig. 1). Changes over time in trer@ept are an indication of the changes
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in biomass and should reflect changes in produgt{iottom-up changes dwow much,
while changes in the slope indicate changes isitteestructure of the fish community
which can be related to changes in the mortalitiepas (top-down processeshmw).
Increasing selective fishing pressure generallyltesn a decrease in biomass of large
fish and an increase of smaller fish (a.o. throlegks predation and competition), and
thus a steepening of the slope. Rice and Gislak@®6] tested the biomass-size theory
on the North Sea demersal fish community over gveod 1977-1993 (Fig 7). They
found that the annual slopes became significantyenmegative over the years, which
was attributed to increased selective exploitatiotarge sized fish.
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Figure 7. Example of size spectrum for the Nortl 8emersal fish community from experimental trawl
surveys in 1977 and 1993. The numbers of fish @emlsize class are shown on aclsgale. Note the
steeper slope and higher intercept of the fittéaticmnship in 1993. After Rice and Gislason (1996).

The selective removal of large — mostly predatofigh was also documented by Pauly
et al (1998) in the widely cited “fishing down magifood web” process. This process
reflects a gradual transition in landings - usedrasdicator of the availability of fish in
the sea - from large, long-lived, fish eating bttish high in the food-chain toward
smaller, short-lived, invertebrates and planktaimgapelagic fish low in the food-chain.
The disappearance of large (predatory) fish anddnsequent alteration of the foodweb
is now being recognised as a symptom of overfishimg so-called ecosystem
overfishing (NRC 1999, Murawski 2000, Coll et &01D).

In conclusion, the selective removal of large fisles not only affect life history traits of
individual fish populations in the long run, busalthe overall fish community structure,
and thereby the internal food-web processes tipagésent a major part of ecosystem
functioning. So far we have described the histdeyelopment and consequences of the
‘how’ question (gear selectivity) in fisheries mgeaent. We will now turn to the
epistemology and outcomes of the ‘how much’ questiefore we relate these two to the
situation in small-scale fisheries.
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Part 2: Open access - the origin of the common property theory (CPT)
and need for management

The idea of restricting the entrance into a fisHi@gminal fishing effort, fig 6) is much
younger than size and gear limitations. In factuopl the First World War, there was a
great debate on whether man was actually capal@dehafusting the fish resources. The
influential Darwinian biologist T.H. Huxley in 188&gued strongly against all restrictive
measures as he considered that fish resourceseateaustible and man’s capacity to
harvest was limited (Smith 1994), though he prormedrthat with the important qualifier
“in relation to our present mode of fishin@his view changed rapidly in the following
decades of technological development as many feshehowed signs of reduced catch
rates and possibly depletion. Huxley himself helfueth the Fishery Board of Scotland
to prevent overfishing. Concerns about overfishatgto the creation of the International
Council for the Exploration of the Sea (ICES) ir02%nd one of its first standing
committees addressed overfishing (Rozwadowski 2@@2)m the mid-1960s it became
increasingly clear to the various North Atlantishferies commissions that mesh and fish
size regulations alone were not enough to provdedtional exploitation. Fishing power
or intensity became central to the theory of fighiand control on the amount of the so-
called fishing effort’ became an essential elem&Ennhanagement (Caddy 1999, Halliday
and Pinhorn 2002).

The control of effort, or “management belief” dsicse (Jul-Larsen et al. 2003), is based
on the long reigning image among ecologists thasgstems are closed entities in
equilibrium, or at least in a process towards éguim, with limited resources. Humans
are generally not considered part of the naturatipe environments, and human
interventions, such as fishing, are therefore mghias an external disturbance with
significant effects that affect the productivitytbe system. There is a long historical
tradition for this view in resource management, énotally dominates the abstract
mathematical modeling framework that characterizderies science (Rose 1997,
Angelini and Moloney 2007).

