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Marine Protected Areas serve as a tool for both marine ecosystem conservation and
fisheries management. Implementation of an ecosystem-based approach to fisheries
management further points to several shared objectives between marine conservation
and fisheries management that may be integrated through MPA development.
While many potential benefits of MPAs thereby can be identified, integration of new
research and experience between sectors would fully develop this potential in a
temperate water setting. This includes development of tools and scientific knowledge to
assist MPA selection, design, implementation, monitoring and evalution.
To explore this further, this Symposium has sought to bring together scientists,
managers and stakeholders to discuss new scientific findings and experiences on the
use of a broad range of different types of MPAs – from deep-sea fisheries closures to
coastal MPAs.
The Symposium has sought to integrate ecological, economic and social aspects of
MPAs development, and to facilitate interactive scientific, management and policy
discussions. More than three hundred works have been submitted, covering the
majority of points of view in the study of MPAs, and delegates came from fifty different
countries.
The two European Commission funded research projects, EMPAFISH and PROTECT,
that have acted as organizers, wish to thank all the institutions, keynote speakers,
contributors, researchers and colleagues that have made possible this forum to
advance in our common work.
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Human Dimensions of Marine Protected Areas
Anthony Charles
Saint Mary’s University, Halifax, Nova Scotia, Canada B3H3C3

Keynote Presentation

There is a growing realization globally that to put in place an accepted and successful
marine protected area is a challenging task. Certainly, there are major biological and
oceanographic issues that influence the performance of the MPA, but at least equal to
these are the human dimensions – social, economic and institutional considerations
that can dramatically affect the outcome of an MPA implementation process. This
presentation draws on a range of methods, from policy analysis to bioeconomic
modelling, to explore these human dimensions, and to assess the broad directions that
can be taken to increase both the initial acceptance and ultimate performance of
MPAs. Emphasis is placed on how the various benefits and costs of MPAs are
distributed, and the role of participatory processes and community involvement. The
human dimensions are also examined within the context of the ecosystem approach to
fisheries, in terms of the dual roles of MPAs in marine conservation and fishery
management.
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When do protected areas help to achieve management
objectives for the marine environment?
Simon Jennings
Centre for Environment, Fisheries and Aquaculture Science, Lowestoft Laboratory, Lowestoft,
NR33 0HT, United Kingdom

Keynote Presentation

Protected areas are widely recommended as tools to support the achievement of
management objectives that range from preservation to sustainable use. However,
management objectives have been set at many scales, from the local to regional and
global, and objectives are not always compatible within and among scales. This
suggests that science could play a stronger role in supporting the selection of
objectives, by assessing whether objectives are measurable, achievable or compatible
and by predicting the effects of the combinations of management tools, including
protected areas, that might be used to meet them. Protected areas that meet local
management objectives may not contribute to meeting objectives at larger scales, and
these incompatibilities need to be understood and managed rather than ignored. I
suggest how this might be done and how protected areas could be embedded more
effectively in existing management systems.
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Arguments for conventional fisheries management and against
no-take marine protected areas: only half of the story?
Peter Jones
Dept. of Geography, University College of London. Pearson Building, Gower Street, London.
WC1E 6BT UK

Keynote Presentation

Recent arguments for conventional fisheries management approaches (CFMAs) and
against no-take marine protected areas (NTMPAs) are reviewed, i.e. CFMAs are more
effective, density-dependent factors will lead to reduced fish stock production in and
around NTMPAs, rights-based approaches in combination with CFMAs will be more
effective, and natural refuges from fishing already exist. It is concluded that these are
largely valid but only from a fisheries management perspective. The arguments of
proponents of NTMPAs and those of proponents of CFMAs are considered as
contrasting storylines, the divergences between which are based on two key factors:
different objectives and different science. In relation to different objectives, it is
concluded that the arguments against NTMPAs based on their lack of fisheries
management benefits must be considered as only applying to the secondary resource
conservation objectives of such designations and not to the primary marine biodiversity
conservation objectives. On this basis it is argued that it is counter-productive for
NTMPAs to be 'sold' on a win-win basis, including their potential to deliver fisheries
management benefits, as this detracts from their marine biodiversity conservation
objectives and leaves such calls open to arguments that CFMAs are better able to
deliver fisheries management objectives. In relation to different science, it is concluded
that criticisms of NTMPAs and support for CFMAs implicitly resist the shift from Mode
1 (reductive, intra-disciplinary) to Mode 2 (holistic, trans-disciplinary) science that is
inherent in calls for NTMPAs as part of an ecosystem approach. Mode 2 science
attempts to accommodate both uncertainty and wider societal values and preferences,
and it is argued that arguments for NTMPAs should be more explicitly focused on this
potential. It is difficult, if not impossible and inappropriate, to extend the reductive
approach inherent in CFMA analyses to encompass the broader ethical and scientific
concerns for the health of marine ecosystems and their component populations and
habitats that arguments for NTMPAs reflect. NTMPA proponents might focus on
stressing that arguments against such designations and in favour of CFMAs do not
encompass such valid concerns, therefore they tell only half of the story.

5

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Matching the Hammer to the Nail:
Research Questions Underpinning the Success of MPAs
Steve Murawski
National Marine Fisheries Service. 1315 East West Highway, SSMC3 14659, Silver Spring,
Maryland 20910 USA

Keynote Presentation

Marine protected areas (MPAs), in all their forms, are proliferating as tools to address
fisheries and broader ocean conservation issues. In order for MPAs to succeed in
accomplishing their objectives, they need to be carefully designed, developed as
adaptive experiments, and adequately monitored and enforced. Several key scientific
questions regarding their use are largely unresolved either as general principles or in
specific cases, including: (1) source-sink recruitment dynamics, (2) potential for subpopulation selection impacts, (3) benthic-pelagic interactions, (4) edge effects and
spillover, (5) effort re-allocation and concentration outside MPAs and (6) human
behavioral adaptations to the imposition of MPAs. This paper reviews progress in
addressing these questions and provides model and empirical results emphasizing the
importance of these key issues in justifying the use of MPAs, relative to alternative
management measures in accomplishing conservation goals.
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Lessons from the past for marine conservation and
management in Europe
Callum M. Roberts
Environment Department, University of York, York, YO10 5DD, UK

Keynote Presentation

The onset of commercial fishing can be traced to several thousand years ago in the
Mediterranean, and at least one thousand years ago in northern Europe. In the north,
the rise of sea fishing coincided with the world’s first fisheries crisis as rising demand
met with falling supplies of freshwater fish. Over the ensuing centuries, fishing
intensities rose and the footprint of Europe’s fishing fleets expanded across the North
Atlantic and into Africa. By the late 19th century, fishery declines were widespread, but
falling catch rates were reversed with the introduction of steam power to fishing fleets.
Steam trawlers had an immediate impact on seabed habitats, transforming extensive
areas dominated by attached epifauna and flora into open expanses of sand, mud and
gravel. By the beginning of the 20th century, fishing had profoundly altered European
seas but it is these shifted states that have been used to inform today’s management
targets for fisheries and conservation. These targets often leave marine populations at
dangerously low levels, and seek merely to prevent further decline rather than foster
recovery. Taking a longer historical perspective shows us that reversing damage to
European seas will require a much higher level of ambition with extensive networks of
areas protected from exploitation. Returning ecosystems in protected areas to a more
natural state will build the resilience needed to adapt to climate change and
accommodate surrounding exploitation. Although many benefits will become apparent
soon after protection, full ecosystem recovery will require decades to centuries.
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Current challenges towards a network of representative marine
protected areas in the Mediterranean: a need to prioritize the
protection of underrepresented habitats
Ameer Abdulla1, Tundi Agardy2, David Hyrenbach3 & Giuseppe Notarbartolo-di-Sciara4
1 - IUCN Global and Mediterranean Marine Programme, Calle Marie Curie 35, 29590 Málaga,
Spain
2 - Sound Seas, 6620 Broad Street, Bethesda, MD 20816, USA
3 - Duke University Marine Laboratory, Beaufort, NC 28516, USA
4 - Tethys Research Institute, viale G.B. Gadio 2, 20121 Milano, Italy
Corresponding author: ameer.abdulla@iucn.org

Keywords: Biogeography, oceanography, MPA networks, representation, site selection,
Mediterranean Sea

The high endemism of the Mediterranean Sea provides a strong motivation to develop
a comprehensive plan for the conservation of its biodiversity. Thus, marine protected
area (MPA) efforts in the Mediterranean should prioritise those species and habitats of
global ecological importance. However, the long history of resource exploitation and
the multi-jurisdictional governance of these waters impose socio-economic and political
constraints on MPA implementation and management. In particular, before
Mediterranean MPAs can contribute to marine conservation globally, it is imperative
that they protect a comprehensive network of regional habitats representative of the
ecological resources of this shared basin. Today, Mediterranean MPAs are far from
being representative. Of the 70 marine areas currently under some type of protection or
management in the region, all but one are coastal, and the majority (56 or 80%) are
located along the basin’s northern shore. Ten (14%) are in the east and 4 (6%) are
located in the south. The under-represented southern and eastern Mediterranean
coasts are both ecologically and socially unique due to their particular oceanographic
and biogeographic conditions and the low levels of human development. However,
human impacts on the relatively underdeveloped areas of the southern and eastern
Mediterranean are expected to grow at an unprecedented pace in the next decades.
Given this, there is an urgent need to understand how regional disparities in
governance, institutional structures, wealth distribution, social capital, and availability of
ecological data are potentially responsible for discrepancies in the selection and
effectiveness of European and non-European MPAs. Many currently ignored
geographic areas merit special attention within the larger regional MPA framework. As
part of an integrated marine conservation agenda for the Mediterranean, we advocate
action at different nested scales. First, systematic surveys of marine biodiversity will be
required to enhance MPA implementation in poorly represented regions (e.g., southern
and eastern Mediterranean) and biomes (e.g., the high seas and the deep sea). Once
these key sites have been identified, MPA implementation will require developing
management plans in conjunction with local resource users and conservationists.
Second, an integrated network of Mediterranean protected areas, designed to
encompass the full complement of representative habitats, is required at a wider
regional scale. This approach will ensure that protection is afforded to
underrepresented species and habitats within biogeographically and oceanographically
distinct regions of the basin, and will result in greater balance between European and
non-European MPAs.
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The politicization of scientific information in MPA processes:
Lessons learned from a controversial public policy process in
California
Adina Abeles
Communication Partnership for Science and the Sea (COMPASS)/ Hopkins Marine Station,
Stanford University, CA, USA
Corresponding author: abeles@stanford.edu

Keywords: Science communication, marine protected area planning, public policy
process

Effectively communicating marine protected area (MPA) science to stakeholders and
policy-makers is a critical step in the planning and implementation of an MPA network.
In 2004, the state of California began efforts to implement a network of MPAs along its
1,100 mile temperate coastline. The success of this process can be attributed to a
strong state mandate to create a network of MPAs; two independent panels – one of
policy-experts and another of scientists; the integration of stakeholders throughout the
process; and sufficient funds. The state convened an independent group of leading
scientists to synthesize the best available science and to articulate how this information
could be applied to MPA network design. Essential to the process was the ability of the
scientists to effectively communicate information to (1) the stakeholder group tasked
with designing the MPA network, and (2) the expert policy panel, tasked with advising
the state on an MPA network design based on both stakeholder and scientific input.
The latter step was crucial, because neither the policy panel nor the stakeholder group
had expertise in MPAs or marine science.
COMPASS (Communications Partnership for Science and the Sea) is a science-based
group that helped facilitate access to leading scientists and peer-reviewed literature
during the MPA process. We used communications expertise to assist the scientists in
presenting their knowledge to policy and stakeholder audiences. We conducted
interviews with the stakeholders and policy-makers to assess whether they understood
the science and how they used the science in their decision-making.
The interviews were designed to first identify whether the science remained objective in
the public policy arena or if science was used selectively to support a political agenda,
creating an atmosphere of scientific uncertainty. Second, the interviews determined
whether the science was able to answer the public’s questions rather than questions
only pertinent to researchers. The information from these interviews can improve the
communications between scientists and the public in future processes.
Preliminary conversations suggest that stakeholders and policy-makers recognize the
importance of science in MPA planning. However, we also identified a tendency for
stakeholders to politicize information presented by scientists. For example, scientific
information was often perceived as non-objective and either sympathetic to
environmentalist or fishing interests. This study investigates how to maintain scientific
objectivity and integrity by using effective communication in controversial public
processes requiring scientific input.
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Fish movements, essential-habitat mapping and the design of
MPA networks for multispecies fisheries management
Pedro Afonso1, 2, Gui Menezes1, Jorge Fontes1, Kim Holland2, Mário R. Pinho1 &
Ricardo S. Santos1
1 - Dept. Oceanography and Fisheries, University of the Azores
2 - Hawai’i Institute of Marine Biology, University of Hawai’i
Corresponding author: Afonso@notes.horta.uac.pt

Keywords: movements, home range, residency, spillover, marine reserves

Marine Protected Areas (MPAs), either used to protect biodiversity or to manage
fisheries, are commonly established on the assumption that they will be able to protect
core populations of target and/or non-target species within their boundaries.
Additionally, the beneficial spillover potential of MPAs is directly dependent on the
capacity of the protected populations to migrate and relocate. However, habitat use,
movements, and their relationships with the life-history of each species or population
remain poorly documented. Such information is critical to optimally design MPAs,
including their size, shape and location, and to avoid losing socio-political opportunities
caused by incorrectly designed MPAs, likely to be underperforming. We present an
analysis of fish movements and habitat use in a region of high habitat heterogeneity,
the Azores islands, using data from mark-recapture programs, active and passive
acoustic telemetry, and abundance estimates in several target species for different
fisheries of the region. This species group (Pagrus pagrus, Sparisoma cretense,
Serranus atricauda, Epinephelus marginatus, Pseudocaranx dentex, Pagellus
bogaraveo) have contrasting life-histories and their habitats range from shallow bays to
offshore seamounts. Results show a large variability in home range, site fidelity,
migratory habits and habitat use within this set of species, stressing the need to use a
multi-scale approach when designing an MPA network for effective protection and
spatial fishery management.
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Site Selection Methodologies for Mediterranean MPAs
Tundi Agardy
Sound Seas, 6620 Broad Street, Bethesda MD 20816
Corresponding author: tundiagardy@earthlink.net

Keywords: MPAs, site selection, priority-setting, Mediterranean

Conservation practitioners are often caught in the delicate balance between being
strategic (as opposed to purely opportunistic) and focusing their energies instead on
implementing conservation on the ground. It is often the case that government
agencies, intergovernmental organizations, scientific research centers, and NGOs all
provide input into deciding optimal sites for marine protected areas. But these areaidentification and priority-setting processes can take time and use considerable
resources. While site selection for MPA systems must be based on objective and
strategic principles, the process should be as efficient as possible so that resources are
not diverted away from the resource-intensive process of implementing protections.
Keeping this in mind, various methodologies that facilitate site selection for MPAs in the
Mediterranean are reviewed. Analysis of efforts in other regions allows comparison
between the outcomes of a low technology, expert opinion-based process to the more
recent high technology, GIS and decision software-assisted approached. In reviewing
potential methods for Mediterranean-wide MPA site selection, this paper addresses the
question of how strategic planning for Mediterranean marine conservation, in particular
site selection for MPAs, can be accomplished quickly and efficiently. The discussion
debates the merits of high-tech, decision support software-assisted methods versus
those of delphic processes utilizing expert opinion and local knowledge.
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Assessing the Impact of MPAs on Recreational Uses of a
Marine Ecosystem: the Case of the “Côte Bleue” Marine Park
(France)
Frédérique Alban1, Laurence Le Diréach2, Antony Doré2, Hélène Oblin2, Jeremy
Person1, Nicolas Roncin1 & Jean Boncoeur1
1 - University of Western Brittany, CEDEM / GdR AMURE, CS 93837, 29238 Brest Cedex 3,
France
2 - GIS Posidonie, Parc Scientifique et Technologique de Luminy, Centre d’Océanologie de
Marseille, Case 901, 13288 Marseille Cedex 9, France
Corresponding author: frederique.alban@univ-brest.fr

Keywords: marine protected areas, recreational uses, socioeconomic field surveys,
economic value of MPAs

This paper studies the consequences of creating a marine protected area (MPA) on
recreational extractive and non-extractive uses of the ecosystem (scuba diving,
snorkelling, sport fishing). In the first part, we analyse the results of a field survey
dedicated to scuba diving and recreational fishing activities in the “Côte Bleue Marine
Park”, along the French Mediterranean coast. This survey was performed in 2006,
within the framework of a EU funded multidisciplinary research project on MPAs
(EMPAFISH). More than 1,200 answers of recreational users were collected. The
behaviour of recreational users and their attitude towards the marine park are
characterized. On the basis of these results, the second part of the paper proposes a
simple illustrative model of demand for recreational uses of the MPA, taking into
account both environmental and congestion effects
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Commercial fisheries in and around six Western Mediterranean
marine protected areas
D. Álvarez-Berastegui, O. Reñones1, A. Forcada2, G. Cadiou3, G. Criquet4, S. Polti5, P.
Lenfant4, C. Valle2, J.L. Sánchez-Lizaso2, P. Martín6, P. Bonhomme3, M. Valls1,
Guillaume Bernard, J.A. García-Charton5, A. Pérez-Ruzafa5 & R. Goñi1
1 - IEO- Centro Oceanográfico de Baleares, Spain
2 - Unidad de Biología Marina, Universidad de Alicante, Spain
3 - GIS Posidonie, France
4 - EPHE – CNRS, France
5 - Depto. Ecología e Hidrología, Universidad de Murcia, Spain
6 - Institut de Ciencies del Mar, CMIMA (CSIC), Spain
Corresponding author: diegomail@ono.com

Keywords: artisanal fisheries, metiers, MPA design, Mediterranean West

The establishment of marine protected areas (MPAs) in traditional fishing grounds of
artisanal fleets is becoming a tool for managing the exploited resources in the
Mediterranean Sea. The study of these types of fisheries is rather complex given the
great atomization of the fleets, the alternation and diversity of the gears used and the
different commercialization channels. However, knowledge of the fishery dynamics is
crucial before the effects of MPAs on fisheries can be explored.
MPAs created with fisheries objectives can be beneficial, provided their planning and
design considers a range of factors related with the characteristics of the fisheries in
and around the MPA. In this study we examine the following questions: a)
characteristics of the artisanal fishing sector in the vicinity of the MPAs, b) fleets and
fishing strategies in the MPAs and adjacent areas, and c) ways in which MPA
characteristics (habitats protected, size, fishery regulations, other uses) affect local
fisheries. The study has been performed in six MPAs in the Western Mediterranean, 4
in the Spanish coast and 2 in the French coast.
We achieve this by analyzing: 1- the fishing fleets operating in the MPAs and nearby
fishing grounds; 2- the spatial zonation of uses of the MPAs; 3- the habitats protected
and their spatial distribution in and around the MPAs and 4- the fishing gears, métiers
(target species, gear and season combination) and habitats exploited in the MPAs and
adjacent areas.
This study shows that: a) fleet characteristics (nº and size of boats) and accessibility to
the MPA (licence system, distance from harbour) are factors that determine how the
fishing sector may explode an MPA. b) some MPAs combine artisanal fishing, sport
fishing and tourism which may derive in prejudice of the utility of the MPA as
professional fishing management tool and conflicts between stakeholders; 3) the
spatial design of MPAs in relation to the habitats protected is a key factor for fisheries,
improving or impeding the fleets to have access to some protected fishing resources.
Acknowledgements: This work has been funded by the UE-DG Fisheries through
BIOMEX project (QLRT-2001-00891)
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Mapping marine biotopes in Graciosa – Azores, a low budget
methodology for oceanic Islands
N.V. Alvaro, A.I. Neto, F.F.M.M. Wallenstein & T P. Silva
Dep. de Biologia, Universidade dos Acores, Campus de Ponta Delgada. Portugal
Corresponding author: nalvaro@notes.uac.pt

Marine protected areas (MPA’s) in the Azores, have been traditionally based on old
and scattered data. Recently, considerable effort has been dedicated to developing
methodologies to assure a solid scientific basis that justify the protection of designated
areas. On the island of Graciosa a project was implemented to identify and map littoral
rocky substrate algae based biotopes. Fine data on subtidal near shore depth (1m
intervals) and substrate distribution was gathered along transects with an ecosounder
and a GPS. Intertidal substratum and shore height data was gathered with a spirit
levelling method along transects and a GPS. Intertidal and subtidal surveys were
undertaken during June 2006. 12 intertidal and 12 subtidal sites around the island were
studied. The methodology involved quadrate readings and photography at 3 levels on
shore (upper, mid and lower) and 4 depth intervals (4-6m; 12-14m; 20-22m; and 2830m).
Biotopes were mapped with Geographic Information Systems software Arcgis 9.1.
Littoral depth and altitude data was digitalized from information gathered in situ and
combined with existing information provided by Portuguese army land maps and
Portuguese Hydrographical Institute maps. Triangulated Irregular Networks (TINs)
were built to model intertidal and seabed topography down to 30m depth. This
information provided depth and altitude boundaries of biotope distribution built with
ArcGis 9.1, which provided governmental agencies with a powerful tool that allows the
combination of important biogeomorphological information with social-economic, and
other information that can and should be used to propose a redefinition of the MPA’s in
Graciosa.
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Managing fisheries at a National Park: the delicate balance
J. Amengual1, J.Moreno 1, M. García2, J. Llorente3 & D. Álvarez-Berastegui3
1 - Parque Nacional de Cabrera, Organismo Autónomo Parques Nacionales, Ministerio de
Medio Ambiente
2 - Quota Research
3 - Tragsatec, Grupo Tragsa

Keywords: artisanal fisheries, management, Cabrera National Park

Cabrera, the small set of islets and islands located 10 miles south off the coast of
Majorca, has been a fishing ground since centuries. The philosophy behind its
declaration as a National Park was, among others, to make compatible the
maintenance and promotion of local artisan fisheries as well as the conservation of the
whole marine and terrestrial ecosystem from a holistic perspective.
At present, fishing at Cabrera is organized by means of a specific Fisheries
Management Plan -FMP. Fishing is restricted to a closed list of local professional
artisan fishermen and regulated through limitation of fishing effort, gears, seasons and
accessibility to closed areas. The legal nature of the FMP (Royal Decree RD 941/2001)
has been crucial for the correct development of the Plan and to minimize potential
conflicts with local stakeholders.
The control of the FMP is based on information coming from a) daily surveillance by
park’s rangers, b) onboard sampling of fishing activity and c) logbooks filled by
professional fishermen.
Data are organized in specific databases and GIS to help managers in decision making
processes.
In this work we present:
1- The framework of the FMP;
2- The structure of the data gathering system and the subsequent organization of the
information itself;
3-Examples of the use of the information;
4- Future developments and improvements.
The fisheries management set up at Cabrera NP could be useful for other marine
reserves, even if they do not fit exactly the requirements and limitations of a national
park.
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Seabird conservation has been a major concern in the Azores where 13 Special
Protection Areas (SPA’s) under the EC Birds Directive were designated. These SPA´s
are inshore nesting habitats aiming to safeguard the reproductive success of seabird
species. However, no coastal waters or offshore areas have been designated yet as
critical habitats for seabirds, like feeding or resting areas at sea. Thus SPA include on
terrestrial components, i.e. breeding grounds.
Cory’s shearwater (Calonectris diomedea borealis) is the most abundant seabird of the
Azores (˜ 160000 pairs, DOP database: M. Carvalho, pers. comm.), representing the
largest concentration of the world of the subspecies borealis (Santos et al., 1995;
Monteiro, 2000). The 2007 census indicated 1100 pairs of the Roseate tern (Sterna
dougallii), presenting the largest population in Europe (Monteiro, 2000), and 2805 pairs
of the Common tern (Sterna hirundo) in whole Archipelago (DOP database: V. Neves,
pers. comm.). The conservation status of these species is of “least concern” (Birdlife
International, 2007). However, since the Azores archipelago is by far the most
important breeding areas for these species, active measures of protection are
necessary and information on their critical habitats where interaction with fisheries may
occur is essential.
Species distribution varies over space and time as a consequence of species’ selection
of preferred habitat and environmental conditions. Predictive models can guide the
design of spatially explicit conservation measures for seabirds by characterizing areas
of special interest for conservation such as foraging areas or movement corridors
(Birdlife International, 2004). In this work the spatial structure and distribution of three
main seabirds that breed in the Azores (Cory’s shearwater, Common tern and Roseate
tern) was analysed in relation to some environmental factors. As a result, monthly
predictive distribution maps were computed to help identifying their preferential areas
of occurrence.
For that purpose, 9183 seabird snapshots compiled by the Fisheries Observers’
Program of the Azores (POPA; www.popaobserver.org) and several environmental
parameters such as sea surface temperature, concentration of chlorophyll-a,
productivity fronts, wind components, minimum distance to shore, minimum distance to
seamounts, depth and slope of the seafloor, obtained for the Azores were used. The
study area (36º39’N - 39º58’N and 24º26’W - 31º26’W) represent almost a quarter of
2
the Azores EEZ, about 66000 nm . Data on seabirds’ abundance and environmental
variables were estimated for each cell of 1x1 nm between 2002 and 2006. Generalized
Linear Models (GLM) were used to determine if variability in seabirds’ sightings was
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significantly explained by environmental parameters (quasi-Poisson family of
distribution and log link function). Monthly values of seabirds and environmental data
were pooled and ‘Month’ was integrated as a temporal variable in GLM (categorical).
Linear and quadratic relationships between bird abundance and each environmental
parameter were considered. All models were built by means of a forward stepwise
selection of variables (α= 0.05) and by analysis of the pseudo-R2, i.e. the fraction of the
total variability explained by the model. The spatial structure of the seabirds species
(autocorrelation) was analyze through the variogram modelling of the Pearson
residuals that resulted from GLM. These two components were used to improve the
accuracy of the seabirds estimations. The spatial prediction for the whole study area
was performed through block kriging (Pebesma, 2004, 2005).
The GLM results showed that the environmental parameters explained 42% and 11%
of the variability of Terns and Cory’s shearwater data, respectively (Table 1). Cory’s
shearwater model fit was noticeably low, which may indicate that the variables included
did not capture the spatial distribution variability of this species. To better understand
the behaviour of Cory’s shearwater it would be important to deepen the investigation on
the patterns of spatial distribution and their relation with environmental parameters
throughout their whole geographical range. Spatial distribution of Cory’s shearwater
and Terns in the Azores was mainly associated with the variables month and distance
to shore. The variable month indirectly accessed two important factors affecting seabird
behaviour: prey availability and breeding phase. The sampling period (between May
and October) coincided with breeding period for both species (Monteiro et al., 1996 a,
b). Distance to shore and depth had a negative effect in species abundance, i.e.
seabirds’ spatial distribution was concentrated close to colonies at small distance from
shore. The potential competition for fish between breeding seabirds and fisheries may
occur in some near shore areas. Small pelagic fishes such as mackerel are caught by
the Azores tuna fleet close to shore, where abundance of Cory’s shearwater and Terns
were higher during the breeding period. Therefore, marine protected areas close to
seabirds’ colonies and the surrounding waters should be encouraged, at least during
the breeding season or when bait fishing activity overlaps with seabirds’ food
resources. However, further studies are needed to quantify the overlap between live
bait fishing and seabirds’ distribution.
Wind components were also significantly correlated to seabird’s abundance and helped
explaining some of the models variability. Terns were more abundant at weaker winds.
Conversely, Cory’s shearwater occurred preferentially at intermediate values of wind
intensity, with North to South direction, and in waters with intermediate values of
chlorophyll-a concentration. Our study agrees with Morato et al., (in press) in the lack
of association between Terns and seamounts. Associations between Cory’s
shearwater and seamounts were only significant if we consider sightings obtained at
distances to shore higher than 30 km.
The results obtained through the variogram models indicated that the spatial structure
of Cory’s shearwater and Terns species is maintain along the months. Variogram
models associated with environmental data allowed producing monthly maps (May to
October) of predicted distribution of seabirds in Azores with high coefficients of
correlation calculated between observed and predict data (0.98 and 0.96 to Cory’s
shearwater and Terns, respectively). Cory’s shearwater showed a wide distribution
pattern of occurrence in the whole area, in spite, from June onwards occurring with
higher intensity around the islands. Conversely, Terns appeared essentially near the
shore, presenting a wider spatial distribution in August (Fig.1). Geostatistical methods
incorporating environmental parameters contributed to a better understanding of the
spatial distribution of Cory’s shearwater and Terns populations in Azores region.
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Table 1 – Summary of GLM results (n= 6951) and percentage of each environmental variable
isolated (significance at level p-value < 0.05) to explain the variability of Cory’s shearwater and
Terns data.
Cory’s shearwater
Estimate

Std. Error

(Intercept)

-0.807

1.661

log10(Shore_dist + 1)

-0.497

0.117

Depth

0.000

0.000

Seamounts_dist

0.007

0.001

Month6

-0.757

Month7
Month8

Terns
Estimate

Std. Error

(Intercept)

-0.352

0.565

0.83

log10(Shore_dist + 1)

-1.748

0.111

10.2

1.09

W_zonal

-0.133

0.023

1.1

0.95

I(W_zonal^2)

0.091

0.010

2.7

0.144

Seamounts_dist

0.006

0.001

0.6

-0.223

0.189

Month:

-0.255

0.171

Month6

-0.201

0.298

Month9

-0.609

0.190

Month7

1.341

0.263

Month10

-0.584

0.458

Month8

2.000

0.241

-0.090

0.038

0.25

Month9

1.242

0.249

Month10

-0.788

0.439

0.184

0.085

Month

%

%

1.50

W_meridional
CHL

3.988

1.647

0.28

I(CHL^2)

-6.184

2.525

0.35

W_speed

1.393

0.523

0.33

I(W_speed^2)

-0.112

0.043

0.31

8.5

W_speed

Null deviance

377869

Null deviance

57115

Residual deviance

335466

Residual deviance

33139

Resid. Df

6937

Resid. Df

6940

Pseudo- R2

0.11

Pseudo- R2

0.42

0.2
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Figure 1 - Predicted spatial distribution of the Cory’s shearwater and Terns in Azores
Archipelago by month (˜ 1x1nm block mean).
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Marine Protected Areas (MPAs) have traditionally targeted the protection of benthic
habitats and their inhabitants (i.e. sessile and sedentary taxa), rather than wide-ranging
organisms such as seabirds, marine mammals, sea turtles and large pelagic fish.
Marine top predators have been particularly left aside given their high mobility, which in
principle would require large areas to ensure their protection. Moreover, these
organisms often associate with dynamic habitat features, such as oceanographic fronts
and eddies, thus creating the impression that their distributions and aggregations at
sea are highly variable over time.
Yet, conservation actions are urgently needed, given the wide array of large-scale
anthropogenic threats that marine top predators face at sea (bycatch, overexploitation
of fish stocks, pollution, habitat degradation) (Boersma et al. 2004, Lewison et al.
2004). Implementing effective management measures is in most cases unfeasible at a
basin-wide scale, given the sheer size of the oceans. This has led to rethink in the MPA
approach regarding these organisms, which seems now far more feasible that could
have been expected (cf. Hyrenbach et al. 2000). Indeed, there is increasing evidence
that marine top predators often assemble at specific marine areas (i.e., hot-spots) that
are reasonably predictable, at least at mesoscale spatial scales (10s km). Conservation
efforts that focus on habitat hot-spots (foraging and breeding aggregations, migration
routes) may be therefore more effective. In particular, protective measures targeting
these smaller-scale foraging / migration areas will be more easily enforceable and
monitored than large-scale diffuse conservation initiatives.
BirdLife International is now extending its Important Bird Area (IBA) Program to the
marine environment, as a first step in creating a potential network of protected areas
for seabirds, which would also benefit other marine top predators and their underlying
ecosystem. To this end, two BirdLife Partner organisations, SEO/BirdLife (Spain) and
SPEA (Portugal), are leading the initiative of marine IBA identification, under the
auspices of EC Life-Natura funding (2004-2008). These projects seek to develop the
conceptual framework and analytical methodology needed to designate IBAs in the
marine environment, paying particular attention to oceanic waters, with the ultimate aim
of assembling a marine IBA inventory for Spain and Portugal. In the European context,
marine IBAs are expected to contribute the Natura 2000 at-sea network by being taken
as a reference list in the designation process of Special Protection Areas (SPAs).
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Three types of marine IBA types are regarded:
(1) Seaward extensions of breeding colonies. Their purpose is ensuring protection
at sea around the breeding colonies, where seabirds occur in high densities, to
complement protection inland. The sea surrounding a colony would be declared
an IBA within a given radii, which would depend on the target species and the
particularities of the site. For the most coastal species this approach could
include foraging grounds adjacent to the breeding sites. For pelagic species
(Fig. 1) they would only address the protection of the birds while flying in and
out or rafting close to the colony, as their foraging grounds often lay 10s to 100s
km from the breeding sites.
(2) At-sea congregations. Areas where seabirds predictably occur in relatively high
numbers, usually for feeding. Pelagic (Fig. 1) and coastal areas tend to differ in
their degree of seabird concentration and background densities at-sea, and are
often regarded as two different types of IBAs.
(3) Migration corridors. The most conspicuous cases are narrow corridors
(bottlenecks) defined by topographic and bathymetric features (e.g. straits,
narrow shelves), such as the Straits of Gibraltar, which force large numbers of
migrating seabirds into fairly restricted areas. Less obvious examples could be
highly concurred flyways between the breeding colonies and the foraging areas
(Fig. 1).
IBA designation is guided by empirical information on seabird distribution, driven by the
collection of data using telemetry, data-loggers and at-sea surveys. The integration of
data on seabird densities (from vessel-based surveys) and individual movements (from
data-loggers) provides a very powerful approach to assess potential IBAs in the
Western Mediterranean (Fig. 1). These distribution data are integrated with concurrent
oceanographic and environmental datasets using multi-variate statistics to identify
those habitat features that influence seabird distributions at-sea. This habitat modelling
approach is critical, particularly given the dynamic nature of oceanic systems (Louzao
et al. 2006).
Finally, this is important to stress that, beyond the identification and designation
process, a complementary effort must be directed at identifying significant threats
affecting seabirds within these marine key areas. This will be the only way of
implementing effective management plans, which will be essential for the effective
conservation of marine IBAs and the Marine Protected Area network of which they will
need to form part.
Acknowledgments: This research has been possible thanks to the EC-funded Life
Natura Projects LIFE04NAT/ES/000049 (Spain) and LIFE04NAT/P/000213 (Portugal).
The Spanish project also counts with the support of the Ministerio de Medio Ambiente,
and the Portuguese project is supported by ICN, IMAR, IPIMAR, DOP, Parque Natural
de Madeira and the Universidade de Aveiro. DKH was supported by a Pew
fellowship in marine conservation. John Croxall and Lincoln Fishpool made valuable
comments on an early draft of this document.
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Figure 1- Combination of boat survey data (densities averaged in 10x10 nautical miles squares)
and GPS-loggers tracking data (foraging trips of breeding individuals) for the Cory’s shearwater
Calonectris diomedea, showing a coincidence in the most suitable areas in the NW
Mediterranean. Potential examples of the three IBA types are highlighted (though their
boundaries need to be delineated): (1) seaward extensions to breeding colonies (dark blue
circles); (2) areas of congregation at sea (red line); and (3) flyways between the breeding
colonies and the foraging grounds (yellow line).
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In this study we evaluated the potential of simulated annealing, as a tool for
simultaneously identification of Essential Fish Habitat (EFH) for multiple species off the
central-western coasts of Italy (FAO-GSA 9).
Five species (Merluccius merluccius, Mullus barbatus, Parapenaeus longirostris,
Eledone cirrhosa, Nephrops norvegicus) have been selected for the analysis on the
basis of their economic importance, exploitation status and occurrence of aggregation
areas of recruits and/or spawners. For each identified species we defined a
management target in terms of proportion of stock to protect from fishing. Geostatistic
was used as a tool for the estimation of fish abundance and distribution, based on trawl
surveys data, with the main aim to obtain a temporal series of single species EFH
maps. Then a simulated annealing optimization was used for the simultaneous
identification of EFH for multiple species, scoring the following features: 1) temporal
stability, 2) proportion of protected stock of each species; 3) presence of Sensitive
Habitats (e.g.: crinoid beds); 4) impact on local fisheries in terms of reduction of fishing
area.
Several scenarios have been obtained and discussed following different management
targets in the FAO-GSA 9. Simulated annealing may represents a viable tool for multispecies conservation planning in the Mediterranean.
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As MPA networks become established worldwide, decision-makers and the public will
need to be kept informed regarding progress made in meeting the underlying
ecological goals of the networks. The twelve coastal European nations of the OSPAR
Commission have agreed to establish within the waters of the Northeast Atlantic an
“ecologically coherent” network of marine protected areas by 2010. As of 31 Dec.
2006, 87 OSPAR MPAs in the Northeast Atlantic been put forward, amounting to
approximately 26 ½ thousand square kilometres, submitted by six of the twelve coastal
nations.
As the MPA network grows, so will the need to better assess its design using agreedupon criteria. Such criteria already exist in the literature on MPA selection, and are
currently under discussion in OSPAR and HELCOM: adequacy / viability,
representativity, replication, and connectivity. Initial assessments of ecological
coherence should cast light on how well these criteria are being met. They should not
involve complex or detailed analyses, but instead techniques that can provide general
indications where gaps may lie. Three different, non-exclusive approaches are being
explored by OSPAR, each focussing on different sources of information:
1. Self-assessment based on expert knowledge. In this approach, those involved in
the design of the particular reserves report subjectively on how well they feel
certain criteria were considered in the MPA selection. It is comprised of a checklist
and an additive scoring system.
2. Species-habitat assessment based on reporting. In this approach, the species and
habitats reported to be contained within the reserves are cross-tabulated against
biogeographic regions. This involves a spreadsheet approach, where species and
habitats may be further grouped according to their ecological characteristics.
3. Spatial assessment based on GIS data. In this approach, the overall network is
examined based on a set of simple spatial tests to provide an indication if it is likely
meeting the criteria of ecological coherence. This approach involves GIS analyses.
Each of the above approaches is an attempt to make use of available sources of
information, balancing scientific rigour with political and administrative realities. They
should be viewed as different tools in a toolbox. The last one is potentially the most
sophisticated, but is also the least explored. Because of the novelty of this last
approach, some examples under consideration by OSPAR will be presented.
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As increasingly difficult marine zoning issues are being addressed, spatial analysis
tools that can be used to support such decision-making are rising in prominence. Yet,
there remain fundamental misunderstandings between policy-makers and scientists in
the proper use of these tools.
The Pacific Marine Analysis and Research Association (PacMARA.org) has been
encouraging open dialogue between decision-makers and practitioners with regard to
how good science can inform good marine decision-making. Results from our April
2007 Marxan Best Practices workshop, held in Vancouver Canada, will be presented.
This conference included two days of presentations and panel discussions attended by
about 100 international delegates followed by two days of a closed expert sub-group of
about 25 participants. The proper role of MPA zoning tools, such as Marxan, was
discussed, and issues surrounding best practices were identified. A working group has
continued after the conference, drafting a best practices handbook.
Marxan, and its soon-to-be released successor MarZone, is a geospatial application
that serves as a decision-support tool for the identification of high-value conservation
areas, potential protected areas or other management zones such as designated
fishing areas. Marxan was developed in Australia at the University of Queensland and
has been applied to both terrestrial and marine settings, including the recent re-zoning
of Australia’s Great Barrier Reef. It has come to be globally recognized as one of the
best tools available for systematic conservation planning, and is being applied widely in
the marine environment, including Mexico, the UK, the Baltic, USA, and Canada. It has
been downloaded by over 1600 users from 84 countries. A number of supporting
applications have been developed by, and made available to, the growing international
community of users.
As with any tool, good results are contingent upon proper usage. To date, planning tool
users have largely been self-taught, a time-consuming process prone to error and
frustration. There is now sufficient experience in the use of these tools domestically
and internationally, to justify the pooling of experiences and the development of best
practices. An initial draft of our best practices handbook for the use of marine spatial
zoning tools, such as Marxan/MarZone, will be presented. In addition, the role and
expectations of such tools within a marine spatial planning context will be discussed.
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Marine protected areas (MPAs) have been used as fishery management and
conservation measures in California since the early 1900’s. Designation processes and
goals of such area based management, however, have evolved over time. Historic
MPA processes focussed on local user values and political or public pressures, rather
than scientific design criteria. More recently, efforts aim to balance stakeholder views
with science-based planning processes. Despite these changes, stakeholder
involvement remains an area of controversy that may limit the success of MPA
designation processes. We illustrate how stakeholder participation in MPA design,
designation and implementation can dramatically impact the success of these
management measures using recent experiences from California.
In 1998, a group of recreational anglers and the Channel Islands National Park
proposed closing 20% of the northern Channel Islands to all fishing in no-take MPAs.
This recommendation lead to a lengthy debate before the California Fish and Game
Commission, the regulatory body charged with managing California’s living marine
resources. With a goal to move the debate forward and provide a consensus
recommendation, a stakeholder working group was formed. The group agreed on a
problem statement, goals, and objectives, but was unable to achieve full consensus on
where to place specific MPAs. The managing agencies were requested to develop a
recommendation and, after nearly five years from the first proposal, this alternative was
implemented. Lack of stakeholder consensus lead to legal challenge of the MPAs and
continued debate even after the final plan was in place.
Adoption of the California Marine Life Protection Act in 1999 required the state to
develop a science-based plan to review and improve upon existing MPAs. Initial
stakeholder involvement efforts failed due to lack of funds. More recently, a
comprehensive plan to involve stakeholders moved the process forward with significant
public involvement and specific scientific guidelines. Both a statewide interest group
and regional stakeholder group have been actively involved in planning, designing and
implementing MPAs along California’s central coast. Some stakeholders still feel,
however, that their input was ignored and that the decision-makers proceeded as they
would have without stakeholder input. Changes are being made to the process to
address these concerns while still meeting the requirements of the law.
Successful implementation of ecosystem based management using marine protected
areas as a tool requires consideration of all stakeholders. Our experiences in California
highlight that this success hinges on stakeholder involvement in all phases of planning
and implementation.
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Marine Protected Areas (MPAs) in England are mainly Special Areas of Conservation
(SACs) and Special Protection Areas (SPAs) designated under the EU Habitats and
Birds Directives. The character of these MPAs varies greater from relatively isolated
areas, often with a high tourist interest, to some set within areas heavily used by
marine industries.
National legislation, the Conservation (Natural Habitats etc.) Regulations (1994),
stipulates that the MPAs are managed by a cooperative of organisations (termed
relevant authorities) who have statutory functions within or adjacent to the site. These
authorities may choose to write a management scheme for the MPA that can act as a
framework for management actions. MPA management often relies to a greater or
lesser extent on cooperation between relevant authorities and stakeholders. The Life
funded UK Marine SACs Project was instrumental in producing the early management
schemes and developing and disseminating the knowledge needed for management
and monitoring (English Nature et al. 2001 and Scottish Natural Heritage et al. 1997).
The UK is committed under OSPAR to having a network of well-managed MPAs. The
UK was tasked by OSPAR to develop a method for assessing the management
effectiveness of OSPAR MPAs (OSPAR Commision 2007).
Management
effectiveness can be defined as ‘the degree to which management actions are
achieving the goals and objectives of a protected area’ (Pomeroy et al. 2004). Effective
management is vital in ensuring that MPAs are more than paper parks and are
delivering against their conservation objectives. Assessing the effectiveness of
management can also help MPA managers and stakeholders determine how well
MPAs are being managed and allow them to learn from successes and failures. It can
make management more adaptive, link management actions to outcomes, and be a
useful consensus building exercise for management groups.
In developing a tool for OSPAR we adapted the World Bank self-assessment score
card on assessing management effectiveness (Staub and Hatziolos, 2004). The
resulting score card is based on the OSPAR guidance on developing management
plans (OSPAR Commission 2005, 2007) and uses the framework presented in
Hockings et al. (2006). In the initial version of the score card questions were based
around the six elements of management:
• Context
• Planning
• Inputs
• Process
• Outputs
• Outcomes
For the final version adopted by OSPAR these elements were brigaded into three
themes identified by Hockings et al. (2006). Context and planning therefore become
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design, inputs and process become adequacy, and outputs and outcomes join to
become delivery.
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Over the past two years nine of England’s MPAs have completed the score card
(seven sites using the initial version, and two the later version). Score cards were
completed by the relevant authority management groups and scores ranged from 46%
to 78%. In general sites were strong in the planning of MPA management but weaker in
inputs and outcomes (see figure 1). Using the three overarching themes design scored
higher than delivery. There was a high level of variability of results between the sites.

Category
Figure 1 - Mean percentage score across MPAs for each of the management elements. Error
bars indicate the range of scores.

From this assessment common strengths and weaknesses were identified. Common
strengths of MPA management were:
• existence of long-term management plans and designation of the site;
• agreed conservation objectives;
• knowledge of features and uses of the site;
• compliance with regulations;
• collaborative working between managers; and
• communication between managers and immediate stakeholders on several
sites.
The common weaknesses identified can be grouped into three themes.
• Poor delivery
– Objectives not fully achieved
– No decrease in threats
– No or little improvement in condition of some features
• Inadequate resourcing
– Lack of monitoring of socio-economics / cultural interest of site
– Insufficient budgets
– Staff capacity for law enforcement
• Poor stakeholder engagement
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– Lack of communication and engagement with wider stakeholders
– Low stakeholder awareness and concern
– Low level of education and awareness
These strengths and weaknesses of management must be used to adapt and improve
management to provide the best result for conservation of the features within the
MPAs. Managers of individual MPAs are using the results of the score card to improve
on their own areas of weaker management. It is hoped that MPAs will complete the
assessment regularly.
Natural England is encouraging all MPA management groups in England to undertake
the assessment to build a complete picture of MPA management within England. From
this guidance on good practice in MPA management will be developed. In addition to
the results being used to better manage our current MPAs, lessons learnt through this
management effectiveness assessment will be key in deciding how to manage new
MPAs designated through the proposed Marine Act.
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After a proposal for the establishment of a marine protected area (MPA), with
commercial interest, in Arco Sur de Gran Canaria (ASGC), by one of the partners of
the communitary project PARQMAR (03/MAC/4.2/M9), the present study was
undertaken in order to decide which areas to recommend for the MPA. For that
purpose, a Rapid Assessement Protocol was made, using a Geographic Information
System based on: (1) benthic habitat mapping up to a 50m depth; (2) barefoot mapping
methodology for the evaluation and integration of social acceptance; (3) visual census
and multivariate analysis for the density, diversity and spatial distribution assessment
of the non-cryptic fish communities. A variety of criteria, with different degrees of
relevance were used according to the commercial objectives of the MPA, suggesting
that the best areas would be Veneguera and Arguineguin. The density and distribution
of Cymodocea nodosa and Caulerpa racemosa, the description of the ASGC noncryptic fish communities, and the suggestion of a possible change in the habitats, due
to human activity, may constitute important reference points for further studies.
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On the French coasts of the Mediterranean sea, the dusky grouper (Epinephelus
marginatus, Lowe 1834) made party of the marine species whose populations declined
in a dramatic way during thirty last years. The species has escaped with the extinction
by finding refuge in the few marine protected areas (MPA) from the French coasts and
thanks to the installation from a moratorium prohibiting the spear fishing. For a few
years, we have attended an increase of populations in the MPA involving an effect of
overflow on the zones bordering with the MPA. Nevertheless, very few data are
available on the mechanisms of colonization of this species. Major the part of
knowledge on the behaviour of the dusky grouper along the Mediterranean coasts is
mainly related to observations in situ. To fill this lack of data on the behaviour of the
groupers over longer periods including the winter season, we carried out a survey by
telemetry. The study proceeded in the no take-area (65 hectares) inside the Marine
Reserve of Cerbère-Banyuls (France). Six groupers were caught by diving (total length
from 52 to 105 cm) between August 25 and October 5, 2005. Gone up on the surface
then anaesthetized, they are provided with a transmitter introduced by peritoneal
insertion. The transmitters allow the transmission of acoustic signals (every 30 to 40s).
They were recorded starting from fixed receptors and an embarked hydrophone. A
great quantity of data of detection could be acquired (more than 600 000) at the time
the 8 months of survey. They show a strong site fidelity of the tagged individuals. The
largest individuals present a zone of evolution more restricted than the other individuals
without overlapping between them. On the other hand, the smaller individuals have
zones of evolution overlapping between them. We had also confirmation of a relatively
stable daily cycle between individuals throughout the survey. The groupers also
showed an important reactivity and a sensitivity to the high variations of the
environmental conditions, particularly at the time of the appearance of winter storms.
With a view to management of a species protected like the groupers, this site fidelity
shows the importance of the protection of Fish Essential Habitat of this species. More
important displacements of the young individuals confirm their role in the phases of
colonization of the zones bordering with the MPA. With through this study, acoustic
tracking is presented in the form of a particularly useful management tool for the survey
of the ichtyofauna.
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The interest of the Marine Reserves as a tool for the recovery of overexploited
commercial fishing species has been highly studied by several authors since the midseventies. There is strong evidence about the fact that exploited species are larger in
terms of number, size, yield, etc inside Marine Reserves as a result of the protection.
However, there are few studies about this effect on surrounding areas of the Reserves,
especially those of the western Mediterranean.
Our aim is to study the effect of the protection of a marine area (Tabarca Island,
Alicante) on the artisanal fishery yields and resources exploitation pattern in the
surrounding area. The fishing pattern has been established from data of the marine
reserve vigilant monthly reports. The artisanal yields data has been obtained from
experimental fisheries performance on board of professional artisanal boats using
mullet trammel nets. Fisheries have been carried out in four different periods during
winter (from 2002 to 2004) in three different locations: one of them close to the reserve
limits and the other two further located (Alicante, north of Tabarca and Torrevieja,
south of it). The analyses of the results have been achieved applying a nested ANOVA.
The protection of Tabarca Island has caused the concentration of the fishing effort just
out the limits of the reserve, following a seasonal pattern of exploitation, mainly in
autumn and winter. Taking into account the statistical analysis applied, there is no
evidence of the possible effect of the protection on the abundance, biomass, size
distribution and yields of commercial species exploited by artisanal fisheries in the area
surrounding Tabarca Island.
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The Florida Keys National Marine Sanctuary (FLKNMS) is a unique natural resource
that provides a diverse sense of history and beauty within the United States. The
Florida Keys provide the most extensive living coral reef in the United States. The
proximity of coral reefs to centuries old shipping routes has resulted in a high
concentration of shipwrecks and an abundance of artifacts. The unprecedented longterm involvement of diverse stakeholders, jurisdictional collaboration, external
boundary impacts, size, and socio-cultural, economic and ecological significance of the
Sanctuary provide elements for study. The FKNMS serves as a good example of
implementing a successful ecosystem approach to management (EAM) for several
reasons. Success is contributed to the State and Federal co-trustee agreement, 24 fully
protected marine zones which monitor changes in the ecosystem structure (size and
number of invertebrates, fish, corals, etc.) and function (coral recruitment, herbivory,
predation), meteorological and oceanographic parameters, and socioeconomic studies
through time. In order to answer the question of why only certain ecosystem
management programs are successfully implemented, this research identifies
governance and participatory principles for improved management. This case study will
reveal a deeper look into lessons learned and best practices of the FKNMS. The policy
cycle is the framework for analyzing the implementation process, as well as the factors
and challenges contributing to an ecosystem approach. Preliminary research found that
the first iteration of the policy cycle should tackle the most contentious issues for the
stakeholders involved in a collaborative process, such as trustworthy baseline data or
lack there of and discussions related to uncertainties in the data collection and
research (e.g. natural variability).
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The implementation of Marine Protected Areas (MPA) has gained an increasing
relevance and has been used for biodiversity and habitats conservation and also for
achiving fisheries sustainability. In Portugal, MPA are few and relatively recent. In
1998, the Arrábida MPA was created, but the management plan and regulations were
implemented only in 2005. Some of the legislative measures that were introduced have
caused severe conflicts between the socio-economical and environmental interests
within the local fishermen community. The present work aims to evaluate the impact of
the legislative measures that were introduced in the fishermen community and fishing
activities, based on inquiries and sampling surveys performed in the Arrábida MPA.
The fishing activity in the MPA (fishing effort, fleet characteristics, fishing gears and
target species) was characterized. The results obtained are usefull for the proposal of
alternative regulations and compensatory measures for the local fishermen community
and, thus, may contribute to a sustainable management of this MPA.
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Australia is committed to developing a National Representative System of MPAs
(NRSMPA) in its EEZ by 2012. Australia’s marine jurisdiction covers 16 million km2 –
twice the area of its land mass – and the first stage in developing the NRSMPA was to
provide a hierarchical bioregionalisation to subdivide this area into meaningful
management units. At the highest level (based on ranges of informative fish species)
five Provincial bioregions are used to develop management plans including deepwater
MPA networks. The MPA network themselves are to be based on knowledge and
supposition on how biodiversity is distributed throughout the bioregion – depth is the
first structuring variable within bioregion and biogeomorphic units the second. The first
part of the national MPA network will soon be in place in the South-East bioregion,
providing the opportunity to review its conservation gains. We conclude that the
process has been successful in capturing an extremely large area of seabed that
contains many areas of important biodiversity. However, there is the potential to
improve the process as the network is extended to other regions around Australia. In
this paper, we discuss the limitations of the South-East MPA network both in terms of
how well it represents the region’s biodiversity and the extent to which scientific
knowledge was sufficient to support the network design. In particular, we focus on how
well biogeomorphic units have captured intermediate spatial scales of the distribution of
sessile benthic megafauna. Our examples focus on two classes of geomorphic features
with characteristic and vulnerable biodiversity – submarine canyons and seamounts –
that have proved important in the South-East region and are increasingly the focus for
international and high seas conservation planning. We ask ‘what is the appropriate
scale at which to represent biodiversity for conservation management?’
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The use of indicators should be considered important in the framework of the
assessment of Marine Protected Areas (MPAs) in order to systematize the recording of
data, to focus the efforts in those parameters that give the best information about the
performance of the MPA, and to provide understandable information.
Using expert knowledge and some statististical methods (data mining, meta-analysis,
lineal models) we selected some ecological and fisheries parameters that could be
suitable as indicators to assess the effects of protection. Among them, some index as
taxonomic distinctness, dominance, Shannon diversity, etc, were tested too. The data
were analyzed from a raw level to different subsequent pooled levels at different spatial
scales in order to obtain the general pattern.
Our results evidenced that some discrepancy have been detected among the
parameters preferred by managers and stakeholders, and researchers.
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SIMPL (Spatial, Individual MultisPecies modeL) is a spatially explicit individual-basedmodel (IBM) which tracks the feeding, growth, migration, reproduction and mortality of
individual fish. The model has been constructed to test the impacts of various fisherymanagement options, including spatial closures in the North Sea, and in particular on
the western edge of the Dogger Bank.
Traditional multispecies fisheries models within the North Sea (e.g. MSVPA) have not
been spatially explicit and have therefore been of limited utility for testing the effect of
MPAs on predators and their prey. The SIMPL model was parameterised for sandeels
and their predators using dedicated field data as well as historical information. The
range of management scenarios tested includes permanent closures, rotational
closures, closed seasons as well as more traditional TAC management. The Dogger
Bank has recently been proposed (by Germany, Netherlands and the UK) as a possible
site for offshore SACs under the EU Habitats Directive. As such an evaluation of
potential ecosystem and fishery effects of MPAs in this region would seem particularly
useful.
The model is highly flexible and can be set-up to replicate simple systems with one
species living in one spatial location, ranging to multiple species, locations and fishing
fleets. Individual fish exist in ‘shoals’ and the shoals interact at feeding time. Feeding
itself is governed by the size ratio of the predator and potential prey, the diet
composition of the predator and the predator’s maximum energy intake. Growth is
implemented through either energetic functions (thus permitting “bottom up” food web
control) or von Bertalanffy equations (“top-down” control). Migration is controlled by
Levy-flight functions and fishing is implemented at the individual vessel level, on a
swept-area basis. Each vessel carries certain gears with associated selectivity
parameters.
(This manuscript has been prepared as a submission under the EU FP6 programme
‘PROTECT’).
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Education in Marine Protected Areas (MPAs) is considered an important tool to
contribute in biodiversity preservation. Indeed most MPAs provide educational
programs for young visitors, which may include lectures, guided tours, exhibition of
collections, display of photographs and printed material, and so on. In order to enhance
the involvement of young persons, the Torre Guaceto MPA (Italy, Brindisi province) is
testing novel didactic approaches that allow hands on operation by children. Among
these, the examination of washed ashore organisms and parts of them.
The Torre Guaceto MPA lays on the south-western side of the Adriatic Sea and thus
faces the prevailing northerly winds. The coast of MPA consists of alternating rocky
shores and sandy beaches, either sheltered or open to the sea. On the latter beaches
a good amount of organisms strand, so that beach combing is most profitable there.
Typically the didactic path goes through the following steps: 1) collection of stranded
organisms by beach combing, possibly following wind storms; 2) examination of
collected material in the didactic laboratory in the Visitors Centre with the support of
magnifying lenses and dissecting microscopes, under the guidance of tutors; 3)
description and listing of identified specimens; 4) setting up a collection; 5) notes on the
natural history of selected organisms.
The collected material includes molluscan shells, skeletal parts of crabs and
echinoderms, sponges, branches of the soft coral, algae, root system parts of the
seagrass Posidonia oceanica, egg cases of fishes and gastropods, and so on. It also
contains non marine items, such as tree branches and land and freshwater plant parts.
The collected material is used to introduce certain topics: A) “from the beach to the sea
floor”, that is the ecology of the stranded organisms (this task is accomplished with the
help of underwater photos showing the same organisms alive in their habitat); B) “a
slice of biodiversity”, that is the biodiversity of Torre Guaceto MPA as a fraction of the
global biodiversity; C) the natural history of selected species (e.g. Posidonia oceanica).
The use of washed ashore material, that is organisms already dead, as an exercise
tool also conveys a high ethical message to the MPA young visitor: no living creatures
are killed or injured for educational purposes. Such a fact is of paramount importance
for MPAs because of their deed to preserve the life of living organisms.
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Assessing whether the establishment of a Marine Protected Area (MPA) produces the
expected ecological effects is a fundamental step in the process of environmental
management. Effects of MPAs are usually assessed against a background of large
natural variability that requires considerable attention in the way the research is
designed. Choices of sampling design, spatial and temporal allocation of sampling
effort and selection of target variables and covariables, all affect the ability of the
research to tease apart effects of protection from other sources of variation in
populations and assemblages. By using data on fish and benthic assemblages from a
number of MPAs in the Tuscany Archipelago (northwest Mediterranean), we have
tested the hypothesis that effects of protection are still detectable once the influence of
spatial processes (e.g. geographical position) and environmental covariables (e.g.
habitat complexity) are partialled out. In order to test this hypothesis, we quantified
spatial patterns in assemblages in relation to the presence/absence of MPAs and
related these patterns to geographical position and to various indexes of habitat
complexity. Results show large spatial variability in assemblages at multiple scales and
local effects of protection. Differences between MPAs and reference areas were
reduced by more than 50% when effects due to geographical position and habitat
complexity were controlled statistically. Overall, our results emphasize the need of
incorporating concepts of natural variability and spatial predictors of the structure of
assemblages into the decision-making process for the design of MPAs.
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Noting the increasing effort to use marine protected areas (MPAs) in a fisheries
management context, the 26th Session of the FAO Committee on Fisheries (2005)
recommended specific actions for FAO to assist States in meeting their World Summit
on Sustainable Development (WSSD) commitments and to increase knowledge on
MPAs in a fisheries management context. To assist national fisheries managers and
Regional Fisheries Management Organizations, the FAO has initiated a program aimed
at fostering better understanding of the contribution of MPAs to fisheries management,
and the identification and promotion of best practices of integrated approaches to
MPAs. This paper presents the methodological elements and preliminary results of the
FAO program on MPAs.
This program was initiated with the organization of a workshop where experts from a
wide variety of disciplines – biology and ecology, socio-economics, law and
governance, - were convened to review and characterize MPAs as a fisheries
management tool. In the resulting conclusions, the workshop participants highlighted
various issues that would need to be address for the improvement of the design and
implementation of MPAs. They made recommendations for guidelines to be prepared
by FAO on the role of MPAs in fisheries management, in which MPAs are considered
as one option among other fisheries management tools, collectively designed to
achieve agreed objectives. The outline of the FAO guidelines for the design,
implementation and review of MPAs is presented in this paper.
We also present the method used for a comparative case study developed with the
objective of identifying best practices in the design, implementation and management
of MPAs. As recommended by the workshop participants, this case study contributes to
the dissemination of information related to effectively designed and conducted studies
on MPAs, including lessons learned. It also provides some guidance in order to
improve coordination and close gaps between the multitude of stakeholders and
interest groups involved in MPAs. The study will target a set of developing countries
from 4-5 regions considered to represent a range of the main approaches to MPAs. A
systematic method for investigation has been developed to support the study through
the elaboration of standardized descriptions of the MPAs, evaluation of the design,
implementation and management processes, as well as policy on both the national and
local level.
To further support effective design of MPAs we will provide information related to a
global modeling review of the biological benefits beyond the borders of MPAs. Lessons
learned from the use of these tools for the design of MPAs will provide further guidance
for the improvement of such models.
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Young fishes are often dependent on certain habitats for their survival, and protecting
these habitats may be crucial for maintaining strong adult stocks. An important step in
providing sufficient protection for such essential fish habitats is reliable large-scale
habitat mapping. One promising approach here is that of spatial predicitive modelling,
where statistical models relating species occurrence to environmental variables are
coupled to geographic information systems (GIS). This approach was used for mapping
spawning and nursery areas of a number of common coastal fishes in the large,
complex, Swedish-Finnish archipelago area in the Northern Baltic Sea. Generalized
additive models (GAM) were fitted to describe the relationship between fish occurrence
and habitat variables. The resulting probability maps were subsequently transformed
into categorical presence/absence maps. It is shown that using only a few
environmental predictors, maps that capture the main patterns of occurrence can be
generated. It is also demonstrated that a major determinant of these recruitment
habitats is vegetation quantity and quality. Thus, protecting areas from activities that
may harm underwater vegetation are likely to also have positive effects on fish
production. Based on the results of the predictive models, the current level of protection
of essential fish nursery habitats is assessed for the study area.
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There is an increasing pressure on the coastal zone on a global basis. MPAs are often
tools to exclude fishers and other interests from the area. Therefore, MPAs often
encounter opposition due their highly politicized nature. My data suggest otherwise, as
they present an exception from this general obervation. Drawing on empirical data from
Mexico, this work will focus on how a community has mobiized to create a MPA from
the bottom-up where most management responsibilities are situated locally. As most
coastal communities in the region, the community depends on fisheries for both
subsistence and commerce, and they are facing challenges such as declining
resources, mass inmigration and hurricanes, Moreover, I will demonstrate how MPAs
can be used as a means to empower fishers and their communities, and how the global
discourse on MPAs can be put at work locally.
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This paper investigates trawler compliance with Prohibited Trawling Areas (PTAs)
using case studies off the Yorkshire coast. Few studies have examined the motivation
behind non-compliance in PTAs. This remains an important knowledge gap.
Understanding these factors will allow better governance to be developed and inform
future management and enforcement of spatial restrictions. Prohibited Trawling Areas
(PTAs) exist at three sites off the Yorkshire coast (Whitby, Filey and Hornsea), where a
pot fishery for crabs and lobsters and a trawl fishery for demersal fish overlap.
The PTAs are governed through bylaws enforced in a top-down manner by the North
Eastern Sea Fisheries Committee. Fishery officer records of illegal fishing within the
PTAs, from vessel-based patrols, suggest high levels of trawler compliance. However,
anecdotal evidence from a range of stakeholders indicates low levels of compliance in
at least one of the three PTAs. Ecological data on benthic habitats and communities
was used to gauge likely areas of non-compliance by trawlers, through evidence of
damage caused by gear. Satellite (remote observation) and over-flight (direct
observation) data, and fishers’ electronic charts are used to triangulate fishery officer
data. Semi-structured interviews are currently being undertaken to examine trawlers’
perceptions and practices in relation to the PTAs and determine the frequency of noncompliance. This information is triangulated with data from static gear fishers and a
wider survey of inshore resource users. Differences in levels of compliance between
PTAs are discussed and motives for non-compliance identified.
Key questions this project sets out to answer include: How effective are current
methods for detecting non-compliance? How can data from fishers’ interviews be used
to inform current management and improve trawler compliance with the PTAs? Are the
PTAs effective management tools for resolving user conflicts? This study forms part of
a larger project, incorporating socio-economic and ecological data, to examine the
effectiveness of the PTAs at Whitby, Filey and Hornsea.
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Substantial social, economic and ecological resources have been used to establish
over 600 marine protected areas (MPAs) in the Philippines, yet their level of success is
variable, with many being described as ‘paper parks’, consisting of little more than
official declarations. Recent literature suggests that levels of acceptance of MPAs in
the Philippines are increasing rapidly and a transition period is occurring, with a more
holistic approach required. This is emphasised by the application of a MPA rating,
monitoring and evaluation system and the implementation of the Fisheries for
Sustainable Harvest Project, which is incorporating MPAs within Ecosystem-Based
Fisheries Management. San Salvador Island has a relatively long history of coastal
resource management, focused on the successful establishment of a 127 ha MPA
since 1989. However, the future sustainability of this MPA is uncertain, due to lack of
compliance with ordinances and political conflicts following national legislation,
declaring the bay including San Salvador Island as a protected seascape. The need for
a more holistic approach to management is indicated, following illegal fishing and
external pollution of the MPA.
Social and ecological data sets have been collected since 1988, but limited attempts
made to link these variables together to provide a broader evaluation of the
effectiveness of the MPA in achieving its objectives. Although the data sets are
sporadic, they still provide a useful view of past changes up to the present. Taking an
interdisciplinary approach, this study evaluates the effectiveness of the comanagement framework on San Salvador Island and identifies improved future
management approaches to achieve sustainability of the MPA. From April 2007
underwater visual census data has been updated to identify temporal variations in
habitat cover and fish abundance and connected to the effectiveness of governance in
achieving management objectives. This ecological data was related to the outcomes of
semi-structured interviews with primary stakeholders, collecting their perceptions on
the equity, efficiency and sustainability of the MPA. The MPA rating systems will be
applied to provide a comparative analysis of the results of the San Salvador MPA to
other MPAs in the Philippines. The conclusions will emphasize the use of MPAs within
broader integrated management regimes and encourage the use of MPA networks as
appropriate, while informing changes needed in the MPA at San Salvador Island.
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This study evaluates the effectiveness of adaptive management in making use of
social, ecological and economic data for locally appropriate management of coastal
natural resources in the Cayos Cochinos Marine Protected Area (CCMPA). A Multi
Criteria Analysis (MCA) approach will be utilised for evaluation of the management
framework.
Adaptive management responds to and evolves with changes in the social, ecological
and economic systems that govern natural resource use, allowing the system to remain
flexible but able to maintain its basic functions. Outcomes should be analysed in
relation to the original objectives, and the results incorporated into future decisions.
Therefore, at the heart of adaptive management must be two key mechanisms: 1. the
ability of a system to learn from its own experiences; and 2. stakeholder feedback at all
levels of participation enabling information to flow through the system. To facilitate
these mechanisms, management systems must monitor key social, economic and
ecological response indicators.
In 2004, after two years of stakeholder consultations, the Honduran Coral Reef Fund
(HCRF) implemented a five year management plan to regulate coastal resources use
within the CCMPA. A biological, fisheries and socio-economic monitoring program was
introduced to measure its success. However, since this time, communities’ acceptance
of management regulations imposed by the HCRF has been declining along with
participation. Lack of compliance, community conflicts and illegal fishing are currently
threatening the sustainability of the MPA. Why is a flexible and participatory adaptive
management system not achieving community-level stakeholder compliance?
This study uses a MCA approach to identify preferences and objectives of stakeholders
at all levels of involvement in the CCMPA. Semi-structured interviews with key
stakeholders record their perceptions of the effectiveness and sustainability of current
management objectives, and estimate the power and influence of each stakeholder in
driving the objectives to be prioritised in the management plan. Through this approach,
we hope to assess if information is being fed back effectively into the management
cycle. The main questions this project set out to answer are: Does the current system
provide the opportunity for feedback to occur in top-down and bottom-up directions?
Are the objectives of the management plan adapting in response to the changes
affecting, and being affected, by the stakeholders?
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The marine reserve of La Palma (Canary Islands) was created in 2001 and is located in
the western part of island. It´s one of the youngest and abrupt Canary islands. Its
surface reaches the 3.719 ha, with 800 ha of no-take reserve. This area is included in
another Marine Protect Area (MAP), called Place of Communitarian interest (LIC) of
“Franja Marina de Fuencaliente” (Natura 2000 Network). Likewise, it´s included in the
Biosphere reserve, with the rest of the island.
This marine reserve has an important biological biodiversity. We can find a different
species of marine mammals, seabirds, sea turtles, fishes and invertebrates like
lobsters, anemones, corals, etc.
The management compete to the S.G.P.M, who has put the following means for the
alertness and coordination: 1) Human means: a marine biologist, two skippers and two
sailors. 2) Material means: two crafts, one vehicle, one Remotely Operated Vehicle,
Subaquatic photography equipment, diving equipment, prismatic of night vision, a
center of interpretation, etc.
The first reserve effects are a major abundance and an increment of size in the
following species of fishes: parrotfish (Sparisoma cretense), Blacktail comber
(Serranus atricauda) and black moray (Muraena augusti).
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The Port-Cros Islands (France, Mediterranean Sea) constitute a terrestrial and marine
national Park founded in 1963. One of the major aims of a French national Park is to
preserve habitats and species (conservation) while maintaining the professional and
recreational activities of the local people. In order to maintain those activities without
jeopardizing the main objective of conservation, and to minimize user conflicts, there is
a need to involve all stakeholders in a consultation process in order to agree on a set of
mutually acceptable rules.
When the Port-Cros Marine Protected Area (MPA) was established, trawling and spear
fishing were prohibited. Artisanal fishing other than trawling was allowed in nearly the
whole of the MPA (1 288 ha). It was governed by the French national regulations (e.g.
minimum catch size) and by local regulations, established by the prud'homie des
pêcheurs (fishers’ guild). Subsequently, in 1999, a fishing charter was implemented,
adding further constraints to the guild rules (e.g. net mesh size, immersion time). The
charter is updated every year, on the basis of scientific surveys and in consultation with
fishers. The aim is to meet the conservation objectives of the MPA while maintaining
sustainable artisanal fishing activity. To be authorized to fish in the MPA, fishers must
sign the charter every year.
Recreational fishing (except spear fishing) was allowed within the MPA until 1990.
Then recreational fishing was banned from a 50-m wide belt off shore, and, in 1998,
completely banned from some other sites. Since 2004, recreational fishing has been
almost completely banned. The reason for this ban was (i) the growing realization that
amateur catches are far from negligible in the north western Mediterranean, in
particular at Port-Cros where they were assessed as 8.4 t/km²/a, and (ii) that the ban
helps to reduce the fishing pressure on the local fish stock.
In parallel with the new regulations, from 2000 onwards, a programme of scientific
monitoring of artisanal fishing was undertaken in order to provide managers with fishing
effort and fish resource indicators (e.g. captures per unit effort) allowing annual
updating (if necessary) of the charter. This monitoring programme involved the fishers
themselves (logbook), park officers (fishing effort localization) and scientists (onboard
data collection and data processing). Overall, the fishing effort and the fisher population
remained stable despite the constraints of the charter, keeping in mind that fishers are
exploiting areas adjacent to the MPA as well. In addition, the natural heritage of the
MPA (species and habitats) appears to be well preserved, while the risk that the MPA
might be thought of by local people as nothing more than a list of prohibitions is
avoided. A management success story?
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The main aims of Marine Protected Areas (MPAs) are generally habitat conservation
and threatened species protection. However, some of them were created as fisheries
management tools. Furthermore, the existence of the MPA affects the artisanal fishing
activity in different ways even if the MPAs were not purpose-designed to sustain local
fisheries.
The purpose of this article is to emphasize how fishers may benefit from the presence
of six MPAs in the Western Mediterranean within the framework of the European
research project BIOMEX: four Spanish MPAs (two islands and two coastal zones) and
two French ones (two coastal zones), involving different management designs.
Data were obtained through onboard data collection and sighting surveys of the
artisanal fisheries operating in and around the study MPAs during 2003-2004.
Fishers potentially benefit from the presence of the MPA by catching more abundant
and larger target species within and around the MPA. In some cases, this may result
from habitat preservation within the MPA (conservation effect). In general, the spatial
distribution of fishing effort shows a concentration near the border of the MPAs. Habitat
distribution/preservation, targeted species behaviour, distance from the harbour, MPA
fishing constraints and also fishers’ habits may affect the spatial pattern of fishing effort
and consequently the fishing activity.
The spatial uses zoning of an MPA is another factor potentially affecting the benefits for
fishers. In addition to habitat and species preservation, MPAs can be a tool to facilitate
the sustainable management of artisanal fisheries (financial measures). MPAs can
regulate other uses that interact with artisanal fisheries, such as commercial fisheries,
recreational fishing or diving. Moreover, implementation of artificial reefs within the
MPAs or in the adjacent areas in the frame of an integrated management contributes to
the patterns of spatial uses.
Other less easily quantifiable factors associated with the existence of the MPA may
also affect the fishing activity. Sale of catches is one of them. Western Mediterranean
MPAs are known for their attractiveness, and their value depends not only on fishing
activity but also on the beauty of the landscape and related tourism activities (e.g.
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diving, etc.). The advantages for fishers in terms of profitable commercial exploitation
of their products are obvious. Firstly, there are more opportunities to sell their catch
(tourists or restaurants). Secondly, this trade may be carried out directly from fisher to
consumer, without going through middlemen. Thus, fishers can charge higher prices
(up to 5-fold for some species) than they could using a conventional marketing system.
And thirdly, in some cases (e.g. Carry-le-Rouet MPA), fishers use as a selling point the
existence of the MPA as a kind of Quality Produce label.
In conclusion, fishers may in some cases benefit directly from the MPA by means of
reserve effect or biomass export, while in others they get indirect gains from
advantageous zoning or increased profits. Local specificities of the MPA (e.g.
management, commercial and recreational uses, fishing fleets, fishers’ experience and
behaviour pattern) have been taken into account in the design of new MPAs to try to
maximize the benefits to the artisanal fishery.
Acknowledgements: This work has been funded by the UE-DG Fisheries through
BIOMEX project (QLRT-2001-00891)
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Cetaceans are typically highly mobile and wide-ranging species and are potentially
vulnerable to a range of threats, including the effects of fishing (direct - bycatch;
indirect - habitat destruction and prey depletion). Defining MPAs for them is thus a
considerable challenge. We describe here an approach that first defines the most
important habitat to the species and then considers the identified areas of importance
in relation to the areas most impacted by the threats. We illustrate this approach using
a case study of cetaceans in the Alborán Sea and Gulf of Vera (Andalucía and Murcia),
where data on cetaceans and human activities have been collected for 15 years.
Habitat preferences of cetaceans were investigated using spatial modelling of survey
data (GLMs and GAMs). Model-generated surface maps of highly used areas by
cetaceans were then overlaid on areas most impacted by particular human activities,
especially fisheries, to inform where protection from threats may be of most value. A
proposal for MPAs was then developed to define areas where management action is
likely to be most effective for conservation of the cetacean species.
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Marine protected areas (MPAs) have been for several years considered a high priority
focus for conservation of marine habitats and species. They appear also to be a
tangible form of marine management that allow policy makers to connect to the public
and develop public awareness actions that will be better understood. In the context of a
Spanish Ministry of Environment project developed from 2000 to 2002, several MPAs
were defined for cetaceans off South Spain, based on robust analyses of systematic
data collected over 12 years. However, regulation of human activities in the marine
environment, and especially the open seas, presents policy makers with considerable
challenges. The particular spatial requirements of marine pelagic species such as the
bottlenose dolphin also pose challenges for biodiversity conservation frameworks. For
example, the limitations of MPAs are more apparent for marine species that extend
across large areas. It is thus important to develop a conservation plan that incorporates
the requirements of the species at an appropriate scale. The core action of a LIFENature project (“Conservation of cetaceans and sea turtles in Murcia and Andalucía”),
carried out from 2002 to 2006, was to develop a proposal for a Conservation Plan for
bottlenose dolphins and loggerhead turtles. In its development, we took into account
specific conservation objectives, the status of the focal populations, actual and
potential threats to those populations, mitigation measures to reduce or eliminate those
threats, management measures, and effective monitoring and compliance schemes.
The result of this process was the establishment of a series of general guidelines as
well as concrete actions to be carried out by the involved relevant authorities and
stakeholders. The involvement of the stakeholders with socio-economic interests in the
area in the process was also fundamental. As an integral part of the broad
Conservation Plan, certain MPAs (with their own management plans) were proposed
as geographic focal points for certain actions. As part of a broader Conservation Plan,
some specific actions may take place before the MPAs are officially designated. An
example of this is the displacement of the Cabo de Gata traffic separation scheme to
prevent large tonnage maritime traffic passing through a proposed MPA.
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No-take fishery zones are expected not only to protect biodiversity, but also to help in
recovering harvested stocks. In 2002, a no-take zone was established in the northern
Adriatic Sea, ground for the Chioggia’s fleet, one of the main Italian fisheries. The
protected zone is actually a network of four areas, ranging in size from 1.3 to 22 km2,
constituted by rocky outcrops surrounded by sandy-muddy bottom and located offshore
at a depth of 18-24m.
From 2004, summer samplings on fish assemblages were performed on 12 sites, 8
inside and 4 outside the protected area, using underwater visual census. Six strip
transects (10m long) per site per year were performed at two different speeds, low
speed (2-3m/min) for benthic species (transect width: 0.6m) and high speed (810m/min) for epibenthic ones (transect width: 1.5m). A total of 33 species, belonging to
15 families were recorded. No differences between protected and un-protected sites, or
between years in the protected ones, were detected in ecological indices, abundances
or assemblage composition. A spatial pattern of richness, abundance and fish
assemblage composition emerged, with a positive relationship between richness and
abundance with the distance from the coast. Multivariate analyses, too, highlighted
differences based on distance from the coast. An additional pattern of ecological
indices and fish assemblages emerged, related to the morphology of the outcrops.
Patchy outcrops presented higher richness and diversity compared to more extended
and continuous ones, but sites located more offshore tend to present patch
morphology, while more coastal ones an extended configuration. To try to disentangle
these two factors, in 2006 8 sites, located at a similar distance from the coast,
presenting either a patch (4 sites) or an extended (4 sites) morphology were sampled
with the same methodology. No differences in ecological indices, abundances or
assemblage composition emerged.
Considering the auspicious role of these areas for fishery management, it is worth to
highlight that species occurring at higher frequency and abundance were mainly noncommercial or low-value species, tightly related to rocky bottom. Given that the main
fishery in that area is bottom or midwater trawling or hydraulic dredge, it can not be
expected to find an effect of the closure of these areas. However, these outcrops
represent unique habitats in the northern Adriatic, and consequently the protection of
these zones could help in conserving their biodiversity, promoting also a responsible
diving tourism.
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MPAs are often prompted as being the most practical management tool available to
overcome problems facing the marine environment. These include; loss of biodiversity,
alteration of trophic structure and chronic overfishing, with postulated, tangible benefits
including; enhanced fisheries biomass, the spillover effect and the maintenance of
benthic structural integrity. However, the application of these benefits into practice has
been subject to a high degree of debate on the biological side, primarily thought to be
due to the compliance of primary resource users with the objectives of MPAs, which
are often ill defined. As a result, MPAs that have been deemed biological successes
may simultaneously be concluded as social failures, creating a generation of MPAs
that are no more than ‘paper parks’. Research into evaluating the success of longstanding MPAs world-wide is therefore lacking a socio-economic dimension, with an
increasingly strong call in the literature for a simultaneous and interdisciplinary, socioecological approach.
The San Salvador Island MPA, the Philippines, has been established since July 1989,
with an overall goal to promote both fisheries stock replenishment and the
conservation of biodiversity. However, due to the highly fragmented demographic
make-up and conflicting interests of the island, maintaining broad-scale social
compliance with the MPAs management objectives is a difficult task to achieve,
despite the fact that community-based impetus led to the MPAs establishment in the
first instance. This MPA has previously been subject to frequent ecological surveys
and occasional socio-economic community analysis, but never since the establishment
of the MPA have both been conducted in a simultaneous analysis. The aim of this
investigation is therefore to test the hypothesis that strong, resource-user based
compliance is a promoter of MPA success, measured through temporal enhancement
of the ecological indicators; live coral cover and target fisheries abundance.
From April-June 2007, UVC fish count and benthic cover data will be updated and
analysed to assess temporal ecological variation, utilising Regression Analysis and
Principle Components Analysis respectively. These findings will be married with
primary resource user compliance, gauged through key stakeholder (heads of
household, fishers and gleaners) interviews, using semi-structured questionnaires to
test the hypothesis aforementioned above. Finally, recommendations will be made to
the local community of San Salvador Island, with the intention of generating impetus
for change in sustainable management practices at the grass-roots level, achieving
good participatory governance and therefore enabling stakeholders to become more
informed and involved in the environmental maintenance of their marine resources.
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A potential benefit of marine reserves is an increase of the abundance and the biomass
in adjacent unprotected areas by the net emigration of fish from the reserve. Within this
context, information on fish movement is necessary to estimate the effectiveness of
marine reserves as a fisheries management tool. This study use ultrasonic telemetry to
evaluate the connectivity between a marine reserve and two unprotected reefs
separated by lagoon soft bottoms in the South Lagoon Marine Park of New Caledonia.
The two unprotected reefs (Larégnère reef and Crouy reef) were located respectively
900 m and 2000 m from the reserve (Larégnère islet). The inter-reef movements were
examined during 12 months for 6 commercial species; Epinephelus maculatus (7 fish),
Plectropomus leopardus (12 fish), Lethrinus nebulosus (6 fish), Gymnocranius sp. (1
fish), Chlorurus microrhinos (13 fish) and Scarus ghobban (13 fish). Fish were caught
in the studied area and surgically implanted with ultrasonic transmitters. Important
movements were observed for all the studied species. 21% of the fish have been
detected on a different reef than the reef where they were released. 8% to 100% of the
individuals of each species have moved between reefs during the monitored period.
Sixty three inter-reefs movements were detected during the monitoring period. Most of
them (87.3%) were observed between the reserve and the Larégnère reef. They
concerned at least one individual of each species. Six movements (9.5%) were
observed between the reserve and the Crouy reef and 1 movement (E. maculatus)
(1.6%) was observed between the two unprotected reefs. Moreover one S. ghobban
was spear fished near an unprotected reef located 6 km from its released area (MPA).
Different patterns of inter-reef movements were observed during the survey including
home range relocation, movements within a large home range, punctual movements
outside the daily home range or fish leaving the studied area. The information gathered
in this study shows the fish ability to realize large-scale movements (900 m to 6 000 m)
in a fragmented habitat and suggest their capacity to disperse with time although a
large proportion of them may remain in the same area over the short-term.
Consequently, interactions between reefs in a lagoon system should be significant and
need to be taken into account in the design and management of Marine Parks.

