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bstract

A group of fisheries scientists participating in a European Union Network of Excellence (MARBEF) summarizes risks to the biodiversity of fish
n European seas and recommends ways how existing fish diversity can be conserved, restored and managed.

2008 Elsevier B.V. All rights reserved.
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Biodiversity is the quantity, variety and distribution across
iological scales ranging through genetics and life forms of
opulations, species, communities and ecosystems (Mace et
l., 2005). Biodiversity affects the capacity of living systems
o respond to changes in the environment, underpins ecosystem
unction and provides the ecosystem goods and services that
upport human well-being (e.g., nutrient cycling, clean water;
ostanza et al., 1997; Hooper et al., 2005; Diaz et al., 2006). As
ell as having intrinsic value, biodiversity has aesthetic value:
any of us have admired the wonderful colours and shapes of
shes on coral reefs and in other coastal habitats. Some benefits
f biodiversity are not apparent today but may be unlocked in
he future (known as the option value): compounds derived from

arine animals and plants may serve as medicine to prevent and

ure more of our ills in the future. Biodiversity also has cultural
alue when it is directly linked to the cultural fabric of human
ocieties.
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Moreover, biodiversity is important for the future sustainabil-
ty of marine natural resources that include commercial fisheries.

hile it is axiomatic that biodiversity is essential for sustain-
ble productive fisheries there is surprisingly little supporting
vidence. Fisheries that exploit a range of species or a range
f populations may have more stable catches than fisheries that
xploit a single species (Dulvy et al., 2000; Hilborn et al., 2003).
he Pacific salmon fishery in Bristol Bay, Alaska exploited a
tock complex of several hundred discrete spawning popula-
ions. The contribution of some geographic components and of
ifferent life histories and populations to fisheries yield has been
inor in one climate regime yet dominant in another (Hilborn

t al., 2003). Maintaining such diversity or biological complex-
ty of population structures can only build resilience and insure
gainst climate change (Yachi and Loreau, 1999).

According to WSSD (2002) and other international agree-
ents, countries have to manage their natural resources in ways

hich conserve both the resource and biodiversity (e.g., Biodi-
ersity Action Plans for the Conservation of Natural Resources,
griculture and Fisheries (WSSD, 2002; DARDNI et al., 2005;
U, 2005a)).

mailto:brm@difres.dk
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. Threats to fish biodiversity

The main factor that threatens marine fish biodiversity glob-
lly is fishing (Dulvy et al., 2003; Garcia et al., 2006). For
xample, worldwide over 40 local populations of marine fishes
ave gone extinct as a result of overexploitation (Dulvy et al.,
003). These local losses represent an erosion of global biodi-
ersity. Moreover, stresses due to other factors such as climate
hange, habitat loss, invasive species, eutrophication and pol-
ution can accentuate fishing-induced declines and inhibit or
revent recoveries (Garcia et al., 2006). For example, cod popu-
ations in the Baltic and North Seas declined due to high fishing

ortality rates combined with deteriorating climate and oceano-
raphic conditions (Beaugrand et al., 2004; Köster et al., 2005).
hese factors reduced young cod survival, and have been inhibit-

ng recovery (Beaugrand et al., 2004; Köster et al., 2005; ICES,
006).

Population assessments are available for only a small frac-
ion (<100 populations, <30 species) of Europe’s marine species
nd the long-term viability of many targeted and non-targeted
shes is unknown. This situation applies for example to large
arts of the Mediterranean and to deepwater species, that are par-
icularly vulnerable to overexploitation (Leonart and Maynou,
003; EEA, 2005). Even when assessed, that knowledge may
e insufficient to guarantee sustainability, for some species e.g.
luefin tuna. Threats to the sustainability of this species include
nreported catches and the landing of fish below legal size
Fromentin and Powers, 2005; ICCAT, 2006). Many other fish
pecies which previously provided substantial catches are now
o rare that they are no longer targeted. However, such species
e.g. common skate, spurdog, angel shark) have sometimes been
aught as bycatch in sufficient quantities that they have become
ulnerable to local extinction (Brander, 1981; Rogers and Ellis,
000; Hammond and Ellis, 2005),