One of the first models to be used in populationadgics was by reverend Thomas
Malthus (1798) addressing the fear of unlimited harpopulation growth. Malthus
exponential growth rule was later modified by Vdsh1838) who introduced the
concept of the dependency of a population’s gramitlits own density under limited
resources or so-called “carrying capacity”, anddbg transformed the exponential “J-
curve” into the logistic “S-curve” of a populatigmowth trajectory in a constant
environment. Verhulst’s logistic curve, predictitige highest growth rate at a population
size midway to the carrying capacity, was introdutteecology by Raymond Pearl
(1924) and soon explored by fisheries biologist®(tet al. 1933, Graham 1935,
Schaefer 1954, 1957) for determining optimum yiélde biological foundation of
fisheries resources management was shortly aftené&d with economic theory in the
seminal paper on common property problems by Go(#l854). Gordon argued that a
common property resource, with uncontrolled contpetiexploitation under diminishing
returns (decreased catch per unit effort, CPUE}leviead to poverty because the
harvesting would end yielding no economic profal(xe of landings minus costs is zero,
Fig. 8), or as Gordon wrot&Vealth that is free for all is valued by nortge fish in the
sea are valueless to the fisherman, because there assurance that they will be there
for him tomorrow if they are left behind todagGordon 1954:135).
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Figure 8. Example of a derivative of the logisjimowth curve and the Common Property Theory. A
Schaefer surplus production model (parabola) fittedatch per unit effort data (black dots) for Higgest
single species fishery in the world, the Peruviartiovy fishery, in the 1960s (after Boerema andabdl
1973). The dome shaped hypothetical productionecmote that there are no observations on the right
side) assumes the total catch entirely as a fumctidotal effort (Gross registered tonnage tripddximum
sustainable yield (MSY) is around 11 million tonr@sgained with 30 million GRT trips. Any effort leV
above this will theoretically result in overfishingith predicted reduced productivity (descendinm)ar
Superimposed is a theoretical Gordon economic madgch assumes the cost of the fishery is a linear
function of effort. The solid low cost line illusties a technically poor developed fishery (e.gnallsscale
fishery), while the dotted high cost line illusteata high investment industrial fishery. If the garotion
(tonnes) is scaled to the value of the fisherynt@®T predicts that effort will develop to the psiof zero
profit under open access (where cost and valuesités). Theoretically this means that low codtdites

will tend to overexploit their resources to a higegree than high cost fisheries, and thus ameoist need

of management.

In 1968 Garett Hardin, without reference to Gordmed the same rationale to develop
his “Tragedy of the Commons” (TOC) doctrine whefreédom in a commons brings
ruin to all’ (Hardin 1968: 1244). In contrast to Gordon, hoegwho merely saw human
poverty as the result of open access, Hardin clthtigeultimate result to also include
the destruction of the biological resources. Alijlohis essay was originally meant as
another motivation for controlling the human popiola growth (‘freedom to breed
brings ruin to alf), this aspect has later been totally overshadolmethe focus on
private property rights in later references on uese management (Feeny et al. 1990).
The “Common property Theory” (CPT), and particulats resource destructive alias
“The Tragedy of the Commons” (TOC), which occursewlproperty rights are absent
and access to a resource is open has since becmnwé the most influential theories
guiding contemporary natural resources managemepresent, the dominant doctrinal
view is that private property is clearly superioeicommon property (Ostrom and Hess
2007). Fisheries in particular are considered thgsic examples of the “Tragedy of the
Commons” (Berkes 1985, Benjamin 2001), and many@tists since Gordon (1954)
have argued that overfishing problems could onlgweErcome if we somehow privatize
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the commons (e.g. Leal 2005). Recently, pseudo-wshing in the form of Individually
Transferable Quotas (ITQs), is rapidly spreadingnany industrial fisheries as the
management tool of choice. Likewise, conservatiotolists have embraced the TOC
idea and open access fisheries are practicallyrgynous with the apocalyptic road to
overexploitation and destruction.

The supposition behind CPT and TOC, that privatp@rty was superior to common
property, was soon to be challenged by social aptilogists and human ecologists (e.g.
J.M. Acheson, B. McCay and F. Berkes) using emgliewidence to demonstrate that
many common production systems contain varioud las#itutional mechanisms that
regulate people’s access to the resources (e.gyeeal 1990). These scholars argued
that by taking for granted that a common propegtyime implies free access to the
resources, the CPT fails to understand the sowsétutions that often are critical in the
management of resources in local communities. @imgirical emphasis on local
management regimes as “community-based” represantatternative to the state-
centred solutions advocated by the protagonis@Rar (Jul-Larsen et al. 2003). During
the 1980s, management studies were influencednleyvanterest in economics and
social sciences for institutional analysis (Ostrt®90). Though these scholars were
inspired by anthropological studies of local rui@sthe management of common
resources, the “new institutionalism” viewed natuegsource management from a
slightly different angle. Instead of the strong éags on local communities that many
anthropologists had advocated, management becameeaha question to be resolved in
the interface between the state, the civil soceiy the market. The term “co-
management” thus came to substitute that of “conitymliased” management, even if
the critique of the CPT thinking in many ways renea the same. Common to all the
theories, however, is the fundamental assumptian“groperty rights”, whether private,
joint or communal, are necessary for the long-teuastainable use of local resources. In
practically all the disciplines discussing resourt@nagement, whether economic,
political, anthropological or ecological, then o free access is considered
unsustainable. The management/co-management dedsatkerefore mostly focused on
who shouldnanage rather than evhat shouldbe managed. Whether decisions on
objectives and regulations or the enforcement afagament rules are put in the hands
of the state, the local community or as a co-opandietween these, all approaches are
based on the assumption that fisheries always mast@ould have regulated access to a
limited resource or else it will be overexploitétbwever, from both a natural science
and a social science point of view this “managenbetief” assumption is not self-
evident (Jul-Larsen et al. 2003).