58

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Spatially resolved fish population analysis for designing of
MPAs
Asbjørn Christensen, Henrik Jensen & Henrik Mosegaard
Danish Institute for Fisheries Research (DIFRES), Charlottenlund Castle, DK-2920
Charlottenlund, Denmark
Corresponding author: asc@difres.dk

Keywords: spatially resolved sandeel population dynamics, MPA networks, North Sea

A spatial population analysis model (SPAM) is presented that simulates spatially
resolved sandeel population dynamics exploring the application of a dynamic mosaic of
MPAs for sandeel populations in the North Sea. An underlying hydrographical model
delivers current flow fields, temperatures, turbulence and secondary production for
transport and recruitment of the larval-juvenile stages. Based on an array of all
established habitats for adult sandeels the North Sea the early stage component uses
an IBM approach of larval drifters to produce a transportation probability matrix among
all the individual sandeels banks. SPAM then initiate density distributions of larval
survivors to be multiplied into the transportation matrix. Resulting recruitment to a
specific bank is a function of lag year density distributions of egg-production,
transportation probability, and density dependent larval survival. The population
component simulates density dependent growth, using input of egg production from a
size, age and area resolved maturation and fecundity equation on a bank specific basis
where the transportation probability matrix from SLAM deliver the basics for recruitment
at age 0, and the bank specific population component is considered resident within the
closed system of the bank boundaries. The bank specific population numbers at age
and size are decreasing functions of fishing-, predation- and natural mortality. Fishing
pressure is either taken as an observed quantity or as an output from bio-economic
modelling. Predation mortality is dominated by fish predation but sandeels are also to a
lesser degree eaten by seabirds and marine mammals. The importance of temporal
and spatial scaling when designing MPAs is discussed.
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Marine Protected Areas (MPAs) have been widely proposed as conservation and
fishery management tools. Many studies have demonstrated an increase in fish density
and/or species richness inside MPAs compared to outside and provided evidence for
spillover across MPA’s boundaries. In spite of all these studies on single MPAs it is
difficult to generalize about the regional ecological effects of MPAs. Moreover, it is
important to link these effects to MPA design, although cause-effect relationships are
still unclear. Open questions include: Are there additive effects of MPAs that emerge at
the regional scale? Which characteristics of MPAs influence ecological responses to
protection? Are there characteristics of MPAs that can be managed to target specific
conservation and fishery management goals?
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To address these questions, within the EMPAFISH project (www.um.es/empafish), we
developed a meta-analytical approach involving 19 MPAs across the western
Mediterranean and the central eastern Atlantic Ocean. 55 studies were available,
covering a time scale of 41 years, from eight years before establishment of MPAs up to
33 years afterwards. This paper deals specifically with effects of protection on fish
assemblages.
We used effect sizes based on log-ratios to model the possible differences in fish
density and biomass between protected and unprotected conditions. To examine
whether responses to protection varied across fish categories, we calculated
aggregated effect sizes according to various fish groupings (e.g. commercial value,
mobility, size). Because the various case studies included in the meta-analysis differed
with respect to the underlying sampling design, sampling intensity and spatial or
temporal scales addressed effect sizes were weighted by an appropriate variance
component that reflected these differences. Weighted Generalized Linear Models were
used to examine how different features of MPAs (i.e. differences in design, geographic
position and management) influenced the response to protection of fish groupings.
Our results showed that large and significant effect sizes occurred only after a period of
10 to 15 years of protection, and in small compared to large MPAs. Isolation was, in
contrast, associated with low effects of protection emphasizing the benefits of
incorporating MPAs in networks.
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We conducted several experimental procedures to determine the causing forces of the
low sea urchin Diadema aff. antillarum abundances and the ‘desired conservation
state' currently found at Mar de Las Calmas (El Hierro Island) marine protected area
and nearby areas, in contrast to the high occurrence of high urchin densities and the
‘undesired conservation state’ throughout the rest of the Canary Islands. We measured
D. aff. antillarum settlement rates using artificial collectors, recruitment rates, densities
of adult individuals and predation rates through tethering experiments in several sites,
both inside the protected area and outside at nearby areas, as well as at more distant
unprotected areas (Tenerife Island). No differences in settlement and recruitment rates
between the three studied areas was found, although adult population density of sea
urchins was clearly lower and predation pressure higher at El Hierro Island. The
settlement rate shows that D. aff. antillarum larvae has the capability to reach Mar de
Las Clamas MPA and nearby areas in El Hierro and that high post-recruitment mortality
is occurring due to predation. The extremely low adult density added to the high
predation rates found provide evidences of a top down control of sublittoral reef
communities in El Hierro Island.
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The Belgian federal Law on the protection of the marine environment (1999) provides
the legal basis for the designation of MPA’s. Several categories of marine protected
areas are included: marine reserves, closed areas, buffer zones, Special Protected
Areas (SPA’s) and Special Areas of Conservation (SAC’s). The last two categories are
intended to implement the Birds and Habitats Directives in the Belgian marine
environment.
In the period 2005-2006 the Belgian Minister for the North Sea designated six MPA’s in
Belgian marine waters (three SPA’s, two SAC’s and one marine reserve). All MPA’s
are situated close to the coast.
For the management of the sites, the law on the marine environment gives the
possibility to forbid activities within the MPA’s. However, several activities are excluded
and can thus not be forbidden. This does not only weaken the possibilities for the
federal government to take the necessary conservation measures, it also might lead to
an infringement of the Birds and Habitats Directives if conservation goals are not met.
For the designated sites several management measures were taken in an
implementation decree. These include general measures for all sites, specific
measures for SAC’s and specific measures for certain bird species in the SPA’s. For all
sites an appropriate assessment must be made for new plans and projects (which
implements article 6 of the Habitats Directive). Also here, there can be some legal
problems in the implementation due to the restrictions in the law. Furthermore, for all
MPA’s the government can conclude user agreements with the different user groups,
such as fishermen, sailing clubs. These are voluntary agreements, which are intended
to increase the participation of the stakeholders and thus might lead to a higher level of
compliance. For each site a management plan must be drawn up. Monitoring of the
sites is also acquired, which in turn may lead to an adjustment of the management
measures.
Although the designation of the sites is certainly a step forward, the question remains
whether the management regime will be sufficient to reach conservation goals and thus
acquire a favourable conservation status for the habitats and species, which is a legal
obligation under the Birds and Habitats Directives. The federal government undermined
its own possibilities for taking more stringent measures, if the current measures and
voluntary agreements do not prove to be sufficient.
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In order to evaluate the sustainability and the management of sea urchin fishery, the
stock and the population structure of Paracentrotus lividus were assessed along the
coasts of the “Penisola del Sinis - Isola di Mal di Ventre” Marine Protected Area
(Western Mediterranean Sea). Sea urchin abundance was evaluated along transects
considering three depths (i.e. 2, 5 and 10 m) and two habitat types (i.e. rocky reef and
Posidonia oceanica meadow). The surface areas of each habitat type and depth were
measured from geo-referenced digital seabed maps. Stock abundance was compared
to the potential yearly catches (maximum number allowed by the regulation) and the
effective catches (estimated by fishermen declarations), during the fishing season
2003-2004 and 2004-2005. Furthermore, stocks for subsequent years were estimated
by means of analysis of population dynamics.
Results showed that in 2004 the total population abundance was 52 x 106 individuals
and the stock (size > 5 cm) corresponded to 14 x 106. The maximum potential yearly
catches, (13 x 106, estimated by the number of licenses, useful fishing days, and
individual quotas) represent almost the entire stock. The yearly effective catches were
evaluated to be about 106 individuals in 2003-2004 and 2.4 x 106 for the fishing season
2004-2005. These results suggest that, in these fishing seasons, catches had a limited
impact on the population, at least for 2003-2004. As the number of fishing authorization
increased in 2005-2006 and 2006-2007, the conservation of this resource could be
endangered if a recurrent monitoring activity and a responsible management plan will
not be implemented. Based on these results, management suggestions are discussed
for allowing the sustainability of P. lividus fishery in this MPA.
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Spatial distribution of Lithophyllum byssoides, Patella
ferruginea assemblage and Cystoseira sp. Fringe in the
Maddalena Archipelago (Sardinia – Italy)
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A study of the distribution of Lithophyllum bissoides (Lamarck) Foslie, Patella
ferruginea Gmelin, 1791 and Cystoseira sp. Fringe populations has been carried out in
the National Park of La Maddalena Archipelago. These species have been protected
by international conservation conventions and are listed as rare species in danger of
extinction.
In the Mediterranean Sea the Lithophyllum byssoides populations are in strong
regression due to different forms of superficial sea pollution. Patella ferruginea Gmelin
1791 is one of the Mediterranean endemic shellfish and it is in high risk of extinction. Its
distribution is reduced to few areas and the most significant populations are located in
the Sardo-Corso complex.
The activities on the field were concluded in November 2005, 12 Islands have been
monitored, for a coast length of 31 Km.
The L. byssoides concretions are most prominent in the Northwest area of La
Maddalena Archipelago. Those concretions form wide frames particularly in the
Nortwest side of the archipelago. The most developed concretions are in the Est side
of Caprera Island, in Punta Martinetto, in La Maddalena Island, in the North side of
Razzoli island, in Cala Bonifazinca and in Punta Zanotto in Spargi and the Spargiotto
islands. The small islands in the western part of the archipelago have smaller
populations though, in this area some conspicuosly large concretions are present in the
Mortorio Island. Those bioconcretions are developed in fissures and orthogonal splits in
the coast line. The largest thickness is developed in the top point of the fessure and the
concretion thickness will decrease slowly towards the entry end of the crack.
The Cystoseira fringe is prevalently formed by Cystoseira amentacea var. stricta
Montagne and by the much rarer Cystoseira mediterranea Sauvageau. The better
structured formations are in the Corcelli Island, in northen Razzoli Island and in
Spargiottello Island where a compact and continuous fringe can be found. The absence
of pollution and other environmental factors allow these populations to growh without
showing any of the typical regression evidence so common in the rest of the
Mediterranean Sea.
In total 736 P. ferruginea have been found. Their sizes vary from 1.8 cm and 7.5 cm of
length. The average density is 2.8 organisms every 100 m of coast. This density is half
of that one previously registered in the near La Vezzi Island. The P. ferruginea
population shows a lower population density and a smaller average size compare to
other populations living in MPA of Lavezzi and Asinara Islands. This could be due to a
withdrawal effect.
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In the past 15 years, nine marine protected areas (MPAs) had been established in the
Gulf of California (Mexico) to preserve biodiversity and improve the livelihoods of
fishing communities relying on their resources. However, MPAs still face challenges
related to technical limitations, political will, and financial resources necessary to fully
achieve their short and long term objectives.
Acknowledging this and to prove MPAs effectiveness for biodiversity conservation and
fishery management, the National Commission of Natural Protected Areas and a
national and an international non-governmental organizations, Comunidad y
Biodiversidad, A.C. and the World Wildlife Fund, are working together to consolidate
the management and operation of the San Pedro Martir Island Biosphere Reserve, a
relatively compact 302 square kilometers MPA - including 11.1 square kilometers of notake zone. This MPA represents an opportunity to implement a new model of effective
operation under an adaptive and ecosystem based management schemes, with true
representation from stakeholders and considerable direct participation from users, who
have been involved throughout the decree process and devising the management plan.
We started the process from a shared vision to create an effective and self-sufficient
marine protected area, where governmental and stakeholders actively participate to
conserve, protect, and restore this island and its adjacent waters, and recover fishing
resources for sustainable use. To achieve this, we developed a five year plan that
includes seven strategies to reduce the impact of fisheries, one of the main threats to
the reserve’s resources. The strategies are: 1) Regulate fishing access by
implementing a community fishing management system; 2) Strengthen enforcement
and surveillance to prevent illegal activities in the reserve; 3) Reduce the impact of
deep and pelagic fishing through legal instruments; 4) Guarantee funds in the long
term; 5) Strengthen the organization of small-scale fishers ensuring fair use of the
reserve’s resources. 6) Promote good practices to encourage sustainable and
responsible use; and 7) Strengthen community participation to ensure involvement of
lawful users in the planning, operating, and decision-making processes of the reserve.
We present the process to construct this shared vision and strategic plan, including our
indicators to measure success. We believe that by creating an efficient MPA model, we
will achieve greater social acceptance and community participation, and facilitate the
creation of new marine protected areas, and we particularly hope that lessons learned
yield recommendations to support the consolidation and operation of existing areas.
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In the nature reserve of Berlengas (“Reserva Natural das Berlengas”, central
continental Portugal), several measures are taken since 2000 to manage the stalked
barnacle Pollicipes pollicipes (Crustacea, Cirripedia) fisheries.
An ongoing research project initiated in 2005 aims to study the patterns and impacts of
the human exploitation of P. pollicipes and its management in this nature reserve. In
this presentation we intend to evaluate the following management measures of this
exploitation: 1) fishing closure in August and September; 2) fishing closure on
Mondays, Fridays, Saturdays, Sundays and public holidays; 3) bag limit of 20 kg
(before sorting); 4) half of the catch volume with barnacles of capitulum length larger or
equal to 25 mm; 5) zoning (permanent and temporary no-take zones); 6) declaration of
fishing effort (catches registration with dates and total amounts).
Through direct observations and enquiries, this evaluation considered the knowledge of
each measure by the fishermen, the enforcement degree of each measure and the
opinion on each measure by the fishermen and the nature reserve guards.
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The Natural Park Luiz Saldanha is the sole marine park in Portugal. It is located south
of Lisbon and its shallow waters and bays are protected by the Arrábida Sierra. This
area is a Nature 2000 site and it is considered to be a hot spot of marine biodiversity.
Several problems common to other marine parks affects this park as well. Last year the
management plan of the park was implemented not without several episodes of social
turmoil. The fact that the management plan was implemented in the park, and the
habitat menaces were discontinued allowed for the application to the LIFE – NATURA
program. The project was one of the four winners of the Portuguese applications to the
LIFE 2006 program. The LIFE-BIOMARES project (LIFE06 NAT/ P/000192) aimed at
the restoration and management of the biodiversity of the natural park. Several actions
are taking place. The restoration of the seagrass prairies that were completed
destroyed by fisheries and recreational boating is one the most challenging. It will
include the transplanting of seagrasses from donor populations, the germination of
seagrass seeds for posterior plantation to maintain the genetic diversity of the
transplanted area. All the donor areas and the transplanted areas will be mapped and
monitored for biodiversity. One of the most popular actions will be the implementation
of environmental friendly moorings, and a floating dock to integrate recreational use of
the area with environmental protection. Several actions of information and
environmental education about the marine park and the project are also planned. For
compensating for fishermen loss of fisheries ground and to increase the knowledge of
the habitats of the park, the cartography of the park and the surrounding area till the
100 m depth is being made. The project coordinator is the Center for Marine Sciences
of Algarve. Four more partners share the execution of all the tasks. The project has the
consultancy of NOOA/USA and a Cement Company (SECIL) as a co-financer. This
project is an excellent example of how MPAs implementation can be supported by the
EU environmental policies.
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The immersion of artificial reefs is one method that would extend the Marine Protected
Area to adjacent areas and create new diving sites. Within this framework, an
investigation was carried out with 13 professional diving centers of PyrénéesOrientales (France) to understand their position regarding artificial reefs. Our goal was
to appreciate and define divers’ wishes and to determine the opinions of diving centre
managers regarding this project in a Marine Protected Area (MPA) (Dalias, 2005).
Scuba diving represents now one of the main coastal activities of the rocky coast of
Argelès-sur-Mer in Cerbère. Professional organizations, associations and individual
divers are sharing the same diving sites along this coastline.
This activity has steadily arisen in the last 10 years and this progression is still
noticeable now. In 2003, about 40,000 dives have been recorded along the Vermeille
Coast among which 20,000 were located in the Marine Protected Area of CerbèreBanuyls.
However, in the long term, natural sites exposed to too frequent and repeated dives will
be irreversibly damaged with as consequence, an impact on the diversity of the marine
environment. Frequentation figures for these sites need to be analyzed carefully and
should be used to propose sustainable protection and management implementations.
The implementation of fixing devices (buoys) within the Marine Protected Area of
Cerbere-Banyuls in order to limit the damaging action of anchors represents a first step
of management.
Role of Artificial Reefs
According to divers, artificial reefs have the following benefits:
- Ecological :
• Creation of a new substrate which will be colonized by species not
already present at the site,
• Enhancement of species that have disappeared from sites,
• Creation of a link between Cap Leucate and Cap Cerbère.
- Economic :
• Creation of new diving sites and small-scale fishing,
• Reduction of human activities on a same site, and thus reduce the
impact of these activities on the ecosystem,
• Reduction of divers’ number in the MPA.
The divers are against the immersion of artificial reefs in a MPA. They consider that
this zone already has a strong ecological potential and that it should not be denatured.
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Characteristices of Artificial Reefs
They wish to take part in the design and construction of artificial reefs, by sharing their
experiences and ideas with scientists. According to divers, artificial reefs should be:
- Depth : 15-30m (accessibility for a large majority of divers)
- Surface and volume: surface between 300 and 400 m² with a slope of 2 to 3 m.
- Design :
• Tetrapodes,
• Solid concrete reinforced with iron sticks,
• Rocks of to 2 to 3 tones used for harbor dams,
• Round forms (no emerging angle) to avoid accidental damages to
fishing trawls (Artificial Reef type « Galet », diameter of 4 to 5 m, height
of 2 to 3 m) (Figure 1).

Figure 1 - Artificial Reef type «Galet»

The entire Reef must sit on a thick layer of gravels to avoid any silting phenomenon on
the site.
In scuba diving, the visual aspect plays a major role on the imagination of the divers. In
this very case, immersion of ship wrecks (small wine tanker, trawler, barge) or plane
wreck is quite adapted. In addition, on this part of the Vermeille coast, most of the
wrecks are located below 40m and are not, therefore, adapted to a large community of
divers. This type of immersion presents more a commercial interest than a real
environmental effect.
Management
The management of such a site must fall under a policy of sustainable development.
The divers are willing to share these sites with other users (fishermen, scuba-divers,
sailors, spear-fishing divers, etc.). Communication within and among the various users
must be established in order to avoid future problems.
Activities cause direct or indirect impacts on the marine environment. These
detrimental effects will be even greater on artificial reefs due to their small size. It will
therefore be necessary to install protection reefs, mooring buoys, implementation of a
rotation increment system. An area set aside for each and every user could be
established.
The immersion of artificial reefs cannot be done without:
- Involving all the parties concerned,
- A scientific follow-up in partnership with diving centres,
- Communication between all the socio-economic stakeholders.
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This investigation has allowed determining the exact perception of divers regarding
artificial reefs. It has also highlighted the conflicts of interests between professional
fishermen and divers. The richest zones are the origin of most of the conflicts because
living fauna has often a higher economic value than (fishing) commercial sales.
However, artificial reefs may well protect small-scale fishing, invigorating ports on the
Albères coast.
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In the Mediterranean Sea, the economic potential from tourism is in constant growth
due to the presence of exceptional natural resources. Interestingly, in parallel to
traditional sea and sun tourism, a new trend of ecotourism is emerging with a major
interest for Marine Protected Areas (MPAs).
The development of diving activities in the Mediterranean Sea represents now an
important prolongation of the tourist season on a full year, with substantial economical
returns for the local economy. This cooperation wishes to promote a steady economical
development by focusing on a main objective: the sustainable preservation of the
marine environment and related natural resources to enhance a long term and healthy
tourism industry.
This assistance guide for the management of MPAs has been produced within the
program Interreg IIIC Southern zone MedPAN (Dalias et al., 2007a; 2007b).
This guide was designed in order to assist all the MPA managers in properly managing
diving activities according to the specificities of the zone that they are supervising. It
includes:
Diving follow-up and impact studies
- Activity follow-up, frequentation and load capacity (Table 1)
Table 1 - Set up of diving activity follow-up tools within the MPA

Marine Protected
Areas
Small size team
Average size team

Big size team

Tools

Advantages /
Disadvantages
Frequentation notepad
Data
limited
on
a
declaratory basis
Frequentation notepad
Complementary but nonObservation
and
counting exhaustive data
during the patrols
Frequentation notepad
Real data
Observation
and
counting
during the patrols
Frequentation studies
Diving licence
Damping management
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-

Impact studies on in situ scuba diving :
• Studies carried out: studies on behaviour of divers, impact study on the
benthos (Paramuricea clavata, Eunicella singularis, Corallium rubrum,
Alcyonium acaule, Pentapora fascialis), impact study on fish
communities.
• Proposal of a protocol for studying scuba diving: direct observation of
the divers’ behaviour, follow-up of the benthic communities, specific
follow-up of Gorgonians, follow-up of sedimentation rate.

Means of awareness: a presentation of the tools available for diving instructions in the
respect of environment and examples of installations for sub-aquatic eco-tourism
- Awareness of the non-divers:
• Catalogue
• Film
• Web TV
• Environmental Education of the public
• Environmental diving
• Underwater path
- Awareness of the divers:
• Descriptive submersible card, leaflet, educational case
• Environmental Training course
• Campaigns of seabed cleaning
• Multimedia valorisation of diving sites
Measures of scuba diving management in the MPA
- New diving sites
- Infrastructures set up:
• Installation of organized mooring places
• Installation of landscape artificial reefs
- Need for a scientific follow-up
- Code of good practice for diving:
• The partnership
• Commitments of the various participants
• Additional deliverables brought by the manager: the label, the
awareness, involvement of participants via meetings, the installation of
organized mooring places
• Common missions
- The scuba diving licence
- The scuba diving regulation in the MPA
Even if the diving practice is similar, the diving natural environment remains specific to
each MPA. However, the management of this activity must combine an educational, a
technical and a legal approach. This guide is a non-exhaustive compilation of these
main approach types and it should be used more as a guide of assistance to
management. In addition, to facilitate managers’ work, we compiled after each
awareness measure of the Mediterranean MPAs repertory, a list of areas practising
these measures.
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Industrial (fishmeal) fisheries often target fish species which are important as prey for
seabirds and other predators, and concerns have been raised about the impact of
these fisheries on other ecosystem components. During the 1990s, an industrial fishery
for sandeels (Ammodytes sp.) was active in the Wee Bankie area of the North Sea off
SE Scotland. Following concerns about impacts on sandeel predators, a zone off E
Scotland and NE England was closed to the sandeel fishery in 2000. The closure has
remained in place. Previous analyses showed that black-legged kittiwake Rissa
tridactyla breeding success and adult survival in one colony were depressed during the
fishery years. As part of the EU-funded research projects IMPRESS and PROTECT,
we investigated the effect of the sandeel closure on demography and foraging ecology
of breeding sandeel-dependent seabirds. We used data from the UK Seabird
Monitoring Programme from 1986-2005, i.e. before, during and after the fishery was
active, to evaluate impacts on breeding success. Data from several colonies along the
UK E coast, inside and outside the closure zone, and from several seabird species
were included in the analyses in a replicated BACI design. Detailed data on
demographic performance of breeding seabirds on the Isle of May (within the closure
zone) were also analysed, controlling for environmental variation. We also compared
summer sandeel consumption and at-sea distributions of seven seabird species
breeding on the Isle of May, including the kittiwake. We compared foraging ecology
with local fishery removals and abundance of older (1+ group) and young of the year (0
group) sandeels. Using this combination of data on demography and foraging ecology,
we show that kittiwake breeding success was depressed during the fishery period
throughout the zone later closed to the fishery. No effects were found on other seabird
species. The differential impact on kittiwakes is likely due to their specific foraging
ecology: being strict surface feeders, they can only access a fraction of the sandeels
available in the water column.
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This manuscript examines areas of overlap and divergence between the practices of
marine protected areas (MPAs) and coastal/marine ecosystem-based management
(EBM). Results from an MPA News survey on this subject are presented, indicating a
wide range of opinion among practitioners on whether the success of MPAs and EBM
are mutually dependent. The survey is believed to be the first baseline measure of
practitioner opinion worldwide on the relationship between these management tools.
In addition, the launch in June 2007 of a new publication — to cover coastal/marine
EBM for practitioners — is announced and discussed, including how its audience is
expected to differ from that of MPA News and the near- and long-term implications of
this differentiation for the fields of MPAs and EBM in general.
MPA News is the global newsletter on planning and management of marine protected
areas, with nearly 4000 subscribers in 110 countries. Its subscribers include directors
of national MPA programs, site managers, academics, NGOs, fishing organizations,
tourism professionals, conservation donors, and the media.
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Marine protected areas in Spain have been created taking into account different implicit
or explicit objectives. In the case of the marine reserves, created by the Ministry of
Agriculture and Fisheries, their aims include the protection of those areas adequate for
the regeneration of fishing resources, where specific zoning and regulations for
extractive and non extractive activities will be held. Other Marine Protected Areas,
created by Autonomous Communities may have goals more strictly related to
conservation. However, in many cases some kind of tourism activities will be held
related to the protected area, from trips in glass-bottom boats to scuba diving.
Our research in two MPAs (Marine Reserve La Restinga-Mar de Las Calmas in El
Hierro, Canary Islands, and the Protected Area of Illes Medes in Girona, Catalonia) has
demonstrated how relevant this activity may be in order to set up or maintain a tourist
destination, constituting also a relevant economic activity for the coastal populations in
the area of influence of the MPA. In this sense, one of the main consequences of MPA
creation is the development of more specialized tourist’s flows, focused on activities
like scuba diving, that usually have a very important effect: to extend the tourist arrivals
from a very narrow season to a larger one. Moreover, these processes have
contributed to change tourist images and products, using now the protected area as an
argument in order to differentiate the destination.
These processes drive to new challenges: how to manage this activity in areas
traditionally devoted to fishing? The responses to this question are very different in
each of the two cases we are comparing here, and the participation of stakeholders
related to scuba diving activities in the design of these regulations, as we shall see, has
also been completely divergent. Both cases also differ in the relationships established
between this activity and professional fishing.
Several research techniques and methodologies have been used in our research,
including questionnaires to divers and also to owners of diving centres, jointly with a
long period of fieldwork, when participant observation and analysis of the general
characteristics of these coastal populations was held.
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A survey was carried out in order to evaluate abundance and distribution of fish
assemblages in the MPA of Sinis (Sardinia, Italy) and bordering areas, as a part of the
EMPAFISH project (European Marine Protected Areas as tools for FISHheries
management and conservation), and in collaboration with the MPA “Penisola del SinisIsola di Mal di Ventre”. The method used was Video Visual Census (VVC), which
allows to obtain a permanent record of each transect and to study the whole fish
assemblage. The work was carried out in locations inside and outside the MPA, at a
constant depth (5 m) and on different substrates: rock, Posidonia oceanica and sand. A
rapid passage was used to record benthopelagic species, while a slower one was used
to record benthic species and species hidden in shelters. These data represent the first
record of fish assemblages in the Sinis MPA. In addition, they represent a historical
documentation of the environment and seascape of the MPA Sinis-Maldiventre.
Overall, 42 species for 17 family were observed. A clear separation in abundance was
found depending on different substrates (rock > Posidonia oceanica > sand) while no
significant differences among different protection levels was revealed. Significant
differences occurred among inside and outside locations, in terms of richness index,
which was higher inside. The results can provide a reference point for the management
of this MPA, and a starting point for future work on the effect of the protection scheme.
The use of VVC resulted in relatively easy underwater observations, since VVC
minimizes underwater time, allowing to concentrate a high number of observations
within a limited amount of time.
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A considerable amount of previous work has focused on the effect of MPAs based on
ecological data. However, very little is known on potential differences in the behaviour
of marine organisms inside and outside MPAs. Yet, human activities that are commonly
regulated by the existence of MPAs (such as frequentation and fishing), may have
profound effects on the behaviour of fish in terms of their activity and responses to
disturbances. Here, we developed an innovative methodology in order to test for
potential differences in the escape behaviour of fish as a response to a spear-gun shot.
Using a high speed camera adapted for field use, we were able to record the reaction
of fish with high temporal resolution, at 250 frames /s, i.e. 10 times higher than
commercial video cameras. The set-up involved an operator filming the escape
response from above, while another operator triggered the spear-gun from the
approximate distance of 1 m from the fish. We measured reaction distance, escape
direction and the speed of the response. We examined the protection effect on reaction
distance of two species: the red mullet, Mullus surmuletus, being regularly hunted by
spear-fishing, and the goby, Gobius bucchichi, which is not subject to spear fishing.
Observations were carried out in two MPAs with different levels of enforcement,
Bonifacio Reserve, Corsica France (high enforcement) and Sinis MPA, Sardinia Italy
(low enforcement). Two locations (both in protected and non-protected zones) were
used in each MPA. Preliminary results suggest that (1) red mullets have longer reaction
distances than gobies, (2) differences in reaction distance inside and outside the MPA
occurred for red mullet in Bonifacio (high enforcement MPA). These results suggest
that reaction distance may be related to the spear-fishing pressure of each species,
and those differences between inside and outside are more pronounced in MPAs with
high enforcement. While more data (more species and more MPAs) will be necessary
to confirm these trends, we suggest that our methodology represents a valid tool to
detect changes in behavioural activity of the target species selected. Further work will
allow us to test whether this methodology may be provide a suitable behavioural
indicator to assess the effectiveness of protection measures.
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Closing an area to fishery undoubtedly protects fish and other organisms within this
area, but protection of fish may quickly reduce to zero when they are harvested as
soon as they leave the protected area. To capture the tendency of a fish species to
move around and to infer the resulting distribution area, we constructed an individualbased model (IBM) in which key processes driving migration and dispersal are
modelled. The aim of this model is to evaluate the effects of size and location of marine
protected areas (MPAs) on a population of non-sessile animals and on its fisheries. We
developed a minimalistic model of individual growth, migration and exploitation, with
North Sea Plaice in mind and looked at potential effects of area protection on survival,
distribution and fishing yield. Management scenario’s examined cover a control, and
realistic and experimental scenario‘s, ranging from all of the North Sea open to
fisheries to closed areas of a size that result in substantial effects. Most realistic
scenario's show nearly identical results: MPAs of sizes as currently considered hardly
have an effect. Considerable protection is only achieved by protected areas of much
larger size (25% of the North Sea or more). The protective value of a static MPA thus
depends above all on the dynamics of migration processes of the fish concerned.
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The Azorean limpet, Patella aspera, a highly prized seafood, is an endemic species to
the Macaronesian Islands. Together with the limpet P. candei, P. aspera is the target of
commercial and recreational fisheries, and has been consistently overexploited over
the last two decades. In 1986 it became the 6th most important species in terms of
commercial value, despite most the catchs not being officially declared. The stocks just
dropt abruptly the following years. Several regulations, including total ban of catch was
introduced in the main islands. Additionally in 1993, following the opening of some
areas for exploration, 34 limpet specific MPA (Marine Protected Areas) were designed
in the Azorean islands. Regulations included size limits, commercial license issuing,
seasonal closure and mandatory filling of log sheets. In this paper, a thorough analysis
of a 15 year record of landings, fisherman’s logs and environmental monitoring data is
made. Spatial and time-scale analysis show both an annual catch decline and a shift in
fisherman’s behaviour consistent with the condition of highly vulnerable, overexploited
species. In addition, through the last years (2005/06), a thorough population
assessment campaign was launched. With the same methodology from previous
assessments, a total of 100 locations from 5 islands, representing 28 fishing zones and
14 MPA were sampled. P. aspera was present in 86 % of sites. However in 75.6 % of
these, abundance was extremely low (below 10 specimens for 15 minute effort).
Abundance varied significantly between island sites with different coastal orientation,
mainly between North and South coast, and proximity to coastal settlements, roads or
local ports. Despite a few MPA showing slightly higher abundance than adjacent areas,
spatial analysis of abundance was unable to detect any type of effect from MPA,
positive or otherwise. The absence of effect from MPA zoning may be a result of one or
a combined group of the following factors: weak enforcement, poor population
awareness of MPA boundaries, illegal fisheries, small size of MPA, easy access to
MPA coastline and high vulnerability of the target species, related with extremely low
abundances. Size composition analysis detect some evidence of recruitment failure,
probably linked with the low abundance effect on reproduction success (Allee effect).
This seems to be a key factor in preventing natural population recovery in both MPA
and fishing zones alike.
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In Italy, Marine Protected Areas (MPAs) are marine zones where anthropic activities
are regulated, in order to accommodate the needs of nature conservation with the
sustainable use of resources. Hence a great deal of information, both naturalistic and
socio-economic, is necessary to manage them effectively. Actually available data are
little and, often, fragmented and heterogeneous (in format, source, spatial reference
etc.). Geographical Information Systems (GIS) provide useful tools to integrate different
data, but few Italian MPAs today have a well organized geospatial database.
The aim of this work was to implement a data model that is a template to assemble,
integrate, manage, analyse and publish spatial and descriptive features of an MPA.
At the first, all significant features for an MPA were indicated in a conceptual model by
thematic groups. Next, the features were represented in a logical schema designed
coupling the Unified Modeling Language (UML) to the “object-oriented model”, in order
to better capture the behaviour of real-world objects. The schema was produced
referencing both natural and manmade features to the Marine Data Model, a general
and flexible template developed by ESRI and some marine scientists to model the
ocean realm. Moreover the logical design took into account the Standard Data Entry
Form, formulated for “National inventories of natural sites of conservation interest”
according to Protocol concerning Specially Protected Areas and Biological Diversity in
the Mediterranean (Barcelona Convention, 1995). Finally the physical schema was
generated using Computer Aided Software Engineering (CASE) tools provided by
ArcGIS platform (ESRI). To test the model, natural and socio-economic data, collected
from the MPA of Ventotene-Santo Stefano, were imported into the schema and several
thematic layers were produced. In the future these data are going to be used as inputs
for zoning procedures.
In conclusion, the data model provided a template not only to simplify implementation
of an MPA GIS but also to share and compare available information among different
marine areas. In the light of an extensive monitoring of coasts, this could be an
important starting point to plan an effective network of MPAs in Italy as well as in the
Mediterranean Sea.
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Scuba diving is one of the major forms of commercial use of MPAs but it affects on the
marine environment. In this paper divers’ behaviour was observed to determine direct
and indirect effects of the diving activity in a Mediterranean MPA. Divers’ behaviour
was evaluated as permanence (time spent) in each habitat and counting the contacts
made with the substrate (both intentionally and unintentionally). This was done by
following organized groups of 2-5 divers.
Seven benthic subtidal habitats were considered at Capo Gallo – Isola delle Femmine
MPA (Northwestern Sicily): horizontal photophilic algae (HPA), vertical photophilic
algae (VPA), Posidonia oceanica (PO), sciaphilic walls (SW), caves (CA), sand (SA)
and pebbles (PE). Disturbance was assessed evaluating the direct (on benthic
organisms) and indirect (on fish aggregations) effect of each contact.
A total of 105 divers were followed during the two seasons of observation (July –
October 2005 and June – September 2006) each lasting on average 31.6 minutes
(±1.3 S.E.). Dive time was mostly spent on HPA, SA, VPA and SW (altogether 95% of
the entire dive time). Most of the total contacts were recorded on HPA (71%), related to
the high habitat permanence on this habitat (on average 72% of dive time). Divers
made contacts with the environment on average 2.52 times/7 min per diver. These
contacts were unintentional by the 76% of cases. The highest rate of total contact was
recorded within CA, with 4.69 (± 1.27) contact/7 min. per diver. Divers had also high
rate of contacts on SW (3.26 ± 0.74 contact/7 min. per diver). Majority of the
unintentional contacts were recorded in CA (3.96 ± 1.01 contact/7 min. per diver).
Values of Strauss index (used as a measure of habitat selection) show an absence of
active selection by divers for any habitat along the underwater trails. No differences in
the rate of contacts between different scuba licence degree were detected (p>0.05).
Differences are instead evident among habitats with highest rates recorded in CA and
SW (p<0.01). The majority of accidental contacts were recorded during the first 8
minutes of dive time for every licence degree. Only Eunicella spp. and Astroides
calycularis (100% of immediate damage) were injured by divers. Three fish taxa show
temporary aggregation due to divers’ contact: Chromis chromis, Coris julis, Diplodus
spp. Our results showed that diving could exert both direct and indirect effects on
organisms. Suggestions to management activity are provided to minimize such
disturbances.
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The marine reserve of S. Maria di Castellabate (Southern Tyrrhenian Sea) is one of the
two marine protected areas of next institution facing the coasts of the Cilento and Vallo
di Diano National Park; it is extended 23 km along the coast, till the depth of 50 m. In
the Cilento area, the administrative context in term of conservation of nature is very
complex and diversified so as the land use; therefore, a multicriteria analysis have
been performed, utilising georeferenced data in a GIS application, in order to assess
the environmental quality of the coastal zone, including marine.
The work was carried out in four steps according to the MaREP (Marine Reserve
Evaluation Procedure). The first was the collection of data on population, economy,
tourism, marine biology and geology, and the choice of criteria needed to define
“values” of naturalistic importance, sensibility and socio-economic relevance.
The second step was the individuation of Environmental Units (EUs) on the basis of the
coastal morphology, in order to calculate the Highest Relative Environmental Value
(HREV) and the Naturalistic, Scientific and Recreational Value (NSRV) for each EU;
the third was the individuation of Bionomic Units (BUs) on the basis of bionomic maps,
and for each BU the Highest Relative Bionomical Value (HRBV) and the Bionomical
Sensitivity Value (BSV) were calculated, in order to select the BUs where conservation
and monitoring measures are needed; the fourth was the integration of previous
information to obtain the optimal final zonation.
As result the procedure grouped the EUs in 3 different protection levels, and groups
are in accordance with the preliminary zonation of the marine protected area.
Moreover, the variety of considered topics and the utilization of GIS instruments
allowed the extraction of new informative layers, which allows to independently
evaluate each aspect of the overall result.
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Fisheries reserves (FRs) are spatially bounded areas where the harvesting of fisheries
resources is restricted, according to gear types (restricted fishing areas), or forbidden
(no-take zones) and are designed to protect populations of commercially important
stocks from overexploitation. However, such reserves may also protect vulnerable and
ecologically important habitats especially if the reserve size is relatively large enough to
include significant areas of such habitats, even if the focus of the reserve is not habitat
protection. We illustrate this using the 25 nautical mile Maltese Fisheries Management
Zone (FMZ) as a case study.
Since 1971, Malta has managed a 25 Nautical Mile Exclusive Fishing Zone, covering
an area of 10,700 km2, which, after Malta became a member of the European Union in
2004, was retained as a Fisheries Management Zone (FMZ). The objectives of the
original Exclusive Fishing Zone were to protect the local artisanal fisheries from large
scale fishing by, amongst other measures, setting up of a non-trawlable zone within 3
Nautical Miles of the coast, and restricting trawling to specific areas within the
remainder of the Exclusive Fishing Zone. Following EU accession, new management
actions were introduced, but the objectives remained essentially the same. Knowledge
of the benthic habitats and seabed characteristics of the protected area around Malta is
very limited and it is only in recent years that investigation of the habitats and their
biota in this zone, and of the physical characteristics of the seabed has begun. During
the 1980s and 90s, investigations focussed mainly on the relatively shallow waters
within the 3-NM no trawling zone, but presently deeper waters are being studied.
These studies have revealed the existence of important habitats, such as very
extensive Posidonia oceanica meadows that extend to depths of more than 45 m and
include some of the densest meadows in the Mediterranean, and of equally extensive
maerl beds at depths of 50–120 m. Very recently, living deep-water coral assemblages
of the Lophelia pertusa, Madrepora oculata and Desmophyllum dianthus triad, were
discovered at depths of 390–620 m. This is only the second site where living Lophelia
has been found in the Mediterranean. Although the 25 nautical mile ‘reserved area’
was primarily set up to protect the fish stocks, especially commercial demersal
resources of the Maltese shelf area, the restriction and regulation of trawling activities
within the zone served also to protect benthic habitats that have a high ecological
value, including seagrass meadows, maerl beds and coral banks.
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In a current trend of declining fish stocks worldwide, fisheries managers are seeking
other tools to enable them to achieve sustainable use of marine resources. The
creation of fisheries reserves and marine protected areas (MPAs) are one
management option that may help to reduce declining stocks and the present study
provides scientific evidence for the potential benefits afforded by fisheries reserves.
Otter trawl samples were collected from muddy bottoms at depths of 80-170m on the
continental shelf around the Maltese Islands. Two stations were located inside the
Maltese 25 Nautical Mile Fisheries Management Zone (FMZ) and seven stations were
outside this zone. Trawling effort, as assessed by satellite tracking of the fishing
vessels (Vessel Monitoring System), is negligible at the stations inside the FMZ.
Outside the FMZ no legal restrictions on trawling effort exist and the stations sampled
are trawled regularly. Two replicate staions were sampled (3 samples from each
station) inside the zone and 8 replicate stations (2-3 samples per station) outside the
zone. The catch from each haul was sorted and the demersal fauna were identified,
weighed and counted. The length and weight of all the individuals from a 34 species
including fish, crustaceans and cephalopds was also recorded. Sediment granulometry
and sediment organic carbon were estimated from sediment samples collected using a
0.0625m² box-corer. Depth and temperature were measured using a probe attached to
the trawl net. Abundance and biomass data for the stations were analysed using
classification and ordination techniques. Relationships between environmental
variables and faunal assemblages were analysed by superimposing individual
variables on the two-dimensional nMDS plots. Biomass size spectra for the different
clusters obtained were also calculated for selected taxa. The demersal assemblages
inside and outside the FMZ were clearly separated by the ordination techniques. No
significant changes were observed in the sediment characteristics for stations inside
and outside the FMZ. Groups sensitive to trawling, such as elasmobranchs had high
abundances and biomass inside the FMZ, but had very low values outside the 25NM
FMZ; Scyliorhinus canicula and Raja clavata were the two species most responsible for
the difference between the two zones. The stations inside the FMZ had more than
twice as much total biomass and abundance than the heavily trawled stations outside
the FMZ. The establishment of a ‘management zone’ around the Maltese Islands in
one form or another since 1971 and strict enforcement of regulations concerning
fishing in this zone seems to have protected the demersal resources of the continental
shelf within this area and maintained stocks of species that have become depleted
elsewhere.
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This paper presents observations from a study of a Nephrops norvegicus fishery at a
site in western Scotland, UK. Nephrops is the target of Scotland’s most important
fishery and it is fished by either mobile (trawl) or static gear (creels). There has been a
background of conflict between the two sectors and at the study site, the Inner Sound
of Rasaay, this conflict was resolved in 2001 by an agreement for spatial segregation
underpinned by a statutory order.
By coincidence, a military submarine exercise area, a de facto no take zone where all
fishing has been excluded for approximately 30 years, lies at the heart of the static
gear area. This unique spatial management scenario provided the opportunity for a
comparison of target species and benthic fauna in the un-fished area with the adjacent
zones subject to fishing by either mobile gear or static gear.
Nephrops is restricted to deep mud biotopes characterised by burrowing megafauna
and conspicuous epibenthic species including the tall sea pen Funiculina
quadrangularis. This species is considered vulnerable to physical disturbance by
fishing gears. The study required the use of remote video techniques (both towed
sledge and ROV) and sidescan sonar owing to the depth of the study site (mostly in
excess of 100 m and up to 250 m water depth). Towed video also enabled the
quantification of Nephrops burrow densities, the standard method currently used for
stock assessment purposes.
Significant differences in the Nephrops population and in the epibenthic communities
were observed among the three areas. The un-fished submarine exercise area
contained the highest abundance of Funiculina. This area was also notable for the
presence of the brittlestar Asteronyx loveni, an epibiont of Funiculina, recorded in
densities not previously observed. Funiculina was also present in the static gear area,
albeit in lower density, but was found to be largely absent from the mobile gear area.
Nephrops burrows were larger, but less numerous within the un-fished area,
suggesting a population characterised by larger (and presumably older) individuals.
The implications of spatial management measures (including no-take zones) for the
management of a sustainable Nephrops fishery and the conservation of benthic
biodiversity are discussed.
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Making Ecosystem-Based Management a Reality: The Role of
Marine Spatial Planning and Ocean Zoning for Effective Marine
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The results of the recent Millennium Ecosystem Assessment, as well as other global
and regional assessments of the marine environment, recognise that biodiversity in the
world’s oceans and coastal areas continues to decline. Science magazine confirmed in
its November 2006 issue that the loss of marine biodiversity is profoundly reducing the
ocean’s ability to produce seafood, resist diseases, filter pollutants, and rebound from
stresses like overfishing and climate change (Worm et al., Science, November 2006).
During the past decades, traditional sectoral management approaches to natural
resource and environmental management have become increasingly insufficient to
address human impacts on the marine environment and have shifted to a more
holitistic ‘ecosystem approach’ that calls for a comprehensive look at all dimensions of
environmental problems. With the recent implementation of the Marine Strategy (2005)
and the publication of the Maritime Policy (2006), the European Union (EU) has taken
global leadership in achieving ecosystem-based management. The EU is developing a
strategic, integrated and forward-looking management framework for its sea use that
will help achieve sustainable exploitation, taking into account social and economic
benefits as well as biodiversity commitments. A network of marine protected areas
(MPAs) is at the centre of these activities. More importantly, however, is the EU’s
pioneering recognition that, to be successful, MPAs need to be set in the context of
ecosystem-based marine spatial planning. Several countries, driven by European
legislation or on their own initiative, have already moved beyond the conceptual level
by putting marine spatial planning into practice. In doing so, they illustrate the beneficial
characteristics of marine spatial planning in the establishment of protected areas. It
shows that marine spatial planning supports the development of MPAs by extending
place-based management to all uses of the marine environment; providing an
integrated framework for marine nature conservation that includes the management of
cross-sector issues; providing a tool for true cross-sectoral approaches to the
management of multiple uses occurring both in and outside MPAs; and by providing a
tool and framework to address and manage potential conflicts among users, and/or
between users and the environment. This presentation will show in particular how
marine spatial planning has successfully improved the development and management
of MPAs in various countries. Throughout the presentation, key conclusions of the first
‘International Workshop on Marine Spatial Planning and Ecosystem-based
Management’, hosted from 7-11 November at the UNESCO Headquarters, Paris will be
reflected.
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We examine the typology of recreational rock-angling inside and outside the marine
protected area of Banyuls-Cerbere, created more than 30 years ago. The
characteristics of amateur fishing (location, fishing method and effort, species
composition, catch rate and yield) were evaluated by on-site interviews with 625
anglers. Still-fishing in the benthos is the predominant fishing method with boat-based
anglers in the majority. The comber (Serranus cabrilla) and other bottom feeders
species (i.e. Coris julis and Diplodus sargus) are the most heavily caught recreational
fish species off this rocky coast. Although these are punctual estimates (only from
March to July) the values do highlight the pressure the recreational fishery exerts on
coastal fish populations. It also supports the idea that recreational fishing should be
taken into account to improve coastal resource management as a creel survey is easy
to carry out and knowledge of anthropogenic recreational factors in addition to all the
other components of an ecosystem provides a more integrated approach to coastal
management. Furthermore, this monitoring provides a complementary method in
demonstrating the effects of marine reserves as our data show that part of catches due
to recreational fishing is sufficient to significantly deplete fish populations below that of
adjacent protected areas. Moreover, we demonstrate a clear relationship between a
comber’s individual size and the degree of protection offered by the marine reserve.
These results suggest that the abundance of angling fish is particularly sensitive to
exploitation and that marine reserves are a viable management tool.
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Monitoring environmental changes through the implementation of habitat surveys
usually requires complex, time-consuming field approaches. With the growing demand
for rapid, easy-to-implement assessment techniques, photographic and video methods
are increasingly used to optimise field efficiency and data collecting. This is of
particular interest in complex ecosystems such as coral reefs, where photographic
transects / quadrats may provide a valuable alternative to classic underwater
description techniques. Yet, their practical interest and efficiency is mediated through a
variety of constraints, either practical (e.g. picture acquiring / analysis, postproduction
time, study objectives) or environmental (e.g. habitat complexity, water / substrate
characteristics).
In the framework of a research program dealing with the impacts of MPA
implementation on tropical mollusc populations in New Caledonia, we investigated the
use of underwater photographic transects for the spatial monitoring of coral reef
habitats.
Data were collected by snorkelling and/or scuba diving using a light 8 MP digital
camera device; 20x1m transects were photographed in 3 different habitats with
contrasted complexity/heterogeneity. Percent coverage of 15 standardized habitat
classes (from sediment type to coral cover) were derived from picture analysis through
random point count methodology, using the CPCe software. Accuracy and efficiency of
the method were statistically assessed with emphasis on picture acquiring
(size/resolution/number of pictures per transect) and data analysis (number of random
points per picture). Results from the photographic methods were compared with those
from classical underwater LIT (Line Intercept Transect) method, so as to propose a
relevant, flexible methodology suitable for habitat monitoring in diverse scientific and/or
management contexts.
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Several recent theoretical and empirical studies have provided evidence that fishing is
capable of inducing evolutionary changes in key life history traits. These evolutionary
changes can have unwanted consequences, such as reduced body sizes in the catch,
which might lead to a deterioration of the quality of the fishery. Therefore, managers
need viable options for slowing, stopping, or reversing the evolutionary consequences
of fishing. In this study, we explore one potential management strategy by developing
and analyzing an eco-genetic model aimed at studying the effects of marine reserves
on fishing-induced evolution. Our model advances previous theoretical approaches by
including relevant genetic detail, evolution of multiple life history traits (i.e., maturation
age and size, growth capacity, and reproductive investment), phenotypic plasticity, and
density-dependent growth. We parameterize our model for a population of cod that
undergoes an annual migration from feeding grounds to spawning grounds. Using our
model, we explore the consequences of marine reserve location (either in the feeding
grounds or in the spawning grounds), proportion of area protected, and rates of
movement on the speed, direction, and magnitude of evolutionary responses. The
results of our model underscore the importance of having an evolutionary perspective
when implementing management strategies aimed at protecting commercially
important fish stocks.
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Protected areas are often touted as important management tools to mitigate against
the inherent uncertainty within marine ecosystems, and thereby improve the long term
prospects for sustainable resource use. However, although they certainly have an
important role to play in conservation, their benefit towards improved fishery yields is
contentious. Here we present a simulation model developed to explore alternative
closure designs, and applied to the demersal hake trawl fishery off South Africa,
economically the country’s most important marine resource. This is a key first step
towards evaluating the potential benefits of protected areas. The model is based on the
age-structured approach used for current assessments, representing dynamics of the
deepwater hake species Merluccius paradoxus within a zonally disaggregated spatial
system. Fitting the model to two zones, demarcating a potential closed area from the
remaining fished area, we investigated the consequences such a protected area could
have for the fishery. Our model suggests that area closures would have a negligible
benefit for the fishery, regardless of the level of hake movement assumed. We discuss
the interpretation of these results and suggest additional model developments that may
assist further in quantifying the impact of MPAs on the fishery.
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A marine spatial planning template for zoning of human activities is being developed for
the Baltic Sea region, through support from the EU Interreg IIIB project BALANCE.
Currently, human marine activities in the Baltic Sea are poorly planned compared to
adjacent terrestrial areas. The goal of the template is therefore to facilitate sustainable
use of marine resources and services, including addressing conservation targets
related to marine biodiversity. The zoning template integrates a range of objectives and
information from different sources, including analyses of biodiversity representativity
and varied human activities, and suggest zoning of designated areas for different
activities and MPAs. In doing so, it also provides guidance on timing and level of
stakeholders in the entire zoning process. The zoning template is organised in a series
of iterative steps guiding the overall planning process, as follows:
a. Formulation of Goals and Objectives
b. Identification of process for stakeholder consultation
c. GIS data compilation and analysis (bioregionalisation), Identification of
biological values and conservation targets Identification of human marine
activities
d. Planning of zoning process (pressure evaluation, draft zoning, identification of
management measures, costs & benefits, marine legal aspects)
e. Development of draft zoning plan using GIS
f. Revision of zoning plan based on consultations and iterative analyses
GIS is a central element of the zoning tool. The template takes into account
experiences from the recent zoning of the Australian Great Barrier Reef, as well as
activities in European waters.
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Coral reef ecosystems are a major source of food and economic activities for the
populations living near them. They are characterized by a large diversity of species,
habitats and users and by a strong variability in space and time. Degradation and overexploitation of their resources led to studies pointing out the importance of preserving
these ecosystems. Marine Protected Areas (MPAs) have largely been used as a
management tool for fisheries and biodiversity conservation issues. It is however
necessary to set up monitoring protocols in order to assess their variations in space
and time and to evaluate their performance. Effective management of MPAs will be a
success only if scientists, managers and local population are involved in it together. In
order to assess MPAs effectiveness we used a BACIPS (Before After Control Impact
Paired-Series) design. This method is based on the survey of control and impact sites
sampled simultaneously several times before and after the enforcement of protection.
Most of the existing studies on MPAs lack this kind of approach and an initial state of
reference.
The objective of this paper is to define an ‘initial state’ of the reef fish assemblages in
Moorea (French Polynesia) where a network of 8 MPAs has been identified in 2004 as
part of a larger management plan (PGEM). Another objective is to adapt the monitoring
protocol according to the initial evaluation by suggesting indicator species useful for
managers in a participative management perspective. Since August 2004, 39 stations
have been surveyed every six months to assess reef fish assemblages in areas
defined as ‘protected’ (planned to become protected once enforcement is achieved)
and areas beside them used as control areas. The stations are distributed into 13 sites
around the island and divided among the three major reef habitats (outer slope, barrier
reef, fringing reef) as protection will encompass the entire area from the shoreline to
the open ocean. We used a data set collected after 4 consecutive field surveys (2
years of study) to evaluate the reef fish assemblages at the different stations and to
determine typical spatial and/or seasonal structures. Preliminary results indicate strong
spatial differences between reef habitats and between sites from the west, north and
east coasts. We discuss these results to determine sources of variability, to test the
relevance of the position of control sites and to propose appropriate indicator species
and new sampling strategies for the continuation of monitoring.
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This case study tested and mapped an approach developed for the assessment of
sensitivity of benthic habitats to fishing activities. A generic matrix of habitat
sensitivities to different fishing impacts had been developed which was used to develop
sensitivity maps within a trial area, the Pen Llyn a’r Sarnau Special Area of
Conservation, (Wales, UK). Pen Llyn a’r Sarnau (PLAS) is designated under the EU
Habitats Directive and is the second largest Special Area of Conservation (SAC) in the
UK, with an area of 143,023 Ha. This, coupled with the variety of different habitats it
supports as a result of the range of seabed types and environmental conditions
(especially exposure) present in the area, made it a good case study for this work.
Of the 30 different groups of benthic habitat types identified around Wales on the basis
of likely response to the effects exerted by fishing activity, 24 of these habitats (11
subtidal habitats and 13 intertidal habitats) were present within the PLAS area. Each of
these habitat types encompasses a number of different seabed communities
considered likely to have a similar response to the effects of fishing activity.
Subtidal habitats were identified and mapped on the basis of data gathered from a
range of sources (e.g. broadscale habitat mapping, diver records, grab sampling,
video) underpinned with expert knowledge. Intertidal biotopes have already been
identified and mapped by CCW using the Intertidal Phase 1 Mapping methodology.
Intertidal biotopes were re-grouped into habitat types to form baseline maps for
application of sensitivity scores. (Figure 1a map of subtidal habitats grouped according
to response to fishing activity found in PLAS SAC).
In the generic sensitivity assessment, fishing activities were classified into 14 different
groups of activities that have similar effects on the benthos and a generic sensitivity
matrix developed across the 30 habitat types. The habitat sensitivities for each
fisheries group were considered for different intensities of fishing effort. The fishing
effort equated to the range of fishing intensity exerted by part time casual fishers, and
full time commercial fishers with and without the advantage of high technology. A fourth
category was also included that equated to the potential sensitivity of a single or
accidental pass by fishing gear, whether or not it would normally be used over such
habitats. The sensitivity matrix was applied to the subtidal and intertidal benthic habitat
maps of PLAS. An example of such a map is shown relating to beam trawling and
scallop dredging (at moderate fishing intensity) see figure 1b. This map is derived by
applying a sub-sample of the matrix (illustrated in table 1) to the subtidal benthic habitat
map. The more intense the colouration on the map, the higher the predicted sensitivity
of the habitat to that fishing activity.
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Special Areas of Conservation as designated under the EU Habitats Directive are
underpinned in UK waters by the Habitats Regulations, which specify that Conservation
Objectives are drawn up for each feature (specified habitats and species) of the site.
The maps were shown to fisheries regulatory authorities in conjunction with the
statements underpinning each conservation objective for selected features of the PLAS
SAC. While it had been expected that extra sensitivity considerations would be
required, it was determined by those with a working knowledge of the site that
application of generic sensitivity assessments to a site map makes them specific. It
therefore appeared that the general sensitivity assessment when mapped appeared to
address many of the site-specific conservation requirements for the features
considered. Currently this only applies in PLAS to benthic habitats relating to a
selection of the SAC features, but the same principle could be applied as sensitivities
to mobile species are drawn up, however, further testing will be required along the way.
The limiting factor in the accuracy of the sensitivity assessments remains the level of
detail and accuracy of the underlying habitat maps, but knowledge of the site from
scientists and managers concur that this process could provide a useful tool to inform
management decisions about the site. Certainly the approach enables regulatory
bodies to consider the implications of different fishing gear types across a relatively
extensive geographical area of seabed habitats in general and also on designated
conservation features. Other stakeholders are also being involved in the development
and application of the generic assessment methodology and will be drawn into
discussions about specific sites. As regulators and stakeholders provide information on
the fishing activities practised within the site, this should allow for determination of
which gear specific sensitivities need to be considered in the overall assessment.
As extra layers of sensitivity assessment are developed for species (eg marine
mammals, birds and fish), a clearer picture of the potential effect of different fishing
activities on the integrity of the features of this marine protected area/designated site,
and others around Wales, will be possible. In applying this approach to inform
management decision on a site, the actual tools available to manage and regulate
specific fisheries in any one area will need to determine which of the fishing intensity
scenarios is appropriate.
This work will help inform the Welsh Assembly Government on how fisheries
regulations and enforcement can be made more fit for purpose in order to ensure that
future fisheries management and development is more sympathetic to marine wildlife
sensitivities. As such the approach will also assist the government in achieving
favourable conservation status of the European Marine Sites and their features. The
work also has potential for wider application beyond designated conservation site
features – the generic sensitivity matrix allows the impact of different intensities of
fishing activities on seabed habitat types per se to be considered, and as such could
have useful application within the context of broader marine management approaches
such as marine spatial planning.
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Table 1. Table of sensitivities of subtidal habitats to beam trawling & scallop dredging at various
fishing intensities

