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“Herzog dijo que hay mds de un Anapurna en la vida

de cada hombre y no siempre se alcanza la cumbre...
pero si el esfuerzo nos permite vislumbrar algo de aquello
que hay mas alla del azul infinito, ya vale la pena.

Al menos ayuda a vivir.”

(1980, carta de Enric Benavente i Mata a mi abuelo, Antonio Mega)
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“What do you think? Will it have an impact?”
“Oooh, so you moved to the dark side... you will
say yes to the wind farm, won’t you?”

Those were the two most asked ques-
tions at the beginning of my research expe-
rience. In August 2004 Dr. Xavier Ferrer was
commissioned the Environmental Impact
Assessment for an offshore wind farm. A
project in front of the Ebro Delta area. The
developer company, Capital Energy Offsho-
re, paid for an exhaustive EIA and Albert
Cama and I suddenly found ourselves in the
middle of a huge, potentially conflictive pro-
ject. No complaints! In some countries, paid
science is a luxury.

People from Capital Energy, my family,
friends... all used to ask me the first ques-
tion. My biologist colleagues would look at
me with terrified faces and go for the second
comment/question. My answers:

“Yes, there will be an impact; we don’t need
the study to say this”

“No, it is not my job to decide that”

This situation was the seed of this the-
sis because there was not much scientific
literature on the topic. After some months
of bibliography search, all I could find was
grey literature from governments, research

institutions and the offshore wind industry.
Some reports were helpful as they gave re-
commendations on survey methodology but
all their conclusions seemed a sequence of
“too many” descriptive distribution maps
summarized at the end with a few paragra-
phs according to the previous ornithological
knowledge of the authors.

As I see it, in this topic, our role as scien-
tists is to evaluate, in the most impartial and
objective way, the impacts; and more impor-
tantly to do our best for quantifying them.
With this information, we have to inform
decision-makers in the most clear synthe-
tic way. A French supervisor of mine would
argue that not even scientists can reach real
impartiality and objectivity, but I am sa-
tisfied if we make a sincere effort to reach
them.

During these years, I have been so-
mewhere in-between ornithologists, ecolo-
gists, conservationists, managers and busi-
ness people. It is not easy when you do not
fit in a particular label, but at least it gives
you a different point of view. After 8 years
working in the University,  have learnt a few
things about myself: 1) I am definitively not
a passionate ornithologist (although now I



can even follow their conversations); 2) I de-
finitively like methods and programming;
and 3) I love visual communication of con-
cepts because I have a taste for simplicity.
This thesis is the result of this.

I wanted to bring some integrative tools
to summarize results in the fewer maps as
possible. I wanted to transcend plain des-
criptive distribution maps, “eradicate” them

HOW IT ALL BEGAN

or at least move them to the appendix of
any Impact Assessment. There is a huge
part of fruitless work that has no space in
this dissertation and there is still a great
part of work to be done. I know. But I got to
the end of the fourth year of my University
PhD grant and I took an unpaid extra half
year. Luckily for a scientist, what is still to
be done is just an opportunity for the future.
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INTRODUCTION

“Offshore wind energy development and seabirds’
conservation: A management challenge”

The world’s growing energy demand and
climate change are two of the great challen-
ges of this century. A trade-off between cli-
mate change policies and competitiveness
is needed to find an economically viable low
carbon future. In this context, the European
Commission defined the ‘Energy roadmap
2050’ that explores the possibilities to achie-
ve a low-carbon economy that at the same
time ensures a competitive, sustainable and
secure energy supply (EC, 2011a). The Euro-
pean Union is committed to reducing green-
house gas emissions up to 80-95% below 1990
levels by 2050 (EC, 2011b). It is impossible to
forecast Europe’s long-term evolution but
some of the possible low-carbon scenarios
are (i) a highly energy efficient system, (ii) a
system with a diversified supply of techno-
logies including carbon capture and storage
facilities and/or nuclear power, and (iii) an
scenario with a strong support to renewable
energy sources. All the predictions for these
decarbonized Europe scenarios show that
electricity will have to play a greater role
than fossil fuels and the share of renewable
energy sources will rise substantially achie-
ving at least the 55% of the gross final ener-
gy consumption in 2050 up to 64% or 97%

depending on the scenario (EC, 2011b). One
of the policy measures to achieve this goal is
the Renewables Directive, which sets a tar-
get of 20% of energy consumption to come
from renewable sources in 2020.

In Europe, renewable energy sources re-
present the 18% of all the energy production
(Eurostat, 2009; Fig. 1a). Within Renewable
electricity production, hydropower is the
main source (54.5%) followed by wind power
(22.5%) (Observ’ER, 2011; Fig. 1b). By 2050,
wind power is expected to provide more
electricity than any other technology (EC,
2011b) and hence the potential contribu-
tion of the marine environment for offshore
wind energy development has received high
attention in the last decades.

OFFSHORE WIND ENERGY

The first offshore wind farm was installed
in Denmark in 1991. Since then, the sector
had a rapid expansion (Fig. 2), particularly
in the North of Europe. So far, Europe has
become the world leader in offshore wind
power with a total of 1371 offshore turbines
spread across 53 wind farms in 10 countries
by the end of 2011 (EWEA, 2012). The UK is
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Fig.1 a) EU energy
production by source in
2009 (Eurostat, 2009)
RES=Renewable Ener-
gy Sources. b) Share
of each resource in
Renewable electricity
generation in 2010
(Observ’ER, 2011).

ABBREVIATIONS
Box 1 List of com-

monly used abbrevia-
tions.

A)

Nuclear
29%

Solar power Geothermal power Ocean energies
3.5% 0.8 0.1%

B)

Biomass W'"z‘fl_'_’;;f:" =

18.6%

OWF: Offshore Wind Farm
SEA: Strategic Environmental Assessment
EIA: Environmental Impact Assessment

the country with the largest installed off-
shore wind capacity, followed by Denmark,
Netherlands and Germany (Table 1). Interest
in offshore wind energy is spreading beyond
Europe. China, Japan, South Corea, USA and
Israel have companies actively developing
offshore wind turbines, although only China
has three operational offshore wind farms.

Most of the installed turbines have foun-
dation structures. Floating models are being
developed, and Norway and Portugal are the
first countries that have a full-scale float-
ing turbine installed. As the technology ma-
tures, offshore wind farms are expected to
grow in size but also to be deployed further
from the coast and in deeper waters, partic-
ularly if floating technology is further tested
and its economic viability demonstrated.
Current projects under construction have an
average depth of 25 m and a distance to the
shore of 33 km (EWEA, 2012). This is possible
because many of the actual OWF have been
built in the North Sea that has a large part
that lies on the European continental shelf
(Fig. 3). This provides relatively large flat and
shallow regions suitable for development
(Henderson et al., 2003). In comparison with
Northern Europe, the West coast of France,
the Iberian Peninsula and the Mediterra-
nean Sea remain a challenge for OWF devel-
opment. Although there are planned proj-
ects for these areas, the available turbines
and foundation methods would require the
construction of the wind farms much closer
to the shore with a consequent increment
of the conflicts to find optimal locations in
terms of social acceptance, environmental
impacts, conflicts of interest and national
marine spatial planning. All these factors,
together with a lack of funding, are slowing
the offshore development of wind energy in
West and South Europe.

Indeed, the offshore wind energy is by no
means free of conflicts. At a global scale, the
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Table 1
Operational Offshore

European

wind farms by coun-
try (EWEA, 2012).
UK: United Kingdom;
DK: Denmark; NL:
Netherlands; DE: Ger-
many; BE: Belgium;
SE: Sweden; Fl: Fin-
land; IE: Ireland; NO:
Norway; PT: Portugal.

Fig.3

and planned offshore

Operational

wind farms in Europe
(EWEA, 2011).
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shift to renewable energies is widely accept-
ed as a necessary step to mitigate the ef-
fects of anthropogenically induced climate
change (King, 2004; Rosenzweig et al., 2008).
At the local scale, however, the environmen-
tal impacts of wind energy development
must be carefully considered (Gill, 2005). In
the field of marine management, there is
a growing concern on the development of
offshore wind energy and its potential im-
pacts on the marine ecosystem. Some of the
aspects that are being studied are the distur-

bance of the seabed and fauna during OWF
construction and operation (Whitehouse et
al., 2010; Burkhard et al., 2011), the impacts
on fish larvae (Perrow et al., 2011), the unk-
nown effects of underwater noise on fish life
and sea mammals (Madsen et al., 2006; Bai-
ley et al., 2010) and the effects at population-
level of collisions of birds with turbines (Fox
et al., 2006; Desholm, 2009) and disturbance
(Drewitt and Langston, 2006; Masden, Hay-
don, et al., 2010).

OFFSHORE WIND ENERGY IN SPAIN
Box 2 Summary in-

formation
performance

of

PTTs

constraints (in yellow) and exclusion areas (in red).

Spain has no operational offshore wind farms so far. Since the beginning of the offshore wind energy
expansion in Northern Europe, different developer companies showed their interest on constructing offs-
hore wind farms in the Spanish coasts. Despite the early private sector initiatives to promote its develop-
ment, the Spanish government took the first legislative step forward in 2007. That year the Real Decreto
1028/2007 was published setting the compulsory administrative procedure that developers should follow
to have the concession to construct an offshore wind farm in the Spanish coasts.

As part of the necessary procedure a Strategic Environmental Assessment (SEA) for the Spanish coast-
line was commissioned. This study was published in 2009 (MARM and MITYC, 2009) and included the
definitive zonation map for offshore wind development areas. This map divided the Spanish coasts in 72
marine eolian areas (defined by one decimal degree squares). Within each area, the 24 first nautical miles

were assessed according to multiple criteria and classified as suitable areas (in green), suitable areas with

I Exclusion areas

Suitable areas
with constraints

| Suitable areas

in Spain.

N

The administrative concessions process is long and complex and has suffered several delays. To the

date, the start of the application process is on hold, hence there is no official number of planned wind farms

J




ENVIRONMENTAL ASSESSMENT

The European Union has a regulatory fra-
mework (Directive 2001/42/EC) to standardi-
ze the evaluation and monitoring of human
activities in the ecosystem and to guarantee
a rational development of such activities
including environmental considerations.
On a large scale, countries must develop a
Strategic Environmental Assessment (SEA)
to plan their offshore wind farms network
minimizing their ecological impact on the
coastal environment. At a local scale, each
wind farm project requires an Environmen-
tal Impact Assessment (EIA) of the possible
negative impacts of the proposed project in
the marine environment.

The EIA concept was first introduced in a
European Directive in 1985 (Directive 85/337/
EEC) but it was restricted to certain types of
projects. Years later, the need to deal with
environmentally damaging decisions at na-
tional levels developed into the Strategic
Environmental Impact Assessment that was
finally included in a European Directive in
2001. Although all countries of the EU are
implementing SEAs since 2004, EIAs have
a longer tradition and clearer implementa-
tion procedures. This is also reflected in the
environmental assessment of offshore wind
energy.

For many years, the only available infor-
mation on offshore wind farms assessments
were reports focused on how to perform
EIAs of particular projects. The Danish ex-
perience with the first wind farms was ex-
tensively reported by the National Environ-
mental Research Institute (NERI) and their
aerial surveying methodology has become a
standard for many EIAs (Noer et al., 2000).
Later, the COWRIE (Collaborative Offshore
Wind Research Into the Environment) from
UK commissioned a report to standardize
the seabird surveys techniques for EIA of

INTRODUCTION

offshore wind farms (Camphuysen et al,,
2004). In the last years, as the sector has
grown, more reports have been published as
well as research papers on the assessment
of environment-OWF interaction of particu-
lar wind farms (e.g. Desholm and Kahlert,
2005; Perrow et al., 2011; Skeate et al., 2012)
as well as reviews and general papers regar-
ding SEAs (Elliott, 2002; Fox et al., 2006; Punt
et al.,, 2009; Masden, Fox, et al., 2010).

SEABIRDS AS INDICATORS

Marine Ecosystems are highly biodiverse
and ecologically complex. While ecological
studies focus on this complexity, applied
ecology requires methods that synthesize
this complexity in order to take actions that
may have economic consequences (Piatt and
Sydeman, 2007). Such is the case of using in-
dicator species to simplify the monitoring
and management processes for EIAs and
SEAs. Marine top predators are a key com-
ponent of marine ecosystem management
(Boyd et al., 2006) and within top predators,
seabirds have become widespread indica-
tors to evaluate potential effects of human
activities at sea as well as ecosystem health
(Cairns, 1987; Nettleship and Duffy, 1993;
Mallory et al., 2006).

Seabirds offer many advantages com-
pared to other species. Considering an en-
vironment where most species are under
water, seabirds are conspicuous animals,
they are easily surveyed during their move-
ments and in resting areas; and some spe-
cies are easy to capture allowing individual
tracking and demographic studies (Piatt and
Sydeman, 2007). Moreover, most seabirds
have specific legal protection frameworks
(e.g. Birds directive and Habitats directive
in Europe) and are flagship species for the
public (Fox et al., 2006) which is reflected in
the abundance of comprehensive long-term
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studies of their distribution at sea and popu-
lation trends.

Because of all this, the distribution and
abundance of seabirds are usually provided
as key information to support the establis-
hment of marine protected areas (Garthe et
al., 2011; Arcos et al., 2012), to implement fis-
heries’ management measures (Boyd et al.,
2006), to monitor the impact of oil and gas
platforms at sea (Wiese et al., 2001), or to as-
sess the impact of environmental disasters
such as oil spills (Bretagnolle et al., 2004;
Moreno, 2010). Thus, seabirds are suitable
indicators of the marine environment, and
have become one of the keystones of the
decision-making process for the selection
of optimal areas for national offshore wind
development and the impact assessment of
particular OWF projects.

Potential impacts on seabirds

At the time of selecting development ar-
eas, or when the location for a project is set-
tled, we can differentiate the effect of OWF
on two types of seabirds: migrant species
that may encounter the wind farms in their
migratory routes and breeding and winter-
ing species with wind farms in their forag-
ing grounds. Both types of seabirds are sus-
ceptible to multiple anthropogenic impacts
(e.g.Anderson et al., 2003; Hippop et al,
2006; Louzao et al., 2006), but the potential
impacts of offshore wind farms on seabird
communities can be classified in three ty-
pes; (i) direct mortality through collision, (ii)
modification of their physical habitat and
(iii) avoidance due to disturbance and ba-
rrier effects.

Collision risk

Birds flying within a wind farm area are
clearly at some risk of colliding with the bla-

des, the stationary structure or being caught
and injured in the pressure vortices created
by the rotor blades (Fox et al., 2006). Collision
risk depends on a range of factors related to
bird species (manoeuvrability, wing span,
etc.), behaviour (e.g. nocturnal activity), pre-
sence in large numbers and weather condi-
tions reducing visibility. Collision mortality
is the most important hazard since direct
mortality can potentially have rapid conse-
quences at population levels. Nevertheless,
there is still limited information on the ac-
tual numbers of bird collisions with offshore
wind farms, largely as a consequence of the
technical difficulties to detect these colli-
sions at sea (Drewitt and Langston, 2006).

Gradually, more remote technologies are
being included in the study of bird-turbine
collisions at offshore wind farms. One of
the most extended tools are S-band Radars
although they cannot quantify collisions di-
rectly and depending on the study cannot
provide species specific information (Chris-
tensen et al., 2004; Desholm et al., 2006). Yet,
radars are a useful tool to implement colli-
sion models (Desholm and Kahlert, 2005;
Chamberlain et al., 2006). Thermal Animal
Detection Systems (TADS) are also an alter-
native to gather information on actual co-
llision rates. This infrared based technology,
however, has been seldom applied and there
are few published studies on its performan-
ce (see Desholm et al., 2006 for a review).

Habitat change

This impact comprises the loss of habitat
that would result from the presence of the
turbine bases, grid connection cabling and
any other associated construction. The scale
of habitat loss is not generally perceived as
a major concern whenever this is not produ-
ced in areas of high biodiversity or ecologi-
cal importance (BirdLife International, 2003).
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However, indirect habitat loss might also
occur because of the turbine foundations
on the seabed, or changes in habitat use by
humans. For instance, construction activi-
ty and turbine’s distribution may affect the
site’s hydrology and have an impact over
greater areas(Percival, 2003). There is uncer-
tainty about the magnitude of such changes,
but the damage may be significant especia-
lly on feeding areas such as sandbanks in
shallow waters (Drewitt and Langston, 2006).

Turbine bases tend to have a ‘reef effect’
that increases biodiversity through habitat
creation (Linley et al., 2007), but this may
influence floral and faunal communities in
complex ways generating both positive and
negative effects depending on the site and
the species (Perrow et al., 2011). Seabirds
might also be differently affected by these
changes in the habitat. While some specia-
list species may lose important food sou-
rces, other opportunist species (e.g. gulls)
may increase their presence in the area to
exploit the new food source or, as it happens
with cormorants, seabirds may simply be at-
tracted to turbine maintenance platforms to
use them as perching structures (Kahlert et
al., 2004). Nevertheless, this gain of habitat
might be counterbalanced by higher colli-
sion risk.

Disturbance

The presence of turbines, as well as ves-
sels and people movements related to site
construction and maintenance, can poten-
tially deter some seabirds from using areas
within and surrounding wind farms. These
displacements result in actual habitat loss
not because physical changes of the area but
as a consequence of a behavioural respon-
se. The scale of disturbance effects varies
greatly depending on a wide range of factors
(Drewitt and Langston, 2006). Site-specific

factors depend, for instance, on the offshore
wind farm location with respect to impor-
tant habitats, design of the turbine array
and distance between turbines. Moreover
seabirds may show different disturbance le-
vel depending on their diurnal and noctur-
nal activity patterns (Desholm and Kahlert,
2005) or different weather conditions. Be-
havioural responses to the wind farms may
vary between species but also between in-
dividuals of the same species according to
factors such as stage of life cycle (wintering,
moulting and breeding), flock size or ten-
dency to habituation.

Even if disturbance and displacement
occurs, it may actually be inconsequential
if there are abundant alternative habitats.
However, offshore wind farms located in
migratory flyways or in local flight paths
might alter birds’ movements increasing
their energy expenditure (Masden, Haydon,
et al., 2010), this particular type of distur-
bance is called the ‘barrier effect’. In fact,
observations in operational wind farms
show that many birds chose to fly outside
the wind farm rather than fly between the
turbines (Desholm and Kahlert, 2005; Larsen
and Guillemette, 2007). Unfortunately, there
is a lack of complete before-and-after con-
trol-impact studies (BACI) in many opera-
tional wind farms to properly quantify the
barrier and disturbance effects compared to
baseline behaviour of seabirds (Drewitt and
Langston, 2006).

Gap of knowledge

The internationally agreed guidelines re-
commend the assessment of collision risk
with radar studies in strongly migratory
areas (Desholm et al., 2006; Fox et al., 2006;
Kunz et al., 2007) and density maps as a pro-
xy to assess the loss of foraging habitats by
avoidance or physical habitat modification



(Camphuysen et al., 2004; Fox and Petersen,
2006).