Internal versus external drivers of productivity

If management in terms of property rights, effattol, or access limitations to the
resources is to be effective, then there mustdeaa relationship between human
activities and the regenerating ability of the gsbsm. Management models based upon
CPT represent a density dependent equilibrium ambrand consider human
intervention as the only significant external valgawhile any natural variability is
“noise” or “process uncertainty”. The dome-shapadtronship between effort and
production and the concept of ‘maximum sustaingltdkl’ (MSY), are in fact based

upon the assumption that a close correlation ekistiween human intervention (fishing)
and the regenerating capacity of the system. @jigdowever, if other external variables
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are more than just minor ‘disturbances’, but ad¢yumle significant drivers that may alter
the dynamics of the ecosystem and keep it in dgtens state of non-equilibrium, the
picture becomes far more complicated (Fig. 6). Garethen no& priori say how
changes in effort will affect the system (as assimd=igures 5 (right) and 8), since the
effect of effort must be expected to vary accordmthe magnitude of the external
abiotic variables (E in Fig. 6) that drives theteys and determines the size of the
resources.

This discourse relates to what has been termedewtsological science as timew
ecology'or ‘dynamic ecology(Zimmerer 1994). This ‘new ecology’ questions theage

of ecosystems without human intervention and asede@ntities in equilibrium or in a
process towards homeostasis. Instead it regardsdoosystems in most cases to be in a
constant and ever changing state of disequilibrdensity independent instability, and
even chaotic fluctuations due to external variablesh as climatic variation (e.g. in
rainfall, temperature, wind and evaporation) or aarmterventions (habitat change,
eutrophication). The discussion between interndlexiernal drivers, or between density
dependent equilibrium and density independentdlatbns is in fact not new to fisheries
and can be traced all the way back to the beginaiitige science (Hjort 1914, Skud
1975). Actually, it seems to reappear every tinfisteery has unexpectedly collapsed or
recovered. Incidentally, the increasing occurreside widely heralded fishery
‘collapses’ is almost identical with the increasoagurrence of less advertised recoveries
(Fig. 9), which could be an indication that natdhattuations are much more prevalent
than the equilibrium theory assumes.

W Collapsed
E Recovered
7 | O Never collapsed

Number of taxa (thousands)
N
l

| T | T |
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Figure 9. Total global fishery taxa grouped inttegaries of never collapsed, recovered, and calhps
using the criteria of Worm et al. (2006). Whileiaareasing percentage of fisheries are in a catldssate,
the total number of fisheries has grown and cobiaances this effect. Simultaneously an almosttidain
increasing number of taxa have recovered, andatie ¢ollapsed/recovered is steadily around 1 distu
slightly decreasing in favor of recovered). Thiselepment could therefore just as well indicateglogrm
climatic driven fluctuations as failed/successfamagement interventions. E.g. both the North Sednige
stocks and the Peruvian anchovy stocks (Fig. 8¢ hepeatedly collapsed and recovered again. After
Branch (2008).
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Although climate-related variability of fish poptitans is now recognized to be the rule
rather than the exception (Klyashtorin 2001, Lelyoekeal. 2006), the theoretical
biological and economic models used to inform fisleemanagement are still inherently
dependent on equilibrium assumptions and/or prakliettop-down drivers, and therefore
these assumptions continue to be silently transthitito management considerations.
We only can manage fisheries by regulating effod gears, and this also means that we
must believe in the models that describe the yiiiftthese measures while disregarding
the generally overriding effects of nature. Thexdtad assumption of fisheries theorist is
that density dependence is present but hard tdlserefore faith plays an accordingly
large part in fisheries scienceglLarkin 1978:63).

