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Seeing the ocean through the eyes of seabirds could help meet the challenges of managing common-pool
marine resources both in protected and unprotected areas. First, seabirds are top-predators, exposed to
all threats affecting the oceans, and this makes them ideal sentinel organisms for monitoring changes
within marine ecosystems. Second, seabirds cross both ecological and political boundaries, and following
their movements should help making interdependencies within and between marine ecosystems more
visible. Third, seabirds are conspicuous and often charismatic animals, which interact differently with
different groups of stakeholders and provide the opportunity to acknowledge and discuss each other's
values and interests. In this paper, we present these research avenues using a seabirds’ view, for tackling
marine conservation and management issues, and we give operational examples of implementation
based on our work in the English Channel.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Humans only very recently admitted to their historical, major
impact upon marine ecosystems [35], probably because of their
generally remote perception of underwater ecological processes. In
parallel to the growing awareness for marine environmental is-
sues, conservation efforts followed the path of terrestrial con-
servation initiatives, yet with a 100-year time lag [42]. From the
industrialization of fisheries in the early 19th century to the late
20th century, marine conservation and marine resource manage-
ment evolved separately. As in terrestrial systems, the establish-
ment of protected areas has been the main response to environ-
mental degradation. However, in 2010, only 1% of the world's
oceans were protected [78], with only a tenth of this surface de-
void of exploitation [85], compared to 13% for terrestrial areas [79].
Concomitantly, fisheries management slowly evolved from a state
of no restriction supported by government subsidies following
World War II to single-species, steady-state management with
continued subsidies from the 1960s to the 1990s [33], before
scroël).
finally recognizing the need for an ecosystem-based approach
[31,63] in the early 21th century. Today, it is widely acknowledged
that ecosystems are complex, dynamic, adaptive systems with
nonlinear feedbacks and thresholds [43], and are tightly linked
with similarly complex human systems [50]. Protected areas are
no longer seen as an exclusionary conservation tool, and con-
servation policies now emphasize public participation in decision-
making [56].

In terms of conservation efficiency and resolution of user
conflicts, however, this progressive shift from separated ecological
and human systems governed by top–down policies, to more
horizontally-governed social–ecological systems [8] has not yet
lead to the expected results. We see three main reasons for this:
(1) the extreme complexity of social–ecological systems and in-
herent uncertainties concerning their functioning and dynamics,
(2) the incapacity of marine protected areas (MPAs) alone to
counter environmental degradation, and (3) the lack of con-
sideration for power and information asymmetries between par-
ticipants in public participation processes [65]. First, while it is
crucial to analyze the social dimension of resource management
together with resource and ecosystem dynamics [27], dealing with
complex adaptive systems such as social–ecological systems im-
plies addressing complex interactions, feedbacks, and uncertainty
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at multiple scales, a process which requires a huge amount of data
[18] which are simply not available for many marine systems. For
the ecological system alone, integrating changes in the physical
environment and biological responses into operational ecosystem
models while dealing with the increased uncertainty induced by
climate change and human overuse is an immense challenge. In
any marine system, meeting this challenge will take place at a
much longer timescale than the one at which resource manage-
ment commonly operates. Second, while the pace for MPAs des-
ignation has increased sharply in recent years to comply with in-
ternational agreements, they are mostly restricted to the exclusive
economic zones of coastal nations and our capacity to manage
them efficiently is still lagging [14,59,74]. MPAs are not always
ecologically efficient because they are too small or too static
compared to the system they are supposed to protect, and/or be-
cause of insufficient or insufficiently applied regulations [2,85].
Often, and despite the institutionalization of public participation
in decision making, MPAs are socially not well accepted (e.g. [84]).
This can lead to user failure to comply with regulations, and ulti-
mately undermine the conservation efficiency of MPAs [14,37,39].
The establishment of MPAs in specific geographical areas may also
lead to ecological and social vulnerability transfers to other areas
[1,10]. Third, while public participation in decision making is now
a regulatory imperative in many countries, its implementation by
administrative institutions is often creating more frustrations than
shared decisions. Beyond the manipulation of public participatory
processes by governance bodies [65,88], asymmetries in percep-
tions, power, or speaking skills between stakeholders as well as
conflicting interests may seriously undermine conservation and
conflict resolution [3,14,15,33,49,56], especially when such differ-
ences are not made explicit by the participatory process [6].

In order to overcome these obstacles and improve the efficiency
of marine conservation policies, we advocate using seabirds both as
indicators of marine ecosystem health and as ambassadors of less
visible, and often less charismatic, marine species, to improve par-
ticipatory schemes leading to global ocean conservation. While this
approach might seem reductive or purely ecology-oriented at first,
it is supported by several features that make seabirds a highly
pertinent meeting point (or ‘boundary object’ sensu [72]) for marine
sciences and stakeholder groups. First, their position at or near the
top of most marine food chains results in seabirds being ideal
sentinel organisms for monitoring changes within marine ecosys-
tems (e.g. [11,25,30]). Because seabirds are exposed to all threats
affecting the marine environment (Fig. 1), conservation strategies
Fig. 1. Seabirds are exposed to all the threats affecting the marine environment: clima
plastic debris, oil pollution, [80]), direct mortality through bycatch [20] and overexploita
to see plastic debris in nests, often from fishing gear (A), as well as hooked individuals (B
all bird species; [20]). Pictures by David Grémillet.
based on their ecological requirements deliver broad ecosystem-
level benefits [21], as shown for other top predators [70,71]. Second,
seabirds cross both ecological and political boundaries on a regular
basis [38]. Therefore, following seabird movements throughout
their annual cycle should allow overcoming the dichotomy between
protected and non-protected areas, and make interdependencies
within and between marine ecosystems more visible. Third, sea-
birds are conspicuous and often charismatic animals (e.g. penguins,
albatrosses or gannets) that are part of the culture of coastal com-
munities [51,53] but can be perceived differently by different
groups of stakeholders (Fig. 2). Acknowledging and discussing these
different perceptions would help build a better understanding of
each other's values and interests, which is essential for cooperation.
Importantly, seabirds are also big enough to be equipped with
electronic devices (e.g. GPS recorders or miniaturized video cam-
eras; [66]) that collect data about their movements and behavior.
These data are highly accurate, cheap to acquire compared to ves-
sel-based observations, and can be represented and conveyed to a
variety of audiences in a highly visual and intuitively under-
standable way (e.g. maps of locations and movement, pictures, and
video clips) that is likely to facilitate discussions and information
transfer among stakeholders.