Regarding collision risk assessment, ra-
dar technology is a powerful tool to improve
our knowledge on spatio-temporal patterns
of some seabird groups. Data gathering from
radars and the analysis of the outputs requi-
re comprehensive studies that already have
been addressed in published thesis (Desh-
olm, 2006; Brookes, 2009; Mateos, 2009). In
contrast, the use of density maps has fallen
behind in the integration of the spatio-tem-
poral dimension of seabird patterns despite
seabird distribution maps play a prominent
role in most EIA and SEAs assessments. Re-

INTRODUCTION

garding seabird distribution and abundance,
data is usually reported as simple locations
or density grids. After a review of more than
200 published studies, Tremblay et al. (2009)
remarked that “the simple display of distri-
bution data has been much more commonly
used than quantitative indices”. Indeed, few
studies have attempted to address analyti-
cal and synthetic methods to extract ade-
quate decisions at strategic (SEA) or local
(EIA) levels from seabird distribution data.
This thesis aims to contribute to fill in this
gap in the methodological approach to the
use of seabird distribution data for Offshore
Wind Energy Assessments.

11



12 | GENERAL INTRODUCTION

OBJECTIVES

“Only when you reach the end of the path,
your footsteps become meaningful”

MAIN OBJECTIVE

The major objective of this thesis was to gain insight into analytical tools in space and
time for offshore wind energy environmental assessment in order to provide practitioners
with guidelines on how and when to apply them.

SPECIFIC OBJECTIVES

To achieve this objective, this thesis has been structured in four chapters and a global
discussion that address the following specific objectives:

1. Design and test a vulnerability index to assess the potential effects of offshore wind
energy development on seabirds. (Chapter 1 and 2)

2. Develop a tool to integrate the spatial and temporal variability of seabirds’ abun-
dance at sea to quantify the potential impacts of offshore wind farms on seabirds.
(Chapter 3)

3. Demonstrate the limitations of distribution and abundance maps through the indi-
vidual-based tracking of a flagship species. (Chapter 4)

4. Provide practical guidelines on how to integrate the presented analytical tools in the
design of SEAs and EIAs. (Discussion)
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METHODOLOGICAL APPROACH

“Integrative tools: Simplifying ecological complexity”

SEABIRD SURVEYS

From the existing census techniques, the
best available methods for obtaining bird
distribution and abundance at sea are air-
craft and ship-based surveys. Boat surveys
have been largely used following a standar-
dised methodology (Tasker et al., 1984) with
adaptations according to each particular
project. Aerial surveys of seabirds at sea has
had a rapid expansion in the last decade
and it has been highly influenced by the
Danish experience related to the EIA of offs-
hore wind farms (Camphuysen et al., 2004).
So far, the methodology explained in their
reports (e.g. Noer et al., 2000) has become an
standard.

The choice between either surveying
method depends on the specific research
objectives since each method has both ad-
vantages and disadvantages (Camphuysen
et al,, 2004 for a full review). Boat surveys
are especially adequate to make exhausti-
ve counts, enabling better species identifi-
cation with enough time to collect additio-
nal information as age, behaviour or flight
height. However, this method has two main
disadvantages. Firstly, vessels at sea -even if

they don’t provide food- have an attraction
effect on birds which modifies at some de-
gree the original distribution of the seabirds
(Spear et al., 2004). Secondly, this method
requires longer time at sea to cover large
areas. Aerial surveys, on the other hand, are
particularly effective in a simultaneous co-
verage of large areas providing a snapshot
of distribution and abundance (Camphuy-
sen et al., 2004) with a minimum attraction
or repulsion bias (Certain and Bretagnolle,
2008). Furthermore, aerial surveys can sur-
vey distant inaccessible areas (e.g. shallow
areas or sandbanks) in short time spans
with low per-kilometre costs (Camphuysen
et al.,, 2004; Garthe et al., 2011). This is pos-
sible thanks to the speed of aircrafts, but
this speed is also the main disadvantage of
the method. Aerial surveys are performed
at the minimum flight speed that ensures
flight safety and provides enough observa-
tion time (usually 185 km/h). At this speed,
there is a short observation time that leads
to identification problems for some species,
reduced count accuracy and miscounts of
rare and small species which are difficult to
detect from the aircraft (Camphuysen et al,,



2004; Henkel et al., 2007). Moreover, additio-
nal information is not always easy to collect
and flight height cannot be calculated.

In this thesis both boat and aerial surveys
have been used as source datasets of seabird
distributions. Seabirds present dynamic and
scale dependent distribution patterns hence
the datasets to tackle this variability must
be easily repeated in similar conditions.
Aerial surveys outperform for these spatio-
temporal analyses as a particular area can

be surveyed several times within a year, and
therefore, have been used in the first and

METHODOLOGICAL APPROACH

third chapter. Boat surveys require more
time but maximize the detected species ri-
chness (number of individual species or taxa
identified on each survey) (Henkel et al.,
2007), a key feature to capture detailed bio-
diversity patterns. In the second chapter the
study area covers the coasts of the Iberian
Peninsula. Simultaneous and systematica-
lly repeated surveys were not economically
viable. Therefore, a maximization of species
detection through boat surveys was particu-
larly important.
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Fig.5 Picture of one
of the vessels used for
boat surveys in Chap-
ter 2. (Photo: Pep Ar-
cos)

Fig.6
P68,

del used in the aerial

Partenavia
airplane  mo-
surveys of Chapter 3.
(Photo: Albert Cama)
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Fig.7 Satellite trac-
king device attached
to an Audouin’s gull
(Larus audouinii) (Pic-
ture: Isadora Christel)
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Both types of surveys aim to monitor a
given area to see if seabirds use it, while it
seems more intuitive to monitor seabirds
to study how they are using an area (Perrow
et al.,, 2006). This move from survey data to
tracking data requires a change from po-
pulation-based studies to individual-based
studies and has become possible thanks to
the use of electronic-based methodologies,
such as satellite tracking transmitters, GPS
receivers or radio telemetry. Since the early
1990s, telemetry utilization has constantly
increased due to the advances in the minia-
turization of the electronic devices (Trem-
blay et al., 2009).

In the assessment of the offshore wind

energy interaction with seabirds, telemetry

is an efficacious approach to integrate the
spatial and temporal dimension of the dis-
tribution patterns of seabirds. Nevertheless
there are some drawbacks for this methodo-
logy. Some of these devices have high costs;
data usually depends on a small sample size;
it requires a large amount of analytical time
and only a limited number of seabird spe-
cies can be captured to attach the tagging
methods (Perrow et al., 2006). This approach,
however, provides fine-scale behavioural
studies and could be especially useful if
used together with surveying methods such
as boat or aerial surveys (Tremblay et al,,
2009) and therefore it was used in the fourth
chapter of the thesis.




STUDY AREAS

This PhD tackles the issue of offshore
wind energy development and birds inte-
ractions from a methodological perspective
with no focus on a particular area. However,
in order to present an analytical tool, real
data is far better than simulated datasets
to understand the tool, its implementation
and applicability for decision-making and
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management. The three study areas belong
to French, Portuguese and Spanish waters
and have a potential for future offshore
wind energy development. Except for the
experimental floating turbine in Portugal,
so far there is no constructed OWF in any
of the study areas, which makes them rele-
vant examples on how to apply the analyti-
cal tools for future decision-making. A brief
description of the three areas is given below.
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GLOSSARY

The continental margin: Submerged pro-
longation of the continental crust up to the
edge of the oceanic crust.

The continental shelf: Flat surface with low
depth gradient that extends up to the shelf
break

The continental slope / shelf break: Sea-
ward zone where the seafloor depth gradient
increases sharply.

J
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Fig.8 Study areas:
(a) the French con-
tinental shelf of the
Bay of Biscay, (b) the
coasts of the Iberian
Peninsula and (€) the
Ebro Delta continental

shelf

Box 3 Glossary and
diagram of the Con-
tinental margin and its
domains.  (Definitions
by Maestro et al.,
2012; lllustration by
Encyclopcedia Britan-
nica, Inc.)
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Bay of Biscay

The Bay of Biscay is a gulf of the Atlan-
tic Ocean that lies between Cape Ortegal in
Galicia, Spain (43.77°N, 7.89°W) and the is-
land of Ushant in Brittany, France (48.43°N,
5.18°W). Within this area, a region of 100000
km? (Fig. 8a) was covered with 5000 lineal
km of aerial transects on a monthly basis
from October 2001 to March 2002.

The study area covered the French con-
tinental shelf of the Bay of Biscay between
Penmarch in the north (47.75°N, 4.28°W) and
Bayonne in the south (43.497°N, 1.64°W).
Coastal and shelf break areas are the most
productive systems of the region (Certain et
al., 2008). The Loire and Gironde river run-
offs are a source of nutrient-rich fresh water
(Planque et al., 2004) and the shelf break is
an area of enhanced primary production as
the deep cooler waters reach the euphotic
layer due to internal tides and waves (Gerke-
ma et al., 2004), particularly in the southern
area that is characterized by a deep canyon,
Cap Ferret (Laborde et al., 1999).

The community of seabirds in this area
can be classified in six taxonomic groups:
Petrels, Gannets, Skuas, Gulls, Terns and
Auks (see Table 2 for details on species).

Iberian Peninsula coasts

This area of ca. 230000 km?2covers the
Spanish and Portuguese continental shelf
and spans over 7800 km of coastline (Fig. 8b).
Boat surveys were carried out by SPEA (the
Portuguese Society for the study of birds)
and SEO/Birdlife (the Spanish Ornitholo-
gical Society) in different stages between
1999and2011.

The location of the Iberian Peninsula,
surrounded by the Atlantic Ocean and the
Mediterranean Sea, and the geomorpholo-

gical and oceanographical diversity of its
continental margins, has significant im-
plications regarding its climate and water
mass circulation (Maestro et al., 2012 for a
detailed revision). The continental margin of
the Iberian Peninsula has well differentiated
regions conditioned by many oceanographi-
cal aspects like the Eastern North Atlantic
Upwelling Region and the Iberian Poleward
Current that have a strong influence in the
Portuguese, Galician and the Bay of Biscay
continental margins(Peliz et al., 2005; Llope
et al, 2006); the Mediterranean Outflow
Water that flows from the Strait of Gibral-
tar along the continental slope of the Gulf of
Céadiz(Ribas-Ribas et al., 2011); the Modified
Atlantic Water that affects the Alboran Sea;
and other Mediterranean water masses that
influence the Valencia, Catalan and Balearic
continental margins(Salat, 1996). This ocea-
nographic settings affect the composition
and structure of plankton and all the com-
ponents of the food web (Santos et al., 2007;
Cabal et al., 2008) up to the highest trophic
levels and therefore, seabirds. Indeed, the
Iberian Peninsula hosts the highest diversi-
ty of seabirds in Europe. The community of
seabirds in this area has up to 39 usual spe-
cies from nine different taxonomic groups
(Table 3) in addition to rare species that can
eventually be found.

Ebro Delta

At a more local scale, the third area was
located on the surroundings of the Ebro
Delta (40.7° N, 0.75° E; Fig. 8c). The study
area covered 1435 km? of the continental
shelf from ’Ametlla de Mar harbour (24 km
North; 40.86° N, 0.8° E) to Peniscola (51 km
South; 40.35° N, 0.4° E). It could be covered in
a single day with an aircraft and the aerial
surveys were carried out monthly from April
2005 to March 2006.



Petrels

Procellariidae

Common name
Cory's Shearwater
Northern Fulmar
Great Shearwater
Sooty Shearwater
Balearic Shearwater
Manx Shearwater

Yelkouan Shearwater

METHODOLOGICAL APPROACH

Scientific name

Calonectris diomedea
Fulmarus glacialis
Puffinus gravis
Puffinus griseus
Puffinus mauretanicus

Puffinus puffinus
Puffinus yelkouan

Hydrobatidae

European Storm-petrel
Wilson's Storm-petrel
Madeiran Storm-petrel

Leach's Storm-petrel

Hydrobates pelagicus
Oceanites oceanicus
Oceanodroma castro

Oceanodroma leucorhoa

Cormorants

Phalacrocoracidae

European Shag

Great Cormorant

Phalacrocorax aristotelis

Phalacrocorax carbo

Gannets

Sulidae

Northern Gannet

Morus bassanus

Skuas

Stercorariidae

Great Skua
Long-tailed Jaeger
Parasitic Jaeger

Pomarine Jaeger

Catharacta skua
Stercorarius longicaudus
Stercorarius parasiticus

Stercorarius pomarinus

Gulls

Laridae

Herring Gull

Audouin's Gull

Great Black-backed Gull
Lesser Black-backed Gull
Slender-billed Gull
Mediterranean Gull
Yellow-legged Gull
Little Gull
Black-headed Gull
Sabine's Gull
Black-legged Kittiwake

Larus argentatus

Larus audouinii

Larus marinus

Larus fuscus
Chroicocephalus genei
Larus melanocephalus
Larus michahellis
Hydrocoleus minutus
Chroicocephalus ridibundus
Xema sabini

Rissa tridactyla

Terns

Sternidae

Black Tern
Little Tern
Common Tern
Gull-billed Tern
Arctic Tern

Sandwich Tern Sterna

Chlidonias niger
Sternula albifrons
Sterna hirundo
Gelochelidon nilotica
Sterna paradisaea

Sterna sandvicensis

Auks

Alcidae

Razorbill
Atlantic Puffin

Common Guillemot

Alca torda
Fratercula arctica

Uria aalge

Seaducks

Anatidae

Common Scoter

Melanitta nigra

Waders

Scolopacidae

Red Phalarope

Phalaropus fulicarius
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Table 2 List of spe-
cies detected in the
three study areas.
For each study area
(BB= Bay of Biscay;
IP= Iberian Peninsula;
ED= Ebro Delta) a dot
indicates the presence
of the species in the
boat surveys (B) or
the aerial surveys (A).
In the Ebro Delta ae-
rial surveys the Razor-
bill and the Atlantic
Puffin (Alcidae) could
not be differentiated
and therefore the spe-
cies were recorded as

a unique group.
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This area has a permanent upwelling
thanks to the combination of the influence
of the Liguro-Provencal-Catalan front, the
sudden broadening of the continental shelf
and the source of nutrients from the Ebro
river runoff (Palomera, 1992; Arcos, 2001).
The high productivity of the area supports
an important fishing fleet which is a key
feeding source for breeding and wintering
seabirds in the Ebro Delta (Arcos, 2001; Ar-
cos et al., 2008). Moreover, the Ebro Delta is a
wetland of international importance inclu-
ded in the Ramsar Convention since 1993.
With 320 km?, it is the second most impor-
tant wetland of the western Mediterranean
after the Camargue in France and the second
most important from the Iberian Peninsula
after Donana. The rice fields, lagoons, salt
pans and beaches of the Ebro Delta provide
a variety of habitats for breeding and winte-
ring birds but also a stopover point for large
numbers of migratory birds. In global, more
than 300species of birds can be found in the
area(Bigas, 2012); 18 of which could be de-
tected at sea from the aircraft (Table 4).

MODELLING TOOLS

Whether data on the distribution of
seabirds at sea can be a useful tool for con-
servation and environmental assessment
depends on whether the spatial data from
seabird surveys represent a general pattern
or only a punctual ‘snapshot’ of a highly dy-
namic system (Fauchald et al., 2002).

Despite its superficial homogeneity, the
sea is a heterogeneous environment becau-
se of its multiple hydrographical charac-
teristics and the patchy distribution of its
biota(Gonzalez-Solis and Shaffer, 2009). The
spatial and temporal distribution of animals
is the result from the combination of extrin-
sic processes, related to the influence of bio-

tic and abiotic environmental factors, and
intrinsic processes, related to population dy-
namics and intra-specific interactions (Bel-
lier et al., 2010). Moreover, the spatial and
temporal distribution of seabirds is scale-
dependent and patchy over a range of spa-
tial and temporal scales (Hunt and Schnei-
der, 1987; Kotliar and Wiens, 1990; Fauchald
et al.,, 2000), which is explained under the
hierarchical patch dynamic theory (Kotliar
and Wiens, 1990; Allen and Hoekstra, 1991;
Wu and David, 2002).

In a hierarchical patch dynamic system,
one would expect large-scale patterns to
be more stable and predictable because of
a high correlation with environmental va-
riables that define a potential habitat (Hunt
and Schneider, 1987; Bellier et al., 2010). At
smaller spatial scales one might expect less
predictable spatial patterns because smaller
patches with high densities of organisms
are the result of a particular combination of
circumstantial variables that create a tem-
poral preferential habitat within the poten-
tial habitat (Bellier et al., 2010).

Translating these theoretical concepts
to applied ecology, the optimal assessment
tools for seabirds-OWF interactions must
take into account this differential effect of
spatial and temporal scales. At large-scale
assessments, the observed distribution pat-
terns can be considered stable in time and a
proxy to potential habitats and thus optimal
for the demarcation of key areas of protec-
tion (e.g. Important Bird Areas, IBAs) and key
areas for offshore wind energy development.
At regional or local-scale assessments, the
observed clustering of seabirds must be
evaluated in its full temporal and spatial
variability as a preferential habitat and,
consequently used to quantify -in terms of
probability- the risk exposure to OWF.



Large scale: Sensitivity Index

The Strategic Environmental Assessment
integrates data at really broad scales; there-
fore we can assume that the temporal scale
is not a priority whenever data from diffe-
rent years or periods can be pooled. Seabird
distributions might have different patterns
depending on the stage of life cycle (winte-
ring, migrating and breeding) but in global
their distribution is expected to be spatia-
lly and temporally predictable (Fauchald et
al., 2002). In other words, at strategic levels
the main concern regarding seabirds-OWF
assessment is the spatial overlap of seabird
distribution with key developing areas of
OWE. This is usually dealt with the selection
of presence/absence maps of a few flagship
species expected to be highly vulnerable to
OWFs and general density maps with the
global numbers of seabird counts at sea. In
this context, it becomes appropriate to apply
an index to integrate all these information
layers into a summarizing one.

Garthe and Hiippop (2004) proposed the
Wind farm Sensitivity Index (WSI) to map
the vulnerability of seabirds to offshore
wind farms in a sea region. This index esti-
mates first the vulnerability of each species
according to their sensitivity to collision
risk, disturbance and their demographical
and conservation status. This value is later
combined with the spatial abundance of
each species to obtain a vulnerability map.

This method is general, simple and wi-
dely applicable, hence instead of develo-
ping a new index this thesis examines the
method in depth and makes recommenda-
tions on the optimal application of the index
for its utilization in any Strategic Environ-
mental Assessment.

METHODOLOGICAL APPROACH

Regional and local scale

At smaller scales, Environmental Impact
Assessments usually focus in seabird habi-
tat-use strategies and the processes that are
expected to influence seabird occurrence or
the availability of their prey. As it is done at
large scales, bird densities are used as a pro-
xy of bird habitat to assess risk exposure to
habitat loss or disturbance. Despite this is a
common practice, the effectiveness of this
method is compromised by the assumption
that at these scales the observed data fo-
llows a normal distribution. In fact, animal
count data is seldom normal. Seabird ae-
rial and boat surveys data are zero-inflated
(Broek, 1995; Pearce and Ferrier, 2001; Barry
and Welsh, 2002) with a positive skew of
non-zero values, i.e. many counts of low to
intermediate density and very few counts of
high density (Fauchald et al., 2002; Mcsorley
et al., 2005; Certain et al., 2007). For this rea-
son, the explicit consideration of temporal
and spatial variability of seabird occurrence
and density is necessary in any EIA to de-
sign ecologically sound management strate-
gies at regional and local scales (Tobin, 2004;
Certain et al., 2007).