Natural predators and open access

The ‘management belief’ discourse considers hunstiares subject to other rules than
natural interactions between populations. Humaesat part of the ecosystem they
exploit, and since they allegedly will tend to hest/the system to the point of zero profit
(CPT), or even degradation and collapse (TOC), thaegt be managed (i.e. somehow
restricted). All other predators in the systemraatural components even though they
also harvest a common resource (their prey). Theiteof predators is basically
regulated by the amount of prey (Fig. 6). Thusdéweying capacity of a predator
population is equal to the maximum productivitytted prey, which theoretically is at a
density around half their own carrying capacitya [fredator overshoots its carrying
capacity, i.e. when it “overharvests”, the preydarctivity will decline, and the predators
must respond by reducing their abundance — leadingcillating cycles in density of
predator and prey - or switch prey. Although theseciples are derived from exactly the
same ecological reasoning and models as CPT and thef@ seems to be a fundamental
epistemological distinction between human and @&pnedators although they both
essentially are doing the same, i.e. harvestingrgibpulations. The basic argument is
that humans always have the technological prowessaintain pressure on the resource
while utilizing additional resources to sustainriselves and therefore are different than
other predators. The question however is why wtheg do this if there is no profit and
even diminishing returns? A question that nobassnss to ask is why does CPT not
apply to natural predators? They are also hangsticommons. Why are they usually (!)
not overexploiting and destroying their prey? Dbeman harvestinglwaysdiffer from
other predators? Barring institutional argumerter¢ seems to be no logical reason, why
fishers, at least those with limited technologydd behave fundamentally different
than other predators: thus their density shoultelgalated by the productivity of the fish.
In other words, when the individual catch rate éiSherman becomes too low for him to
sustain a livelihood, he must leave, switch resesiar increase his efficiency. The latter
is achieved by higher investments in industrialiisderies, and the last two by changing
the selectivity (smaller mesh sizes, gear divaraiion) in small-scale fisheries. It
appears that most African inland fisheries, withittlyet relatively low technological
level, behave largely as natural predators, iediénsity of fishers to a large extent
seems regulated by the environmentally driven mapnoductivity of the ecosystem as
will be shown in the next section.
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Part 3 - Small scale fisheries and the narratives on selectivity and
open access

Small scale fisheries (SSF) are estimated to dmrtimore than half of the total global
landings, more than 2/3 of the catch for domesatim&n consumption, and employ more
than 90% of the world’s fishers (BNP 2009). Compaxrethe industrial fisheries,
however, the research on SSF is insignificant,thack are big gaps in our knowledge on
their functioning. Due to the increased marginaicraof small-scale fisheries in the
industrial world, or their conversion into semi-usdrial or recreational activities,
artisanal fisheries are more and more associatéddsveloping countries. They are
often perceived as traditional, poorly equippedssatbnce fisheries subject to Malthusian
overexploitation (Pauly 1994). Informally organigbdy are habitually looked upon as
unruly members of a society that are difficult tamage (Misund et al. 2002). Small-
scale fisheries are mostly low cost, low-tech rasiecies fisheries that use a variety of
gears. Many of these gears and particularly trditiosmal ones such as seines, small
mesh-sizes, drive- or beat fishing, barriers anilsage often classified as illegal under
the pretext of being non-selective with assumeadtieg impacts on the fish populations.
However, in line with the scarcity of studies o #ffect of size selective fishing on fish
populations and communities in industrial fisherie=y few studies have actually
investigated the effects of using the illegal fighimethods in multi-species and multi-
gear fisheries. In the few instances where theshatuypact of non-selective illegal gear
used in small-scale fisheries have been studieslaim open question how “detrimental”
these fishing methods in fact are (Misund et al2®@lding et al. 2003a,b).
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Figure 10. Relative biomass-size distribution wittear regression from Zimbabwe (Unfished area) and
Zambia (Fished area) experimental fisheries dutfiegperiod 1980-1994 for all fish caught in mesesi
50-152 mm. Linear regressions on In-transformeddstedised mean catch rates (gram/45 m net set) were
made from length range 23-89 cm (Zimbabwe) and %+ (Zambia) (from the highest value to first O-
observation). The slopes are not significantly etight at 95% confidence levdAfter Kolding et al.
2003a).
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The inland fisheries in Africa are among the béstlied SSF from a fisheries
perspective. The majority of these are open admgissave gear and mesh regulations
that are almost universally ignored. Man-made U&&aba for example, is an interesting
case study because the two sides of the lake, Zaamoi Zimbabwe, have had very
different management regimes since its creatidl®#60. While the Zimbabwean side has
had strict enforcement of licensed effort, gears rmesh sizes, the Zambian side has
experienced open access with ensuing high fishiegspre and changing fishing patterns
in terms of an increased use of small mesh sizésastomary use of traditional, but
illegal, fishing methods such as drive (beat) fighiThe results (Kolding et al. 2003a)
after 40 years of different management regimes ghawthe Zambian production is
approximately six times higher than on the Zimbadmvside, but with no symptoms of
overfishing. While catch-rates of individual fiseen Zambia are lower, there are no
significant differences in the mean size of thavihlial fish species or in the species
landings, community composition, or diversity ineBdetween the two sides of the lake.
In fact, the overall size structure of the fish coumity was largely intact compared with
a non exploited section of the lake (Fig. 10): ttas be attributed to the more unselective
fishing pattern from small mesh sizes targetingpécies at different trophic levels in the
15-40 cm length range. Thus, in contrast to thenisively exploited industrial fisheries,
such as the North Sea, with clear symptoms ofseective effects (Fig. 7), the only
discernable effect from the ‘unselective’ fisherythe Zambian side of Lake Kariba is an
overall decrease in the standing biomass. ThuBghe€ommunity is largely intact
although all components are less abundant.