Subtidal habitat number (see key below):

Key to sensitivity scores:
High
Medium
Low
Not applicable
15

17

18

21

22

23

24

27

28

29

Fishing
intensity:
Light fishing intensity by
casual fishers
Moderate fishing intensity
by commercial fishers
Heavy intensity - high tech
commercial fishing

Single pass or accidental
pass of fishing gear

Number:

Key to subtidal habitats: Description
Subtidal rock with low-lying and fast-growing faunal turf
Subtidal rock with branching slow-growing species
Shallow subtidal rock with kelp
Kelp and seaweed communities on sand scoured rock
Stable subtidal fine sands
Dynamic, shallow water fine sands
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Subtidal stable muddy sands, sandy muds and muds
Biogenic reef on sediment
Stable, species-rich mixed sediments
Unstable cobbles, gravels and/or coarse sands supporting relatively
robust communities
Seagrass beds

24
27
28
29
30

Figure 1 - Pen Llyn a'r Sarnau Special Area of Conservation.
Figure 1a - Map of subtidal habitats grouped according to response to fishing activity.
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CA
BAY

Figure 1b - Beam trawling and scallop dredging (at moderate fishing intensity).
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The total catches in Region of Murcia have been kept in more or less stable levels for 4
decades. However, catch per unit effort (CPUE) has been continuously diminishing in
the whole region and for all the modalities of fishing. Consequently, the fishing effort
needed to optimizing the yield has been largely exceeded, although the profitability of
the sector is maintained only due to the increase of the price of catches. Another
symptom of the overexploitation of the fishing grounds is the substitution of the most
fished species in the last years. In 1995 the Cabo de Palos – Islas Hormigas marine
reserve was created in order to protect the marine communities and the populations of
commercial species, by enhancing their growth, spawning and fecundity, thus acting as
a place of exportation of larvae, juveniles and adults to nearby areas. These measures
have had positive results on the species exploited by the Cabo de Palos artisanal fleet.
Local CPUE data showed a trend that is different from the rest of the Murcia Region,
with an increase and later stabilization of the CPUE after the implementation of the
protection regulation. In addition, catches of high-valued commercial fishes (e.g.,
Mullus surmuletus, Dentex dentex, Octopus vulgaris, Seriola dumerili) is steadily
increasing. Besides certain species revealed positive gradient of CPUE in relation to
the distance to the reserve, and mean size of this fish species shown a significant trend
to diminish with distance to the reserve (Scorpaena scrofa, Dentex dentex)
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This study investigated body size to fecundity relationships of a reef fish species
targeted by line fishing, and examines the potential benefits of increased batch
fecundity in no-take reserves and fished areas around the Palm, Whitsunday and
Keppel Island Groups, Great Barrier Reef, Australia. There was a non-linear
relationship between Lutjanus carponotatus fork length and batch fecundity that was
best described by a power function. Batch fecundity differed by more than one
hundredfold among individuals, with a range from 7,074 to 748,957 eggs in fish ranging
from 184 to 305mm fork length. Furthermore, egg diameter increased linearly with fish
size. Based on underwater visual census, the potential batch fecundity per unit area in
all three island groups ranged from 1.0 to 4.2 times greater in the no-take reserves
than in the fished areas between 2001- 2004. In 2002, a mean 2.3 fold difference in
biomass between no-take reserves and fished areas converted to a mean 2.5 fold
difference in batch fecundity per unit area. Greater egg production, longer spawning
seasons and potentially greater larval survival due to larger egg size from bigger
individuals might significantly enhance the potential benefits of no-take marine reserves
on the Great Barrier Reef. Additionally, this presentation will discuss the uses of this
research relating to larval connectivity studies conducted on the Great Barrier Reef.
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La Restinga Marine Reserve (LRMR) (El Hierro, Canary Islands) was established in
1996 as a management tool to preserve species and habitats, making fishing
sustainable in time. LRMR consists in three different levels of protection: integral
reserve (IR) or no-take zone, restricted use zone (RUZ), where only professional hook
fishing is allowed and traditional use zone (TUZ), where local traditional fishing, sport
angling from the shore and scuba diving are allowed. Since before the implementation
of the reserve, the entire El Hierro Island was affected by rigid fishery regulations what
makes little difference between LRMR and the rest of the island. In the present study, a
long-term monitoring program was developed to evaluate the response to protection of
non-pelagic fish assemblages inhabiting shallow rocky habitats in and around LRMR.
Data were obtained using underwater visual censuses before and after MPA
establishment in two locations (protected and unprotected), and using a spatially
hierarchical sampling design (three sectors –inside LRMR, sectors coincide with
different levels of protection- within each location and two sites within each sector).
To evaluate the effects of protection on the reef fish assemblage, nMDS and two-way
nested ANOSIM, using sectors as a nested factor within locations and sites as
replicates (an ‘average’ sample was calculated for each Site X Time), were performed
at each time (i.e. before, 1994, and after, 2005) separately, for both abundance and
biomass. Cluster analyses were also performed and their results were overlapped to
the MDS plots. The SIMPER procedure identified the contribution of individual species
to the similarity and dissimilarity among factors. We also applied partially hierarchical
analyses of variance to assess the spatial-temporal changes of community parameters
(species richness, diversity and fish abundance and biomass –total and commercial
fish) as well as of abundance and biomass at a population level, focussing on three
commercial fishes, very important for the local fishery: Sparisoma cretense, Serranus
atricauda and Mycteroperca fusca. Depending on the availability of data, two different
models were used: Model I, for before-after inside-outside comparisons, and Model II,
for inside MPA spatial-temporal comparisons (see models in Table I).
Multivariate analyses (MDS and cluster analyses) showed a great similarity of the fish
assemblage among factors at any level (protection and sectors) before as well as after
the implementation of the MPA for abundance data. ANOSIM test did not detect any
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statistically significant difference from a spatial point of view among the factors
analysed before nor after the creation of LRMR. Similar pattern was observed for the
biomass data. The SIMPER procedure identified an extensive list of species (around
30 species to reach a 90 cut-off percentage) as responsible of the similarity within
groups and the dissimilarity among groups, in general all of them with a low percentage
of contribution to it.
Due to the historically rigid fishery regulations of El Hierro Island, it is very difficult to
detect a great positive reserve effect. Moreover, changes in fish assemblage structure
likely due to seawater warming (with an increase of the abundances of the tropical
species and/or the appearance of new ones) are probably masking the extent of the
effects of protection. Nevertheless, our results show that protection measures
contribute to the increase and/or the maintenance of the species richness and of the
abundance and biomass of pooled commercial species category. In general, these
parameters increased in those sites belonging to the IR, and varied in different ways in
the rest of the sites (Table 1).
At a population level (Fig. 1), the abundance/biomass of the three fishes studied (i.e.
Sparisoma cretense, Serranus atricauda and Mycteroperca fusca) respond differently
to the protection measures, but always increasing the abundance/biomass inside the
IR (changes were not statistically significant for M. fusca). When studying the temporal
variation inside the MPA (Fig. 1, below), a gradient in abundance/biomass of these
species throughout the different levels of protection of the MPA was observed after its
implementation; this can be considered as evidence that spillover from the integral
reserve increases biomass in the neighbouring areas. The general decrease of the
abundance/biomass between 1997 and 2005 is probably due to the intense fishing of
these species that occurs inside the TUZ and, mainly, in the RUZ.
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Figure 1 - Before-after variation of the abundance of three selected individual species by protection factor
(above) and by sectors (middle) and temporal variation by inside sectors (below). In general, biomass (not
representd here) of these species varied with similar pattern than abundance.
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Table 1 - Summary of the ANOVA results for community parameters and for abundance and biomass (the
latter indicated after the sign “/”) of Sparisoma cretense, Serranus atricauda and Mycteroperca fusca. * = p
< 0.05, ** = p < 0.01, *** = p < 0.001. Cochran’s C test was used throughout to test the assumption of
homogeneity of variances before ANOVAs. When necessary, transformations were applied to raw data to
remove heterogeneity.
Model I
X = MEAN + Pr + Se(Pr) + Si(PrXSe) + BA + PrXBA + BAXSe(Pr) + BAXSi(PrXSe) + RES
Protection

Sectors

Sites

Before/After

Pr

Se(Pr)

Si(SE(Pr))

BA

Two levels

Three levels

Two levels

Species richness

PrXBA

BAXSe(Pr)

BAXSi(Se(Pr))

**

*

***
***
***

*

**
*
***
**

/*
/*

*
*/*

*

Diversity index H'
Total abundance
Abundance of
commercial fish
Total biomass
Biomass of
commercial fish
Mycteroperca fusca
Serranus atricauda
Sparisoma cretense

/*

Model II
X = MEAN + Ti + Se + Si(Se) + TiXSe + TiXSi(Se) + RES
Time

Sectors

Sites

Ti

Se

Si(Se)

Four levels

Three levels

Two levels

TiXSe

TiXSi(Se)

Species richness

*
**

Diversity index H'
Total abundance
Abundance of
commercial fish
Biomass of
commercial fish

**
***
**
***

Total biomass

*

*
**

**
*

*

Mycteroperca fusca

**/***

Serranus atricauda
Sparisoma cretense
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Evaluating the effects of protection on littoral fish
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Marine protected areas (MPAs) are becoming a popular management option for marine
conservation, fisheries and other human uses of the oceans. La Graciosa Marine
Reserve (LGMR) was established in 1995, although active implementation did not take
place until late 1997, and the surveillance has never been completely effective (huge
MPA size for available means). LGMR consists in three different levels of protection:
integral reserve (IR) or no-take zone, restricted use zone (RUZ), not studied in the
present work (depths greater than 100 m), where recreational trolling is forbidden, and
traditional use zone (TUZ), where certain professional fishing, recreational fishing and
scuba diving are allowed (regulated). Among the many empirical studies on MPAs, only
a few designs consider ‘before and after data’ and spatial variation. Using a multifactorial sampling design, we assessed the effects of this MPA on littoral fish
communities.
Data were obtained using underwater visual censuses before and after MPA
establishment in two locations (protected and unprotected), three sectors within each
location, two sites within sector and six replicates within each site (see spatial
distribution on map).
To evaluate the effects of protection on the reef fish assemblage, nMDS and two-way
nested ANOSIM, using sectors as a nested factor within locations and sites as
replicates (an ‘average’ sample was calculated for each Site X Time), were performed
at each time (i.e. before, 1994, and after, 2005) separately, for both abundance and
biomass. Cluster analyses were also performed and their results were overlapped to
the MDS plots. The SIMPER procedure identified the contribution of individual species
to the similarity and dissimilarity among factors. We also applied partially hierarchical
analyses of variance to assess the spatial-temporal changes of community parameters
(species richness, diversity and fish abundance and biomass –total and commercial
fish-) as well as of abundance and biomass at a population level, focussing on three
commercial fishes, very important for the local fishery: Sparisoma cretense, Serranus
atricauda and Mycteroperca fusca. Depending on the availability of data, two different
models were used: Model I, for before-after inside-outside comparisons, and Model II,
for inside MPA spatial-temporal comparisons (see models in Table I).
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No important changes in the structure of the reef fish assemblage have been observed
since the implementation of the protection measures. Multivariate analyses (MDS and
cluster analyses) showed a great similarity of the fish assemblage among factors at
any level (protection and sectors) before as well as after the implementation of the
MPA for abundance data. ANOSIM test did not detect any statistically significant
difference from a spatial point of view among the factors analysed before nor after the
creation of LGMR. Similar pattern was observed for the biomass data. According to the
SIMPER procedure results, the species responsible for the great similarity within
groups were those more abundant schooling species, such as the non-commercial
Abudefduf luridus, Chromis limbata and Thalassoma pavo.
The same happens with regard to community parameters, not showing changes clearly
proving a positive reserve effect. On the other hand, abundance/biomass of
commercial species suffered a great and unexpected decrease in some reserve sites
and sectors (including no-take zone), while increasing at some outside ones. These
changes were principally owed to variations in abundance of some schooling species,
such as Pseudocaranx dentex, Oblada melanura and Sarpa salpa.
Nevertheless, our results show that a reserve effect (materialized as higher abundance
and/or biomass inside the MPA as compared to unprotected areas, and after the
establishment of the reserve than before) is evident at the population level (Fig, 1),
supporting that protection measures have contributed to the increase and/or the
maintenance of the populations of certain heavily exploited fishes, such as Sparisoma
cretense, Serranus atricauda and Mycteroperca fusca. Contrary to expectations, higher
values of abundance/biomass of these species were found outside the IR than within it
in some cases. When studying the temporal variation inside the MPA (Fig. 1, below), it
can be observed that, after a progressive increase between 1994 and 2001, the
abundance of these three species decreased in 2005, what can be due to an intense
poaching occurred in recent times (some local fishermen informed us of this event).
Finally, it is difficult to observe any evidence attributable to spillover from the IR to the
rest of the MPA, probably due to its remoteness and inadequate location.
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Figure 1 - Before-after variation of the abundance of three selected individual species by protection factor
(above) and by sectors (middle) and temporal variation by inside sectors (below). In general, biomass (not
representd here) of these species varied with similar pattern than abundance.
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Table 1 - Summary of the ANOVA results for community parameters and for abundance and biomass (the
latter indicated after the sign “/”) of Sparisoma cretense, Serranus atricauda and Mycteroperca fusca. * = p
< 0.05, ** = p < 0.01, *** = p < 0.001. Cochran’s C test was used throughout to test the assumption of
homogeneity of variances before ANOVAs. When necessary, transformations were applied to raw data to
remove heterogeneity.
Model I
X = MEAN + Pr + Se(Pr) + Si(PrXSe) + BA + PrXBA + BAXSe(Pr) + BAXSi(PrXSe) + RES
Protection

Sectors

Sites

Before/After

Pr

Se(Pr)

Si(SE(Pr))

BA

Two levels

Three levels

Two levels

Species richness

PrXBA

BAXSe(Pr)

BAXSi(Se(Pr))

*

Diversity index H'
Total abundance
Abundance of
commercial fish

**

Total biomass
Biomass of
commercial fish

***

Mycteroperca fusca

*/*

***

**

*

***

*

***

***

*

***

Serranus atricauda

*/*

**/**

**/**

Sparisoma cretense

***/***

*

*

Model II
X = MEAN + Ti + Se + Si(Se) + TiXSe + TiXSi(Se) + RES
Time

Sectors

Sites

Ti

Se

Si(Se)

Four levels

Three levels

Two levels

Species richness
Diversity index H'

TiXSi(Se)

*
*

Total abundance

***

Abundance of
commercial fish

***
**

Total biomass

*

Biomass of
commercial fish
Mycteroperca fusca

*

/**

Serranus atricauda

*/*

**/*

Sparisoma cretense

*

**
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La Restinga Marine Protected Area (hereafter LRMR) was established by Spanish and
Canarian Governments (BOE no. 30, 02/03 and BOC no. 31, 03/11) in 1996 with the
aim of managing local fisheries and protecting fish resources to make fishing
sustainable in time. Active implementation took place soon after establishment. This
work overviews from a descriptive perspective the fishery characteristics modifications
provoked by the MPA establishment. Trends in fleet (no. boats, fishing power, boat
length), effort (gears, level of its use) and landings (per gears and per species or
groups of species) are examined over time. Available data exist for a period of six
years before (1990-1995) and nine years after (1997-2005) the LRMR implementation.
Fisheries strategies were not obliged to shift with LRMR restrictions. Both no. of boats
and GRT decrease during “before” period while after reserve establishment they
increase the first years decreasing afterwards. Increasing trends after LRMR
establishment could be owed to some resources improvement together with
concentration of fishing effort on coastal resources due to decrease of Skipjack tuna
seasonal resource.
Gears have not suffered great changes in composition nor in relative percentage of
use. Few changes are observed from “before” to “after” periods in relative percentage
of landings (t) per gear (Figure 1) or in effort (fishing days) per gear. Significant
changes can be observed in increasing snorkelling handline landings and effort and in
decreasing hook and line with live bait landings. Snorkeling handline use and profit has
probably increased due to target species recovery with LRMR establishment (mainly S.
cretense) and to concentration of fishing effort on this gear due to decrease of Skipjack
tuna seasonal resource.
As seen above, gears have not suffered great changes in composition nor in relative
percentage of use. Half of the species with more appearances (Table 1) have widely
increased their frequency from before to after LRMR establishment. Main reason is
data come from 9 instead 6 years period, but other complementary possible reasons
are several: positive reserve effect (i.e. S. cretense), concentration of fishing effort due
to decrease of Skipjack tuna seasonal resource (i.e. B. splendens), or/and seawater
warming-up (i.e. C. sufflamen).
Main species landings do not follow the same trends. B. splendens landings increased
before LRMR establishment and decreased after it. This evolution seems to be marked
by Skipjack tuna seasonal resource availability plus the use in some years of vertical
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longline to target this species, more profitable but now banned by an agreement of the
local Fishermen Association. The sharp decrease of S. atricauda, of M. helena / G.
polygonius / G. maderensis species group and of M. augusti / G. unicolor species
group was broken with LRMR establishment, stabilizing at the level present at the
LRMR enforcement moment, or in the last case at a quite higher level. The ups and
downs trajectory of M. fusca and Seriola ssp. landings do not present increasing or
decreasing tendency neither before nor after LRMR implementation. The same
unstable trajectory, but always with an increasing trend show B. carolinensis / C.
sufflamen sp. group and O. melanura / S. salpa sp. group landings, in the first case,
probably because of seawater warming-up, and in both because of concentration of
effort caused by other resources absence (as already mentioned). S. cretense landings
were steady before LRMR, two years after it establishment started a sharp increase to
decrease again 5 years after LRMR, still with an increasing tendency. This seems to be
a typical response of this taxon to marine reserve establishment.

BEFORE

AFTER

Total landings: 686 t (1997-2005)

Total landings: 353 t (1990-1995)
Snorkeling
handline - 16,1%

Electric reel
hook & line 24,3%

Electric reel
hook & line 23,4%

Snorkeling
handline - 28,5%

Purse seine 14,4%

Pots - 0,0%

Moray trap 16,7%

Hook and line 13,1%

Hook and line 13,7%

Purse seine 12,6%
Pots - 0,0%

Hook and line
with live bait 15,3%

Moray trap 12,4%

Figure 1 - Landings by gear along before and after LRMR periods.
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Species Name / Group Name
Aulopus filamentosus
Balistes carolinensis / Canthidermis sufflamen
Belone belone belone
Beryx splendens / B. decadactylus / Polymixia nobilis
Bodianus scrofa
Boops boops
Conger conger
Diplodus ssp.
Epigonus telescopus
Epinephelus marginatus
Kyphosus sectator
Muraena augusti / Gymnothorax unicolor
Muraena helena / Gymnothorax polygonius / G. maderensis
Mycteroperca fusca
Oblada melanura / Sarpa salpa
Pagrus pagrus
Polyprion americanus
Pontinus kuhlii / Helicolenus dactylopterus dactylopterus
Promethichthys prometheus
Pseudocaranx dentex
Ruvettus pretiosus
Schedophilus ovalis / Hyperoglyphe perciformis
Seriola ssp.
Serranus atricauda
Sparisoma cretense
Sphyraena viridensis
Trachynotus ovatus

Before

After

Total

Frequency

Frequency

Frequency

295
722
35
2724
2226
293
393
40
226
89
1342
537
700
124
143
118
778
1665
682
544
19
890
2940
3151
504

5
2982
160
8199
10523
162
592
274
116
450
348
3612
559
1239
431
682
201
871
2843
906
567
153
2225
3855
7631
910

300
3704
195
10923
12749
455
985
314
116
676
437
4954
1096
1939
555
825
319
1649
4508
1588
1111
172
3115
6795
10782
1414

49

148

197

Table 1 - Species frequency of appearance along before and after LRMR periods. Species with
less than 100 appearances along the total studied period are not presented.
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Trophodynamic effects of a trawling ban on the feeding
ecology of pandora, Pagellus erythrinus, in northern Sicily
(Mediterranean Sea)
Emanuela Fanelli, Chiara Romano, Fabio Badalamenti, Giovanni D’Anna & Carlo
Pipitone
IAMC-CNR Laboratory of Marine Ecology. Via G. da Verrazzano, 17 - 91014 Castellammare del
Golfo (TP) Italy
Corresponding author: e.fanelli@iamc.cnr.it
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A dramatic increase in fish biomass subsequent to a trawl ban in the two Sicilian gulfs
of Castellammare (GCAST) and Patti (GPATT), has been recently reported. In this
work the trophodynamic effects of protection on the diet of pandora, Pagellus
erythrinus, were investigated by comparing stomach contents and stable isotopes (N
and C) data in the two protected areas with the two unprotected gulfs of Termini
(GTERM) and Sant'Agata (GSANT).
A total of 235 fish (17.4±3.7 cm TL) sampled in May 2005, was analyzed. 109
stomachs contained food and 60 prey items were identified. The diet consisted mainly
of decapods (IRI=63%).
The fullness index was higher in protected areas. Pandora mainly preyed on decapods
and polychaetes in GCAST and on decapods and molluscs in GPATT, while in GTERM
and GSANT fish were also important preys. Overall, Goneplax rhomboides was the
most frequent and abundant prey. The contribution of this species to the similarity of
the diet was higher in the protected gulfs (GCAST=86.15%; GPATT=79.9%;
GTERM=56.5%; GSANT=36.4%). Other important prey was the decapod Alpheus
glaber, the fish Lesueurigobius suerii and the carnivorous polychaete Glycera sp. The
stomach contents of pandora differed significantly according to protection status
(PERMANOVA F1,108=3.07; p<0.05). The unprotected areas showed a higher
dispersion of data in comparison to protected areas (PERMDISP test 0.69 in protected
areas and 0.85 in unprotected). Results suggest that pandora feeds as a generalist in
the unprotected and as a specialist in the protected gulfs.
Stable isotopes analysis seemed to confirm stomach contents data, with d15N values
significantly higher (F1,10=13.15; p<0.05) in protected areas (GCAST=12.40‰;
GPATT=11.35‰; GTERM=10.34‰; GSANT= 10.59‰). However, given our d15N
values for the preferential prey, G. rhomboides (4.11‰±1.13) and A. glaber
(4.36‰±0.92), it is likely that other prey such as carnivorous polychaetes (e.g.
Glyceridae and Nephthydae, with d15N values drawn from literature of about 9 ‰) may
significantly contribute to the diet of this species more than indicated by the stomach
content analysis.
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Managing protected areas from your desk: Marine Protected
Areas in offshore Nova Scotia, Canada
Derek G. Fenton1, P. Macnab1, G. Herbert1, J. Black, D. Broughton2 & B. Branton2
1 - Oceans and Coastal Management Division, Department of Fisheries and Oceans, Bedford
Institute of Oceanography, B500, P.O. Box 1006, 5th Floor Polaris, Dartmouth, Nova Scotia,
B2Y 4A2
2 - Population Ecology Division Department of Fisheries and Oceans, Bedford Institute of
Oceanography, B500, P.O. Box 1006, 5th Floor Polaris, Dartmouth, Nova Scotia, B2Y 4A2
Corresponding author: fentond@mar.dfo-mpo.gc.ca
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Fisheries and Oceans Canada (DFO) have established three key spatial conservation
measures on the Scotian Shelf off Nova Scotia: the Gully Marine Protected Area, the
Northeast Channel Coral Conservation Area and the Lophelia Conservation Area. To
meet conservation objectives, these areas have restrictions on human activities under
both the Oceans Act and the Fisheries Act. As offshore locations, there are inherent
challenges to designing MPAs and promoting or determining compliance with the
regulations for these areas. A brief overview of these three areas will illustrate several
of the key management challenges in the Canadian offshore context.
This presentation will focus on the fisheries issues related to the ongoing administration
of the Gully Marine Protected Area. The process to establish the MPA, including design
considerations surrounding existing and potential fisheries, will be provided. A zoning
scheme was developed and incorporated into the establishment regulations. This
involved designing the MPA to address the needs of a long standing fishing presence,
while meeting conservation objectives. These zones have implicit conditions for
proposed activities, including fisheries and research efforts.
Following establishment, DFO designed a surveillance and compliance program for the
MPA to ensure that fisheries and other oceans activities meet legal requirements. To
assist with this, MPA managers and fisheries data specialists within DFO have
developed a “Recognized Fishing Picture” computer application for all the areas
described above. The overall aim of this project is combine all relevant fisheries
information in a single system for managers and enforcement staff to access and use
in timely manner. Using the Virtual Data Centre computer system, the “Recognized
Fishing Picture” displays information from four fisheries data systems within DFO:
MARFIS (logbook, vessel hails); VMS (vessel monitoring system); CFIN (aerial
surveillance); and the At-Sea Observer Program. Using the mapping, statistical and
query functions available through the Virtual Data Centre, analysts can select, view and
analyze information on fishing activity. An email based push reporting application
enables analysts to receive tailored activity reports. This presentation will describe the
purpose of the project, describe data sources and the system used to display the data.
Examples of output and resulting investigations will highlight the utility of the system as
a key protected area management tool. Lessons learned in surveillance and
compliance activities will be provided, and additional efforts to build linkages between
MPA managers, enforcement and the fishing industry will be described.
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The production function approach – estimating linkages
between Lophelia and redfish on the Norwegian coast
Naomi Foley1, Viktoria Kahui2 & Claire W. Armstrong2
1 - Marine Law and Ocean Policy Centre, NUI Galway, Ireland
2 - Department of Economics, Norwegian College of Fishery Science, University of
Tromsø, Norway
Corresponding author: n.foley1@nuigalway.ie
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This paper considers the fishery-habitat value of cold water corals. We employ a
production function approach to consider the impact of corals on a commercial fish
stock. The model modifies the standard bio-economic fisheries model to account for
the effect of a change in coral habitat, specifically Lophelia, on (1) the carrying
capacity; (2) the growth rate; (3) both the carrying capacity and growth rate of a
commercial fish stock. A non-linear relationship between Lophelia and the stock is also
considered.
Norwegian redfish data and an approximation of coral decline over the period 1984 –
2004 are applied to the models. The Norwegian redfish fishery was open access until
recently. This suggests that fishing effort in the next period will adjust to real profits
made in the current period. The analysis of fishery-Lophelia linkages is conducted by
examining the effects of a change in Lophelia area on the long-run open access
equilibrium of the Norwegian redfish fishery.
If cold water coral can be linked empirically to a commercial species, this is an
indication that coral depletion can have a harmful effect on fish stocks, and thereby
upon the fishing industry. This is of relevance from a management perspective. For
example, by the creation of MPAs to protect cold water coral grounds, the growth and
size of a fish stock associated with the coral may also be sustained, benefiting the
fishery.
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Effects of protection on fisheries: an experimental approach
A. Forcada1, P. Bonhomme2, G. Criquet3, C. Valle1, G. Cadiou2, P. Lenfant3 &
J.L. Sánchez-Lizaso1
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2 - GIS Posidonie. Parc Scientifique & Technologique de Luminy. Case 901, 13288
Marseille Cedex 09. France
3 - Laboratoire Ecosystèmes Aquatiques Tropicaux et Méditerranéens, UMR 5244 CNRS
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Corresponding author: forcada@ua.es
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Marine protected areas (MPAs) are a potential tool to enhance the long-term
sustainability of fisheries. A substantial amount of evidence indicates that the
abundance and average size of organisms targeted by fisheries are increased inside
marine protected areas. However, to be useful as fisheries management tools, MPAs
need to affect fished areas outside them in a positive manner. To date, a small number
of studies have tested experimentally some evidence of spillover from increased
captures in adjacent fished areas along density gradients.
In order to assess the influence of marine protected areas in the quantity and quality of
catches, an experimental fishing study with commercial artisanal gears was performed.
This approach allows us to test the hypothesis of increased catches in the border of
MPAs in comparison with other fishing grounds located at medium (500 m) and far
(>1500 m) distance from three Mediterranean marine protected areas: Tabarca Marine
Reserve (Spain), Carry-le-Rouet Marine Reserve (France) and Cerbere-Banuyls
Marine reserve (France). Surveys were done over homogeneous habitat (Posidonia
oceanica meadow and sand), in three different seasons: spring, summer and winter. At
each distance, six sampling days were done using six trammel net replicates of 100m.
Significantly higher values of abundance and biomass of total catch were found near
the border when fishing on P. oceanica meadows but not when fishing on sandy
bottoms. These differences are related with the continuity of habitats across MPA
boundaries. Although the fish assemblage structure was different among each MPA
due to their biogeographical different localization, the multivariate analysis showed that
the fish assemblage change with distance. Some of the species that showed a
significant response to protection with higher abundance and biomass near the border
(Dentex dentex, Mullus surmuletus, Phycis phycis, Sciaena umbra and Scorpaena
porcus) are important target species of the artisanal fisheries. Moreover, mean and
maximum size of some of this species decreased significantly from MPA boundaries.
Although we found that the spatial scale of the spillover-induced density gradient is
localized, this is enough to provide local benefits to artisanal fisheries. Our results
explain the concentration of fishing effort that has been frequently observed around
MPAs.
Acknowledgements: This work has been funded by the UE-DG Fisheries through
BIOMEX project (QLRT-2001-00891)
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Can the concept of MPAs be used as management tools in
possible conflicts between the fishing and the petroleum
industries?
Lars Føyn1, Inger Oline Røsvik1 & Gunnar Hognestad2
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Corresponding author: lars.foyn@fkd.dep.no
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The most valuable fish resources of the Northeast-Atlantic find their spawning areas on
the Norwegian continental shelf north of 62°N. From the spawning areas fish eggs and
larvae, the most vulnerable stages in a fish’s life, are drifting northwards concentrated
in time and space to their nursery grounds further north in the Barents Sea. Many of
these same spawning and drifting areas have also demonstrated to house valuable oil
and gas provinces. Some of the petroleum resources are fully exploited while others
are yet to be found.
The very fact of overlapping interests may look like an obvious reason for conflict
between sustainable harvest of renewable resources and extraction of non renewable
but highly valuable resources. The paper will describe the mechanism developed within
the Norwegian government for addressing these different conflicts of interest. This
includes among others specific conditions relating to environmental concerns and
fishery interests. The scientific documentation leading up to a final political decision is
essential and in this context the paper will explain how MPA as a management
instrument has its value in more than fisheries management and ecosystem
conservation. The paper will present lessons learned from the cooperation between the
Norwegian fishery and petroleum authorities.
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Hydrology and plankton of an offshore no-take fishery reserve
in the northern Adriatic Sea (Italy): preliminary results
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The understanding of marine reserves functioning suffers of crucial gaps in scientific
knowledge, such as data on environmental variables, physico-chemical properties of
the water column, and plankton populations. A no-take zone was established in 2002 in
the northern Adriatic Sea, a basin deeply harvested by fishery. The protected zone is
composed of four areas (size: 1.3÷22km2) located 3÷8 miles off the Italian coast and
constituted by rocky outcrops (depth: 17÷24m) surrounded by sandy-muddy bottom.
From February 2006 a pilot, interdisciplinary project was started, with the goal to
integrate previous data on benthos and nekton with measurements of physico-chemical
parameters and estimation of composition and abundances of phyto-, zoo- and
ichthyoplankton. Eight sampling stations were chosen on outcrops inside (n=4) and
outside (n=4) the protected areas, presenting a northern-southern distribution and
different distances from the main rivers. Cruises were carried out seasonally with CTD
casts, discrete samplings and plankton collections on the water column, while
instruments moored at two stations gave informations about hydrology and currents at
bottom. Preliminary results showed wide temperature and salinity annual ranges
(T°:6.6÷28.3°C; S:30.7÷38.5PSU) horizontally and vertically, which led to the formation
of a pycnocline, more evident in coastal areas and in the warm season. Higher
dissolved nutrient concentrations were revealed in diluted coastal waters (at surface)
respect to high salinity ones (off-shore and at bottom): dissolved inorganic nitrogen
ranged from 0.5 to 11.3 µM, with oxidised form dominant at surface and regeneration
one at bottom; orthophosphate concentrations were very low (P-PO4=0.1µM),
producing N/P ratios dominated by nitrogen, with values (N/P=61) far from the classical
ratio for marine waters (=16). Dissolved oxygen values ranged from 85 to 166%,
showing no hypoxia-anoxia. Nevertheless instrumental registrations at bottom recorded
a short period of hypoxia in June, due to the reduced current speed in the area.
Phyto-, zoo- and ichthyoplankton were sampled, at 4 stations. The distribution and
species composition of phytoplankton resulted strictly related to hydrochemical
parameters. In the stations more influenced by river discarge and characterised by low
salinity and high nutrient contents phytoplankton was more abundant, with the greater
production observed in August perhaps due to unusually high temperatures. Diatoms
are the main component of phytoplankton assemblages and switch their dominance
with coccolithophorids and dinoflagellates. Zooplankton and ichthyoplankton, in
addition to obvious strong seasonal patterns, presented differences in species
composition among sites, linked to species preferences for more neritic or coastalestuarine habitat.
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The Case for Marine Protected Areas in the Adriatic Region
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This paper provides an overview of the recent activities regarding marine ecosystem
conservation and protection in the Mediterranean region with specific assessment and
recommendations for conservation in the Adriatic Sea. It identifies the Adriatic region
as an extremely important biodiversity resource that is under potential threat from
exacerbating development and unsustainable uses. It discusses the need for a
framework for an ecosystem based approach incorporating Marine Protected Areas in
order to insure sustainable coastal development, management of natural resources
and conservation of biodiversity in this region. Critical needs include updating
biodiversity assessment, development and implementation of criteria for demonstrable
sustainability of uses as well as impacts and establishment of marine protected areas.
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Using MPA’s to conserve groundfish biodiversity: the
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The conservation of biodiversity, and its restoration in degraded ecosystems, remains
one of the major priorities in most policy documentation underpinning the development
of an ecosystem approach to fisheries management. Fishing is widely recognised as
having a significant impact on marine ecosystems and, in the North Sea in particular,
there is evidence that fishing has affected the biodiversity of fish communities. MPA’s
are widely recognised as an effective means of managing fisheries to achieve
ecological objectives and may well be used to address biodiversity issues in the North
Sea. Selecting locations for MPA’s, with respect to identifying important areas for fish
biodiversity, will rely heavily on groundfish survey data. These surveys use particular
trawl gears each of which has different catch efficiencies for different species.
Consequently, observed distributions in species diversity are strongly influenced by the
type of gear used; indeed the actual distribution of species diversity may not be
captured accurately by any single survey. In this paper we use “raw” International
Bottom Trawl Survey (IBTS) data to select ICES statistical rectangles for designation
as MPA’s designed to protect demersal fish species diversity. Species- and sizerelated variation in catchability in the GOV trawl has been modelled previously and we
apply these corrections to the raw survey data to derive “ideal” maps of species
diversity that take account of the catchability issue. We then use these corrected data
to make a second selection of the best sites for fish biodiversity MPA’s. We determine
the extent of spatial overlap between these “raw” and “ideal” selections. On the basis of
the “ideal” data, we determine the level of biodiversity that would be safeguarded if
closed areas were based only on the “raw” data analysis. We then determine the
levels of landings of commercial species that would normally be taken from each set of
closed areas. Assuming that TAC’s are not simultaneously reduced by these amounts,
we model the displacement of fishing activity caused by each closed area scenario.
On the basis of this, we estimate the increase in fishing activity likely to occur in the
“ideal” closed areas (taking catchability into account) if closed areas based solely on
the “raw” groundfish data were implemented. Our analyses highlight the importance of
recognising the potential influence of sampling gear on resulting maps of species
diversity particularly if such maps are to provide the basis for closed area selections.
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Understanding how species and habitat characteristics interact to influence movement
patterns of fishes is of critical importance for understanding how species can be
managed within a spatially explicit management context such as marine protected
areas (MPAs). Spatial protection of populations in MPAs is only possible if a reserve
encompasses an area that will contain individuals in sufficient numbers of a local
population within the reserve boundaries. On the other hand, spillover and associated
local fisheries benefit if adult individuals move far enough to cross reserve boundaries
into fished areas. Therefore, it is important to know the range of adult movement
relative to reserve size and how habitat affinity, resource availability and density
influence movement range. My review of the literature on the movement of temperate
reef fishes along the west coast of North America has shown that movement range of a
species increases with decreasing habitat affinity and increasing aggregative behavior.
The protection provided by a MPA will vary depending on the movement range of
species relative to the MPA size. Differential protection might change the community
composition within protected areas if MPA size is favoring species with traits leading to
small movement ranges. To understand these effects of MPA size it is critical to
investigate the movement of species varying along these traits within the same habitat.
To address the patterns found in the literature, I have studied the movement of three
species of temperate reef fishes exhibiting a continuum along the traits identified as
important in influencing movement behavior. To investigate their movement at high
spatial resolution and over long temporal scales, I have used automated acoustic
tracking (VRAP & VR2) methods in shallow rocky reef habitat. The movement ranges
of the three study species correlated with their habitat affinity and aggregative
behavior. To investigate how the anticipated changes in population density after the
establishment of a MPA would affect the movement of individuals within a reserve and
across the reserve boundaries, I experimentally tested the effect of density on age- and
gender-specific movement rates and home range sizes of kelp greenling
(Hexagrammos decagrammus) using VRAP acoustic tracking on replicate reefs. By
providing estimates of movement of individuals needed to evaluate effectiveness in
conservation (e.g., retaining large reproductive adults) and fisheries management (e.g.,
spillover), these studies are directly informing the design and evaluation criteria of
MPAs along the California coast.

121

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Cabo de Gata marine reserve
Antonio Frías
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Cabo de Gata is located in the south-east of the Iberian Peninsula. The marine bottoms
are in good conservation and his situation in the Alborán sea (possesses great Atlantic
influence) causes that is a place of great biological diversity. To preserve this great
natural marine patrimony, the Secretaría General de Pesca Marítima (SGPM) del
Ministerio de Agricultura, Pesca y Alimentación (MAPA) created in 1995 the Cabo de
Gata-Níjar Marine Reserve, with a protected area of 12.000 ha (including waters inside
beselines).
The three fundamental bottoms in the Reserve are: sand bottoms, marine fanerogams
meadows (Cymodocea nodosa y Posidonia oceanica) and rocky bottoms. The bottoms
(funds) of sand are the most homogeneous. The Posidonia oceanica meadows are
very important both for the coastal dynamics and for grow zones of species of fishing
interest and the rock bottoms are very important for conservation of great quantity of
fishing species.
In the Marine Reserve exist many problems, a few times derived from the users and
the tourism (scuba diving, artisanal professional fisheries, etc) and others for the
differences in the legislation, provided that the protected area includes waters inside
baselines (fishing is Autonomic competition) an waters beyond baselines (of exclusive
State competition).
For the bottoms conservation there is realized a specific management of the Reserve,
which includes legislation, specifics uses and means for protected area conservation,
already be of alertness, information and environment education, signposting or
scientific follow-ups.
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Alborán Island marine reserve and fishing reserve
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Alborán Island is located in the south-east of the Iberian peninsula, in the centre of the
Alborán Sea. This area possesses great Atlantic influence, existing species typical
Mediterranean and Atlantic. The strategic position of the island does that possesses a
high diversity of species. To preserve this great natural marine patrimony, Secretaría
General de Pesca Marítima (SGPM) del Ministerio de Agricultura, Pesca y
Alimentación (MAPA) created in 1997 Alborán Island Marine Reserve, with a protected
area of 429 ha.
Together with the Marine Reserve, exist a fishing Reserve (12 miles around the island
with an extension of 425.645 ha) in view of the great interest that these waters have for
the Spanish fishing float.
The three fundamental bottoms in the Reserve are: rocky bottoms, maërl bottoms and
laminaria algae woods. The laminaria algae woods are scanty in the Mediterranean
Sea, but they are one of the bottoms of more biodiversity of all this sea.
In the Marine Reserve exist many problems, a few times derived from the users
(professional fisheries, etc) and others for the island situation, between Africa and
Europe (illegal immigration, drugs traffic and illegal nets of morocco boats).
For the bottoms conservation there is realized a specific management of the Reserve,
which includes legislation, specifics uses and means for protected area conservation,
already be of alertness, information and environment education, signposting or
scientific follow-ups.
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Marine Protected Areas are increasingly being used as a tool for enabling both nature
conservation and sustainable use. The Koster area is situated in the Skagerrak on the
west coast of Sweden, close to Norway. Here, a submerged fjord provides constant
deep-water circulation and oceanic conditions. The area has a mosaic of marine
habitats and the highest diversity of marine species in Sweden. About 6000 marine
species have been identified in the area. The fauna in the fjord is typical of the oceanic
continental slopes and more than 200 species are found nowhere else in Swedish
waters. For example sponges, sea-pens, Lima mussels and reefs of Lophelia coral.
The area is an important breeding ground for fish and shellfish and the archipelago is
also home to harbour seals.
The Koster islands, with 320 permanent residents, are noted for the beauty of their
scenery. Tourism and fisheries are the main economic sources and the population
increases seasonally with around 80,000 visitors during June-August.
If approved by the Swedish Parliament, the area will be Sweden’s 29th National Park
and the first marine park. The primary aim is to protect the marine environment and
enable a sustainable development. The area of the proposed Park is around 450 km2.
Together with the proposed adjacent park, Ytre Hvaler, in Norway it will represent one
of the largest transboundary MPAs in Europe. Documentation of the environment is
used to promote discussion and improve decision-making. The documentation includes
bathymetric and oceanographic surveys as well as mapping marine habitats and
species at sea and on land. The Tjärnö Marine Biological Laboratory’s presence in the
area facilitates the work and the dissemination of knowledge is vital.
Sustainable use is vital for the local communities on the islands. Accordingly, part of
the collaborative work between the authorities and the local communities focuses on
recreation, tourism and fisheries. Agreements have been launched with the local
professional fishermen on less harmful fishing gears and the protection of sensitive
areas. Representatives of the local stakeholders, scientists, and staff from the various
administrative levels take active part in the process. They participate in the discussion
of assessments, the definition of boundaries, zoning, rules of access and use,
landscape restoration as well as in the development of future projects.
From this collaborative process, a new type of co-managed marine national park
seems to be emerging.

124

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Planning for persistence in marine reserves: a question of
catastrophic importance
Edward T. Game1,2, Eve McDonald-Madden1, Matthew E. Watts1, Scott Wooldridge3 &
Hugh P. Possingham1
1 - The Ecology Centre, University of Queensland, St.Lucia, Queensland 4072, Australia
2 - CSIRO Marine and Atmospheric Research, Cleveland, Queensland 4163, Australia
3 - Australian Institute of Marine Science, PMB #3, Townsville MC, Queensland 4810, Australia
Corresponding author: e.game@uq.edu.au

Keywords: Marine reserves, reserve selection, probability of persistence, catastrophes,
coral reefs, Great Barrier Reef