Supplementary material related to this article can be found
online at doi:10.1016/j.marpol.2016.02.015.

Seeing the ocean through the eyes of seabirds therefore im-
plies: (1) identifying, characterizing and quantifying interactions
between seabirds and human activities, (2) identifying ecological
solidarities and vulnerability transfers among the different habi-
tats used by seabirds, and (3) studying and developing the use of
seabirds as a boundary object to foster stakeholder cooperation.
Below, we will develop these three research avenues and give
operational examples of implementation based on our work in the
English Channel.
2. Interactions between seabirds and human activities

2.1. Seabirds as ocean sentinels

Seabirds raise their young on land but feed, and often winter, at
sea. Depending on the species considered and on the time of year,
they rely on coastal or offshore waters, from the water surface to
several hundreds of meters. Seabird behavior (e.g. foraging effort) is
especially sensitive to environmental changes (e.g. fish availability)
te warming [34], habitat degradation (organochlorine contaminants and mercury,
tion of their prey [64]. On Northern gannet (Morus bassanus) colonies, it is common
). In 2012, 28% of seabird species were classified as threatened (compared to 12% for
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Fig. 2. Seabirds can be used as a meeting point (or ‘boundary object’, sensu [72]) for
stakeholder groups. They can be perceived as an ecological component of a com-
plex system by scientists and natural managers, as an economic resource for tour
guides and operators, as a competitor for fishermen and shellfish farmers, or as a
food resource for hunters.
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and can therefore be used as an indicator summarizing large
quantities of information into a few relevant signals [25]. By fitting
them with electronic devices (such as GPS or satellite tags) when
they are on land, it is possible to know precisely what part of the
ocean they are visiting, and when (see examples and references in
[66]). Seabirds can therefore act as autonomous samplers of the
ocean, or’sentinels’, and inform us about local to distant environ-
mental degradation. Sentinels are indicators of human-induced al-
terations of their supporting ecosystems [69]. For example, while
concerns are rising about the quantity of plastic debris in the oceans
[7,19,36], the level of plastic pollution in a given area can be
monitored by examining the debris used by seabirds to build their
nests [52,82]. As seabirds often ingest plastic waste [24,68], the
level of plastic pollution within the foraging range of a given species
can also be assessed by performing necropsies on seabirds stranded
on beaches, or accidentally caught by fisheries [16]. Similarly, the
concentration of other pollutants, such as heavy metals or organic
pollutants, in the environment can be assessed by measuring their
concentration in the feathers, blood, muscle or organs of live (for
feathers and blood), or dead seabirds (e.g. [28,40]).

2.2. Seabirds as umbrella species and ecological indicators

Top predators usually need large areas for foraging and develop
series of functional links to many ecosystem components [69].
They can therefore be used as umbrella species, encompassing the
requirements of less demanding species, and as ecological in-
dicators, revealing areas in need of biodiversity protection and/or
biodiversity hotspots. In the marine realm, different studies have
shown that sites used by top predators for breeding and foraging
overlap widely with biodiversity hotspots in the open oceans
[86,87]. Therefore, seabirds seem adequate surrogate species for
addressing questions about how human activities are conflicting
with marine life, what resources are left available for wildlife, and
which areas should be protected. One approach to addressing
these questions is through biologging technology, i.e. ‘the use of
miniaturized animal-attached tags for logging and/or relaying data
about an animal’s movements, behavior, physiology, and/or
environment’ [67]. Applied to seabirds, biologging allows re-
searchers to produce maps of their location and activities at sea
(e.g. [61]) to assess competition for space and food with human
activities, such as fishing, aquaculture, extraction of oil and ag-
gregates, production of renewable energy, at a very fine spatial and
temporal scale.

2.3. Northern gannets foraging tracks help redefining marine pro-
tected areas

For example, in the English Channel, the use of GPS tags on
Northern gannets (Morus bassanus), the largest seabird species in
the North Atlantic, allowed us to identify foraging hotspots that
are currently used by government agencies to redefine French
marine protected areas and assess the impact of a wind farm
project (Fig. 3). In 2013 and 2014, 16 birds were equipped with GPS
tags and miniaturized video cameras in order to identify, char-
acterize, and quantify the interactions between gannets and fish-
eries (Fig. 4). The data collected showed that at least 38% of the
tracked gannets fed behind or around trawlers, mainly when the
trawl net was hauled but still underwater. Further, there was no
evidence of interactions with other types of fishing vessels. This
type of assessment (see also [75,83]) is especially important in the
context of the new European Common Fisheries Policy, which
aims at drastically reducing fishing discards at the horizon of 2019
(REGULATION (EU) No. 1380/2013), and could significantly affect
seabirds-fisheries interactions.
3. Ecological solidarities and vulnerability transfers

3.1. Seabirds help thinking the world's interconnections

Seabirds cross ecological boundaries because they breed on land
but feed at sea, or travel in the air but often dive underwater for
catching prey. Seabirds also cross political boundaries on a regular
basis, moving from coastal to international waters or from one
management unit to another. By connecting habitats and ecosys-
tems in space and time, they play an important role as ‘mobile links’
[44] in ecosystem dynamics. Seabirds also connect protected areas
and non-protected areas, as well as different nations and local
communities. These multiple connections provide a great opportu-
nity to ‘think large’ and understand the ‘ecological solidarities’ that
exist in the marine realm. The concept of ‘ecological solidarity (ES)’
is a core notion of the 2006 law reforming National Park policy in
France [47,76] and the umbrella concept of the new French national
law on biodiversity conservation presently in preparation (last
reading by the parliament). ES is defined as the interdependence of
living organisms and integrates ecological, social–ecological, and
social–political interdependences. Shifting from the concept of ‘in-
terdependence’ to ES in viewing this plurality of ties underlines the
community of fate between humans, their societies, and the rest of
nature [48]. Respect and care for ecological solidarities becomes the
contract by which we define our duties and the limits of our action
on nature. It differs drastically from the traditional design for pro-
tected areas, i.e. an ‘island’ of strict regulatory protection, by high-
lighting the importance of the connections between a protected area
and its geographical and social surroundings. Indeed, the outcome of
conservation strategies implemented in a protected area can be
significantly affected by the social and economic situation of non-
protected areas to which it is connected.