The optimum fishing pattern?

A fishery that harvests all species at all tropéi@ls and sizes at rates proportional to their
natural productivity will be overall non-selectigad has been labelled the “utopian” but
optimal exploitation pattern (Caddy and Sharp, 3986e question is how can this be
achieved?

The Zambian side of Lake Kariba (Fig. 10) and ikkdry in Lake Volta (Fig. 11)
illustrate a process that can be found in most @oeess small scale artisanal fisheries,
and which result in minimal selectivity. The comstiial and error in a strongly
competitive fishery, where all fish can be utilisgdnerates through an ingenious
diversification and combination of gears and throtapidly changing fishing practices, an
overall species, abundance and size compositithreinatch that may closely match the size
and species structure of a fish community as vediha productivity of its various
components. Therefore, as all fishing gears areeraptess species and/or size selective,
the “utopian” non-selective exploitation patteras ©nly be achieved by employing a
multitude of gears simultaneously. Floodplain fisé®in the large Asian rivers, for
example the Mekong River (Coates, 2001) are exargdlaighly complex fisheries in
which a large number of species are targeted narmous diversity in gears, without
evidence for any of the species disappearing flwrsystem. The Bangweulu, Lake
Mweru and Lake Volta fisheries are similar exammgElow the different gear types,
many of which are illegal, are targeting differparts of the fish community (Koldingt

al. 2003b, Van Zwieten at al. 2003, van Zwieten eirapress).
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Figure 11. Left: The trophic signature of fishingags: mean trophic level of the catch in 21 gepesated
in Lake Volta, Ghana. Right: The average of the imaxn size that individual species can attain caught
21 gears operated in Lake Volta. Shown in bradkettse number of species caught by a gear, follomwed
the number of samples (n) on which the proportcaiculated. Both graphs combined give an indioati
that the Lake Volta multi-species and multi-geahéries target all trophic levels and a large sirge of
species: in total 74 species are utilised overistirfig methods (21 are shown). On average each gear
catches around 25 kg per day and the fishermert #iigipgear constellation (fishing pattern) acéogdo
season and space. After van Zwieten et al, (inspres
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Figure 12. How a fishery intervenes on a commurtitgdeman thropic pyramids with fish predatorshe t
top and phytoplankon and detritus eaters at théolotThe width of the triangle represents relative
biomass. Black curves represent selective expioitghatterns, arrows the direction of increasetitig
pressure (Adapted from Jul-Larsen et al 2003).

In other words, the multi-gear (overall nearly uastve) fishing pattern employed in
many small-scale fisheries, combined with the gbdf fishermen to adapt to abundance
changes and change their target species even witimgle trip (Misund et al. 2002, Jul-
Larsen et al. 2003, van Zwieten et al. in pressihée closest example of the optimal
exploitation pattern that exists. Thus, the coneginegative image of “indiscriminate
fishing methods” or “fishing down the food webs"astually not (always) ecologically
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evil but often represents a fishing pattern whbeeftshery exploits all trophic levels in
proportion to the natural production. A non-selsetharvesting pattern is not only
optimal, but also in principle ecosystem conservifvpile everything is less abundant,
the relative fish community structure remains |largmchanged (Fig. 12).