To achieve what we desire of them, marine reserves must be successful in maintaining
the structure and functioning of the ecosystems they encompass. There can be no
assurances however, that those areas currently targeted for protection will not continue
to degrade due to factors beyond the scope of local management. It is clear that if
climate change induced mortality and the risk of other catastrophic occurrences are not
explicitly addressed much of the investment made in managing site specific threats
through the creation of MPA networks will be in vain. Using a modified version of the
popular reserve design software MARXAN, we demonstrate a new conservation
planning approach that aims to minimise the probability of missing conservation targets
as result of catastrophic events and properly trades this risk off against reserve cost
and biodiversity value. To illustrate this approach we tackle the problem of minimising
the impact of large scale coral bleaching events on a reserve system for the Great
Barrier Reef, Australia. We show, first, that by considering the threat of catastrophic
events as part of the reserve design problem it is possible to substantially improve the
likely persistence of conservation features within reserve networks for a negligible
increase in reserve cost. Second, because the social and economic cost of protecting
marine habitats varies in space, simply aiming to avoid high risk sites may actually lead
to the sub-optimal placement of protected areas. Third, our quest for equity in the
representation of conservation features may come at a substantial cost in terms of
persistence likelihood. And fourth, the improvement in resilience a habitat gains by
being protected in a reserve will in itself have a significant bearing on conservation
priority. Our method provides an explicit and efficient framework that allows the
probability of uncontrollable threats to be included in the site selection problem without
creating additional conservation targets or imposing arbitrary presence/absence
thresholds on existing data. Additionally, this same framework can be applied in
situations where the occurrence of conservation features at sites is uncertain, or where
the likely success of conservation actions differs between sites.
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Fish assemblages and their relationship with habitat structure have been visually
surveyed in the Cabo de Palos – Islas Hormigas marine reserve (SW Mediterranean
Sea) in the framework of a long-term monitoring program starting in 1990 (i.e. 5 years
before protection). Spatial and temporal variations of, and the influence of protection on
fish abundance were tested through analysis of variance. Analytical scale of the study
was taken into account by measuring temporal persistence at the quantitative,
abundance rankings and qualitative levels. Taxonomical scale was considered by
exploring the spatial differences through time at the species level, and after grouping the
different species attending different criteria (commercial value, feeding guild, and home
range and mobility).
In the integral reserve (Hormigas islands), were all uses are forbidden, abundance and
biomass of large commercial species –groupers (Epinephelus marginatus, E. costae,
Mycteroperca rubra) and other “emblematic” fish species (e.g. Sciaena umbra, Dentex
dentex, Diplodus puntazzo, Diplodus cervinus, Sparus aurata) sharply increased with
time up to 6-8 years after protection (attaining much higher abundance values than in
neighbouring, unprotected sites), and then became stabilised through time. Spatial
variations of assemblage structure are greater than temporal changes, differences of
habitat structure at small scale accounting for a significant proportion of the observed
variability. A “habitat effect” is interacting with the “reserve effect”, as the islands and
rocky shoals forming part of the MPA harbour a very complex rocky habitat as
compared to both coastal-protected and unprotected sites, so that other commercial
species preferring more heterogeneous habitats –i.e. with an important proportion of
seagrass meadows and/or sand patches embedded in the rocky matrix (e.g. Serranus
scriba, Mullus surmuletus, Diplodus annularis, Symphodus spp.) are more abundant in
these areas.
The scale of the study influences the estimation of persistence, so that the lesser the
taxonomical and the spatial scale, and the longer the period of study, the lesser the
measured persistence of the fish assemblage. Other factors likely to influence
differences in fish abundance are related to tourism activities within the MPA (poaching
by recreational fishers, and feeding by divers). “Thermophilic” fish species (e.g.
Pseudocaranx dentex, Serranus atricauda) are increasingly being observed in the
area, as a possible effect of sea-water warming.
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A baited underwater video (BUV) system was developed within the BIOMEX project for
studying the fish populations on shallow rocky habitats in the western Mediterranean.
We used the system to study the reserve effect (increased fish abundance and
biomass) and to look for evidence of biomass export from six Mediterranean marine
protected areas (MPAs), using a nested ANOVA design and linear regression analysis
of abundance and biomass as a function of distance to MPA boundaries. For most of
the analyses performed there was no detectable reserve effect using this technique,
though a reserve effect was detected for total fish abundance (without planktivores),
groupers (Epinephelus spp), sea combers (Serranus cabrilla) and rainbow wrasses
(Coris julis) in a few MPAs.
Significant negative gradients from inside to outside MPAs were only detectable for
total abundance and abundance of rainbow wrasses and combers in a few MPAs. In
addition, non-significant negative trends with distance were locally evident for fish
species richness, diversity and abundance of groupers. Contrary to expectations,
statistically significant positive trends were detected for fish species richness and
diversity in Cabrera, total abundance in Banyuls, and Diplodus pp abundance in Cabo
de Palos, Cabrera, and Banyuls; non-significant positive linear trends were also
observed for fish species richness and/or diversity, abundance of big labrids and
Diplodus spp. in specific protected sites. Similarly to the case of analyses of variance,
most of the regression analyses performed did not give significant results
While the results indicate there is a reserve effect and in some cases there are
gradients across reserve borders, the signals are not as strong as one may expect.
Possible causes of this are discussed and include increased fishing effort in the RU
areas and unprotected areas close to the MPA border, density dependent
displacement from the MPAs due to the presence of “better” competitors, and
differential attraction to the BUV device between inside and outside the MPAs,
amongst others.
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Pinna nobilis is a Mediterranean endemic endangered bivalve mollusc included in
ANNEX II of Barcelona Convention and ANNEX IV of Habitats Directive. In Articles 11
and 17 of Habitats Directive it is stated that Member States shall undertake
surveillance of the conservation status of the natural habitats and species referred to in
Article 2 with particular regard to priority natural habitat types and priority species. Also,
every six years Member States shall draw up a report on the implementation of the
measures taken under this Directive.
The Columbretes Islands Marine Reserve, located 30 miles off the coast of Castellón
(Western Mediterranean), hosts stable populations of these species around the Islands
of the volcanic archipelago. Pinna nobilis is ubiquitous around the islands and
scattered adult specimens are found in different environments (boulders, maërl beds,
biodetritic material, etc.). Furthermore, some dense aggregations occur in some
locations of the Marine Reserve, with peaks reaching 16 individuals/100m2 in El
Carallot islet. Important populations are also observed in El Mancolibre and at the entry
of Puerto Tofiño (L’Illa Grossa) and at the Southeast of La Foradà islet. Thus, the
Marine Reserve represents an exceptional location for the development of
demographic studies of Pinna nobilis, an issue of interest not only for the conservation
of the species, but also to monitor the effectiveness of the protection of Pinna nobilis
populations within the boundaries of the Reserve. For this aim, 39 individuals were
tagged and positioned in 7 different areas dispersed around the four main islets of this
MPA (Illa Grossa, La Ferrera, La Foradà and El Carallot) in 2005. In the present work,
the first results of mortality, recruitment and growth after 18 months are shown. Results
are also related to the parallel experiments of Pinna nobilis recruitment with collectors
carried out at the same time in the Columbretes Islands Marine Reserve.
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The area between Rdum Majjiesa and Ras ir-Raheb, on the Northwest coast of Malta,
has long been identified and proposed as an area in need of protection and in fact was
recently designated as a Special Area of Conservation [SAC] of International
Importance, as published in Government Notice 1138 of 2005 [MEPA website].This site
covers a surface area of 8.5 km2. This MPA includes a different array of habitat types
including semi-submerged caves, marine stepped drop-offs, Posidonia oceanica
meadows, and sandy bottoms. The Posidonia meadows is quite an important and vast
habitat type found in this MPA.
Pinna nobilis is an endangered bivalve mollusc, protected under Annex II of SPA and
Biodiversity Protocol [under the framework of the Barcelona Convention] and Annex IV
of Habitats Directive, However the knowledge about this species’s ecology is quite
scarce, and the development of research on this aspect is crucial for the conservation
of this species.
Under the spirit of the MedPAN (the Network for Medietrranean Marine Protected
Areas Managers) funded by the INTERREG III-C Project, the Malta Environment and
Planning Authority (MEPA) commissioned the development of a protocol to study and
monitor Pinna nobilis populations within marine protected areas around the
Mediterranean. Concurrently, this protocol was to be applied to the field in order to the
study the population of Pinna nobilis within or near the Posidonia oceanica meadows of
the MPA at Rdum il-Majjiesa to Ras ir-Raheb.
The present work shows the prelinimary results of such a field trail. Ten areas
dispersed within or near the Posidonia meadows of this MPA were explored. The
individuals found tagged, measured and positoned for future studies of population
dyamics. A total number of 48 individuals were located in 2597 m2 exlored, showing a
mean density of 1.8 individuals/100m2 with a peak of 5.1 individuals/100m2 at Ras ilPellegrin I station. Spatial distribution, size structure and the main features of the
population of Pinna nobilis within the meadows of the MPA are described. One of the
main features observed is that the populations studied are mainly formed by young
individuals and large specimens are only found in the deeper stations. The inference of
such observations, as well as the expected potentials of these populations following the
management plans that may be set-up for the management of this MPA, are
discussed.
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The applications in landscape ecology traditionally have been restricted to the study of
terrestrial systems, but they are equally relevant for marine systems. Indeed,
knowledge of spatial pattern and the scales at which ecological processes take place is
essential for effective management of marine environments. Biocenosis and habitat
diversity can measure of spatial heterogeneity within the landscape. The GIS
developed for the coast of the region of Murcia allows the application of these tools to
planning the Mediterranean sector of “ZEPIM Mar Menor”. We use landscape level
metrics as a way to describe benthic communities and their associated habitats and
explore the potential use of these metrics as predictors of assemblage structure.
Habitat diversity has been shown to be a positive predictor of assemblage structure in
medium and small-scale studies of marine habitats often indicate that high spatial
heterogeneity affects patterns of abundance and influences assemblage structure.
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The SPAMI “Área del Mar Menor y zona oriental mediterránea de la Región de Murcia”
(Spain) includes the coastal lagoon of Mar Menor Sea and its islands, associated
wetlands, salt ponds and coastal sandy grounds, as well as the marine strip of the
adjacent Mediterranean coast. This area has a great diversity of ecosystem with 89
marine and coastal habitats of interest and 49 species of the Barcelona Convention. In
order to establish conservation and efficient management measures is necessary to
develop a territorial planning based on the ecological values of the area. In this
communication we present the methodology to carry out the ecological assessment
and zoning of the marine area of this protected area. For this purpose we distinguished
between two functional spatial units corresponding to the coastal Lagoon and the
marine area. The latest included three subunits corresponding to the following habitats
from the Directive 92/43/CEE: Posidonia meadow (1120*), Reefs (1170) and sandy
bottoms (1110). The internal heterogeneity of the subunit “reefs” allowed us to develop
an internal assessment applying specific criteria. So we carried out an assessment of
the area in two special scales. In the first level the following criteria were applied: i)
Presence of Directive habitats; ii) rarity; iii) relative importance of each habitats and; iv)
Conservation status of the habitats. In the second level we applied specific criteria
associated with intrinsic characteristics of the subunits. In the “reefs subunit” the criteria
applied were: i) Presence of high-priority biocenosis of the Barcelona Convention; ii)
number of protected species; iii) Conservation status of the geographic units and iv)
abundance of the biocenosis. The spatial application of the criteria resulted in a
multiscale zoning which facilitated the development of management proposals.
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Most Mediterranean MPAs are designated according to historical, political and
socioeconomic reasons and rarely account for ecologically unique or representative
habitats and key species. A number of studies have reviewed the costs and benefits
of Mediterranean MPAs (Francour et al. 2001, Juanes 2001, Vol. 27 of Environ.
Conserv. 2000), however these reviews mainly consider the northwest area of the
Mediterranean basin. The south and east of the Mediterranean is not considered due
to a lack of available and accessible information from this region. This discrepancy in
geographic ecological knowledge between European Union (EU) and non-EU MPAs
has not allowed for a comprehensive regional analysis that may prioritize the
designation of critical habitats and biodiversity currently underrepresented and
ultimately support the development of a representative network of MPAs in the
Mediterranean.
A survey was designed to assess all protected areas whose objectives include the
conservation of marine biodiversity. Managers of Mediterranean MPAs were invited to
fill an online questionnaire between May and August 2007; and 62 of them accepted
to be interviewed for the present survey. Results on Habitat and Species refer to the
subsample of MPAs which participated at the investigation.
Mediterranean Marine Protection. To date, 94 MPAs have been introduced in the
Mediterranean Sea, 43 belong to non EU countries and 60 are EU and just 4 are
located along the Southern Mediterranean coasts (Fig. 1). Almost the totality of the
MPAs is located in coastal waters and only the transnational protected area of
Pelagos Sanctuary includes mainly High Sea waters. The marine surface under
protection is 101,561.85 km2, representing 4% of the total surface of the
Mediterranean. If Pelagos Sanctuary is removed from this sum, the surface decreases
up to 14,061.8 km2, just the 0.6% of the entire ecoregion. Finally, if only the no-take
area (integral reserve) is considered, the surface is 298 km2, the 0.01% of the
Mediterranean Sea. The average spacing between Mediterranean MPAs is 70.8±6
km. However, 66% of the MPAs are spaced more than 30km apart.
Protected habitat. Most Mediterranean MPAs (72%) are characterised by the presence
of Rock and Sand at intertidal, subtidal levels and no-costal areas. Critical areas are
currently well represented in the MPAs of the Mediterranean. On the total, 63.4% of
MPAs include feeding grounds for key species within their borders, and 78% are
currently protecting fish spawning aggregation. Important habitats such as seagrass
beds and coralligenous community are also well represented and are included in
82.9% and 73.2% of MPAs, respectively. However, approximately 22% of all MPAs
surveyed report a decrease in seagrass beds and coralligenous habitats. In contrast,
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few MPAs (14%) report important pelagic features such as Cold Coral Reefs, Cold
Seeps, Hydrothermal Vents, Canyons or Sea Mounts.
Protected Species. nMDS analysis show several possible classifications of MPAs,
using the response variable Protected Species, that is based on geographical, social,
and ecological factors. Clustering of MPAs could be detected for Western, Eastern and
Adriatic Ecoregions. MPAs of the Alboran Sea are more dispersed, which suggests a
higher variability in the response variable. Non-EU MPAs are more dispersed than EU
MPAs. This graphical pattern is confirmed by the Analysis of Similarity (ANOSIM)
between MPAs of EU or non-EU countries and among MPAs from different areas of the
Mediterranean (crossed ANOSIM; EU/non-EU factor: R = 0. 582; p = 0.001, Ecoregion
factor: R = 0.281; p = 0.008). Moreover, the most dispersed points represent MPAs
with species lower richness. The total of number species report in MPAs is different
among countries. Non-EU MPAs indicate a smaller number of species (58.3±15.5)
compared to EU MPAs (100±7.9; Z = -2.301; p = 0.021, Wilcoxon Kruskal-Wallis Test).
Data on the trend of abundance of protected species (Annexes II and III, Barcelona
Convention) showed that the only notable population increases are for Epinephelus
marginatus and Sciaena umbra. On the contrary, the Mediterranean lobster Palinurus
elephas and the red coral Corallium rubrum show a decrease.
Conclusions. Results of the present study contribute to highlight the importance of
addressing a more effective conservation measures in the Mediterranean Sea, one of
the biodiversity hot spots of the planet. Large areas, ecoregions and biomes of the
Mediterranean ecosystem are excluded from any form of conservation enforcement.
Only few MPAs have been instituted in the underpopulated coasts of North Africa,
where potential pristine spots are under an unprecedented threat due to ongoing
uncontrolled development. Specific habitats with particular biodiversity importance in
the Mediterranean deep-sea and the pelagic ecosystem are excluded from an effective
conservation measure. Moreover, spacing among existing MPAs is too broad to ensure
ecological functionality of a system of MPAs as larvae dispersal of most non-sessile
animals and effective fish spill over occurs at smaller scale of current spacing (Shanks
2003).
A more detailed picture of the natural resources currently under protection in
Mediterranean MPAs remains a challenge as ecological data from many MPA remains
inaccessible of not existent. A discrepancy between EU and Non-EU MPAs becomes
evident by observing the general low rate of answers obtained for biological queries.
Acknowledgement: We thank all managers, researchers, technical staffs and
institutions/organisations who provided data. We thanks for their passion and patience.
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Figure 1 - Marine surface area protected in the Mediterranean Sea. Each MPA is labeled with a
circle representing the class of size in which the MPA was classified.
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Transboundary conservation takes into account that ecosystems and the problems
affecting them go beyond legal boundaries. This concept has a long history of
application to the terrestrial environment, but only in recent years it has started to be
applied to the marine environment. Transboundary marine conservation can only be
implemented with the participation of the countries with jurisdiction over the marine
ecosystems or resources which are recognisably in need of protection. Participating
countries need to delineate marine conservation mechanisms in order to achieve the
conservation goals previously agreed.
Marine Protected Areas (MPAs) are implicitly used in transboundary marine
conservation initiatives. Their success is partially determined by their effectiveness in
halting overexploitation of marine resources and destruction of marine habitats, and
reducing the impact of increasing demographic pressure on marine ecosystems. MPAs
are defined by the adoption of measures for the conservation, protection, valuation and
supported use of the marine and coastal resources, through a harmonious integration
of the human activities with the environment.
Governance is a key factor for MPA and transboundary marine conservation initiatives
success, and can be defined as interactions between structures, processes and
traditions that determine how power and responsibilities are exercised, how decisions
are taken and how citizens/stakeholders have their say. This study addressed the
governance of the MPAs in the biogeographical region of Macaronesia (archipelagos of
Azores, Canaries, Cape Verde and Madeira), where no transboundary conservation
initiatives at the ecosystem level are known to be in place. A comparison was made of
the MPA governance framework in the four archipelagos by considering: the existing
MPAs of the Macaronesian Region; international legal instruments on the conservation
of coastal and marine ecosystems ratified by the three countries involved in the study
area; the existing national laws in the region on the conservation of marine biodiversity
and its habitats; the institutional structures at the national level that have a role in the
establishment and management of MPAs. The MPA management models of each
archipelago were also compared.
The analysis intends to contribute as a basis for the development of a proposal for the
implementation of transboundary management of MPAs in the Macaronesian Region.
The proposal to be presented links the national marine conservation structures of the
four archipelagos, possible marine conservation goals for the region and will use
national and international legislation as a basis for transboundary management of
MPAs in Macaronesia.
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Spatial planning of the marine environment constitutes a management tool that can
minimise potential conflicts between the variety of activities taking place in the coastal
zone, including recreational or leisure activities, the conservation of biodiversity,
extraction of sand and gravel, coastal protection works and commercial and
recreational fishing. With the objective of contributing to the management of the
underwater (from 0 to 30 m depth) component of the National Ecological Reserve, the
subtidal marine communities of the central Algarve were mapped based on an annual
sampling strategy (2003-2006), with stratification by depth and type of bottom, using
side scan sonar, visual underwater census (transects and quadrats) and beam trawl to
estimate algae and plant cover and benthic macroinvertebrate and fish densities. The
derived spatial model incorporates components such as species richness, species
diversity, viability and threat, based on density, and vulnerability and rarity
(conservation status). Areas with threatened populations are attributed a greater
conservation value. In addition, weighting also takes into account the nurseries for
juveniles of commercial species and spawning grounds. The advantage of this model
lies in its flexibility and the possibility of improvement and updating with new data.
Implemented within the framework of a Geographic Information System (GIS), it is a
useful tool for the purposes of sustainable conservation and management of the marine
environment.
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This paper summarizes research carried out at Tjärnö Marine Biology Laboratory
(TMBL) in support of a soon to be established Marine National Park in the Koster Fjord,
off the West coast of Sweden. The main focus of this scientific effort is to develop a
predictive, spatially-explicit model of benthic habitat distribution to aid in the design and
future management of the National Park.
A comprehensive database of Remotely Operated Vehicle (ROV) data, including video
and still photos, has been compiled. This involved the development of an archival and
retrieval system to manage the structured interpretations of all video data collected by
TMBL’s ROV in the last ten years or so. As a result, an overview of all existing visual
images and associated observations of “benthoscapes” in the area to be protected has
been made possible for the first time, and the data is now searchable and suitable for
ecological modelling purposes. This is part of a relational database system which
includes additional spatial datasets such as high resolution bathymetry and
backscatter, in a Geographic Information System.
Exploratory multivariate analyses using Classification and Regression Trees (CART) of
the video data in combination with environmental, remotely sensed parameters have so
far allowed predicting the distribution of live reefs of cold-water coral Lophelia pertusa.
This has been of great use in increasing the efficiency of field surveys. In this
presentation, the current status of this scientific effort will be described, and possible
approaches to a benthic habitat model that classifies and predicts all habitats will be
discussed. This paper represents a contribution to the improvement of current tools
and methods for predictive benthic habitat mapping.
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The Marine Reserve of La Graciosa and Islets of North Lanzarote, created in 1995, is
the first Canary Island marine reserve and the most extensive marine area in Europe,
with 70,700 ha. The area encompasses various forms of protection: Nature Park,
Integrated Reserve, Special Protection Areas for Birds (SPAB) and Sites of Community
Importance (SCI).
The Reserve bathes a section of the northern shoreline of the island of Lanzarote and
what is known as the Archipiélago Chinijo (La Graciosa, Alegranza, Montaña Clara,
Roque del Oeste and Roque del Este). This cluster of islets is located on the same
insular platform, so that the majority of the sea floors have depths of less than 200 m.
The great extent of its undersea platform, which differentiates the marine reserve in the
context of the Canary Islands, favours a larger settlement of benthic species.
The location of the marine reserve, close to the African coast, determines the cold
nature of its waters, which propitiate the presence of warm water species, rare or
absent in the rest of the Canary Islands, amongst which we may single out the hake
(Merluccius merluccius), a fished species that represents 10.5% of recorded catches
and occupies second place in the volume of catches, behind the parrotfish (Sparisoma
cretense), which represents 25% of the total.
Management of the reserve: zoning, uses, means and projects
The Roque del Este Integrated Reserve lies in a one-mile-radius circle centred on the
islet of Roque and no activity is permitted in it, except scientific studies subject to
authorization.
Professional fisheries are permitted outside this area with hook and line tackle and
traditional gear directed at the salema and migratory pelagic species, but only in the
case of registered vessels.
Diving and sport fishing are also permitted with authorisation, except in certain areas.
Material means: 19 m and 1000 HP vessel, auxiliary rubber dinghy, Visitor Centre,
Land Rover, five sets of diving equipment, a compressor, two cameras, a watertight
case, night-vision binoculars, georeferenced camera, ROV.
Human means: a coordinating biologist and 6 crew members of the fishery protection
vessel.
Projects: scientific follow-up of the reserve effect, Reserve mapping campaign with an
oceanographic vessel, promotion of activities complementary to fishing and a
programme of publicizing Canary Island fishing and marine reserves at educational
institutions.
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The project for the establishment of industrial fisheries gave rise to the original
settlement of La Graciosa, in 1880. When this company collapsed, the workers who
decided to remain on the island had to undertake a struggle against a rosary of
adversities; a struggle that was also going to have fishing as its mainspring. Fishery
activity has been the hub and driving force of life on La Graciosa. The cycles of
extraction and collection of resources wrested from the waters has marked the pace of
life on the island. Everything on La Graciosa recalls and savours of fishing and boats,
either lying at anchor in the bay or drawn up on the beach; they form part of the real as
well as the symbolic setting of everyday life on La Graciosa.
Until the start of the building, some 10 years ago, of the first tourist apartments, the
principal economic activity of the island was fishing and it still continues to be the
mainstay of a good number of the families of La Graciosa. The waters of the Marine
Reserve of La Graciosa and Islets of North Lanzarote, not only maintain the traditional
craft fisheries of this area, in general extendable to the Canary Islands as a whole, but
also only the most selective techniques are used as a result of the regulations and
management introduced. Rod and line fishing with two or three hooks are carried on,
as well as purse fishing with small-sized gear, intended for catching such small pelagic
species as the sardine (Sardina pilchardus) and the traditional fishing of the salema
(Salpa salpa). Practically all the catches of salemas and sardines are marketed under
the traditional technique of salting and drying the fish in the sun known as “oreado”.
The parrotfish (Sparisoma cretense) is caught all year round, as long as the conditions
of the sea so permit, and it is the main local fishery. It represents 20-30% of the total
catches recorded in the Reserve, which exceed 25 tons. Catches increase in the
summer season, from March-April to September-October. This traditional fishery, the
most emblematic of the Canary Islands, is carried on from small boats, even from
barges, normally with a rod in very shallow waters and with the aid of a sight glass to
observe where the fish is on the bottom and offer it the bait consisting of local crabs
(“cangrejilla”, “jaca”, “juyón”), so it is closely connected with the catching of these
crustaceans.
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A well established effect of protection in marine protected areas (MPAs) is that
previously exploited populations often show increases in mean size and abundance.
However, effects of MPAs on recovering species can be complex due to the
interactions amongst components of the community causing a cascade of responses
as well as to external driving forces The evolution of the abundance and demography
of the spiny lobster Palinurus elephas population protected in the Columbretes Islands
marine reserve (CIMR) has been monitored from 1998 to 2006, eight to sixteen years
after its creation. Data were collected annually from experimental fishing surveys with
commercial lobster trammel nets conducted inside the CIMR and from random
sampling of the lobster commercial fishery operating outside the CIRM. During the
study period overall population abundance in the reserve has declined steadily while
biomass has remained stable. The abundance of small lobster has decayed
continuously while large lobsters, especially females, have increased. Hypotheses
explored to explain the observed pattern in the CIMR are: (a) increased predation of
young lobster by the thriving predatory fish populations in the CIMR, (b) prolonged
settlement failure, and (c) interception by edge fishery of lobsters < 100mm CL
recruiting to the CIMR adult populatiom.
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Until 2003, the shallow subtidal of the Ustica Island marine protected area (MPA)
(western Mediterranean) was dominated by a wide barren with encrusting red coralline
algae (ECR). This study aims at evaluating the evolution in composition and structure
of this subtidal benthic assemblage. A standard photo-sampling method was employed
along 5 times, between 2002 and 2005. At Ustica, three locations (103 m apart) were
selected. Within each location three sites (102 m apart) were randomly chosen and 10
replicates were taken on vertical or sub-vertical substrates at 4-7 m depth. Species
composition and coverage (%) was determined by analysing slides on a dissecting
microscope, and underlying a grid of 24 squares to facilitate coverage computation.
When species identification was not possible operative taxonomic units (OTUs) were
adopted.
Data were analysed with TIME (T) as orthogonal and random factor (four levels),
LOCATION (LO) as orthogonal and fixed factor (three levels), and SITE (SI) as random
and nested in LO (three levels).
Differences of composition and structure of benthic assemblages were revealed across
the time factor (Permanova; 0.01) and pairwise comparisons demonstrated differences
among the different times considered (p<0.01).
The ECR contributed most to intragroup similarity and showed decreasing trends along
the 5 times in average coverage (ranging from ~39% in T1 to 17.6% in T5). Erect
algae, instead, increased with an opposite trend along the 5 times.
The nMDS plot showed a higher intragroup similarity for the first 4 times than T5,
whose intra-similarity was lower.
Our preliminary results suggest that composition and structure of the shallow benthic
assemblages are highly variable in time, thus suggesting a possible trajectory of
recovery from a homogeneous coralline barrens to a heterogeneous macroalgal
assemblage, with Padina pavonica and Cystoseira spp.
Shifts from barrens to macroalgal assemblages have been previously described for
different systems in temperate and tropical waters. Such shifts could be seen as the
transition of the ecosystem in an “alternative state” defined as an alternative
combination of ecosystem states and environmental conditions that may persist at a
particular spatial extent and temporal scale. Alternative states occur in dynamical
systems with more than one equilibrium point. Understanding ecosystems dynamics
and assemblages change, along with possible sources of disturbance (i.e. grazing),
could have repercussions for conservation purposes and for management activity.
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Within Europe, Marine Protected Areas (MPAs) have generally been considered as a
management tool to protect particular threatened marine species or habitats. In this
paper we consider the use of MPAs to address global scale objectives within the
context of implementing an ecosystem approach to fisheries management in the North
Sea. In this situation, ensuring that displacement of fishing activity does not negate the
ecological benefits to be gained by closing areas remains a major issue of concern. We
model fishing effort displacement to assess the ecological costs and benefits involved
in using MPAs to address two specific global scale ecosystem objectives for the North
Sea; closing 7.7% of the North Sea to safeguard the most important areas for
groundfish species diversity and closing 7.3% of the North Sea to reduce the impact of
fishing on benthic invertebrate communities. Benthic invertebrate and fish abundance
data are analysed to identify areas of ecological importance within which to locate
MPAs. Recently compiled international landings and fishing effort databases are then
interrogated to determine the amount of “lost landings” associated with each set of
MPAs and to model the redistribution of fishing effort required to make up these
landings from areas outside the proposed MPAs. The results suggest that closing
nearly 8% of the North Sea to protect groundfish species diversity results in an overall
increase in fishing effort across the North Sea. Consequently, the impact of fishing on
benthic invertebrates would in all likelihood increase. Closing over 7% of the North Sea
specifically to reduce the impact of fishing on the benthic invertebrate community
resulted in a reduction of benthic mortality of between 1.7% and 3.8%. In both cases
much of the benefit gained from the introduction of MPAs was negated by the
displacement of fishing effort into the remainder of the North Sea. This preliminary
assessment of the use of MPAs to achieve global scale objectives for an EAM in the
North Sea suggests that in the absence of simultaneous reductions in TACs, the
introduction of MPAs alone is unlikely to achieve significant ecosystem gains. When
TACs were reduced by the amount of landings normally taken from within the closed
area, then closure of 7.3% of the North Sea to reduce the impact of fishing on benthic
invertebrates resulted in a reduction of benthic mortality of between 16.2% and 17.4%.
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While a number of countries have established, or are in the process of establishing,
cold-water coral protected areas, little attention has been given to their management.
The EC 6th Framework Project 'Marine Protected Areas as a Tool for Ecosystem
Conservation and Fisheries Management (PROTECT)' involving a consortium of
scientists from 10 countries is addressing this issue. The overall objective of PROTECT
is to improve the science basis for the design, selection, implementation, monitoring
and management of marine protected areas.
Cold-water coral protected areas (off the west coast of Ireland and Norway) have been
chosen as one of three PROTECT case studies. Here we describe the development of
success criteria that employ quantifiable metrics to assess the usefulness of various
management measures employed to maintain the favourable ecological quality status
of coral habitat in protected areas. The construction of a generic GOIS (Goals,
Objectives, Indices and Status) Table is an important first step in the development of a
cost effective and practical management strategy. Analysis of the GOIS Table for coldwater coral reveals a number of key information gaps that must be addressed before a
comprehensive monitoring programme can be put in place. The difficulties facing the
implementation of cost effective conservation management of offshore Marine
Protected Areas are addressed.
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Transboundary conservation initiatives can be an efficient way of involving various
countries in the conservation of common marine ecosystems and resources. This is still
a very embryonic approach to conservation (the first transboundary MPA - or marine
TBPA -was implemented in 1996) but already a total of 188 transboundary cooperation
cases involving 818 protected areas in 112 countries have been identified (Mittermeyer
et al., 2005). Being such a recent experience, the few existing marine TBPAs need a
careful analysis so that every lesson already learnt is apprehended and used in the
implementation of future marine TBPAs.
Seven examples of marine TBPAs all over the world were analysed, as well as one
TBPA in Lake Skadar and a terrestrial African TBPA, with the goal of drawing lessons
for the TRANSMAP project (http://www.transmap.fc.ul.pt). TRANSMAP intends to
create two transboundary networks of MPAs between Mozambique and Tanzania and
between Mozambique and South Africa. This particular setting requires a careful
understanding of what is at stake in the creation of marine TBPAs. In particular, one
needs to keep in mind that transboundary conservation is developing to imply the
coordination of protected areas that are far apart and not connected through a
traditional corridor strategy per se (Mittermeyer et al., 2005).
The analysis focused on: the minimum content of the legal instrument creating the
marine TBPA; the level of commitment between states; the role of international legal
instruments as a mean to engage national governments; the joint management
structures and institutional arrangements between national agencies; joint and/or
separate management plans; the role of environmental and international organizations
in finding political, community and financial support; the role of tourism in ensuring long
term financial sustainability for the TBPA; the issue of revenues sharing between the
involved countries; the differentiated or equal legal status on both sides of the border;
the role of stakeholder consultation in granting community support; etc.
The TRANSMAP project has a unique feature: three countries with two predicted
marine TBPAs only common to one state - Mozambique. The results support the
adoption of a governance strategy for the TRANSMAP two study areas involving two
independent transboundary networks of MPAs (one between Mozambique and South
Africa and another between Mozambique and Tanzania), with the possibility of the nonparticipating country having an observer status within the governance structures of the
network where it is not involved.
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Marine protected areas, particularly no-take marine reserves, are increasingly
espoused as an important management tool for conserving marine ecosystems,
counteracting over-fishing, buffering against unpredictable environmental conditions,
and providing a baseline against which to evaluate impacts of activities outside the
reserve. Marine reserves have been shown to support more intact communities, with a
greater abundance and biomass of key species compared to areas outside.
Nonetheless, questions remain about their potential benefits and management utility.
For example, some have asserted that reserves are not as effective in temperate as in
tropical environments. Scientific studies of marine reserves are accumulating rapidly,
providing data on the biological impacts of reserve protection for a wide variety of
geographic locations and organisms. By conducting a comprehensive survey of peerreviewed scientific literature, we compiled a global database of studies documenting
biological effects (density, biomass, individual size, or species diversity) from fully
protected marine reserves. We show that marine reserves can have similar, if not
greater, positive impacts in temperate versus tropical ecosystems. This result is
generally independent of reserve size, contrary to the expectation that effective
reserves should be larger in temperate systems given the greater mobility of many
temperate species. Lastly, we demonstrate that the effect of reserve protection varies
for different taxonomic groups, and likely depends on characteristics of the species
under consideration. Development of an educational booklet, entitled the Science of
Marine Reserves, is currently underway to incorporate this and other recent scientific
findings about marine reserves into an easily understood format for the general public.
This booklet is appropriate for international audiences and will facilitate communication
about the biological impacts of marine reserves among scientists, interest groups,
NGOs, academic institutions, and management agencies.
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In order to evaluate the role of marine reserves on the development of socio-economic
activities, the AMPAMED project (2006-2008) focuses on three Mediterranean
protected areas: the “Réserve Naturelle des Bouches de Bonifacio” (France), the “Area
Marina Protetta Penisola del Sinis – Isola di Mal di Ventre” (Italy) and the “Reserva
Marina de Cabo de Palos – Islas Hormigas” (Spain). The main aim of the project is to
provide strategies and criteria for the sustainability of traditional activities, such as
artisanal fishery and tourism (i.e. pleasure boating and diving). The main steps of the
project are: (i) to gather information on fishery and tourism and to join the management
experiences of the three MPAs, (ii) to investigate the fishery and tourism pressure on
key ecosystems and species, (iii) to test the efficacy of new specific measures to be
applied to the regulation of the three MPAs, and (iv) to propose these measure for
implementation in other Mediterranean MPAs.
This work describes the results of the first step. Data on artisanal fishing, boating and
diving activities were collected in collaboration with the MPA management boards and
refer to the year 2005. The results highlight relevant differences among the three
areas: Bonifacio shows a strong aptitude for both diving and boating, Cabo the Palos is
mainly devoted to commercial fishing with an increasing diving activity, while Sinis-Mal
di Ventre is traditionally oriented towards fishing rather than tourist activities. Social and
geographical factors as well management and policy arrangements could play an
important role in determining these differences.
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Marine Protected Areas (MPAs) are generally considered as useful tools for
conservation purposes and fishery enhancement, although sometimes inadequate
management measures and low enforcement levels make them ineffective. The
“Penisola del Sinis – Isola di Maldiventre” MPA was established in an area where both
fishery and sea urchin harvesting are relevant. In order to evaluate the functioning of
the reserve in relation to the abundance of species endangered by fishery, field
comparisons of protected and reference locations were carried out. The main aim of
this work was to assess the effects that the establishment of the reserve produced on
sea urchin density (the edible Paracentrotus lividus). Moreover, we tested the
possibility that protection-related changes in abundance may occur in both sea urchin
predators targeted by fishing activity (i.e. Diplodus sargus and Diplodus vulgaris) and in
phytobenthic species potentially involved through cascade effects.
Sampling was carried out in late spring-early summer 2005, on both Posidonia
oceanica meadows and rocky reefs, at 5 m depth, where the harvesting of sea urchins
is more relevant.
Sea urchin density did not change in relation to the regime of protection. Significantly
higher values were detected on rocky reefs than on seagrass meadows, the number of
small individuals (20 to 35 mm in diameter) accounting for the differences between
substrata. Sea urchin predators exhibited a homogeneous distribution: no significant
change in the abundance of both species was observed in relation to protection,
location, substratum or site. Meadow density varied only at the site level without
differences between protected and unprotected locations. Generally, rocky reefs were
largely colonized by photophilous assemblages, with high covers of erect (both leathery
and corticated) and calcareous seaweeds.
We suggest that the absence of effect of protection may be due to the high pressure of
fishery and sea urchin harvesting within the reserve, and that a higher level of
enforcement would be necessary in order to improve the efficiency of the MPA.
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The direct effects of fishing are well documented and include changes to the density
and size-structure of fisheries species. Less well understood, however, are the indirect
effects of fishing on ecosystem processes such as trophic dynamics. Understanding
how the selective harvesting of fisheries species may effect the transfer of biomass in
marine systems is central to determining the long-term sustainability of a fishery (or
several), and for ensuring that the exploitation of selected species leaves the
biodiversity and structural integrity of marine systems intact. For example, fishing of
significant predators can influence ‘top-down’ control of marine food webs, potentially
altering the density and number of food web linkages, the ratio of predator-prey
relationships, and the frequency of omnivory within food webs. Conversely, removal of
key herbivores from a system can alter the rate and total standing stock of primary
production, thereby affecting ‘bottom-up’ changes to the number of trophic levels a
system is able to support.
No-take marine reserves provide valuable opportunities to examine specific
hypotheses concerning the effects of fishing on trophic structure with exploited species
frequently demonstrated to be more abundant within reserves than outside them. In
Tasmania, Australia, the Southern Rock Lobster (Jasus edwardsii) is a highly valued
commercial species, more abundant in marine protected areas than adjacent fished
habitat. Despite their commercial significance, however, little is known about the diet of
J. edwardsii but popular opinion has it that they are an important structuring influence
in temperate reef systems.
Gut content analysis is a traditional means by which the diet of animals may be
analysed. As gut content analysis requires the fatality of the target organism, it is of
limited use within marine protected areas. It is also limited for animals such as the
lobster where food is heavily masticated upon ingestion, thus confounding the correct
identification of food items. In this study we evaluate the effectiveness of a combined
chemical tracer approach (stable isotope and fatty acid analysis) for clarifying changes
to trophic structure as a result of fishing pressure. Lobsters and animals spanning
successive trophic levels are sampled inside and outside of marine protected areas
and their chemical tracer signatures are evaluated. We use J. edwardsii and
consumers within temperate Australian reefs as a case study to discuss the validity of
the chemical tracer approach for assessing the effectiveness of marine protected areas
in preserving trophic function and offer suggestions for future applications.
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The past few years have seen rapid development in the use of fisheries closures to
protect deep-water coral habitats from destructive fishing practices throughout the
North Atlantic. The world’s first deep-water coral protected area came into effect in
1984, but did not prevent trawling damage to Oculina varicosa reefs off the Atlantic
coast of Florida due to lack of enforcement (Reed et al. 2005). Surveys in the late
1990s revealed that bottom trawling and long-lining was also causing widespread and
long-term damage to more northern coral communities on both sides of the Atlantic
(Jones and Willison 2001; Hall-Spencer et al. 2002). This met with rapid responses by
the authorities, with the establishment of cold-water coral protected areas first in
Scandanavia and Canada (Fosså et al. 2002; Mortensen et al. 2004) followed by
closures in European Union waters, the USA and Iceland. The first areas in the
Atlantic High Seas to be closed to protect deep-water habitats entered into force on 1
January 2005 and were recommended by the North East Atlantic Fisheries
Commission (NEAFC), followed by closures in the NW Atlantic by the North Atlantic
Fisheries Organisation (NAFO) from 1 January 2007 (Table 1). Satellite monitoring of
fishing vessel activity has indicated that these closures can work effectively with good
compliance by international fleets even in remote areas such as the Darwin Mounds, a
coral-rich area 180 km off the NW coast of Scotland (Davies et al. 2007).
Here we summarise how deep-water Lophelia pertusa habitats were selected for
closure on Rockall Bank (see ICES 2002, 2006, 2007a). The Bank lies to the west of
Scotland in the NE Atlantic and straddles the boundary between the fishing zone
managed by the EU and the High Seas, where fishing is managed by NEAFC. The
bank supports important fisheries for haddock and other shallower water species on
the upper slopes and top of the bank, together with deeper-water species such as
monkfish and blue ling on the lower slopes.
Based on evidence presented by WWF, OSPAR (Convention for the Protection of the
Marine Environment in the North Atlantic) communicated to NEAFC its concern about
the conservation of Lophelia pertusa reefs on the Bank. NEAFC then requested the
International Council for the Exploration of the Sea (ICES) to “indicate appropriate
boundaries of any closure of areas where cold-water corals are affected by fishing
activities.” Three sources of information were used by the ICES Working Group on
Deep Water Ecosystems (WGDEC) to identify such boundaries. These were
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a) Records in the scientific literature and elsewhere of the occurrence of L.
pertusa;
b) The knowledge of fishers using the Bank on the distribution of Lophelia;
c) Records of fishing activity derived from satellite based vessel monitoring
systems (VMS).
Each of these sources had their advantages and disadvantages, for example.
a) Scientific records may be very old and the coral occurrence may have
disappeared, also the locations of records may be inaccurate for a number of
reasons (Hall-Spencer et al. 2007).
b) Fishers knowledge is recent and therefore may be more ‘believable’ to the main
users, but may not be complete or fully accurate.
c) VMS records showing the location of trawling activity are generally
comprehensive and unbiased, but there are several reasons why an area of the
seabed remains unfished, i.e. not only due to the presence of net-damaging
corals.
These sources could not necessarily be relied upon individually to identify suitable
closure areas, but when used together provided a powerful tool indicating such areas.
VMS positions were provided by NEAFC, the Irish Navy and the UK Department of
Environment, Food and Rural Affairs for 2005, the most recent year of comprehensive
available information on the distribution of fishing fleets in the area. The VMS data
were filtered to remove non-trawling activity, by only including vessels travelling
between 1.5 and 4.5 knots. Note that this filter would not remove all pelagic trawling
tracks from the plot and may include some vessels travelling slowly in the area, but not
fishing. These records were combined with data on coral distribution provided in past
WGDEC reports, and new information on Lophelia distribution from surveys carried out
by the UK Government in 2005 and 2006 (Davies et al. 2006; Howell et al. 2007), a
Fisheries Research Services monkfish survey in November 2006 (FRS, unpublished
data) and data from the EU HERMES programme (Duyl and Gerard 2005). A Dutch
cruise in 2006 as part of the HERMES programme also recorded the scleractinian
corals Lophelia pertusa, Madrepora oculata and Desmophyllum cristagali at 60 stations
in the Logachev Mound region, but these data are not yet available. The final analysis
(Figure 1) combined information on the spatial distribution of coral records and data
describing fleet distribution, to select potential sites for closure where the conservation
benefit of closures was maximal and the displacement effect on fishing was minimal.
Following ICES advice, areas of Rockall Bank in NEAFC and EU controlled waters
were closed to fishing effective from March 2007 (ICES 2007a). Figure 1 shows the
North West Rockall, Logachev Mounds and West Rockall Mounds areas that were
closed to protect coral habitat in 2007, in addition to an area that was closed to protect
haddock stocks in 2001 which has the additional benefit of helping protect benthic
habitats.
The process of designing and enforcing a network of offshore Marine Protected Areas
is ongoing and has made significant progress in recent years. A new tranche of deepwater coral closures has been proposed within the Irish EEZ, also based on a
combination of scientific surveys, fishers knowledge and VMS (ICES 2007b). Further
challenges remain. Effective surveillance and enforcement are critical to the protection
of coral in these areas, and this will be helped by VMS records which include data on
the gear in use and whether the vessel is fishing or in transit. Boundaries will also
need to be designed to account for gears used and the frequency of transit.
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Table 1 - Areas closed to bottom trawl fishing in the North Atlantic to protect deep and/or coldwater habitats (adapted from ICES, 2007a).

Name of closed area
Oculina Bank
Sula Reef
Iverryggen Reef
Selligrunnen Reef
Sacken reef
Spiran reef (degraded)
Vadero reef (degraded)
Northeast Channel
Tisler Reef
Fjellknausene Reef
Røst Reef
The Gully
Stone Fence
Darwin Mounds
Azores, Madeira, Canary Islands
Reykjanes Ridge (part of)
Hekate Seamounts
Faraday Seamounts
Altair Seamounts
Antialtair Seamounts
Oceanographer Canyon
Lydonia Canyon
Hornafjarðardjúp
Skaftárdjúp
Reynisdjúp
Orphan Knoll
Newfoundland Seamounts
Corner Seamount
New England Seamounts
Hatton Bank
NW Rockall Bank
W Rockall Mounds
Logachev Mounds
NW Porcupine Bank
Hovland Mound Province
SW Porcupine Bank
Belgica Mound Province

Region
USA
Norway
Norway
Norway
EU (Sweden)
EU (Sweden)
EU (Sweden)
Canada
Norway
Norway
Norway
Canada
Canada
EU (UK)
EU (Spain/Portugal)
NEAFC
NEAFC
NEAFC
NEAFC
NEAFC
USA
USA
Iceland
Iceland
Iceland
NAFO
NAFO
NAFO
NAFO
NEAFC
NEAFC/ EU (UK)
NEAFC
NEAFC/ EU (Eire)
EU (Eire)
EU (Eire)
EU (Eire)
EU (Eire)

Year closed
1984
1999
2000
2000
2001
2001
2001
2002
2003
2003
2003
2004
2004
2004
2004
2005
2005
2005
2005
2005
2005
2005
2006
2006
2006
2007
2007
2007
2007
2007
2007
2007
2007
proposed
proposed
proposed
proposed
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Figure 1 - Rockall closed areas in 2007. The known distribution of cold-water coral records and
VMS fishing tracks for 2005 (see text) based on filtered VMS data (vessels moving >4.5 knots
were assumed not to be trawling) are also shown.
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The exportation of biomass of adult fishes from marine protected areas was evidenced
through the assessment of negative gradients across reserve boundaries in 6
Mediterranean MPAs: Banyuls and Carry-le-Rouet in France, Cabo de Palos, Cabrera,
Medes and Tabarca in Spain. Fish were recorded using underwater visual censuses
performed at various distances from the core of the MPA to fished areas. A stratified
sampling design was adopted with 3 sectors inside MPA and 3 sectors in fished areas
each side of the MPA at increasing distance from the reserve border. In each sector, 3
zones were investigated with 6 replicates per zone. A total of 126 to 162 visual
censuses were performed in each MPA. Higher species richness (x1.1), abundance
(x1.3), biomass (x4.7) and mean fish size (x3.4) were recorded inside integral reserves
in all MPAs studied testifying of the protection effect. Negative gradients of fish
biomass and mean fish size from integral reserves to fished areas were observed in
most cases with differences depending on species mobility, and probably fishing
pressure. The fish species recorded visually which responded the most to protection
level belonged to the same families in all MPAs: Serranidae, Sciaenidae, Sparidae,
large Labridae, Muraenidae and Moronidae. Most of these species are targeted by
fisheries. The low and similar mean fish weight observed in all fished areas
demonstrated that fisheries levelled down fish populations in a similar way all over the
Western Mediterranean. The existence of strong negative gradients in fish size and
biomass across reserve boundaries in all MPAs was in accordance with the hypothesis
of fish exportation from MPA. However, the sharpness of gradients in fish biomass
across MPA boundaries probably implied that fish exportation beneficial to local
fisheries occurred mostly at a small spatial scale (100s of meters) close to the reserve.
Under rough assumptions, we estimated that this exportation could lead to an average
of 2 fold increase of the biomass available for fisheries outside MPAs.
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The population of the dusky grouper (Epinephelus marginatus) has been surveyed in
Port-Cros national Park every 3 years in October since 1993. Number and size of
fishes were recorded visually between the surface and 50 m depth by the same team
of well trained SCUBA and free divers following a standardized procedure. Biomass
was calculated from existing length-weight relationship available for this species in the
Mediterranean. The abundance of the dusky grouper population exhibited a 5.4
increase between 1993 and 2005 with a high rate of increase during the 1993-1996
(86%) and 1996-1999 (87%) periods that slowed down afterwards (37% for 1999-2002
and 15% for 2002-2005). In the mean time the biomass of this species has increased in
a similar proportion (x5.6, from 563 kg in 1993 to 3134 kg in 2005). All size classes
increased in abundance between each 3 year interval, from small (<30 cm) to large
(>90 cm) individuals, but particularly the 60-90 cm size-class which represented 41% of
the population in 2005. A positive correlation existed between mean fish size and
depth. However, if the smallest individuals were observed only in shallow waters (<10
m), large individuals were encountered in the whole depth range, even if more
numerous in deep waters. A clear increase in the abundance of Epinephelus
marginatus, mostly 30 cm sized individuals, occurred in shallow sites between 2002
and 2005, indicating that the colonisation of habitats suitable to the smaller individuals
was still in progress in the national Park. Conversely, the richest sites for groupers, with
steep and heterogeneous grounds, where most of the population was recorded (77% in
2005) did not exhibit a significant population increase between 2002 and 2005, likely
indicating that their carrying capacity was reached. The steady increase in the dusky
grouper population in Port-Cros national park over the last decade were attributed to
different factors (1) enforcement of the national Park regulations since 1963, (2) ban of
grouper spearfishing on French Mediterranean coast since 1993 and (3) increase in
water temperature due to the climate change. These combined factors provided
favourable conditions for reproduction and recruitment of Epinephelus marginatus in
the northern Mediterranean, testified by the recent presence of small individuals (<15
cm) in this region.
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At the heart of disagreements in the US about impacts of fishing and the role of MPAs
as fisheries management tools is a clash between management paradigms. The
‘exploitation paradigm’ is built around the goal of maximizing fisheries yield, whereas
the ‘MPA paradigm’ is focused on protection of ecosystems. The ongoing failure to find
agreement on whether MPAs have value stems from the fundamentally different valuebases, premises and goals of the two paradigms. Recently this debate has played out
in the Northwestern Hawai’ian Islands (NWHI).
The NWHI is a large, remote, uninhabited system of reefs, banks and atolls stretching
some 2000 km from the populated Main Hawai’ian Islands. Because of its location far
from the equator, remoteness, and relative lack of human impacts, the NWHI shows a
high degree of endemism and is one of the world’s most pristine and ecologically intact
coral-reef ecosystems. In June 2006, US Preseident George W Bush issued a
presidential proclamation that created the NWHI Marine National Monument,
augmenting protection provided by the US Fish and Wildlife Service and the State of
Hawaii. Together their measures create the largest fully-protected marine area in the
world.
Despite the remoteness, humankinds’s footprints are evident even in the Northwestern
Hawai’ian Islands. The endemic Hawai’ian monk seal is sliding toward extinction,
perhaps pushed along by overfishing. Long-line fishing is likely to have significantly
altered pelagic fish populations and communities. Black-lipped pearl oysters, ‘mined
out’ early in the 20th Century, have only just started to recover. Overfishing drove the
collapse of spiny lobsters leading to a fishery closure in 2000, but their populations are
yet to even being to recover. And, recent evidence suggests that the bottomfish fishery,
the one remaining commercial fishery in the NWHI, is not healthy or ecologically
sustainable.
The processes leading up to the Monument proclamation involved extensive scientific
research, policy development and stakeholder input. The key question was whether
fishing was compatible with the ecosystem and the Monument goals. In this work, we
will describe the 1) effect of the bottomfish fishery on the NWHI ecosystem, 2) the
objectives of the competing management paradigms, 3) the criteria that were applied to
assess that impact, 4) how the paradigm conflict was resolved and President Bush
acted to end virtually all fishing, and 5) the role of the NWHI may have in contributing to
the sustainable management of fisheries in Hawai’ian Islands and surrounds.
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This study attempted to determine the effect of predation on the sea urchin Diadema
aff. antillarum population structure. We carried out experimental studies within the three
marine protected areas and associated unprotected areas of the Canary Islands. D. aff.
antillarum population densities were estimated with the belt transect method
(Hernández et al. in press) and the level of predation tested by tethering experiments.
This technique has been used to test predation on sea urchins in tropical (McClanahan
& Muthiga 1989; McClanahan & Shafir 1990; McClanahan 1998, 1999; McClanahan et
al. 1999) and temperate systems (Sala & Zabala 1996; Shears & Babcock 2002;
Guidetti 2006; Guidetti & Dulcic 2006). D. aff. antillarum individuals of three different
size classes (20-30 mm, 30-40 mm, 40-50 mm), were tethered to lines fixed at the
substratum (McClanahan & Muthiga 1989). As handling D. aff. antillarum becomes
difficult due to its morphological characteristics, we employed a modified tagging
technique (Olsson & Newton 1977), previously tested in situ (Clemente et al. 2007a,
2007b), that consisted of using external tags anchored into the urchin tests, to attach
urchins to transects. Ten tagged individuals of each size class were attached along 11
m transect lines laid over shallow rocky reefs (4-8 m). A total of four transects and 40
urchins were simultaneously placed per site. Each individual was tethered with 40 cm
of nylon monofilament, which allowed urchins to move and usually find crevices in the
substrate. The experiments were visited every 24 hours during 5 days to determine the
number of individuals that died at each daily interval. A relative predation intensity
index was calculated for each site and size class as the total length of the experiment
(5 days) minus the number of days each individual survived, divided by the length of
the experiment.
To contrast urchin abundance and predation levels protection levels, islands and sites,
distance-based permutational ANOVAs (Anderson, 2001) were performed. A three-way
design was used to analyze urchin abundance, in which ‘Protection’ was treated as a
fixed factor (Protected vs Unprotected), ‘Island’ as fixed (El Hierro; La Palma;
Lanzarote e islotes) and ‘Site’ as a random factor nested in the interaction ‘(Protection
x Island)’. A four-way design was performed to analyze predation levels, in which
‘Protection’ (Protected vs Unprotected), ‘Island’ (El Hierro; La Palma; Lanzarote e
islotes) and ‘Test diameter’ (20-30 mm, 30-40 mm and >40 mm) were treated as a
fixed factors and ‘Site’ as a random nested in the interaction ‘(Protection x Island)’.
Densities of Diadema aff. antillarum were higher at Lanzarote e islotes and La Palma
than at El Hierro island.
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Predation level varied highly and a significant interaction of factors ‘Protection x Island
x Test diameter’ was detected (Table 1), differing predation index between protection
levels in relation to the island and urchin size considered.
The percentage of predated urchins through time showed strong differences between
protection levels and islands (Figure 1). Cumulative trends were more similar for
experiments carried out in El Hierro, both at protected and unprotected sites. In La
Palma MPA, high frequency of predated individuals were registered from the second or
third experimental day (Figure 1), while in Lanzarote e islotes MPA the slope of the
curve was lower (Figure 1). Unprotected areas of La Palma and Lanzarote e islotes
showed the lowest frequency of predated individuals during the experiment.
A negative linear relationship was found between predation index and D. aff. antillarum
abundance (F= 27.107; R2=0.552; p<0.0001). At low predation levels, variation in sea
urchin abundance was higher and it decreased at higher predation levels.
We have shown that urchin populations were highly variable in space, which seems to
be influenced by predation. The lowest urchin densities were recorded in El Hierro
island and in protected sites of La Palma, where higher predation levels were detected.
The less intense use El Hierro, such as through overfishing, and the highly structured
assemblages of large-size predatory benthophagous fishes (Clemente 2007), also
found at La Palma MPA (Brito et al. 2002), may explain the low urchin densities and
high fish predation levels reported here.
At unprotected areas of La Palma and at all areas of Lanzarote e islotes higher urchin
densities with the lowest predation levels were found. The strong correlation found
between predation index and urchin densities shows predation as a strong controlling
force of Diadema aff. antillarum abundances, as found around with other echinoids
(McClanahan & Shafir 1990; McClanahan 1999; Shears & Babcock 2002; Guidetti
2006). However, at low levels of predators other factors seem to control urchin
populations. Similar results have been obtained in studies relating urchin abundances
to predation index (McClanahan & Muthiga 1989; McClanahan & Sahfir 1990;
McClanahan 1998, 2000; McClanahan et al. 1999) or to predator’s abundance (Estes &
Palmisiano 1974; Sala & Zabala 1996; Babcock et al. 1999; Guidetti 2006; Guidetti &
Sala 2007). Although we provide evidences of an enhancement of predators influence
over urchin populations due to the controlled fishing effort in Lanzarote e islotes MPA, it
does not seem to be enough to control urchin populations and extensive barrens have
been observed in recent years (Hernández et al. in press). Only an increase in
predation levels upon small sized urchins was detected and fish predators inhabiting
this area are species that predate mostly upon juvenile urchins (Clemente 2007),
mainly labrids and sparids (Brito et al. 2002; Falcón et al. 1996; Tuya et al. 2004).
Therefore urchin ‘scape size’ (sensu Sala, 1998) is smaller and higher proportion of
individuals survives compared to El Hierro and protected areas of La Palma, Poaching
and the heavy overfishing situation before fisheries restrictions policies were applied
(McClanahan, 2000), could be in detrimental of the ecological effects expected at this
eleven-year old MPA.
We suggest that recent increase in D. aff. antillarum and the prevalence of barren
grounds at sublittoral rocky bottoms of the Canary Islands are influenced by human
fishing activities over predatory species. However, past and present biogeographical
distribution of D. aff. antillarum predators should also be considered.
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Table 1 - Results of the two way Permutational ANOVA to assess significant differences in
relative predation index upon Diadema aff. antillarum between fishing protection levels, islands,
urchin test diameter and studied sites [ns: not significant; * = p<0.05; ** =p<0.01].

Source of variation

df

SS

MS

F

Sig.

Protection

1

273.80

273.80

44.28

**

Island

2

1015.90

507.95

82.15

**

Test diameter

2

56.10

28.05

12.64

**

PxI

2

125.18

62.59

10.12

**

PxT

2

3.86

1.93

0.87

ns

IxT

4

18.03

4.51

2.03

ns

Site (I x P)

18

111.30

6.18

3.24

**

PxIxT

4

27.04

6.76

3.05

*

S (I x P) x T

36

79.90

2.22

1.16

ns

Residual

648

1234.80

1.91

Total

719

2945.90

.
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Figure 1 - Cumulative percentage of predated individuals of Diadema aff. antillarum during the
course of the experiments carried out the marine protected areas and nearby unprotected areas
of the Canary Islands.
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Since the 1950s the ecosystem of the northern Benguela has changed dramatically,
mainly due to fishing and environmental variability. One of the management tools
available to the Namibian government to deal with this issue of overfishing is to impose
closed areas on their fisheries. There are at present no marine protected areas in the
northern Benguela, but various MPAs have been suggested for the Namibian coast,
namely Sandwich Harbour, Walvis Bay wetland, Orange River Mouth and Cape Cross
lagoons - all proposed RAMSAR sites important for migratory birds. However, these
MPAs would not necessarily be useful for protecting marine fish or invertebrate species
or for enhancing marine fisheries. In addition to these proposed MPAs there are
currently 3 coastal protected areas: 1. Namib Naukluft Game Park that include
extensive sand dunes along coast and Sandwich Harbour; which is important for bird
migration, 2. Skeleton Coast Game Park including sandy beaches, rocky shores, high
dunes in north; important for seals and marine fauna due to overlap of cold and warm
water masses, and 3. the Diamond areas south of Lüderitz. These areas are closed to
line fishing from the coast, but not to commercial fishing in deeper waters. Most of the
recreational linefishing occur within the West Coast Tourists Recreation Area while
most of the commercial fishery occurs offshore from Lüderitz to Cape Frio in the north.
This study looks at the effectiveness of these closed areas and the proposed MPAs in
the northern Benguela ecosystem by using ecosystem modelling with Ecospace, and
suggest MPAs specifically for the protection of the main fish species.
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To effectively implement an Ecosystem Approach to Fisheries (EAF) managers must
consider the effects of management actions on the fishery and the environment. Area
closures and effort controls are widely used fishery management tools that affect the
distribution of fishing effort and may thus have consequences for a range of species
and habitats. Methods for assessing habitat sensitivity to human impacts are needed to
assess the sustainability of existing impacts, to develop spatial management plans and
to support meaningful environmental impact assessments. These methods should be
quantitative, validated, repeatable and applicable at the scale of impacts and the scale
of management. Existing methods for assessing the sensitivity of marine habitats to
human impacts have tended to rely on expert judgement and/or scoring systems. They
are neither validated, quantitative nor repeatable. We developed a quantitative,
validated and repeatable method for assessing the sensitivity of seabed habitats to
physical disturbance and delineating and mapping habitat sensitivity on large spatial
scales (>105 km2). The method assumed that sensitivity is inversely proportional to the
rate of recovery of production or biomass, as predicted using a validated size-based
model that takes account of the effects of natural disturbance. Bottom trawling
disturbance is the most widespread direct human impact on shelf seas. We mapped
habitat sensitivity to trawling in 9 km2 boxes across an area of 125000 km2 in the North
Sea. Habitat sensitivities varied widely, and a trawling frequency of 5y-1 in the least
sensitive habitat had the same ecological effect as trawling 0.3y-1 in the most sensitive
habitat (based on production). If trawling effort was held constant but redirected to the
least sensitive habitats, the existing impacts on production and biomass were reduced
by 32% and 44% respectively. The reported method enables managers to predict the
implications of changing patterns of human impact when establishing spatial
management plans. In the context of fisheries management, this will support: the
identification and selection of fishing grounds that minimise the adverse ecological
effects of fishing, the selection of closed areas (both representative and highly
sensitive), the comparison of management options that might reduce the overall
environmental impacts of fishing, and any future steps towards the application of
environmental impact assessment in advance of fishery development.
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For decades fisheries management has utilised closed areas to encourage the
rebuilding of excessively fished stocks. In recent years permanently closed areas,
embodied by marine reserves and other types of marine protected areas (MPAs) have
received renewed attention as a method for protecting vulnerable habitats and species.
State of the art reviews have been numerous although the postulated hypotheses have
been largely untested owing to the lack of ecological studies in this area. Furthermore,
insufficient empirical evidence has been presented to support the effectiveness of
protected areas to enhance adjacent commercial fisheries. Within the EU project
EMPAFISH, commercial fisheries data from 16 established European MPAs,
representing a broad spectrum of habitats, fisheries and fishery management regimes,
have been assessed. Diverse fishery regimes were characterised and classified
according to fishing and management attributes. For each location an appraisal of the
trend in catch per unit effort (CPUE) of aggregated catch was undertaken for fishers
operating in restricted areas of the MPAs and in their vicinity. Meta-analysis was
employed to determine the patterns in CPUE across study sites. These trends were
investigated in terms of the size of the respective MPA and the length of time elapsed
since protection was established. Patterns in yields between zones of the MPA,
representing levels of enforcement, were also investigated.
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A prerequisite for the implementation of Baltic cod nursery grounds as MPAs is to
resolve the dynamics in spatial and temporal distribution of demersal juveniles. In this
study we use a hydrodynamic model to examine the spatial distribution of Baltic cod
early life stages. The transport patterns of Baltic cod larvae spawned on the three
major spawning grounds in Central Baltic Sea was investigated by detailed drift model
simulations for the years 1979-2004. We analysed potential habitats of late larvae and
early juveniles for their suitability to enable the change from pelagic to demersal life.
The results of these exercises yielded a clear dependence of the probability for
successful settling on wind-induced drift of larval cod, which is controlled by the local
atmospheric conditions over the Baltic Sea. Furthermore, there we found evidence that
the final destinations of juvenile drift routes are subjected to the effects of decadal
climate variability.
The identified nursery areas were partly overlapping with regions of high fishing effort
in atumn targeting sprat and herring in a small meshed fishery. Size and location of
potential nursery areas identified in this study are e.g. applied in the design of potential
MPA`s within a large scale fishery simulation study to assess the impact of spatial
management measures on Baltic Sea resources and fisheries.
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Finding Sanctuary is a partnership project that aims to establish a network of Marine
Protected Areas (MPAs) around the coasts and seas of South West England. The
project has developed a process that can be used to select sites through the close
involvement of interest groups closely integrated with ecological, physical and human
use information.
The project has already established a clear set of principles. These include ensuring
that all of the major habitat types are represented, and that sites are connected and
replicated around the region. Alongside these principles we have set out our
geographical canvas which stretches across South West England from the high water
mark out to the edge of the continental shelf or median line.
Within this area of interest we will place information layers such as habitats and
biotopes; biodiversity hotspots; physical processes and the location of human uses into
a GIS. Up to 40 potentially relevant information layers exist and Finding Sanctuary has
set up a Central Planning Unit that will collate and process this data. Spatial decision
making tools will then be used to inform the design and selection of sites.
A project liaison team will be set up to ensure clear and effective liaison with
stakeholder. Structured questionnaires as well as informal meetings and anecdotal
information will be carried out to ensure that the project can use the advice and opinion
of people who use the sea for livelihood or leisure. In particular the project will use an
activity and knowledge mapping technique to build a clear picture of how human uses
are distributed across the region.
The development of the South West MPA network will evolve as a cyclical process
within which further information layers will be added to allow us to refine and give more
confidence to each site that is selected. A balanced and representative Steering Group
will become the formal decision making body that will examine, evaluate and ultimately
endorse or reject any particular site. Lastly, each stage of development will be
scrutinised to ensure that we are meeting our stated principles and achieving goals for
biodiversity protection and economic sustainability.
Underpinning the project will be a regional communication and education strategy to
develop support from all user groups to assist in the effective implementation of the
network. This fully integrated, ecosystem-based project is unique in its approach to
MPA design and creation in Europe.
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Lundy is an island in the middle of the productive, tide-swept waters of the Bristol
Channel in south west England. It supports diverse marine habitats and species
including several that are a priority for conservation at both national and European
levels. Lundy Island was designated under the Habitats Directive as a Special Area of
Conservation in 1994.
To enhance the protection Lundy’s marine life from potential impacts of commercial
fishing and recreational harvesting, part of the island’s inshore waters were designated
as a No-Take Zone (NTZ) in 2003. The Lundy NTZ occupies ~4 km2 and includes both
rocky and sedimentary habitats. At present, this is the only statutory NTZ for nature
conservation purposes in the UK. Since 2004, there has been detailed programme of
annual monitoring to assess ecological and fisheries effects of the Lundy NTZ.
Monitoring includes sampling of lobsters and crabs using baited pots and, in separate
studies, diver-sampling of long-lived epifauna on subtidal rocky habitats and scallops
on sedimentary habitats. Potential effects of the NTZ are assessed via comparisons
with appropriate control locations where fishing continues. The potting study also
includes larger-scale comparisons with locations in South Wales and North Devon.
The monitoring programme is due for the completion of its first stage in the summer of
2007. We will be able to present the initial results of the monitoring programme for the
first time at this conference. Initial results over the past 3 years have shown significant
effects of the NTZ on some commercial species.
We will present monitoring results to date and discuss the significance of Lundy in the
context of the UK’s developing policies on NTZs and other forms of Marine Protected
Area.
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Introduction
Networks of marine protected areas (MPAs) are increasingly being used to protect
threatened species and habitats around the globe. Although most MPAs have focused
on protecting sessile and sedentary taxa, there is a growing interest in applying
spatially-explicit management approaches - including MPAs - to protect the foraging
grounds and migration corridors of highly-mobile marine vertebrates, especially in the
high seas beyond national jurisdictions (Hooker et al. 2004; Hoyt 2005; Norse et al.
2005). Because marine vertebrates often aggregate at specific bathymetric and
hydrographic features, they are - in principle - amenable to spatially explicit
conservation (Hyrenbach et al. 2000; Cañadas et al. 2005). However, it is unclear
whether traditional MPA concepts can accommodate the dynamic nature of pelagic
habitats. Herein, we showcase a new project, under the auspices of a Pew Foundation
fellowship for marine conservation, to evaluate the feasibility and effectiveness of
spatially-explicit protective measures for highly-mobile marine vertebrates in the
Alborán Sea, a dynamic transition zone between the Mediterranean Sea and the
Atlantic Ocean (http://www.AlboranSeaConservation.org).
Methods
The Alborán Sea is a bathymetrically and hydrographically complicated area. The input
of Atlantic surface water into the Mediterranean gives raise to strong currents and
persistent meso-scale eddies. The local bathymetry steers these currents and
enhances mixing, making this area one of the most productive regions of the
Mediterranean (Parrilla & Kinder 1987). An impressive assemblage and density of
oceanic species reproduce and forage in the Alborán Sea, and migrate through the
area seasonally, including: (i) a highly-diverse cetacean community of epi-pelagic
dolphins, deep-diving toothed whales (sperm and pilot whales, Risso’s dolphins,
beaked whales), and baleen whales (largely fin whales); (ii) seabirds (most notably
shearwaters) dispersing into the Atlantic Ocean after the breeding season, and (iii)
highly-migratory loggerhead turtles (e.g., Ristow et al. 2000; Hoyt 2005; Cañadas 2006;
Revelles et al. 2007).
This three-year project (2007-2010) addresses two main research questions: (i) how
does oceanographic variability influence the distribution of marine vertebrates
(cetaceans, birds, turtles) in a dynamic seascape, and (ii) how do these habitat
associations influence the design and efficacy of pelagic MPAs. This project will follow
a three-step approach. First, we will develop and improve predictive habitat models
(Cañadas et al. 2005; Louzao et al. 2006) for the full complement of marine vertebrates
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in the Alborán Sea using a variety of survey –based and remotely-sensed datasets
spanning multiple temporal scales (daily – interannual) and spatial scales: local (study
area) and regional (basin-wide) (Fig. 1). Building upon these modeling results, we will
undertake a gap analysis to identify priority areas for the conservation of multiple
species. More specifically, we will use “decision-support” GIS tools to prioritize areas
for conservation, by integrating the species-specific modeling results into a
comprehensive perspective of the areas and habitats where marine vertebrates overlap
and concentrate. Finally, to evaluate the feasibility of potential dynamic MPA designs,
we will quantify the spatial and temporal predictability of the oceanographic features
identified through wildlife modeling and gap analysis.
Discussion
The European Union recognizes two main MPA designations for protecting threatened
species and habitats: special areas for conservation (SACs) and special protected
areas of Mediterranean Importance (SPAMIs) (http://www.fao.org/fi/glossary). Alnitak,
World Wildlife Fund and Birdlife International are already working to identify potential
MPA sites in the Alborán Sea (Cañadas et al. 2005; WWF 2006; Arcos et al. 2007). In
particular, several conservation steps have been taken under the auspices of the EU
Habitat Directives. A dolphin SAC already exists in Murcia, and three additional sites
have been proposed within a larger regional SPAMI in Andalucía. In addition, a
proposed “oceanic area” would protect cetacean aggregations and safe-guard dolphin
movements between disjunct SACs. As part of this project, we will assess the
effectiveness of these MPA proposals for multiple marine vertebrates.
This project will make two main conservation contributions. Regionally, we will evaluate
the effectiveness of existing and proposed MPAs for marine vertebrates in the Alborán
Sea. On a broader scale, our approach will establish a methodological and analytical
framework for developing place-based conservation measures in other areas of the
Mediterranean Sea. In particular, it is our hope that this research will help to refine the
conceptual and analytical frameworks needed to design MPA networks, when multiple
species are considered simultaneously.
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The abundance and mean size of demersal fish were analysed in three protected areas
off the northwest and northeast coast of Iceland, as well as in adjacent fishing grounds.
One protected area, “Northeast of Horn” (P1, 3113 km2) was located in the northwest
and two protected areas, “Off the northeast coast” (P2a, 1283 km2) and
Langanesgrunn (P2b, 981 km2), in the northeast. Area P2a has been closed for
trawling since the 1970s, whilst areas P1 and P2b have been closed since 1992. A ban
on using longlines in the three areas was imposed in 1993. The goal of these closures
was to protect juvenile fish, mainly cod.
The data used in this study were collected during two surveys conducted in the
northwest in August 2004 and in the northeast in July 2005. During each survey, fish
and benthos were sampled at a number of stations inside and outside the protected
areas. The choice of sampling stations in the fished area aimed at keeping
environmental factors (mainly depth) similar to those in the protected areas. A
standardized groundfish survey trawl was used in both surveys. Depth, bottom
temperature and tow duration varied during the two surveys, and were more variable in
the 2004 survey. Fish numbers per tow were recalculated to numbers per nautical mile.
A one-way ANOVA model—with depth, bottom temperature and tow duration as
covariates—was used to determine the significance of any differences in abundance
(by species and size-class) and mean size of fish (by species) between areas. Depth
and bottom temperature were incorporated into the model either as quadratic or linear
terms. The second order polynomial was only employed when the resulting parabola
was concave downward (which suggested in that case a unimodal species response
along the gradient) and when the quadratic term was significant.
In general, the differences between protected and reference areas were not significant,
except for area P2a off the northeast coast. Small haddock (Melanogrammus
aeglefinus) and long rough dab (Hippoglossoides platessoides), both = 30 cm, were
found to be more abundant in this protected area (by as much as 4–5 times), and
larger cod (Gadus morhua) and haddock, both > 40 cm, less abundant compared to
the reference area (Figure 1). The mean size of haddock was correspondingly smaller
(by 16 cm) inside the protected area.
The ANOVA model with covariates explained 12–40% and 2–49% of variability in
abundance and mean size, respectively. For a number of species, depth and
temperature had a large effect on fish densities. Temperature also accounted for a
large proportion of variability in mean size—for most species, the maximum mean size
was found at intermediate temperatures. The effect of tow duration on catch rate (and
hence on abundance estimates) and mean size was less apparent.
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While the observed differences between area P2a and the adjacent fished area could
not be explicitly attributed to the closure, the size structure of the fish community inside
this protected area, with abundant small size classes and less abundant large size
classes (with a shift at 30–40 cm), indicates a well-established pattern. Area P2a may
thus be considered particularly suitable for protection of juvenile fish. The fishing effort
by otter trawls outside the area was low for several years before the surveys, which
may indicate that it was a less attractive fishing ground to trawlers.
The effect of covariates affirms the necessity of their inclusion in models assessing the
impact of area closures on fish communities. They act as “effect modifiers” and make
detection of any closure effects more likely. This is particularly the case when influential
explanatory variables vary widely. As the present study shows, depth and temperature
appear to be influential covariates (see also Ward and Myers 2005). Tow duration may
also be considered important in such evaluations when it varies within a wide range
from tow to tow (Battaglia et al. 2006).

Mean log number per nm

The present study shows that a snapshot approach is unlikely to provide explicit
evidence of the effectiveness of area closures, especially when the size of a closed
area is small in relation to potential migration distances of the inhabiting fish. It is
concluded that longer time series of data are required for such evaluation studies
(Jaworski et al. 2006).

2.0

Long rough dab

Cod
2.0

Haddock
2.5

1.5

2.0

1.5

P2a (protected)
R2 (reference)
p < 0.05

1.5

1.0

1.0
1.0

0.5

0.5

0.0

0.5

0.0
20

40

60

80

100

0.0
15

20

25

30

35

20

30

40

50

60

Length (cm)
Figure 1 - Mean log numbers of fish per nautical mile in the protected area P2a (“Off the
northeast coast”, solid line) and the reference area R2 (dashed line) for cod, long rough dab and
haddock. The vertical dotted lines show significant differences (p < 0.05) between the two
areas.

References
Battaglia A., Trenkel V.M. & Rochet M.-J., 2006. Estimating end effects in trawl
catches. ICES Journal of Marine Science 63: 956–959.
Jaworski A., Solmundsson J. & Ragnarsson S.A., 2006. The effect of area closures on
the demersal fish community off the east coast of Iceland. ICES Journal of Marine
Science 63: 897–911.
Ward P. & Myers R.A., 2005. Shifts in open-ocean fish communities coinciding with the
commencement of commercial fishing. Ecology 86: 835–847.