A good example of such connections is the link between
bushmeat hunting, wildlife declines, and fish supply in West Africa
[10]. In Ghana, the decline in fish supply from heavily exploited
coastal waters led to a shortage of proteins for the local popula-
tion, which had to rely increasingly on bushmeat hunting, both for



Fig. 3. (Color online) Contours of foraging habitat utilization of 91 Northern gannets tracked from Rouzic Island (red star) with GPS tags during the chick-rearing period
(2005–2013). Kernel utilization density (UD) contours correspond to the spatial extent of gannet foraging range (90% and 70% UD), focal areas (50% UD) and core areas (25%
UD) from light to dark gray (dark pink). Black (yellow) polygons represent areas selected for wind farm projects. The polygon with a dashed outline (green polygon)
represents the area of interest for the conservation of seabirds and marine mammals in the English Channel, as first proposed by the French MPA Agency. The location of this
area is being redefined, partially based on this tracking data.
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income and subsistence. This in turn led to increased poaching in
terrestrial protected areas, and coincided with sharp declines in
the biomass of mammal species in these areas. Our own work on
the at-sea distribution of Northern gannets and Scopoli’s shear-
waters (Calonectris diomedea), whose breeding sites are strictly
protected in Europe, suggests that industrial fishing in West Afri-
can waters by foreign fleets (including from the EU) could also
significantly affect the population dynamics and conservation
status of these populations in Europe, through seabird bycatch and
fish stock depletion at their West African wintering grounds ([32];
Fig. 5).

3.2. Following seabirds through their lives, and identifying man-
agement deficiencies

Identifying the areas and habitats used by seabirds throughout
their annual cycle (breeding vs. non-breeding season) and their
life stages (juvenile, immature and adult phases), as well as in-
teractions between seabirds and human activities within these
areas, will help with understanding the ecological, social, and
economic dimensions of marine ecological solidarities, and
reaching a more integrative view of conservation issues. Indeed,
while most seabird breeding colonies of the Northern hemisphere
are protected, this is rarely the case for the marine habitats they
rely upon during the breeding season, their migration corridors or
their wintering areas, especially when the latter are located in the
Southern hemisphere or in international waters. From an ecolo-
gical perspective, identifying connectivity between seabird habi-
tats, threats to ecosystems, and management deficiencies in these
habitats would allow proposing meaningful protected area net-
works and/or ocean zoning schemes.

3.3. Understanding the influence of socio-economic contexts and
power relationships

Unfortunately, ecologically sound does not always mean prac-
tically efficient, and conservation strategies which ignore socio-
economic contexts are likely to fail. The collapse of many fish
stocks in the North Atlantic [12,22,29,54] and increasing en-
vironmental regulatory requirements within the EU incited the
industrial players of marine resource exploitation to transfer their
activities and related environmental impact to waters belonging to
states which do not have the necessary legislation to protect their
marine resources [4]. Understanding how social and economic
interdependencies between seabird habitats may be fueling such
vulnerability transfers, from strong institutional, social or eco-
nomic actors to weaker ones, should help greatly in building more
efficient conservation strategies.
4. Seabirds as a boundary object for stakeholder cooperation

4.1. From flagship species to boundary object

As other top-predators, seabirds (e.g. puffins and albatrosses)
have been widely used by conservation organizations as flagship
species to raise funds and/or communicate about conservation
issues [69]. This approach has been criticized for indirectly giving
prominence to public preferences over scientific criteria in setting
conservation priorities [26] and also for generating conflict with
local communities, for instance when top predators are competing
with human activities (e.g. [55,89]).

Here we propose to go beyond the concept of flagship species
and to use seabirds as a boundary object for the different marine
stakeholder groups. According to [72] ‘boundary objects are ob-
jects which are both plastic enough to adapt to local needs and
constraints of the several parties employing them, yet robust en-
ough to maintain a common identity across sites. They are weakly
structured in common use, and become strongly structured in in-
dividual-site use. They may be abstract or concrete. They have
different meanings in different social worlds but their structure is
common enough to more than one world to make them recogniz-
able, a means of translation. The creation and management of
boundary objects is key in developing and maintaining coherence



Fig. 4. (Color online) (A) GPS tracks (gray lines) collected from adult gannets breeding on Rouzic Island (red star) in 2013 (7 individuals) and 2014 (9 individuals). For each of
these tracks, miniaturized video cameras attached on the gannet’s lower back continuously recorded the bird’s environment on its fishing grounds over 1.3 h (thicker black/
green sections). (B) Close-up of a filmed section for an individual track. From these recordings, we determined that 38% of the tracked gannets fed behind or around trawlers.
Two short video sequences of “natural” foraging and foraging behind trawlers are provided as electronic supplementary material.
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across intersecting social world’. We suggest that seabirds could
be used to promote discussion and develop cooperation between
stakeholder groups such as fishermen, shellfish farmers, NGO
representatives, environmental managers and scientists. Sea-
birds interact with all these groups, therefore materializing an
intersection between them, but they are perceived differently by
each individual group (Fig. 2). Recognizing and discussing these
differences could be a way to reach a reciprocal understanding of
everyone’s norms, interests, and values, creating the basis for
effective cooperation. Due to the transboundary nature of sea-
bird ecology, discussions about the interactions between sea-
birds and human activities would allow raising most global
marine-specific conservation issues (e.g. overfishing), in a less
conflicting way than if they were directly addressed.
4.2. Using visual data as a springboard for stakeholder cooperation

Beyond the image of seabirds as used in a classical ‘flagship
species’ approach, we suggest that visual data collected on and by
seabirds (e.g. maps of GPS tracks, pictures, and video clips) provide
a major opportunity to convey knowledge to a heterogeneous
public, and to generate immediate interest. As the saying goes, ‘a
picture is worth a thousand words’ and it is especially true in the
marine realm since most people do not have direct experience
with what is happening under the ocean surface and/or off the
coast. This led a few researchers to develop dynamic visualizations
of marine ecosystems, based on different management scenarios,
to better enable government officials, environmental groups, and
commercial fishers to make informed policy decisions (e.g. [13]).