The third and fourth chapter of this the-
sis tackle this spatio-temporal variability
through the application of Taylor's Power
Law and the analysis of individual’s move-
ments respectively.

Aggregative response

The first method is based on an empiri-
cal relationship that expresses the depen-
dency between the average measured in
one point and the variance of the measu-
res in this point(Taylor, 1961).Although its
mathematical foundations have been wi-

21



22

GENERAL INTRODUCTION

dely discussed (Kendal, 2004), this relation-
ship has been demonstrated for more than
400 species in taxa ranging from protists to
vertebrates (Kilpatrick and Ives, 2003) and it
is true for both spatial data (repeated mea-
sures adjacent in space) and temporal data
(repeated measures in a point over time)
(Taylor and Woiwod, 1980, 1982; Taylor et
al., 1980). When calculated through space,
Taylor's Power Law provides a measure of
the strength of the aggregative response of
organisms (Jiménez et al., 2001; Ostman,
2002). When calculated through time, it can
be used as an index of the temporal variabi-
lity of the spatial distribution of organisms,
highlighting recurrent and occasional pre-
sence areas (Certain et al., 2007). Therefore
this method provides a useful framework
to study the spatio-temporal variability in
seabird surveys.

Individual tracking

The second method deals with spatio-
temporal variability from an individual-ba-
sed perspective. Seabird surveys are cons-
trained in space by the arrangement of the
survey transects, and constrained in time by
the momentofthe day atwhich each transect
is surveyed and the necessity of daylight for
the counts. Individual tracking of seabirds,
instead, is not restricted in either space or
time. When applying multivariate mode-
lling, temporal patterns in space use can be
described not only monthly or seasonally
but also within a circadian cycle. Moreover,

if a transmitter provides frequent locations,
it is possible to quantify the geometric pro-
perties of the path of a tagged animal (e.g.
speed, heading, turning angles) (Patterson et
al., 2008). A particular combination of values
for these properties can be interpreted as a
behavioural mode (feeding, travelling bet-
ween foraging patches, resting, etc.). Under
this assumption, State-Space Models (SSM;
Jonsen et al., 2003) can be applied to calcu-
late the probability of an animal being in a
particular behavioural mode and later indi-
vidual decisions can be linked to population
distribution and applied to risk assessments
(Turchin, 1998).
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RESUM

L'energia edlica marina és una de les fonts d’energia renovable més prometedores per
al futur. No obstant aixo, 'establiment d’aquestes instalelacions requereix una avaluacié
d’impacte detallada, en particular pel que fa a les poblacions d’aus marines. Fins on sabem,
I'inic marc de treball disponible a gran escala que permet aquesta avaluacié és el planteja-
ment desenvolupat al 2004 per Garthe i Hiippop. Conceptualment es tracta d’un treball molt
solid, pero el tractament matematic dels conceptes no es correcte i cal que sigui actualitzat.
L'estudi que es presenta en aquest capitol revisa el treball de Garthe i Hiippop destacant
els suposits en els que es fonamenta i els problemes d’interpretacié associats als mateixos.
Fet aixo, fem una reestructuracié exhaustiva del marc matematic fent que sigui correcte
tant en el seu aspecte formal (matematic) com en la seva interpretaci6 ecologica. D’aquesta
forma l'index, ja de per si molt Ultil es torna més adaptable i practic. La revisié que es pre-
senta en aquest treball diferencia explicitament el risc de colelisié i el risc de pertorbacio; es
basa en els desenvolupaments teorics més recents d’ecologia de comunitats; i proposa una
integracié seqiiencial dels efectes des d’un nivell d’espécie fins al de comunitat. Mitjangant
el cas d’estudi de les aus marines del Golf de Biscaia (Franca) ilelustrem les limitacions del
plantejament anterior i la utilitat de la nostra revisi6 de I'index anterior. En general, el marc
refinat proporciona informacié clara, complementaria i sense ambigiiitats que ha d’ajudar
als gestors de I’ambit mari en la pressa de decisié sobre les localitzacions optimes per als
parcs eolics marins i 'avaluacié dels possibles impactes que es pot espera en determina-
des zones. A més, el métode a través del qual integrem la vulnerabilitat de les espécies a
nivell de la comunitat és de caire general, i podria ser facilment adaptat a qualsevol tipus
d'impacte i comunitats animals més enlla del cas particular de les aus i 'energia edlica

marina
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ABSTRACT

Marine offshore wind farms are amongst the most promising renewable energy sources
for the future. However, their proper establishment requires thorough impact assessment,
in particular with regard to seabird populations. To our knowledge, the only available
framework for such assessment is the approach developed in 2004 by Garthe&HuppOp.
Although conceptually sound, the approach is mathematically incorrect and needs to be
up-dated. This study briefly reviewsGarthe & Hippop’s approach, highlighting the hidden
assumptions and interpretation problems associated to it. Then, we deeply refined the fra-
mework by making it ecologically and mathematically sound, tractable, and adaptable. The
refined approach explicitly disentangles collision and disturbance risk,draws upon recent
theoretical development in community ecology and proposes a sequential integration of
the impact at the species and community level. We illustrate the pitfalls of the previous
approach and the usefulness of our refined framework through a case study on the seabird
populations over the continental shelf of the Bay of Biscay, France. Overall, the refined fra-
mework provides clear, complementary and unambiguous information to managers about
the localization and the kind of impact to be expected. Furthermore, the method through
which we integrate vulnerability from species to community level is general, and could
easily be transposed to any kind of impact and communities.
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INTRODUCTION

The development of marine offsho-
re wind farms has increased significantly
worldwide in the last decades, following
the need of decreasing carbon footprint
through the exploitation renewable energy
source (Punt et al., 2009). Ecological effects
of locating wind farms offshore can be both
detrimental and beneficial (Punt et al., 2009).
Among the detrimental effects, wind farms
are potential treats to marine seabirds in
two different aspects: increased mortalities
due to collision risk, an increased energy ex-
penditure and habitat loss through distur-
bance (Exo et al., 2003; Garthe and Hiippop,
2004; Drewitt and Langston, 2006; Masden et
al., 2010).

Spatial planning of wind farms re-
quires quantitative assessment of these
threats. Garthe & Hippop (2004) proposed
a methodological framework to map the
vulnerability of seabird community to wind
farm, combining two sources of information.
The first is an estimate of the vulnerability
of each population in the study area, based
on behavioural and demographical traits
and on conservation status. The second is
the spatial distribution of each population,
based on extensive at-sea surveys. Although
the method is general, simple, and widely
applicable, the mathematical formulation
contains hidden assumptions that might
be problematic and might lead to incorrect
estimates of vulnerability as well as biased
identification of key areas. In particular, co-
llision and disturbance risk are related mul-
tiplicatively and mixed together, different
risks factors are given equal weight even
though some are related to the risk itself
while others are only aggravation factors,
and the vulnerability index is weighted by
population abundance.

In this study, we briefly review the ori-

ginal approach (Garthe and Hippop, 2004)
and point towards its weaknesses. Then, we
attempt to solve the problems by proposing
a new methodological approach that (1) ex-
plicitly distinguish between risk factor and
aggravation factor, (2) allows the separation
between collision risk and disturbance risk,
and (3) draws on recent development in
functional diversity (Leinster and Cobbold,
2012) to produce and map a community vul-
nerability index based on the local relative
frequencies of species within the seabird
community. Finally, we apply the refined
methodology to the Bay of Biscay, using data
collected during an extensive seabird aerial
survey in the Bay of Biscay, France (Bretag-
nolle et al., 2004; Certain et al., 2007; Certain
and Bretagnolle, 2008).

METHODS

Reviewing the Wind farm Sensitivity Index

(WSI)

The WSI proposed by Garthe and Hippop
(2004) has been successfully implemented
to detect areas where the seabird communi-
ty would be most vulnerable to the establis-
hment of a wind farms (Garthe and Hippop,
2004). It is based on a Seabird Sensitivity In-
dex (SSI), thought to reflect the vulnerability
of each seabird species to the establishment
of offshore wind farms, and the at-sea abun-
dances of each seabird species (A). Let us
consider an area discretized in a succession
of j = 1...L locations and populated by a set
ofi=1...S seabird populations. We can write:

WS, = zslh (4 +1)x S, )

i=1

s =t St St S St St St
! 4 2 3

(2)



Name Impacttype Type of risk factor
fl  collision Primary
f2  collision Primary
f3  collision Aggravation
f4  collision Aggravation
f5  disturbance  Primary
f6  disturbance  Aggravation
f7  sensitivity Primary
f8  sensitivity Aggravation
f9  sensitivity Primary

CHAPTER 1 | 29

Short description

% time spent flying

% time spent at high altitude when flying
Flight manoeuvrability

Nocturnal flight activity

Disturbance by ship and helicopter traffic
Habitat flexibility

Biogeographical population size

Adult survival rate

European Conservation status

Where the set of f,, represent r = 1...9
risk factors for the ith seabird species. These
risk factors can be grouped into three risk
types: risk related to collision (r = 1, 2, 3, 4),
risk related to disturbance (r = 5, 6) and risk
related to the overall sensitivity of species
(r=7,8,9). Table 1 synthesizes the different
risk factors, each being measured on a re-
lative scale ranging from 1 (minimum risk)
to 5 (maximum risk). As it is formulated, the
current estimate of SSI and WSI makes the
following assumptions:

A1: All the risk factors associated to a gi-
ven risk type are equally weighted, and the
relationship between the risk factors of a gi-
ven risk type is additive.

A2: Each risk type is equally weighted,
and the relationship between risk types is
multiplicative.

A3: The local importance of a given
seabird species in the local measure of the
vulnerability of the seabird community is
proportional to its local log abundance.

These assumptions might be difficult to
hold in a number of cases. First, for a given
risk type, risk factors might not be indepen-
dent, nor additive. We can distinguish two
categories of risk factors: those that are di-
rectly associated to the risk itself (i.e. time
spent flying and time spent at high altitude
in the case of the collision risk) and those
that are aggravation factors of the risk (i.e.

flight manoeuvrability and nocturnal activi-
ty). That conceptual difference is important:
aggravation factors are not important in
themselves, but they can increase a risk that
already exists. Following that thread of rea-
soning, disturbance by ship and helicopter
traffic (fS) can be viewed as the real risk fac-
tor, while habitat flexibility (f6) only matters
if the species is disturbed in the first instan-
ce. Finally, biogeographical population size
(f7) and European conservation status (f9)
both determine the overall sensitivity of a
species to any kind of impact, while adult
survival rate (f8) correlates to its capacity
to replenish the population if some increa-
sed mortality is experienced. Therefore, f8
can be viewed as an aggravation factor. If
we recognize that risk factors are not of the
same kind, but that some hierarchy can be
found, in terms of primary risk factors and
aggravation factors, then the mathematical
formulation of SSI should be adapted to take
into account the potential caveats from as-
sumption Al.

Assumption A2 is complex, as it sets on
an equal foot collision risk, disturbance risk
and overall species sensitivity, and it fur-
thermore assumes that they interact mul-
tiplicatively. Measuring the relative impor-
tance of collision risk over disturbance risk
might indeed be difficult and considering
them as equal by default is perfectly unders-

Table 1 Risk factors
which
species vulnerability to

according to

windfarm is assessed.
Detailed definition for
each risk factor can
be found in Garthe &
Huppop 2004
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tandable. Having a multiplicative relations-
hip between species overall vulnerability
and both collision and disturbance risk is
also perfectly understandable: the multipli-
cation ensures that the risk is “weighted” by
the overall sensitivity of each species. Howe-
ver, having a multiplicative relationship
between collision and disturbance is much
less understandable, as they do not really
depend on each other but are in fact two as-
pects of the impact that act independently,
have different consequences and might lead
to very different management measures. If
the collision risk is high but the disturbance
risk is low, the resulting risk will be much
more lowered with a multiplicative relation-
ship than with a simple additive relation-
ship. Furthermore, both collision risk and
disturbance risk are completely different
in nature, which poses the question of the
usefulness of their combination. Informed
decision for management could as well be
taken simply upon the examination of both
collision risk maps and disturbance risk
maps. The multiplicative relationship bet-
ween collision and disturbance risk is the-
refore questionable, and we propose either
to consider these two risks independently
or alternatively to use an additive relation-
ships, should they be combined.
Assumption A3 will give more weight to
species locally abundant. The intuitive idea
behind this is simply to prevent the installa-
tion of wind farms in areas where seabirds
aggregate. However, applying the weight at
the species level, and using the log-abun-
dance of seabirds instead of their abundan-
ce can be criticized. Applying the weight
at the species level introduces a confusion
within the framework, because rare species
are first up-weighted in the SSI through the
factors f7 and 9, and then down-weighted
in the WSI because rare species present pro-
bably lower local abundance. Conversely,

the importance of abundant species will be
first down-weighted in the SSI, and then up-
weighted in the WSI. With the current for-
mulation, there is no control on the magni-
tude of up-weight / down-weight that each
species will experience, which renders any
interpretation of the spatio-temporal varia-
tions of the WSI very difficult. Finally, the
use of log abundance simply assumes that
the importance of a single seabird in a lo-
cation decreases exponentially as the total
number of seabird in that location increase.
A single individual in the middle of nowhere
will have more weight, in proportion, than
an individual located in a flock of one hun-
dred seabirds. This assumption has neither
ecological nor management support.

To take into account the potential ca-
veats associated to assumptions Al, A2 and
A3, we propose in the following section a re-
finement of the WSI framework.

Definitions

In the following development, measures
of risk and vulnerability will successively
cross three levels of organisation: indivi-
duals, species, and community. It is there-
fore useful to provide some clear definitions
and point toward the level of organisation at
which they apply. In our context, the word
species is fairly equivalent to the word po-
pulation because most impact assessment
are concerned with a delimited area and fo-
cus on the population of species within that
area, not on the whole bio-geographical dis-
tribution of the species.

We will refer to a risk as a measure of the
probability that an individual of a given spe-
cies suffers a given impact. For example, the
collision risk refers to the probability that an
individual of a given species collides with a
wind-farm. We will use the term sensitivi-
ty to refer to the overall sensitivity of a gi-



ven species to any kind of impact. We will
use vulnerability when the individual risk
of suffering a given impact is integrated at
a higher organisation level. We will distin-
guish two levels: species vulnerability and
community vulnerability.

Individual risk and population sensiti-
vity will be estimated as a function of fac-
tors, i.e. quantitative or semi-quantitative
elements supposed to measure one of the
aspects of the risk or sensitivity considered.
We will distinguish between primary fac-
tors, i.e. factors directly controlling the risk
or the sensitivity, and aggravation factors,
i.e. factors that contribute to increase an al-
ready existing risk or sensitivity. All factors,
risks, sensitivity and vulnerabilities measu-
res will be expressed as relative probabili-
ties, ranging between 0 and 1. A value of 0 is
interpreted as no risk or no sensitivity or no
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vulnerability, and a value of 1 is interpreted
as maximum risk or maximum sensitivity
or maximum vulnerability.

As factors, risks, sensitivity and vulne-
rability are all expressed on the same scale,
they can be conveniently combined through
either averaging or multiplication. We will
use averaging when the values to be com-
bined do not interact. We will use multipli-
cation when the values to be combined in-
teract.

Combining factors with a power function

Let us denote r the relative estimate of
a given risk, and let us assume that r is the
combination of two factor: a primary risk
factor, a, and an aggravation factor, g. We
propose to link r to a and g through the fo-
llowing relationship:

c=0.1

1.0

|

08

02
1

0.0

1.0

|

02
1

0.0

| 31

Fig.1 This

shows how r (y-axis)

figures

changes according to
g, for various values
of c. In this figure,

a =r when f = 0.
It is clear that if c is
low, then r is strongly
dependent on f, wha-
tever a (the starting
point of the curve).
On the other hand, g
has much lower effect
onr if cis high.
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Under this formulation, a=r when g=0,
and then progressively increases as g in-
creases. The parameter b can be viewed as
a measure of the influence of g over r: the
smaller the c, the more influence g will have
on r (fig 1). We suggest to use c=0.5 as a de-
fault and strongly recommend avoiding too
small c values (i.e. <0.1, fig 1). Under this for-
mulation, r remains bounded between 0 and
1.

Applying the power risk function

Let us denote the collision risk for the ith
species ci, the disturbance risk di, and the
species sensitivity si. To obtain an estimate
of each, we rely on the set of estimated risk
factors for each species ff=(1...9)i, . These are
basically produced as values ranging bet-
ween 1 and 5 (Garthe & Huppop 2004), but as
a and g (eq. 3) should be comprised between
0 and 1, they need to be rescaled (i.e. divided
by 5).

The collision risk can be seen as the
combination of the 4 first factors f1i to f4i. %
time spent flying (f1i) and % of time spent at
the wind farm altitude when flying (f2i) can
be seen as primary risk factors. Manoeuvra-
bility of species (f3i) in flight and nocturnal
activity (f4i), on the other hand, can be seen
as aggravation factor. ci is therefore obtai-
ned by applying eq. 3 with a, = f,, f,, and
g = (f3[ + 1 )/2 . We use a multiplicative
relationship between f1i and f2i because we
assume they interact. We use an additive re-
lationship between f3i and f4i because we
assume they do not interact.

The disturbance risk di can be seen as

the combination of a primary risk factor,
the intensity of the behavioural response to
anthropic activity (f5i), and an aggravation
factor, the flexibility of habitat use (f6i). The-
refore, di is obtained by applying eq. 3 with
ai=f5i and gi=f6i.

The species sensitivity si can be seen as
the combination of the 3 last factors f7i to
f9i. The biogeographical population size (f7i)
and the species conservation status (f9i) can
be seen as non-interacting primary risk fac-
tors. The natural survival rate of the species
(f8i) can be seen as an aggravation factor.
Therefore, si is obtained by applying eq. 3
with ai=f7i+f9i and gi=f8i

Moving from risk to vulnerability

Once ¢, d, and s, have been defined,
they can be combined to get an estimate of
the overall species vulnerability v, to wind-
farm. Recall that ¢, and 4, are individual risks,
while s, is the species sensitivity. We propose
to view the vulnerability of a species to a
risk as the product of the individual risk by
the species sensitivity. Then, we propose to
view the overall species vulnerability as a
weighted mean of all its risk-specific vul-
nerabilities. In the context of seabird-wind
farm, this lead to the following expression:

V,=a,Xc; X8, +a,xd xs,
,with a, +a, =1 (@)

ac and ad are risk-specific weights con-
trolling the influence of each risk. In our
case, setting ac = ad = 0.5 means that vul-
nerabilities to collision and disturbance are
equally weighted. In our framework, vi is the
direct equivalent of the SSIi (eq. 2).