The optimum fishing pressure?

The primordial notion of unmanaged fisheries i thay will result in tragedies, poverty
and destroyed ecosystems, if not from destructeaggy then at least from too many
people (Cunningham et al. 2009). Many small stisheries, however, are often serving
as a social security net for the riparian humarufaipns (Panayotou 1982, Jul-Larsen et
al. 2003, Béné 2004) and function as a safety watven other economic opportunities
are failing. The solution in the management literatis simply to establish alternative
livelihoods and income activities, but the fact eens that fishing still remains an
important alternative when other livelihood stragsgail. While economic theory is the
primary justification for closing open access & kbcal scale, no economic analyses,
with the exception of a rough calculation in Béhéle(2010) has ever examined the
costs of closing the natural social safety netsa#ibnal, regional or even global scales.
The past 15 years has seen a strong push for udirggl co-management and user rights
in small scale fisheries, under the default, allaegely undocumented, assumption of
‘tragedy’ scenarios. Often, however, an ‘instrunaéapproach’ (Nielsen et al. 2004) to
co-management is adopted through a simple shifegponsibility’ of management from
the state to the users but with no changes iniegistgulations. This new management
paradigm based on rather fuzzy user rights is mamiced by social scientists (e.g.
Normann et al. 1997, Geheb and Sarch 2002, Wilsah 2003), and its wide promotion
poses a strange paradox as their disciplines Wwergrst to challenge the presumption
behind CPT and TOC. It appears that the criticishmiited to thesocialassumptions of
the CPT theory, while the social scientists hawdgedg ignored, or failed to understand,
the problematic underlyinigiological assumptions of internal equilibrium and steady
state, which is actually a prerequisite for seeifigcts from effort control. The question
is if effort is controlling productivity or whethgroductivity is controlling effort?

Lake level changes and their relation with natural productivity

The fluctuating externally climate controlled hylirgical regime is very important in
stimulating fish production in tropical lakes am$ervoirs (Kolding and van Zwieten
2006). When lake level rises terrestrial vegetaisosubmerged and nutrients leaching
from decomposing organic matter (dung, terresgnias, shrubs and trees) and nutrients
from outside brought by rivers or rain, resultricrieased plankton and fish production.
These effects result in better spawning conditenms excellent conditions for growth and
survival of juveniles of fish species. For mospioal freshwater fish the dominant
breeding peak coincides with the local rains, monsoor floods. African fishers are
well aware of the close relationship between rait fish, and "Fish come with the rain”
is a common expression. While this relationshiplbag been recognised in river and
floodplain fisheries (Welcomme 1976) its validityrfalso lakes and reservoirs is more
recent (Kolding 1992, Karenge and Kolding 1995;Larsen et al. 2003, Kolding and
van Zwieten 2006).

Thus, by examining different scales of hydrologiadiability, we can make a general
classification of lakes in terms of the externaibntrolled system stability and
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productivity. As fluctuating environments are doated by short-lived species and
shorter food chains there is a general positivatimiship between the degree of
environmental fluctuations, and the productivityde This general relationship can be
used to compare different African lakes, which bargrouped according to a fluctuation,
or productivity pulse, index (Jul-Larsen et al. 20Bolding and van Zwieten 2006)
called the Relative Lake Level Fluctuation (RLLRYlex. Standardized catch (annual
yield per knf) as well as the standardized effort (number dfefis per krf) appears to
increase significantly the more pulsed a systenfisigher seasonal RLLF) (Jul-Larsen et
al. 2003). Interestingly, the standardized cattésré@on/fisher/year) have no correlation
with RLLF. This strongly indicates that effort tdaage degree may be self-regulating in
open access African inland fisheries by the pradingt(yield) instead of vice versa as
usually assumed.