Fig. 5. Migratory movements of juvenile and adult Northern gannets between their breeding (black circle, short dash contour) and wintering (black circle, long dash
contour) areas, illustrating the connectivity (arrows) between European protected areas and West African coastal waters. The location of the breeding colony (Rouzic Island)
is indicated by the star. While European breeding sites are strictly protected, birds wintering off West Africa are at risk from oil spills, competition with fisheries, as well as
intentional and incidental mortality by fishing gear. Adapted from Grémillet et al. [32].

Fig. 6. Sharing seabird-related visual data within multi-sectoral working groups can nourish and modify both the cognitive dimension of individual perceptions by providing
scientific knowledge on the interactions within a marine social–ecological system, and the affective dimension of these perceptions by reinforcing the emotional connection
to marine biodiversity. Scientific knowledge, shared information between stakeholder groups, and reinforced emotional connection to nature should enhance the ability of
stakeholders to coordinate for changing regulation frameworks. Photo credit: David Grémillet.
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Additionally, studies have shown that affective factors can play a
greater role than scientific considerations in the willingness of
individuals to pay for biodiversity conservation, e.g. people would
rather pay for conserving species which they like and are familiar
with, often part of the charismatic megafauna, than for en-
dangered but more cryptic species [46]. In the context of partici-
patory management processes, we hypothesize that seabird-re-
lated visual data can nourish and modify (1) the cognitive di-
mension of individual perceptions by providing easily under-
standable information on seabird ecology and the interactions
between seabirds and other components of the social–ecological
system, and (2) the affective dimension of these perceptions, by
conveying a sense of awe and closeness for marine biodiversity
(Fig. 6).

4.3. From gannet/trawler interactions to global marine conservation
issues

Although these hypotheses need further exploration and test-
ing, our preliminary work in the English Channel yields promising
results. Indeed, maps of GPS tracks and videos of gannet/trawler
interactions were successfully used to address global marine
conservation issues with fishermen, shellfish farmers, NGO re-
presentatives, environmental managers and scientists at a work-
shop held in Dinard (France) in November 2014. These stake-
holders had been invited to work collectively on the interactions
between seabirds and human activities. The discussion about
these interactions and the visual data shared during the workshop
addressed a large range of global marine conservation issues, in-
cluding wildlife disturbance by recreational activities, fisheries
management, degradation of benthic habitats, water pollution
(caused by plastic debris, microbial contamination and chemicals),
competition for food between marine top predators and fisher-
men, invasive species, impact of marine renewable energy facil-
ities, and fisheries bycatch. These open discussions did indicate
that seabirds can be used as a boundary object to facilitate dialog
and knowledge transfers among stakeholders. In great contrast to
conventional public participation processes, this workshop was
not oriented towards consensus and decisions-taking, something
which was greatly appreciated by all stakeholders who often feel
they are being talked into pseudo-participation.

This first experiment created an arena of discussion and co-
production of knowledge related to social and ecological interac-
tions. Such an arena is key to the governance of biodiversity by
allowing social learning and creating the necessary conditions for
a deliberative process geared towards integrated institutional and
technical innovations to deal with global change and market lib-
eralization. Indeed, by making stakeholders acknowledge the ex-
istence of interdependencies among humans and non-human
components of the marine social–ecological system, we also lead
them to be aware of their dependence on each other to solve
conservation and natural resource management issues. In turn,
this will increase their willingness to engage in collective action as
an alternative or complementary approach to public policy or
market forces [41,57,58].
5. Limits

5.1. Suitability of seabirds as surrogate species for marine
biodiversity

Part of the approach advocated here involves using seabirds as
surrogate species for marine biodiversity. Specifically, we suggest
using seabirds as umbrella species and ecological indicators. While
there is a consensus around the efficiency of top predators in general
as sentinel species, their pertinence as biodiversity indicators seems
highly species- and context-dependent. There has been little quan-
titative investigation of their effectiveness as umbrella species,
though their use in marine systems is promising (see studies re-
viewed in [69]) and should be tested in different contexts.

Using seabirds as a boundary object for stakeholder coopera-
tion also requires formal testing, which we are currently under-
going. As underlined by Sergio et al. [69], ‘the context-dependence
and species-dependence […] indicate the importance of locally tai-
lored, cautious choices of top predatory species appropriate to the
conservation task to be achieved’. Seabirds are better suited to
promote discussion and develop cooperation between stakeholder
groups than other marine top predators, such as seals or toothed
whales, whose depredation in fisheries is a source of conflicts and
polarization of viewpoints among stakeholders (e.g. [17,62]).
However, even among seabirds, special care should be taken to
select the species in line with the social–ecological context and
objectives. In the European context of coastal fisheries, for ex-
ample, herring gulls (Larus argentatus), which are perceived by the
general public as thriving on our garbage, or great cormorants
(Phalacrocorax carbo), seen as gluttons of the sea by many people,
should probably be avoided, at least during the first discussion
phase.

5.2. Conflicts arising from large-scale economic and/or political
power asymmetries

While using seabirds as a boundary object for stakeholder co-
operation will help with recognizing and discussing differences of
perceptions and interests among stakeholders, it will not rule out
conflicts arising from large-scale economic and/or political power
asymmetries. For example, public participation processes and
concerted action schemes often take place at a local scale with
community stakeholders, but the most powerful drivers of a sys-
tem may actually act at a much larger scale (such as the industrial
fish meal fishery). Nonetheless, understanding the ecological so-
lidarities that exist between marine social–ecological systems will
help shed light on these drivers, and provide key knowledge that
could be used by the most vulnerable stakeholders to push for
changes in regulation frameworks [58].

5.3. Participating in multi-sectoral workshops is time-consuming

Lastly, ‘seeing the ocean through the eyes of seabirds’ and ulti-
mately getting involved in discussions with stakeholders is probably
more time-consuming for researchers than just providing their data
to government agencies and/or conservation organizations. How-
ever, creating such an arena of discussion for fishermen, shellfish
farmers, NGO representatives, environmental managers and scien-
tists can lead to multi-way transfers of knowledge, increase mutual
trust and the establishment of new collaborations, and ultimately
open new research avenues for scientists.
6. Conclusion

Seeing the ocean through the eyes of seabirds is a new, syn-
thetic approach to the complex interactions between the ecolo-
gical and social components of marine systems, and for addressing
global marine conservation issues with a wide array of stake-
holders. While there is no single, ideal solution to the marine so-
cial–ecological crisis, creating arenas of social learning and co-
production of knowledge based on a shared understanding using
seabirds can promote collective action and help meet the chal-
lenges of managing common-pool marine resources by enhancing
ecosystem stewardship both in protected and unprotected areas.