173

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Lessons learned from developing an Ecologically-based
Collaboratively derived Zoning vision for a MPA in British
Columbia, Canada
Sabine Jessen1 & Rosaline Canessa2
1 - National Manager, Oceans and Great Freshwater Lakes, Canadian Parks and Wilderness
Society, Vancouver, BC, Canada
2 - Department of Geography, University of Victoria, Victoria, BC, Canada
Corresponding author: sabine@cpawsbc.org

Keywords: zoning, MARXAN, collaboration

For over 10 years, local conservation organizations in British Columbia’s Southern Gulf
Islands have been working with the Canadian Parks and Wilderness Society to
advance a marine protected area under Parks Canada’s national marine conservation
areas (NMCA) program. The National Marine Conservation Areas legislation requires
the development of a zoning plan for designation of new sites. In order to prepare for
multi-stakeholder discussions around the future zoning plan, the conservation
organizations decided that developing a conservation vision for the area would help to
ensure that conservation objectives are clearly presented and given serious
consideration in the final zoning plan. Working with the University of Victoria
Geography Department, the Southern Strait of Georgia National Marine Conservation
Area Network has collaboratively developed a first iteration of a four-zone conservation
plan for the area using MARXAN. The four zones proposed by the Network are: highly
protected, wilderness recreation; commercial and existing infrastructure and multiple
uses. This paper will describe some of the challenges in applying MARXAN to the
development of a zoning plan, keeping local conservation representatives engaged in
the almost 2-year process, and accessing current and complete data.
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Like many countries in the world, Canada has committed to the completion of a
national network of marine protected areas by 2012. On Canada’s Pacific coast, the
federal and provincial governments have been negotiating for over 10 years on a
marine protected areas strategy for the collaborative implementation of a
comprehensive network of MPAs, which would include both representative ecosystems
and distinctive features. In order to assist with the establishment of this network, the
Canadian Parks and Wilderness Society and World Wildlife Fund Canada reviewed
global best practices to develop a collaborative delivery model that includes goals,
objectives and principles that could guide the development of a plan and future efforts
for the successful implementation of this coast-wide MPA network. This paper will
describe the political, institutional and policy environment for MPAs on Canada’s
Pacific coast and the key elements of the best practice model that could be applied in
other geographic areas.
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The Chinese East China Sea supports a highly productive fishery and is rich in
biodiversity. In 2002 landings from the Chinese East China Sea accounted for over 7%
of reported global landings. Economic development and population growth in China
over the last four decades has lead to intensifying anthropogenic impacts in the East
China Sea with impacts on fishing stocks and biodiversity. In response to this the
government of the People’s Republic of China has introduced a range of spatial
management measures including large scale seasonal spatial closures, off-shore
fishery boxes and coastal biodiversity protected areas. A spatial ecosystem (Ecospace)
model of the Chinese East Sea has been developed to examine the effects of spatial
closures in the East China Sea. The model has been used to simulate the large scale
spatial closure and off-shore fishery boxes.
In this presentation the main spatial management regulations in the East China Sea will
be briefly reviewed and model predictions of the effects of spatial management
regulations on stock biomass and yield presented.
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The recreational diving has experienced in the last years a spectacular increase in the
number of divers; it is being one of the sports with a faster growth anywhere in the
world. This activity implies aspects such as the environmental quality of the place, the
rationality in the use or environmental education. The increasing demand to make
immersions in waters of the Spanish marine reserves does necessary monitoring every
diving zone existing in each reserve, by means of simple sampling variables that serve
as tool for the reserves managers at the moment of making a decision. The present
study was done during 2006 and 2007, in the marine reserves of Tabarca (Alicante),
Cape of Palos – Islas Hormigas (Murcia) and Columbretes Islands (Castellon). There
were analyzed variables like: incidence of the divers in resuspension of sediments,
considering oceanographic conditions such as the marine dynamics, transparency of
the water column, solids in suspension and granulometry of the sediments, research of
benthics species by means of fixed transects study of the divers’ behavior during
immersion and value of the provided service by diving centers. The results indicated
that 87% of the analyzed divers in the marine reserve of the Columbretes islands made
some kind of contact during the 10 minutes that the pursuit lasted, mentioned data
reflected a poor technical preparation of the divers, and also a poor enviromental
sensibilizacion. Included in the group of divers who have made some kind of contact,
the most habitual were the ones made with the fins, as consequence of a low control of
bouyancy. As a resoult of the test of Mann-Whitney, there were significant differences
in the amount of present sediments in suspension between zones of high use of divers
and zones under control in the reserves of Tabarca (p<0,0249) and Cabo of WoodIslands Ants (p<0,0163), and not finding differences in the marine reserve of the
Columbretes islands. The present study has been financed by the Spanish Ministerio
de Agricultura, Pesca and Alimentación through the Spanish Secretaría General de
Pesca Marítima.
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At a time when recognition of the importance of the ecosystem approach to marine
environmental protection is fast growing, the continuing lack of specific guidance as to
what such an approach constitutes in practice remains a barrier to effective
implementation. Nowhere are these limitations more apparent than in the field of
fisheries, for which the relatively minor management adjustments implemented to date
have failed to address effectively ongoing species and ecosystem declines. Drawing
on a set of criteria for ‘good environmental status’ developed by a consortium of NGOs
as a contribution to the developing European Marine Strategy Directive, and links with
fundamental conditions for sustainability, this paper presents the elements of an
ecosystem approach with a clear focus on the management of human activities, rather
than management of ecosystems per se. These elements include the establishment of
an effective network of marine reserves, defined as MPAs protected from all
exploitative and potentially destructive activities, and provide guidance on sustainable
management of activities outside such reserves. We argue that, in order for these
reserves to provide sufficient protection for marine species and habitats and to act as
reference sites to inform monitoring of impacts and recovery in other areas, it is
important that they are large, self-sustaining and ecologically relevant, covering in the
order of 40% of marine areas globally. Such a network would, in turn, contribute to the
sustainable management of legitimate uses beyond reserve boundaries.
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Recreational activities and particularly fishing have become a major anthropic pressure
in coastal areas. In many developed countries, the establishment of MPAs favours the
development of these activities, even if it aims at sustaining the management of
resources. Recreational fishing thus represents a major concern for MPA managers as
it is in general poorly known, compared to commercial fisheries. In New Caledonia, the
economic development linked with nickel mining increases human pressure on the
lagoon. We used two methods to assess and characterize recreational fishing in a
popular area of New Caledonia that includes a network of marine reserves. A first
survey consisted of semi-directed interviews of fishers in the main landing sites.
Interviews were analysed to characterize fishing trips through catch and effort attributes
such as gear, timing and fishing grounds. Fishing trips were also correlated with
fishers’ motivations and weather conditions. The second survey consisted of aerial
counts of boats in the whole lagoon. Boat locations were integrated in a Geographical
Information System in order to map spatial preferences of fishers. Both approaches
were combined to provide an assessment of recreational fishing capacity in the
southwest lagoon. In the context of a possible nomination of New-Caledonian coral
reefs as UNESCO World Heritage Site which may attract further tourism and
recreational activities, negative impacts due to population increase have to be
anticipated.
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In this study we propose a decision-support methodology for the identification of closed
areas for fishery purposes off the central-western coasts of Italy (FAO-GSA9) based on
species distribution data and a Bayesian geostatistical approach. The location of areas
was based on the analysis of the distribution of hake juveniles (Merluccius merluccius)
and temporal stability of nurseries using trawl surveys density data from projects
carried out yearly since 1985 (GRUND project) and 1994 (MEDITS).
Hake was selected for four main reasons: i) it is the most important Italian commercial
species ii) the study area (FAO-GSA 9) hosts the highest concentrations of hake
recruits of the Italian seas and probably of the western Mediterranean basin, ììi) the
current overexploitation status of the population, iv) the spatial overlap between the
hake nurseries and the distribution of fragile habitats such as crinoid beds.
Density data of hake recruits, as mean number of individuals per squared kilometer (n
km-2), has been obtained from fish smaller than 14 cm in total length. The study area
covered the continental shelf and the upper and middle slope along the Ligurian and
Tyrrhenian coasts. A 2km x 2km estimation grid is built over the whole area (7290
cells). We modelled the log transformed abundance data assuming that rough density
values follow a lognormal distribution. The mean and the covariance structure were
modelled respectively as a first order spatial trend and assuming an exponential
variogram. In the Bayesian procedure we adopted the estimated surface for every year
as prior distribution for the estimation of the year after. The Bayesian inference, respect
to the classical kriging which do not entirely accounts for uncertainty in the estimates,
provides a way to incorporate parameter uncertainty in the prediction by treating the
parameters as random variables and, integrating over the parameter space, to obtain
the predictive distribution of any quantity of interest (see for instance Diggle and
Ribeiro 2002 and references therein). Furthermore, poorly sampled years don´t need to
be aggregated to reduce the lack of spatial information, with a sensible advantage in
the predictions of recruits spatial and temporal dynamics. The Kernel method has been
used in order to find out hake juveniles hot spots (nurseries). A persistency index was
used to detect the more temporal stable nursery areas that can be selected as
candidated closed areas for fishery purposes (MPAs).
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There are increasing calls for fishery closures for marine biodiversity conservation
objectives, rather than purely for fish stock conservation objectives, including complete
closures to establish no-take marine protected areas (NTMPAs). Against this
background, it is worth considering some of the socio-cultural hurdles that will need to
be overcome when pursuing such designations. These are related to a number of
factors:
• uncertainty and variability
• alienation and perceptual hurdles
• resource-focused perceptions of the sea
• the humans-out approach to conserving ‘natural’ marine ecosystems
• high diversity of users
• enforcement challenges of NTMPAs
There are also several opportunities related to the pursual of NTMPAs
• the unusual/unpredictable nature of ‘weird & wonderful’ marine ecosystems
• collective learning potential
• extension of preservationist and ecocentric perspectives to our seas
• last wilderness factor
• simple stewardship principle
• relative simplicity of enforcing NTMPAs
This paper will discuss these factors.
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1) Marine watch systems
Ships and crews
? Ships
- Small and fast
- Light and with medium speed
- Medium
Tools: GPS, radio, mobile phones, binoculars
2) Terrestrial watch systems
Indispensable item to watch in the sea.
Two items: terrestrial vehicle and crew with communication kits.
All marines reserves have: offices, places for meetings, stores, information spots.
3) Beacon systems
Marine reserve don´t need these system as long as there is not danger for sailors.
Buoys Installation can be expensive and its maintenance too, easy to lose in bad
meteorological conditions.
Signposting
a) Posters: maps and pictograms
b) Mooring buoys
4) Incorporation of new technologies to watch this places
a) Terrestrial Kits: Radars and distance driven cameras
b) Other elements: photo cameras, GPS systems, nigh binoculars
c) ROVs
5) Rangers
Need to be legally empowered to enforce law in the marine reserve.
Personnel of service
- Biologist
- Crews, rangers
Assignments of the service
a. dissuasion
b. control
c. Information. Double facet
d. Support to works of marine reserve
Rules
a. Programmation
b. Adecuacy
c. Adjustment
Continuous recycling
Main lines
- continuous presence in the spot
- Information
- Enforcement
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6) Interadministrative cooperations
a) Identifying other organisms with competitions in the marine reserve (navy,
coast guards police…)
b) Collective trade agreements, agreements, Plans to act with other organisms
Conclusions
1) Declaration of zones protected with the availability of the tools
2) Establish priorities on those tools
3) Fix main tasks: information and enforcement
4) The upkeep of tools is fundamental
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A scientific knowledge gap exists of how benthic habitat is affected by certain fishing
methods, such as trawling, and how this in turn impacts upon the productivity of
commercial fish stocks. This paper addresses the uncertainty pertaining to habitatfishery linkages between a non-renewable habitat and a renewable fishery by
analysing bioeconomic optimal steady states when the habitat is preferred and when it
is essential to the species’ survival. The former implies a lower level of habitat
necessitates a higher level of optimal stock to compensate for an increase in harvest
costs, while the latter can imply the opposite, i.e. a higher input of habitat raises the
optimal stock level. The results are then evaluated in a bioeconomic model of spatial
protection with differentiated harvesting methods and accounting for spillover. Our
findings highlight the need for scientific information about the ecological role of habitats
and spillover mechanisms if stakeholder support for protection is to be gained.
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The Columbretes Islands Marine Reserve was created in 1990 by the Spanish Fishing
Authority, Secretaría General de Pesca Marítima (S.G.P.M.). The Marine Reserve
encircles a volcanic archipelago located 30 nautical miles off the coast of Castelló
(Spain), covering an area of 44 km2, 17 km2 of which belong to maximum protection
zones.
Mediterranean infralitoral and circalitoral communities are well represented and
preserved in Columbretes. Cymodocea nodosa meadows occur around parts of La
Ferrera, La Foradada and El Carallot islets. Hard substratum communities, ranging
from photophylic algal communities to coralligenous assemblages, are present around
the four main islets groups, as well as in rocky submerged banks. Maërl beds cover
most of the deep substrata in the Columbretes archipelago.
Thanks to the protection granted by the Marine Reserve, Columbretes Islands are
nowadays a reference of well preserved Mediterranean habitats, making this little
archipelago a very interesting site for scientific research. Scientific activities are
supported by the Columbretes Reserve wardens and a marine biologist. The Marine
Reserve is outfitted with oceanographic instruments, a ROV and a pneumatic boat for
marine surveys. The main Island, L’Illa Grossa, is equipped with a building which
includes the wardens and scientific staff housing and laboratory, although in the near
future the restored lighthouse of L’Illa Grossa will offer improved accommodation and
laboratories.
The Marine Reserve biologist is responsible for the monitoring program that includes
studies about the distribution and population dynamics of Pinna nobilis and Pinna rudis,
and population dynamics and evaluation of mortality episodes on Cladocora
caespitosa, which appear to be related to the high seasonal seawater temperature in
the last summers. Other studies are carried out on mucilaginous aggregates episodes
and their effects on the benthic communities, mass mortality events (i.e. Spondylus
gaederopus) and on the spreading of Caulerpa racemosa in the Columbretes Islands.
Monitoring of seawater temperature is being done by periodical profiling and
temperature recorders installed around the Islands.
Scientific collaboration with the Instituto Español de Oceanografía (I.E.O.), Consejo
Superior de Investigaciones Científicas (C.S.I.C.) and the Universities of Barcelona and
Valencia is crucial in developing the previous monitoring studies.
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The Columbretes archipelago, located 30 nautical miles off the coast of Castelló
(Spain), hosts dense well developed Pinna nobilis populations. The creation of the
Marine Reserve in 1990 has been crucial in the protection of this big bivalve which is
cited in Annex II of Barcelona Convention and Annex IV of Habitats Directive.
Preliminary data on Pinna nobilis larval recruitment in the Columbretes Islands Marine
Reserve is presented. Larval recruitment was evaluated using larval collectors installed
in four locations of the Marine Reserve during four annual recruitment periods from
2003 to 2006. The collectors used consisted of plastic mesh bags filled with nylon
mesh. A group of six bags was installed per location, each bag was attached at 1.5 m
intervals ranging from 5.5 m to 13 m water depth. These collectors were moored at the
beginning of the summer and were removed in autumn, then the bags were opened
and the P. nobilis juveniles were carefully collected from the nylon mesh.
The data obtained shows high recruitment variability between the four recruitment
periods surveyed. Maximum total recruitment of 100 juveniles and minimum of 2
juveniles was registered in 2003 and 2005 respectively. Maximum values of 20
juveniles per bag were obtained in 2003.
In addition to these annual larval recruitment surveys, and in order to obtain further
information about the reproduction and larval recruitment periods of P. nobilis, two
groups of 4 collector bags were installed at the same location during a whole annual
cycle starting in June 2006. Every group of 4 bags was changed every 3 months
leaving a month overlap between successive installation and extraction. The number of
juveniles per bag was registered for each three month period.
The methodology used has proved to be effective to assess larval recruitment of P.
nobilis in the Columbretes Islands Marine Reserve, as well as other bivalve species
(especially pectinids), although strikingly no Pinna rudis juveniles were detected in the
collectors despite of being an ubiquitous species around the Columbretes Islands.
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California’s Marine Life Protection Act directs the state’s Department of Fish and Game
(CDFG) to establish and manage a state-wide network of marine protected areas
(MPAs). In 2005, the CDFG began a stakeholder-driven process to design a network of
MPAs along the Central Coast of California that meet biodiversity goals and minimize
socioeconomic impact. A group representing affected members of the study region was
formed and charged with proposing alternative networks of MPAs. With advice from a
Science Advisory Team, the stakeholder group developed three alternative networks of
MPAs along the Central Coast. Guided by the proposed networks, CDFG Commission
established a network of MPAs to be implemented along the Central Coast. These
proposals were designed using an expert-based approach. The stakeholders had
access to a web-based GIS containing biological and physical data. The Science
Advisory Team approved all proposals in regards to meeting habitat conservation
goals. The stakeholders did not have access to spatially explicit fine-scale fishing data.
This data was not released to the stakeholder group because it contained confidential
information of individual fishing grounds.
We used systematic conservation planning tools MARXAN (developed by Hugh
Possingham et al.) to identify networks of MPAs that meet the biophysical goals of the
Science Advisory Team, while minimizing potential impact on 24 commercial and
recreational fishing industries. We compare the cost-effectiveness of the stakeholder
driven and software approaches to designing marine protected areas. In addition, we
use the tools to identify priority areas for conservation (i.e. areas selected frequently to
meet biodiversity and socioeconomic objectives) and compare these areas with the
networks proposed by stakeholders.
Marxan solutions meet or exceed the protection levels of the associated stakeholder
proposal. For each scenario, the cost (i.e. lost fishing effort) of the best Marxan solution
(that which meets targets at the minimum cost) is less than the stakeholder proposal.
Per unit area, the stakeholder proposals are 11.5%-24.5% more costly than the Marxan
solutions for the proposals. We demonstrate the utility and efficiency of incorporating
systematic conservation planning tools with the expert-based approach to designing
protected areas. Using these tools ensures that biodiversity conservation goals are
achieved at a minimal cost to fishermen, without compromising the confidentiality of the
fishing data. Incorporating systematic conservation planning tools into a stakeholder
design process has the potential to increase the efficiency of designing marine
protected areas that satisfy biodiversity conservation goals that are socio-economically
viable.
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Shipping activities in the Baltic Sea, including oil transport and oil handled in harbors,
have a number of negative impacts on the marine environment, marine protected areas
(MPAs) and coastal zone. Oil discharges from ships cause the contamination of
seawater, shores, and beaches, which may persist for a long time or several years and
represent a threat to marine ecosystems in MPAs and marine resources. One of the
main tasks in the ecological monitoring of the MPAs in the European seas is an
operational satellite and aerial detection of oil spillages, determination of their
characteristics, establishment of the pollution sources and forecast of probable
trajectories of the oil spill transport. Satellite imagery can help greatly identifying
probable spills over very large areas and then guiding aerial surveys for precise
observation of specific locations. The Synthetic Aperture Radar (SAR) instrument (on
board ENVISAT, ERS-2 and RADARSAT satellites), which can collect data
independently of weather and light conditions, is an excellent tool to monitor and detect
oil on water surfaces. Visible and infrared wavelength remote sensing from MODISTerra and –Aqua, and AVHRR NOAA radiometers can help in monitoring of suspended
matter distribution and transport, as well as of bloom events in summertime.
The interactive numerical model Seatrack Web SMHI is a powerful operational tool that
can be used for a forecast of the oil spill drift in the vicinity of MPAs and for assessment
of ecological risks related to potential oil pollution of every MPAs in the Baltic Sea. This
version of a numerical model on the Internet platform has been developed at the
Swedish Meteorological and Hydrological Institute in close co-operation with Danish
authorities. The system is based on an operational weather model ECMWF and a
circulation model HIROMB, which calculates the current field. The model allows to
forecast the oil drift for five days ahead or to make a hind cast (backward calculation)
for 20 days in the whole Baltic Sea.
Such a complex daily operational service, aimed to the ecological monitoring of the
southeastern Baltic Sea in connection with a beginning of oil production at continental
shelf of Russia, was performed in June 2004 – November 2005 on the base of daily
satellite remote sensing (AVHRR NOAA, MODIS, TOPEX/Poseidon, Jason-1,
ENVISAT ASAR and RADARSAT SAR imagery) of SST, sea level, chlorophyll
concentration, mesoscale dynamics, wind and waves, and oil spills. This experience
may be applied to the monitoring and protection of MPAs in the Baltic Sea. The
appropriate examples will be shown in the report.
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Eastern Baltic cod (Gadus morhua callarias) has collapsed due to climate-driven
adverse hydrographic conditions and overfishing, remaining at historically low stock
levels to date. A series of spatio-temporal fishing closures (Marine Protected Areas –
MPAs) have been implemented since 1995 as a management measure to protect and
restore the spawning stock. However, no signs of recovery have been observed yet,
suggesting either MPAs to be an inappropriate management measure for this stock, or
pointing towards a suboptimal design of the closures. We use the spatially-explicit
fisheries simulation model ISIS-Fish, combining an age-structured population submodel
with a multi-fleet exploitation submodel and a management submodel. The population
and exploitation submodels are respectively parameterized based on (i) the large
amount of biological knowledge available on the cod population, and (ii) the analysis of
existing spatially-disaggregated fisheries data. We use this model-suite to evaluate (i)
the performance of past and existing closures, and (ii) the potential of alternative MPA
designs (different sizes and timings) to help the stock to recover. As Eastern Baltic cod
is strongly dependent on the prevailing climate-driven hydrographic regime, we
consider scenarios covering different production regimes of the stock, based on past
observed situations and on results from hydrodynamic models. These scenarios are
implemented as either environmentally-sensitive or regime-specific stock-recruitment
relationships into the population model of ISIS-Fish. Our study shows the importance of
evaluating the performance of MPAs relative to the prevailing environmental regime,
especially for stocks living at the border of their geographical distribution, like Eastern
Baltic cod.
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The spawning period of Baltic cod (Gadus morhua) depends on spawner demography
and prey availability. This is illustrated using data from Baltic trawl surveys covering the
spawning season during 1995-2005. The timing and duration of spawning varies
relative to size for both sexes. Large sized cod commence the ripening process earlier
than smaller cod, start spawning earlier, and have a longer spawning season. Changes
in size distribution thus affect the spawning migration and the timing of adult cod
aggregations in spawning areas. As the duration of the male ripening period
additionally is shorter than it is for females, the males aggregate earlier in the spawning
areas.
In addition, prey availability and water temperatures affects the ripening period and
results in changes of spawning time of all sizes of cod. Thus, high prey availability
tends to increase female fecundity and prolongs the maturation process and delays the
spawning period. Consequently, the demography and environmental conditions affect
the timing of spawning and distribution of adult cod. Fisheries closures aiming at the
protection of main spawning aggregations need to be flexible in their spatial and
temporal design. The present fisheries closures do not accommodate these changes in
timing and distribution of spawning Baltic cod.
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Artisanal fisheries on the west coast of Corsica are characterized by seasonality (April
to November) and small boats (11 m maximum) with only one fisherman onboard,
using trammelnets and gillnets, targeting demersal and benthic fishes in spring and
autumn, and spiny lobsters in summer. Catches are multispecific. The Scandola Marine
Protected Area (MPA) was implemented in 1975. It includes a no-take area (72 ha) and
a partially protected area (928 ha, mean depth 45 m) where professional fishing is
allowed, but where recreational fishing (angling and spear fishing) and diving are
forbidden. A survey of the fishing effort and catches within the MPA and in adjacent
areas was started in 2000. Fishing gear was plotted on maps, on the basis of their GPS
position, twice a day for 2 weeks at key periods of the fishing season. The catches
were measured, weighed and identified to the species or genus level on board by
scientists embarked through the cooperation of the fishers. This protocol was repeated
year and six years later. The localization of fishing gear was analysed according to
season and protection level. The no-take area harbours relatively dense populations of
protected species such as the teleost Epinephelus marginatus and species of high
commercial value such as spiny lobsters. Over the whole year, no increased fishing
effort could be evidenced close to the no-take area. The fishing effort is higher near the
shore, especially within the partially protected area in autumn when fishers are
targeting Mullus surmuletus while spiny lobster fishing is banned, and in spring when
they are targeting Sparids (e.g. Dentex dentex, Spondyliosoma cantharus and Diplodus
spp.). The high economic value of the spiny lobster was responsible for the summer
offshore drift of the nets (near the 100 m depth line). In contrast with the general
decline of the number of fishermen in Corsica, the number of fishers and fishing boats
was stable within the MPA over the past decades, in spite of increasing fishing effort
(motor power and boat equipment). This fact, together with the seasonally high fishing
effort within the partially protected area, suggests that the MPA contributes to the
sustainability of the local fishery. In addition to contributing to our knowledge of
artisanal fishery, the survey has encouraged co-operation between fishers and the
MPA authority. Managers, as well as fishers, have become more aware that
conservation objectives need not necessarily conflict with those of commercial
exploitation, and may contribute to the sustainability of the fishery.
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The case for MPAs is often supported by the observation that present fisheries
management has failed; numerous modelling studies have demonstrated that
theoretically optimum MPAs are preferable to status quo management. This overlooks
the fact that in many cases ‘failed’ management plans have not been implemented in
accordance with scientific recommendations or the management plans have not been
rigorously enforced. Furthermore evidence is emerging that MPAs may be equally
open to mis-management either due to MPAs being smaller than recommended, or due
to lack of compliance with MPA regulations. Therefore it is interesting to ask whether
MPAs would similarly fail if they are not properly implemented or enforced.
In this study a dynamic age-structured population model is used to examine the effect
of managing a fishery using ‘bad’ MPAs. The model was run under different
assumptions of mobility, and at different levels of fishing mortality. For each
combination of fishing mortality and mobility values the optimum MPA size to maximise
yield was calculated. ‘Bad’ MPAs were then simulated by either making the MPA
smaller than the optimum size, or by allowing poaching to occur within the MPA. In the
scenarios where poaching was allowed, fishing mortality was applied within the MPA
as a proportion of the initial fishing mortality that was applied across the whole
population.
The model demonstrates that stock biomass and yield can collapse under ‘bad’ MPA
management. When poaching was allowed to occur within the MPA the increase in
yield resulting from MPA designation declined almost linearly with increasing poaching
pressure, apart from the high fishing mortality scenarios where the increase in yield
declined more rapidly than the increase in poaching pressure. Varying the degree of
mobility had little impact on the response of yield to poaching. Yield was more robust to
the effects of making MPAs smaller than the optimum size for limited reductions in
MPA size. As mobility increased, yield was more sensitive to reductions in the
proportion of area closed to fishing.
This analysis demonstrates the vulnerability of MPAs to mis-management, and the
importance of compliance to MPA success.
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The general effect of marine protected areas for management of sessile organisms is
increasingly well understood, albeit that larval dispersal and density dependant factors
are poorly determined. The effect of marine protected areas for the management of
mobile dispersing organisms remains less well explored. In this study a population
model of a randomly dispersing organism is examined to understand the general
impact of attempting to manage mobile organisms with MPAs.
A 1-d spatial model of a population undergoing random diffusion dispersal has been
developed loosely based on the Atlantic cod. The model incorporates a stockrecruitment relationship and a term for increasing relative fecundity with age. Fishing
effort is displaced following MPA establishment, and fishing effort is applied according
to a gravity model that concentrates effort in the areas of highest exploitable stock
biomass. The model was run under a range of diffusion values and fishing mortalities,
and with and without widespread larval dispersal. This allows examination of the
interaction between optimal MPA size and fishing mortality under a range of mobility
scenarios. The use of a single large or several small MPAs was also compared.
Under the assumption of widespread larval dispersal, the proportion of MPA coverage
required to obtain the maximum yield increased with increasing fishing mortality and
mobility. The extent of mobility has a greater impact on the optimal proportion of MPA
required than the level of fishing mortality. For all scenarios where fishing mortality was
greater than the optimal fishing mortality, the optimal MPA coverage ranged from 2080% coverage.
When a single large or several small MPAs were compared the maximum yield was
greater under with several small MPAs rather than a single large MPA. However when
several small MPAs were used, a greater total proportion of the area needed to be
protected.
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Post-larval Capture and Culture (PCC) from plankton in the open ocean provides
access to an untapped marine ressource without impacting the marine physical
environment. There is an extremely hight natural mortality (> 95%) of wild reef fishes
occurring during the colonization from the planktonic larval phase of their life cycle to
their juvenile phase. PCC collects the post-larvae (PL) prior to the high natural
mortality, leading to only a minimal impact on the overall biomass of plankton through
collection.
Currently Ecocean and ReefCheck are working on ways to capture and culture a small
percentage of the total number of accessible post-larvae and then further release them
in natural habitats at later stages, when they are bigger and thus strongerbetter able to
survive in the wild, thereby reducing the natural mortality common in the wild.
Depending on the aims of the MPA management tool, PCC can, among others, be
used to address the following:
- Bioindicator
? MPA efficiency estimation by comparing PL collection (diversity and abundance)
in old and recovered MPAs versus recently established MPAs or versus heavily
exploited coral reef areas.
? Help delimiting MPA boundaries. Geomorphology, local gyres and dominant
wind can modify the larval settlement at the late larval stage. Identifying optimum
PL recruitment areas can help design suitable sizes limits of MPAs.
- Restocking and translocating species
? Restocking new MPAs to boost ecosystem recovery. PL collected may be
restocked as juveniles in MPAs where the increased sound and pheromones
attract further recruits, thereby improving recovery of fish stocks.
? Increase efficiency limits of a rich MPAs by translocating PL from within to other
poor areas or new MPAs. Spillover is forced or controlled and can have the
widest positive impact.
- Scientific understanding
? Connectivity between protected and non protected areas. Larval dispersal is
one of the major and effective ways of colonizing new areas for marine animals.
PL collection coupled with genetic studies is likely to confirm connectivity. In vitro
experiments on post-larval survival can further be developed because the novel
and effective collection devices can maintain larval fish alive.
? Explore the resilience potential of a MPA by studying genetic and species
diversity carried by the incoming propagules.
The presentation will look at the results of a recently NFWF funded project in the
Philippines and, preliminary results will be presented as to the results of re-stocking
experiments inside MPAs.
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The low levels of biomass in fish stocks raise the question of population viability at
these levels and their possible sustainable exploitation. This viability is extremely
dependent on key periods in the life cycle and on demographic processes, associated
with specific areas. The integration of these features and environnemental and
anthropic pressures, such as fishing, in spatialised models may allow identifying critical
periods and areas where species are most vulnerable. In the context of recovery plans,
these periods and areas should be taken into account for management measures, in
order to reduce the duration and the spatial extend of these measures, while getting
the highest efficiency.
The Bay of Biscay anchovy is a case study in the UNCOVER european project for the
understanding of recovery mechanisms and testing recovery plans. Due to the
biological characteristics of anchovies, such as high growth and mortality rates, early
reproduction and short life span, and to the relatively high adaptability of the Bay of
Biscay fishery, their population and landings largely depend on annual recruitment and
thus on environmental conditions. However no relevant indicator is yet available to
predict recruitment and management decisions are annually given following the
assessment of adult spawning biomass. Marine Protected areas are here considered
as an alternative management measure to restore the stock.
The spatially and seasonally explicit simulation tool ISIS-Fish was used to integrate the
knowledge on anchovy fishery and help identify vulnerable periods and areas in the life
cycle. The impact of different MPA designs on the dynamics of the species and fishing
activity was assessed through simulations and the relative efficiency of these designs
to restore the stock and allow sustainable and stable exploitation was quantified.
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Over the last decade, commercial fisheries have become more and more an
environmental issue. When it comes to principles and regulatory approaches, the
introduction of the precautionary approach, as well as the current work on the
application and integration of an ecosystem-based approach to fisheries management,
are important examples of how concepts from the realm of the environment are
introduced in a fisheries context.
Increased awareness regarding the functioning of the ecosystem and the impact of
fisheries on for example vulnerable habitats, together with improved scientific
knowledge, has been leading to e.g. protection of coldwater coral reefs and
seamounts.
MPA can be used as a flexible tool in order to accomplish a variety of management
objectives. As an example, closure of areas to protect juvenile fish and spawning
areas, has been a common regulatory tool used by the fisheries managers in Norway
for a long time.
Based on a broad, encompassing definition of MPA, fisheries managers have had
MPAs in their toolbox for many decades, and used it successfully for a variety of
purposes. The gradual implementation of an ecosystem approach to fisheries
management will certainly imply extended use of this tool in the years to come.
The paper will describe the use of MPAs in Norwegian fisheries management and give
examples of other regulatory tools compared to MPAs. It will further give examples of
permanent MPAs, but also a more flexible use of the concept.
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In several comparable locations in northeastern New Zealand, reserves have been
used to investigate the top-down control of community structure on temperate reefs.
Strong contrasts inside versus outside reserves have been observed in the density and
size structure of exploited predators, in particular the snapper Pagrus auratus and rock
lobster Jasus edwardsii. Subsequent investigations have used the existing contrasts in
predator density (inside versus outside these marine reserves) to study the existence
of a predator-urchin-macroalgal trophic cascade. Investigations have revealed patterns
in soft-sediment communities near reefs that correlate well with the measured densities
of reef-associated snapper and rock lobster. Caging experiments and feeding choice
trials suggests that predation by large rock lobster could account for the distributional
patterns documented for certain bivalve taxa. A recent study has also linked the
predator-urchin-macroalgal trophic cascade to differences in the carbon flux to
populations of filter feeding bivalves. These studies illustrate how highly-protected
marine reserves can be used to investigate how fishing can alter ecosystem processes.
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Marine protected areas (MPAs) are increasingly advocated as tools to achieve marine
conservation goals. Current policy calls for “ecologically coherent networks of marine
protected areas”, to be established by 2010 (OSPAR / HELCOM). Though hard to
achieve in practice, this implies a level of design that takes into consideration the
ecological connectivity of populations that make up the species assemblages in
protected habitats. While a lot of work has focussed on ways of designing efficient and
biologically representative MPA networks, ecological connectivity is often not taken into
account. Connectivity measures need to be based on adult movement, as well as larval
dispersal and directional transport in currents.
In this project, the dispersal of benthic invertebrate macrofauna will be considered
taking account of both adult and larval mobility, in order to characterise the ecological
connectivity of different habitats. Published data on movement and dispersal of benthic
species will be collated, and summarised, using fuzzy coded biological traits analysis.
Species will then be categorised according to their long-distance and short-distance
dispersal potential. Using the EUNIS classification as a guideline, connectivity will be
described at a community / habitat level, based on the dispersal potential of the
constituent species. Preliminary results will be discussed.
Future modelling approaches will be explored, using hydrographic models for the Irish
Sea, together with information on larval behaviour and duration. Validation of the
models will be carried out for a small subset of species, using genetic markers to
analyse their spatial population structure in the Irish Sea.
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Empirical studies on ichthyoplankton around marine protected areas are scarce
considering the importance of production and export in designing MPA or MPA
networks. Medes Islands Marine Reserve (NW Mediterranean) was established in 1983
and has been noticeably successful in rebuilding reef fish populations, which had been
heavily overfished in adjacent coastal areas. We conducted seven surveys, of three
consecutive days, during spring and summer 2003 covering the MPA and adjacent
areas. Sampled stations were located from 5 to 80 meters depth, over bottoms of sand,
Posidonia meadows and rocks. At each station, prior to ichthyoplankton sampling, we
performed CTD cast to measure temperature and salinity profiles and we collected fish
larvae with a 60-cm Bongo net with 300 µm mesh size. Further, we constructed two
layers of georeferenced information containing shortest distance to Medes Islands and
the nearest coast. We selected some species representative of fish assemblages in the
area and having a significant correlation with more than one environmental variable.
We used GAMs to relate larval spatial patterns to environmental variables and to define
the best explanatory variables linking environment and fish larval abundance. The
variables appearing as significant in most of the models were depth, type of habitat and
temperature. Although, we found a seasonal variability in model results for a given
species, we could observe general patterns in larval response. Our study highlights the
importance of matching the environmental conditions with the design of MPAs in order
to enhance the local productivity of propagules in a protected area.
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The Medes Islands Marine Reserve (NW Mediterranean) is a small coastal
archipelago, consisting of two islets and a number of small emergent rocky reefs. The
reserve, established in 1983, has been noticeably successful in rebuilding reef fish
populations, which had been heavily overfished in adjacent coastal areas. In
consequence, a step gradient in the density of parent stocks from inside to outside the
Reserve can be confidently predicted. Because of its island nature, hydrodynamic
conditions and current regimes show complex patterns. The present study analyses the
fine-scale distribution patterns of fish larvae around the Medes Islands Marine Reserve
during the spring and summer 2003. Seven surveys of three consecutive days were
conducted during the two periods. The results pointed out the role of small-scale
physical processes and bottom type and structure in the spatial and temporal
distribution of fish eggs and larvae. A great variability in larval fish distributions was
observed among different species in this small area, although some patterns could be
identified. Basically, larvae of species with demersal eggs and coastal habitats (i.e.
gobiesocids and Tripterygion tripteronotus) were found associated to coastal rocky
bottoms, and larvae from shelf-dwelling species with pelagic spawning (i.e. Engraulis
encrasicolus and Arnoglossus spp.) were located at deeper areas, far from coast.
There was also a significant influx of shelf and oceanic species, suggesting that the
effect of protection is not the only factor responsible for the spatial patterns observed.
These patterns, varying from retention to wide spreading processes, suggest higher
complexity regarding MPAs functioning than proposed by general models to date.
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Introduction
Coastal marine systems are among the most ecologically and socio-economically vital
habitats on the planet (Harley et al. 2006). Since coastal areas concentrate an intense
human activity (e.g., fisheries overexploitation, introduction of species, coastal
degradation), there is a strong scientific consensus that these ecosystems are
threatened by anthropogenic impacts, including global climate change. Sustainable use
of coastal resources requires the integration of knowledge on their past and present
situation (i.e. baseline ecological information) to allow managers to develop tools
capable of predicting changes and impacts on particular species and communities
(Carter 1988). Spatially explicit conservation measures are increasingly taking the
central stage of marine conservation strategies (Pikitch et al. 2004) and networks of
marine protected areas (hereafter MPAs) are being used to manage fisheries and to
protect threatened species and marine habitats around the globe. In the European
Union, the Habitats Directive (Council Directive 92/43/EEC) for the conservation of
natural habitats and wild fauna and flora and the Convention for the Protection of the
Marine Environment of the North-East Atlantic (OSPAR Convention) provide the ideal
framework for establishing MPAs (OSPAR Commission 2000).
The COSTAS project seeks the development of a spatially explicit baseline on
biological communities and environment for the coast of Asturias (North of Spain),
based on the 30-years research of the Marine Ecology group at the University of
Oviedo. We will integrate ecological data on different coastal domains (e.g., benthic,
pelagic and inter-tidal) into a Geographic Information System (GIS) database.
Environmental information such as hydrography (e.g., temperature, chlorophyll, and
nutrients), coastal topography or indicators of the degree of humanization (e.g., fishery
activity, and tourism development) will also be compiled. This baseline information will
allow analyses of patterns of variation of marine coastal communities at several spatial
and temporal scales along the Asturian coast, as well as identification of the most
suitable conservation actions for each of the specific coastal domains.
A prospective marine protected area: The Aviles Canyon
WWF/ADENA (2005) proposed a network of MPAs in the Spanish coast that aims to
fulfil the commitments signed by Spain towards the implementation of the EU Natura
2000 Network. Within the Asturian coast, WWF/ADENA identified the submarine Aviles
Canyon as a prospective MPA, due to its biological and geomorphological
characteristics (see Figure 1). The Aviles Canyon is an important topographic feature
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32 km long (from the isobaths of 1000 m to 200 m) and 15 km wide (at 200 m depth)
(González-Quirós et al. 2003). It has an enigmatic character due to the presence of the
giant squid Architeuthis dux in one of the deepest canyons of the world (WWF/ADENA
2005). Its conservation value is also exemplified by its importance for small pelagic
fishes of commercial value (e.g., the sardine Sardine pilchardus) and marine top
predators (e.g. seabirds, cetaceans). The presence of this submarine canyon
influences the oceanography of the area and has important biological implications such
as the enhancement of phytoplankton biomass and primary production, as well as the
aggregation of organisms of different trophic levels (González-Quirós et al. 2003).
Thanks to the COSTAS spatially-explicit GIS-based database, we have started
collecting baseline information from historical projects conducted within the proposed
Aviles Canyon MPA and surrounding areas. Here we present examples of those data,
based on the projects COCACE (soft benthos communities), RADIALES (pelagic
communities) and EMISARIOS (inter and sub-tidal communities). The study of the
benthic macrofaunal communities, as well as substrate characteristics (at 42 sampling
stations between 30 and 1400 m depth, April 1987- February 1988), identifies two
areas of high biodiversity (blue area in Figure 1b). One of these biodiversity hotspots is
located within the limits of the prospective Aviles Canyon MPA, and contains key
habitats such as deep coral reefs (Álvarez-Claudio 1994).
The RADIALES monitoring program has sampled monthly phyto, zooplankton and
hydrography at three stations, located within the Aviles Canyon MPA, since 1992
(Figure 1b). Each of the stations is influenced by different oceanographic processes in
relation to onshore-offshore gradients and bathymetric factors (Stenseth et al. 2006).
Thanks to these time series, there is detailed knowledge on the multi-annual variation
of phyto and zooplankton biomass in this biogeographic area (Figure 1c). Meanwhile,
the EMISARIOS project investigated inter-tidal macroalgal and invertebrate
communities along 9 transect (from the supralittoral to a depth of 35 m) in July 1992, 4
of them located within the limits of the Aviles Canyon MPA (Figure 1d).
Conclusions
We have illustrated the relevance of an existing spatially explicit baseline on biological
communities and environment for designing, implementing and monitoring a
prospective MPA. Moreover, the information provided will allow the implementation of
the Habitats Directive (Council Directive 92/43/EEC) and the OSPAR Convention
(OSPAR Commission 2000). The development of this baseline requires a relatively
important compilation effort and will provide a valuable database with historical
information which remained hidden or dispersed, either published or unpublished.
Within this framework, the integrative COSTAS project will be applied to the
conservation not only of target species but also to species worthy of protection due to
conservation problems or specific characteristics. It will also prove useful for coastal
research, for the detection of changes and shifts of species distribution in time and
space, to register the presence and the rate of spread of new introduced species, as a
teaching tool, as a public information source and as a means to increase public
awareness of regional biodiversity.
Acknowledgement: We wish to thank to all participants of the various research
projects conducted over the past 30 years in the Marine Ecology Research Group
of the University of Oviedo for their help and support. Also, we would like to thank
to WWF/ADENA for supplying information on the prospective network of MPAs in
Spain, as well to Pablo Otero of the Spanish Institute of Oceanography of A
Coruña for bathymetric data. The COSTAS project is funded by the Spanish
Ministry of Education and Science (Ref. MEC-06-CTM2006-05588).
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Figure 1 - (a) WWF/ADENA’s prospective Spanish MPAs network, including the Aviles Canyon.
(b) Sampling stations of COCACE (black triangles), RADIALES (blue circles) and EMISARIOS
(red hexagons) projects in the Asturian coast. The shaded area represents the prospective
Aviles Canyon MPA. Regarding the COCACE project, the number of species recorded is shown
(the bluest areas represent biodiversity hotspots). (c) Phyto and zooplankton time series of the
RADIALES project, 1993-2007 (modified from Stenseth et al. 2006). (d) Maximum biomass of
representative macroalgal species such as Saccorhyza polyschides along the tidal level at
different localities of the Asturian coast. SPLT: supralittoral, ULT: upper-littoral, MLT: midlittoral, LLT: low-littoral, 1M: 1-m depth, 5M: 5-m depth, 15M: 15-m depth, 25M: 25-m depth,
and 35M: 35-m depth.
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Introduction
Increasingly, marine conservation initiatives are embracing the need to address biotic
communities and their broader ecosystems, instead of focusing on single species.
Marine protected areas (MPAs) could facilitate this holistic approach by providing
protection both to species of concern and to their habitats (Salomon et al. 2006).
Seabirds, particularly those species of the order Procellariiformes (albatrosses and
petrels), are of high conservation concern due to anthropogenic threats at-sea (e.g.,
fisheries bycatch) and on land (e.g., predation by introduced mammals and habitat
destruction) (BirdLife International 2004). Moreover, by virtue of their high trophic
position and far-ranging habits, seabirds are ideal bioindicators of the ocean
productivity and ecosystem structure since they play an important role in the
ecosystem functioning (Furness & Camphuysen 1997).
As a first step towards the identification of MPAs regarding seabirds in the
Mediterranean, we assessed the spring-time oceanographic habitat of three species of
Procellariiformes within the continental shelf of the eastern Iberian Peninsula: the
critically endangered Balearic shearwater Puffinus mauretanicus, the vulnerable Cory’s
shearwater Calonectris diomedea, and the vulnerable European storm-petrel
Hydrobates pelagicus.
Study area and methods
The study area comprised the continental shelf and slope of the eastern Iberian
Peninsula during 1999, 2000, and 2002 (May–June). Seabird surveys were conducted
onboard R/V ‘‘Cornide de Saavedra,’’ during the annual Spanish Mediterranean
International Trawl Survey (MEDITS), from the Strait of Gibraltar to Cape Creus, using
a standardized 300-m strip-width transect band (Louzao et al. 2006). During this
period, the breeding stage of each species differs slightly: it represents the chickrearing period for the Balearic shearwater and the incubation for both the Cory’s
shearwater and the European storm-petrel.
We applied a hierarchical modelling approach to identify those explanatory variables
that most accurately delineated the foraging range and important foraging grounds of
the species, using occurrence and density data respectively (Louzao et al. 2006).
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Explanatory variables included spatial information (distance to shoreline and to the
closest colony), physiographic data (water depth), and oceanographic variables (sea
surface temperature and chlorophyll a). To account for possible seabird attraction to
fishing vessels, we also included the occurrence and density of trawlers, as well as the
effect of ‘‘year’’ to assess interannual variability on distribution and abundance patterns
not captured by the habitat variables addressed in this study (see Table 1).
Table 1 - Explanatory variables used in the hierarchical modelling approach, and associated
processes influencing seabird distribution and abundance patterns.
Explanatory Variables

Ecological process

Distance to shoreline

Potential onshore-offshore gradients

Distance to colony

Breeding colony influence on central-place-foragers

Sea Surface Temperature (SST)

Water mass distribution and frontal systems

Chlorophyll a (Chl a)

Ocean productivity domains and frontal systems

Depth

Coastal vs. pelagic domains

Trawler distribution

Potential influence on seabird distribution
Inter-annual changes not quantified with the other
environmental variables

Year

Figure 1 - Occurrence of the Balearic
Shearwater (a), Cory’s shearwater (b) and
European storm-petrel (c) integrated during
1999-2002. The oceanographic variable that
most accurately delineates the foraging range
of the species is also shown.
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Results and Discussion
The oceanographic habitat of the three target species during spring mainly comprised
the Iberian continental shelf between 38º N and 42º N (see occurrence maps, Fig. 1).
Within this larger foraging range, birds aggregated in the highly productive waters
around the Ebro Delta and the area extending to the south of Cape La Nao (see
density maps, Fig. 2). These results suggests that seabird species respond to dynamic
oceanographic processes, such as river plumes and mesoscale oceanographic
features, which are liable to interannual variation.
There were differences in habitat association between the three study species:
• Balearic shearwaters: the foraging range encompassed the frontal systems along the
eastern Iberian continental shelf, and was also influenced by breeding colonies at the
Balearic Islands. The species aggregated in coastal productive shelf areas with
elevated Chl a concentrations.
• Cory’s shearwaters: this species was mainly present over the continental shelf, as
well as associated to the shelf-break. They aggregated in areas of high trawler
densities along frontal systems.
• European storm-petrels: the foraging range included warm waters in the pelagic
domain (offshore, depth > 200 m). No specific environmental variables predicted areas
of high density.

Figure 2 - Density of the Balearic Shearwater
(a), Cory’s shearwater (b) and European
storm-petrel (c) integrated during 1999-2002.
The oceanographic variable that most
accurately identifies important foraging
grounds of the species is also shown.
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Overall, the habitat modelling performed well for the Balearic shearwater and identified
suitable habitats of aggregation accurately (i.e., prospective MPAs). However, the
predictive power of the Cory’s shearwater and the European storm-petrel models was
low, even though > 65% of presences/absences were predicted correctly for both
species. This study illustrates the complexity of applying a holistic approach to the
design of MPAs, which is however essential to ensure biodiversity conservation in the
western Mediterranean, a highly threatened marine ecosystem.
In conclusion, life history factors (e.g., foraging range, degree of aggregation) and
habitat associations (e.g., with static / dynamic oceanographic variables) need to be
considered when applying a multi-species approach to identify and design MPAs.
Acknowledgement: We wish to thank to all participants in the MEDITS series cruises
on board B/O ‘‘Cornide de Saavedra,’’ for all their help and support, especially to Luis
Gil de Sola and Pere Abelló. This study was funded by EC project DISCBIRD (QLRT2000-00839), Spanish Ministries of Science and Technology (BOS2003-01960) and of
the Environment (ref. 024A/2002). M. Louzao was supported by a fellowship of
Conselleria de Innovació, Hisenda i Economia (Govern de les Illes Balears). K. D.
Hyrenbach was supported by a Pew fellowship in marine conservation through Duke
University. J. M. Arcos was supported by the Marie Curie project MARIBA (MERG-CT2004-022065).
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1. Follow-up of the growth and evolution, by means of comparative images, and
various views of the development of the alga Caulerpa racemosa. Follow-up of
Posidonia oceanica in contact with the alga.
2. Presentation of the results of a follow-up of demersal ichthyological populations
inside-outside the Reserve, and possible comparison and follow-up of evolution
with the future protection of the now external area; possible detection of the reserve
effect .
3. Follow-up by means of photographic comparisons over time of benthic species of
the rocky floors of the Reserve, such as gorgonias, porifera and other fragile
animals. Connection with the possible impacts of diving in relation to the greater or
lesser pressure of same, at specific representative points.
4. Presentation of the start and first follow-up campaign for the populations of slipper
lobster (Scyllarides latus) at the Island of Tabarca Marine Reserve.
5. Follow-up with comparative photographs at fixed points representative of the
annual growth of Posidonia oceanica.
6. Impacts of anchorage on Cymodocea nodosa in authorized anchoring areas.
Possible implementation of environmental ground tackle. Improvements to be
achieved.
7. Buoys with non-impactive ground tackle. Experience to date.
8. Photographic sample of the benthic development of the surfaces of the modules
and achievements made in relation to the attraction of fauna by the Tabarca
artificial reef.
9. List of the few sightings of Palinurus elephas on floors of the Reserve with their
special ecological and geological feaatures, for example, relation to the existence
or otherwise of sea date (Lythophaga lythophaga) holes.
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The marine reserve of the island of Tabarca was created in 1986 by initiative of the
University of Alicante and the City Council. The marine area protected occupies some
1400 ha. Within this area there are different levels of protection; recreational fishing
was only permitted with hook tackle from land or boats in part of the area since the
marine reserve creation, but now is completely forbidden; there is a section where
professional fishermen from the guilds of Tabarca and Santa Pola can fish with hook,
line tackle and “trasmallo” nets outside the waters of the reserve or with a currican reel
inside it. The long fishing tradition of this people can thereby be preserved, being allow
the traditional fixed nets “moruna grossa and moruna xirretera”.
Underwater activity is permitted in all the waters, except the area of maximum
protection, as well as independent diving with authorisation. There are five independent
diving areas in the interior waters of the reserve and two in the exterior waters.
The integrated reserve has an area of 100 ha and no fishing or subaquatic activity is
permitted in it, except scientific or control work.The Maintenance and Protection
Department is operating every day of the year. It consists of six guards, a head
mechanic and a coordinating biologist.
As technical and transport means, the department is provided with three vessels for
carrying out its work: equipped with all the technical material needed for navigation
(radar, sonar, radios, GPS, etc.) and other technological support. The department’s
daily working schedule is based on protection by means of what is called “dissuasive
presence”. “Making oneself seen” for as long as possible provides the best protection
results, even though the most important factor for the conservation of the reserve is
making fishermen and visitors aware of the benefits provided by its existence and the
respect that it deserves.
The pressure of visitors to the marine reserve is clearly seasonal and the bulk of visits
take place in the summer months.
The area of the reserve is clearly marked at its vertices with perimeter signalling buoys.?
They are very necessary when it comes to being able to show visitors to the reserve
where its boundaries are.
Another of the tasks undertaken by the service is making control immersions to inspect
the general state of the marine environment of the reserve.
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In the marine reserve of Tabarca there is a strong restriction for the professional fishery
but, until 2006, the recreational fishery had been permitted. The aim of this study was
to quantify the impact of angling on marine resources of the Marine Reserve.
We used two sources of data. Firstly, we used the data on fishing effort that the AMP
guards collected from 1997 to 2004. On the other hand, we used direct estimates of
catch and effort based on interviews to anglers during 2003-2004. Total catches of
recreational fishery were compared with landings of artisanal fishery.
The results showed a strong seasonality of effort but a great stability among years
without detecting any trend in the effort during the period considered (1997-2004).
Annual catches of angling inside the Tabarca Marine Reserve were estimated in 6
metric tons per year. The species more abundant were sparids, serranids and labrids.
For some species, catches of recreational fishery in the Marine Reserve of Tabarca
were relevant if compared with catches of artisanal fleets around it. The banning of
recreational fisheries inside the Tabarca Marinre Reserve established in 2006 will have
a positive effect for the recovery of some target species.
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The coralligenous community has the higher diversity in the Mediterranean where it
forms the main biogenic construction. Usually, the recreational divers produce
unintentional physical impacts in this community, breaking the skeletons of benthic
algae and invertebrates or increasing of sediment deposition by flapping. The tunicates
species are particularly vulnerable to this deposition due to the saturation of their
system filter feeding. An increase in the rate of sediment deposition could produce an
obstruction in the gills and a great stress in its development, growth or reproduction.
This work focused in several benthic species and we found a tunicate specie,
Halocynthia papillosa, which resulted to be a very good indicator to this kind of impact
due to its high sensitivity to the increase of sediment deposition. We compared three
locations used by diving centers with three unfrequented locations and we sampled at
two times: before and after of the diving season. We sampled total abundance and
height and exposition level for all individuals in the sampling area.
We have observed differences in the number of individuals and in the exposition level
in locations with different diving pressure. There was a bigger abundance in the control
than impact localities and their positions were more cryptic and less exposed in the
frequented sites.
Acknowledgement: This study was funded by the Conselleria de Territori i Habitatge,
Generalitat Valenciana.
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The need for integration of EU legislation towards EU meeting
the target of a network of MPAs by 2012
Indrani Lutchman
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There are four primary groups of instruments at the EU level that relate to MPAs. At
present only two of these are legally binding (habitats and birds Directives; and the
Common Fisheries Policy), and their approach reflects the sectoral approach of EU
policy development. In 2005, the Commission proposed a Marine Strategy Directive
(COM (2005)505). It has the aim of achieving ‘good environmental status’ in the marine
environment by 2021, at the latest. It recognises the commitments made under the
CBD to create a global network of MPAs by 20121. Rather than creating new legal
provisions or requirements for designating MPAs, the proposed Directive supports the
implementation of existing legislation, notably the habitats Directive, and designation of
Natura 2000 sites. Although under the Directive, Member States are not required to
designate MPAs. Rather, Member States are required to ‘identify measures’ that need
to be taken in order to achieve good environmental status. Some argue that these
measures could include MPAs.
In terms of fisheries MPAs, there are no legal requirements to establish fisheries
MPAs, but rather they are an available tool. The CFP and EU environmental policies
(habitats and birds Directives) however do provide a reasonable legal basis on which to
further implementation of MPAs at a national and European level. At a time when the
Commission is discussing moving towards ‘an integrated maritime policy’, this paper
explores the possibilities and constraints of integrating EU fisheries and environment
policy and the prospect of the EU meeting the 2012 target,

1

http://ec.europa.eu/environment/cites/pdf/diff_between_eu-cites.pdf
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The California Marine Protected Areas Monitoring Enterprise is a newly-established
entity that will facilitate and ensure effective monitoring and adaptive management of
the statewide network of marine protected areas now being implemented under the
Marine Life Protection Act. Initiated in 2006 with a 3-year grant of $2 million from the
California Ocean Protection Council to the California Ocean Science Trust, the
Monitoring Enterprise is a state-led consortium that will:
1) Design and implement monitoring programs for gathering and reporting
ecological and socioeconomic data relevant to the condition and performance of
the state’s MPA network. The Enterprise also will coordinate with existing data
collection activities for already-established MPAs;
2) Develop and test monitoring methods, protocols, and quality assurance/quality
control procedures, and, where appropriate, identify approaches for adapting
existing science programs and their protocols for the purposes of monitoring the
state’s MPAs;
3) Design and maintain a web-based information system that manages, archives,
and enables public and expert access to monitoring data; and that services the
information needs of various audiences (e.g., decision-makers, stakeholders,
educators, and the interested public) by providing online data search/assembly
tools and a library of relevant information products and syntheses;
4) Analyze, interpret, and translate monitoring results into reports and other
communication products for use by decision-makers, the public, and other
appropriate audiences.
The Monitoring Enterprise will operate as a “virtual center” that can tap the rich
intellectual capacity that exists in California’s public and private institutions and can
receive funding from multiple sources. At the same time, core staff within the Enterprise
will maintain the organization’s mission focus; ensure successful delivery of results to
decision-makers, stakeholders, and the public; lead the development of appropriate
science strategies and tools; and coordinate the work of the many organizations and
individuals that participate in the consortium.
A robust and sustainable monitoring program will be essential for adaptively managing
the system of California MPAs. This monitoring program will need to align with the
nested quality of the management planning and decision approaches evolving under
the Marine Life Protection Act (MLPA) which operate at local, regional and state scales.
Moreover, given the highly-charged politics of MPA designation, the Monitoring
Enterprise must operate with transparency and high credibility. The new enterprise
must be agile to keep pace with the inevitable changes ahead – such as technology
innovation, the dynamic policy and social context, changing environmental conditions,
and improved knowledge about the managed ecosystems.
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Assessing the consequences of MPA on fisheries remains an open issue in fisheries
science. Statistical models of field data provide local assessments of changes in
resource levels, but they are not appropriate for evaluating consequences at the scale
of the fisheries, nor for anticipating the impact of MPA designs. For this purpose,
dynamic models of fisheries that are able to cope with spatial issues are needed.
Many simulation models have been developed to assess the impact of management
measures, and particularly MPAs, on fisheries dynamics but few of them explicitly
address the issue MPA and mixed fisheries. In this context, we present ISIS-Fish a
software that simulates the dynamics of mixed fisheries. ISIS-Fish was particularly
designed to assess spatial management measures while taking into account the
response of fisher’s to the establishment of these measures.
Using complex simulation models as a support for decision-making in a sensitive socioeconomic context like fisheries, raises the issue of potential misinterpretation of model
outputs due to a lack of account of uncertainties in parameters and model
assumptions. In the purpose of providing reliable diagnostics to support decisionmaking, running simulations thus requires: i) making explicit every assumptions
underlying the fisheries dynamics model; ii) listing and quantifying uncertainties in
model inputs (scales, processes, parameters, variables); and iii) integrating these
uncertainties in the assessment of MPA consequences. This is achieved through
relevant methods for model calibration and sensitivity analysis, like simulation plans
based on statistical experimental designs.
We illustrate this approach and corresponding methods in the case of a demersal
mixed fishery in the Bay of Biscay.
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The fishing strategy of seasonally rotate target species and gears allow fishermen to
maintain a regular fish production throughout the year at the same time that habitats
and species rest and recover alternatively. The species composition and quantity of
fish caught varied between seasons, grounds, métiers and mesh sizes. This study
describes and analyses seasonal dynamics of artisanal fisheries in Cala Rajada (NE
Mallorca, Balearic Islands), with regard to biological and ecological patterns of species,
that can act like a natural protection of species and habitats. During autumn and winter,
fishermen use small and medium sized mesh gillnets and trammel nets, exploiting
inshore fishing grounds and capturing a diverse mix of fishes in red mullet (Mullus
surmuletus) and cuttlefish (Sepia officinalis) métiers. In spring and summer, catches
fishermen shift to large mesh trammel nets, harvesting large and more desired species
like common spiny lobster (Palinurus elephas) and red scorpionfish (Scorpaena scrofa)
in more distant fishing grounds. Complementary, in this region, take place an important
and very specialized fishery of dolphin-fish (Coryphaena hippurus), transparent goby
(Aphia minuta) and European squid (Loligo vulgaris) during autumn and winter. The
pelagic nature of these species allows the recovery of benthic fishing grounds during
this period. Fishermen usually rely on two main alternate strategies to deal with fish
scarcity: intensification and diversification. Fishermen intensify by elevating the fishing
effort continuously to maintain the same yields. A good alternative is to diversify and
specialize fishing techniques according to biological and ecological patterns of different
species. Such seasonal rotation of fishing strategies shares fishing pressure among
several fish species and habitats along the year thereby acting like spatial seasonal
marine protected area that reduce the risk of stock depletion.
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Developing a decision support tool for European MPAs as tools
for fisheries management and conservation
Stephen Mangi, Melanie Austen & Nicola Beaumont
Plymouth Marine Laboratory. Prospect Place, The Hoe, PL1 3DH UK

Marine protected areas (MPAs) have been established in European waters to ensure
the maintenance of functional coastal ecosystems and to meet a wide range of human
needs. However, designation of MPAs has been largely opportunistic and protective
measures have been implemented by different organizations seeking to achieve
different ends. There is a need for a systematic framework that will provide information
into the design, selection and management of marine protected areas. Such a
framework would help bridge the gap between scientific research and policy making.
The main aim of this paper is to combine available scientific information in the
ecological, fisheries and socio-economic effects of MPAs with a stakeholder analysis of
the objectives of marine protection and then using a multicriteria analysis to develop a
decision support tool to disseminate suitably presented information to decision makers.
The decision support tool utilises research information from 20 case study MPAs in
southern Europe on the benefits to fisheries, conservation and socio-economic
objectives of time from protection, size of MPA and the nature of protection zones.
Scenarios incorporating these factors are ranked to maximise benefits from marine
protection and the approach is advocated for wider application in other regions of the
world.
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Küdema Bay was designated as Natura 2000 site for inclusion of marine protected
areas in 2004. At present 99% of Küdema Bay SCI/SPA is under the Temporary
Protection Status. This area has been also designated as IBA (Important Bird Area)
since 1997. Values of the area include the presence of various Annex I habitat types
and unique biological communities.
Intensive monitoring of benthic habitat and fish communities has been carried out in the
area since 1995. The state of fish and benthic algal communities have been observed
in fixed stations/transects according to the methodology agreed for use in HELCOM
COMBINE programme. First detailed inventory of benthic habitats, fish and bird
communities in Küdema Bay was carried out in the frame of LIFE project Marine
Protected Areas in the Eastern Baltic Sea (Baltic MPAs) in 2006 and 2007.
The deep harbour for large cruise vessels was constructed in the Bay during 20042006. The effect of harbour construction and exploitation on surrounding environment
was monitored in the construction period and the monitoring is planned to be carried
out regularly in coming years. Significant impact on the state of biological communities
and habitat quality was observed in a very narrow area adjacent to the construction site
and in a short time frame only. The response to the disturbance varied greatly among
different biological communities. The current study demonstrated that strong natural
disturbance reduces the effect of harbour construction and exploitation on surrounding
environment. In the present paper the mechanisms of disturbance and recovery of
different biological communities as well as results of detailed inventory of the MPA are
presented.
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Three northwestern Mediterranean areas with different fishing activity regimes were
selected to analyse the possible MPAs benefits.
We present data characterizing the catches of the artisanal fishing in two areas under
the influence of environmental protection regulations, and in a third one, with the usual
fishing activity. The two protected areas were the Medes Islands Marine Reserve,
created in 1983, and the Cap de Creus Natural Park, created in 1998, where only small
scale fishing is allowed. The central part of the Catalan Coast, near Barcelona, is the
area with no restrictions regarding the fishing activity, thus, bottom trawling and purseseining operate.
The artisanal fishing practised in the study areas is typically Mediterranean, the gear
and target species alternating during the year. The analysis highlighted the clear effect
of protection as an increase in the size distributions of the catches of the main target
species (as for example, in Mullus surmuletus, Solea vulgaris, Sparus aurata, Pagellus
erythrinus). Moreover, the results showed that, the longer the period since the fishing
grounds where the artisanal fleets operate have been under the influence of the
protection regulations, the shift towards higher sizes (ages) is more evident,
exemplifying the rebuilding of the stocks.
Although small-scale fishing is still important for some communities that live from it, this
fishery is declining in many parts of the Mediterranean, including those where
environmental protection regulations have been implemented, thereby, good results in
terms of revenue for the fishermen would be to be expected.
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Maps and Geographical Information Systems (GIS) are essential tools to set
conservation policies and management resource, such as the design of Marine
protected Areas (MPA). In this last case, the site selection, size and spacing of the
reserve are key factors and we can use complex ecological and environmental data to
inform management decisions. In the proposed design of the future marine reserve of
Tenerife (Canary Islands), we used the maps and SIG of the bottom from 0 to 50 m
depth, within the framework of 5-year project “Bionomía de Tenerife”, which consisted
on the localization and cover of the main subtidal habitats and benthic assemblages of
this area. The results of this data analysis were used to determine the localization of
the reserve and an optimal spatial arrangement of the different protection levels. In the
propose design the MPA was located in the NW of the island and presented two
sectors with different orientation and orography, each of them was subdivided in three
zones: no take reserve, buffer reserve and general reserve area. The analysis showed
that this zonation of the MPA with two sectors allows the representation of the most
habitats and benthic communities present in the subtidal of Tenerife. Moreover, it
presents a high percentage of hard substrate that provides an increase in ecosystem
complexity and diversity. Both the heterogeneity and the connectivity, which favours
the dispersal propagule in the two sides of the island, were the principal factors to
select this part of the island as a MPA.
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Assessing the effect of the establishment of La Graciosa
Marine Reserve (Canary Islands, central eastern Atlantic) on the
fishery resources: A fisheries perspective
Pablo Martín-Sosa1, Sergio Cansado1, Jesús M. Falcón2, Ignacio J. Lozano2, Domingo
I. Espinosa2, Eliseba García2, Carmelo Dorta2 & Alberto Brito2
1 - Centro Oceanográfico de Canarias, Instituto Español de Oceanografía, Ctra. San Andrés,
45, 38120, Santa Cruz de Tenerife, Spain
2 - Departamento de Biología Animal, Facultad de Biología, Universidad de La Laguna,
Avda. Astrofísico Fco. Sánchez s/n, 38206 La Laguna (S/C Tenerife), Spain
Corresponding author: pablo.msosa@ca.ieo.es

Keywords: Fisheries assessment, Fisheries management, Marine protected areas,
Reserve effect, La Graciosa, Canary Islands

Marine protected areas (MPAs) are quickly gaining popularity as a useful option for
marine conservation and resource management worldwide. La Graciosa Marine
Reserve (LGMR) was established in 1995 with the aim of managing local fisheries and
protecting fish resources to make fishing sustainable in time. Active implementation,
though, did not take place until late 1997. The effect of the MPA on local fishery
resources from a temporal and spatial point of view is assessed using different
statistical approaches such as multivariate analysis and partially hierarchical analysis
of variance. Available monthly landings data for impact (protected) and control (nonprotected) sites exist for a period of three years before and three years after the
LGMPA implementation. BPUE (Biomass per unit effort, in kg/fishing days) data from
hook and line landings have been used for analysis since this is a gear used at both
impact and control sites and both along before and after studied periods.
Multivariate analyses were used to compare assemblages among categories of spatial
and temporal factors. Two-dimensional ordinations of the rank orders of
similarities/dissimilarities and clustering of BPUE among samples were represented by
means of similarity dendrogram and multidimensional scaling plots (MDS) (BrayCurtis). SIMPROF (Similarity Profile) tests were performed to test the structure of data.
The null hypothesis (no difference in BPUE among areas and times) was tested by
ANOSIM (Analysis of similarities). The SIMPER procedure (Similarity Percentages –
Species Contributions) identified which species had contributed to the similarity and
dissimilarity among factor levels. ANOVAs with a partially hierarchical BACI model
were used to test for differences between samples, in relation to “protection”, to
“before/after” periods and among years (3 months -April, June and December- were
used as replicates) within each studied period, inputting species richness, individual
important species showed by SIMPER and total BPUE data.
Both MDS and similarity dendrogram plots (Figures 1a and 2 respectively) reveal a
clear clustering with segregated samples for impact/control (inside/outside LGMR) and
before/after factor levels. SIMPROF also detect statistically significant evidence of all
inside and outside samples clusters, and within each, as well, of all before and after
samples clusters. ANOSIM results corroborate graphic results, for differences between
I/O groups across all B/A groups (Global R=0.999, p<0.001) and for differences
between B/A groups across all I/O groups (Global R=0.821, p<0.001). Segregation
distance among B/A outside groups already presents control sites as not proper to use
for LGMR reserve effect detection. Changes not to do with marine reserve
establishment but with other fishery regulations along the studied period provoke this
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B/A segregation. Clustering among B/A inside groups can be due to direct or indirect
(obliged change in fishery strategies facing up reserve restrictions) LGMR effect. MDS
and dendrogram plots with selected inside samples are also presented (Figures 1b and
3 respectively) for clearer graphical detection of B/A samples segregation.
Results from univariate analysis are displayed in Table 1 and Figure 4. Almost no
positive reserve effect can be rescued from these results. For both D. vulgaris and D.
sargus BPUE samples show significant differences in the interaction PrxY(BA), but with
similar results tendencies than those of most of the rest of analysed variables, showing
significant differences in the interaction PrxBA, with higher BPUEs inside than outside
for “before” period and the opposite for “after” period. Species richness is an exception,
always (before and after) higher inside, but not significantly different inside between
studied periods. B. carolinensis analysis shows significantly higher BPUE inside than
outside. Hook and line was the only gear to be chosen since is the unique one which
has fished inside and outside, before and after. For this gear, few species coincide in
both control and impacted fisheries (improper but only available control site choice),
and for several of those species (here analysed), outside landings occur only during
after period due to fishery modifications (another reason that makes control site
improper).

a

2D Stress: 0,04

I/O-B/A
Inside-Before
Inside-After
Outside-Before
Outside-After

b

B/A

2D Stress: 0,11

Before
After

Similarity
70

Similarity
50
65

Fig. 1 - MDS plots for (a) the whole hook and line landings BPUE data set and (b) the inside
data set.
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Variable

Transf.