The next step is now to integrate the vul-
nerability of several species into a measure
of the vulnerability of a whole community,



as it was originally attempted through the
WSJj (eq. 1). There, we build upon the recent
development of Leinster and Cobbold (2012)
that modified the classical estimate of Hill’s
diversity (Hill, 1973) to take into account

nE
]

species similarity:

qu-vxp){gpi(zp)f‘](

Jwith VS gS® (5)

Where pi is the relative frequencies of
the ith species, and Zp iis a measure of
the similarity between an individual of the
ith species and an individual taken at ran-
dom in the community. (Z » )l_ is expressed
between 0 (completely dissimilar) and 1
(identical) and is usually measured through
a set of traits for each species, as in classical
functional diversity studies (Leinster & Co-
bbold 2012). This index produces a diversity
measures in effective species number, that
is the number of equally abundant species
required to obtain the same diversity mea-
sure. This is recommended practice as it
greatly eases the interpretation of the index
(Tuomisto, 2010; Leinster and Cobbold, 2012).
The introduction of the term (Z » )i gives
more weight to the highly dissimilar spe-
cies. Therefore, simply replacing (Zp )l_ by
1-vi will produces a diversity measures that
gives more weight to the most vulnerable
species. Both the formulations of Hill (1973)
and of Leinster & Cobbold (2012) contain a
parameter, q, which controls the sensitivity
of the diversity metric to the weighting pa-
rameter, i.e. (Zp )i in the case of Leinster &
Cobbold (2012). The greater is g, the higheris
the weight of similar species over dissimilar
ones. In the vulnerability context we wish to
introduce, the quantity 1-vi will be close to
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zero when the species are highly vulnera-
ble, and we precisely wish to give maximum
weight to the most vulnerable species. We
therefore set g=0. In a spatial context where
community data are available over j = 1...L
locations, the overall community vulnerabi-
lity to wind-farm is written:

S
p.
ijgl : 6)

_vi

V. provides an estimate of the vulnerabil-
ity of a community to a given impact, in ef-
fective species number. It can be interpreted
as the number of equally abundant and fully
vulnerable species that composes the com-
munity. This formula can also be used to
measure the community vulnerability to a
given risk. Substituting ¢, to v, lead to a mea-
sure of the vulnerability of the community
to collision, and substituting d, to v, lead to
a measure of the vulnerability of the com-
munity to disturbance. That way, the overall
community vulnerability map can be parti-
tioned into each risk component.

Taking Abundances into account

In the original framework, the SSIi was
multiplied by log(Aij) where Aij stands for
the abundance of each seabird species at
each locations, and the sum over the species
was taken (eq.1). This unfortunately led to
interpretation confusion, especially because
the information concerning abundance and
species composition are mixed together.
On the contrary, Vj fully account for species
composition and leaves abundance aside.
The total seabird abundance at each loca-
tion A.j is therefore a natural complement
to Vj. It can be computed from survey data
and should be systematically presented to-
gether with Vj.

33



34

RESEARCH PAPERS

Case study: Seabirds populations in the Bay of
Biscay.

We applied both the original and refi-
ned framework to seabird populations on
the continental shelf of the Bay of Biscay,
France, that have been extensively sam-
pled though a series of aerial (‘(ROMER’) and
ship-based (‘PELGAS’) surveys (Bretagnolle
et al.,, 2004; Certain and Bretagnolle, 2008;
Certain et al., 2011). These surveys resulted
in a succession of studies focusing on spa-
tial structure, variability, and prey-predator
relationships (Certain et al., 2007, 2011; Be-
llier et al., 2010, 2012; Chadceuf et al., 2011).
Details on both survey methodologies can
be found in Certain (2007), Certain & Bre-
tagnolle (2008) and Certain et al. (2011).
Briefly, during ROMER, strip-transect aerial
surveys covered repeatedly the Bay of Bis-
cay in winter, from October 2001-to March
2002, offering a first exhaustive snapshot of
the extent and abundance of the wintering
population of seabirds in the Bay of Biscay.
Then, from 2003 onward, observers recor-
ded top predator data on board of the RV-
THALASSA during the PELGAS cruises that
occur each spring in the Bay of Biscay. In
both cases, sampling scheme is systematic,
constituted of perpendicular transects lines
separated by ~20km of each other. Seabird
observations are collected continuously
along the transect, including species iden-
tification and number of individuals. The
sampling design covers homogeneously the
entire study area (100 000 km?2). For data
processing, the transects are sliced into
20km of equal sized segments, within which
the relative abundance of each species, i.e.
number of counted individuals, is reported.
To ease the comparison with the previous
work, we use the whole ROMER dataset and

the PELGAS dataset from 2003 to 2008.

Based on ROMER and PELGAS records,
we first established the list of the 30 seabird
species encountered and identified in the
Bay of Biscay (table S1). We also defined 7
groups for the unidentified observations,
together with assumed proportions based
on identified sightings (table S1). For each
species, the risk factors ff=(1...9)i identified
by Garthe & Hiippop (2004) were documen-
ted (table S1). If possible, we used the values
already documented by Garthe & Hippop
(2004), otherwise we scored the species ac-
cording to discussion carried out during
expert meetings. For groups of unidentified
seabirds, we used average values, weighted
by species proportions in each group (table
S1). Based on the risk factors, ci, di and si
were computed for the 37 species and the
7 groups. Then, overall species vulnerabili-
ty vi was computed, as well as the original
SSIi. To reveal how vi differs from SSIi, we
looked at the difference between the species
rank according to SSli and the species rank
according to vi. We computed correlations
between differences in rank and ci, di and si
to search which risk was responsible for the
observed differences.

Producing diagnostic panels for the Bay of Bis-
cay

The refined framework we develop is not
supposed to produce one single map, but
rather to produce a few interpretable maps,
each capturing one key element to be consi-
dered to assess the impact of offshore wind
farm on seabird populations. We propose to
use diagnostic panels composed of 4 maps,
each related to a specific component of the
potential impact. The two first maps would
present the two distinct and fundamental
elements of the impact assessment: the



overall vulnerability of seabird community,
Vj, and the total seabird abundance map
Ajj. Then, to further inform management,
we show the two risk-specific component of
Vj, namely the vulnerability to collision and
the vulnerability to disturbance. These two
last maps highlight how both risks contri-
bute to the overall community vulnerabili-
ty. To present the four maps, geostatistical
interpolation (Cressie, 1993; Pebesma and
Wesseling, 1998) and kriging were carried
out to ease the representation and interpre-
tation of the spatial patterns. We interpret
these maps in the context of wind-farm im-
pact assessment, and propose locations on
the continental shelf were the impact on
seabird populations would be minimised.

Comparing the diagnostic maps with the pre-
vious WSI

To illustrate the differences between
the original and refined approach, we also
computed the original WSIj maps, together

SSl{orange) Vs vi{blue)

Density

T T T T T 1
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with simple summed log abundance maps
(i.e. removing SSIi in eq. 1). Showing both
illustrates how taking into account differing
vulnerability for each species modify the
perception of the potential impact of the es-
tablishment of an offshore wind farm in the
original framework.

RESULTS
Comparison between SS1I, and v,

For the sake of comparison, both SSIi
and vi were scaled between 0 and 1. When
plotting these scaled values against each
other, it is clear that the two indexes gene-
rally agrees on the classification of species
(fig 2a), even though nearly all species are
located above the 1:1 line, suggesting that
on average, a seabird species is considered
more vulnerable by the vi than by the SSIi.
This is better understood in the light of fig
2b, where we see that the scaled distribution
of the two indices differs, with the distribu-
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Fig.3 ROMER-based
diagnostic panel. Up
left: overall vulnera-
bility of the seabird
community. Up-right:
toital abundances.
Low left:
ty to collision of the

seabird

Low right: vulnerabi-

vulnerabili-
community.
lity to disturbance of

the seabird commu-
nity.
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tion of scaled vi being closer to 1.

Some species were more affected than
others by the change of indices (table S1, last
column). For example, skuas are considered
more vulnerable with vi than with SSIi, with
a difference in rank between -2 and -10,
depending on the species. On the contrary,
auks are considered less vulnerable with vi,
with a difference in rank between 2 and 9
(table S1). The correlation between the diffe-
rences in the ranking of species according to
both metric (table S1, last column) and the
component of vi was positive with the co-
llision risk ci (0.45, p=0.005, df=35), negative
with the disturbance risk (-0.42, p=0.009),
and non significant with species sensitivity
(p=0.38).

Diagnostic Maps for Seabirds in the Bay of Bis-
cay

Fig 3 and 4 present diagnostic panels
for seabirds in the Bay of Biscay based on
ROMER and PELGAS data, respectively. The
ROMER-based panel highlight two main
area where the seabird community is the
most vulnerable, i.e. the northwest area and
the south-eastern area (fig 3a). In addition,
the wintering population of birds is widely
spread in the Bay of Biscay, leaving only few
areas where seabird abundance is low (fig
3b). Furthermore, the ROMER panel clearly
shows that vulnerability to collision and
disturbance differs in space, highlighting
that collision-vulnerable communities are
distributed further from the coast than dis-




turbance-vulnerable communities.

The inspection of PELGAS-based panel
offers a slightly different picture. The loca-
tion of high and low vulnerability areas are
roughly the same (fig 3a and 4a), apart from
a localised patch of high vulnerability in the
North East, around Belle-Ile en Mer, that
was not visible from the ROMER-based pa-
nel. The abundance map differs more clearly
(fig 4b), with high abundances more restric-
ted to the Northernmost and coastal areas.
Finally, vulnerability to collision (fig 4c) and
to disturbance (fig 4d) presented a rather si-
milar pattern, even though vulnerability to
collision is much more spread than vulnera-
bility to disturbance.

The examination of ROMER and PELGAS
diagnostic maps reveal some differences
between the wintering and spring situa-
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tions, however, in each case, the central part
of the Bay of Biscay, identified in fig 3 and 4
as a grey rectangle, is characterised by low
abundances, and low-to moderate vulnera-
bility. As a synthetic result of this impact as-
sessment, we suggest this area as an infor-
med choice for the location of offshore wind
farm, as it seems to minimize the impact in
both ROMER and PELGAS situations.

Comparing Diagnostic panels with WSIj maps

Fig 5 displays WSI maps as proposed by
the original framework. They globally provi-
de consistent information with the refined
framework, but with more emphasis on the
disturbance risk than on the collision risk.
Furthermore, the spatial patterns displayed
by the WSJj (Fig 5a&b) are extremely similar
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Fig.4 PELGAS-based
diagnostic panel. Up
left: overall vulnera-
bility of the seabird
community. Up-right:
toital abundances.
Low left:

ty to collision of the

vulnerabili-
seabird  community.
Low right: vulnerabi-
lity to disturbance of
the seabird commu-
nity.
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wsij

Fig.5 WSI maps (up)
and log abundance
maps (down), left RO-
MER, right PELGAS

logA

to the one displayed by the simple sum of
log abundances (Fig 5 c&d), indicating that
SSli has in fact a negligible effect on the im-
pact assessment according to the original
framework.

DISCUSSION
Usefulness of the refined framework

The approach originally developed by
Garthe & Hiippop (2004) to assess the poten-
tial impact of offshore wind farm on seabird
populations has several interesting aspects.
The clear identification of species-specific
risk factors and the method for scaling them
is undoubtedly useful to synthesize quanti-

tative and qualitative ecological information
for impact assessment. It allows identifying
which species is submitted to which risk, it
is a catalyst for expert meeting groups and
is a major methodological tool to reach a
consensus between scientists and mana-
gers. However, the way this information was
later on integrated and combined with sur-
vey data was not optimal. Some important
piece of information was lost on the way, as
for example the collision risk, and the ori-
ginal mathematical formulation would in
fact result in taking decision based only on
summed log-abundance patterns, instead of
accounting for the additional information
provided by the thorough documentation of
all the risk factors and the computation of



the SSIi.

The refined framework solves these is-
sues. By explicitly separating primary risk
factor and aggravation factors, by treating
each risk separately, by integrating them se-
quentially first at the species level and then
at the population level, and finally by ex-
plicitly separating community composition
from abundances, we provides to manager
all the pieces of information they would
need to take informed decision, without
implicitly masking some component of the
impact. Because the framework is clearly
mathematically defined, because all the as-
sumptions are stated and written, we provi-
des to scientist a transparent and tractable
method for impact assessment. The method
can be easily modified, would additional in-
formation appear on the way, concerning
for example the way risk factors interact, or
the relative importance of collision over dis-
turbance. One important point is that we do
not attempt to synthesize the information
into one single map. Rather, we try to disen-
tangle the different component of the infor-
mation to present it in an integrated way to
the manager. This is a very important aspect
of communication between scientists and
managers. While scientists usually try to
identify all the aspects of a problem, mana-
gers seek simple answers and synthetic res-
ponses. This is one reason for the prolifera-
tion of indicator-based approaches (ref, ref,
ref, ref). Our case study illustrate well that
indeed, complex information related to the
spatial distribution of 30 seabird species can
be synthesized in a few set of maps showing
different information. However, informa-
tion reduction has to be carefully designed
and firmly theoretically grounded. Reducing
complex problems up to a single scale or a
big formula may result in an un-tractable
mixing of information that either becomes
difficult to interpret or strongly under-esti-
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mates some crucial aspects of the problem.

Wind farm impact assessment in the Bay of Bis-
cay

Our study allows to clearly localize areas
of high and low expected impact on seabird
for the establishment of offshore wind farm,
as well as a qualitative assessment of the
kind of impact to be expected. However, the
reader should be aware that the quality of
such an evaluation depends on the quality
of the data. We have no doubt that ROMER
and PELGAS surveys provided state-of-the-
art data on seabird populations. However,
these surveys have spatio-temporal limi-
tations that need to be clearly stated. First,
both surveys aimed the continental shelf
and therefore, they do not document very
well the coastal community, which is the
reason why we do not map abundance or
vulnerabilities near the coast. Second, the
timing of the survey also limit the interpre-
tation of our result. The ROMER survey fo-
cused on the wintering period, which is the
period during which the seabird population
is the highest in the Bay of Biscay (Certain
2007). PELGAS surveys offer the spring pers-
pective, when already some of the main
seabird taxa present in winter have left to
reproduce, Auks for example. Therefore, we
stress that the maps presented in this study
can only serve for risk assessment during
these time period, but that further surveys
should be carried out and analysed to pro-
vide a better picture of the impact for the
whole year round.

Potential for generality

The refined approach proposed in this
paper has a much larger potential of appli-
cation than the restricted scope of offshore
wind farm impact assessment. The adap-
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tation of the work of Leinster & Cobbold
(2012) that we introduce (eq. 6) can in fact be
applied to estimate the vulnerability of any
kind of community to any kind of impact,
provided that a measure of the species-
specific vulnerability to that impact, such
as vi, is available, and that community data
have been collected. The application of eq.
6 is then straightforward. The fields within
which this approach could be applied are
numerous, all the more that the method pro-
vides an explicit link between an identified
impact and a biodiversity-related metric at
the community level. However, the method
through which species-specific vulnerability
can be measured is most likely case-study
dependent, and should be each time carefu-
lly defined.
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RESUM

L'fndex de Sensibilitat als parcs edlics (WSI) de les aus marines és una eina feta en el
context dels sectors alemanys del mar Baltic i del Nord. Va ser creat amb la finalitat de
proporcionar una eina de decisié a escales grans per a l'avaluacié ambiental estrategica
de I'energia eolica marina. A continuacid, es mostra com es pot millorar I'index d’'una Ava-
luacié Ambiental Estrategica (AAE) per al desenvolupament d’energia edlica marina en un
context de gran escala. E1 WSI integra la informaci6 basada en les densitats d’aus marines
a la zona d’estudi amb un fndex de Sensibilitat Espécies (SSI) als parcs edlics. Aquest index
es calcula tenint en compte nou factors, que es deriven dels atributs de les espécies que
semblen definir la sensibilitat de l'ocell amb els parcs eolics. Es van dur a terme censos
des de barca. Després de calcular el SSI per a cada especie que es troba en l'area d’estudi,
s’aplica I'index als mapes de densitats locals obtinguts mitjangant els censos des de vaixell.
Per prendre una decisié interessa treballar amb el minim nombre de mapes que sintetitzin
completament la realitat ecologica d’un area. Aquest index disposa d’aquesta caracteristica
integradora i el fa especialment interessant en 'avaluacié ambiental estrategica d’'un area
determinada. Atés que hi ha una manca d’informacié per conéixer 'abast de I'impacte real
dels parcs edlics en alta mar, es recomana aquest index com un metode molt Gtil en la ma-
joria d’estudis d’avaluacié ambiental estratégica mentre no es desenvolupi una eina millor

per aquest tipus d’avaluacié.
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ABSTRACT

The Windfarm Sensitivity Index (WSI) for seabirds is a tool made in the context of the
German sectors at the Baltic and North Seas. It was created in order to provide a tool
of decision for a broad-scale Strategic Environmental Assessment for offshore wind ener-
gy. Here, it is showed how this Index can improve an Strategic Environmental Assessment
(SEA) for offshore wind energy development in a large scale context. The WSI integrates the
information based on the seabirds densities in the study area with a Species Sensitivity In-
dex (SSI) to windfarms. Such Index was calculated taking into account nine factors, which
derive from the species attributes that seem to define the bird sensitivity to windfarms.
Boat surveys were carried out. After calculating the SSI for each species found in our sur-
veys, we applied it to the maps of local densities obtained by means of boat surveys. When
making a decision, the fewer number of fully explicative maps are always desirable. This
integrative characteristic of the index makes it especially interesting in the environmental
assessment of a proposed offshore windfarm. Since there is a lack of information to know
the extent of the real impact of offshore windfarms, we recommend this index as a very
useful method in most SEA until the moment we will have a better tool for assessment.
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INTRODUCTION

Renewable energies are viewed as an
environmental benign alternative to the
energy production based on fossil fuels (In-
ger et al,, 2009). The potential of the marine
environment, and particularly the offsho-
re wind energy development, has received
high attention in the last years. Europe has
become the world leader in offshore wind
power with a total of 1,371 offshore turbi-
nes totalling 3,812.6 MW spread across 53
wind farms in 10 countries by the end of
2011 (EWEA, 2012). At a global scale, the shi-
ft to renewable energies is widely accepted
as a step to mitigate the effects of anthro-
pogenically induced climate change (King,
2004; Rosenzweig et al., 2008). At the local
scale, however, the environmental impacts
of wind energy development must be care-
fully considered. Indeed, the European le-
gislation requires Strategic Environmental
Assessments (SEAs) of national wind energy
plans impacts on wildlife (Directive 2001/42/
EC).

Among the different topics that SEAs
must address, wind farms and birds interac-
tions are an issue of great concern (Garthe
and Hippop, 2004; Fox et al., 2006).Seabirds
are susceptible to multiple anthropogenic
impacts in their migratory routes and fora-
ging grounds(Anderson et al., 2003; Hiippop
et al.,, 2006; Louzao et al., 2006). In the case
of offshore wind farms these potential im-
pacts are direct mortality through collision,
barrier effects and foraging habitat loss (Fox
et al., 2006).

Beyond conservation concerns, seabirds
have also become useful indicators to eva-
luate the potential effects of human activi-
ties in marine ecosystems (Piatt et al., 2007).
Compared to other marine species, seabirds
are highly visible species with specific legal
protection frameworks and comprehensive

long-term studies of their distribution at sea.
Thus, seabirds seem a suitable indicator of
the marine environment, and have become
one of the keystones of the decision-making
process for the selection of optimal areas for
national offshore wind development.

The Wind Farm Sensitivity Index (WSI)
was the first index that used seabirds to as-
sess at large scale the suitability or unsui-
tability of a sea region for the construction
of offshore wind farms. The index, deve-
loped by Garthe and Hiippop (2004), takes
into account two crucial points in the eva-
luation of future impacts. First, it takes into
account seabirds abundances and areas of
high density which is the information com-
monly used to inform SEAs and EIAs on offs-
hore wind energy. Second, the abundance
of seabirds is corrected by a specific value
(SSI, Species Sensitivity Index) that quanti-
fies the sensitivity of each seabird species to
the presence of an offshore wind farm or its
construction. This way the presence of few
individuals of flagship species can be ac-
counted as well as the massive presence of
common species, with no conservation con-
cern but relevant because their numbers.