A. Lescroël et al. / Marine Policy 68 (2016) 212–220 219
Acknowledgments

We warmly thank the ‘Fondation de France’ (Grant 00030728)
for providing financial support as well as a forum for discussion
among environmental managers and researchers working on
coastal areas. Many thanks to Carole Vuillot for stimulating dis-
cussions about social representations and participative modeling.
Thanks to the ‘Agence des Aires Marines Protégées’ for providing
GIS layers of areas of conservation interest and wind farm projects.
AL also wishes to thank her Crozier team for never ending moti-
vation and inspiration. Special thanks to Dennis Jongsomjit for
improving the English and providing useful comments on the
structure of the manuscript.
References

[1] W.M. Adams, R. Aveling, D. Brockington, B. Dickson, J. Elliott, J. Hutton, D. Roe,
B. Vira, W. Wolmer, Biodiversity conservation and the eradication of poverty,
Science 306 (2004) 1146–1149.

[2] T. Agardy, G.N. Di Sciara, P. Christie, Mind the gap: addressing the short-
comings of marine protected areas through large scale marine spatial plan-
ning, Mar. Policy 35 (2011) 226–232.

[3] T. Agardy, P. Bridgewater, M.P. Crosby, J. Day, P.K. Dayton, R. Kenchington,
D. Laffoley, P. McConney, P.A. Murray, J.E. Parks, et al., Dangerous targets?
Unresolved Issues and ideological Clashes around marine protected areas,
Aquat. Conserv. Mar. Freshw. Ecosyst. 13 (2003) 353–367.

[4] D.J. Agnew, J. Pearce, G. Pramod, T. Peatman, R. Watson, J.R. Beddington, T.
J. Pitcher, Estimating the worldwide extent of illegal fishing, Plos One 4 (2009)
e4570.

[6] C. Barnaud, A. Van Paassen, Equity, power games, and legitimacy: dilemmas of
participatory natural resource management, Ecol. Soc. 18 (2013) 21.

[7] D.K. Barnes, Biodiversity: invasions by marine life on plastic debris, Nature 416
(2002) 808–809.

[8] F. Berkes, C. Folke, Linking social and ecological systems for resilience and
sustainability, Linking Social and Ecological Systems: Management Practices
and Social Mechanisms for Building Resilience, Cambridge University Press,
Cambridge, 1998.

[10] J.S. Brashares, P. Arcese, M.K. Sam, P.B. Coppolillo, A.R. Sinclair, A. Balmford,
Bushmeat Hunting, wildlife declines, and fish supply in West Africa, Science
306 (2004) 1180–1183.

[11] J. Burger, M. Gochfeld, Marine birds as sentinels of environmental pollution,
EcoHealth 1 (2004) 263–274.

[12] M. Casini, J. Lövgren, J. Hjelm, M. Cardinale, J.-C. Molinero, G. Kornilovs, Multi-
level trophic cascades in a heavily exploited open marine ecosystem, Proc. R.
Soc. B Biol. Sci. 275 (2008) 1793–1801.

[13] V. Christensen, S. Lai, Scenario development for decision making, in:
V. Christensen, J. Maclean (Eds.), Ecosystem Approaches to Fisheries, Cam-
bridge University Press, Cambridge, 2011, p. 325.

[14] P. Christie. Marine protected areas as biological successes and social failures in
Southeast Asia, in: Proceedings of American Fisheries Society Symposium, 42,
pp. 155–164.

[15] P. Christie, B.J. McCay, M.L. Miller, C. Lowe, A.T. White, R. Stoffle, D.L. Fluharty,
L.T. McManus, R. Chuenpagdee, C. Pomeroy, Toward developing a complete
understanding: a social science research agenda for marine protected areas,
Fisheries 28 (2003) 22–25.

[16] M. Codina-García, T. Militão, J. Moreno, J. González-Solís, Plastic debris in
Mediterranean seabirds, Mar. Pollut. Bull. 77 (2013) 220–226.

[17] R. Cosgrove, M. Cronin, D. Reid, M. Gosch, M. Sheridan, N. Chopin, M. Jessop,
Seal depredation and Bycatch in set net fisheries in Irish Waters, Fish. Resour.
Ser. (2013) 10.

[18] R. Costanza, L. Wainger, C. Folke, K.-G. Mäler, Modeling complex ecological
economic systems, Bioscience (1993) 545–555.

[19] A. Cózar, F. Echevarría, J.I. González-Gordillo, X. Irigoien, B. Úbeda,
S. Hernández-León, Á.T. Palma, S. Navarro, J. García-de-Lomas, A. Ruiz, et al.,
Plastic debris in the open ocean, Proc. Natl. Acad. Sci. 111 (2014) 10239–10244.

[20] J.P. Croxall, S.H. Butchart, B. Lascelles, A.J. Stattersfield, B. Sullivan, A. Symes,
P. Taylor, Seabird conservation status, threats and priority actions: a global
assessment, Bird. Conserv. Int. (2012) 22.

[21] P.M. Cury, I.L. Boyd, S. Bonhommeau, T. Anker-Nilssen, R.J. Crawford, R.
W. Furness, J.A. Mills, E.J. Murphy, H. Österblom, M. Paleczny, Global seabird
response to forage fish depletion—one-third for the birds, Science 334 (2011)
1703–1706.

[22] G.M. Daskalov, A.N. Grishin, S. Rodionov, V. Mihneva, Trophic cascades trig-
gered by overfishing reveal possible mechanisms of ecosystem regime shifts,
Proc. Natl. Acad. Sci. 104 (2007) 10518–10523.

[24] R.H. Day, D.H.S. Wehle, F.C. Coleman, Ingestion of Plastic Pollutants by Marine
Birds, in: Richard S. Shomura, Howard O. Yoshida (Eds.), NOAA Technical
Memorandums NFMS, 1985, pp. 344–386.