Richness

None

Pr

BA Y(BA)

ANOVA

None

ANOVA

**
B: O<I; A: O=I
I: A=B; O:
B=A

SNK
Balistes carolinensis

Ln(X+1) ANOVA ***
SNK

Bodianus scrofa

None

Dentex gibbosus

None

Diplodus sargus

None

ANOVA
SNK
ANOVA
SNK

Diplodus vulgaris

O<I

***
B: NS
A:
05=04<03
**
B: O<I; A: O=I
I: B=A; O:
B<A
**
B: O<I; A: I<O
I: A<B; O:
B<A

ANOVA

**

SNK

B: 95, 96 & 97: O<I
A: 03, 04 & 05: I<O
I: B: 96=97<95; A: NS
O: B: NS; A: 06=05<04

Ln(X+1) ANOVA

*
B: 95, 96 & 97: O<I
A: 03 & 04: I<O; 05:
NS
I: B: 97=96<95; A: NS
O: B: NS; A: 06<05

SNK
Pseudocaranx dentex

Nonea

Pr x Y(BA)

**
B: O<I; A: O<I
I: A=B; O:
B<A

SNK
Total BPUE

Pr x BA

ANOVA
SNK

Parapristipoma octolineatum

None

Pagrus pagrus

None

ANOVA
SNK
ANOVA
SNK

Serranus atricauda

None

ANOVA
SNK

Scorpaena scrofa / S. elongata

None

**
B: O<I; A: I<O
I: A<B; O:
B<A
**
B: O<I; A: I<O
I: A=B; O:
B<A
**
B: O<I; A: I<O
I: A=B; O:
B<A

ANOVA
SNK

a

Variances were heterogeneus (after Cochran's C test) and could not be stabilised by transformations.
* P<0.05 or P<0.01a ** P<0.01 or P<0.001a
***P<0.001 or P<0.0001a

Table 1 - ANOVA and SNK results for richness, individual important species showed by
SIMPER and total BPUE data analysis. B: Before, A: After, I: Inside, O: Outside, Pr: Protection
factor, BA: Before/After factor, Y(BA): Year nested in BA factor.
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It is nowadays perfectly well assumed, investigated and demonstrated the fact that
marine reserves (hereafter MRs) are essential environmental and fisheries
management tools. The use of fishery prospection surveys to estimate abundance and
biomass trends of the fishery resources has never happened before in Canarian
fisheries resources monitoring. The general proposition this paper investigates is if
LPMR affected local populations and assemblages between 20 and 500 m of depth.
Fishing surveys were carried out over three or four consecutive years (depending on
the fishing gear) short after protection implementation. At three consecutive years
(2004-2006), three sequential drapes gillnet was used at 20 m standard depth sites,
three inside LPMR, but out of the no-take core zone, three outside. Between 150 and
250 hooks bottom horizontal long-line was placed at four different standard depths, for
each depth four sites inside LPMR, out of the no-take, four outside; the scheme
repeated at four consecutive years (2003-2006). Species abundance and biomass in
the catches are used to evaluate temporal and spatial patterns of variation.
In order to standardize input data, abundance and biomass were expressed by unit of
effort (NPUE and BPUE hereafter). Also total and pooled by commercial/noncommercial and target/non target categories comparisons were made. In addition, we
input in the analysis calculated sampling parameters as species richness, diversity and
evenness to specify the composition and structure of fish assemblages. Multivariate
analyses were used to compare assemblages among categories of spatial and
temporal factors. Two-dimensional ordinations of the rank orders of
similarities/dissimilarities and clustering of NPUE and BPUE among samples were
represented by means of similarity dendrogram and MDS using Bray-Curtis similarity
index. The null hypothesis was tested by ANOSIM. Analyses of variance were used to
test for differences between samples, inputting community parameters, individual
important species, pooled species categories and total NPUE and BPUE data.
Gillnet catches analysis results showed significant inside/outside differences in the
multivariate NPUE and BPUE structure of fish assemblages total set of data and for
two of the three years (MDS, Figure 1). These results were confirmed and exemplified
by significant univariate inside/outside differences for total, pooled commercial species
and important species with few exceptions. Variability among sites across years for
these variables was not homogeneous. Richness and diversity were significantly higher
the last year of sampling but between protection groups no differences were found.
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Among sites differences were found in some cases, almost always among inside
groups, higher levels of the variable tested were found at southern sites.
Among depths significant differences were the only found for long-line catches
assemblages multivariate NPUE and BPUE analysis. No differences were detected
after segregating data by depth. Assemblages variability caused by depth influenced
on significant univariate differences for total, pooled species categories and important
species, as well as for community parameters analysis. No clear reserve effect can be
rescued from these results.
Increase in abundance and/or biomass of target species, and of total abundance and
biomass, is to be expected within MPAs due to the protection of critical spawning stock
biomass from fishery depletion. The magnitude of the response to LPMR establishment
was a priori expected to be more robust. Only long-term biodiversity monitoring will
allow a more precise evaluation of the efficacy of protection, teasing apart the effects of
human exclusion from other sources of variability. There are several explanations for
the lack of important effects of LPMR on fish assemblages reported in this study, all of
these having more or less to do with methodological aspects. First of all, the present
paper lacks of possible before-after comparisons, since there is an absence of data
before protection. The analysis of the fish assemblage status before MPA
establishment is particularly important as it provides the baseline information for future
monitoring and assessment. Secondly, there are several aspects provoking spatial
heterogeneity out of the control of this paper’s methodology. The efficacy of protection
might prove difficult to test since the uniqueness of protected sites makes difficult the
choice of proper controls. The hierarchical patchiness of habitats imposes constraints
when undertaking the study of the ecological effects of protection in marine areas.
LPMR rocky bottoms (especially southern ones) are known for having more complexity
than those where control sites where chosen. More complex orography, more diverse
bionomy, and a prior to LPMR settlement better habitat health are some of the reasons
for this spatial heterogeneity. Another exponent to take in account searching for spatial
variability is the “spillover” effect and its consequences in fishing effort distribution.
Because reserves are expected to affect areas outside the reserve, it will be difficult to
have independent control sites for monitoring. Before LPMR establishment, the entire
southwest coast of La Palma was exploited by local gillnetters with Sparisoma cretense
as the main target species. Currently, the same gillnetters make good use of “spillover”
from the reserve. The use of control sites potentially influenced by LPMR (because of
geographical distance) makes us to take in account the conjunction effect of biomass
replenishment by “spillover” plus fishing effort distribution outside LPMR as an
important reserve effect detection bias. It has been much more complicated trying to
detect reserve effects with long-line catches results, probably due to the same
methodological aspects abovementioned, but also because of specific target species.
Managerial aspects should also be mentioned. As a “fishery reserve”, LPMR
establishment banned all powerful fishing gears and still permits the use of hook and
line as a traditional gear for local fishers’ subsistence. In fact, only few but some fishers
take advantage of this permission. Surveillance is quite effectively performed. Added to
this professional fishing activity, recreational fishing from shore is permitted. Some
studies have found evidence that partial fishing regulations are ineffective at protecting
targeted species, at least where recreational and commercial fishers both target the
same species. This study presents a powerful argument against the widely held view
that recreational fishing cannot affect fish populations.
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Stress: 0.03

2004

Stress: 0.08

2005

BPUE
2D Stress: 0,08

Stress: 0.03

2004

Stress: 0.08

2005
-1

-1

2005

2006

Fig 1 - MDS plots comparing NPUE (ind h ) and BPUE (g h ) gillnet data assemblages
between inside and outside LPMR and among sites within Protection factor at 2004 and 2005.
Solid circles are inside samples, open circles correspond to outside samples. Dashed line
embraces samples with 50% or more similarity (from cluster analysis).

2004

TOTAL

NPUE
Inside vs. Outside

0.926 (0.1)

Among sites

0.14

0.926 (0.1)
- 0.001

0.111

0.926 (0.1)

0.137

0.021

0.185

0.926 (0.1)

0.138

0.022

BPUE
Inside vs. Outside

0.926 (0.1)

Among sites

0.08

0.926 (0.1)
- 0.017

Exact probabilities are given in parentheses for significant R values. Because only 10 permutations are
possible for pairwise comparisons of levels of protection, a significance level of 10% is considered as
indicative of differences between inside and outside in these analyses.

Table 1 - R values from two-way nested analysis of similarity (ANOSIM) comparing NPUE (ind
-1
-1
h ) and BPUE (g h ) gillnet year segregated data assemblages between inside and outside
LPMR and among sites within Protection factor.
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Marine protected areas (MPAs) are becoming a fashioned and also useful protection
figure for marine conservation and resource management worldwide. La Restinga
Marine Reserve (LRMR) was established in 1996 with the aim of managing local
fisheries and protecting fish resources to make fishing sustainable in time. The effect of
the MPA on local fishery resources from a temporal and spatial point of view is
assessed using different statistical approaches such as multivariate analysis and
partially hierarchical analysis of variance. Available monthly landings data for impact
(LRMR and the rest of Mar de Las Calmas) and control (rest of the island) sites exist
for a period of six years before and six years after the LRMPA implementation. BPUE
(Biomass per unit effort, in kg/fishing days) data from hook and line and snorkeling
handline landings have been used for analysis since these are gears used at both
impact and control sites and both along before and after studied periods.
Multivariate analyses were used to compare assemblages among categories of spatial
and temporal factors. Two-dimensional ordinations of the rank orders of
similarities/dissimilarities and clustering of BPUE among samples were represented by
means of similarity dendrogram and multidimensional scaling plots (MDS) (BrayCurtis). SIMPROF (Similarity Profile) tests were performed to test the structure of data.
The null hypothesis (no difference in BPUE among areas and times) was tested by
ANOSIM (Analysis of similarities). The SIMPER procedure (Similarity Percentages –
Species Contributions) identified which species had contributed to the similarity and
dissimilarity among clusters. ANOVAs with a partially hierarchical BACI model were
used to test for differences among samples, in relation to “protection”, to “before/after”
periods and among years (6 months -January, February, March, September, October
and November- were used as replicates) within each studied period, inputting species
richness, individual important species showed by SIMPER and total BPUE data.
Both MDS (Figure 1a) and similarity dendrogram plots over the whole set of data do
not reveal a clear clustering of impact/control (inside/outside LGMR) and before/after
factor levels samples, although some grouping can be made out. SIMPROF does not
detect significant evidence of clustering neither of before or after nor of inside or
outside samples. ANOSIM outcomes between I/O groups across all B/A groups and
between B/A groups across all I/O groups find significance levels below 0.001 of
sample statistics, but these are to close to zero to be taken into account (Global
R=0.215 and R=0.292, respectively). MDS and dendrogram plots with selected inside
and outside samples are also presented (Figures 1b and 1c respectively) for clearer
graphical detection of B/A samples segregation. Some “before/after” clustering can be
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seen in both cases. Multivariate results already verify the bad quality of control sites’
choice, on the other hand the only possible option. The entire El Hierro Island is
affected by rigid fishery regulations what makes little difference between LRMR and the
rest of the island. Boats responsible for outside catches are more powerful than the
rest. Temporal BPUE trends are also quite affected by Skipjack tuna seasonal resource
availability. LRMR effect is difficult to detect with these conditions.
Results from univariate analysis are displayed in Table 1 and Figure 2. Almost no
positive reserve effect can be rescued from these results. For B. carolinensis / C.
sufflamen group, S. cretense BPUE and richness samples significant differences are
detected in the interaction PrxBA with different results, the only case we could talk
about LRMR positive effect is the first one, although seawater warming-up has
probably much to do with it. Significant differences are detected between “before” and
“after” periods for B. scrofa and P. dentex BPUE data analysis, in the first case higher
BPUE before than after, the opposite in the latter. For this last species significantly
higher BPUE is found inside than outside, representing the species (among the studied
ones) with apparently better answer to LRMR establishment. Above mentioned
(multivariate analysis epigraph) there are possible reasons for not being able to find
robust proofs of positive LRMR effect.

a

b

2D Stress: 0,21

I/O-B/A
Inside-Bef ore
Inside-Af ter
Outside-Bef ore
Outside-Af ter

2D Stress: 0,18

B/A
Bef ore
Af ter

c

2D Stress: 0,17

B/A
Bef ore
After

Similarity

Similarity

50

40

Figure 1 - MDS plots for (a) the whole hook and line and snorkeling handline landings BPUE
data set, (b) the inside data set and (c) the outside data set.
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Variable

Transf.

Richness

Nonea

Pr

BA

ANOVA

Total BPUE

None

Pr x Y(BA)

**
B: O<I; A: NS
I: A<B; O:
B<A

SNK
a

Y(BA) Pr x BA

ANOVA
SNK

Balistes carolinensis /
Canthidermis sufflamen

Sqrt(X+1)

Bodianus scrofa

Ln(X+1)

Diplodus ssp.

a

None

*
B: O<I; A: NS
I: B<A; O:
B<A
ANOVA

***

SNK

A<B

ANOVA
SNK

Epinephelus marginatus Sqrt(X+1) ANOVA
SNK
Kyphosus sectator

Nonea

Pseudocaranx dentex

Ln(X+1)

ANOVA
SNK
ANOVA **
SNK

Ruvettus pretiosus

Nonea

*

O<I B<A

ANOVA
SNK

Serranus atricauda

Ln(X+1)

ANOVA
SNK

Sparisoma cretense

Ln(X+1)

ANOVA

***

SNK

B: NS; A: I<O
I: A<B; O: NS

a

Variances were heterogeneus (after Cochran's C test) and could not be stabilised by
transformations.
* P<0.05 or P<0.01a ** P<0.01 or P<0.001a
***P<0.001 or P<0.0001a

Table 1 - ANOVA and SNK results for richness, individual important species showed by
SIMPER and total BPUE data analysis. B: Before, A: After, I: Inside, O: Outside, Pr: Protection
factor, BA: Before/After factor, Y(BA): Year nested in BA factor.
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La Graciosa MPA (Canary Islands, Atlantic Ocean): Short-term
changes of a fishery regime affected by the establishment of a
Marine Protected Area
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Cansado1 & Ignacio J. Lozano2
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Marine Reserves have become a useful tool to manage artisanal fisheries and to
protect local resources aiming sustainability. La Graciosa Marine Reserve (hereafter
LGMR) was established by Spanish and Canarian Governments (BOE no. 131, 06/02
and BOC no. 51, 04/26) in 1995 although active implementation did not take place until
1998. LGMR restrictions meant the removal of some fishing gears (mainly longline and
fish trap). This work overviews from a descriptive perspective the fishery modifications
provoked by LGMR establishment. Trends in fleet (no. boats, fishing power, boat
length), effort (gears, level of its use) and landings (per gears and per species or
groups of species) are examined over time. Available data exist for a period of three
years before (1995-1997) and three years after (2003-2005) LGMR implementation.
Given LGMR restrictions, part of the fleet, especially more powerful boats changed
their fishing grounds or quit fishing. Annual no. of boats before LGMR implementation
hovers around 40-50 units, while during the “after” period, annual units are between 20
and 30, with a slight progression that could be owed to some resources improvement.
Exactly the same trend is suffered by fishing power (GRT), from annual GRT of 175195 before to an after annual GRT of 40-80.
After LGMR implementation several gear shifts occurred. Longlines are not used any
more while fish traps are only used external close to the reserve. The resources as M.
merluccius, before overfished with longline, are now exploited with electric reel hook
and line. Boats which remained in the local fishery after LGMR implementation
concentrated their effort in certain resources fished with hook and line and pole and
line (Figure 1).
Effort (fishing days) made with fish trap and longline in the buffer zone before LGMR
disappears as they are banned. Again, there is an increase of effort made with
permitted gears (hook and line, pole and line, hook and line with live bait and shellfish
seeking).
Fishing strategies changes caused by LGMR implementation, together with reserve
effect on resources, provoke variation on species composition and frequency of
appearance in the landings. Species before caught with fish trap or longline as B.
carolinensis, C. conger, E. marginatus, M. helena, P. pagrus, P. phycis, P. kuhlii or
Scorpaena ssp. see their frequency of appearance from buffer zone catches now
reduced, some of them still well represented in landings from external close zone
catches. The effort concentration on certain gears after LGMR enforcement increase
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the frequency of appearance of their target species as Dentex ssp., P. erythrinus, P.
auriga, P. octolineatum, P. dentex or S. salpa (Table 1).
The general trend of the main species landings is a decrease along the years right
before LGMR enforcement, and an increase along the “after period” studied years.
Special mention deserves several species. C. conger landings after reserve
implementation are low due to fish trap ban inside LGMR. M. merluccius and P.
erythrinus, overexploited resources when LGMR was created, are clearly recovering.
S. cretense landings are increasing during the last years although with still no high
volumes comparing to “before” period, but there is a need to take into account the fact
that after reserve implementation is only fished with pole and line and hook and line
and no effort has been done with fish trap (banned). Something similar happens with
the rest of species considered, although some of them present annual landings lower
to those along “before” studied period (D. dentex / D. gibbosus group, Diplodus group,
E. marginatus, P. pagrus and S. viridensis) while others present greater landings after
LGMR enforcement (D. macrophthalmus / D. maroccanus group, S. scrofa / S.
elongata group and S. atricauda).

BEFORE

AFTER

Total landings: 662 t

Fish trap - 16,5%

Free diving with
a tool - 0,9%

Bottom Longline
hooksize >=5 0,8%

Total landings: 269 t
Shellfish
seeking - 3,0%

Hook and line 14,7%
Hook and line
with live bait 6,3%

Drift nets - 0,0%

Jig - 0,0%

Bottom Longline
hooksize <5 9,7%
Beach seine 0,2%

Moray trap 0,0%
Pole-and-line 10,4%

Purse seine 7,7%
Pole-and-line 17,5%

Fish trap - 21,4%

Moray trap 0,0%

Jig - 0,2%

Troll line - 0,0%
Shellfish
seeking - 1,9%
Purse seine 38,6%

Hook and line
with live bait 6,6%

Figure 1 - Landings by gear along before and after LGMR periods.
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Species Name

Balistes carolinensis
Bodianus scrofa
Conger conger
Dentex dentex
Dentex gibbosus
Dentex macrophthalmus
Dentex maroccanus
Diplodus cervinus cervinus
Diplodus sargus cadenati
Diplodus vulgaris
Epinephelus marginatus
Galeorhinus galeus / Mustelus mustelus
Gymnothorax polygonius
Merluccius merluccius
Muraena augusti
Muraena helena
Mycteroperca fusca
Oblada melanura
Pagellus bogaraveo
Pagellus erythrinus
Pagrus auriga
Pagrus pagrus
Parapristipoma octolineatum
Phycis phycis
Polyprion americanus
Pontinus kuhlii
Pseudocaranx dentex
Sarpa salpa
Scorpaena scrofa / S. elongata
Seriola fasciata / S. rivoliana / S. dumerili
Serranus atricauda
Sparisoma cretense
Sphyraena viridensis
Spondyliosoma cantharus

Frequency Before
Buffer
775
462
967
400
319
97
61
357
503
1898
639
20
48

Ext. Close

84
106

148
1203
208
114
13
442
235
4033
221
1025
10
466
322
171
866
681
2342
4731
503
1708

20

11

Frequency After

Total Frequency

Buffer

Ext. Close

All Regions

166
284
34
1345
1138
1053
1042
905
946
1239
212
6
124
35
129
138
154
7
2
1400
1022
1526
983
79
2

4
28
408
215
212
528
330
78
88
115
61
115
340
723
345
351
19
2
127
250
211
362
93
311
91
1
91
99
469
3
255
4
3
85

945
774
1409
1960
1669
1678
1433
1340
1537
3252
912
225
512
864
622
1692
381
123
162
2092
1468
5921
1297
1415
114
467
1525
1259
1443
881
4577
7854
853
2734

1112
989
108
197
1980
3119
347
941

Table 1 - Species frequency of appearance by harvest region along before and after LGMR
periods. Species with less than 100 appearances along the total studied period are not
presented
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A bioeconomic model for Marine Protected Areas
Francesc Maynou
Institut de Ciències del Mar (CSIC), Psg. Marítim de la Barceloneta 37-49, 08003-Barcelona
(Spain)
Corresponding author: maynouf@icm.csic.es
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A bioeconomic simulation model for Marine Protected Areas with space-time dynamics
is presented. The model is structured around a biological submodel for fish populations
which are subject to an extractive use, commercial fishing, and economic submodels
for extractive and non-extractive uses. The biological submodel for commercially fished
species follows a spatially-explicit, partially age-structured model (Schnute and
Richards, 1998). The recruit and adult stages of the commercially fished species are
distributed in space following habitat type or protection regime (No Take Zone, Fished
Zones). The economic submodel of the fishing fleets incorporates a dynamic model of
effort distribution to account for the perceived profitability of each spatial location. The
economic submodel of the non-extractive uses (diving or other types of ecotourism)
includes aspects of habitat quality and congestion. The model allows for analysing the
costs and benefits of the present protection regime or evaluating alternative
management strategies of the MPA system. An application of the model based on real
data is presented.

233

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Geospatial Decision Support Tools for Planning of Marine
Protected Areas in California
Will McClintock1, Matthew Merrifield2 & Paulo Serpa3
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The California Marine Life Protection Act (MLPA) calls for the establishment of a
managed network of marine protected areas (MPAs) for the state of California. The
MLPA Initiative, a collaboration between the Resources Legacy Fund Foundation and
the California Department of Fish and Game, has organized a group of scientists and
specialists in Geographic Information Systems (GIS) to enable the MLPA process.
Here we detail the MLPA GIS decision support system designed and implemented by
our group, including (1) the data gathered and synthesized by our technicians and
scientists, (2) a geodatabase, (3) web maps, (4) a custom web-based decision support
tool, and (5) terminal services for running ArcGIS and custom Model Builder tools. As
California will be the first state in the union to implement a managed network of MPAs,
our GIS based decision support system may serve as a model system for similar efforts
in other state or federal processes.
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Using Marine Protected Areas within an Ecosystem Based
Governance regime as a paradigm for the development of an
Oceans Policy
Mark Mellett
Marine Law and Oceans Policy Centre, National University of Ireland
Corresponding author: mmellett@eircom.net

Keywords: Continental margin, ecosystem, governance, property rights regime,
enforcement, technology

“…but if we squander the capital represented by living nature around us we threaten
life itself”. (Schumaker, E. F.1973: viii)”
A number of European States may soon be the first countries in the world to exercise
extensive rights over a continental margin, which will extend well beyond the 200
Nautical Mile Exclusive Economic Zone (EEZ). On this continental margin as well as
within the EEZ, there are significant biodiversity hotspots such as cold-water corals. As
it stands many of these ecosystems currently enjoy little or no protection or any
management plan and in effect are subject to the effects of open access. Sectorally
driven initiatives and a recalcitrant attitude to environmental law have added to the
conditions that have facilitated years of damage by fishing fleets and some other
actors. This paper will briefly review the current Governance regime examining the
components of markets, civil society, and government. It will examine how an
Ecosystem Based Governance Regime for the protection of biodiversity hotspots such
as deep water corals might be achieved using a variety of tools, Marine Protected
Areas, Integrated Ocean and Coastal Zone Management and the application of
appropriate Property Rights Regimes. Finally it will look briefly at the importance of
enforcement and technology concluding with the relevance of the study as a paradigm
for the development of an Oceans Policy.

235

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Bioeconomic model of a 3-box Marine Protected Areas
Gorka Merino1, Francesc Maynou1 & Jean Boncoeur2
1 - Institut de Ciències del Mar (CSIC), Psg. Marítim de la Barceloneta 37-49, 08003-Barcelona
(Spain)
2 - Centre d’Economie et de Droit de la Mer, Université de Bretagne Occidentale, 29200 Brest
(France)

The effects of a three box marine reserve creation are investigated in the present work.
The division of the area in a fully-protected, partially-protected and a fishing zone
permits the touristic and fishing activities and provides a management tool for an
exploited resource and its ecosystem. The consequences in species conservation,
fishing and tourism are analysed for different effort levels both in the partially-protected
and fishing areas and for a set of different area size distributions. As is demonstrated
with the parameters used, the creation of a three box marine protected area may be
useful for achieving the three objectives mentioned for some levels of effort applied and
for some zone size distributions, and depending also on some biologic characteristics
of the exploited species and tourism interest of areas.
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Marine reserves to counter the evolutionary effect of sizeselective fishing
Tanja Miethe
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Size selectivity of commercial fisheries may induce rapid evolutionary changes in life
history traits. Because fecundity increases with body size, evolution towards smaller
size at maturation will negatively affect spawning stock biomass, sustainability and
yield. Marine reserves can be an important management tool when dealing not only
with ecological but also with evolutionary impacts of fishing. Deterministic sizestructured population models are combined with the adaptive dynamics approach to
examine the effect of size-selective harvesting and the implementation of marine
reserves on the evolution of size at maturation. The results show that with increasing
mortality of the largest individuals an evolutionary switch from large to small maturation
size may be induced. If part of the population is protected by a marine reserve this
switch can be prevented or shifted to occur only at higher harvesting rates. This is
caused by the reduced selectivity as catches of large fish decrease with establishment
of a reserve. While juvenile export is most effective in prevention of evolution to smaller
maturation-size, spill-over of large adults provides highest yield. High movement rates
between reserve and fished area increase catches and thereby also the selectivity that
causes evolutionary shifts. Simulations show that preventing evolutionary shifts by
marine reserves will in the long term provide higher catches than fully exploited areas
where fish stocks have evolved to smaller sizes.
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Human recreational activities in Mediterranean marine
protected areas: lessons learnt in the Ustica Island MPA
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Palmeri & Renato Chemello
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Corresponding author: marmilazzo@iol.it

Keywords: trampling, anchoring, scuba diving, fish feeding, marine reserve,
Mediterranean Sea

Nowadays, the difficult relationship between human recreational activities within MPAs
and conservation activity is strongly unbalanced; the reasons seem to be the little
scientific knowledge supporting management and decision-making process. The
present study attempted to evaluate the results of previous researches on the effects of
tourist activities on marine communities within the Ustica Island MPA. The final aim
was to propose an approach for monitoring and managing tourist activities on a local
scale. The study focused on four recreational activities: the boat anchoring on
Posidonia oceanica meadows, the human trampling on algal assemblages, the scuba
diving in the subtidal communities and the feeding on coastal fishes.
Anchoring simulation experiments revealed that the damage on P. oceanica was
dependent on the anchor typology adopted, and weighing was critical during the
anchoring process. Although at Ustica anchoring is frequent only in summer months,
damage may be intense; thus educational programs to inform boaters on correct
anchoring practices and anchor typology to be used are required.
Human trampling – even at low intensities – may be non-sustainable for shallow algal
assemblages. The removal of macroalgal fronds caused short-term changes in
associated assemblages. After disturbance ceased, the macroalgal recovery was very
rapid. At Ustica, the intervals between two tourist seasons should guarantee a
complete recovery of the system, and no particular management solution – other than
monitoring – should be adopted.
Direct observations describing the interactions between divers, substrate and marine
organisms in eight common habitats of the Mediterranean subtidal revealed that scuba
diving causes a variety of disturbances to the marine biota. While disturbances may be
relatively minor on an individual basis, they become ecologically important to the
structure of benthic assemblages when many divers concentrate in a small area. In this
case, restricting the number of divers – particularly within marine caves – is needed.
Fish feeding influenced the coastal fish assemblages, and significant changes in the
local distribution and behaviour of several species occurred. The non-natural
aggregations of fishes around snorkellers, which evolve as a result of fish feeding,
have also negative effects on local prey populations. This activity although limited to
small areas should be banned.
The present study contributed to the knowledge of the direct and indirect effects of
tourist activities in a Mediterranean MPA. Potential management solutions and
monitoring protocols have been here proposed. Non-regulatory approaches, banning or
limitation are the most common management solutions to be adopted on a case by
case basis.
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A novel approach to assess the influence of substrate
heterogeneity on the abundance of reef fish and invertebrates
in relation to marine protected areas (ra’ui) in Rarotonga, Cook
Islands. Implications for marine protected area assessment /
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Managers often wish to know the effects of marine protected areas (MPAs) on metrics
such as fish and invertebrate abundance, size, and diversity, and much of the
published work to date suggests that MPAs often lead to increases in these metrics.
However, many putative ‘MPA effects’ may be confounded by factors such as substrate
type and habitat complexity; MPAs are often sited in unique or comparatively pristine
locations. Consequently, some of the empirical evidence that demonstrates effects of
MPAs may be equivocal. Here, we explore spatial patterns of abundance for a number
of harvested invertebrate and fish species within the lagoon of Rarotonga, Cook
Islands. We quantify patterns of abundance in relation to ra’ui (traditional marine
managed areas) and associated environmental features that may vary systematically
among ra’ui and/or between ra’ui and non-ra’ui areas. We recorded fish and
invertebrate abundance, substrate availability, and patterns of substrate use by fish
and invertebrates, both inside and outside areas protected by ra’ui. We used response
ratios to evaluate putative effects of ra’ui, calculated from both raw densities of each
species, and from ‘substrate-adjusted’ densities, where substrate types were weighted
by an index of resource electivity, Manly’s alpha. Our results suggest that adjusting for
substrate effects may significantly alter our perception of the effects of ra’ui on fish or
invertebrate populations. We conclude that substrate effects (or more generally,
environmental heterogeneity) should be incorporated into future assessments of MPA
effectiveness, and our work describes one potential framework to accomplish this.
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La Punta de La Restinga Marine Reserve of Fishery Interest is located in the southwest
sector of the island of El Hierro, sheltered from the prevailing winds and currents. Its
floors are rugged, its waters are crystal clear and it is an area not only rich in species of
fishery interest, but also a breeding and spawning ground.
This Marine Reserve occupies an area of 750 ha, with an integrated reserve in the
middle where all uses are forbidden apart from professional tuna fishing and scientific
research. On both sides there are buffer areas where professional line fishing and
diving are permitted. Professional craft fishing (by locally registered vessels only), sport
fishing (from land with rods only) and diving are permitted in the rest of the reserve.
The professional fishing tackle permitted is of the selective, environment-friendly type
traditionally used by local fishermen, and some of it is typical of the Canary Islands and
of the island of El Hierro in particular: hook fishing (petus caught with a rod, parrotfish
with a hand-line), pelagic small fry for bait, with the gilthead net, moray eel drum and
the shrimp trap.
The most important catch is tuna fish, especially the skipjack (Katsuwonus pelamis),
and the petus or wahoo (Acanthocybium solandri); while the most exploited demersal
species are the parrotfish (Sparisoma cretense), the comber (Serranus spp.), the
fourspotted megrim (Lepidorhombus boscii), the groupers (Epinephelus spp) and
Myctoroperca spp. and different species of moray eels.
The temperature of the waters, the warmest in the Canary Islands, explain the
abundance of species with tropical affinities, rare in the other islands, such as the spiny
boxfish and the fourspotted megrim, while the scant continental shelf facilitates the visit
of such large oceanic species as the whale shark and the devil manta, and the sighting
of one of the largest densities of Cuvier’s and Blainville’s beaked whales in the world.
The results of this marine reserve point to a considerable regeneration of inshore
species, both molluscs collected as seafood and fish caught by traditional methods.
With 41 boats registered, 8 diving centres and over 7000 sport fishermen recorded by
the surveillance service, this reserve is an example of fishery sustainability and
cohabitation between fishery activity and tourism, especially diving.
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The Team of Marine Reserves believes in education as a powerful resource to protect
our seas. That is why, in The Canary Islands, during the last school year we have been
doing our best to make our teenagers understand the secrets, wonders and importance
of the sea environment. We have also tried to stress the need for craft fisheries as
sustainable means of fish exploitation as well as the important role that marine
reserves play.
To achieve these goals we have made use of a variety of resources:
- On the one hand, we have developed an ambitious campaign to provide
information about Marine Reserves and craft fisheries by giving lectures in
Primary and Secondary Schools. The team was made up by the Marine
Biologists currently in charge of the three Canaries Marine Reserves as well as
the Chief of the fisheries section of the “Area de Agricultura y Pesca,
Delegación del Gobierno en Las Palmas”. They have been giving talks to 3,349
students from 3 to 18 years of age.
On the other hand, we have developed smaller projects on a local basis, such as for
example those on El Hierro Island:
A Book based on an itinerary around the volcanic area close to La Restinga
Village. Through stops at interesting places we try to make the students learn
about their historical and cultural past, as well as their natural resources. In
addition, they learn about marine life, the evolution of fishering crafts which
have been developing on El Hierro Island since aborigen times, the meaning of
marine reserves in general and the particular characteristics of La Punta de La
Restinga Marine Reserve.
- Divulgative Tagoror: we have tried to recreate an archaic structure where the
aborigines of this island used to join together and discuss their affairs. Making
use of the drawings in the illustrated guide mentioned above, we are currently
elaborating posters to show different aspects of the fishing methods used in the
marine reserve.
- Restauration of a submarine cave.
With these projects we try to elaborate an educational pathway between the Visitor
Centre of the marine reserve to Restinga village.
And in La Palma marine reserve a special book has been written which contains
games specifically designed to make children understand sea life and the importance
of maritime reserves. A DVD explaining basic concepts about the sea and marine
reserves has also been recorded.
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The North Adriatic Sea is characterized by the presence of some rocky outcrops,
locally called “tegnùe”. These areas have a very important ecological rule in the
Northern Adriatic Sea and some of them are protected by regional law and other are in
way to begin that.
The research on benthic communities of these areas had been intensified in the last
ten year (Gabriele et al. 1997, 1999; Mizzan 2000; Molin et al. 2003; Soresi et al. 2004;
Ponti & Mastrototaro 2006; Ponti et al. 2006). Some of these studies confirm the
important rule in terms of biomass of the filter feeder’s group in particular Porifera and
Ascidiacea groups. For example these taxa differ in abundance in relation with: the
turbidity of water column; the sedimentation rates and the capability of the organisms to
cope with these kinds of stresses (Narajo et al. 1996; Gabriele et al. 1999; Molin et al.
2003; Ponti & Mastrototaro 2006). In different way these authors find relations between
the abundance of some species (Polycitor adriaticus, Aplidium conicum, Styela plicata,
Chondrosia reniformis) and the distance from the coast and describe the potential
relation between the water turbidity, sedimentation rates and the distribution of some
Asciadiacea and Porifera. Some of these observations are confirmed by the results of
The Project of the Veneto Region called “Tegnùe dell’Alto Adriatico. Valorizzazione
della risorsa marina attraverso lo studio di aree di pregio ambientale” (ARPAV 2007),
where is possible to observe an increase of Ascidian and Porifera biomass in area
characterized by lower level of turbidity. These kinds of studies, however, are very
demanding and need a lot of work on field. The aim of this work is to offer a low impact,
economical and fast technique, in alternative to classical method to define benthic
communities status.
During the summer 2007 were done same photographic samples, using a frame to get
the right orientation of the camera with the substrate, of some species of megabenthic
communities (Gage & Tyler 1991) that a lot of authors define as good descriptor of the
status of benthic communities.
Some specimens or colony photographed were collected in three natural rocky
outcrops and in one artificial reef; for each species were collected some photo of single
colony or individual. From the photographic samples were calculated the cover surface
for each colony or individuals of the species through the software Autocad 2.01. The
specimens and the colonies photographed and collected were determinate; wet and
dry weight and ash free dry weight were calculated for each one.
The correlation equations of cover surface vs wet weight, of wet weight vs dry weight,
of dry weight vs ash free dry weight were used to calculate the biomass’ value from the
cover surface of some scrapping sample preventively photographed during the
experimental activities on outcrops (ARPAV 2007). We compared the biomass
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calculated using the “photographic method” with the biomass values from scraping
(Tab. 1).
In term of biomass estimated by “photographic sample” and scraping sample the
results are comparable, the accuracy could be improved, increasing the speciespecified conversion curves dataset.
Another weak point of “photographic sample” is that the error increases when the
shape of benthic communities is not flat but it shows a lot of elevations. In fact it uses a
photo (two-dimensional) to calculate a volume, losing the information on height, so it
needs a particular attention on experimental design and a stratified sampling strategy is
suggested.
Otherwise this method is economical, fast, easy to run, with a low impact and could be
an useful tool in monitoring program of benthic communities in protected area or for
ecological studies.
In our case the presence of key species of Ascidiacea and Porifera distributed in
function of some environmental parameter could be used like “early warning” to mark
environmental changes related to anthropic activity or natural changes.

Table 1 - Comparison of biomass estimation calculated by “photographic method” and “scraping
method” obtained from experimental activities on outcrops (ARPAV 2007).
SPECIES
Haliclona sp

DW by photo

DW by scrapping

[Difference]

% error

56.8
402.5
228.8

52.1
447.0
270.0

4.7
44.5
41.2

9.1
10.0
15.3

average
standard deviation
n
Tethya sp

11.4
3.3
3
15.0
153.3
24.0

18.5
182.0
31.6

3.5
28.8
7.6

average
standard deviation
n
Chondrillidae

average
standard deviation
n

19.0
15.8
23.9
19.6
4.1
3

478.2
111.9
439.0

403
120.7
377.9

75.2
8.8
62.0

18.7
7.3
16.5
14.1
6.0
3
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The effectiveness of the Italian marine protected area (MPA) of Portofino (NW
Mediterranean Sea) on fish species targeted by professional and recreational fishing
(the Sparids Diplodus puntazzo, D. sargus, D. vulgaris and the Serranid Epinephelus
marginatus) was evaluated by means of underwater visual census inside and outside
the MPA.
This MPA was established in 1999 and is characterised by a small “no entry - no take”
zone, A (10 ha equivalent to 3.7 % of the total MPA area), an “entry – take” regulated
zone (B) and two buffer zones (C). Only in the A zone the fishing is forbidden, while in
the others only local professional fishermen (50 fishing boats), can operate using
traditional fishing gears. Recreational fishery is regulated and allowed only by
authorization (120) while, the spearfishing is forbidden.
Fish counts were performed using the transect technique (25x5 m) in two sites within
each protection level in the MPA and in some zones open to normal fishing activities
(at 100 m, 500 m and 1000 m far from the MPA’s boundaries), in order to evaluate the
presence of a possible spill-over effect. The study was conducted in two periods
(October – November 2004 and in September and October 2005).
The results provide a clear evidence of the “reserve effect” for E. marginatus, species
recorded nearly exclusively in the MPA’s waters. Considering the size class
compositions, Diplodus species are characterised by larger specimens respect to
fished zones while, taking into account data abundances, only in the second sampling
period data recorded shows higher values within the MPA’s waters.
Collected data shows moderate but positive results on size and abundance of the
considered species.
Data collected by mean of visual census techniques lets to evaluate a moderate spillover effect.
In order to promote a more effective recovering of the fish assemblages inside and
outside the MPA, some key action, such as the widening of the “no take” zone and a
decrease of the fishing pressure should be taken into account.
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The effectiveness of Marine Protected Areas (MPAs) is still subject to debate. One of
the aspects of this effectiveness is directly related with monitoring and control of MPAs.
Monitoring and control are indispensable tools for the successful management of such
areas, which are in many cases in remote or limited access places. The feasibility of
control in a future MPA should be one of the main aspects taken into account while
defining those areas.
One of the major problems of control and enforcement is the definition of
characteristics of the area that should be protected. This definition should be
harmonised between MPAs, which would also allow a more standardised control
methodology.
Area size and shape, combined with the minimum allowed distance between two MPAs
should be taken in consideration while defining the protected area.
Although total harmonisation is desirable, it is necessary also to define possible local
adaptations, according to the specific characteristics and needs of the given area.
Disclaimer: the interpretation, analyses and views are those of the authors and do not
purport to represent the position of the European Commission

246

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Evaluation frame for MPA and closed seasons applied to Baltic
cod
Rasmus Nielsen, Bo Sølvgaard Andersen & Per Sparre
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An “Evaluation Frame” (EF) of fisheries management regimes is presented, together
with the simulation model behind it. The EF executes two parallel simulations of the
reference system and the alternative system. Each system comprises an “operational
model” which simulates input data to a “management model”. The operational model
system simulates the “true world”, whereas the management model simulates the
advisory process of ICES combined with the management procedures of EU. The
simulations may be executed in deterministic modes as well as in stochastic mode. The
management regimes are compared by aid of a suite of “measures of performance”,
which are defined by the various groups of stakeholders. Examples are the traditional
measures of ICES, the Spawning Stock biomass and the average fishing mortality.
Other measures can be bio-economic measures such as the net present value of cash
flow, or employment measured in man-years. The EF is demonstrated for marine
protected areas (MPA), closed seasons and restrictions on maximum number of sea
day as management tools for the Baltic cod fisheries. The purpose of these MPAs and
effort regulations is the recovery of the Baltic cod stock.
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Is it possible to conserve and to exploit simultaneously?
María Hortensia Obregón López-Silvero
Ministry of Fisheries, La Habana, 19100 Cuba

The results of the Project SUSTAINABLE DEVELOPMENT OF THE FISHING
SECTOR IN VILLA CLARA, CUBA, promoted by WWF, are presented. The project
involves the inclusion of the work in a Marine Protected Area into a program of comanagement of a fishing region. The reconciliation of fisheries and regional interests in
a management program were achieved after two years. Such program served as a
governing instrument to regulate the use of the resources in the protected area and the
actions required for their conservation and sustainable use. It also included the legal
framework to work with, surveillance and protection mechanisms; plus short courses
and other community work.
The necessity, possibility and utility of incorporating such aspects as conservation and
environmental education to the programs of co-management of marine fishing areas
are therefore confirmed. All this, taking into account the importance of co-management
based on wide institutional and local community participation, correspondence between
actions and resources, flexibility, clarity and accessibility. Wide range, synthesis and
systematic work; as well as precision, objectivity and scientific basis, always focusing
on problems and strategic objects are also needed to succeed in this task.
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Selection of candidate sites for designation as MPAs in coastal waters still involves
many arbitrary choices. Analysis of candidate sites, according to a combination of
geophysical and ecological criteria, can lead to recognition of representative bay types,
and potentially reduces the arbitrariness of these decisions. In coastal areas, estuaries
have long been classified according to their geophysical properties. Bays are at least
as diverse in character, yet existing classifications are dependant largely upon
description of the benthic communities themselves, and take little advantage of existing
hydrographic and digital information. We are developing a predictive classification of
coastal marine bays, based on GIS analysis of existing digital hydrographic, and
associated data. Analysis of a large suite of physical measures, shows that bays
appear to fall into recognizable categories, or representative types, based on simple
morphometric characteristics. These categories (recognized in MDS plots) can define:
distribution of fine substrates, backshore type, and potentially the array and
distributions of biological communities themselves. Of special significance, are novel
calculations of average and maximum exposure (referenced to wind direction
frequencies and durations), which appear to predict the distribution of fine substrates
within bays.
The calibration of relationships between bays of defined geophysical characteristics
and biological communities is on-going. There were clear associations between bay
type and plant community type, as well as backshore type and species in littoral algal
debris (indices of the dominant sub-littoral vegetation). An extensive survey of juvenile
fish along the Atlantic Coast of Nova Scotia, showed no clear biogeographic trends or
associations between bay types and fish communities. However, there are significant
associations between fish assemblages and substrate types within bays, indicating an
increase in species numbers with decreasing substrate particle size. Construction of
Species-Area curves for the juvenile fish communities, will lead to one prediction of the
size of Representative MPAs required in the inshore regions, to the minimum size of
bays that should be selected as MPA sites, and to identification of fish species diversity
‘hotspots’.
We are therefore attempting to lay the groundwork for the analytical selection of coastal
zone MPAs, based on defined biogeophysical characteristics, and leading to
environmentally defensible selection of both priority and representative areas for
MPAs.
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A review of the assessment of the effects of protection in
MPAs: current knowledge and gaps
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Assessing the effects of marine protected areas (MPAs) in relation to conserving
coastal marine environments requires appropriate parameters to be estimated
analysed and interpreted within a logical and statistically valid framework. We report a
quantitative analyse of the literature concerning studies that evaluate the MPAs
effectiveness. Our aim was to quantify the frequency of most common methodological
approaches and statistical analysis, most used response variables, to consider the
types of information generated and to detect areas in which further research is
required. This paper synthesises the most common study subjects, identifies the
methodologies and the parameters that have been used to evaluate the effectiveness
of MPAs. We reviewed 220 references of studies carried out in different MPAs from the
Mediterranean Sea, the Atlantic, Pacific and Indian oceans, since 1983 to 2006.
Publications before 1996 were predominantly peer-reviewed, although non-peer
reviewed literature appears since 1989, mostly as technical reports. Most studies
focused on biological parameters such as effects on populations, effects on
assemblages, effects on the habitats and effects on the fishing yield; by comparison,
there were few socioeconomic studies. Other results show that most of the studies
developed a C vs I sampling design. Peer-reviewed showed more complex sampling
designs than non-peer studies. The results suggest that standardized methods of
study, to be applied by both researchers and administrators, enabling comparable
results to be obtained, are required for a reasoned management of MPAs.
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We propose a conceptual model on different relationships concerning MPAs, applied to
Tabarca MPA (SE Spain), using the driver-pressure-state-impacts-response (DPSIR)
approach. This conceptual model includes diverse economic, social and environmental
elements that affect MPAs. In general, the knowledge and management of coastal
areas requires information on all processes as well as an understanding of the
structure and function of the systems. In addition, the increasing amount of national,
supra-national and global legislation and agreements is producing the need to develop
tools for the sustainable use of the marine environment, in particular management for
conservation and biodiversity in order to protect habitat integrity. The paradox is that
the scientific community is mostly working on very detailed and narrower aspects,
whereas the managers require a holistic and ecosystem approach not necessarily at a
very high level of detail. This calls for multi-disciplinary approaches to Marine Protected
Areas (MPAs) research and resource management. We conclude that the DPSIR
framework is a suitable tool to analyze the functioning of a MPA, simplifying the
complexity of its management. This evaluation framework helped to select an
appropriate suite of parameters to support an ecosystem approach as much as an
evaluation of the MPAs functioning and policy considerations discussions. Gaps on the
management and policy responses in the MPAs were also identified.
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International agreements require the development of networks of marine protected
areas (MPA) in European waters. The term marine protected area has been defined to
include marine reserves, closed areas, no-take zones, harvest refugia and other areas
in which there is partial or total protection from fishing. Whilst, many recreational
anglers believe that commercial fishing should be banned from MPAs, many believe
that angling has less of an impact and should therefore be allowed within MPAs. This
study set out to investigate this assertion.
In the context of European marine environmental management, MPAs tend to be used
to protect marine habitats, their associated communities and thus the ecosystem
functions they deliver. Given the high mobility of most fish species and the problems
associated with implementing MPAs which are large enough to cover fish home
ranges, MPAs alone will not protect stocks of most targeted species, and effort
limitations and gear restrictions are likely to be required. In many cases, therefore,
recreational sea angling for mobile species can be allowed in MPAs, subject to effort
limitations and adoption of fishing methods that reflect habitat and fish welfare issues.
This study has also shown that MPAs could, depending on the management regime,
benefit around 20% of the species targeted by UK recreational sea anglers, in terms of
stock and individual fish sizes. However, there is evidence that sea angling for
sedentary species in MPAs can negatively impact the stocks suggesting that specific
management measures will be required.
Despite good data on the survival of a few species post ‘capture and release’, a
precautionary approach would lead to restrictions on recreational sea angling for more
sensitive species such as conger and wrasse. The scope for catch and release,
especially in offshore areas, to mitigate impacts of recreational sea angling on
sedentary species remains unclear and requires further evaluation as it creates animal
welfare issues related to the repeated capture and release of site-faithful fish.
While, highly protected (NTZ) MPAs are likely to feature as one component in the
portfolio of management measures that will be required to deliver the diverse and
complex set of ecological objectives envisaged by the European marine strategy.
Allowing recreational sea angling, and certain commercial metiers, to operate in MPAs
is likely to deliver additional benefits over no take zones (NTZs) in the form of greater
‘policing’ and reporting and delivery of data for condition monitoring.
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Understanding the sensitivity of benthic habitats in MPAs to human activities is
essential to ensure their conservation if these areas are also to be exploited
sustainably. In temperate marine areas detailed knowledge of benthic habitats and
assemblages can be lacking, although new techniques have been developed which
allow for the discrimination of marine landscapes. This study developed a protocol for
assessing the sensitivity of benthic habitats to different fishing gear types which can be
applied in data poor situations and that will facilitate spatial planning and management.
The approach was developed initially to cover the range of benthic habitats and fishing
gears used in Welsh waters to provide a management tool for MPAs in Wales. The
approach consisted of a matrix, by which the sensitivity of habitat types were scored
against each fishing metier and associated fishing intensity level. Twelve fishing
metiers were resolved, with gear types being grouped according to the potential
similarity of impact on the benthic habitat, with respect to parameters such as the
amount of contact with the benthos and the depth of substrate penetration. Four levels
of fishing intensity were defined for each fishing metier. The intensity levels ranged
from the that of a single/accidental pass of a gear, to the level of activity which would
be employed by a part-time, casual fishermen through to that of a commercial
fishermen and finally to that of a highly intensive commercial fishermen. As there are
over 300 biotopes known to occur in Welsh waters the habitats list was derived by
assembling similar biotope complexes into habitat categories to allow a more
manageable number of habitats whilst still allowing for the separation of sensitive
biotopes complexes.
By reviewing the data available in published scientific literature and unpublished
reports, an assessment was made as to the appropriate sensitivity level (high, medium
or low) for each habitat type, fishing type and fishing intensity combination. In
circumstances where this information was not available, expert scientific judgement
was used to extrapolate and assign the appropriate sensitivity level.
This protocol provided a generic approach by which the sensitivity of marine benthic
habitats to fishing activities could be ascertained and utilised in fisheries management.
Further levels of site specific conservation and management objectives, for example
the presence of rare species, can then be overlaid on the base sensitivity maps,
allowing an operational management regime to develop.
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Examples is presented on 3D-mapping of ‘fish habitats’, including spawning and
nursery areas of cod in Central Baltic Sea, which is a central aspect in designating of
Marine Protected Areas.
The horizontal and vertical distribution of different fish species depend on whether they
are pelagic or demersal, occupy coastal or open water, or if they prefer fresh or saline
water. In addition, different life stages, such as the eggs, larvae, juveniles and adults of
various fish species may be associated with different ecological niches and habitat
characteristics (hydrograhy, bathymetry, substrate etc.). Cod (Gadus morhua), sprat
(Sprattus sprattus) and herring (Clupea herringus) are the dominating commercial fish
species in the Central Baltic Sea. The species have different distribution and migration
patterns but their habitats overlap spatially and temporarily. For example for cod, the
eggs occupy the mid water layer in the deep basins, the larvae live in the open sea
surface layers, juveniles inhabit the layer near bottom in shallow water, so-called
nursery areas, while immature and adult cod live near the bottom at deeper water
depths. The degree of overlap between species depends on hydrographic conditions
and stock sizes. The species also interact, with cod above a certain size feeding on
sprat and herring, while herring and particularly sprat prey on cod eggs. In addition, the
foraging and spawning habitats of the adult fishes often differ causing seasonal
migrations between different areas. In all cases, the spatial and temporal distributions
of different life forms depend on environmental variability influencing the size and
location of habitats over time.
The location, size and seasonality of the spawning and nursery areas are defined using
3D GIS mapping of distributions of eggs, larvae and juvenile fish stages in space and
time. Also, the main foraging areas of adult fish in comparison to spawning areas are
mapped. Examples are presented and applications of such habitat mapping in
development of dynamic systems of fishing closures that varies in area- and seasonal
coverage is discussed.
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The expected results of an MPA in terms of fishery outputs are difficult to predict due to
a lack of documented studies with few consistent results. Critical data such as larval
dispersion and migration factors, specific to each area, are rarely available resulting in
large uncertainties in the evaluation of the effects of MPA on fishery (Sale et al. 2005).
At the same time the creation of new MPA in urban and populated sites such as North
West Mediterranean is conditioned by very few location and space availability, implying
the necessity to optimize MPA configuration at a small scale (<1.000 ha).
The use of mathematical models to simulate scenarios and results with sensitivity
analysis to uncertainty sources has proved to be a useful tool for stakeholders in their
decision process (Beattie et al. 2002)
For these reasons, we proposed to use a fishery model coupled with expected Net
Present Value (NPV) approach. We chose the ISIS-Fish simulation tool designed to
evaluate the impact of spatial and seasonal management measures on the dynamics of
mixed fisheries (Pelletier & Mahevas 2005). It is a spatially-explicit fisheries model
permitting to assess most of the expected MPA effects on fisheries such as: biomass
and Spawning Stock Biomass increase, spillover, larval export, fecundity improvement
with age and size differential price.
In a first step, the model was used to calculate target species biomass and fishery
captures projections and to determine the best MPA configuration scenario based on
the best parameter estimates.
In a second step, a present value of 15 years-fishery yields was calculated and a
benefit-cost analysis of MPA creation was conducted to get the NPV of the MPA.
In a third step, NPVs were tested through a sensitivity analysis for most critical and
uncertain variables to obtain an expected value of yields with an associated probability
distribution (Normal distribution).
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In all cases the MPA scenarios outputs were compared to no-MPA scenario to identify
MPA incremental effect.
The Solea vulgaris (sole) and Diplodus sargus (seabream) artisanal fisheries in the
Garraf zone (Mediterranean NW) were chosen as a case study. Species were chosen
with respect to their migration and mobility behaviour. The site was selected because
of a potential overfishing situation, with a general decline in CPUE, and the presence of
extractive and non-extractive uses. The model was parameterized based on
commercial CPUEs, logbook data, and specific studies on biological parameters.
Spatio-temporal distribution of the populations and fishing activities were available from
previous research works or completed through new sampling and interview panels.
The management scenarios tested include different MPA locations in possible nursery
or spawning sites, and different MPA sizes all combined with other management
measures.
The best site determined by the model is a scenario of 1.500 ha close to the seashore,
in a shared nursery site for both species and spawning site for one of the species.
Other management measures include purse seine effort reduction and improved gear
selectivity. The MPA proposed seems to maintain a stable level of both biomass and
catch on the medium and long term with a positive NPV.
The sensitivity analysis confirmed the importance of some parameters such as natural
mortality, spillover factor and larval retention/export ratio. Most of these parameters
suffer a high uncertainty and reflect the most important knowledge gaps in MPA
science.
We found an important range of variation in projected fishery yield and corresponding
NPV of the MPA. When tested with a normal distribution approach, the expected NPV
was quite close to zero with a high probability (40%) to be negative suggesting costs to
be higher than benefits. In this case study, this translates in a low incentive for
stakeholders to decide upon MPA creation. This poor result might be explained by the
reduced size of MPA and the reduced economic benefits generated by artisanal fishery
activity.
This approach showed that it is possible to assess expected MPA fishery benefits with
our current knowledge and uncertainties and to provide a tool for management decision
with a consolidated method such as benefit-cost analysis. Also, it shows that the
sensitivity of the MPA benefits to current uncertainties penalizes its attractiveness and
can be a cause of no creation when there is a substantial risk of expected benefits
being lower then costs.
This may be the case of most of the NW Mediterranean MPA dedicated to artisanal
fishery with a small MPA size.
Therefore for these MPAs it seems important to incorporate other uses such as
recreative fishery, tourism or scuba diving. These uses may prove less sensitive to
captures and therefore to biological uncertainties which may result in a more appealing
result. In addition, economic returns linked with an improved ecosystem health through
MPA may be much larger than when considering only benefits for fisheries.
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Figure 1 - Sensitivity of the net present value to uncertainty sources.
Variation of the NPV with minimum-maximum parameter value range. Grey and black colours
respectively indicate minimum and maximum NPV. Negative value means present value of
benefits inferior to costs. Net present value of fishery yields and MPA costs calculated on a 15
year time horizon with 10% discount rate.
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Introduction
Marine Reserves (MR) in Spain are usually conceived as a no-take zone surrounded
by larger areas where professional fishermen can develop their activities, usually with
gear-related restrictions, and where some recreational activities may also be carried
out but with different restrictions. For instance, in our case study, recreational fishing
from the coast is authorized inside the Punta de La Restinga – Mar de Las Calmas
Marine Reserve. This recreational activity is becoming increasingly relevant in many
scenarios (Pitcher & Hollingworth 2002; NRC (U.S.) Committee on the Review of
Recreational Fisheries Survey Methods 2006).
We have developed a long-term field research on this MR located in the island of El
Hierro, focusing on issues related to professional fishing, tourism and governance. In
this MR, one of the most popular activities is angling from the shore, practiced by an
important number of local inhabitants, domestic tourists and day visitors. We have tried
to analyze if the existence of an MR has influenced angling from the shore activities,
and we have also studied the relationships between anglers, scuba divers and
professional fishermen.
We carried out an intensive survey during the summer seasons in 2005 and 2006,
through interviews and more than 200 questionnaires in order to obtain quantitative
socioeconomic data regarding the fishers involved in the activity. Additionally, we
inquired into their knowledge, motivations and perceptions of the protected area.
Furthermore, we analyzed their catches during the same period in order to evaluate, in
broad terms, their potential impacts on the ecosystem and their direct competition with
the professional sector.
The coast of La Restinga
El Hierro is the island of the Canary Archipelago with the lowest level of population
density1 and coastal human pressures. El Hierro is an important domestic tourist
destination, promoted for its important natural values. The coastal area of La Restinga
is characterized by calm seas, sun and good weather throughout the entire year (e.g.
water surface temperature 18-25º). The coastal ecosystem has a huge species
diversity but within an extremely reduced coastal platform. The good weather and good
underwater visibility inside the MR area favour its continued use for tourism.
1 The island has 40 inhabitants/Km2 vs. 517 in Gran Canaria, data from ISTAC, 2006
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The village of La Restinga
The village was founded relatively recently (1940s), largely due to the development of
tuna fishery. Today it has a total of 535 inhabitants2. The economy of the village is
basically supported by the fishing activity3 and the service sector derived from tourism
from scuba diving as well as domestic tourism developed particularly from the 1990s
onwards. An important data is the number of apartments for rent in the area: 223
apartments with a lodging capacity for 829 people in 2007, many of them operating
within the informal economy. The number of beds contrasts with official data from the
municipality (lodging capacity for 171 in non hotel establishments) and with the total
Island data (1,056 beds in official places in El Hierro)4. There are 9 local enterprises
devoted to scuba diving; their clients come from the mainland (estimated 2,700 divers
annually). Most of the local work force and local entrepreneurs are centred in the
lodging and restaurant services sectors. Many domestic tourists visit this area to enjoy
the sea and some of them come for angling (an estimated 1,200 people develop this
latter activity annually).
The Marine Reserve
The MR was created in 1996 with strong support from the local fishing population. It is
managed by a permanent staff and a Management and Monitoring Commission formed
by representatives of different national, regional and local political and scientific
institutions, and the President of the Cofradía5. There is no permanent representation
of the local entrepreneurs working within the local tourist sector. As the protected area
is governed by the fisheries administrations, their main interest lies in the professional
fishing activities.
Angling from the shore
This activity is heavily seasonal (from June to September) as it is developed by
domestic tourists that usually stay for more than one week at the destination. Anglers
are repeaters, establishing strong ties with the local population and apartment owners.
They generally look for recreation, and in their majority (96%) affirm that the MR has
not influenced their fishing strategies nor their catches (87%). Many of them are not
even aware that they are fishing in a marine reserve. However, more than 75% affirm
that if angling from the shore is banned in the MR, they are likely not to return to El
Hierro.
Our data suggest that there is a strong difference between the catch expectations of
the anglers and their results. For instance, recreational fishing catches of Sparisoma
cretense, an appreciated target species, were very poor during the study. Anglers
constitute a heterogeneous user group inside the MR, with important differences
between them reflected in the use of the different MR areas. In general we have found
an important lack of knowledge regarding MR rules and characteristics among the
anglers.

2 Source: Nomenclature of the Municipal Register at 1- 1- 2006 ISTAC, at 09/September/2007:
http://www.gobiernodecanarias.org/istac/estadisticas/población/area_02_frame.html
3 There are 37- 43 professional fishers working in 33 productive units (stables temporal or occasional).
4 Source: ISTAC, http://www.gobiernodecanarias.org/istac/estadisticas/turismo/area_11a_frame.html, 12/
06/ 2007
5 Cofradía is the Local Fishers organization.
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Figure 1 - Number of rods counted by the Surveillance Service of the Marine Reserve of La
Restinga-Mar de Las Calmas
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Table 1 - Comparative catches from recreational fishing survey and professional fishing
Angling from the shore6

Professional fishing7

Diversity
of 25 species identified
demersal species

More than 50 identified in the MR area

Boops boops

186 specimens= 6 Kg

684 Kg (2005)8

Thalassoma pavo

70 specimens = 1 Kg

0 Kg (2005)

Salpa salpa

60 specimens = 4 Kg

25 Kg (2005)

Sparisoma cretense 96 specimens = 22 Kg

21.956 Kg (2005)
22.827 Kg (2004)
20.008 Kg (2003)
Approximately 75% from the MR

6 Data from a month-long systematic survey (2006). Source: Martín-Sosa P. & Cansado S., 2007.
“PROELHIERRO 2006”. IEO, Centro Oceanográfico de Canarias. Memoria científico-técnica final: 28
pp. + Anexos. Survey data from 469 recreational fishers’ interviews.
7 Data from EMPAFISH Project.
8 These catches are not from the MR area, and the species has no commercial interest, but is used for
bait.
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Conclusions
l The biological impacts of the activity do not appear to be very strong at present.
l However, due to the increase in angling activities a periodic monitoring of the
biological impacts is advisable.
l Angling from the shore may constitute a relevant motivation for travelling to
specific destinations, and this case constitutes a good example.
l For this reason, any changes in access rules may have consequences on the
desirability of the destination. A careful analysis of the consequences of any
further restrictive measure should be developed before its implementation in
order to avoid undesirable social impacts.
l From a governance standpoint, data on low catches from recreational activities
helps to diminish potential conflicts with professional fishers. Also, further efforts
to spread information about the MR and their achievements could enhance
knowledge of this institution by the visitors.
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Introduction
There are currently three marine reserves in force in the Canary Islands, and several
more have been proposed. The first two to be established by the Ministry of Agriculture
and Fisheries and the Board of Agriculture and Fisheries of the Canarian Goverment,
are situated in El Hierro (La Restinga-Mar de Las Calmas, 1996) and Lanzarote (Isla
Graciosa and Islets of the North of Lanzarote, 1995). The comparison between these
cases is relevant because from the start, the problems confronted by these two
protected areas, and the perception of their efficiency by the key stakeholders,
professional fishermen, have been very different. There has been ample research
developed in these areas from a biophysical, socio-economic and governance
perspective, dating back to before their inception. Since then, different research
projects taking a biological or socio-economical point of view, have tried to tackle the
complexities of these case studies. This analysis adopts an interdisciplinary
perspective regarding the results of all this research, emphasizing the need to address
the institutional arrangements in the analysis of any MPA, in addition to the biophysical
or socio-economical aspects.
The DPSIR perspective
We use the driver-pressure-state-impact-response (DPSIR) framework to evaluate
these MPAs, taking into account the literature on indicators and selecting those that,
from our data, are more adequate -see Mangi et al. for a general description of the
framework (2007). This perspective provides the capacity to identify gaps in the
available research, and also to judge whether these indicators have been effectively
used in monitoring the MPA. It is also useful for summarizing the main factors
influencing the creation and performance of the MPA in the Canary Islands, at the
same time providing a holistic approach integrating social and environmental
knowledge, leading in turn to analytical insights on governability. Schematically:
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DRIVING FORCES:
1. Tourism development: 12 million a year
2. Economic development:
3. Population dynamics: nearly two million inhabitants, increasing 50,000 a year
PRESSURES
1. Recreational fishing: Number of fishers and gear used
2. Professional fishing: Number of boats, tonnage, fishers.
3. Urbanization of the coast:
• Population increase in this area,
• Sewage disposal, pollution
• Km. of coasts altered with buildings, roads, marinas
4. New activities in the coastal area
• Aquaculture expansion (456 tons 1998; 3054 tons 2005)
• Tourist and recreational activities
STATE
1. Fish / shellfish abundance/biomass (individual species, pooled commercial
fish,…)
2. Size structure of commercial species
3. Fish community structure
4. Density of long-spined sea urchin Diadema antillarum
5. % Algal cover
6. Cymodocea nodosa meadows: area occupied, % cover, density
7. Number / abundace of tropical species (increase associated with global
warming)
8. Quality of water: organic matter, heavy metals,…
IMPACTS
3. Declining fisheries: Changes in: the number of professional fishermen, their
age, technology and productive strategies, catches…
4. Conflict between user groups: Aquaculture vs. prof. fishers vs. recreative fishers
vs. tourism…
5. Cultural change: Transformations of traditional cultural arrangements related to
managing coastal areas
6. Institutional challenge: Difficulties for institutions devised to manage one sector
in this multi-sectoral scenario
RESPONSES
1. Legislation
• Legislation of prof. and recreative fishing, aquaculture.
• MPA creation as an institutional tool for assigning usage rights and
preserving resources: number of Mpa’s, protected area size…
• Integrated coastal management policies
2. Public awareness of coastal resources: NGO’s demanding sustainable use of
resources

Addenda: Governance perspective and DPSIR-G
Furthermore, we emphasize the need to analyze the MPA as an institution from a
governance perspective, evaluating, to some extent, their capacity to cope with the
most relevant concerns. For that purpose, we analyze goals and indicators regarding
their governability, using an interactive governance perspective (Kooiman & Baavinck
2005) and emphasizing the analysis of processes and interactions being held in order
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to solve societal problems. This perspective adds, in turn, a strong focus on institutions
and ethics that complements the DPSIR perspective:
Governability goals and indicators in the comparison between
La Restinga MPA (LR) and La Graciosa MPA (LG)
(Ehler, 2003: ; Pomeroy; Parks et al., 2004: ; Pomeroy; Watson et al., 2005)
GOAL 0: MPA is a consequence of felt needs / expressed will of stakeholders
Indicators: Involvement of stakeholders in their inception
Feeling that MPA responds to their needs
LR

Low level of resource conflicts. Clear LG
rules and effective compliance in
general

Higher level of resource conflicts. Rules
not clear enough and problems with
compliance

GOAL 1: Effective management structures and strategies maintained
Indicators: Previous governance system/rules incorporated in
MPA management
LR

Gear restrictions already in force
before the MPA

LG

The MPA clearly changed previous
regulations on gears.