. Detecting biodiversity change and its ecosystem
onsequences

Traditionally, fish biologists have focused on studying popu-
ation and species-level biodiversity captured in routine fishery
urveys. Fisheries scientists have long viewed fish populations as
arge, open and relatively homogeneous with widespread larval
ispersal ensuring genetic uniformity (Hutchings et al., 2007).
enetic tools and “common garden” experiments are unveiling
reviously hidden biodiversity with evidence for sub-population
tructure and isolation by distance (Carvalho and Hauser, 1994;
ielsen et al., 2001). Some genetically distinct populations

ppear adapted to local conditions and have specific behaviours
e.g., migration and mating behaviour) and life history reac-
ion norms for growth and survival (Rowe and Hutchings, 2006;
utchings et al., 2007). Modern genetic approaches provide
eeper insight into the complex lives of fishes and can improve
odels to enable better predictions of how marine fish bio-
iversity responds to fishing and changes in the environment.
etecting such changes will require ongoing support for stan-
ardized and long-term research surveys of fish communities,
nd the taxonomic and genetic basis for correct species identi-
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cations. Standardized research surveys, when combined with
istorical fisheries information (e.g., from written archives or
rchaeological studies (Jackson et al., 2001; MacKenzie et
l., 2002)), provide baselines against which future changes in
pecies richness and size composition can be detected and allow
dentification of the causative factors. Many fishery-induced
hanges in species and size composition of fish communities are
ow well documented (Garcia et al., 2006). What has recently
ecome clearer is that these changes affect the structure and func-
ioning of marine ecosystems, including the biomass of species
t lower trophic levels (Frank et al., 2005). As a consequence
sheries managers and policy makers have adopted more pre-
autionary and responsible approaches and the development of
n ecosystem-based approach to fisheries management (Sinclair
nd Valdimarsson, 2003).

. What the EU and its citizens can do to promote
onservation and recovery of fish biodiversity

The EU has made substantial progress in recent decades
n developing the legislative framework for conservation and
ecovery of fish biodiversity: the European Parliament and
ouncil have passed several regulations designed to protect
sh stocks, conserve fish biodiversity, and move towards an
cosystem-based approach to fisheries management. The EU
s also committed to many international fishery and biodiver-
ity agreements (EU, 2005b). Despite the legislative progress,
2–53% of the exploited fish populations in north-east Atlantic
aters have fallen below safe biological limits (Piet and Rice,
004; EEA, 2005) and many of these continue to be exploited at
evels that hamper recovery; moreover some of the populations
or which recovery plans have been developed and implemented
ave not recovered, partly because of high by-catches in fisheries
argeting other species (e.g., North Sea cod).

These observations suggest that some of the well-intentioned
egislation does not work in practice, or is not being fully imple-

ented and enforced by political and national authorities. To
olve this problem, we support the EU efforts to reduce fishing
ortality on overexploited stocks and in considering a broader

ange of conservation measures based on improved scientific
nowledge and process understanding (e.g., more and larger
PAs where and when appropriate, improved effort control,

estoration of habitats) and the member states of the EU to
ncrease the transparency of their actions to stakeholders. We
lso encourage the EU and member states to support the conser-
ation measures by ensuring effective, prompt implementation
nd enforcement. This action alone would probably have great-
st positive impact on fish biodiversity. In this context we urge
oth the EU and its member states to prioritise a focus on build-
ng resilient fisheries and securing the long-term sustainability
f fish stocks and the fishing industry rather than focussing
n shorter-term interests when negotiating quotas and recovery

lans. Such an approach should also apply to the activities of
U fleets in waters other than those under EU control. These
aters include for example parts of the Atlantic, the Baltic,
orth, Adriatic, Mediterranean, and Black Seas.
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Fish consumers in the EU have increasing opportunity to
hoose fish from sustainable sources and by doing so to drive
arket demand favouring and supporting sustainability and fish

iodiversity. For example, consumers, including individuals,
rganisations, companies and fish processors can purchase fish
hich are caught in a sustainable way. Identifying such fish at the

ocal fish shop would become easier if a sustainable fishery cer-
ification mechanism were developed and became available in
ll European countries. Such an approach however necessitates
raceability for which appropriate genetic tools are required.
hrough increasing choice, consumers have the power to influ-
nce businesses and politicians and support moves toward more
idespread sustainability.
Development of a longer-term management view, the rec-

nciliation of fisheries and conservation objectives toward
ustainability and the support for consumer choice can reduce
he likelihood of losing fish biodiversity and guarantee that Euro-
ean marine ecosystems can continue to provide the goods and
ervices that support human well-being.
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