[25] J.M. Durant, D.Ø. Hjermann, M. Frederiksen, J.-B. Charrassin, Y. Le Maho, P.S.
Sabarros, R.J. Crawford, N.C. Stenseth, Pros and cons of using seabirds as
ecological indicators, 2009.

[26] A. Entwistle, N. Dunstone, Priorities for the Conservation of Mammalian Di-
versity: Has the Panda Had Its day?, Cambridge University Press, Cambridge,
2000.

[27] C. Folke, T. Hahn, P. Olsson, J. Norberg, Adaptive governance of social–ecolo-
gical systems, Annu. Rev. Environ. Resour. 30 (2005) 441–473.

[28] J. Fort, G.J. Robertson, D. Grémillet, G. Traisnel, P. Bustamante, Spatial Eco-
toxicology: migratory Arctic seabirds are exposed to mercury contamination
while overwintering in the Northwest Atlantic, Environ. Sci. Technol. 48
(2014) 11560–11567.

[29] K.T. Frank, B. Petrie, J.S. Choi, W.C. Leggett, Trophic cascades in a formerly cod-
dominated ecosystem, Science 308 (2005) 1621–1623.

[30] R.W. Furness, K.C. Camphuysen, Seabirds as monitors of the marine environ-
ment, ICES J. Mar. Sci.: J. Cons. 54 (1997) 726–737.

[31] S.M. Garcia, A. Zerbi, C. Aliaume, T. Do Chi, G. Lasserre, 2003. The ecosystem
approach to fisheries: issues, terminology, principles, institutional founda-
tions, implementation and outlook. FAO Fisheries Technical Paper, No. 443,
Rome.

[32] D. Grémillet, C. Péron, P. Provost, A. Lescroël, Adult and juvenile European
seabirds at risk from marine plundering off west Africa, Biol. Conserv. 182
(2015) 143–147.

[33] S.S. Hanna, From single-species to biodiversity – making the transition in
fisheries management, Biodivers. Conserv. 8 (1999) 45–54.

[34] K.D. Hyrenbach, R.R. Veit, Ocean warming and seabird communities of the
southern California current system (1987–98): response at multiple temporal
scales, Deep Sea Res. II: Top. Stud. Ocean. 50 (2003) 2537–2565.

[35] J.B. Jackson, M.X. Kirby, W.H. Berger, K.A. Bjorndal, L.W. Botsford, B.J. Bourque,
R.H. Bradbury, R. Cooke, J. Erlandson, J.A. Estes, et al., Historical overfishing
and the recent collapse of coastal ecosystems, Science 293 (2001) 629–637.

[36] J.R. Jambeck, R. Geyer, C. Wilcox, T.R. Siegler, M. Perryman, A. Andrady,
R. Narayan, K.L. Law, Plastic waste inputs from land into the ocean, Science
347 (2015) 768–771.

[37] A. James, M. Green, J. Paine, Global Review of Protected Areas Budgets and
Staff, World Conservation Monitoring Center, Cambridge, 1999.

[38] P.G. Jodice, R.M. Suryan, The Transboundary nature of seabird ecology, in:
Landscape-Scale Conservation Planning, Springer, 2010, pp. 139–165.

[39] J.P. Kritzer, Effects of noncompliance on the success of alternative designs of
marine protected-area networks for conservation and fisheries management,
Conserv. Biol. 18 (2004) 1021–1031.

[40] E.H. Leat, S. Bourgeon, E. Magnusdottir, G.W. Gabrielsen, W.J. Grecian, S.
A. Hanssen, K. Olafsdottir, A. Petersen, R.A. Phillips, H. Strøm, et al., Influence
of wintering area on persistent organic pollutants in a breeding migratory
seabird, Mar. Ecol. Progress. Ser. 491 (2013) 277–293.

[41] C. Leeuwis, Communication for Rural Innovation: Rethinking Agricultural
Extension, Blackwell Science Ltd, Oxford, 2013.

[42] J. Lindholm, B. Barr, Comparison of marine and terrestrial protected areas
under federal jurisdiction in the United States, Conserv. Biol. 15 (2001)
1441–1444.

[43] J. Liu, T. Dietz, S.R. Carpenter, M. Alberti, C. Folke, E. Moran, A.N. Pell,
P. Deadman, T. Kratz, J. Lubchenco, et al., Complexity of coupled human and
natural systems, Science 317 (2007) 1513–1516.

[44] J. Lundberg, F. Moberg, Mobile link organisms and ecosystem functioning:
implications for ecosystem resilience and management, Ecosystems 6 (2003)
0087–0098.

[46] B. Martín-López, C. Montes, J. Benayas, The non-economic motives behind the
willingness to pay for biodiversity conservation, Biol. Conserv. 139 (2007)
67–82.

[47] R. Mathevet, J. Thompson, O. Delanoë, La Solidaritéécologique: un nouveau
concept pour Une Gestion Intégrée Des Parcs Nationaux Et Des Territoires, Nat.
Sci. Soc. 18 (2010) 424–433.

[48] R. Mathevet, J. Thompson, C. Folke, F.S. Chapin III, Protected areas and their
surrounding territory: social-ecological systems in the context of ecological
solidarity, Ecol. Appl. 26 (2016) 5–16.

[49] T.O. McShane, P.D. Hirsch, T.C. Trung, A.N. Songorwa, A. Kinzig, B. Monteferri,
D. Mutekanga, H. Van Thang, J.L. Dammert, M. Pulgar-Vidal, et al., Hard
choices: making trade-offs between biodiversity conservation and human
well-being, Biol. Conserv. 144 (2011) 966–972.

[50] S. Menzel, J. Teng, Ecosystem services as a stakeholder-driven concept for
conservation science, Conserv. Biol. 24 (2010) 907.

[51] H. Moller, P. O’Blyver, Cor BRagg, J. NewMaN, Ros CluCaS, D. FleTCHeR,
J. Kitson, S. McKechnie, D. Scott, R.T.I.A. Body, Guidelines for cross-cultural
participatory action research partnerships: a case study of a customary seabird
harvest in New Zealand, N.Z. J. Zool. 36 (2009) 211–241.