GOAL 2: Effective legal structures and strategies for maintenance management
Indicators: Enforcement coverage
LR

Good level of enforcement coverage
since their inception

LG

Some problems with enforcement
coverage

GOAL 3: Ensuring stakeholder participation and representation:
Indicators: Existence / activity level of community organizations:
LEADERSHIP
Level of stakeholder participation and satisfaction in
management
LR

High level of organization before
MPA, clear leadership, participation
in management

LG

Low level of organization before and
after MPA, leadership contested, low
participation and satisfaction.

GOAL 4: Management plan compliance by resource users enhanced
Indicators: Level of stakeholder involvement in surveillance
Local APPROVAL of MPA rules and regulations
LR

Stakeholder involvement in
surveillance since its inception.
Clear approval of rules by
professional fishermen

LG

Regulations have been contested

GOAL 5: Resource use conflicts managed and reduced
Indicators: Level of resource conflict
LR

Low level of resource conflicts. Clear LG
rules and effective compliance in
general

Higher level of resource conflicts. Rules
not clear enough and problems of
compliance

264

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

The majority of these elements clearly differ between the two MPAs used in our
comparison. For instance, the involvement of stakeholders at their inception was strong
in La Restinga and inexistent in La Graciosa. Among all these elements we need to
highlight the importance of Goal 0, regarding the creation of the MPA as a result of the
expressed will of stakeholders and their involvement in its inception under the
assumption that it will respond to their needs.
Conclusions
We wish to point out that the DPSIR perspective may be useful as a comparison
strategy and, as applied in this case to several MPAs, it provides a good tool to direct
the study. However, more emphasis is needed on the analysis of processes and social
interactions developed to respond to social concerns. In this sense, the input of
governance indicators is needed in order to explain many societal problems and
challenges that are linked to the construction of social institutions and their dynamics.
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In May 2004, Germany nominated ten Natura 2000 sites (MPAs) in its exclusive
economical zones (EEZ) of the North Sea and the Baltic Sea to the EU Commission.
Germany is the first EU Member State with a comprehensive set of marine Natura
2000 nominations, accounting for approx. 31 % of its EEZ. Habitats and species to be
protected are defined by the EU Habitats and Birds Directives.
Preliminary assessments of fishing activities in Natura 2000 sites found by-catch
mortality in gillnets, food depletion by fishing, discard feeding, and disturbances from
ship traffic to have potentially negative effects for protected seabirds and marine
mammals. The level of impact depends on the exact location and timing of the fishing
activity. For habitats “sandbanks” and “reefs” all types of fishing techniques with bottom
contact have potentially destructive effects. Most destructive are dredges, beam trawls,
and otter trawls, however, their destructive effects depend on the gear design/rigging,
the frequency of disturbance and the resilience of the habitat/bottom type and
structure.
To assess and investigate the fishery impacts on species, habitats, and ecosystem
processes in the Natura 2000 sites high resolution fisheries information and estimates
of fishing effort by the international fishing fleets operating in the sites are analysed and
presented. By analysing the fishing activities of all fishing fleets operating in the
German EEZ the study improves the information and data currently available for the
evaluation of the potential conflicts between fisheries and marine Natura 2000
objectives. Further the data analyses make it possible to identify data and analysis
gaps in relation to the requirements for developing more detailed management
guidelines and solutions for co-management of fisheries and nature conservation.
Preliminary fisheries management measures are outlined and discussed for selected
protected species and habitat features in the Natura 2000 sites.
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Monitoring and assessment of fish and habitat in and around highly protected Marine
Protected Areas (MPA) requires non-destructive observational methods. This is
generally achieved by underwater visual survey (UVS) made by divers. Advantages
and disadvantages of this method have been summarized in several papers, e.g. some
species are not recorded well because of the presence of divers. UVS require
experienced divers that are capable of identifying species and estimate individual fish
sizes. In addition, UVS are generally conducted in reef habitats, whilst soft-sediment
areas are ignored. For the purpose of MPA monitoring, managers prefer methods that
enable to cover all habitats and do not need experienced divers. Video-based
observational techniques are more and more used for observing underwater
macrofauna and habitat, and are increasingly envisaged as a monitoring tool for MPAs.
In this paper, we report experiments carried out with several video-based techniques to
evaluate their suitability for monitoring macrofauna and habitat. We used baited remote
underwater video stations, towed video, video transects conducted by divers, and fixed
stations with a rotating system. Video transects were paired with UVS to be able to
calibrate the two methods. Most observations were obtained from high-resolution video
cameras.
The experiments were conducted in the South Lagoon of New Caledonia in 2006 and
2007. In order to address the interest of such techniques for MPA monitoring, the
experimental design included sites within and outside highly-protected marine
reserves. The techniques were also piloted in various habitats including coral reef
areas, seagrass beds and soft-sediment areas.
Here we report here the findings of these experiments and compare techniques
depending on habitat and/or protection level. Then, we discuss their advantages,
shortcomings and complementarity for monitoring macrofauna and habitat in MPA.
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This contribution presents the methodology developed in a research project aimed at
designing quantitative models and indicators to help Marine Protected Area MPA
managers to monitor and assess the performance of coastal MPAs. Assessment here
encompasses both diagnostics about existing MPAs (Are the management objectives
reached?), and prospective outlooks for MPA projects (How should the MPA be
designed given management objectives and constraints?).
Managers involved in the project relate to three French Mediterranean reserves
(Cerbère-Banyuls Natural Reserve, Natural Reserve of Bonifacio, and Côte Bleue
Marine Park), the Iroise Natural Park Project (French Atlantic), and the Park of the
South Lagoon of Noumea (coral reef ecosystem, New Caledonia).
The actions undertaken during the project stem from initial workshops with MPA
managers and scientists. Objectives, constraints, and needs in terms of assessment
were then formalized. Available knowledge and data were synthesized for each case
study. An overall workshop including managers from other MPAs and participants from
NGOs was organized to provide a more general standpoint on interactions between
scientists and MPA managers.
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In accordance with the variety of issues raised by MPAs, several disciplines were
represented in the project: ecology, geography, economy, statistics and social
sciences. Three aspects of MPAs were tackled during the project; i) ecological
indicators of MPA effects on biodiversity and fish assemblages; ii) tools for assessing
MPA effects on resources and fishing activities; and iii) relationships between MPA and
uses.
Emphasis was put on quantitative assessments. Most assessments were based on
existing data, but additional data were collected when needed; in particular interviews
of fishers and divers were conducted. Assessment was carried out through
mathematical and statistical models, with comparisons and validations via parallel work
sessions and workshops among case studies. Particular attention was given to the
design of appropriate indicators for manager needs. Beyond case study-specific
findings of the project, the approach resulted in the development of a common
understanding between managers and scientists, and across disciplines, and provides
the basis to foster further research actions aimed at supporting MPA management.
More generally, this experience yields elements for rethinking the involvement of
scientists in support to MPA management, in particular with regard to increasing
monitoring and assessment requirements from institutions.

269

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Stakeholder engagement in Marine Protected Areas Research:
A case study from the Great Barrier Reef, Australia
Ann Penny1, Bruce Mapstone2, Annabel Jones3, Gavin Begg3, Ashley Williams1, David
Welch1 & Aaron Ballagh1
1 - Fishing and Fisheries Research Centre, School of Earth and Environmental Science, James
Cook University, Townsville, Australia
2 - Antarctic Climate & Ecosystems Cooperative Research Centre, Hobart, Australia
3 - Australian Fisheries Management Authority, Canberra, Australia
Corresponding author: ann.penny@jcu.edu.au

Keywords: Fishing, no take zones, stakeholder engagement, Great Barrier Reef

The Great Barrier Reef (GBR) lies off the coast of Queensland, Australia and
comprises the world’s largest coral reef archipelago, spanning over 15°of latitude. In
1975 most of the GBR was declared a multiple use marine park and inscribed on the
World Heritage Area list in 1981. Fishing is the principle extractive use of the GBR and
is of concern because of the potential for fishing to impact negatively on the heritage
and ecological values for which the GBR has been recognised.
The Effects of Line Fishing (ELF) experiment was designed in the early 1990s to
determine the response of fish stocks to fishing pressure, asses the zoning strategy of
the GBR Marine Park, investigate the biology of harvested species and evaluate
existing management strategies. Running for over 10 years, this experiment has been
the largest of its kind in the world and has provided vital information for future
management of the marine park and its fish stocks.
Due to the manipulative nature of the ELF project, some aspects were initially met with
opposition from various community and government members. A keystone to the
success of the ELF experiment was the active support for and participation in the
research by diverse stakeholders, including recreational and commercial fishers,
managers and conservation NGOs. Engaging stakeholders rested on an extensive
communications and liaison strategy which included regular newsletters, articles in
industry magazines and popular media, public meetings, port visits, presentations to
industry reps, presentations to agencies and advisory groups and displays at public
expos.
The purpose of this talk is to discuss some of the techniques used to engage
stakeholders in research effectively and maintain their commitment to the research
over many years. MPA research can be strengthened greatly by consistent support
form stakeholders. Some of the methods we used to gain and maintain that support
could aid future MPA research.
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The Finnish Inventory Programme for the Underwater Marine Environment (VELMU)
was launched in 2004 to collect data on the diversity of underwater marine biotopes
and species. VELMU is a part of the governmental programme for the protection of the
Baltic Sea which aims to maintain and restore diversity in the marine environment. This
goal requires baseline knowledge on geological and biological diversity and on the
distribution and abundance of marine biotopes and species. This information was not
available prior to VELMU programme. VELMU is a joint initiative involving seven
government ministries, various government institutes, universities and other
stakeholders. It is coordinated by the Finnish Environment Institute.
The main aims and objectives of VELMU are:
• To produce a satisfactory inventory of marine nature values by 2014
• To develop and bring into operation tools for data management and
dissemination
• To find best practices for making habitat and species distribution maps by using
GIS data (bathymetrical, geological and physical data), remote sensing data as
well as old and new in situ data (underwater drop video, SCUBA diving)
• To obtain marine habitat and species maps for management of marine areas
• To increase knowledge and understanding of marine nature
• To build a basis for continuing marine survey work.
The area of the inventory includes the Finnish territorial waters and EEZ. The
information gathered under VELMU will be of particular importance for the planning of
nature conservation and managing marine and coastal protected areas. The Finnish
Metsähallitus Natural Heritage Services has a duty to develop management plans for
Natura 2000 areas, and is in the process of collecting information on marine nature in
the government-owned marine areas.
The information acquired in VELMU will also be used for integrated coastal zone
management (e.g. zoning plans) and for environmental impact assessments. More
information on valuable nature areas is also needed for the sustainable use of natural
resources as well as for planning oil and chemical spill combating and clean up.
The best result can be obtained in co-operation with other countries tackling the same
issues and challenges in the area of marine habitat mapping. Practically, this
international co-operation is achieved through international initiatives. Current example
is the Interreg IIIB project BALANCE, where data gathered in VELMU is used for
habitat modelling, for marine spatial planning and for assessing the marine protected
areas network in the Baltic Sea.
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Marine protected Areas (MPAs) are increasingly being promoted as an important
component of precautionary management both by governments and environmental
organisations. At the World Summit on Sustainable Development (WSSD) in
Johannesburg 2002, European governments committed themselves to creating
functioning networks of marine protected areas before 2012.
Several large MPA’s have been established in the North Sea under the Bergen
declaration and under the EU Habitat and Bird directives, many more are planned. In
addition various closed ”boxes” have been established as a result of European
Commission efforts to protect fish stocks under the Common Fishery Policy (CFP).
By integrating organism dispersal rates, ecosystem interactions and fishing effort
dynamics, ECOSPACE, a spatially explicit ecosystem-based modeling tool, allowed us
to compare the ecological consequences of different management options, including
existing and proposed North Sea MPAs.
Partially closed (to certain fishing gears) ‘fishery MPAs’ were compared with wholly
closed MPAs established for protection of habitats and/or biodiversity. Implications in
terms of fishery yield, spatial patterns of fishing effort displacement and impacts on
predators, competitors and prey are considered.
(This manuscript has been prepared as a submission under the EU FP6 programme
‘INCOFISH’).
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Global concern with fishery overexploitation under traditional management regimes has
been leading to the implementation of alternative mechanisms of management; on this
context Marine Protected Areas (MPAs) are attracting widespread attention worldwide
as a tool to fishery management and marine ecosystem conservation. The use of this
management tool in European waters will experience an exponential increase in the
near future following the ongoing development of an ecosystem based approach to
fisheries management and the outcomes of the Johannesburg 2002 World Summit on
Sustainable Development (WSSD) and the joint Ministerial meeting of OSPAR and
HELCOM members, in Bremen 2003. The use of MPAs as a management tool impacts
strongly, not only on fishing resources but also, on fishing-dependent communities.
And, the implementation of this management measure may cause social disruption and
create conflicts between user groups, as well as between user groups and resource
managers. Considering that fishers’ attitudes and behaviour play a critical role on the
likely success of a fishery management measure and that stakeholders acceptance of
MPA sites ultimately results in its success or failure, the present paper aims at
gathering fishers opinions about closed areas as a management tool. Furthermore,
since MPAs are implemented basically as a fishery management and/or ecosystem
conservation measure this paper compares attitudinal differences towards
management of local fishers from two areas created with these different purposes. The
survey consisted on semi-structured face-to-face interviews conducted to the
participants in the inshore commercial fishery from the highlands of Scotland, UK. The
Northwest coast of Scotland was chosen due to its closed area created with fishery
management purposes and the Inner Moray Firth due to its Special Area of
Conservation. The differences in attitudes between these two groups were analysed
using non-parametric tests and logistic models were created in order to identify which
variables influence such attitudes.
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Seamounts are some of the least known habitats on the planet. Seamounts are steepsided underwater volcanoes with a geological life history. The physical characteristics
can generate upwelling of nutrients, the formation of density cones, or the retention of
water masses. These hydrological phenomena may lead to local enhancement of
primary production. However, a more important mechanism appears to be the trapping
of small migrating organisms, both zooplankton and mesopelagic organisms, over the
summit and flanks, depending on the depth of the peak. As a result, larger mobile sea
creatures visit seamounts to feed on the concentrations of small organisms. Species of
seabirds, sharks, tuna, billfish, sea turtles and marine mammals can aggregate at
seamounts to ‘raid the larder’, and sometimes to spawn. Seamount biota, especially
fishes but also corals, present an attractive target for human exploitation. Small-scale
artisanal fisheries from oceanic island chains have for generations taken advantage of
life on nearby seamounts, and have proven sustainable over long periods. Large-scale
fisheries, in contrast, have a poor record of sustainability, often causing serial and
serious depletion of fish on seamounts. Unregulated distant water fleets overexploited
many high seas seamount areas in the 70s and 80s, and catch data from this period is
only now being fully assembled and analysed. Trawl gear destroys delicate and longlived benthic organisms such as cold water corals and sponges. Seamounts need
some protection from trawling and other fishing, and rational management if they are to
provide sustainable fisheries as well as serve as reservoirs of abundance and
biodiversity; ‘islands in the deep’. In the present paper we present an Ecosystem
Evaluation Framework (EEF) for seamounts taking into scope a review of the relevant
biotic and abiotic features of seamounts with relevance for fisheries and conservation).
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The export role of MPAs has been emphasised as one of their major prospective
benefits but evidence are rare and it is difficult to raise any conclusion. However, such
export is a main economic and output of MPAs as it represents a production that can
be used without damaging the MPA itself.
The present work reports on a large project targeting 3 main goals:
1/ to estimate potential biomass export of adult fishes from MPAs. Evidence of biomass
export was obtained by assessing the existence of a gradient of abundance and mean
size of target species across boundaries of the reserve,
2/ to estimate potential pelagic export resulting from the dispersal of eggs and larvae,
and
3/ to estimate the potential contribution of adult fish export to fisheries.
These three approaches were conducted in 6 MPAs in the north-western
Mediterranean following a common sampling protocol in order to obtain comparable
data sets for a better comparison of MPAs and in order to determine if there are
common trends.
Overall, the evidence of gradients in fish biomass and mean fish size supports the
existence of fish exportation outside MPA, following our initial hypothesis. However,
this exportation would benefit local fisheries only at a small spatial scale, from tens to
hundreds of meters, even if fishes were able to migrate longer distances. The small
scale (100 to 1000 m) on which fish biomass gradients from the MPAs studied were
revealed was probably related to the high fishing pressure existing in the Western
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Mediterranean outside MPA and, in some case, to habitat discontinuities.
We can conclude that results of such project have brought evidence of fish biomass
export from MPA to fished areas in the NW Mediterranean, for adults as well as for
eggs and larvae of some species or groups of species depending on the MPA.
Even if fish biomass export from MPA varies greatly in space and intensity according to
fish species, and is restricted to a small distance from MPA border, it is likely to have
positive effects on adjacent fisheries.
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The response of fish assemblages to changes in protection status is a major issue for
fisheries management. The example of the Abore reef marine reserve in the South
Lagoon of New Caledonia is a contribution to the identification and the understanding
of these responses. Created in 1981, one part of the reserve was open to fishing in
1993, and closed again in 1995. We addressed both fishing impact between 1993 and
1995, and restoration of exploited and unexploited fish species after the 1995 closure.
Underwater visual data were collected before the opening (1993), and after the closure
(1995 and 2001) with several replicates at each station. All fishable species (ca. 270
species) were recorded and habitat characteristics were measured. These data were
analysed with specific statistical methods to quantify and rank the sources of spatial
and temporal variability in fish assemblages due to protection status and habitat. In
order to better understand the successive responses of fish assemblage to fishing and
protection, we considered and included in the assessment models several functional
standpoints on species attributes, such as life history traits and interest for fishing. Life
history traits were used to define species groups gathering species that are likely to
respond in a similar way to fishing and protection. In the studied area, recreational
fishing was particularly important after the opening to fishing, and we used results from
interview analyses to define species groups that correspond to the target species of the
different fishing activities. Model results are used for two purposes: i) to assess the
response of the fish assemblage to changes in protection status and identify species
groups or species that can be used as indicators of MPA effects; ii) to relate changes in
fish assemblage to particular fishing activities. Our results provide new insight on the
response of fish assemblages to MPA implementation, and bring together both
ecological and fisheries-related criteria in the perspective of i) MPA monitoring; and ii)
adapting MPA zoning to fishing pressure according to fishing activities.
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The Federal Agency for Nature Conservation (BfN) and ICES have initiated the
research and development project Environmentally Sound Fishery Management in
Marine Protected Areas (EMPAS) with the objective of developing fisheries
management plans for the Natura 2000 sites within the German EEZ of the North Sea
and Baltic Sea. The Special Protection Area (SPA) Pomeranian Bay in the German
EEZ of the Baltic Sea has been selected as a pilot study to investigate management
options for marine Natura 2000 sites, balancing fisheries use with conservation
objectives. The SPA Pomeranian Bay consists of a large sandbank and extensive reef
habitats, and it is noted for its exceptional ecological significance in the Baltic Sea. It
has been identified as a highly important site for more than 500 000 wintering seabirds,
mainly divers, terns and marine ducks. Additionally the Natura 2000 site is of particular
importance as a nursery area for flatfish species (e.g. turbot, flounder and plaice).
Preliminary analysis of the effects of fishing activities on protected species revealed
that the by-catch mortality of seabirds, marine mammals, and endangered fish species
in the gillnet fisheries are conflicting with the conservation objectives. BfN has started a
series of projects to increase the knowledge regarding the effects of fishing activities on
habitats and species in the SPA Pomeranian Bay to seek possible solutions to
identified conflicts between fisheries and conservation objectives: 1) a survey of the
commercial gillnet fisheries was set up to collect data about the fine-scale spatial and
temporal distribution of fishing effort and 2) an observer program to study the by-catch
mortality of resting and wintering seabirds in the Pomeranian Bay. Preliminary results
indicate that high by-catch rates are likely occurring in areas with spatial and temporal
overlap between seabird feeding grounds and gillnet fishing. To address this issue, a
third project has been initiated to study the applicability of alternative ecologically
sound fishing gears (e.g. longlines and pots instead of gillnets) in marine Natura 2000
sites, to reduce the by-catch of seabirds, marine mammals and endangered fish
species. Fisheries management measures for the SPA Pomeranian Bay such as
spatial and temporal regulation of the fisheries, and/or the introduction of alternative
sustainable fishing methods that comply with ecosystem requirements are being
developed using an integrated approach and intensive stakeholder consultation.
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Against the background of the European Marine Strategy, environmental marine
research to support marine management -within a European context- is expected to be
cost-efficient. Concepts as ‘integrative approach’, ‘holistic way of acting’ and
‘ecosystem approach’ are often mentioned as key concepts to reach sustainability.
Although all actors and stakeholders agree on the value of these concepts, they seem
too abstract to translate them into concrete research and management initiatives.
Ecological knowledge is often needed to identify environmental problems objectively.
The amount of information needed to manage systems in a sustainable way however,
is often perceived as insufficient. The dearth of knowledge on ecosystems affects
management decisions and therefore there is a need for information on ecosystem
level. In the following case we present a strategy for scientific research that is costefficient and easy to integrate in ecosystem management.
As MPAs have been proposed as a valuable tool to apply the ecosystem approach, we
provide information on how scientific data can be collected and used when not enough
data are available and on how to deal with the complexity of the system. The strategy
focuses on small-scale, short-term studies on a limited set of organisms. Organisms
investigated are chosen because of their supposed horizontal and vertical links with
other (groups of) organisms and because of their (direct or indirect) economic value,
which enhances communication on the topic. Data of such focused studies have the
advantage that it can be used in models that directly underpin management. An
example of this strategy is presented in the poster presentation “The Use of Ecosystem
Engineers to Underpin Ecosytem Management: the Lanice conchilega case”. Bioengineers are key stone species for the integrity of the environment as they modify the
physical environment and interact with other species through different modulation
mechanisms. Both ecological importance and the capacity to produce resources are
key information for managers. We believe that this strategy can act as a useful
example of a pragmatic way to plug in ecological knowledge when the ecosystem
approach is to be applied in management.
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This case study illustrates the strategy presented in “A Strategy to Generate Ready-toUse Ecological Information to Manage Marine Soft-Bottom Areas” using the bioengineering polychaete Lanice conchilega. The ecological importance of this species
relates to its modulation mechanisms (such as the elevation, the consolidation of the
sediment, the spatial extent and the patchiness). Increased habitat complexity provides
favourable conditions for other infaunal species. These species attract on their turn
other predatory infauna. The analyses of these associated species indicate that
biodiversity and productivity increase in areas where L. conchilega is present. Besides
the horizontal and vertical interaction within the benthic ecosystem, interactions with
other ecosystem components may occur. Therefore, the interaction with Solea solea
(Common Sole) is being investigated. This species is of high commercial value and
allows that the produced knowledge is easier to implement in management programs.
Because in ecosystem approach one is not managing ecosystems but rather managing
human activities that might affect these ecosystems, this study included an important
anthropogenic stressor. The resilience of this particular system to beam trawl Common
Sole fisheries was investigated. Both the impact on L. conchilega itself as the impact
on the associated species was quantified. This strategy allows studying a well defined
area in a cost-efficient way; the information is ready-to-use in the marine management
of the soft-bottom area of concern.
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In Icelandic waters, there are currently a total of seven offshore areas that are
permanently closed to otter trawling in order to protect nursery grounds of cod and
other dermersal fish species. These areas provide an excellent opportunity to examine
the importance of marine protected areas for conserving benthic communities and
habitat features. Two closed areas off the NW (Horn, 3113 km2) and NE (Langanes,
981 km2) coasts of Iceland, both established in 1993, were selected for sampling.
Fishing effort was relatively intensive along the border of these closed areas.
Benthic communities and habitat features inside the two closed areas and on the
adjacent fishing grounds were compared by analysing samples, underwater
photographs and video observations taken with a remotely operated vehicle (ROV).
Out of 144 samples collected during two cruises in 2004 and 2005, 74 were collected
with an Agassiz sledge, which samples large-bodied epifauna. The remaining samples
were taken with triangular and RP sledges (to collect hard bottom fauna and
suprabenthos, respectively), and a specialised videograb, for infaunal sampling. A total
of 1885 photographs were taken with underwater still camera to obtain quantitative
estimates of epifauna. Data on habitat features and megafauna were obtained by video
observations using a ROV (in Langanes area only). During these two cruises, fish
were also sampled with otter trawl and all invertebrate bycatch was collected.
This study demonstrates that taxa vulnerable to physical impacts, predominately
encrusting and habitat forming organisms such as sponges (Porifera), moss animals
(Bryozoa) and horny corals (Gorgonocea), were more numerous within the closed
areas. Multivariate analyses revealed that many of the vulnerable taxa were associated
with sponge aggregations, but sponge biomass was 2-3 times greater within the closed
areas compared to adjacent fishing grounds. Video observations from the Langanes
area confirmed that sponge aggregations and associated fauna occurred
predominately on boulders. On the adjacent fising grounds, there was clear evidence of
fishing, such as obvious marks made by otter boards. Most boulders had been tilted
due to trawling, and were either devoid of encrusting epifaunal organisms, or these
were of small size.
We conclude that area closures are important measures to protect benthic organisms
that are vulnerable to physical impacts. Other data suggest that these areas are also
important as habitat for several commercial fish species including cod, haddock and
redfish.
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In the last twenty years, Spain is leading in Europe a model of marine protection areas
aiming the enhancement of fisheries for artisanal fleets, so- called marine reserves.
These are places known for their good environmental quality that support traditional
fisheries. Both fisheries and biodiversity are the goals in the marine reserves.
They are protection figures that include a maximum protection area or a “no take” zone
where any use but scientific is forbidden surrounded by a buffer zone, so called marine
reserve, where traditional fisheries uses and daily limited number of scuba dives are
allowed.
Facts on Marine Reserves of Fishing Interest (MRFIs) in 2007:
-

10 reserves: 7 in the Mediterranean and 3 in the Atlantic
One “no take” zone at least in each one, up to 11 zones
80 persons working full time
6 million € expenses/year (2007 price)

The effectiveness of the MRFIs lies in the police of restricted uses. This formula has
had a good acceptance and has made possible to carry out a management and a good
enforcement, suppressing some uses like unselective fishing-methods, fisheries made
by no habitual fishermen and some sport fishing like spear fishing, while maintaining
traditional fishing outside the no take zones trough closed lists. Other activities like
recreational scuba diving are allowed but with several conditions: Quota per diving
point, implementation of “Code of Good Practises” and fostering a “high quality activity”
trough the “Guide of Scuba divers in MRFIs”.
The model is giving really good results that researches undertaken are pointing out as
more and bigger sizes of fish. At the same time, the model leads to greater compliance
as well as and it makes easier the vigilance and the social acceptance.
The results obtained as much in the Mediterranean as in the Atlantic, are based in the
“reserve effect”. Maximum protected zones recover quickly and fishermen get greater
yields already in the edge of the no-take marine zones: their presence in the limit of
these zones proves without question an improvement of the catches.
Advantages in MRFIs:
- As the reserve effect works, they are being asked throughout Spanish waters
- They are being supported by its users, mainly artisanal fishermen and divers
- They always grow in enforcement and protection (new regulations tend to be
more restrictive and some have been enlarged)
But there are also some difficulties in this model:
- One single MRFIs costs 400.000 €/year
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-

Enforcing a multiuse MPA (MRFI) needs more efforts than enforcing a
sanctuary
The outburst of leisure activities in the affluent Spanish society with a very low
environmental awareness does not help to enforce them
Managers have to struggle to stop new coastal developments, like new or
enlarged recreational harbours or sand feedings in the beaches
Aquaculture developments in their surroundings may cause pollution and the
arrival of foreign species

This formula has been consolidating with the time, not only for its great results in
fisheries but also on the marine biodiversity. Routine research is showing how much
the biodiversity is recovering: meadows grow, invertebrates as certain rare crustaceans
come back. Meanwhile the marine reserve are providing continuous data on
temperatures or other data on the sea which give them more value as a monitoring net
of sea parameters, this idea being crucial when we consider the amount of money they
cost.
MRFIs have become case studies from different scopes: scientific research and
knowledge of the sea, a “rough” ecosystem approach as these are designed from the
artisanal fishers needs, at the top of the trophy net. A direct application of the principles
of the Convention on Biological Diversity (CBD) by sustainable fisheries, and
opportunities for conservation of marine environments integrating traditional human
activities as artisanal fisheries, an experience still scarce on the management of the
marine environment, but really effective, being too a basis for future AMPs, as they
both share single common denominator: the sea that is being managed under
sustainable aims.
Finally, this frame the marine reserves are dealt with goes with the current trends in the
terrestrial ecosystem protection: the traditional fisherman being defined as “the
inhabitant, the genuine user of the sea”. The support through protected marine areas
goes the same way as the current trend in protecting not only the ecosystem but also
its “Inhabitants” and then their traditional activities on it. Its contribution to the vigilance
and the smaller wearing down that this operation scheme exerts on managers in
relation to what happens when it’s about the management of no take marine reserves,
are both good reasons for maintaining this model.
As final conclusion, it is possible to do this reflection: Fishing or environmental
reserves, no matters as long as users, managers, and financial backers do act in
perfect coordination under the protection priorities.
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Regulatory background:
- Royal Decree 681/1980, regulating the national fishing activity.
- Order of 11 May 1982 on maritime repopulation.
- State Maritime Fishery Act.
Currently in existence:
- 9 marine reserves managed by the State and the Autonomous Communities.
- 12 marine reserves managed directly by the Autonomous Communities.
Results of 20 years’ experience in the management of marine reserves:
On the fishery sector:
- Support for craft fishing.
- Slowing down the drift away from the sector.
- Incentives for the renewal of vessels.
- Entry of young fishermen in the sector.
- Environmental awareness and ongoing training in the sector.
- Opportunities for revaluation and diversification of activities.
On fishing:
- Increase in the weight and size of specimens of fishery interest and increase in
all the other populations.
- Recuperation of species “depleted due to overfishing”.
- Increase in catches by professional fishermen.
- Re-establishment of the balance between sexes and recruitment optimisation.
- Enhancement of habitats and fishery ecosystems: Posidonia oceanica and
laminaria forests.
- Re-appearance of rare species.
On environment:
- Provision of data on the warming of waters.
- Eutrophization studies.
- Studies of trophic relations in marine ecosystems.
- Follow-up of invasive species (Caulerpa recemosa)
- Diving, sailing and vessel anchoring impact studies.
On society:
- Adde value for craft fishing and catches.
- Opportunities for educational and dissemination activities: fishery sustainability
and knowledge of the sea.
- Participation of volunteers.
- Ecotourism.
On marine biodiversity:
- Experience in direct management of the marine environment.
- Exportation of the benefits (reserve effect) to the surroundings of the protected
area.
- Use of the ecosystemic approach: craft fishing and conservation of biodiversity.
- Standing operational oceanography laboratories.
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In them converge:
- Sustainable uses.
- Resource conservation and regeneration.
- Fishing fleet.
- Habitat directive.
- Species directive.
- Natura network.
- OSPAR Convention.
- Barcelona Convention.
- Fishery policy.
Steps for their creation:
- Prior local area studies.
- Agreement with the sector.
- Demarcation and zoning.
- Census of professional fishing vessels.
- Surveillance: equipment and guardianship.
- Information, awareness raising and dissemination.
Activities:
- Marine reserves and “Red Iberoamericana” website.
- Technological innovation.
- Lighthouse restoration.
- Interpretation Centres.
- Scientific follow-up.
- Sighting of whales.
- Information materials.
- Cooperation with Africa and Latin America.
- Participation at fairs, congresses, courses
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This study addresses history, status and characterization of the first exclusive marine
reserve in Portugal, established in 1986 in the island of Madeira: Garajau Marine
Reserve (GMR). This reserve encompasses an area of 3.76 km2, and contains
representative examples of the major nearshore habitats of Madeira Island. GMR
creation was motivated by the presence of resident dusky groupers, Epinephelus
marginatus in the area and the reserve is managed by the Parque Natural da Madeira
and consequently no fishing and boating inside area are allowed. Although established
20 years ago, little information has been collected to evaluate the effects of such
management on grouper and other species, or the overall effects of the reserve on fish
assemblages. In that sense, multi-species data were obtained in a two-year survey,
using underwater visual censuses in GMR and in two non-protected areas. Diurnally
active fish taxa (61 taxa), belonging to 33 families were recorded, with 55% out of the
total appearing in the entire area of study, revealing high level of similarity in species
composition among areas. Depth and season were significant factors that affected
species composition and abundance, but reserve designation did not significantly affect
total abundance or mean number of species observed. The dusky grouper, a widely
targeted species across its global distribution and targeted by local fishermen outside
the reserve, was exclusively recorded inside the area, but with very low frequency and
abundance. Moreover, the percentage of rare species in the entire area of study was
high; 27 species appeared in less than 25% of the visual counts. Total abundance
inside the reserve was less than in fished areas, mainly due to the presence of large
schools of pelagic species outside the reserve. However, considering just demersal fish
abundance, several species, particularly exploited species such as Sparisoma cretense
and Mycteroperca fusca, were more abundant inside the reserve.
GMR was established with the aim of stopping progressive overfishing of the very
limited shallow coastal habitats surrounding Madeira Island, and to act as source of
recruitment to fished habitats in bordering areas. Since its establishment, GMR now
generates revenues for the management entity, through user-fees paid by visitors who
want to scuba dive inside reserve. These revenues have caused managers and regular
users to look differently to MPA’s, not only as conservation and fisheries management
initiatives, but also as new tourism resources with added value to the local economy.
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Marine Protected Areas (MPAs) are considered an efficient tool in conserving marine
habitats and species, and, most importantly, in halting marine biodiversity loss.
International agreements (binding and non-binding), declarations and statements,
along with a greater comprehension of the effects of habitats degradation, have been
putting pressure on governments worldwide to create national networks of MPAs.
Portugal is no stranger to this political setting, having already legal instruments, human
resources and institutions with experience on marine conservation. In 1998, along with
the celebration of the International Year of the Ocean and the opening of EXPO’98
(dedicated to the theme Oceans – An Heritage for the Future), two MPAs were created
in Portugal (autonomous regions excluded): Berlengas Natural Reserve and Luiz
Saldanha Marine Reserve.
The political opportunity did not repeat again, but subsequently several policy
documents have called for a National Network of MPAs in Portugal, namely the
National Strategy for the Conservation of Nature and Biodiversity (2000), the National
Strategy for the Ocean (2004), the National Strategy for the Sea (2006) and the
National Program of the Land Planning Policy (2007).
Nevertheless, the various policy instruments did not favor the creation of such a
network. However, looking into the future, several arguments can be presented and
opportunities foreseen: i) the extension of the Portuguese coast (943 km) and the
existence of several rivers and creeks opening into the sea determines a rich coastal
biodiversity; ii) the size of the EEZ (the biggest in the EU and accounting for more than
half of the European sea) implies an added responsibility of Portugal in marine
conservation; iii) the creation of a structure in 2006 to apply for the extension of the
EEZ (around the mainland and the Azores and Madeira archipelagos) beyond the 200
nautical miles, determining the collection of biophysical data for a very large area of the
Atlantic ocean under Portuguese jurisdiction; iv) the need to consider the extension of
the Natura 2000 Network in order to include marine habitats; v) the headquarters of the
European Maritime Safety Agency are located in Lisbon; vi) Portugal will be holding the
presidency of the European Union in the second semester of 2007.
It is the time for researchers, students, managers of coastal protected areas,
environmental NGOs and politicians to begin a discussion on how they envision this
network and the positive and negative implications of such a conservation structure.
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The planning and design of MPAs would be made more effective if detailed information
were available concerning the spatial distribution of seabed habitats throughout coastal
and offshore waters, and their sensitivity to the pressures of human activity. The
UKSeaMap project (www.jncc.gov.uk/UKSeaMap) has recently produced a broadscale
marine landscape map for the whole of the UK Continental Shelf area, based on
integrated modelling of various thematic datasets (including seabed substrata,
bathymetry, slope and bed stress). A gridded map was generated to describe the
distribution of seabed sediment classifications and seabed features. A parallel study
used spatial data for the major human activities operating in UK waters in 2004 to
assess the direct pressure on the seabed from multiple human activities, based on their
spatial footprint. Estimates of spatial extent were assigned to three pressure
categories, physical loss (smothering, obstruction), physical damage (extraction,
siltation, abrasion), and biological disturbance (selective extraction). To identify those
habitats which might require priority conservation action, the proportions of each
seabed habitat affected by each type of human pressure were calculated for UK waters
by merging these data layers in GIS. Following this, the sensitivity of epibenthic
assemblages to a number of these pressures was estimated using a biological traits
approach that combines information on resilience of the species to disturbance and
their vulnerability to the described pressures. Assemblages for each key habitat were
described by combining extensive epibenthic survey data collected by CEFAS in their
routine beam trawl surveys and the EC funded MAFCONS project (www.mafcons.org/)
in surveys undertaken in the North Sea and in UK southern and western waters. This
paper uses an assessment of assemblage sensitivity to illustrate how the extent of
human activities can be represented as a measure of spatial sensitivity of habitat, and
thereby inform the site selection process for MPAs.
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Fisheries development involved a reduction of the fish availability in sea waters,
leading to an increase in competitive interactions between fishermen and coastal
bottlenose dolphins, Tursiops truncatus. They have learnt to use nets as a new source
of feeding, creating a loss of fish for fishermen and a faster destruction of nets.
881 trips from the artisanal fishery have been followed during three years in the
Bonifacio Strait Natural Reserve (Corsica, France). Data on species and CPUE of
landings was collected, specifying species and the amount of catch damaged by
dolphins.
Bottlenose dolphins attack 10% of wedged nets, damaging a mean of 7.7 % of the
whole biomass caught. However, days with dolphin's attacks are characterised by a
significant higher CPUE. Dolphins principally target the more represented fish species,
and attack a mean of 1.4 species each time, while 7 of their potential dietary preys are
present. In fact, the portion damaged by dolphins is low compared to those damaged
by others fish predators (piscivorous fishes and water fleas).
Our study showed that dolphins' presence has a significant impact on the functional
structure of landings: benthopelagic fish are over-represented, whereas we found a
proportional decrease for reef-associated fish. Pelagic and demersal fish are
represented in the same proportion with or without dolphin's attack.
The more realistic hypothesis for explaining modalities of these interactions is that a
high amount of fish in the fishing area may attract dolphins. Their presence results in
changes in fish behaviour: demersal and pelagic fish may panic and run away,
increasing their chance to be caught in nets, whereas reef-associated fish may remain
hidden during the dolphins' attack.
How these interactions will evolve within the marine reserve remains an open issue, as
a marine reserve enhances fish biomass in the area. We hypothesize that these
interactions should decrease, while fish availability will increase. To test this, it would
be interesting to include interactions between dolphins and fisheries in reserve
monitoring programmes.
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Introduction
Over the last few years professional fishing in the Canary Islands has been faced with
many different challenges. To start with, the expansion of the tourist sector implied an
access restriction for fishermen to many coastal areas previously used by them almost
exclusively. During the last decade, the development of aquaculture has aggravated
these conflicts around space in many areas.
Pressures and impacts
The consolidation of the Canary Islands as a European tourist destination has resulted
in a constant entry of tourists, intensifying the use of the territory and causing an impact
on coastal areas. In Tenerife, the large number of tourists has had repercussions on
the social patterns of the local population. Particularly in the south of this island,
tourism has been consolidated since the 1960s. We can affirm that some of the biggest
problems within the fishing sector are related to the damage suffered by ecosystems
due to coastal urbanization and the increased pressure from recreational fishing and
poaching. Also relevant is the competition with the aquaculture sector, reflected as
much in fishing areas and markets, as in the distribution of available subsidies for the
sector. In this sense and in order to guarantee an appropriate marketing of fishing
products, the implementation of a first sale system and the supervision of local
commercial establishments are essential. These aspects are of great significance for
understanding the attitude of fishermen in relation to proposals for reserves. Generally,
they assume these projects as a measure to regulate management of these resources
and to confront the threats implied by recreational fishing, and especially poaching.
Governance perspective
The perspective of governance adopted in this research pretends to integrate the
numerous points of view at every stage of the process: planning, design and
implementation of management models. Although the success of MPA’s depends on
multiple factors, in those in which there has been local support by the main concerned
agents, the result has frequently been positive (FAO, 2005.) The creation of MPA’s
does not guarantee the protection and sustainable exploitation of the resources.
Consequently, we defend that the most appropriate strategy is to promote the
participation of local institutions in the management of these resources and to stimulate
the implication of the population in the process.
Working on the field
In this sense, our attitude during the fieldwork was to focus on participative research
and interactive governance (Kooiman et al. 2005). This strategy presupposed the
identification of different user groups and economic sectors of the areas potentially
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affected by the projects of reserves. Different dissemination activities were carried out
within such groups in order to inform them of the stage the project was at or for them to
join the project. The groups implicated and the corresponding tasks developed were
the following:
Ø
Ø
Ø
Ø
Ø

Cofradías and their respective fishermen populations (meetings, assemblies,
systematic data compilation of productive units)
Residents Associations (meetings)
Diving enterprise owners (in-depth interviews, meetings)
Maritime excursion companies (informal contacts, interviews)
Anglers from the shore (survey)

Figure 1 - Proposed areas for new Marine Reserves with Fishing Interest (M.R.F.I.) in Tenerife –
Teno and Anaga – and location of affected Cofradías (C.P.)
M.R.F.I. of ANAGA
Total area: 15.554 hectares
C.P. “N.S. De La
Consolación”
;
C.P. “El Pris”
;

SANTA CRUZ DE TENERIFE

TEGUESTE

M.R.F.I. of TENO
Total area: 9.322 hectares

LA LAGUNA
TACORONTE

C.P. “San Roque e Isla
Baja” Garachico

EL SAUZAL

LA MATANZA DE ACENTEJO

LA VICTORIA DE ACENTEJO

PUERTO DE LA CRUZ

;

SAN JUAN DE LA RAMBLA

LOS REALEJOS

GARACHICO

LOS SILOS

EL ROSARIO

SANTA URSULA

CANDELARIA

LA GUANCHA

BUENAVISTA DEL NORTE

;
C.P. “San Andrés”

LA OROTAVA
ARAFO

ICOD DE LOS VINOS
EL TANQUE

GÜÍMAR
SANTIAGO DEL TEIDE

GUIA DE ISORA

FASNIA

LA OROTAVA

;

ARICO

VILAFLOR

C.P. “N.S. De La Luz”
Alcalá

ADEJE

GRANADILLA DE ABONA

SAN MIGUEL DE ABONA
ARONA

The Cofradías in our study comprise a total of 123 boats dedicated to professional
fishing. 20.3% of them are inactive for different reasons (they are on sale, they must be
repaired…). According to data from fishermen and Cofradías, the following boats work
intensively inside the proposed areas:
BOAT SIZE
Length < 7 m.
Length
> 7 y < 10 m.
Length
> 10 m.
Total each MPA
Island total
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TENO
14
3

ANAGA
21
19

5

10

22

59

81
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Apart from these 81 boats that currently work in the proposed areas, another 6 boats
from other Cofradías have been detected up until now.
MPA as an alternative
Implementation of MPA’s has proliferated on a global scale as one of the alternatives to
preserve ecosystems, as well as a tool for fisheries management. According to the Act
of Maritime Fishing of Spain (Act 3/2001) (Ley de Pesca Marítima del Estado Español,
Ley 3/2001), Marine Reserves are those areas considered as suitable for regenerating
marine resources, due to their special characteristics. In this context, jurisdiction in the
management of the fishing sector is shared by the Central Government and the
Autonomous Regions (exterior waters and interior waters, respectively). As such, in the
Canary Islands, there is a shared management in two out of the three reserves in the
archipelago. The current elaboration of proposals in Tenerife involves both the Central
and the Regional government.
In the implementation process of such areas, fishing and ecology studies are usually
required in order to define reserve zones and their corresponding protection levels
(González Serrano, 2003). However, in literature we can find studies on social,
economic and political effects as a consequence of the reorganization of marine
environment uses (West, Igoe, Brockington, 2006). Taking into account such impacts, it
is extremely important to fulfil extensive studies on the socioeconomic context of the
local populations involved in a resources management project before its possible
implementation. Within the framework of the project to declare two Marine Reserves of
Fishing Interest (RR.MM.I.P.) the Island Government of Tenerife (Cabildo Insular) has
started interdisciplinary researches in order to analyse the viability of such proposals.
The research group of the Institute of Political and Social Sciences of La Laguna
University (ULL) is carrying out the analysis of participatory research and social
impacts on affected populations, especially those in relation to professional fishing. Our
study tries to contribute to the elaboration of final proposals for the use and
management of the studied areas, as well as to finding the most appropriate
institutional design for its management. This work started two years ago and is still not
finished.
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The value of marine reserves as fishery management tools for artisanal fisheries in the
Mediterranean is subject of increased focus in recent years. The Masía Blanca marine
reserve (MBMR) is an interesting example of this policy. It protects 280 ha of typical
rocky, seagrass (Posidonia oceanica) and sandy habitats located near of the coast in a
very seasonal tourist area. Before its establishment in 1999 the MBMR was frequently
fished by local artisanal fishermen. From 2001 to 2006 we monitored the evolution of
fish assemblages in the no-take zone of the MBMR and in nearby fished areas with
special focus on the more appreciated local fish families such as the Mullidae,
Sparidae, Labridae and Scorpaenidae.
To date minor only signs of responses to protection (“reserve effect”) have been
detected in fish assemblages inside the MBMR: density increases have been detected
for only two Sparids species (D. sargus and D. dentex) while no changes in fish mean
size have been recorded for any of the target species. Responses of fish species to
protection in Mediterranean marine reserves have been described as early as 3-4
years after reserve establishment (García-Charton et al., 2004) although the recovery
process may take decades (Russ, 2002). Even though the first signs of the “reserve
effect” have already appeared in the MBMR, we predict that, because of its small size,
shallow depth range and proximity to an area of high tourism impact, fish communities
in this reserve will react slowly and only in species with small home ranges. The MBMR
is the smallest reserve in the Western Mediterranean created as a fisheries
management tool. Current debate on the optimum size of marine reserve makes
continued monitoring of the MBMR a useful contribution to the assessment of the size,
depth range and habitats characteristics that an MPA should posses for them as
fisheries management tools.
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Surveys
Nicolas Roncin1, Frédérique Alban1, Jeremy Person1, Jean Boncoeur1, Concepción
Marcos2, Laurence Le Diréach3, Romain Chrec’hriou4, Francesc Maynou5, Ben
Stobart6, Ivan Guala7, Jean-Michel Culioli8, Beatriz Luna9, Carlos Valle9, Raquel de la
Cruz Modino10, Emese Szelianszky10, Ruth Higgins11, Philip Smith12, Mark Dimech13 &
Stefano Vaselli14
1 - University of Western Brittany, CEDEM / GdR AMURE, CS 93837, 29238 Brest Cedex 3,
France
2 - Universidad de Murcia, Dpto. de Ecologia e Hidrologia, 30100 Murcia, Spain
3 - GIS Posidonie, Centre d’Océanologie de Marseille, 13288 Marseille, France
4 - Université de Perpignan, UMR 5244 CNRS-APHE-UPVD, CBETM, 66860 Perpignan,
France
5 - Institut de Ciencies del Mar, CMIMA-CSIC, 08003 Barcelona, Spain
6 - Centro Oceanografico de Baleares - IEO, 07015 Palma de Mallorca, Spain
7 - Fondazione IMC – International Marine Center – Onlus, 09072 Torregrande, Oristano, Italy
8 - Office de l’Environnement de la Corse – Parc Marin International, Ajaccio, France
9 - Universidad de Alicante, Dpto. Ciencias del Mar y Biologia Applicada, Alicante, Spain
10 - Universidad de La Laguna, Instituto de Ciencias Politicas y Sociales, Tenerife, Spain
11 - Universidade dos Açores, IMAR-DOP, PT-9901-862 Horta, Portugal
12 - University Marine Biological Station, Millport, Isle of Cumbrae, KA28 0EG, UK
13 - University of Malta, Department of Biology, Msida MSD 06, Malta
14 - Universita di Pisa, Unita de Biologia Marina, 56126 Pisa, Italy
Corresponding author: nicolas.roncin@univ-brest.fr

Keywords: marine protected areas, extractive uses, non-extractive uses,
socioeconomic field surveys

This paper is devoted to the comparative analysis of 14 coordinated socio-economic
field surveys of extractive and non-extractive uses of marine protected areas (MPAs) in
Southern Europe, performed in 2005 and 2006 within the framework of a EU funded
multidisciplinary research project on MPAs (EMPAFISH). It covers fishing (commercial
and sport fishing), as well as non-extractive recreational activities (scuba-diving and
snorkelling). More than 4,000 questionnaires were filled, providing information on
behaviours and attitudes of users, as well as on the economic impact of their activity.
The paper presents the main results of these surveys in a comparative perspective,
and proposes a typology of users based on a multivariate analysis.
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Bottlenose dolphins (Tursiops truncatus) exhibit a broad range of foraging behaviours,
reflecting their wide array of prey species. Because of its coastal distribution and
opportunistic feeding habits (Barros & Odell 1990) it is the species that most frequently
competitively interacts with coastal fisheries.
In the Arcipelago di La Maddalena National Park area only 18 authorized fisheries can
practice artisan fishing activities (DPR 17 May 1996). From May to December fishing
effort is focused on trammel nets fishery, which consist of triple nets mounted together
on the same frame ropes, primarily targeting striped red mullet (Mullus surmuletus),
which is also one of the bottlenose dolphin preferred prey.
Our study aimed to evaluate the interaction between trammel net fishery and
bottlenose dolphins in the Arcipelago di La Maddalena National Park, north Sardinia.
Monitored area was 408 km2 wide, thus it was divided into 5 sub-areas, each 81,6 km2
wide. During 7 months of observations (July 2006- January 2007), 48 boat surveys
were made, each lasting 3 hours for a total of 144 hours at sea and 1142 miles covered
at a constant speed of 8 miles/hour. From October to mid November 2006 fishing
activities were forbidden for 45 days by the Park regulation allowing us to evaluate
bottlenose dolphins distribution in the absence of fishing nets. Each survey was
focused on a specific sub-area that was monitored randomly and the course was
determined by a gps. Every time dolphins were sighted we recorded data on the
number of individuals, travelled course and the presence of fishing boats and trammel
nets. Observed behaviours were classified into five categories: feeding, socializing,
resting, travelling and unknown, similar to those used in other studies (Shane 1990;
Dìaz Lòpez 2006). The definition of each behavioural category was attempted on the
basis of dive duration, swimming direction and speed, visible prey, presence of gillnets,
contact among individuals and other variables. The interaction between bottlenose
dolphins and fishing activity was assessed through direct observation of the distance of
individuals from the nets, the direction of movement related to the position of the net
and the time dolphins spend around the nets. During field observations fins were
photographed with a Reflex digital camera and images were processed with the
software Finex which allows extracting the fins contours and matching them among
each other for photo-identification. All collected data were reported on a Gis platform.
Collected images allowed the photo-identification of 33 individuals, with a mean resighting index of 1.838. Observed groups were formed by a mean of 5,9 individuals
with a 4,6 std-dev.. The group size was strictly linked to the low depth and the
geomorphology of the sea bottom which is mostly characterized by substrata of rocks
and sand covered with sea grass inhabited by benthic species that disperse in a wide
area and whose capture doesn’t need the cooperation of a high number of individuals
to perform group feeding strategies. Over 48 surveys, the sighting index (total sightings
over search effort) was 0.20. The behaviours recorded were classified in: feeding (53%
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of which 48% on trammel nets), travelling (34%), resting (1%), socializing (8%) and
unknown (4%). Considering only the data collected from July to September, coincident
with bottlenose dolphin reproductive season and with the highest fishing effort and
intense nautical traffic (8.643 boat passed through park coastal water during this 3
months period), sighting index was 0.33 and mean group size was higher (6.6 with 5,2
std-dev.).
The data obtained suggest a strong interaction between bottlenose dolphin and
fisheries, mostly when trammel nets fishery targeting striped red mullet were used on
rocky bottoms with P. oceanica sea grass. Feeding at gillnets provides the dolphins
with an alternative foraging method and it is likely that they find it easier to exploit a
concentrated food source at a gillnet. Concluding, bottlenose dolphin opportunistic
feeding habit was confirmed, as already reported in a study carried out in a nearby
area (Diaz Lopez 2006). Further studies are needed to evaluate whether habitat
modification could eventually prompt opportunistic foraging behaviours and whether
bottlenose dolphin/fisheries interaction could be directly related to the fishing effort.
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The brown meagre (Sciaena umbra: Pisces): a valuable
indicator of protection effectiveness and climatic changes.
Population status at Hyères Islands (NW Mediterranean,
France)
Sandrine Ruitton
GIS Posidonie COM, Parc Scientifique de Luminy. 163, avenue de Luminy, Case 901, 13288Marseille, France

The brown meagre, Sciaena umbra (Linnaeus), the most common sciaenid species in
the Mediterranean, is well-known among divers for its beauty and quiet behaviour.
However, for the same reasons, this fish is particularly targeted by spearfishers and
has become rare in non-protected areas. The population around the island of Port-Cros
(PNPC), a national park including a marine protected area since 1963, has been
censused visually by diving repeatedly since 1983 (surveys of some particular sites)
and 1990 (surveys of all suitable sites) with the same sampling strategy. The brown
meagre shows clear preferences for shallow rocky bottoms with boulders providing
cryptic shelters and patches of Posidonia oceanica. It is generally grouped in ‘families’,
which can include up to 50 individuals of size ranging from 15 cm to 60 cm (TL). The
population censused shows clear seasonal variations, with a maximum of abundance
during the cold period. The encounter depth was about 9 m on average and ranged
from 2 to 23 m. The abundance observed in 2005 (179 and 263 individuals in May and
December, respectively) confirms that the population has been constantly on the
increase since the first surveys (e.g., x 6 between 1990 and 2005). A series of 22 years
of censuses performed at one of the richest sites (Malalongue) since 1983 indicates
that a regime shift in abundance of the brown meagre occurred between 1990 and
1993 with a clear increase (x 4) in the mean number of individuals observed during the
cold season. The general increase in the population of the brown meagre in the PNPC
may be attributed to the combined effect of protection and climate change, which would
enhance the dynamics of this southern species. The high abundance of the population
in the national park contrasts with the general scarcity of the brown meagre in nonprotected areas. At Porquerolles island, close to Port-Cros, with similar habitat types
but open to all types of fishing, only 56 individuals were recorded in 2006 on a
sampling area two-fold larger than that at Port-Cros. The mean individual size was also
significantly lower (23 cm versus 28.5 cm TL at PNPC). The scarcity of this emblematic
fish in fished areas and its vulnerability to spearfishing together with low intrinsic
reproductive capacities argue for protection measures.
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Indices of environmental health are indispensable for evaluation of candidate MPA
sites, and for continued monitoring of their state. Indices of eutrophication (based e.g.
on total P, chlorophyll a, etc.) have been developed for freshwaters, but such indices
are either not available or are not as reliable in marine coastal waters. Here, many
biogeochemical processes occur simultaneously, generally confusing the picture of
human nutrient additions and eutrophication. For example, upwelling and nutrient
pumping constitute natural nutrient additions, while de-nitrification and sedimentation
are natural removal processes. What is required is a composite index that can take all
these natural processes into account, but still reveal the additional human impacts.
We define an index of coastal zone eutrophication, based on Redfield ratios for
nitrogen and phosphorus. Though first developed for the Atlantic coast of Nova Scotia,
the principles it embodies should be globally applicable. Reference nutrient levels (unimpacted waters) are taken from the offshore shelf waters of Nova Scotia.
Measurements of nitrate, ammonia, phosphate, chlorophyll a (an index of
phytoplankton biomass), total nitrogen and total phosphorous, were taken at an
extensive series of bays and estuaries along the Atlantic coast of Nova Scotia
throughout the summer of 2006 and in prior years. Collected data, displayed on a
nitrogen: phosphorous phase-space diagram, clearly indicate the threshold between
impacted and un-impacted coastal environments. The problem of temporal variability in
nutrient levels, due to phytoplankton activity, is accounted for by using an extension of
the Redfield nutrient ratios - to include the coastal carbon: chlorophyll a ratio. This
amalgamated ratio allows us to convert between measured levels of nutrients and
chlorophyll a throughout the year, thus removing the problem of seasonal variation.
These amalgamated data are now being compared to measured levels of total nitrogen
and total phosphorous from the same area in an attempt to further assess their
accuracy and applicability.
Results from this study will later be related to indices of land use in Nova Scotia
(Mercer-Clarke et al. unpublished data) in order to establish a better understanding of
the sources of coastal zone eutrophication along the Atlantic coast of Nova Scotia.
However, nutrient sources due to agriculture runoff (N-rich) and sewage (P-rich) inputs
can already be also be separately distinguished.
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Delphos reserves: a method and software to design and
evaluate community networks of marine protected areas
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An oracle is place where Gods were answering mortals’ queries. Delphos, a place
located at the base of the Mount Parnaso, was the largest of Greek’s oracles. As a
memorial of the social importance of this place we called Delphos the method we
created to help communities to evaluate their decisions of establishing networks of
marine reserves. The method we are presenting here includes a short synthesis of the
global crisis confronted in marine conservation and the versatility of fully protected
reserves to overcome these problems. The method includes two scales of analysis:
one to identify large regions where no-take reserves could become a management tool
and a second one that helps evaluating the costs and benefits of different alternatives
of zoning. To support groups willing to find a place from a global, national or regional
perspective, it includes a series of suggested criteria of governance, ecological
importance, biogeographic significance and cultural value. Once the large region is
identified, a series of socio-economic and ecological criteria are suggested to help
evaluating the costs and potential benefits of establishing different options of networks
of marine reserves. The method is accompanied by simple multicriteria software to help
in the evaluation processes. Multicriteria evaluation is a method that allows decisionmakers to incorporate different points of views when evaluating a set of possible
decisions. The most important strength of this method is that allow mixing criteria
assessed with quantitative information with those from which just descriptive
information is available. It also let decision-makers to give importance to criteria that
are more relevant in their decision-making process, compromising their choice with
specific objectives. Applying this technique also offers an opportunity to incorporate
local knowledge in describing the ecological features and sites of particular importance.
The concept “community fishery” could be applied at different scales to different
fisheries. In coastal fisheries, communities involved are generally small and isolated.
However, in fisheries for migratory species, like sharks or tunas, “the community” might
be represented by people from several villages, some of them involving many
countries. This method could be used in any types of settings. It also allows to
incorporate the opinion of stakeholders willing to give to the sea other value and uses
than fishing (e.g. science, spirituality, environmental services, etcetera). The method
we have developed could be applied in any of these cases, whenever a “community” is
willing to create a network of marine reserves.