Despite the WSI relevance as a practical
assessment tool, the peer-reviewed papers
that have actually used it are adaptations
of the index to evaluate other types of ha-
zards (e.g. Noguera et al., 2010; Stelzenmii-
ller et al., 2010; Sonntag et al., 2012) and so
far there is no paper showing its applica-
tion in a different geographic area and only
some reports(e.g. Leopold and Dijkman,
2010; Christensen-dalsgaard et al., 2011).In
this paper we present the WSI applied to
the coasts of the Iberian Peninsula. The stu-
dy area surrounds more than 7000 km and
covers the continental coast of Portugal and
Spain.

The Iberian Peninsula hosts the highest
diversity of seabirds in Europe, mainly be-



cause its waters cover different biogeogra-
phical regions. Among these species some
have their breeding stronghold in the Ibe-
rian Peninsula (e.g. the Balearic Shearwater
Puffinus mauretanicus, Audouin’s Gull Larus
audouinii) and are flagspecies because their
conservations status. Many of the species
are listed in the Annex I of the European
Community Birds Directive and are main
targets of conservation projects (Ramirez
et al., 2008; Arcos et al., 2009). So far, in the
whole Iberian Peninsula there is only one
experimental floating turbine installed in
Portugal in June 2012. Therefore this is an
opportunity to inform policy-makers and
practitioners on how to design the optimal
zonation to allow a rational offshore wind
energy development respectful with the
marine ecosystem.

The main aims of this paper are to: (i) su-
ggest some changes in the factors used to
calculate the SSI in order to make the Index
more general and applicable to other bio-
gegraphic areas in Europe and other conti-
nents; (ii) provide new SSI values to expand

(@)

Iberian

Peninsula
o _ .
¥ ©
Q- | L__J.'- =1 L Lo L. |/ - _ T

{ ?" R b

;* | ‘:/ 5 4

CHAPTER 2 | 45

the original table by including the diversity
of Atlantic and Mediterranean species de-
tected in the area and (iii) make recommen-
dations for the future development of offs-
hore wind energy in the Iberian coasts with
full awareness of ecological impacts.

METHOD
Study area &vessel-based data

At sea seabird surveys were conducted
in different vessel expeditions coordinated
by the Spanish Ornithological Society (SEO/
Birdlife) and the Portuguese Society for the
study of birds (SPEA). The surveys were ca-
rried out from 1999 to 2011 covering the
Spanish and Portuguese continental coasts
(up to 100 nautical miles offshore) (Fig 1a).
The total surveyed area covered more than
25000 Km?2 (Table 1). Seabird counts followed
standardized strip-transect techniques (Tas-
ker et al., 1984) adapted to the study area
characteristics (Louzao et al., 2006). The ob-
servers covered a 300m strip transect band

(b)

Spain

. Portugal

Fig.3 a) Situation
Map. b) Study re-
gions marked by solid
lines; 1: Spanish Nor-
th Atlantic Ocean, II:
Portuguese North At-
lantic Ocean, Ill: Gulf
of Cadiz and Alboran
Sea and IV: Medite-
rranean Sea. b) Grid
location
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Table 1 Total surve-
yed area (Km2) by
year and month
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Wintering Breeding Post Breeding Wintering

Organization Jan Feb Apr Jul Aug Sep Oct Nov Dec Total Km®
1999 SEO 701 - - 375 1076
2000 SEO 691 691
2002 SEO 732 732
2003 SEO - - 830 830
2004 SEO + SPEA - 618 78 696
2005 SEO + SPEA 531 415 7 488 339 260 1083 74 21 38 1033 26 4314
2006 SEO + SPEA 14 43 523 1139 28 7 71 529 157 1194 3 3708
2007 SEO + SPEA 6 263 66 690 1148 10 156 109 464 773 3686
2008 SEO + SPEA 160 310 12 535 229 77 219 4 500 528 2573
2009 SEO + SPEA 90 505 1194 - 350 2139
2010 SEO + SPEA 1168 116 1931 166 863 214 4467
2011 SEO 243 - 48 290

Total Km? 697 1001 218 3910 5095 1578 3640 315 1836 804 4881 1229 25203

at each side of the boat when visibility and
wind conditions were adequate. All seabirds
observed within the survey transect were
recorded and summed into 10 minutes sur-
vey bins.

The study area had a latitudinal span of
10 decimal degrees (from 35° N to 45° N) and
a longitudinal span of 15 decimal degrees
(from 11° W to 4° E). It was divided in a re-
gular grid at four different scales (2°, 1°, 0.5°
and 0.25°) (Fig 1c). Four main regions have
been considered for local discussion accor-
ding to their oceanographic features and po-
litical boundaries: the Bay of Biscay and the
Galician Atlantic coast (Region I), the Portu-
guese Atlantic coast (Region II), the Gulf of
Cédiz and Alboran Sea (Region III) and the
Mediterranean Sea (Region IV) (Fig 1b).

Species Sensitivity Index Calculation

The WSI is derived from distributio-
nal data of seabirds’ counts at sea and a
Species-specific Sensitivity index (SSI). SSI
evaluates the species’ vulnerability to wind
farms using nine factors: flight manoeu-
vrability, flight altitude, percentage of time
flying, nocturnal flight activity, sensitivity
towards disturbance by ship and helicop-
ter traffic, flexibility in habitat use, biogeo-

graphical population size, adult survival
rate, and conservation status (Garthe and
Hiippop, 2004). Each factor was scored on a
5-point scale where 1 indicated low vulne-
rability and 5 indicated high vulnerability.
Following Garthe and Hippop methodology,
when no empirical data was available, the
factors (5 out of 9) were given a subjective
value partially based on bibliography -when
available- and the authors experience on
the species. These scores where then sub-
mitted for assessment to 10 independent
experts with at-sea experience. After the
independent evaluation, species scores
where revised. When close species with si-
milar characteristics had different values
the experts where consulted again, and the
values were corrected if a consensus was
reached. The nine factors are shortly descri-
bed below, with emphasis on those factors
with changes from its original definition. A
more detailed description of the factors can
be found in the original paper (Garthe and
Hiippop, 2004).

(F1) Flight manoeuvrability
This factor takes into account the flight

ability of a species to avoid collision with
wind farms at sea. Species were classified



from very high flight manoeuvrability (sco-
re 1) to low flight manoeuvrability (score 5),
and this classification wassent for evalua-
tiontothe experts.

(F2) Flight altitude

This factor estimates how often a spe-
cies flies within the range of the blades of
the turbines. The altitudes were classified
as follows: 1, 0-5m; 2, 5-10m; 3, 10-20m; 4,
20-50m and 5, 50-100m. The original factor
was based on real data from flight altitude
assessments. Since this information was
not available in our surveys the experts were
asked for the most frequent altitude class.

(F3) Percentage of time flying

This factor aims to assess how much
time a species present in a wind farm area
is susceptible to collision. This factor was
obtained from the behavioural data collec-
ted during the surveys. Species were scored:
1, if 0-20% of the individuals were flying; 2,
21-40%,; 3, 41-60%,; 4, 61-80% and 5, 81-100%.
After collecting and ranking behavioural
data for each species, some discrepancies
where found between similar species. The-
se differences were artifacts of data related
to differential detection. In these cases the
scores where equalized for the group using
the better sampled species.

(F4) Nocturnal flight activity

Nocturnal flight activity was classified
from hardly any flight activity at night (score
1) to high flight activity at night (score 5) and
evaluated by the experts.

(F5) Disturbance by ship and helicopter traffic

The ship and helicopter traffic during

CHAPTER 2

construction and maintenance of wind
farms is expected to have some disturbance
effect on species provoking escape, avoidan-
ce or fleeing behaviours. There is almost no
information on the issue; hence the factor
was evaluated subjectively from hardly any
behavioural response (score 1) to strong be-
havioural reactions (score 5).

(F6) Flexibility in habitat use

This factor takes into account the ha-
bitat preferences of species. Those species
occupying large sea areas and no specific
habitat preferences (e.g. gulls) are expected
to be less sensitive to offshore wind farms
than those species relying on specific habi-
tat features (e.g. sea ducks feeding on banks
on shallow grounds). Therefore species were
classified from very flexible in habitat use
(score 1) to reliant on specific habitat cha-
racteristics (score 5) and again evaluated by
the experts.

(F7) Biogeographical population size

Population sizes were obtained for each
species from Birdlife publications (BirdLi-
fe International, 2004, 2012). Species were
scored: 1 for populations exceeding 3 mi-
llion individuals; 2 for 1-3 million indivi-
duals; 3 for 500000-1 million individuals; 4
for 100000-500000 individuals and 5 for less
than 100000 individuals.

(F8) Adult survival rate

Additional mortality due to collisions is
likely to affect species with high annual sur-
vival rates rather than species with low sur-
vival rates. The factor was classified as fo-
llows: 1, < 0.75; 2, >0.75-0.80; 3, >0.80-0.85; 4,
> 0.85-0.90; 5, > 0.90. The survival rates were
obtained from Garthe and Hiippop (2004),
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Schreiber and Burger (2002) and Alvarez and
Velando (2007).When the rate was not avai-
lable the values from closely related species
were taken.

(F?) Conservation status

The original factor reflected the Euro-
pean threat and conservation status using
part of the SPEC (Species of European Con-
cern) categories. For a more general index
with applicability to any part of the world
we used the IUCN conservation criteria. Ac-
cording to their conservation status species
where scored: 1 for Least Concern; 2, Near
threatened; 3, Vulnerable; 4, Endangered
and 5, Critically Endangered.

With all the species scores the final SSI
value was calculated for each species accor-
ding to the following equation:

(F1+F2+F3+F4)X(F5+F6)X(F7+F8+Fg)
4 2 3

SSI=
Distributional data and Wind farm Sensitivity
Index maps

Once the SSI score is calculated for each
species, the index is applied to the distribu-
tional data and transformed into the WSL
The count data of all the years was pooled
and summarized in four temporal scena-
rios: the whole year, breeding season (March
to June), post-breeding season (July to Oc-
tober) and wintering season (November to
February). For each temporal scenario and
spatial scale the WSI values were calculated.
For each species the density per grid cell
was obtained by dividing the sum of indivi-
duals by the total surveyed area in the cell.
With this information the WSI value of the
cell was:

WSI = Z ) (ln(densityspecies +1)x SS]species)
species

For each map, the WSI values were ranked
and plotted in a colour gradient where each
colour indicates a particular percentile. For
the local discussion, the WSI values at the
0.25° scale were split in the four defined re-
gions, ranked and plotted with independent
colour gradient scales.

RESULTS

A total of 41 different species were coun-
ted in the surveys. The most abundant spe-
cies were the Northern gannet Morus bas-
sanus (32807 individuals), the Yellow-legged
gull Larus michahellis (20449 individuals) and
the Balearic shearwater Puffinus mauretani-
cus (12621 individuals). The species showed
a wide range of sensitivity index values (Ta-
ble 2). The Audouin’s gull Larus audouinii and
the Balearic shearwater were the species
with the highest sensitivity while the Black-
headed gull Larus ridibundus, the Little gull
Larus minutus and the Atlantic puffin Frater-
cula arctica ranked the lowest.

For the whole year, the areas of highest
vulnerability, i.e. with WSI values over the
50 percentile, were in the Portuguese Atlan-
tic coast, the northern half of the Medite-
rranean region and the Gulf of Cadiz (Fig.2,
2° grid). At lower scales, where coastal cells
could be differentiated from offshore cells,
the values near the coast were generally hig-
her than those further offshore, except for
the Mediterranean region (Fig.2, 1° and 0.5°
grid). The areas with lowest vulnerability
were two: the limit area between the Albo-
ran Sea and the Mediterranean region and
the Eastern part of the Bay of Biscay.

Regarding the temporal evolution of vul-
nerable areas, the coastal middle part of
the Portuguese region (between 38-42° N)
and the Gulf of Cadiz remained vulnerable
through the three different periods, whe-
reas other areas increased their vulnerabi-



Group Common name
Procellariiformes Cory's Shearwater

Northern Fulmar

Scientific name
Calonectris diomedea

Fulmarus glacialis

European Storm-petrel Hydrobates pelagicus

Wilson's Storm-petrel

Oceanites oceanicus

Madeiran Storm-petrel Oceanodroma castro

Leach's Storm-petrel
Great Shearwater
Sooty Shearwater
Balearic Shearwater
Manx Shearwater

Yelkouan Shearwater

Oceanodroma leucorhoa
Puffinus gravis
Puffinus griseus
Puffinus mauretanicus

Puffinus puffinus

Puffinus yelkouan
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3 3 4 3 2 2 3 5 1 195

3 2 4 3 2 2 1 5 1 140

2 1 4 5 2 3 2 5 1 200

2 1 4 5 2 3 1 5 1 175

2 1 4 5 3 3 5 5 1 330

2 1 4 5 3 3 1 5 1 21.0

3 3 4 3 2 2 1 5 1 152

3 3 Z 3 2 2 1 5 2 173

3 2 4 2 2 3 5 5 5 344

3 3 5 3 2 3 2 5 1 233

3 2 4 2 2 3 5 5 3 298

Cormorants European Shag

Great Cormorant

Phalacrocorax aristotelis

Phalacrocorax carbo

3 2 2 1 4 4 4 3 1 213

4 4 5 1 4 2 2 3 1 210

Gannets Northern Gannet

Morus bassanus

3 4 4 2 3 2 3 5 1 244

Skuas Great Skua
Long-tailed Jaeger
Parasitic Jaeger

Pomarine Jaeger

Catharacta skua
Stercorarius Longicaudus
Stercorarius parasiticus

Stercorarius pomarinus

2 4 4 2 2 2 5 4 1 200

2 4 4 2 3 2 3 3 1 175

2 4 4 2 3 2 3 3 1 175

2 4 4 3 2 3 4 4 1 244

Gulls Herring Gull
Audouin's Gull

Lesser Black-backed
Gull

Slender-billed Gull
Mediterranean Gull
Yellow-legged Gull
Little Gull
Black-headed Gull

Sabine's Gull

Larus argentatus

Larus audouinii
Larus fuscus

Larus genel

Larus melanocephalus
Larus michahellis
Larus minutus

Larus ridibundus

Larus sabini

Black-legged Kittiwake Rissa tridactyla

2 4 4 3 3 1 2 5 1 173

2 4 é, 5 2 3 5 5 2 375

2 3 4 2 4 4 4l 4 1 330

2 4 4 2 2 3 3 4 1 200

2 4 4 3 3 1 2 5 1 173

1 2 4 2 2 3 4 2 1 131

2 3 4 2 2 2 1 3 1 9.2

2 3 4 3 3 3 4 4 1 270

1 3 4 3 3 3 1 4 1 165

Terns Black Tern
Little Tern
Common Tern
Gull-billed Tern

Arctic Tern

Chlidonias niger
Sterna albifrons
Sterna hirundo
Sterna nilotica

Sterna paradisaea

Sandwich Tern Sterna Sterna sandvicensis

2 2 5 2 3 3 4 4 1 248

2 2 5 2 3 3 4 4 1 248

2 3 5 3 3 3 2 4 1 228

2 3 5 1 3 3 5 4 1 275

2 3 5 2 3 3 3 4 1 240

2 3 5 2 3 3 3 4 1 240

Auks Razorbill
Atlantic Puffin

Common Guillemot

Alca torda
Fratercula arctica

Uria aalge

4 1 3 1 2 3 1 5 1 131

L 1 3 1 3 4 1 4 1 158

Seaducks Common Scoter

Melanitta nigra

Waders Red Phalarope

Phalaropus fulicarius
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Table 2 Total surve-
yed area (Km2) by
year and month
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Fig. 2 Wind farm
Sensitivity Index va-
lues in time and scale
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lity in particular periods of the year (Fig.2,
1° grid). In the breeding months (March to
June), the northern half of the Mediterra-
nean region (between 39-42°N) showed high
levels of vulnerability. In the post-breeding
months (July to October), the Mediterranean
region showed moderate to low vulnerabi-
lity levels while vulnerability was increased
in the coast of the western part of region I
The eastern part of region I, corresponding
to the Bay of Biscay, was only surveyed du-
ring the post-breeding months hence no in-
formation is available for the breeding and
wintering season.

The regional vulnerability map (Fig. 3),
highlights the vulnerability of the Galician
coast (western area of region I) as well as the
Northern area of region II, the Gulf of Cadiz

All year Breeding

(Mar Jun)

2 °grid

(region III) and the Northern half of the Me-
diterranean region (region IV). These vulne-
rable areas fit well with the already defined
Marine Important Bird Areas (IBAs), except
in the Northern part of Portugal, which
shows the highest WSI values of the Iberian
Peninsula and has no marine protected area.
All over the peninsular coasts, even in areas
with low vulnerability, there are punctual
areas near the coast with high vulnerability.
The WSI values and their increment at
each percentile were similar across grid
scales and temporal scenarios (Fig. 4). Ne-
vertheless, at broad scales the index values
were slightly higher. Between temporal sce-
narios the increment of the WSI values was
almost identical except in the wintering pe-
riod when the index values were higher.

Post-breeding
(Jul-Oct)

Wintering
(Nov Feb)

LAl AL AL S

P, e e p———

2 35 50 8 216 0 27 44 82

19 grid

0.5° grid

0.25 ° grid

0 v 25 §6 231 0 8 25 48

189 2

243 0

18 35 82 178 31 48 65 108 208

3 16 51

205 0 19 47 76 256
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Fig. 3 WSI values by
regions (scale 0.25°
and all year). Marine
IBA overlayed in each
region. Each region
has its own colour sca-
le.

% ) i Fig. 4 WSI values by
DISCUSSION I 2°  grid ] scale and season
SSI and WSI modifications &7 - =-=1° gid
ceesesss 0.5° grid

The technological advances in remote & 2 025%ard
sensing has fostered the study of seabird =
movements at sea (Ropert-Coudert and Wil- =
son, 2005; Louzao et al., 2009; Christel et al.,
2012). Nevertheless there is still a lack of 3
information about seabirds’ behaviour in
offshore areas and how this behaviour can ©
be affected by the presence of offshore wind |0 sz 0!4 O_IB ofa ;
farms (Desholm and Kahlert, 2005; Perrow
et al., 2011). Thus, the SSI methodology that 3 .
merges real data with expert-based scores is Breeding
a useful tool to evaluate species sensitivity & _ _ _ Postbreeding I
to wind farms when no quantitative datais | | ........ Wintering
available. 3 All year :

The scoring method of the SSI is flexible g - '

and can easily be adapted to data availabili-
ty and circumstances of a particular study,
however, we found necessary to make an
important change in the conservation sta-

tus factor. We suggest using the IUCN Red

list categories by default instead of the SPEC T | | T | |

(Species of European Concern) categories 9 02 0. 08 .08 L
Percentile
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and only choose other conservation classi-
fications if all the study species fall in the
same category which was the case of Garthe
and Hippop’s study. The SPEC categories are
not as widely recognized as the IUCN cate-
gories. Moreover, this classification criterion
is only useful in a European framework and
offshore wind energy development and any
recommended tool should aim to use inter-
national standards.