[52] W.A. Montevecchi, Incidence and types of plastic in gannets’ nests in the
Northwest Atlantic, Can. J. Zool. 69 (1991) 295–297.

[53] W.A. Montevecchi, H. Chaffey, C. Burke, Hunting for security: changes in the
exploitation of marine birds in Newfoundland and Labrador. Resetting the
kitchen table: food security in Canadian Coastal Communities, 2007, pp. 99–116.

[54] R.A. Myers, J.A. Hutchings, N.J. Barrowman, Hypotheses for the decline of cod
in the north Atlantic, Mar. Ecol. Progress. Ser. 138 (1996) 293–308.

[55] L. Naughton-Treves, R. Grossberg, A. Treves, Paying for tolerance: rural citi-
zens' attitudes toward wolf depredation and compensation, Conserv. Biol. 17
(2003) 1500–1511.

[56] K. Niedziałkowski, J. Paavola, B. Jędrzejewska, Participation and protected
areas governance: the impact of changing influence of local authorities on the

http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref1
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref1
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref1
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref1
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref2
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref2
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref2
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref2
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref3
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref3
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref3
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref3
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref3
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref4
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref4
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref4
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref6
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref6
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref7
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref7
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref7
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref8
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref8
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref8
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref8
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref10
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref10
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref10
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref10
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref11
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref11
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref11
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref12
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref12
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref12
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref12
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref13
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref13
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref13
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref14
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref14
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref14
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref14
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref14
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref15
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref15
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref15
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref16
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref16
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref16
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref17
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref17
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref17
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref18
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref18
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref18
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref18
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref19
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref19
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref19
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref20
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref20
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref20
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref20
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref20
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref21
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref21
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref21
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref21
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref23
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref23
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref23
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref23
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref24
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref24
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref24
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref25
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref25
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref25
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref26
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref26
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref26
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref26
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref26
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref27
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref27
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref27
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref28
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref28
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref28
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref29
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref29
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref29
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref29
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref30
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref30
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref30
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref31
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref31
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref31
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref31
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref32
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref32
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref32
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref32
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref33
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref33
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref33
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref33
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref34
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref34
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref35
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref35
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref35
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref36
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref36
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref36
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref36
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref37
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref37
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref37
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref37
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref37
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref38
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref38
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref39
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref39
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref39
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref39
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref40
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref40
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref40
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref40
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref41
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref41
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref41
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref41
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref43
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref43
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref43
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref43
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref44
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref44
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref44
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref44
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref45
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref45
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref45
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref45
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref46
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref46
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref46
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref46
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref46
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref47
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref47
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref48
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref48
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref48
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref48
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref48
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref49
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref49
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref49
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref50
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref50
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref50
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref51
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref51
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref51
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref51
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref52
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref52


A. Lescroël et al. / Marine Policy 68 (2016) 212–220220
conservation of the Białowieża primeval forest, Poland, Ecol. Soc. 17 (2012) 2.
[57] E. Ostrom, A general framework for analyzing sustainability of social-ecolo-

gical systems, Science 325 (2009) 419–422, http://dx.doi.org/10.1126/
science.1172133.

[58] E. Ostrom, Understanding Institutional Diversity, Princeton University Press,
Princeton, 2009.

[59] C. Pala, Giant marine reserves Pose Vast challenges, Science 339 (2013)
640–641, http://dx.doi.org/10.1126/science.339.6120.640.

[61] C. Péron, D. Grémillet, A. Prudor, E. Pettex, C. Saraux, A. Soriano-Redondo,
M. Authier, J. Fort, Importance of coastal marine protected areas for the con-
servation of pelagic seabirds: the case of vulnerable Yelkouan shearwaters in
the Mediterranean Sea, Biol. Conserv. 168 (2013) 210–221.

[62] M.J. Peterson, F. Mueter, D. Hanselman, C. Lunsford, C. Matkin, H. Fearnbach,
Killer whale (Orcinus orca) depredation effects on catch Rates of six Ground-
fish species: implications for commercial longline fisheries in Alaska, ICES J.
Mar. Sci. 70 (2013) 1220–1232.

[63] E. Pikitch, E.A. Santora, A. Babcock, A. Bakun, R. Bonfil, D.O. Conover, P. Dayton,
P. Doukakis, D. Fluharty, B. Heheman, et al., Ecosystem-based fishery man-
agement, Science 305 (2004) 346–347.

[64] A.J. Read, C.R. Brownstein, Considering other consumers: fisheries, predators,
and Atlantic herring in the gulf of Maine, Conserv. Ecol. 7 (2003) 2.

[65] M.S. Reed, Stakeholder participation for environmental management: a lit-
erature review, Biol. Conserv. 141 (2008) 2417–2431.

[66] Y. Ropert-Coudert, A. Kato, D. Grémillet, F. Crenner, Bio-logging: recording the
Ecophysiology and behaviour of animals moving freely in their environment,
Sens. Ecol. (2012) 17–41.

[67] C. Rutz, G.C. Hays, New frontiers in biologging science, Biol. Lett. 5 (2009)
289–292.

[68] P.G. Ryan, The incidence and characteristics of plastic particles ingested by
seabirds, Mar. Environ. Res. 23 (1987) 175–206.

[69] F. Sergio, T. Caro, D. Brown, B. Clucas, J. Hunter, J. Ketchum, K. McHugh,
F. Hiraldo, Top predators as conservation tools: ecological rationale, assump-
tions, and efficacy, Annu. Rev. Ecol. Evol. Syst. (2008) 1–19.

[70] F. Sergio, I. Newton, L. Marchesi, Conservation: top predators and biodiversity,
Nature 436 (2005) 192.

[71] F. Sergio, I. Newton, L. Marchesi, P. Pedrini, Ecologically justified charisma:
preservation of top predators delivers biodiversity conservation, J. Appl. Ecol.
43 (2006) 1049–1055.