299

European Symposium on MPAs as a Tool for Fisheries Management & Ecosystem Conservation.
Murcia (Spain), 25-28 September, 2007

Estimating the effects of MPA management on Le Danois Bank
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Le Danois Bank (El Cachucho) is a deep-sea ecosystem (from 450 to 1000 m depth)
located on the Cantabrian Sea (North Spain). In a first step of this study, we identified,
by means of multidisciplinary surveys (www.ecomarg.net), the endobenthic, epibenthic,
suprabenthic, bathyal zooplankton and demersal communities inhabiting the Bank.
Secondly, the ecosystem is described using a mass-balance model of trophic
interactions (Ecopath), in order to understand and quantify the direct and indirect links
between component species and estimate the impact of fisheries. Moreover, diets of
the main fish and decapods species were analyzed and used to construct the diet
matrix. The model has 34 functional groups, corresponding to carnivorous
(ichtyophagous, planktophagous and benthophagous), suspensivorous and
detritivorous species of fish and invertebrates, including also three detritus groups
(marine snow, deposit detritus and fishery discards).
A significant proportion of biomass of suspensivorous groups are sessile organisms,
since they take advantage of the low sedimentary coverage of the rocky structure on
the top of the Bank and of the currents that provide them food. Nevertheless, they form
biogenic vulnerable habitats (sponge aggregations, gorgonian fields and cold water
corals reefs) implying that the Spanish Environmental Ministry is studying the adoption
of urgent measures protecting this Bank as a MPA. No regular fishery is currently
operating in the Bank. Only few vessels work sporadically using gillnets or long lines,
and trawl fishery in the Bank is reduced to occasional exploratory hauls or sporadic
activities. In relation to the results obtained in this study, it seems likely that the higher
fishing pressure that existed in the past had more consequences on the abundance of
vulnerable and low resilience sessile species, such as cold water corals, sponges and
gorgonians.
To estimate the consequences of the possible management measures that could be
adopted in the Bank, the Ecosim and Ecospace space-temporary simulations have
been used considering different scenarios and fishing rates. The spatial distribution of
habitats and communities has been used to define a base-map of the Bank and the
surrounding area. We also define the habitat preferences of trophic groups and gears
and the movement rates and vulnerability of the living groups. Finally we also studied
the recovery rates after fisheries disturbance in the restricted area (MPA) and the
consequences on near fisheries grounds.
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Sea urchins are key-stone species because their intensive grazing on benthic
vegetation. Any change on abundance can produce a cascading effect on the overall
community by modification of algae assemblage. Paracentrotus lividus and Arbacia
lixula are the most abundant species on shallow rocky habitats on the Mediterranean
coast, but theis populations are extensively exploited by non-commercial fishing along
SW Mediterranean coast, specially along the Comunidad Valenciana. In this region, the
harvesting is regulated by law (Decreto 50/2005, de 4 de marzo, del Consell de la
Generalitat Valenciana). In spite of that, the fishing pressure is high, especially at
accessible rocky areas, and the abundances of both species are quite low. However,
because the lack of historical quantitative data, it is difficult to estimate their natural
abundance. Marine protected areas use to have enforcement measure for avoiding
illegal exploitation of living resources. Therefore, sea urchin abundance should exhibit
natural abundances in consonance with habitat structure, predation pressure and food
availability.
We carried out a study across three marine protected areas (Columbretes, Benidorm
Island and Tabarca Island) for determine the abundances and size structure of
Paracentrotus lividus and Arbacia lixula populations between 2005 and 2006. Several
control areas along accessible coast were also sampled. Random quadrats of 1x1
were deployed from 0 to 35 m depth and the number and size of individuals were
measured. Data were analysed by ANOVA and SIG.
The effect of protection on exploited sea urchin populations is very manifest, especially
for P. lividus. Abundance increase form 0.2 to 5.7 ind/m2, increasing the mean size
from 32 mm to 57 mm size. Some control areas did not present a single individual,
which demonstrated the overexploitation by harvesting. A. lixula showed changes on
abundance but more related to habitat structure and nutrient load. From a regional
point of view, the reduced abundance of sea urchin can suppose an important
affectation for coastal habitat structure by overdevelopment of algae, and marine
protected areas can favour repopulation of population by exportation of larvae to
overexploited areas.
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El Salvador is the smaller country (20000 Km2) with the highest population density
(300 in/Km2) in Central America. El Salvador has develop a system of protected areas
that cover around 2% of the country including some coastal areas were mangroves are
dominant but, up to the moment, any strictly marine protected area exist. After a first
analysis of the marine communities of the country the reef system of Los Cóbanos was
selected in order to establish the first marine protected area of the country. Los
Cóbanos is a rocky reef with the highest development of corals (Porites lobata y
Pocillopora spp.) of the Region. In addition to its high biological diversity, Los Cóbanos
was selected also because its one of the proposed areas for the establishment of a
marine protected area and the fisheries Act establish that this area must have special
management of its fisheries. The area has an artisanal fleet of 41 boats targeting fishes
(mainly Lutjanidae) and lobsters (Panulirus gracilis). Some of the impacts of the area
are related with tourism development (marina construction, sewages), shrimp
aquaculture and oversedimentation due to land erosion. The NGO Fundarrecife has
been working for the last 5 years in the management of the area and has 4 guards and
some projects with the involvement of local community. A workshop was done with the
participation of scientist, managers, fishers and social organizations in order to discuss
the objectives and zoning of the proposed MPA. The proposed Marine National Park
will have an extension of 20000 Ha with a core area of 6000 Ha. Some of the
difficulties that have been identified for the designation of the protected area are the
fragmentation of competences between environment Ministry and the fisheries
Department, the need of funds for the implementation and the opposition of a part of
the tourist sector.
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The usefulness and function of areas protected from fishing has been a major issue of
scientific as well as political debate over the last decade. With a few exceptions, the
vast majority of both case-studies and theoretical models are from marine
environments. Although fisheries management in lakes faces similar problems as in
marine systems, fishery closures has not been as frequently used as a management
method and subsequently, the numbers of studies from lakes are few and rather
limited. Nevertheless, large lakes in temperate areas could provide excellent study
objects of the mechanistic processes that govern the success of protected areas,
mainly due to lower number of species and habitat complexity and less complex
dispersal mechanisms of early life-stages of fishes. We provide an example of early
results from an assessment of fishery closures in Swedish Lake Vättern, the fifth
largest lake in Europe. The commercial catch of the important fish species; whitefish
(Coregonus lavaretus, L) and arctic char (Salvelinus alpinus, L) have declined
markedly since the mid 70s and as a means of remediation, three large areas,
comprising 14 % of the lake’s surface, were closed for all fishing in 2005. We report the
results from a monitoring program that has been following the response of both the
pelagic as well as the benthic fish communities within and outside the protected areas.
The main parameters of our analyses were responses in assemblage composition,
catch per unit effort, age- and size-structure. Two years after the closure, the overall
catch per unit effort of both whitefish and arctic char has increased, although no
marked differences between closed areas and fished areas could be observed. There
is obviously a need to follow the closed areas over a longer time period to determine
the outcome of the measure, but the results so far also demonstrate the problems of
assessing the specific effects derived in and around protected areas when parallel
fisheries regulations also are introduced.
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In the present comunication a study of the structure and composition of seaweed
assemblages in the three Canary Marine Reserves (Reserva Marina de La Palma,
Reserva Marina del Mar de Las Calmas y Reserva Marina de la Graciosa e Islotes al
Norte de Lanzarote) was carried out. The sampling was developed during different
campaigns from December 2004 and December 2006. A total of 24 stations were
established. In each of these a sampling of depth strata (5-10 m, 10-15 m and 15-20
m) took place. In every strata the cover of seaweeds was estimated with a 25x25 cm
square. Sea urchin Diadema antillarum density was also determined by way of 10x2 m
lineal transects. Data of different environmental variables such as sedimentation,
substrate type, wave exposure, slope and rock roughness were taken too.
The results reveal an important spatial variation in the structure and composition of the
assemblages along the three reserves. The Reserva Marina de La Palma and Mar de
las Calmas have very similar assemblages, where Lobophora variegata is dominant. In
both reserves the bottoms are similar, and both are located in the southwest with
similar conditions of wave exposure. The other hand in the Reserva Marina de La
Graciosa the bottoms are dominated by crustose coralline algae and fucaceae
(Cystoseira, Sargassum), although these last ones are limited to localities with greatest
wave exposure.
In the environmental variables studied sedimentation is responsible for the greatest
differences between assemblages, after this variable come D. antillarum density and
wave exposure. Finally other variables such as type substrate, rock roughness and
depth explain a small part of the variation between assemblages.
Part of the spatial variation between reserves is caused by the oceanographic
differences existent, as the waters of Reserva de La Graciosa are 1,5-2 ºC colder than
the waters of Reserva Marina de La Palma and Reserva del Mar de Las Calmas, and
the effects of D. antillarum are greater in Reserva de La Graciosa.
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La Palma Island posses an important network of land protected areas which amount to
approximately 40 % of its territory. Despite this marine protected areas are limited to a
Marine Reserve and two SICs (Site of Commnunitary Importance), although their
establishment was not governed by any scientific or technical criteria. With the object to
correct past errors and to generate new information for the taking of decisions
corresponding to organization and conservation of the territory this communication is
presented. In this study a proposal for the creation of a representative network of
protected marine areas around La Palma is put forward to contribute to the
conservation of biodiversity and littoral resources.
For the development of this study different sources of information were consulted such
as land and marine Geographic Information Systems (GISs), oceanographic and
meteorological data, and various publications and scientific reports. The method of
work consisted of the division of the island littoral (0-50 m) in 500 m UTM squares. In
each of these squares all available information was added to data matrices. In the
beginning a matrix was made where all the human impacts were registered
(population, littoral occupation, port distance, etc.), next another matrix with the types
of bottoms (substrate, slope, heterogeneity, etc.) was created. As well as a matrix that
included oceanographic variables (wind, wave, nutrients, etc.). Lastly a matrix with
biological information was elaborated.
Before data analysis a series of selection criteria were established to delimit the
proposed areas. Said criteria sought the best representation of island marine
ecosystem, at the same time environments with large heterogeneity and biodiversity
took precedence, and the presence of rare, singular, threatened and catalogued
species were also considered. Finally multivariate analysis was made, and selections
criteria were applied, and a map of proposed protected marine areas was suggested.
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Effective management of Marine Protected Areas (MPAs) requires good quality data.
Socio-economic data may not be readily available and needs to be collected, most
often through questionnaire surveys. This was the case for the 25NM Fisheries
Management Zone round the Maltese Islands where such data were required as part of
the EMPAFISH project. The information collected in questionnaire surveys may be
inaccurate as personal perception can be influenced by cultural beliefs, or by the
respondents’ distorted memory or by their selective responses. To test the reliability of
questionnaire data collected from the Maltese fishers, questionnaire replies were crosschecked against official records including the fleet register and official fish market
landings available from the Maltese Government’s fisheries department. The crosschecked data concerned the main technical features of vessels (length, gross tonnage
and power), details of annual fishing activity (the total annual number of trips at sea
inside the MPA), and the annual total fish landings. For the purpose of this analysis the
professional fishing fleet was divided into full-time and part-time fishers. Based on the
official Government data, more than 80% of the questionnaires targeting full-time and
part-time fishers gave values within the variation range established for boat length
(±10%). Half of the questionnaires for gross tonnage were within the variation range for
this parameter (±25%), and the rest lay outside these ranges. However, more than
70% of the questionnaires targeting the full-time professional fishers gave values
outside the variation range established for boat power (±10%), annual total fish
landings (±5%), and annual number of fishing trips (±10%). Discrepancies obtained
from this study for boat power using the two different sets of data ranged between 31 40% in 30% of the full-time fishers sampled. Another 14% gave boat power values
which were an order of magnitude higher than the official records. The percentage
difference between questionnaire and official data for the annual total fish landings was
more than 50% for 54% of the full-time fishers interviewed and 60% gave values for the
annual number of trips which were an order of magnitude higher than official records.
Similarly, comparison of boat power data and the annual number of trips for part-time
fishers resulted in a high fraction (35% and 94%, respectively) for which the percentage
difference between the two data sources was more than 50%. While questionnaire
surveys offer a good means of obtaining socio-economic data, results have to be
critically evaluated as such surveys are not necessarily a reliable source of quantitative
information, especially if fishers wish to conceal information or are remembering
information from memory.
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In the last decades, marine reserves have been established to protect the ecosystem
structure and the biological diversity or as management tools against overexploitation
of fish stocks (e.g. Francour et al. 2001; Guidetti 2002; Gell & Roberts 2003; Halpern
2003). A new marine protected area has been established in French Mediterranean to
manage professional fisheries and to enhance target fish stocks for local fisheries. A
monitoring of this zone began one year after the MPA implementation, to assess the
impact of fishing prohibition on fish assemblages. This monitoring was conducted with
two methods: experimental net fishing performed by a professional fisherman and
underwater visual censuses (UVC). A new UVC technique: Fish Assemblage Survey
Technique (FAST) had been used and compared with a traditional one: transects on
Posidonia oceanica beds (Harmelin-Vivien et al. 1985; Francour 1999).
For the FAST method, the abundance of fish is assumed on a presence or absence
basis, and the size on a 2 size class basis (large fish, and small/medium fish, smaller
than 2/3 of maximal size). The considered species are all targeted by professional
and/or non professional fishermen. A first index is calculated for each census by
applying a coefficient according to the size and the patrimonial value of the observed
species. Large individuals receiving higher coefficient than small ones as patrimonial
species. The FAST comprises five parameters calculated from these six censuses. A
mean index and a coefficient of variation (CV) are calculated as the average and CV of
the six index values of each station. A cumulative index is calculated considering all
the six censuses as a single census. The relative species richness (number of species
observed during the six censuses) is also computed. The last parameter is the
proportion of species observed in each census for which small and large individuals
have been seen simultaneously. To avoid problems of natural spatial variability, for
each method, three zones were sampled: inside the marine reserve, outside north and
outside south with two stations in each zone (see Figure). For the FAST method
results have been obtained seasonally between winter 2005 and summer 2007. For
transects and experimental fishing, data of a cold (less than 18 °C) and a warm (more
than 20 °C) season were analyzed.
For the Posidonia oceanica transects, no significant difference has been observed
between the three zones for the total fish density, biomass and specific richness.
When testing the protection effect for the main fish families, it appeared that a zone
effect was observed for the target fish families (Sparidae and Serranidae) for which the
densities were higher in the protected zone during the warm season. For the FAST
method, the results did not present clear differences between zones for the mean
index, but the cumulative index showed highest values and lowest fluctuations inside
the MPA than outside. During the three years, CV outside the reserve was relatively
stable while important differences were observed in the reserve until autumn 2006.
The relative species richness exhibited lowest seasonal fluctuations in the no-take
area and the proportion of species with small and large individuals were always
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highest inside the protected zone except in autumn 2006. The experimental fishing
yielded significantly very low values outside the MPA for the fish abundance and the
specific richness.
If these two complementary methods: UVC and experimental fishing highlighted the
first stage of a reserve effect, the different methods do not have the same ability to
detect these early changes on fish assemblages. Then the FAST index employed
seems to be relevant to study local fishery as a low-cost and sensitive UVC method.
Despite the popularity of marine reserve as a management tool, decisions on the
design and location of most existing reserves have largely been the result of political
and social processes (Francour et al. 2001; Halpern 2003). The implementation of the
Cap Roux marine reserve by the professional fishermen of Saint-Raphaël’s
Prud’homie de Pêche was a political decision. However, this MPA is located in a
remote area (no littoral building), with shallow bays covered by dense P. oceanica
beds and deeper rocky areas covered by undestroyed coralligenous concretions.
These conditions allow the development of healthy biocenosis. The traditional UVC
methods, as fish assemblage census along transects, did not show evident reserve
effect after four years of protection. The lack of statistical difference between P.
oceanica fish assemblages inside and outside marine reserve may be due to a too
recent prohibition of fishing, an intrinsic characteristic, or poaching due to lack of
permanent watching. However two fish families seemed sensitive to protection in the
September 2007 survey: Sparidae and Serranidae, both of them are targeted by
professional and non professional fishermen. On the contrary, the two other sampling
methods, FAST and experimental fishing, showed a more evident reserve effect. The
FAST method seems then to be a relevant tool to detect early changes in a reserve
effect. FAST results and experimental fishing data are consistent and complementary.
In addition, experimental fishing can catch a part of the fish assemblage difficult to
sample with UVC as nocturnal and homochromic species. All fish species sampled by
the FAST method are species targeted by professional and non professional fishing.
Among the methods used only censuses along transects in P. oceanica meadows take
into account prey fishes. The reserve effect has been demonstrated mainly for the
target species (e.g. Polunin & Roberts 1993; Macpherson 2000; Jouvenel & Pollard
2001) but not for the prey species due to a cascade trophic effect (Pinnegar et al.
2000).
Several decades are probably necessary to reach a reserve effect. Consequently short
term prohibition of fishing does not allow to sustain professional fisheries. However the
duration of this short-term study should be sufficient to highlight the beginning of fish
stocks restoration inside the protected zone and to convince professional fishermen of
the utility of such a MPA. Involving professional fishermen in MPA management
remains a crucial issue to insure MPA success and, possibly, stock restoration.
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Figure 1 - The Cap Roux marine protected area (Saint-Raphaël, French Mediterranean). The
protected area is delimited by a full line, the sampling stations are circled: two stations are
located inside the protected zone (R1 and R2), two outside north (N1 and N2) and two outside
south (S1 and S2).
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Several recent studies have used the reserve selection software Marxan to design
potential MPA networks in UK waters. This systematic conservation planning approach
has a number of clear advantages but these studies have highlighted the need for
guidance and advice on best practice. Here, we discuss two broad topics that we feel
should inform future developments. First, a number of technical issues need to be
addressed to ensure the scientific defensibility of any Marxan output. These include
identifying which conservation features should be represented in any MPA system,
developing a system for setting representation targets based on biological
requirements and existing European legislation, identifying which opportunity and
constraint data should be included to minimise conflict with human uses of the sea, and
assessing connectivity to maximise linkages between spatially disconnected MPAs.
Second, there is a need for researchers to engage at an early stage with those
responsible for implementation, and recognise that reserve selection exercises should
be part of a broader process that is centred on a stakeholder-developed
implementation strategy. A more inclusive approach will allow technical outputs such
as those generated by Marxan to make a genuine contribution to policy development
rather than be ignored by the relevant management agencies. This paper presents an
overview of the key areas for technical development that are required in the UK, and
suggests ways in which an implementation plan could be progressed.
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The majority of studies concerning the impacts of fishing deal with commercial fishing
at open sea. During the last decades the importance of recreational fishing has been
rising. Given that most recreational fishing occurs from small boats near shore, which
usually contains a range of sensitive habitats, the effects on the aquatic environment
are likely underestimated. We used GIS to overlay spatial information of sensitive
features and pressure factors to visualise vulnerability of coastal habitats associated to
near shore recreational fishing. We present an approach, developed within the Interreg
IIIB-project BALANCE that may be used as a marine management performance tool in
assessing the spatial relationship between fish nursery habitats and frequency of
recreational fishers, thus enabling a quantification of vulnerability.
The tool is exemplified in the archipelago region of the northern Baltic Sea, where
shallow, sheltered areas, including coastal lagoons, form important nursery habitats for
coastal fishes as well as vital breeding sites for many birds during spring and summer.
Many commercially important coastal fish aggregate to spawn during spring in habitats
that fulfil critical requirements, including beneficial temperatures and sufficient
vegetation coverage.
Boating and other disturbance induced by human presence are potential pressure
factors that seriously may affect these specific requirements. Being recognized as
popular fishing sites with high density of targeted fishes (e.g. perch and pike), these
areas also are favoured by many angling and gill-netting recreational fishers during this
critical period. The pressure is divided into direct extraction of spawning fish and
indirect disturbance, alteration of temperature conditions and disturbing vegetated
areas caused by boats.
We combined three layers to indicate the spatial distribution of habitat vulnerability. The
purpose was to predict the distribution of pressure from recreational fishers (1-2) and
the distribution of nursery habitats (3):
1) the potential pool of recreational fishers, defined as the population density within 25
km radius from each harbour. The information was used as weighting factor in step 2,
2) the accessibility to fishing site, defined as the water distance from each harbour
assuming a linearly decreasing intensity with distance from harbour,
3) the quality of nursery habitats, modelled from three significant environmental
parameters.
A second, inverse application of the tool may be in the prediction of the management
effects on recreational fishers given that popular fishing site also are most affected by
nature conservation decisions. Thus the tool may serve multiple purposes in the
management of coastal areas.
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Recent attempts to set up and enforce MPAs for improving biodiversity and fisheries in
the UK have encountered a number of formidable obstacles (e.g. at Lyme Bay;
Whitsand Bay; Skomer Island). Statutory Nature Conservation Bodies don’t have the
necessary powers to block damaging activities in current UK and European MPAs, and
Sea Fisheries Committees rarely promote long-term biodiversity protection over shortterm fisheries interests. As a result, the UK still only has less than 0.002% of its
territorial waters closed to all extractive activities.
However, despite these obstacles, there have been several success stories:
1. The Lundy No Take Zone on the north Devon coast was set up in 2003 using
inshore fisheries bylaws to close the site to all fishing activity. In three years this
protection has resulted in a doubling in the density of commercial sized
lobsters. The success of the NTZ was largely the result of limited fishing activity
in the area prior to the NTZ being set up, and marine conservation measures
having already been established since 1991.
2. The Isle of Man scallop closed area was set up in 1989 in response to local
scientific advice to close off a small area to scallop dredging. Despite top-down
government support and attempted enforcement it took more than 6 years for
the closed area to be well respected by local fishermen. Since then the density
and biomass of scallops in the area has increased exponentially, and
surrounding fisheries have improved. Local fishermen are now supporting
recommendations for further closed areas.
3. Community of Arran Seabed Trust have worked for seven years to close a
small inshore maerl bed to all fishing. C.O.A.S.T. has worked with scientists
from local marine labs, petitioned its local islanders, and presented evidence at
the Scottish Parliament in order to gain support for its proposals. They now
appear to be on the cusp of success.
The common theme that has underlined these successes has been dedication by local
proponents to work towards protection, and a long ‘introductory phase’ where the ideas
of conservation/stock enhancement have been slowly introduced to stakeholders,
eventually resulting in compliance by fishermen. It is hoped that the introduction of the
marine bill in UK waters will result in the development of further MPAs, which will be
supported and promoted from the outset by UK government.
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Illegal, unregulated, and unreported (IUU) fishing continues to devastate fish stocks on
the high seas. The International Convention for the Conservation of Tuna (ICCAT) and
the Convention for the Conservation of Antarctic Marine Living Resources
(CCAMLR)—both Regional Fisheries Management Organizations—estimate that more
than twice the sustainable amount of tuna and Patagonian Toothfish are caught,
shipped, and sold illegally within their jurisdictions. Such IUU fishing endangers marine
biodiversity and human life, risking the collapse of ecosystems and a depression of
local fish prices. Policymakers have mostly focused on input controls (such as
restrictions on vessels, gear, quotas), Marine Protected Areas, vessel monitoring
systems, and catch documentation schemes to respond to IUU fishing. However, this
paper notes that IUU vessels and flag states have adapted to each of these measures,
necessitating a shift to output controls (such as individual transferable quotas and
import restrictions). Until these measures are adopted, the high seas threaten to
remain prone to a continued tragedy of the commons.
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While worldwide many marine protected areas (MPAs) have been implemented in
various ecosystems, studies that evaluate the spatial adaptations by fishers to the
placement of no take zones are still lacking. With this study we aimed to assess trends
and spatial dynamics of artisanal fishing fleets operating around five European marine
reserves participating in the EMPAFISH project and to derive general implications for
the evaluation of marine reserves as fisheries management tools. The studied coastal
marine reserves were located in France, Malta and Spain and presented a variety of
spatial designs and processes of establishment. We developed a novel integrated
approach merging GIS, geostatistical and multivariate modeling techniques to define
factors influencing effort allocation and to estimate patterns of fishing effort distribution
within the study areas. For all marine reserves (except for Malta) we could identify that
the distance to the no take zone and Depth had a significant influence on the effort
allocation of the distinct fishing fleets. Furthermore, we found the “distance to the
nearest port”, which may reflect effort costs to the fishermen, to be significant in the
spatial models of the French MPAs and the cases of Malta. Overall, we found locally
increased effort densities around the borders of all marine reserves, which results in
inhomogeneous effort densities around the MPAs. Although, this study comprises only
five marine reserves, we assume that the patterns found apply generally for coastal
marine reserves where artisanal fishing fleets operate in the surrounding waters. Thus,
neglecting the pattern of fishing effort distribution in the process of measuring reserve
benefits like e.g. the spillover of biomass could hamper sound interpretations of reserve
performances as fisheries management tools.
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This paper presents an analysis of management arrangements for MPAs in the UK,
Europe, and around the world with the object of providing guidance for future
management of MPAs, especially European Marine Sites (EMSs), in the UK. In this
context, management encompasses a perhaps surprisingly complex concept which
covers the range of tasks that may be undertaken, the tools (technical, organisational
and others) that may be used, but also the range of people that may be involved
(planners, managers, other stakeholders, the wider public).
The study examined MPA implementation and management examples in Europe and
compared them with a range of MPA programs world-wide. In analysing all these
examples (UK, European and global), we derived twenty-one key criteria for MPA
management, grouped in three themes: planning and technical processes, governance
structures and processes, and effectiveness of management. These criteria provided a
common comparative framework, enabling the examples to be ranked and placed in a
conceptual model for MPA management. The key features of this model are that while
most MPA models worldwide do a relatively good job of the technical and planning
tasks associated with management, they perform less well in the ongoing
administrative and governance tasks (including financial support) once the MPA is in
place, as assessed by measures of management effectiveness. Overall, the most
effective MPA models are those which use structured and quantitative approaches to
design, have a purpose-built and effective legislative base, but even more importantly,
have significant, well resourced and visible on-going management presence.
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Marine Protected Areas (MPAs) created for fisheries management theoretically benefit
the fishing sector by the export of biomass (adult fish), and the export of eggs and
larvae from larger, more fecund fish inside the MPA.
The Columbretes Islands Marine Protected Area (MPA) was created in 1990 as a
fishery management tool. The MPA consists of 4400 Ha which, although zoned to allow
some fishing techniques, is essentially all a no take zone. The success of this reserve
in protecting the spiny lobster (Palinurus elephas), the main target species of local
artisanal fisheries, has been well documented along with the benefits to the local
fishery through spillover (Goñi et. al 2006). In this study we track changes in the
macrobenthic community structure between 1998 and 2006, comparing the catch
composition (mainly fishes, but also macrocrustaceans and macromoluscs) inside the
reserve (experimental fishing using with commercial lobster trammel nets), with that at
fished locations on the reserve border, up to 5km from the border and at more distant
fishing grounds in the region.
We examine community changes over the years along with their size spectra. The
“reserve effect” is evident for most fish species which are larger and more numerous
inside the reserve. Preliminary results suggest that the communities inside the reserve
have not changed much over the years compared with those outside, possibly
reflecting stability resulting from the 8 years of protection prior to the initiation of this
study. This paper will further explore patterns of change over time and different
hypotheses for the observed trends will be explored.
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Specific brackish-water conditions, together with unique and diverse habitats, makes
the Baltic Sea a rich and valuable water body both ecologically and economically. The
sea plays a role as an important wintering area and migration corridor for many birds
on a global scale. Like most marine environments around the world, the Baltic Sea
habitats and species are threatened by the effects of eutrophication, hazardous
substances, fishing and shipping.
Establishment of marine-protected areas are recognized as the most important and
effective method for the conservation of marine biodiversity. Completing the
establishment of Natura 2000 in the marine territories of Latvia is the main aim of the
project „Marine-Protected areas in the Eastern Baltic Sea” funded by the EU LIFE
Nature programme. The most important project outcome will be uniform interpretation
of biotope classification of MPAs in the Baltic countries.
Site designation of MPA is based on benthos, fish community and waterbird inventory
data. As example will be presented the „Pape” area, which is located at the exposed
coastal area in the Southern Baltic Sea. Obtained habitat information shows
surprisingly new results about different macrophyte species distribution and depth
limitation, int. al., the „Pape” area contains the largest Furcellaria lumbricalis
community observed in the territory of Latvia. Moreover, video studies in the „Pape”
area discovered interesting biotope types, which can be considered as Baltic Sea
biogenic reefs. The field data serves as basis for further modelling of biological,
bathymetrical, geological information, along the Latvian Baltic Proper coast.
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An Exception that Proves the Rule: Steeper Size Spectra in a
Sicilian Trawl Exclusion
Christopher J. Sweeting1, Fabio Badalamenti1, Giovanni D'Anna1, Carlo Pipitone1 &
Nicholas V.C. Polunin2
1 - CNR-IAMC, Laboratorio di Ecologia Marina, via G. Da Verrazzano 17, 91014 Castellammare
del Golfo (TP) Italy
2 - School of Marine Science and Technology, Newcastle University, Newcastle, UK, NE1 7RU
Corresponding author: christopher.sweeting@ncl.ac.uk

Keywords: Size spectra, ecosystem, demersal, trawling impact

Exploitation of fishery resources is widespread and has many consequences for marine
ecosystems, including reduction of fish biomass 1 and body size 2. Given the pervasive
impacts of fishing, fisheries science is moving towards an ecosystem approach to
fisheries management that recognises species are not exploited in isolation 3. Finding
robust ecosystem metrics to test ecosystem effects of fishing has proved difficult 4
however, size-based indicators e.g. size spectra seem promising. Fish abundance and
size are inversely related, the result of inefficient trophic energy transfer. Fishing
inducing disproportionate mortality on larger individuals or species and thus the slope
of the relationship between fish abundance and size (size spectra) commonly becomes
steeper in more heavily fished areas and the midpoint height reduces as fish
abundance is reduced.
In this study we used size spectra techniques to assess the effects of 15 years of trawl
exclusion in the Gulf of Castellammare (NW Sicily)5. Size spectra were compared to
two unprotected gulfs (N Sicily) across seasons and depths. Based on trawl surveys
carried out in 2004/5, size spectra slopes were significantly steeper and abundance
significantly greater within the trawl ban than in unprotected gulfs with abundance
increasing in all size classes after protection; however increases were greatest in
smaller size classes. Mean fish size was lower in the protected gulf than in unprotected
locations. This reflects the exclusion of relatively size unselective commercial trawling
and retention of size selective artisanal gears in the region. Size spectra slopes and
midpoint heights generally decreased with increasing depth and were greater in
autumn, than spring. These patterns were attributed to bathymetric trends in demersal
fish size and seasonal variation environment, spawning behaviour and recruitment to
the fishery, with seasonal effects being greater in unprotected locations thus
suggesting recruitment overfishing in unprotected areas.
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Introduction
La Graciosa is a 27 km² island located to the north of an important mass tourism
destination, Lanzarote (total population: 127,457 and nearly 2 million tourists received
in 2006). La Graciosa became a protected site in 1986 with the declaration of the
Natural Park of the Chinijo Archipelago, preserving both terrestrial and marine
environments. This decision was heavily influenced by the endeavor to block massive
tourist urbanization. In 1995, a Marine Reserve for Fisheries Management was
declared with the aim of further protecting the marine ecosystems.
Tourism expansion
Caleta del Sebo, La Graciosa’s small coastal village has a local population of 600
inhabitants who traditionally made a living from fisheries. Today, tourism related
sectors have become an important source of income. In the 1980’s the increasing
number of visitors began to change the investment strategies of local people who
invested their savings from the fisheries sector in small apartments. Investors from
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other islands and from abroad shortly appeared. The number of apartments has
increased in the last few years, despite the protected areas’ limitations, and the even
stricter regulations regarding construction.
With the improvement of maritime transport and investments in a better port, La
Graciosa became even more accessible, and it is likely for the number of year-round
visitors to reach 150.000, many of them day trip visitors. This creates opportunities
beyond fisheries.

Year

1993

2003

2005

2007
> 220

Source: Szeliánszky

49

184

160
250-375

Apartments
Source:Insular
Government of Lanzarote
( Cabildo )

75

Número de
pescadores
activos

Source: Cabrera Socorro

Source: Cabrera Socorro

Source:Insular
Government of Lanzarote (
Cabildo )

Source: Natural Park
Management Plans

130

75

32

28

Source: Szeliánszky

Source: Szeliánszky

Source: Cabrera Socorro

Source: Cabrera Socorro

Fishing sector
The number of professional fishermen dropped drastically as a consequence of the
demand for workforce in construction and tourism related services.
The end of the fishing agreement with Morocco in 1999 may also have influenced this
process, as it excluded the Spanish fishing fleet form the Canary-Saharan bank. New
generations prefer to look for a more stable job on land.
Analyzing tourism arrivals
During the 90’s La Graciosa became a fishing charter destination. With the stricter
fishing regulations of the Marine Reserve this tourism quickly dropped. Due to the
growing number of marinas in Lanzarote, recreational fishing boats seem to put an eye
on the Marine Reserve, although there are access limitations. Another point of interest
is the great quantity of anglers.
Diving-tourism has not yet been developed in the area. The two diving clubs that
existed on the island are nowadays at a standstill. Nonetheless, snorkeling is growing
in popularity among the beachgoers.
Many tourists look simply for a more natural and cleaner environment, specially the
beaches. Apart from apartment accommodations there is a free camping site next to
the village. The occupancy rate of both the camping site and the apartments is
seasonal, concentrating particularly around the holiday season and the major local
fiesta.
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There are a growing number of daytime visitors. This summer alone (2007) there were
around 500 excursionists organized by tour operators per day, apart from the individual
visitors whose number may exceed 100 people a day (from the mainland and abroad)
in the peak holiday season.
Governability issues
Being a protected area both on land and at sea, the development of La Graciosa as a
tourist destination in the past 20 years has been linked to the regulations of the Natural
Park and the Marine Reserve.
•

The main weak point following the declaration of the Natural Park was
the lack of a management plan (PRUG) for over 20 years. This caused
La Graciosa to change drastically from 1986 to the present day due to
complex legal circumstances. While local families seek economic
diversification to lessen their dependency on fishing they become
frequently immersed in a non-legal situation, building a submerged
economy.

•

The weakness of civil society is exemplified in the conflicts inside and
around the Cofradía (local fishers’ organization), and the lack of any
other relevant association.

•

The enforcement of the regulations of the Natural Park and the Marine
Reserve has led to two different outcomes. A positive success in the
elimination of illegal fishing by the professional sector (using banned
fishing gears like long line or trawling). However, poaching in
recreational fishing or by retired professionals has resulted in conflicts.

•

The coordination between the two protected areas has been scarce.
One of the main problems for local people has been precisely that, and
the complexities generated by the diverse administrations with authority
in the Island.

•

Another governability problem is the uneven representation of the
stakeholders in the governing bodies of the protected areas. If
professional fishermen’s representation is low, the tourist sector is not
represented at all. Taking into account the low number of legal
professional fishers and the growing tourism sector this highlights the
poor representation of local people in the management of their living
area.

Conclusion
Improving governability is an important objective in many fisheries and coastal areas.
These problems are further enhanced in situations of multiple activities like in La
Graciosa. However, it may be difficult to modify the factors influencing this. Specifically,
enhancing the capacity of user groups and civil society to cope with the tasks involved
in co-governance situations may constitute a challenge, although the advantages in
factors such as legitimacy and adaptability to local situations may make the efforts
worthwhile (Frangoudes et al. in press). Up until now only minor efforts have been
developed in La Graciosa in this sense and the challenges may seem insurmountable.
On the other hand, as has been the experience in other areas like Galicia, investing in
training and the development of organizational skills may compensate the efforts
(Frangoudes et al. in press). We must also emphasize that a global development
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planning designed to integrate the recently increased tourism (affecting both the
Natural Park and the Marine Reserve), fisheries and other aspects related to the
coastal zone cannot wait any longer.
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This study undertakes a meta-analysis of diverse data about the cultural and socioeconomic impacts on the local population, caused by the creation of marine protected
areas at the Illes Medes and Cap de Creus in the north west Mediterranean. Cultural
and socio-economic data was collected from a number of sources, including: peerreviewed literature; official reports and studies; official data; and interviews and
discussions with key personnel. This data was collated and stored in the researchthemed framework “Social Science Methods for Marine Protected Areas” developed by
the National Oceanic and Atmospheric Administration. Data analysis identified gaps in
data that could have long-term implications for the implementation of best practices at
MPAs. Both MPAs have insufficient data about their socio-economic impacts.
Furthermore, the attitudes, perceptions and beliefs of many users are not well
documented. Despite these omissions, it is clear that the Illes Medes MPA has brought
considerable socio-economic benefits to the local town, through increased and higher
quality tourism. In addition, appropriate measures have been taken to mitigate possible
negative impacts on the local population, the towns and the marine environment.
Although the socio-economic effects of the MPA at Cap de Creus are as yet unknown,
sufficient measures have been taken to ensure that the cultural heritage of the
surrounding towns has not been compromised. There has been a notable progression
in the managerial processes both within and between MPAs, especially with regard to
carrying capacity and stakeholder participation.
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Marine Protected Areas as tools for fisheries management:
myth or reality? The case of West Africa
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Given that the fundamental problem of fisheries management is one of regulation of
human activities, in particular the regulation of access to marine living resources, this
paper considers the potential role of MPAs in resolving the problem in the context of an
increasing trend towards establishment of MPAs for fisheries management.
In most West African coastal countries, fisheries management is based on an open and
free access to fishing resources. Fisheries regulations include technical rules such as
mesh size, minimal size at capture, and so on. Such rules aim mostly at maintaining
stocks productivity at high levels by reducing the capture of juvenile fishes and ensure
a proper recruitment to fisheries. As in other parts of the world, the full exploitation of
marine resources emphasises the need for access regulation to resources. It is now
believed that such access to fisheries can not be open and free any more (Troadec
1999).
Facing since 2000 the calls for the implementation of MPAs as fisheries management
tools, we propose to illustrate their effectiveness in the context of West African artisanal
fisheries. Based on the framework of a simple model of production and costs in a
fishery, we discuss two hypothesis related to MPA effects on coastal fisheries: (i) their
impact on stocks productivity, and (ii) their potential impact on access regulation and
access control. Both hypotheses are illustrated by comparing two West African
countries in the area of the Sub-Regional Fisheries Commission (SRFC-CSRP):
Mauritania and Senegal. We examine two particular examples of MPAs in the region in
order to address the question: 1) Mauritania, where 30 years ago the Arguin Bank
National Park (PNBA) was created – and half of it (6000 km²) was turned into a very
large marine reserve subject to specific regulations, and 2) Senegal, which has
embarked more recently (2004) on the creation of a growing number of small MPAs
according to a diversity of approaches (?).
The creation of the PNBA, which encompasses vast breeding and nursery areas,
preceded the development of artisanal fisheries in Mauritania, but has not prevented
the increase in artisanal fishing capacity or the over-exploitation of numerous stocks in
the coastal zone. This MPA constitutes, meanwhile, an original form of spatial
concession whereby fishing inside the park is strictly regulated.
In Senegal, the over-capacity of artisanal fisheries is a long-standing problem, which
has today reached unprecedented levels. In this context, the creation of new MPAs
raises questions about the purpose for which they are established, the management
rules that are to be applied and the criteria for their location. The zones identified for
MPA implementation are characterised by a very high concentration of fishing canoes
and widespread overexploitation of demersal resources. We envisage several different
scenarios, including the export of fishing effort into other areas ( e.g. into the waters of
neighbouring states) and the possible extension of the MPA concept to a system of
Territorial Use Rights in Fisheries across the entire coastal zone where artisanal fishing
would be regulated without being entirely prohibited.
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The two case studies
While in both countries the ecology of the marine environment has very similar
features, large differences are to be noted when it comes to fisheries and MPAs (fig. 1).

Figure 1 - Areas reserved for Artisanal Fisheries (AF), and areas of MPAs, the Continental shelf
and of the EEZ in Mauritania and Senegal.

The contribution of the artisanal fishing sector to total annual landing is comparatively
small in Mauritania where only 11% of total catch of 700000 t is from the artisanal
fisheries, whereas in Senegal close to 90% of the 400000 t total annual landings come
from the artisanal fisheries). Overall artisanal fishing capacities has dramatically
increased from 4730 motorised canoes in 1991 to 9464 in 2006. During the same
period, fisheries capacity in Mauritania has increased from 677 motorised canoes in
1991 to 4640 in 2005.
In Mauritania the MPA is a large one created in 1976 (6000 km² of which 90% is a No
Take Area since 1998) whereas in Senegal MPAs consist of several small areas
established in 2004.
The establishment of the PNBA No Take Area was unable to stop the increase in
fishing effort and the degradation of demersal coastal fisheries. A clear decreasing
trend of abundance indexes is observed. The biomass of Mauritanian demersal
resources was divided by 3 between 1982 and 2006. The values observed in the last
two years are the lowest of the series. Even if environmental factors and natural
variability may also be an explanation, fisheries exploitation is likely to be the major
factor explaining the observed trend. The situation is even worse in Senegal and the
recent establishment of MPAs have had no sensible positive effects (tab. 1). The last
national assessments (Senegal 2005, Mauritania 2006) come both to the conclusion
that there were clear signs of overexploitation of all coastal demersal resources and
both recommended an urgent and large reduction in fishing effort.
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Costal areas
Demersal fish
Pagellus bellotii
Dentex
macrophtalmus
Sparus
caeruleostictus
Arius spp.
Pseudotolithus spp.
Epinephelus aeneus
Pseudupeneus spp.
Pagrus spp.
Galeoides
decadactylus
Shrimps
Penaeus notialis
Cephalopods
Sepia spp.
Octopus vulgaris

DIAGNOSTIC/STOCK SITUATION
SENEGAL/GAMBIA
MAURITANIA
CECAF NORTH (*)
Over-exploited
Fully exploited
Over-exploited
Danger
of
exploitation
Danger
of
exploitation
Risk of extinction
Fully exploited
Over-exploited
Over-exploited

Over-exploited
overoverRisk of extinction

Over-exploited

Fully exploited

Over-exploited
Over-exploited

Over-exploited
Over-exploited

Table 1 - Status of the main demersal fish stocks (FAO/CECAF, 2004, CRODT 2005)
(*) Morocco, Mauritania, Senegal, Gambia

Conclusions
(i) At the time when the PNBA was established as No Take Area (1998) there was no
over-fishing in Mauritania. Since then, PNBA has probably contributed to slowing down
the decrease in Mauritanian fisheries productivity without, however, being able to stop
the establishment of over-capacities and thus to prevent the over-exploitation of fish
resources.
(ii) In a slightly different context, the establishment of MPAs in Senegal since 2004 was
done in reaction to over-exploitation and over-capacity in coastal fisheries. In the
absence of regulatory rules and limitation of the access to the resources outside of the
MPAs, the existence of such reserves may have some perverse side-effects and
increase over-exploitation and over-capacity.
(iii) The data from Mauritania and Senegal support the conclusion that MPAs can only
be efficient in fisheries management in close association with other fisheries regulation
outside of the protected area, such as effort control and limitation to resource access.
In the absence of such regulations, the creation of MPAs in an area where over-fishing
is already established, may be counter-productive.
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Italian Marine Protected Areas (MPAs) are multiple-objective, aiming to ensure
environmental conservation and sustainable use of marine and coastal resources. Italy
has established 23 national MPAs and 27 more are foreseen by law. At present the
national MPA system is based on a 3 level zoning scheme (No entry-No-take, EntryTake regulated, Buffer zone). ICRAM, the research institute of the Italian Ministry of the
Environment was commissioned to identify a standardised research approach for the
zoning process that is foreseen in the institution procedure of the MPAs. The proposed
method is based on a specific GIS-Decision Support System (DSS), conceived to
identify the presence of particular naturalistic or conservation-requiring scenarios and
potential conflicting uses (among human activities or vs. conservation needs),
generated by human activities.
The defined approach involves the following procedures:
- Analysis of specific policies involving the MPA’s establishment.
- Stakeholder identification and involvement at local level.
- Identification of required data sets (environmental and socio-economic), which are
collected on spatial basis and implemented in a specific GIS. Conservation needs
were determined by identifying the presence of those species and habitats most
affected by human activities and which require specific management measures for
their conservation or their recovery. Human activities were grouped into two main
categories: consumptive use, involving extraction of biotic resources from the marine
habitat (i.e. fishery), and non–consumptive use, encompassing all non-extractive
uses (i.e. scuba diving, snorkelling, etc.).
- spatial analysis, so as to build, four intermediate maps: Vulnerability to access
activities; Vulnerability to take activities; Consumptive use; Non-consumptive use.
The proposed method, allows to identify different zoning alternatives in the framework
of a participatory approach involving stakeholders and decision-makers.
The present work illustrates how the environmental and socio-economic data, were
managed in the future Italian MPA of the Gallinaria Island (Ligurian Sea) so as to be
functional within the proposed DSS.
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The aim of this study is to define the changes of the fish assemblage associated to
shallow Posidonia oceanica beds due to the effects of a marine protected area.
To estimate the abundance of the different fish species in the Marine Reserve of
Tabarca (SE Spain), we conducted visual censuses using SCUBA and a hierarchical
sampling. Following this design, we sampled inside and outside of the reserve in six
randomly seasons from summer 1997 to summer 1999. This was repeated at three
different depths (1, 5 and 15 meters). The 150 x 5 m. strip transects were made in P.
oceanica bottom. The data were analysed by non-parametric multivariate methods and
analysis of variance.
The families with a higher number of species were the sparids and the labrids. The
average abundance, biomass and number of species were higher inside the marine
protected area in all the considered seasons. Inside the reserve, these variables were
decreasing when the depth were increased. However, outside the reserve, the
maximum values of these variables were observed at 15 meters depth. We can
conclude that protection has a significant effect in the fish assemblages of P. oceanica,
allowing the recovering of the assemblage structure in shallower meadows.
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Marine Protected Areas (MPAs) are being advocated as an important tool for the
management of coastal fisheries within an ecosystem approach. However, quantitative
assessments of their effects on the catches and yields of the fisheries and the
mechanisms underlying these effects are scarce. Moreover, from a management point
of view, there is an urge to evaluate different management regimes. To address these
questions the fisheries in and around 10 MPAs in the Atlanto-Mediterranean region
were jointly analysed. Assessing fisheries effects of MPAs on a regional scale is a
challenge for several reasons: the fisheries considered in this study are mainly
artisanal and tactics and targeted species are highly diverse; the MPAs are very
different with respect to their objectives, designs and characteristics; and different
monitoring schemes provide catch data on a variety of spatial and temporal scales. To
overcome this heterogeneity, without losing accuracy to detect effects, and obtain
reliable answers to management questions, a meta-analytical approach was adopted.
Four categories of the response variable ‘catch per unit effort’ (CPUE) were
considered. For each category the analyses were made separately for catches of a
single gear and for catches standardised using Generalised Linear Models (GLMs).
Log-response ratios were then calculated comparing four different predetermined areas
(no-take zone, restricted-take zone, external close and external distant to the MPA)
and analysed. Different statistical tools that allowed us to quantify and examine the
importance of different MPA characteristics (age, size, design, etc.) for the fisheries are
shown.
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Increased attention on ecological impacts of fishing activities has changed the agenda
of fisheries management. At the same time the dynamics of fish stocks and harvesting
have been set to larger frames of marine ecosystems, which highlights both the
impacts that fishing may have on ecosystem level and the importance of ecosystem
services provided by marine ecosystems. Discussion and activities focusing on marine
protected areas are one important manifestation of the agenda shifting taking place in
fisheries management. In consequence, this enlarged agenda has brought new interest
groups into debates and decision making of fisheries and thus requires new
perspectives on how to involve new actors.
This paper presents results of a European project on the role of participation in
managing the interaction between environment and fisheries. The project has reviewed
several recent or on-going EU funded projects that have studied the interactions and
developed solutions to them along various lines: e.g. effort reduction, technical
development and marine protected areas.
The paper studies how participation has been utilized in activities to reduce ecosystem
impacts of fisheries. Multi-criteria evaluation framework of participatory decisionmaking provides an analytical approach for the analysis. Analysis shows that
participation has served to increase legitimacy of activities and to enlarge knowledge
base of research and development projects. In a relatively short period participation
has become an integral part of fisheries management, but it still faces several problems
regarding institutional arrangements, stakeholder capabilities and knowledge input. The
paper discusses the trends of participation and offers ideas for further directions to deal
with the problems of participation in fisheries management, including management of
marine protected areas.
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Direct effects due to ban of human visitation of the shore and indirect effects mediated
by processes occurring in the prospicent subtidal areas, are possible drivers for
patterns of abundance and distribution of rocky shore assemblages in MPAs.
Management of MPAs, including an assessment of their effectiveness, requires
separating the contribution of the direct and indirect effects of protection. These issues
were addressed by focusing on midshore and lowshore assemblages of algae and
invertebrates of rocky coasts at Capraia Island (Tuscany Archipelago) in the NorthWest Mediterranean. Organisms were sampled across a range of spatial and temporal
scales in stretches of coast under each of the following conditions: (i) restricted area
(R), (ii) unvisited zones outside restricted area (NR-P), (iii) visited zones outside
restricted area (NR+P). Each condition was sampled during the summer season, when
the shores with open access were exploited by tourists, and in other seasons when
tourism was low. We expected larger differences between visited and unvisited shores
in periods when tourism was more intense. We also expected no difference between
NR-P and R if human frequentation was the main driving factor in the structure of these
assemblages, whereas differences between these conditions might be indicative of
indirect effects of protection. Contrary to our expectations, results showed no difference
among the three conditions examined, indicating that both protection and frequentation
of the shores had no effect on patterns of distribution, abundance and diversity in these
assemblages. Large natural variability was detected at all the temporal and spatial
scales examined. These results emphasized the importance of including considerations
about natural heterogeneity in the design of MPAs, to make them more representative
of the range of processes responsible for spatial and temporal variability in
assemblages.
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The Marine Life Protection Act (MLPA), passed by California legislature in 1999,
required the California Department of Fish and Game to develop a network of marine
protected areas to protect species abundance and diversity and preserve ecosystem
integrity. One of the primary requirements of the MLPA is adaptive management. This
includes a monitoring program with the flexibility to evolve to effectively monitor and
evaluate both a network of MPAs as well as individual MPA goals. However, the large
scale of the system of MPAs in California inhibits the ability of any single entity to
effectively monitor and evaluate the MPA network. Therefore, in California a monitoring
program was established based on collaboration with other agencies, academic
institutions, NGOs, and existing monitoring programs. A primary risk involved in relying
on existing and collaborative programs is a lack of cohesion to program objectives, in
this case MLPA goals and individual MPA goals. To ensure success of the program,
this monitoring plan outlined primary goals and objectives to guide specific monitoring
and research. For example, programs such as the Cooperative Research and
Assessment of Nearshore Ecosystems (CRANE) and the Partnership for
Interdisciplinary Studies of Coastal Oceans (PISCO) conduct monitoring studies of
nearshore habitats that occur throughout much of the state and these existing
programs will provide valuable data to evaluate MPAs. The Multi-Agency Rocky
Intertidal Network (MARINe), a partnership of more than 40 federal, state, and
academic institutions monitor numerous sites across the central coast of California.
Existing programs such as these will allow monitoring at the scale necessary to
evaluate the state-wide network of MPAs. As an ongoing process successful adaptive
management will require integration and analysis of data from all components of the
monitoring program as well as periodic review and refinement of the monitoring
program.
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The actual fragility of some exploited fish stock lead to consider marine spawning
grounds as “sensitive habitats » and their study have become essential. The study of
spawning habitats requires rigorous techniques ranging from sampling protocols,
precise species egg identification methods, spatial analyses to habitat modelling
statistics. This study aims to identify and characterize the location and habitats of
winter spawning grounds in the Eastern English Channel and the southern North Sea
and to be able to specify the importance of the environment on the use of these
habitats. It will lead to a thorough knowledge of these winter spawning grounds based
on rigorous scientific methods. This knowledge will contribute directly to the sustainable
management of these living resources but also aid the impact assessment of the
human activities such as fishing, marine aggregate extraction, offshore wind mills or
enable the design of Marine Protected Areas.
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Fish habitat is an area where the environmental conditions are suitable to survive and
live in a spontaneous state i.e. environmental factors define the abundance of a
particular species. Habitat modelling was used to relate withing (Merlangus merlangus)
spatial distribution to environmental factors. This study was based on data obtained
from IFREMER’s Channel Ground Fish Survey and icthyoplankton surveys, including
both species abundance and environmental data. Adults, juveniles and larval stages
where treated separately to study ontogenic shifts in the spatial distribution of Whiting.
Several methodology allowing for the modelling of habitat were used including
measures of fit and model validation techniques. In brief, habitat modelling based on
glm or gam (delineating realised habitat) or non-parametric multi-linear quantile
regressions (predicting potential habitat) were used to relate species abundance to
depth, temperature, salinity, seabed stress and sediment type. Stepwise selection
resulted in habitat models that described species affinity with a subset of significant
environmental variables and that were used to map whiting habitats using GIS. Models
outputs were compared amongst themselves as well as with interpolated ouputs
obtained by geostatistics and observed patterns of distribution. The best performing
method will be identified and the resulting models discussed for each life stage studied.
This work will help elaborating guidelines for the conservation and protection of natural
habitats of marine living resources in the face of climate change and anthropogenic
disturbances.
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While Marine protected areas may be considered a positive method toward promoting
marine life, the labeling of the 25 mile zone around the Maltese Islands as a
Conservation Zone seems still needs to assist toward the conservation of any single
species or habitat in the area. The reason for this is many-fold, as is the nature of the
research to effectively achieve any conservation of species and biodiversity in this
region.
Toward this consideration this paper presents various studies carried out around the
Maltese Islands since 1998 considering both by-catch research with various fishing
gear (including coastal and offshore) and fisheries research in this region. This paper
will consider the various issues pertinent to Mediterranean fisheries and in particular
the migratory nature of locally important target fish versus the need to protect local fish
stocks best identified through molecular genetics.
Studies on reef biodiversity around the Maltese Island, also relevant to MPAs, indicate
that while reefs form important sites for fish shelter and growth, exploitation and
disturbance on and around reefs may well prove detrimental to the richness and
abundance of the species diversity. In such cases, legislations that would enforce
reduction in the human activities around such promoters of diversity would be
necessary if these were to contribute toward MPAs for fisheries or marine biodiversity
enrichment.
The contribution of each protected area to fisheries would very much depend on the
type of habitat and species effectively protected in the MPAs. If the latter do not include
species of direct or indirect relevance to the local or regional fisheries (targeting
specific species and genetic stocks) exploitation, there may be problems in explaining
to the stake-holders the need for MPAs and monitoring how an MPA would contribute
to sustainable fisheries management. This is especially the case with migratory fish
and marine species that have a pelagic life history and for which MPAs have rarely if
ever been considered, applied and thus contributed to fisheries species conservation
and sustainable use. Thus if sustainable fisheries would have to exclusively depend on
effective MPAs, many migratory or pelagic species forming target fisheries species
may be left out of conservation measures urgently required for their sustainable
exploitation.
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Economically feasible and time efficient assessment and monitoring tools will
increasingly be in demand for the conservation of stocks, species and habitats,
especially if these are linked to Marine conservation areas and sustainable use
requirements. Within future rates of environmental change scenarios due to climate
change the assessment of the genetic diversity and integrity within populations,
species and communities need urgent consideration to directly assess the potential
exploited species and conservation areas have toward future preservation of fisheries
world wide. For the latter, molecular genetic techniques provide essential tools to
evaluate populations and habitats in detail assisting the development of the best
management and monitoring strategies.
In the Maltese Islands, various coastal and marine species are being studied in order to
assess and allow for monitoring local genetic diversity and integrity for future
improvements in management of natural resources.
Studies using Enzyme
Electrophoresis have assessed limpets, squids, fish, octupi, sea cucumbers and hermit
crabs’ populations. Beyond this however, the sea cucumber (Holothuria poli) was the
first species to be used to assess habitat quality and its effects on the genetic integrity
of its species, using the Comet Assay technique with significant results. This proved to
be an effective approach to assessing the future potential of sites and species to
contribute positively or negatively to future generations.
Although in the past decade there has been a significant increase in squid landings, no
previous studies on the status of the present populations had been undertaken. In the
study on the European squid Loligo vulgaris vulgaris, caught as part of Maltese
fisheries has tackled the issue through the use of allozyme markers. Out of the five
allozyme loci studied, only one was polymorphic at isocitrate dehydrogenase (IDH).
As a relevant example toward testing the efficacy of a marine protected area for
biodiversity and fisheries species enhancement, the local study on the hermit crabs
(Clibernarius erythropus) demonstrated that even species considered abundant may
show signs of fragmentation and isolation with long-term consequences for the marine
conservation areas’ communities.
In every organism DNA is found as a stable molecule, but its character makes it
susceptible to attacks by genotoxic agents. These attacks are harmful as they can lead
to mutation development, malfunction of cells, cancer development and development of
other genetic diseases. Comet assay, a sensitive technique able to detect DNA
lesions, showed that there was a significant difference in DNA damage among
specimens sampled in the different sites investigated.
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Over the last decades, there has been an ever growing conscience for the need to
protect and conserve degrading environments and areas where important pressures
driven by human development are expected. This need has evolved into an awareness
that such protection can only be obtained through integrated management of habitats
and resources. Integrated coastal management has emerged as an effective solution
for the protection of the oceans and coastal areas with concomitant rational use and
development of their living and nonliving resources. However, no management plan
aiming at sustainable development can be successful unless the human factor is
included into the equation. Ecosystem-based management takes socio-economic
issues into consideration in an effort to progress towards the next step – the
measurement of effectiveness of integrated coastal management programs.
One way of measuring socio-economic outcomes is through the use of socio-economic
indicators selected according to the goals of the management plan. In this paper, we
present a way of selecting and prioritizing socio-economic indicators using a bottom-up
approach that involves the input of key stakeholders. This approach follows a method
established during a series of meetings of experts from the Integrated Coastal Area
Management of the Intergovernmental Oceanographic Commission (IOC) and the
Coastal Panel of the Global Ocean Observing System (GOOS).
In this paper, this technique is developed further to be utilized as a method to measure
the effectiveness of integrated coastal management, using Marine Protected Areas as
an example. We aim to demonstrate that the input of stakeholders at an early stage is
essential to ensure the success of management in Marine Protected Areas, providing
the opportunity to include public participation and ensure the support of the community.
This method is, therefore, developing to make this approach more widely and easily
accessible to managers, stakeholders and decision-makers and to incorporate a
transparent and adaptable set of indicator ranking and evaluative rules, thereby,
ensuring that an ecosystem-based approach can be implemented.
In addition, this paper presents some of the early work of the UMass Boston Indicator
Group which was established in 2005 to continually refine existing approaches and to
build a web-based system to better ensure general access to essential background
information and user-interactive protocols.
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Implementation of Marine Protected Areas (MPAs) is a method of marine coastal
management aimed at protecting marine biodiversity, particularly relevant species or
areas with economical or cultural value. Understanding the efficiency of MPAs requires
meeting the specific goals for what they were created. MPAs are unique locations in
terms of their biodiversity, economic, and cultural importance and goals. Because each
MPAs represents an unreplicated area, evaluation of their success is generally
restricted to local scales. Beyond their specific goals, it is reasonable to question
whether the effects of MPAs in general are location/goal specific or allow broader
generalizations. The uniqueness of each MPA, and implicit lack of spatial replication,
seriously constrains the analysis of the efficiency of MPAs at broader scales. The use
of standard ecological experimental design to MPAs will provide the replication needed
to draw more general conclusions about the efficiency of MPAs. We quantified the
abundance of algae, invertebrates, and fish in three Mediterranean MPAs and adjacent
non-protected areas (Cap de Creus and Medes Islands in the northeast of Spain,
Hormigas Islands in the southeast of Spain). Our goal was to assess whether MPAs
effects are restricted to their specific localities or general patterns in community
organization emerge. We sampled three sites within each MPA and adjacent nonprotected area for a total of 18 sites. For each site a random, 50m long transect line
was used to quantify algal, invertebrate sea urchins, sea stars, and fish abundance.
We used non-metric multidimensional scaling, analysis of similarity, and mixed model
analysis of variance with area (Cap de Creus, Medes Islands, and Hormigas Islands)
and protection status (protected and non-protected) as factors to test their effects on
the overall community organization. We found small but significant differences
associated with geographic areas and protection status. Hormigas Islands geographic
area differed from the northeastern areas in algal abundance while MPAs differed from
non-protected areas in echinoderm abundance, while fish abundance had a nonsignificant role. Beyond the uniqueness of each MPA, our results support a more
universal effect of MPAs in community organization that is elusive to identify at smaller
levels of organization (taxonomic units). This type of holistic, ecological approach may
broaden our understanding of MPAs and their efficiency as management tools.
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Since its development (Ball and Possingham, 2000), the systematic conservation
planning tool – Marxan - has evolved to be the World’s most utilized tool in coastal,
marine, and terrestrial reserve design. For example, it has been used to aid in the
processes of re-zoning the Great Barrier Reef Marine Park and setting conservation
priorities for The Nature Conservancy world-wide.
Watts and Possingham have recently modified the planning tool to deal with the greater
social and economic complexity and reality in natural resource management planning
programs in coastal areas. The new tool – MarZone - has the ability to systematically
incorporate different management zones and strategies to deliver both socio-economic
and conservation outcomes. We present two case studies of how MarZone can be
applied to marine and coastal spatial planning:
1. We illustrate an application of MarZone in the coastal Swan region of Western
Australia. Throughout this region, natural resource managers face decisions
that are characterised by multiple objectives, multiple stakeholders, and the
likelihood of conflicting objectives. Using this case study, we show how to avoid
the juxtaposition of conflicting land/sea-uses by maximizing the achievement of
biodiversity objectives and minimizing the disruption to resource uses and
management costs using MarZone.
2. We illustrate an application of MarZone along the Central Coast of California to
design a network of marine protected areas with different protection levels. We
explicitly considered consumptive and non-consumptive interests of multiple
stakeholders (i.e. fishers, wildlife viewers, conservationists, managers,
scientists, etc.) in designing a network of marine protected areas along
California’s Central Coast in the context of California’s Marine Life Protection
Act Initiative. In addition to using biophysical data to target conservation
objectives, we expanded upon previous studies that incorporate consumptive
user interests by including fishing data from both the recreational and
commercial fishing sectors across 24 fisheries, and established siting criteria
that ensured that nonconsumptive user objectives were met.
These methods can be applied to management decisions in coastal and
marine regions across the globe. Marxan is free to download from
http://www.ecology.uq.edu.au/marxan.htm and MarZone will soon be available.
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At present there is just one marine protected area in Sweden – a 360 km2 area
surrounding a sandy island north of Gotland in the Baltic. This MPA was established in
2006.
As part of the Swedish environmental objectives six new MPAs will be established in
Swedish waters until 2010. Three of those shall be in the Baltic and three in the
Skagerrak and Kattegatt. All the MPAs will be no-take areas with all fishing activities
prohibited during the whole year. The main objectives of the MPAs are to evaluate to
what extent they can
• Prevent collapses of fish stocks
• Rebuild depleted stocks
• Contribute to a diversified size distribution and a natural genetic variability
A major task will be to evaluate the effect of the MPAs as fisheries management
instrument. Such data is lacking for northern waters and major commercial species
around Sweden. The experiment will be reviewed in 2015.
The selection process is important and will involve stakeholders at all levels. A
reference group with NGOs and government agencies at national level supports the
Swedish Board of Fisheries in this work. A survey has been conducted at regional level
to screen possible areas. Now a local discussion will commence to define the
delineation of actual no-take areas. Compliance to the fishing prohibition will be
critically dependent on acceptance among local stakeholders.
The expectation is that the MPAs will be relatively small and the potential for a major
effect on stock protection and recovery relatively small. To improve the management
effect a zonation system with limited fishery restrictions, more adapted to the main
stock in need of management, will complement the no-take zone.
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The urgent need for improved marine conservation and the recognition that
management objectives cannot be successfully met without the support of resource
users has called for greater integration of social sciences, particularly the study of
perceptions. Attitudes and perceptions of residents towards coral reef resources and
their changing management structure (from a poorly enforced regulatory system to a
Marine Reserve (MR)) were investigated at various locations in Réunion Island
(France), Western Indian Ocean. Questionnaires (n=433) were distributed between
April and May 2006, targeting parents, a subset of the general public, through the
intermediate of primary schools situated at various distances from the future MR. On
the basis of several questions and rank of different answers, an ’awareness indicator’
was calculated. This was then used along with residence proximity to the coast and
socio-cultural background as factors to test for differences in perceptions of resource
state. The study concludes that perceptions of resource state are strongly influenced
and linked to combined factors of residence location d particular socio-cultural context.
In fact, wealth (calculated on the basis of employment level), country of origin
(recorded as place of birth) and proximity to the coast were intimately linked. Those
living closest to the coast were generally wealthier and originally from mainland France
compared to those living in the more mountainous region of the island which exhibited
the opposite socio-cultural characteristics. In addition, it was found that awareness
level was significantly higher among populations living close to the coast and that their
perception of the state of the resource was the most negative. Awareness level of
resources was generally lower in areas further away from the coast and perception of
the state of the resource was relatively positive. Results from this study will help target
future actions in relation to MR implementation in Réunion Island. In particular, the
identification of varying degrees of awareness level and concern for the state of coastal
resources can help to design educational and awareness-raising programmes to
specific groups of the population. Such programmes form an integral part of fostering
public support for a MR, without which its success may be compromised. The findings
and methods used in this study can also provide useful lessons for integrated coastal
management and the creation of MRs planned throughout the European territory.
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The level of site fidelity of fish throughout the period they are vulnerable to fishing
gears is a key constraint in the use of closed areas as a fishery management tool. We
investigated site fidelity in cod (Gadus morhua) and haddock (Melanogrammus
aeglefinus) from the west of Scotland (ICES stock area VIa) and North Sea (ICES
stock areas IVa and IVb) using a combination of tagging, otolith shape and microchemistry approaches in order to evaluate the scale of area closure necessary for the
protection of nursery through to adult life stages. In both species the scale of
movements was smaller in the inshore spawning aggregations relative to those
offshore. Comparison of the micro-chemistry signatures of the otoliths of 0-group and
the 0-group component from the same year-class at age 2 indicated that most adult
coastal cod originated from geographically discrete nursery areas within 100 km of the
spawning aggregations. Conventional tag-recapture data and individual geolocation
estimates from data storage tagged fish also indicated that adult cod remained resident
in these areas. Given this limited scale of movements within coastal cod it might be
feasible to protect these populations through closures of part of the ICES stock area. In
contrast, a similar comparison of movements in haddock suggested that postsettlement 0-group fish disperse more widely than coastal cod. As such area closures
for haddock may be of limited benefit. Moreover, the largest spawning aggregations of
cod were found around offshore banks and these fish also tended to be wide ranging.
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The red grouper (Epinephelus morio) is traditionally the second most important fishery
in the Campeche Bank, located in the South part of the Gulf of Mexico. The resource is
exploited by three fleets, two from Mexico, an artisanal and a medium sized; and one
large fleet from Cuba. This resource has shown a decline in biomass and the stock has
been declared as overfished by Mexican authorities. The main objective for
management is recovery up to the biological reference point representing 50% of the
pristine biomass. Actual regulations include minimum legal size, a catch quota for the
Cuban fleet and recently closed season during winter in order to protect reproductive
process. This is a protogyneous hermaphrodite species that undergoes seasonal
reproductive aggregations during the winter. Such aggregations are well known by
fishers who use this to obtain better yields with the consequence increased of
catchability during this period. In order to protect the reproductive process an MPA was
suggested as a measure to ensure stock recovery specifically aimed to protect
reproductive process. However, there are no formal studies to evaluate how to
implement this strategy. In this study, we use Ecospace model to simulate effects of a
MPA. Simulations are based on a trophic model of the Campeche Bank ecosystem.
The model considers several functional groups in the ecosystem, additionally the red
grouper stock was split into juveniles, preadults and adults. In a temporal simulation we
identify criteria to recover the red grouper stock through fleet control; after these
scenarios were simulated to identify effects of the designation of a MPA in the
Campeche Bank aimed to recover the red grouper stock. MPA effects were primarily
evaluated in terms of the increase in red grouper biomass, but also indirect effects on
other functional groups in the ecosystem as consequence of management were
considered.
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Marine Protected Areas (MPAs) have being widely developed during the last years as
alternative tool to manage marine biodiversity and fisheries. Despite the large amount
of results from different individual locations, a lack of synthetic information on the
performance of MPAs exists, overall on those structural issues that determine the
general patterns of functioning. In this sense, the EMPAFISH project provided a good
framework in order to analyze a huge amount of data to obtain what MPA
characteristics are the more relevant.
To do that, data collected on fish assemblage collected by means of visual census from
the case studies included in the EMPAFISH project were analyzed using the
classification data mining methods. Data mining techniques try to discover relevant and
useful patterns and relationships from large databases, constructing the corresponding
classes based on the features of the data, establishing a rule whereby we can classify
each observation into one of the existing classes. Using this procedure, the fish
assemblage data were related with different structural characteristics of the MPAs such
as total size, time from enforcement, isolation degree, etc.
Our results exhibited the importance of the total size of the MPAs in order to obtain
best results for fish assemblages, being that more enhanced as bigger is the MPA. In a
second level, the analysis highlights a strong relationship between the total size of
MPAs and the distance among them, evidencing the importance in the regional
arrangement of small MPAs.
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