Concerning the WSI graphical output,
the original methodology suggested three
levels of categorization where cells with WSI
values over the 60thpercentile were defined
as ‘concern’ areas and those over the 80th
percentile were defined as ‘major concern’
areas. In the reports that have applied this
methodology these thresholds have been
retained. In the papers that have adapted
the methodology a similar system has been
used except in one case (Stelzenmiiller et al.,
2010) where the results were rescaled to a 1
to 10 qualitative scale. Although three levels
seems an intuitive output for decision-ma-
king, the selection of the threshold percen-
tiles that divides concern areas from low/
no concern areas is subjective. Besides, the
60th and 80th percentiles might not be the
adequate cut-off values for all biogeogra-
phic regions. Instead of generalizing these
values, we propose to plot the WSI vulnera-
bility maps ranking the cells from the lowest
WSI value to the highest. Plotting a ranking
allows a comparative analysis between high
and low concern areas, retains the percenti-
le information and at the same time avoids
the subjective definition of a threshold.

Vulnerability map and Offshore Wind Energy
planning

The 2° grid is not adequate, the 1° and
0.50 better. 1° is the size region of the Spa-
nish marine zonation for offshore wind

farm SEA. The optimal development areas
(South Mediterranean region in Spain, south
in Portugal, Bay of Biscay but there is poor
sampling compared to other areas!)

Always better further offshore than near
the coast. Avoid the Mediterranean areas
with high vulnerability are mainly related
to breeding period. The most important spe-
cies (highest SSI) are Larus audouinii and
Puffinus mauretanicus.

Galician coast has high vulnerability due
to the post-breeding migration. Portuguese
coast high vulnerability due to high num-
bers of Puffinus mauretanicus and high con-
centrations at sea of Melanitta nigra

Limitations to the technique: new
methods like satellite tracking are comple-
menting the information of offshore distri-
bution of flagship species. With every study
new patterns are discovered and areas that
at seem less important according to boat
surveys may emerge as areas of intensive
use outside the hours covered with surveys.
That’s the case of the Cape of Naos (Spanish
coast in front of Ibiza) which is an area of
extensive use of Puffinus mauretanicus and
based on the boat surveys data would be of
low vulnerability.

CONCLUSION

This SSI table could be of major interest
in the future if offshore wind energy is to be
developed in Spain, Portugal or any other
country with similar diversity of seabirds.
Some changes suggested to make the in-
dex more internationally applicable. Better
avoid the percentile threshold and use ran-
king instead.

With this study we demonstrate the uti-
lity of the WSI as a comparative tool at large
scale but also applicable with at smaller sca-
les for detail. Applying the WSI to the Ibe-
rian Coasts we show how the index is use-



ful to highlight development areas as well
as priority areas for conservation regarding
seabirds.

The resulting vulnerability maps show
seabirds’ spatial patterns as density maps
do, but they also emphasize the presence of
key species with higher sensitivity to wind
farms. For policy makers and conservation
practitioners the fewer number of fully ex-
plicative maps are always desirable for deci-
sion-making. This integrative characteristic
of the index makes it especially interesting
for the assessment of large areas.
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RESUM

El desenvolupament de I’energia edlica marina ha fomentat el debat sobre I'impacte po-
tencial d’aquestes infraestructures sobre les aus marines. En aquest context apareix la ne-
cessitat de trobar indicadors que determinin 'efecte i extensié d’aquests impactes. La ma-
joria d’Estudis d'Impacte Ambiental (EIA) presenten mapes de distribuci6 i densitat d’aus,
pero molt pocs intenten representar de manera explicita els impactes potencials en l'espai
iel temps. Mitjancant la relaci6 entre mitjana i variancia descrita per Taylor (Taylor ‘s power
law) i models lineals mixtos es pot modelar la variabilitat espai-temporal dels patrons de
distribucié de les aus marines. Els models resultants descriuen el grau d’agregacié de les
aus al mar el que permet diferenciar zones de transici6 d’arees d’alimentaci6. Aquesta dis-
tincid, al seu torn, es pot utilitzar per definir zones amb un alt risc de col - lisié i zones de
potencial perdua d’habitat en el cas de construir un parc eolic mari. Amb el Delta de I'Ebre
com a cas d’estudi il - lustrem la utilitat d’aquest metode i comentem els avantatges dels

mapes d'impacte potencial respecte als mapes d’abundancia.
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ABSTRACT

The emerging development of offshore wind energy has raised public concern over its
impact on seabird communities. There is a need for an adequate methodology to determi-
ne its potential impacts on seabirds. Environmental Impact Assessments (EIA) are mostly
relying on a succession of plain density maps without integrated interpretation of seabird
spatio-temporal variability. Using Taylor’s power law coupled with mixed effect models, the
spatio-temporal variability of species’ distributions can be synthesized in a measure of the
aggregation levels of individuals over time and space. Applying the method to a seabird ae-
rial survey in the Ebro Delta, NW Mediterranean Sea, we were able to make an explicit dis-
tinction between transitional and feeding areas to define and map the potential impacts of
an offshore wind farm project. We use the Ebro Delta study case to discuss the advantages
of potential impacts maps over density maps, as well as to illustrate how these potential
impact maps can be applied to inform on concern levels, optimal EIA design and monito-
ring in the assessment of local offshore wind energy projects.
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INTRODUCTION

Studies on marine top predators are to-
day considered as a key component of ma-
rine ecosystem management (Boyd et al,
2006). Within top predators, seabirds are
good indicators of ecosystem health (Cairns,
1987; Mallory et al., 2006; Nettleship and
Duffy, 1993) and are useful indicators to
evaluate potential effects of human activi-
ties at sea. Most seabirds are flagship species
for the public (Fox et al., 2006) and have clear
protection criteria collected in protection di-
rectives like the Birds directive (79/409/EEC)
and Habitats directive (92/43/EEC) in Europe.
Their distribution and abundance are usu-
ally provided as key information to support
the establishment of marine protected ar-
eas, to implement fisheries’ management
measures (Boyd et al., 2006), to assess the
impact of environmental disasters such as
oil spills (Bretagnolle et al., 2004; Moreno,
2011) or to monitor the impact of oil and gas
platforms at sea (Wiese et al., 2001).

In the last years, offshore wind energy
has emerged as a priority field in many
European countries to meet Europe’s 2020
agenda that promotes renewable energies
to mitigate the effects of climate change;
hence offshore wind farms will likely ex-
perience an important increase in the near
future. However, in the field of marine man-
agement there is a growing concern on the
development of offshore wind energy and
its potential impacts on coastal seabird
populations, mainly because of possible col-
lisions with windmills (Fox et al., 2006). On
a large scale, countries might develop “Stra-
tegic Environmental Assessments” (SEA) to
plan their offshore wind farms network in
a way that minimizes their ecological im-
pact on the coastal environment (Directive
2001/42/EC). At a local scale, each wind farm
project requires an Environmental Impact

Assessment (EIA) of its potential impact in
the marine environment, including the risk
imposed on avian populations (Bright et al,,
2008; Masden et al., 2010).

The potential impacts of offshore wind
farms on seabird communities are complex.
Fox et al. (2006) provided a conceptual clas-
sification of these impacts, distinguishing
between (1) avoidance, (2) modification of
the physical habitats, and (3) direct mor-
tality trough collision. Most EIA guidelines
suggest radar studies to assess collision risk
in strongly migratory areas (Desholm et al,,
2006; Fox et al., 2006; Kunz et al., 2007) and
density maps as a proxy to loss of foraging
habitats by avoidance and physical habitat
modification (Camphuysen et al., 2004; Fox
and Petersen, 2006). However, density maps
do not provide a full understanding of the
underlying behavioral patterns related to
their movements. Seabirds often present dy-
namic and complex spatial patterns at sea
which are far from being understood. When
foraging, many species of seabirds are usu-
ally characterized by an important aggre-
gative behavior (Buckley, 1997; Griinbaum
and Veit, 2003), with birds forming flocks of
hundreds of individuals. On the contrary, a
lower aggregative behavior is expected in
transitional areas solely used as flight paths
between feeding areas and their resting or
breeding areas. While density maps focus
on high concentrations of seabirds as po-
tential risk areas, we propose the explicit
distinction between transitional and forag-
ing areas as a key step to better predict and
classify the risk of wind farm establishment
on seabird populations. In transitional ar-
eas, the main risk will be direct collision and
mortality (Desholm and Kahlert, 2005; Hiip-
pop et al., 2006). In foraging areas, the risk of
direct collisions is increased and potentially
associated with a displacement from their
preferred feeding areas, resulting in habitat



loss (Masden et al., 2010; Perrow et al., 2011).

In 2004, the proposal of an offshore
wind farm project in front of the Ebro Delta
(North-Western Mediterranean, Fig. 1a) em-
phasized the necessity for adequate indica-
tors to determine the extent and effect of
potential impacts on its seabird community.
Here, we use the slope of the Taylor’s power
law as a measure of the aggregative patterns
of seabirds to identify transitional and feed-
ing areas, and map the risk accordingly. The
slope of the Taylor’s power law (Taylor, 1961,
Taylor and Woiwod, 1982) provides a conve-
nient measure of the aggregation levels of
animals (see Kendal, 2004 for a review). It
has already been used in a spatio-temporal
context with seabirds (Certain et al., 2007)
and has proved to be useful to describe the
temporal variability associated to the spatial
distribution of seabirds at multiple scales.
Here, using the Ebro Delta as a case study,
we first show how to take into account the
aggregative properties of seabird distribu-
tions together with abundance maps. Sec-
ond, we point the advantages of this method
as an integrative tool to summarize in few
maps the spatial and temporal variability
of the potential impacts of offshore wind
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farms. Finally, we discuss how the resulting
potential impacts maps provide a frame to
inform on EIA design and monitoring in the
context of an offshore wind farm proposal.

METHOD
Study area & survey method

The Ebro Delta (NW Mediterranean, Fig.
1) is a very productive area because of a
permanent upwelling, result of the sudden
broadening of the shelf (up to 70km) in com-
bination with the influence of the Liguro-
Provencal-Catalan front and nutrients car-
ried by the Ebro river runoff (Arcos et al.,
2001; Palomera, 1992). This high productiv-
ity supports an important fishing fleet with
a high trawling activity (Arcos et al., 2001;
Louzao et al., 2006; Palomera, 1992) which
in turn has been pointed as a key resource
for seabirds (Arcos, 2001; Arcos et al., 2008).
However, the trawling activity is regulated
with temporal moratoria in the area. Fish-
ing moratoria affects the northern area (B1-
2 and B14-16, Fig. 1) in May and June and
the southern area (B3-B13) during July and
August, and influences the distribution of
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Fig.1 (a) Situation
map. (b) Survey de-
sign of «aerial tran-
sects and projected
offshore wind farm
location. (¢) Block de-
sign of the study area
showing inner and ou-
ter classification and
block Id. The main
breeding colonies lo-
cation, harbours and
the Ebro River are
shown.
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Table 1. Descriptive
data
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some species.

Seven monthly aerial surveys were car-
ried out from March 2005 to September 2005
on the continental shelf around the Ebro
Delta (40.7° N, 0.75° E). The surveys covered a
total area of 1435 km? from L’Ametlla de Mar
harbour (24 km North; 40.86° N, 0.8° E) to Pe-
fiiscola (51 km South; 40.35° N, 0.4° E) (Fig. 1).
The entire shelf area can be covered in a sin-
gle day using this approach, and availabil-
ity biases due to attraction and avoidance
movements of seabirds were minimized. In
this study, we used the standard seabird aer-
ial survey methodology described by Noer et
al. (2000).

The survey area was covered by 45 tran-
sects systematically arranged in parallel
lines running perpendicular to the coast,
to follow the dominant sea depth gradient,
and flown at 2 km intervals. During the sur-
veys, two observers, one at each side of the
aircraft, covered 1 km strip at each side. The
surveys were conducted from a twin-engine

aircraft, Partenavia P68, and the aircraft GPS
was used for navigation along the transect
tracks. The cruising speed was set at c. 100
knots (185 km/h) with respect to the air
speed and average flying height was 300 feet
(100 m). Along the transects, all observed
bird flocks were recorded with a voice re-
corder, stating information on species (or
the lowest taxonomical level determinable),
number of individuals, behaviour (e.g. flying,
flushing, sitting on water, feeding on trawler
discards), age whenever possible, transect
strip, date and time. The presence of trawl-
ers was also recorded. These recordings
were geo-referenced later with the transect
track information provided by a GPS and a
Turbo Pascal application (Ib Krag Petersen
pers. com.). In the moments of maximum
glare or any other adverse light situation,
the counting was interrupted. Since counts
results are highly sensitive to meteorology,
no surveys were conducted when Beaufort
Sea state was greater than one.

Mar Apr May Jun Jul Aug Sep

Surveyed length (km) 2099 3337 3575 3977 2583 2745 2539
Seastate (Douglas scale)a 0 1 0 0 1 0 1
Cloud Coverageb B A A A B A B
Larus michabhellis

Total counted individuals 3803 1894 683 226 360 666 1801

Total sightings 462 241 295 119 78 110 393
Larus audouinii

Total counted individuals 269 385 183 562 165 176 244

Total sightings 68 111 130 239 83 62 39
Sterna hirundo

Total counted individuals 18 92 464 628 2568 4324 2635

Total sightings 4 39 225 281 293 262 179

a Based on Douglas scale

b A) Sunny, without cloud coverage; B) Partially covered with clouds
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as well as the Common Tern population.
Study model Both species are present in the area between

We focused the study on the three most
abundant seabird species in the area, the
Yellow-legged Gull (Larus michahellis), the
Audouin’s Gull (Larus auouinii) and the Com-
mon Tern (Sterna hirundo). These three spe-
cies represented the 93% of all detected in-
dividuals at sea. Moreover, they can be used
as model species for their different foraging
and feeding strategies. The Yellow-legged
Gull is a scavenger that makes extensive
use of trawler’s discards (Oro et al., 1995),
and their foraging habits are strongly influ-
enced by trawlers predictability (Cama et al.,
2012). The Audouin’s Gull is an opportunist
species that exploits small pelagic fish (Oro,
1998 and references therein), but also makes
use of trawler’s discards and terrestrial
food sources (Christel et al., 2012; Navarro
et al., 2010; Oro and Ruiz, 1997). The Com-
mon Tern, conversely, only preys actively on
shoals of small pelagic fish (Cramp and Sim-
mons, 2004).

The Yellow-legged Gull population in the
Ebro Delta is sedentary. The species breeds
from mid-March to April at the Punta de la
Banya peninsula (Fig.1). Some individuals of
Audouin’s Gull are in the area all over the
year, but the main population is migratory

March and September. The species arrive to
the breeding grounds in March and April,
being the peak of the breeding season be-
tween May and June, after which there is a
variable post-fledging period with dispersive
behaviour until they start their migration
from late August to October (Cama, 2010). In
2005, the main colony for the Common Tern
was in the north of the Ebro Delta with 3361
breeding pairs, and the main colony for the
Yellow-legged and the Audouin’s gulls was
in the South of the Ebro Delta having 9850
and 13850 breeding pairs respectively (Fig. 1)
(Cama, 2010).

Data preparation

First, transects were sliced into segments
of 0.5 km length, each segment containing
the number of birds counted for each spe-
cies (Fig. 2). This length corresponds to the
minimum scale at which the information
could be located, according to the survey
protocol (Noer et al., 2000). Second, mean
and variance of bird abundance of the seg-
ments were computed within grid cells of 3.5
km wide. Only grid cells containing a mini-
mum of 10 segments and at least two non-
zero abundance values were included in the
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Fig.2 Data prepa-
ration and selected

scales.
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analyses. Finally, the study area was further
divided in blocks of 11km. These 11km cor-
respond to the scale at which management
information is extracted, and was set as a
trade-off for sample size. We searched the
finer scale that had at least N=8 grid cells
into each block so that to fit a power law and
provide detailed information for manage-
ment. At this selected block size, the pure
coastal areas could be distinguished from
areas located more offshore, where bird ac-
tivity might differ in abundance and behav-
ior.

Modeling of seabird aggregative pattern

Pioneered work of Taylor (1961) on the
spatial and temporal variability of animal
abundance provides an useful framework
to study the spatio-temporal heterogeneity
of a population within its habitat (Kendal,
2004; Kilpatrick and Ives, 2003; Taylor and
Woiwod, 1980, 1982). Taylor’s power law (re-
ferred as TPL from here onwards) states that
the variance in abundance (V) is proportion-
al to a power of the mean abundance (M):

V=bxM? (Eq. 1)

Which in the logarithmic scale becomes
a linear regression, where a is the slope and
log b is the intercept:

log (V) = a x log (M) + log (b) (Eq.2)

In this context, the slope a is considered
an aggregation index. If individuals are ran-
domly distributed the slope equals 1, if in-
dividuals show some degree of aggregation
the slope increases accordingly (Engen et
al., 2008; Kendal, 2004; Kilpatrick and Ives,
2003). When calculated through space, the
TPL slope can be interpreted as a measure
of the strength of the aggregative response

of organisms (Jiménez et al., 2001; Ostman,
2002). Usually, slope values range between
1 and 2 when estimated in space (Engen
et al,, 2008; Kendal, 2004). When calculated
through time, it can be used as an index of
the temporal variability of the spatial distri-
bution of organisms, highlighting recurrent
and occasional presence areas (Certain et
al., 2007).

Coupling Taylor’s power law with linear
mixed effect models (LME) allows the inves-
tigation of the spatio-temporal variability of
TPL slope and consequently the variability
of the aggregative patterns of organisms,
avoiding confusing effects of changes in ani-
mal abundances (Certain et al., 2007).

The simplest model within this frame-
work is:

log (mes}.) =A x log (Mbmsj) +B + ¢
j=1,...n, (Eq. 3)

bmsj

Where the slope and the intercept are
supposed constant through space (b), time
(m) and the three species (s). However, the
slope might vary according to one or several
of these factors. The effect of these factors
and all the possible combinations can be in-
troduced in the model as a grouping factor
with a random effect on the slope (Pinheiro
and Bates, 2000). Starting from the simplest
possible model (Eq. 3), different models were
developed by the sequential addition of ran-
dom effects on the slope. The most complete
model could be written as the following:

bmsj) +B + Ebmsj

log (V) = (A +a,,) x log (M
j=1,...n (Eq. 4)

" bms

bms

Where A is the fixed slope, a, _ is the
random effect on the slope of block, month

bms

and species together, B is the fixed intercept,

n, . is the number of observations on a bms

bm:

combination, and the ¢, are independent

bmsj



N(0,0?) error terms. Forward stepwise mod-
el selection was applied. Each model was
compared with the null model with a likeli-
hood ratio test to check whether or not the
inclusion of a new grouping factor was out-
performing the previous one (Pinheiro and
Bates, 2000). We retained the simplest model
for which the inclusion of any new group-
ing factor did not result in a significant im-
provement of the model. All data processing
and model developments were performed
in R (R Development Core Team, 2008) with
package lme4 (Bates et al., 2011).

To visualize the slope variation across
months, the predicted slope values of the
optimal mixed effect model were aver-
aged by month (Fig. 3). Spatial variation of
the slope was summarized for the breed-
ing (March to June) and post-breeding (July
to September) seasons, and was calculated
with the average of the slope values for the
corresponding months and plotted together
with the density map of the number of in-
dividuals per month and block area (Fig. 4).