[72] S.L. Star, J.R. Griesemer, Institutional ecology,translations’ and boundary ob-
jects: amateurs and professionals in Berkeley’s museum of vertebrate zoology,
1907-39, Soc. Stud. Sci. 19 (1989) 387–420.

[74] W.J. Sutherland, W.M. Adams, R.B. Aronson, R. Aveling, T.M. Blackburn,
S. Broad, G. Ceballos, I.M. Cote, R.M. Cowling, G.A.B. Da Fonseca, One hundred
questions of importance to the conservation of global biological diversity,
Conserv. Biol. 23 (2009) 557–567.

[75] E. Tew Kai, S. Benhamou, C.D. Lingen, J.C. Coetzee, L. Pichegru, P.G. Ryan,
D. Grémillet, Are cape gannets dependent upon fishery waste? A multi-scale
analysis using seabird GPS-tracking, hydro-acoustic surveys of pelagic fish and
vessel monitoring systems, J. Appl. Ecol. 50 (2013) 659–670.

[76] J.D. Thompson, R. Mathevet, O. Delanoë, C. Gil-Fourrier, M. Bonnin,
M. Cheylan, Ecological solidarity as a conceptual tool for rethinking ecological
and social interdependence in conservation policy for protected areas and
their surrounding landscape, C.R. Biol. 334 (2011) 412–419.

[78] C. Toropova, I. Meliane, D. Laffoley, E. Matthews, M. Spalding (eds.), 2010.
Global Ocean Protection: Present Status and Future Possibilities. Brest, France:
Agence des aires marines protégées, Gland, Switzerland, Washington, DC and
New York, USA: IUCN WCPA, Cambridge, UK: UNEP-WCMC, Arlington, USA:
TNC, Tokyo, Japan: UNU, New York, USA: WCS. 96pp.

[79] United Nations, 2011. The Millenium Development Goals Report 2011. United
Nations, New York, USA.

[80] S.S. Vander Pol, P.R. Becker, Monitoring contaminants in seabirds: the im-
portance of specimen banking, Mar. Ornithol. 35 (2007) 113–118.

[82] S.C. Votier, K. Archibald, G. Morgan, L. Morgan, The use of plastic debris as
nesting material by a colonial seabird and associated entanglement mortality,
Mar. Pollut. Bull. 62 (2011) 168–172.

[83] S.C. Votier, S. Bearhop, M.J. Witt, R. Inger, D. Thompson, J. Newton, Individual
responses of seabirds to commercial fisheries revealed using GPS tracking,
stable isotopes and vessel monitoring systems, J. Appl. Ecol. 47 (2010)
487–497.

[84] M. Voyer, W. Gladstone, H. Goodall, Methods of social assessment in marine
protected area planning: is public participation enough? Mar. Policy 36 (2012)
432–439.

[85] L.J. Wood, L. Fish, J. Laughren, D. Pauly, Assessing progress towards global
marine protection targets: shortfalls in information and action, Oryx 42
(2008) 340–351.

[86] B. Worm, H.K. Lotze, R.A. Myers, Predator diversity hotspots in the blue ocean,
Proc. Natl. Acad. Sci. 100 (2003) 9884–9888.

[87] B. Worm, M. Sandow, A. Oschlies, H.K. Lotze, R.A. Myers, Global patterns of
predator diversity in the open oceans, Science 309 (2005) 1365–1369.

[88] Y. Zhao, Public participation in China’s EIA regime: rhetoric or reality? J. En-
viron. Law 22 (2010) 89–123.

[89] A. Zimmermann, M.J. Walpole, N. Leader-Williams, Cattle ranchers' attitudes
to conflicts with jaguar Panthera Onca in the Pantanal of Brazil, Oryx 39
(2005) 406–412.

http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref52
http://dx.doi.org/10.1126/science.1172133
http://dx.doi.org/10.1126/science.1172133
http://dx.doi.org/10.1126/science.1172133
http://dx.doi.org/10.1126/science.1172133
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref54
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref54
http://dx.doi.org/10.1126/science.339.6120.640
http://dx.doi.org/10.1126/science.339.6120.640
http://dx.doi.org/10.1126/science.339.6120.640
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref57
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref57
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref57
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref57
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref57
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref58
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref58
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref58
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref58
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref58
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref59
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref59
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref59
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref59
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref60
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref60
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref61
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref61
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref61
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref62
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref62
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref62
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref62
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref63
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref63
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref63
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref64
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref64
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref64
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref65
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref65
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref65
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref65
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref66
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref66
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref67
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref67
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref67
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref67
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref68
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref68
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref68
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref68
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref70
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref70
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref70
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref70
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref70
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref71
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref71
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref71
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref71
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref71
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref72
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref72
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref72
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref72
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref72
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref74
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref74
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref74
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref76
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref76
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref76
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref76
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref77
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref77
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref77
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref77
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref77
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref78
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref78
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref78
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref78
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref79
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref79
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref79
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref79
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref80
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref80
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref80
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref81
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref81
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref81
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref82
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref82
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref82
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref83
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref83
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref83
http://refhub.elsevier.com/S0308-597X(16)00067-1/sbref83

	Seeing the ocean through the eyes of seabirds: A new path for marine conservation?
	Introduction
	Interactions between seabirds and human activities
	Seabirds as ocean sentinels
	Seabirds as umbrella species and ecological indicators
	Northern gannets foraging tracks help redefining marine protected areas

	Ecological solidarities and vulnerability transfers
	Seabirds help thinking the world's interconnections
	Following seabirds through their lives, and identifying management deficiencies
	Understanding the influence of socio-economic contexts and power relationships

	Seabirds as a boundary object for stakeholder cooperation
	From flagship species to boundary object
	Using visual data as a springboard for stakeholder cooperation
	From gannet/trawler interactions to global marine conservation issues

	Limits
	Suitability of seabirds as surrogate species for marine biodiversity
	Conflicts arising from large-scale economic and/or political power asymmetries
	Participating in multi-sectoral workshops is time-consuming

	Conclusion
	Acknowledgments
	References