In addition, in the range afe factoopen access African freshwater fisheries, eatiefis
catches on average 3 ton/yr (range 1-5 ton/yr3peetiveof the system where he fishes,
indicating a linear relationship between ‘produetiand ‘effort’ (Fig 13). The most
fluctuating, and thereby resilient and productiystems in African inland fisheries are
also the most intensely exploited, while the stagpecies rich, and therefore most
vulnerable systems are also the relatively legstoged. For Lake Victoria, where fish
production has increased due to increased eutrafpbmc(Kolding et al. 2008), the effort
has increased accordingly. Lake Kainji, on the obi@d — one of the most productive
lakes in Africa - has since 1996 experienced a 68daction in effort due to imposed
‘co-management’ regulations in the form of effeetwbanning beach seines, small mesh
sizes, and mandatory licensing (Abiodun 2003, Alanal. 2003). The only visible
result (Fig 13), is a corresponding 60% decreasteid and no positive response in the
individual catch rates as the models assume. $nctise the donor driven ‘management
project’ has only turned a high biologically protiue into a less productive system
while generating an exodus of mainly non-gear ogfishermen (assistants, crew) who
based their livelihood on this fishery. On closeamination none of these systems have
showed any signs of biological overexploitation-{Jarsen et al. 2003, Van Zwieten et
al.in presg and for many — except Kainji - the exoduses ftomfishery may be as
prevalent as the entry, thus confirming their mdeemporary stations to earn a living
(Jul-Larsen et al. 2003). These rather surprisasglts do not conform to the ruling idea
of open access fisheries as victims to the ‘tragscnario. On the contrary, the results
strongly suggests that the overall fishing effder{sity of fishers) exerted on these
systems is limited by the productivity of the ecsieyn through individual catch rates,
rather than following the “Tragedy” assumption wéeroductivity would be degraded
by an unlimited growing effort. In other words, thygen access, low technology African
inland fisheries appear to behave like a predatey-pystem which fluctuates, but where
the predators are ultimately limited by the produtt and abundance of prey.
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Figure13 Catch rates plotted versus effort density in 18o&in lakes, of which 16 with data from the
period 1989-92 (excluding Lake Victoria and Kairgie used for the “All lakes” regression (solicelin
The regression shows an average yield of abouS8ger fisher per year irrespective of water bauty a
country. The symbols show diamonds = low, triangléstermediate and squares = high Relative Lake
Level Fluctuation (RLLF). Superimposed (dashed, loyen circles) is the development in Lake Victoria
between 1970 and 2008 that shows how productisyihcreased over time concurrently with the inseea
in effort and eutrophication. Three periods canliséinguished: after an initial boom in productiarthe
late 1980’s and early 1990s following the starthaf Nile perch fishery the catch rates approached t
overall mean. Since 2004 the catch of the Lakereaominated by DagaR#éstrineobola argentga
Naturally productive Lake Kainji (dotted regresslore on light garys squares) shows an opposite
downward trend between 1995 to 2001, where eféattictions since 1996 following donor driven
management actions has resulted in a much reduekel] lyut unchanged average catch rates of 2.15
tonnes per fisher per year. Fishers are all peaqtigally involved in catching fish (i.e. gear ar@hb
owners and crew). Updated after Kolding and vanefavi (2006) and Kolding et al. (2008).

This situation is not unique to African inland festes. Myers (2001) showed that the
individual catch per man in the Newfoundland inghood fishery appears to have been
constant around 10 tonnes per year over the pastémturies. Furthermore, in
accordance with the self-regulating principle, whte catch rate was above this level,
the fisher populations in the settlements increaside when it was below this level
fisher populations decreased. Myers concludeddselts from the Newfoundland
fishing settlements as consistent with the behavpoedicted by Gordon’s (1954) bio-
economic model.

Conclusions

We also believe that Gordon’s model on common ptgges its merits, but with an
essential qualifier. Effort in an open access figlv@thout subsidies will tend to fluctuate
according to the catch rates (productivity of tiigstem), and these catch rates will
represent the average minimum economic profitdhfeghermen can accept. This will not
necessarily be unprofitable or lead to a situatwbere fishers will be locked in poverty,
as Gordon assumed. Thus fishers are not inhengadlyin an open access system, even
if their density is too a large extent determingdhe catch rates. Fishing has always
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been a dangerous and risky occupation, and thedisettlements of Newfoundland
would not have persisted over centuries, if théahihes per man per year had not been
profitable and acceptable. The African fishers appe accept a lower level around 3
tonnes per man per year, but they are also notyalpaor (Béné et al. 2006, 2009). If the
acceptance level for staying becomes so low tleetheally is no economic profit left,
then the ambient socio-economic conditions will Mikely be so detrimental that
exclusion and effort control would be hard to jiystin simply humanitarian grounds.
The Malthusian poverty trap then is probably mdteroa consequence of institutional
failures or economic marginalization than a restitesource degradation (Béné et al.
2010).