Behavioral interpretation of the aggregative
pattern

We employed a generalized additive
model (GAM) to test if the resulting slope
values of the mixed effect model had any
significant linear or non-linear correlation
with the density of seabirds, the recorded
behavior, the flock size or the presence of
trawlers. For each block in a given month,
we extracted the density of seabirds (total
observed individuals divided by block area),
mean and variance of the size of the ob-
served flocks and the number of trawlers.
The behavioral information recorded with
the observations was classified in two cat-
egories: i) Flying, ii) fishing (on shoals or ves-

CHAPTER 3

sels) or sitting on water; and used to calcu-
late the proportion of birds flying. The GAM
analysis was carried out with the mgcv
package (Wood, 2006) following a forward
stepwise model selection based on the min-
imization of AIC and the analysis of devi-
ance between models. The number of knots
in the smooth functions was minimized to
five to avoid overfitting.
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RESULTS

The result of the model-selection pro-
cess for the mixed-effect model is presen-
ted in table 1. The optimal model retained
block and month as the grouping factor
with a random effect on the slope. Species
had no significant effect on the slope. The
fixed estimated slope for all the area was
1.923 and the predicted slope values ranged
between 1.712 and 2.049.

The monthly evolution of Taylor’s pow-
er law slope (Fig. 3) can be summarized in
two sequences. First, from March to June
(MeanzSE = 1.89+0.02), and especially in

Fig.3 Monthly ave-
standard
error of TPL slope va-
lues for all blocks. The
general mean slope

rage and

for the full area and
months is showed in
grey dotted line.
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Table 2. Forward-se-
lection procedure used
to find the best set of
predictors of Taylor’s
power law slope in the
mixed effects model.

RESEARCH PAPERS

Var ~ Mean 1000.9 96.1
Var ~ Mean + B 955.2 80.9
Var ~ Mean + M 972.3 80.6
Var ~ Mean + S 1002.9  80.3
Var ~ Mean + BM 904.8 81.7
Var ~ Mean + BS 951.7 81.2
Var ~ Mean + MS 980.4 80.5
Var ~ Mean + BM + BS 906.6  81.7
Var ~ Mean + BM + MS 906.5 81.7
Var ~ Mean + BS + MS 934.7 81.5
Var ~ Mean + BMS 934.7 81.4

May and June, slope values are low, suggest-
ing low aggregation levels of the seabirds
populations at sea. Then, TPL slope increases
markedly from July to September (Mean+SE
= 1.97+0.01), suggesting strong aggregations
of seabirds at sea.

As two time periods (March-June and
July-September) were clearly distinguished
in the temporal evolution of the TPL slope
in the area, spatial maps of TPL slope were
drawn for these two periods (Fig. 4). From
March to June, blocks near the colonies (B4-
5, B10 and B1-2) had slope values under the
average, suggesting a lower aggregative be-
havior, while areas in the outer blocks near
the river mouth (B13-12) had higher slopes.
From July to September, the slope values
around the colonies increased switching to
a more aggregated pattern (except B4). The
outer blocks north and south to the river
mouth (B11-16) retained and intensified
their aggregated pattern. Southern blocks
(B6-9) did not show any constant pattern in
slope values between seasons.

AIC is the Akaike information
criterion, and Dev indicates the
percentage of deviance explai-
ned by each model. Abbrevia-
tions for the formula terms are:
Var, Logarithm of the variance
(Dependent variable); Mean, lo-
garithm of the mean; B, Block;
M, month; S, Species. The model
emboldened was selected as the
optimal one.

According to the optimal selected GAM
model (AIC=
29.3%), the predicted slope values show a

-135, deviance explained=

linear negative correlation with the pro-
portion of flying birds (Estimate=-0.12826,
p=0.006) and a non-linear correlation with
the interaction of mean flock size and den-
sity (p=0.005, 3.734 estimated degrees of
freedom). When factors were examined one
by one, mean flock size was the main driver
of slope changes (p<0.0001, 22.8% deviance
explained) followed by proportion of flying
birds (p<0.0001, 14.8%). Density had no sig-
nificant effect (p=0.216, 1.73%).

Thus, an increase in the mean flock size
in a block increases TPL slope, but blocks
with high numbers of flying birds are more
likely to have lower slopes. The main effect
of density is on its interaction with flock size.
For low density values, an increase on the
mean flock size has a logarithmic increase
in TPL slope. For densities greater than five
individuals per km? the increase becomes
linear (Fig. 5).
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b) Post-breeding (Jul - Sep)
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suggesting strong aggregations of birds at
DISCUSSION sea. The seasonal pattern of TPL slope sug-

Aggregative patterns in time and space

The species of seabirds observed in the
continental shelf were mainly gulls and
terns in high numbers. Despite the select-
ed species have different feeding sources
and foraging behaviors, the species of both
groups are central place foragers (Orians
and Pearson, 1979) and use the presence of
conspecifics as a cue to find food patches
at sea (Paiva et al., 2007; Ward and Zahavi,
1973). This common behavior probably ex-
plains the similarity in the aggregative pat-
terns between species.

The temporal evolution of the aggrega-
tive patterns (Fig. 3) is strongly correlated
to the life cycle of the species. The marked
decrease in TPL slope in May and June co-
incides with the chick-rearing period, when
most of the pairs of the three species already
have chicks and perform short and frequent
foraging trips resulting in low aggregation
levels at sea. After the breeding season in
June, TPL slope increases markedly as birds
are freed from chick-rearing constraints,

gests that these two periods can be used to
summarize and highlight the main behav-
ioural and aggregative patterns of the popu-
lation. Indeed, seasonal scenarios are easier
to communicate than a detailed sequence
of monthly representations and are useful,
for instance, to recommend mitigation mea-
sures. Regarding the spatial structure of the
aggregative patterns at both seasons (Fig. 4),
the differences between the blocks near the
breeding colonies, the blocks in the outer
side of the study area and the southern-
most blocks can be explained respectively
by the vital cycle requirements, the feeding
sources distribution, and trawling moratoria
influence.

The area near the colonies has low aggre-
gative levels during the breeding season. At
this moment of the year the species perform
frequent and shorter foraging trips than the
rest of the year (Paiva et al., 2007). This re-
sults in a constant transit of individuals fly-
ing from and to the colony minimizing the
time spent foraging. Once the chick-rear-
ing period ends, the aggregative patterns
around colonies increase; although the area

Fig.4 Spatial structu-
re of TPL slope values
for the two seasons.
Only values with inter-
vals (MeantSE) signi-
different to
the general average
(1.923) are plotted.
In  the
density values (ave-
ind/km2) are

shown in grey scale.

ficantly

background

rage



66 |

Fig.5 Contour plots
of the predicted TPL
slope according to
density of birds and
mean flock size, (a)
for a fixed 20% of
birds flying and (b)
for an 80%.

The average TPL slo-
pe for the whole study
area indicated with
dashed
based on the semi-

line. Results
parametric GAM mo-
del of TPL slope with
a linear estimator for
proportion of birds
flying and a smooth
term for the interac-
tion of mean flock
size and density.
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might still be a highly transited area, it is
probably combined with some groups of in-
dividuals feeding or spending time resting
in these areas.

The aggregated pattern of the outer
blocks is likely to be driven by the presence of
feeding sources. Previous studies in the area
have reported the extensive use of trawlers
discards by gulls (Arcos et al., 2001; Cama et
al., 2012; Navarro et al., 2010; Pedrocchi et al.,
2002) and the diet preferences of common
terns (Arcos et al., 2002; Hernandez-Matias,
2003), but no work so far had characterized
the spatio-temporal distribution of their ag-
gregation at sea. The aggregation in the out-
er blocks south of the river mouth is due to
a higher presence of trawlers and big flocks
of birds associated (see trawlers’ distribu-
tion in Cama et al,, 2012). The area north
of the river mouth is a highly productive
area due to the Ebro river runoff (Palomera,

a) 20% of birds flying
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1992; Sierra et al., 2002) characterized by the
abundance of clupeoids (mainly sardine Sar-
dine pilchardus and snchovy Engraulis encrasi-
cholus). The presence of fish shoals and the
proximity of the common tern colony make
this area an optimal feeding ground for the
Common tern (Herndndez-Matias, 2003). Be-
sides, the presence of trawlers makes the
northern area attractive for Audouin’s gull
and Yellow-legged gull during the trawling
moratoria in the southern blocks (Cama,
2010).

The southern area has two main har-
bours (Vinarés and Benicarld) and an im-
portant daily discarding activity from 15 to
16 h which attracts large flocks of seabirds
(Cama, 2010). However, southernmost blocks
show a less consistent pattern between sea-
sons and none differentiates significantly
from the average aggregation level. This is
most likely an effect of trawling moratoria
on seabirds’ presence in the area.

Behavioral interpretation of the aggregative
pattern

Taylor’'s power law slope is widely ac-
cepted as an aggregation index, which is
corroborated by its correlation with mean
flock size.

The GAM analysis allows us to be more
precise in the interpretation of TPL slope in
the case of seabird populations in the Ebro
Delta. Low TPL slopes are related to areas
with high percentages of birds flying, usu-
ally individually or forming small flocks (Fig.
Sb). Hence, areas with weak aggregative pat-
terns can be considered transitional or flight
path areas. High TPL slopes are found in ar-
eas with high percentages of birds feeding
and -to a lesser extent- sitting on water,
mainly forming big flocks (Fig. 5a).

This indicates that areas with strong ag-
gregative patterns are mostly feeding areas
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Potential risk
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where the presence of birds’ aggregations is
driven by the availability of punctual feeding
opportunities (fish shoals near the surface
or discarding trawlers in this study case).

Density maps and Potential impact maps

Density maps define areas with high
numbers of birds but they do not provide in-
formation on the dynamic and complex spa-
tial patterns of seabirds. At the Ebro Delta, if
a key protection area had to be selected ac-
cording to density maps (Fig. 4 background)
the northern area would be the one of high-
est concern, mainly based on high abun-
dances during the post-breeding season.
Despite the intense pattern of movements
near the colonies, during the breeding peri-
od the pattern would be masked by low den-
sity values. Since the aggregative pattern is
a reflection of behavior, it has a direct ap-
plication in the demarcation of areas of high
potential risk for seabirds. Areas revealed as
main travelling areas are highly susceptible
to collision threat. Areas pointed as foraging

areas will eventually have big groups of sea-
birds feeding. The presence of offshore tur-
bines in these areas would result in habitat
loss threat for species with a strong avoid-
ance response or an increased collision risk
for the species that venture between the
wind turbines (Fig. 6).

This is particularly true for the assess-
ment of areas of known importance for
breeding populations. However, we suggest
the necessity of applying this methodol-
ogy to flyway corridors or areas with a dif-
ferent composition of species (e.g. plunge-
divers like gannets or surface-divers like sea
ducks) to investigate any possible difference
in the interpretation of the potential risks
associated to the observed aggregative pat-
terns. Nevertheless, to consider the infor-
mation on the second order properties of
species’ distributions (i.e. social aggregation)
provides further information to managers in
terms of potential impacts of offshore wind
farms than solely focusing on the first order
properties (i.e. density).
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Fig.6 Potential risk
map (according to
transitional and fee-
and

ding  areas)

concern levels for
offshore wind farm

placement.
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Concern levels and monitoring protocol

The placement of an offshore wind farm
is a management decision that takes into
account many socio-economic and environ-
mental factors. To facilitate the inclusion
of seabirds in the decision-making process
we propose a ranking of the areas according
to their potential impacts on the seabirds’
populations. Based on recommendations in
the available literature, each level of concern
should be associated to a set of required
types of surveys for the EIA and the compul-
sory monitoring for pre- and post-construc-
tion of accepted wind farms.

Collision mortality is often considered
to be the most important hazard (Fox et al.,,
2006). Accordingly, those areas with both
Collision and Habitat loss risk would have
the higher concern level (L3); areas with col-
lision risk would have the next concern level
(L2) followed by areas with habitat loss risk
(L1).

Any project placed in LO areas would re-
quire the monitoring of the nearest colonies
to obtain estimates of demographic and
population sizes to assess how the popu-
lations respond to the offshore wind farm
(Kunz et al., 2007).

Any project placed in L1 areas, besides
the previous recommended monitoring,
should in addition include distribution and
habitat modeling (Drewitt and Langston,
2006; Fox and Petersen, 2006). Part of the
modeling can be based on the already avail-
able aerial surveys. However, species with
limited numbers or the very small species
(e.g. storm petrels, shearwaters, alcids) are
likely missed by aerial surveys and only
found in boat surveys (Camphuysen et al.,
2004). Hence, L1 areas with planned wind
turbines should be assessed with detailed
boat-based surveys. Modeling species pres-

ence and abundance is crucial to describe
the factors driving the aggregative pat-
terns which in turn can be used to evalu-
ate barrier effects and the energetic costs of
avoidance (Masden et al., 2010). In the Ebro
Delta study case, the movement of trawlers
through time likely changes the distribu-
tion patterns of gulls at sea as the birds fol-
low them (e.g. Cama et al. 2012), hence an
offshore wind farm would only change the
distribution of this feeding source, having
little impact on gulls. By contrast, the distri-
bution of terns is driven by productivity and
fish shoals availability (Paiva et al., 2007). If
high numbers of the species were observed
in the area selected for the wind farm, the
expected habitat loss could have harmful ef-
fects on the population and should be taken
into account in the EIA.

For any project placed in L2 areas, be-
sides L1 and LO monitoring, collision risk
models should be calculated. This requires
-depending on the particular case- point
transect surveys of flight height and direc-
tion (Camphuysen et al., 2004), surveillance
radars (vertical and/or horizontal) or infra-
red camera systems (Desholm et al., 2006).
In these cases it is especially important an
adequate monitoring in pre- and post-cons-
truction to evaluate predictions made in EIA,
to allow adaptive management of the wind
farm but also to quantify the cumulative im-
pacts on migratory species (Fox et al., 2006).

Finally, for any project placed too near or
inside Level 3 areas, satellite-tracking stud-
ies should be also carried out in order to as-
sess quantitatively the intensity of tracks in
the transitional areas and the recurrence of
feeding areas. The selected species should
be preferentially a flagship or keystone spe-
cies, because of their conservation status or
relevance in the community. In the Ebro Del-
ta, for instance, the near threatened Audou-
in’s gull (Larus audouinii) would be the target



of the study since the colony holds 12000-
13000 breeding pairs, ca. 65% of the world’s
total population of this species (Christel et
al., 2012; Oro et al., 2009).

CONCLUSION

The design of EIA and monitoring sur-
veys is not always an easy, straightforward
decision. This is particularly true in areas
where there is scarce knowledge on the dis-
tribution and abundance of the seabirds’
community at sea. Unlike boat surveys,
aerial surveys provide an extensive covera-
ge in a short period of time that offers an
image of the presence of seabirds at sea in
a particular moment (Certain and Bretagno-
lle, 2008; Drewitt and Langston, 2006). This
characteristic feature of aerial surveys can
unveil distribution patterns that differ with
the previous knowledge, which is often ba-
sed in observations from land or ship-based
surveys with more limited area coverage
per survey than flights. Taylor’s power law
applied on aerial surveys provides a con-
venient analysis tool to ensure the optimal
allocation in time and space of resources in
order to obtain the most detailed knowledge
for the EIA of future offshore wind farms on
seabirds.

Although presented for a local scale, we
think that this methodology would be very
useful in the four steps of offshore wind
energy development: the SEA of offshore
wind energy development, the decision-ma-
king on wind farm projects placement, the
EIA design and the monitoring planning of
accepted projects. At a broader scale than
the one presented here, this tool could be
used in the marine spatial planning to select
development regions that avoid the areas
identified with potential impacts. Within a
selected region, stating a clear monitoring
protocol prior to placement would impro-
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ve the decision-making process. To know
the compulsory monitoring in a selected
site might help to decide the optimal loca-
tion of offshore wind farms minimizing not
only the impact on the seabird community
but also the future monitoring costs. Once
the placement is decided, the same results
could be used to inform the EIA.
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RESUM

Coneixer les estrategies d’alimentacié dels depredadors marins és essencial per com-
prendre els factors intrinsecs que controlen la seva distribuci, abundancia i la seva funcié
ecologica en l'ecosistema mari. En el seglient capitol, es va investigar per primera vegada
els moviments de cerca d’aliment i els patrons d’activitat de la gavina corsa Larus audouinii
mitjancant 's de dades de localitzacié per satélelit a partir de vuit adults reproductors a
la colonia principal de I'especie a tot el mén (el Delta de I'Ebre, Mediterrania NO). Les gavi-
nes marcades s’alimentaven a la zona marina propera a la colonia de cria (62% dels llocs
d’alimentacid) i a I’area terrestre del Delta de I'Ebre (principalment els camps d’arros, el 38%
dels llocs d’alimentacid). Els patrons d’activitat de cerca d’aliment va canviant significativa-
ment al llarg del dia; El seu minim va del capvespre fins a la primera meitat de la nit (19-1
h, el 32% dels llocs actius) i és més alt durant la resta del dia (1-19 h; 75,5 + 4,3% ubicacions
d’actives). Aquests resultats confirmen la plasticitat alimentaria d’aquesta au marina i, en
base a la informacié anterior sobre els habits alimentaris d’aquesta espécie, hipotetitzem
sobre com els seus patrons d’activitat temporal i I'Gis que fa de I'habitat podrien estar asso-
ciats amb variacions en la disponibilitat de recursos alimentaris marins (per exemple, les
migracions verticals diaries dels peixos pelagics) i de I'explotacié dels recursos terrestres

(per exemple, crancs de riu america Procambarus clarkii).

JOURNAL REFERENCE
Christel, I., Navarro, J., del Castillo, M., Cama, A., Ferrer, X., 2012. Foraging movements
of Audouin’s gull (Larus audouinii) in the Ebro Delta, NW Mediterranean: A preliminary

satellite-tracking study. Estuarine, Coastal and Shelf Science 96, 257-261.

PDF available in the Appendix, page 122



Foraging movements of Audouin’s gull (Larus
audouinii) in the Ebro Delta, NW Mediterra-

nean: A preliminary satellite-tracking study

Isadora Christel'?, Joan Navarro?, Marcos del
Castillo*, Albert Cama®? and Xavier Ferrer!

! Institute for Research on Biodiversity (IRBio) and Departament
de Biologia Animal, Universitat de Barcelona (UB). Diagonal 645,
E-08028 Barcelona, Spain.

2 Museo Nacional de Ciencias Naturales, Consejo Superior de
Investigaciones Cientificas. C/ José Gutiérrez Abascal 2, 28006,
Madyrid, Spain.