Furthermore, there is no direct inevitable linkvbetn Gordon’s prediction (poverty) and
Hardin’s prediction (tragedy). The level of accdyi¢acatch rates alone will tell nothing
about the actual state of the resource. It is tufiately a common misunderstanding
among resource managers that a decrease in cégshga sign of overfishing — but seen
in isolation it is only a sign of fishing. In steadtate systems, catch rates will start
decreasing from the very first fisher that entbesgystem and continue to decrease
gradually with increased effort, also in multisgecfisheries (Worm et al. 2009).
Biological overfishing will first occur when totahtches (not individual) start to decrease
(Fig. 8), but that point is not easily determinetdiforn and Walters 1992) and will
change according to changes in productivity. Timdévidual catch rates, i.e. the fisher’s
revenue, may be low, high or alternating withowt ¢civerall productivity having reached
its maximum, but this cannot be judged based achaates alone. The inshore
Newfoundland cod fishery was, although fluctuatisgstainable for four centuries, and it
is still debated whether the notorious collapsspde high catch rates to the end, was
mainly due to the massive overfishing of the offghiadustrial trawl fleet, species
interactions, poor science or climatic changes. Amleven less understood why the
northern cod stocks have not yet recovered despitelecades of moratorium (Rose
2007).

The global discourse on fisheries management waslajged within the modern
rationality of industrialised societies based ostedtt bio-economic models with strong
underlying assumptions of constant environmentstapdaiown control (Nielsen et al.
2004) in an attempt to answer the biological goestion how much catch and how to
catch it. The first question has almost unanimobsign combined with the economic
assumption that open access would lead to povedylastruction —or at least would be
vastly inefficient - under the premise that theestaf the resources was controlled by
effort instead of vice versa. Consequently, this lead to a universal paradigmatic belief
that effort control is indispensable whether byoeoément (state control and policing) or
user-rights (various derivatives of co-managemdiig alternative option that a dynamic
balance may be reached between productivity ofdkeurces and the individual gain, by
a bottom-up control of the harvesting rate, appabr®st inconceivable although there is
empirical evidence around from small-scale fiskerighe other question, how to harvest
(selectivity), has apparently been dominated mgredmnomic and normative
considerations, than on a full understanding oflifeehistory of fish (Fig. 1). A pig

farmer would slaughter his sow and let the pigigtav up; while an apple farmer would
harvest the fruits, but never cut down the tree.ilfterently treat — and model - fish like
livestock, although the biggest obstacle in fisk®gcience has been the consistent lack
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of relationship between adults and recruitmengrgjly indicating that the life history of
fish is closer to insects and plants. Our comman & unselective harvesting is based on
a synthetic mathematical model without empiricatience of populations behaving
accordingly. On the contrary, there is increaswvigence that only show negative
ecological effects of adult size selectivity. Lgsthur theoretical models are still single
species considerations as we have not yet develpedorm theory on how to harvest a
multi-species community without causing structuwt@nges (Larkin 1996). Everything
else being equal, however, we can safely dedu¢éhtbdess we select on species and
sizes, the more the original composition and stmecof a fish community will remain

the same.

Thus modern rational fisheries management pertsapgtiso rational as we wish to
believe when compared with the ‘unregulated’ opeseas small scale fisheries that are
inherently controlled by the shifting productivijpd changing constellation of the
ecosystems they live off, and that have developealvarall unselective harvesting
pattern to cull all components of this unprediataflosaic. Although this

‘indiscriminate’ feature is exactly what has eartieein an overall negative reputation, it
appears that it is much closer to sound ecologigatiples, and conserve the structure of
the ecosystem (Figs. 10 and 11). Lastly, we queshie rationale for systematically and
effectively excluding open access to small scalediies, the last remaining common
property resource, and thereby often the last neimguoption when other income
generating activities fail. Many African inland wees fisheries function as a social
security institution and restricting access, evedean co-management, will create
inequity and social injustice. When right-basedh@ples are invoked, the question
always is who shall be given rights and who shalekcluded? Furthermore, the
investment opportunities for obtaining highly eiict destructive fishing technologies in
open access artisanal fisheries is mostly so lawttie sustainability of the resource is
generally not threatened. In other words, wheare#ind development is more
demographic than technological (Jul-Larsen et@D32 then efficiency in catch rates will
remain too low to effectively destroy the resourédesontrast, the continued effort
reduction and synchronous increased efficiencpdustrialised fisheries over the past 50
years has generally not lead to better stock statusore catch from particular
ecosystems, only less fishermen (Hersoug 2007). &fs generally much more resilient
than mammals, and by uncritically promoting andlengenting mesh size, gear and
effort regulations in small scale fisheries managetve may create more transmitted
tragedies than those we try to prevent.
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