3 Institut de Ciencies del Mar (ICM-CSIC), P. Maritim de la Barce-
loneta 37-49, 08002 Barcelona, Spain.

4 C/ Vilanova 8A, 07002 Palma de Mallorca, Mallorca, Illes Ba-
lears, Spain.

ABSTRACT

Knowing the foraging strategies of marine predators is essential to understand the in-
trinsic factors controlling their distribution, abundance and their ecological function within
the marine ecosystem. Here, we investigated for the first time the foraging movements and
activity patterns of Audouin’s gull Larus audouinii by using satellite-tracking data from eight
breeding adults in the main colony of the species worldwide (Ebro Delta, NW Mediterra-
nean). Tagged gulls foraged in the marine area close to the breeding colony (62% of foraging
locations) and in the terrestrial area of the Ebro Delta (mainly rice fields; 38% of foraging
locations). The foraging activity patterns changed significantly throughout the day; lower
from dusk through the first half of the night (19-1 h; 32% of active locations) and higher
during the rest of the day (1-19 h; 75.5+4.3% of active locations). These results confirm the
foraging plasticity of this seabird and, based on previous information about the dietary ha-
bits of this species, we hypothesize how its time-dependent activity patterns and habitat
use could be associated with variations in the availability of marine food resources (e.g. diel
vertical migrations of pelagic fish) and the exploitation of terrestrial resources (e.g. Ameri-
can crayfish Procambarus clarkii).
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INTRODUCTION

An important issue in the feeding ecolo-
gy of marine predators is the degree of plas-
ticity of their foraging behaviour. In general,
specialist predators are constrained to fora-
ge on a specific habitat and time of day de-
termined by a specific prey availability (Fu-
tuyma and Moreno, 1988; Krebs and Davies,
1993; Julliard et al., 2006). Under changing
conditions of prey availability, specialists
are able to dapt their foraging strategy by
extending foraging range or time spent fo-
raging (e.g. Oro et al., 1997; Lewis et al., 2001;
Schwemmer and Garthe, 2008). By contrast,
generalist predators have the ability to ex-
ploit different trophic resources and, con-
sequently, they present higher plasticity in
their foraging strategies (Krebs and Davies,
1993; Boyd et al., 2006; Julliard et al., 2006).
This opportunistic behaviour allows genera-
lists to modify their foraging strategies (i.e.
exploited habitat, range or temporal pat-
terns) according, for instance, to the varying
degree of competition for food. Indeed, the
foraging plasticity of marine predators has
allowed these organisms to benefit from
anthropogenic food resources (e.g. fisheries
discards, refuse dumps or introduced prey
species; Tablado et al.,, 2010; Ramos et al.,
2011; Wagner and Boersma, 2011).

Amongst marine  predators, the
Audouin’s gull Larus audouinii is a good
example of an opportunist species that ex-
hibits clear plasticity in its diet habits. This
Mediterranean endemic species exploits
small pelagic fish (their main prey, see Oro
1998 and references therein), but also al-
ternative anthropogenic resources such as
demersal or benthonic fish from fisheries
discards or invasive freshwater crabs from
terrestrial habitat (Oro et al., 1996a; Oro and
Ruiz, 1997; Oro et al., 1999; Navarro et al.,
2010). This opportunistic behaviour is espe-

cially relevant in breeding populations loca-
ted in areas where diverse trophic resources
are highly available (e.g. Oro and Ruiz, 1997,
Oro et al., 1999; Navarro et al., 2010), which is
the case of the breeding population located
in the Ebro Delta (Fig.1. NW Mediterranean).
This colony holds around 12000-13000 bree-
ding pairs of Audouin’s gull, ca. 65% of the
total world population (Oro et al., 2009). The
marine ecosystem of the Ebro Delta is one of
the most important fishing grounds in the
Mediterranean Sea, resulting in one of the
largest fishing fleets in this region, which
generates a high quantity of fisheries dis-
cards (Coll et al., 2008). Moreover, freshwater
resources such as the invasive American
crayfish Procambarus clarkii in the rice fields
of the Ebro Delta are abundant and easily
available (Gutierrez-Yurrita et al., 1999), pro-
viding an alternative and proficient trophic
resource for the species (Oro et al., 1996b;
Longoni, 2010; Navarro et al., 2010).

Although the diet habits of the Audouin’s
gull are well known (e.g. Oro et al., 1997; Pe-
drocchi et al., 2002; Sanpera et al., 2007; Na-
varro et al. 2010), detailed information on
the foraging movements is biased toward
studies based on ship surveys (e.g. Abellé
and Oro,1998; Arcos et al., 2001; Abell6 et al.,
2003), which are strongly biased by the in-
fluenceof fishery discards and underestima-
te the importance of land habitat utilization.
The only previous telemetric study (radio-
tracking) already pointed to the apparent
importance of the terrestrial habitat for the
breeding population of the Ebro Delta colony
(Manosa et al., 2004).

Here, we present preliminary results of
the first satellite-tracking study of Audouin’s
gull during the breeding season in its lar-
gest breeding colony (Ebro Delta). This pa-
per aims to quantify the foraging range of
Audouin’s gull, evaluate the habitat utili-
zation of marine and terrestrial areas and
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identify the temporal patterns of the fora-
ging activity of the species. Based on pre-
vious information about the dietary habits
of this species, we also hypothesize how the
observed foraging movements could be at-
tributed to the exploitation of different tro-
phic resources in the Ebro Delta marine and
terrestrial ecosystems.

MATERIAL AND METHODS
Fieldwork procedures

The study was carried out at the natural
reserve of Punta de la Banya in the Ebro Del-
ta Natural Park, North Western Mediterra-
nean Sea (Fig. 1, 40°33’N, 0°39’E). Punta de la
Banya is a flat sandy peninsula of 2,514 ha,
partially occupied by saltworks and connec-
ted to extensive rice field areas (20,000 ha)
by a 5 km-long narrow sand bar. To examine
the foraging activity, we satellite-tracked 8
breeding birds (4 males and 4 females) using

battery powered “Platform Transmitter Ter-
minals” (PTTs; North Star Science and Tech-
nology, LLC) during the chick-rearing period
(May) of 2006 (Table 1). We captured all birds
on the nest by using a drop trap (Mills and
Ryder, 1979) during late incubation to redu-
ce the risk of desertion. Once trapped, each
individual was sexed, weighed, ringed and
tagged with a PTT. The attached PTTs weig-
hed 20 g and were programmed to be active
in a 6 h on/5 h off duty cycle to get infor-
mation on the foraging locations during one
month. The PTT was fixed to the mid-dorsal
feathers of the mantle using Tesa tape (Wil-
son et al., 1997). With this method the PTT
falls off after one month without the neces-
sity to recapture the instrumented bird. The
entire transmitter equipment represented
between 3 and 4% of the Audouin’s gull’s
body mass, so the potential effects of an
additional weight on the gull’s movement
were minimized (e.g. Phillips et al., 2003;
Passos et al., 2010).
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Fig.1

areas of

(a) Breeding
the Medi-
terranean endemic
Audouin’s gull Larus
audouinii and study
area: Ebro Delta, NW
Mediterranean.  (Bir-
dlife International,
2011) (b) Map of the
Ebro Delta area indi-
cating the Audouin’s
gull colony position
with an asterisk and
1 km buffer

around la “Punta de

area

la Banya” peninsula,
the rice fields and wet-
lands shaded in dark
gray and the location
of the main harbours.
(¢) Foraging locations
of 7 satellite-tracked
Audovuin’s gulls during
the breeding period
of 2006. To better
visualize the foraging
locations’ range the
Minimum Convex po-
lygon (short dashed
line) is shown beside
the 95% (solid line)
and 50% (long das-
hed line) kernel po-
lygons.
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PTT Id Sex Tracking days

First location

Lastlocation Total locations

58978 d 2 15/05/2006 16/05/2006 6
58979 3 1 19/05/2006 19/05/2006 2
58980 J 10 18/05/2006 27/05/2006 31
58981 d 2 15/05/2006 16/05/2006 4
58982 Q 7 15/05/2006 21/05/2006 6
58983 Q 0 = = =
58984 Q 10 15/05/2006 24/05/2006 32
58985 Q 3 18/05/2006 20/05/2006 8
Total 13 15/05/2006 27/05/2006 89

Satellite-tracking data and statistical analyses

Data on the position of each PTT were
obtained from ARGOS system (CLS, Tou-
louse, France) and imported to ArcView 3.2
(ESRI) using the Argos Tool extension (Pota-
pov and Dubinin, 2005). Each position was
classified according to its estimated error:
Type 0 (>1000 m), Type 1 (350-1000 m), Type
2 (150-350 m), Type 3 (0-150 m), and Types A
and B (without an estimated error) (ARGOS,
2006). Initial data filtering involved calcula-
ting velocities between successive satellite
locations, and rejecting those for which the
velocity exceeded a threshold of 50 m-s-1,
the maximum velocity described for this
species (Rosén and Hedenstrom, 2001). By
this procedure, up to 8 % of the locations
were filtered; all of them from the low-qua-
lity accuracy class “B”.

To gain insight into the foraging activi-
ty of the tagged Audouin’s gulls we sorted
the locations into three classes, according
to their spatial position. PTT locations in-
side the “Punta de la Banya” peninsula or
within the first kilometer around it were
classified into the “colony locations” group.
In contrast, the locations outside the colony

and the first kilometer around it were “fora-
ging locations” (we assumed that the birds
were feeding to recover the body condition
lost during the incubation bout). Finally, we
calculated the 95% fixed-kernel estimates of
the foraging area and the maximum fora-
ging distance from the colony.

We employed logistic regression — a ge-
neralized linear model (GLM) - to test the fo-
raging activity and habitat use. First, we tes-
ted a model with the proportion of foraging
locations as the dependent variable, and
we selected as the explanatory variable the
“time of day” -categorized in 6-hour inter-
vals (1-7 h; 7-13 h; 13-19 h; 19-1 h)- with the
7-13 h interval as the reference level. Then,
we analyzed habitat use by testing the effect
of the explanatory variable “time of day” on
the dependent variable “terrestrial vs. ma-
rine proportion of foraging locations”. The
analyses were carried out using R software
(R Development Core Team, 2008), calling
the “glm” function with binomial error dis-
tribution and its default logit link function.
A likelihood ratio test was used to compa-
re the resulting model with the null model
(without any variable) and to assess the sig-
nificance of the explanatory variable “time
of day”.



RESULTS

We obtained a total of 89 filtered PTT lo-
cations spanning a period of 13 consecuti-
ve days. One of the eight PTTs failed to give
any location probably due to a battery failu-
re, and the performance of the remaining
PTTs was heterogeneous (see Table 1). Due
to sample size limitations individual varia-
bility was not included in the analysis, but
the movements of one of the tracked indi-
viduals is shown in Figure 2 to illustrate the
general pattern of the foraging movements.

The foraging area covered by the
Audouin’s gulls was 5400 km? (95% fixed-
kernel density estimate), covering both the
marine area of the Ebro Delta (ca. 3300 km?)
and the terrestrial area (ca. 2100 km?) (Fig.
1c). The maximum foraging distance cove-
red ranged from 20.5 to 81.7 km (mean + sd
= 51.5 = 24.3 km) and was similar for both
marine and terrestrial locations (T-Student
test, T = 1.44, df = 56, p = 0.15).

The foraging activity changed signifi-
cantly over the course of the day (Likelihood
Ratio Test, 32 =13.79, df =3, p=0.003). Tagged
gulls were more active at 7-13 h (78.1%), at
1-7 h (77.8% of the total locations in this pe-
riod, p = 0.65), and 13-1%h (70.6%, p = 0.56),
all of them significantly different from the
19-1 hinterval (31.8%, p= 0.001), i.e., the fora-
ging activity diminished during the first half
of the night (Fig. 3b). Moreover, we found
that the proportion of foraging locations in
marine vs. terrestrial habitats changed du-
ring the day. Although the time of day was
not significant as a global explanatory va-
riable, the model indicated a significant di-
fference between the 13-19 h interval and
the reference level 7-13 h (p= 0.04) (Fig. 3c).
Between 13h and 19 h, Audouin’s gulls fora-
ged mainly in terrestrial (41%) rather than in
marine habitat (29%); during the rest of the
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day, they foraged mainly in marine rather
than terrestrial habitat (1-7h: 50% marine,
28% terrestrial habitat; 7-13h: 59% marine,
19% terrestrial habitat; 19-1h: 23% marine,
9% terrestrial habitat)(Fig. 3a).

DISCUSSION

Satellite-tracked Audouin’s gulls covered
a foraging area that ranges 80 km, span-
ning both marine and terrestrial habitats. It
has been widely described previously that
breeding Audouin’s gulls cover large ran-
ges when foraging. There are records of in-
dividuals foraging at 70 to 150 km from the
breeding colony during the breeding season
(Baccetti et al., 2000; Manosa et al., 2004),
and data from vessel counts suggest that
individuals forage during the day and night
even further offshore (Abellé and Oro, 1998;
Arcos and Oro, 1996). However, the species’
terrestrial foraging movements had been
scarcely described (Ruiz et al., 1996; Manosa
et al., 2004).

It is well documented that Audouin’s
gulls forage during the night in marine
habitats preying on small pelagic fish and
exploiting discards provided by nocturnal
fisheries (e.g. Witt et al. 1981; Manosa et al.
2004; Arcos et al., 2008). However, our re-
sults highlight that the species’ nocturnal
activity is not homogeneous throughout
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Fig.2 Example of
foraging trajecto-
ries for the individual
“58980" (see Table 1

for more information)
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Fig.3 (a) Activity
(foraging in marine
or terrestrial habitat;
or located in the co-
lony) during a 24h
cycle of 7 satellite-
tracked
gulls during the bree-

Audouin’s

ding period in Ebro
Delta colony. (b), (c)
Mean and 95% con-
fidence interval, of
the foraging proba-
bility and foraging in
marine habitat pro-
bability  respectively,
according to the GLM
models. * indicates a
significant  differen-
ce of the time block
probability compared
to the reference level
7-13 h.

A B Colony [ Foraging in
marine habitat

PTTs' locations (%)

Foraging probability

9]

Foraging in marine habitat probability

100

80

RESEARCH PAPERS

O Foraging in
terrestrial habitat

7-13h

13-19h 19-1h

1-7h

7-13h

1
13-19h 19-1h

Time

1-7h

7-13h

13-18h
Time

19-1h

the night (see Fig.3). Satellite-tracked gulls
were mainly located in the breeding colony
during the hours before and after dusk (19-
1 h). In the period after midnight to dawn
(1-7 h) they increased their foraging activity,
which then remained constant and high du-
ring the day. These results, coupled with the
nocturnal arrival and departure times from
the breeding colony described in Manosa et
al. (2004), confirm a peak of activity between
midnight and dawn. Attendance to purse
seiners during the night is considered a stra-
tegy that is only significant during trawling
moratorium and winter periods (Arcos and
Oro, 2002), neither of which were covered
during our study; therefore, the individuals
located at sea during the night were pro-
bably feeding on small pelagic fish. Accor-
dingly, the nocturnal foraging habits of the
Audouin’s gull would still rely on the captu-
re of small pelagic fish (Witt et al., 1981; Oro,
1998), a resource that might not be available
throughout the night, but only in the hours
before dawn due to the diel vertical migra-
tion of the shoals (Blaxter and Hunter, 1982;
Oro, 1998).

With regard to diurnal activity, tagged
birds showed a high foraging activity with
an unexpected constant presence in terres-
trial habitats (generally rice fields or wet-
lands) in addition to the expected presence
in marine habitat (Oro, 1998). The fact that
all tagged individuals could be found in
both habitats suggests that the use of te-
rrestrial habitat was not due to the casual
behaviour of a single individual. This result
supports previous studies that describe the
use of the rice fields of the Ebro Delta by the
Audouin’s gull (Ruiz et al., 1996; Mafiosa et
al.,, 2004; Longoni, 2010), probably related
to the exploitation of the exotic American
crayfish (Navarro et al., 2010), which is very
abundant in the rice fields of the Ebro Del-
ta (Gutierrez-Yurrita et al., 1999). Although



many studies have demonstrated that the
Audouin’s gull exploits trawler discards (Oro
et al., 1997; Arcos, 2001; Cama, 2010), the fo-
raging activity of our satellite-tracked indi-
viduals was higher inland than at sea in a
period of time that includes the discarding
peak of the trawling fleet (from 15 to 16 h;
Cama, 2010). This result suggests that te-
rrestrial foraging has become an alternative
food source to trawling discards (Navarro et
al., 2010), probably prompted by the inter-
ference competition for fisheries discards:
namely, intraspecific competition (due to an
increasing population density), and inters-
pecific competition with the sympatric and
dominant Yellow legged gull Larus michahe-
llis (e.g. Arcos et al., 2001).

In conclusion, the present study
shows that Audouin’s gull foraged in both
marine and terrestrial habitats and showed
activity during both night and day. These re-
sults confirm the high foraging plasticity of
Audouin’s gull, a species once defined as a
specialist nocturnal forager that has beco-
me an opportunist on fisheries discards and
terrestrial resources. However, due the limi-
ted sample size we suggest the necessity of
conducting more studies using biologging
methodologies (such as PTTs or GPS) to con-
firm the observed patterns and to gain new
insight into the foraging ecology of this en-
dangered seabird.
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“Gaining insight: What I learned from the experience”

SENSITIVITY INDEX

The work of Garthe and Hiippop (2004) pro-
posed the quantitative assessment of the
vulnerability of seabird community to wind
farms. The index framework calculated this
vulnerability through the Species Sensiti-
vity Index (SSI) that focuses on the species
vulnerability (at individual and population
levels) and the Wind Farm Sensitivity Index
(WSI) that applies the SSI to estimate the
community vulnerability. However, as it has
been shown in Chapter 1, the mathematical
formulation of the original index contains
hidden assumptions at both species and
community levels that might lead to inco-
rrect estimates of vulnerability and a biased
identification of key areas.

The first assumption was that all risk
factors associated to a given type of risk had
equal importance and had an additive rela-
tionship. Nevertheless, there is a conceptual
difference between the factors included in a
particular type of risk. Taking collision risk
as an example, we find two types of risk
factors: those directly associated to the risk
itself (e.g. percentage of time spent at high
altitude when flying) and factors that are

not important in themselves, but as an ag-
gravation factor that can increase a risk if it
already exists (e.g. flight manoeuvrability).
In other words, if a seabird species never
flies within a height with risk of collision, it
is irrelevant the manoeuvrability of the spe-
cies since it will never have to avoid a turbi-
ne. This means that factors have a hierarchi-
cal structure between primary risk factors
and aggravation factors that cannot be dealt
with an additive formulation; therefore an
alternative power function is suggested to
estimate collision and disturbance risk.

The second assumption was that each
type of risk (collision, disturbance and po-
pulation sensitivity) was equally important
and had a multiplicative relationship. It is
difficult to measure the relative importan-
ce of collision risk over disturbance risk,
which justifies considering them as equal
by default despite collision mortality is of-
ten considered to be the most important
hazard (Fox et al., 2006; Christel, Certain, et
al., 2012). Having a multiplicative relations-
hip between collision and disturbance risk
is conflictive because these two types of risk
do not depend on each other. They are two
independent aspects of the potential impact
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of an OWF on seabirds and thus, collision
and disturbance impact have different eco-
logical consequences. By linking them with
a multiplicative relationship might result in
the underestimation of a risk effect, only be-
cause the other risk is very low. In fact, this
is the case in Garthe and Hippop’s calcula-
tion of the SSI which is more correlated to
the disturbance risk than to the collision
risk. If the two types of risks have to be com-
bined in a single map I would recommend
using an additive relationship. But I don’t re-
commend such combination but rather the
individual examination of both collision risk
maps and disturbance risk maps to reach an
informed decision for management.

The final step of the index is to integrate
the species vulnerability into a measure of
vulnerability of a whole community. To do
so, the third assumption was that the con-
tribution to the community vulnerability of
a given seabird species is proportional to the
log abundance of that species in a particular
location. The rationale for this approach was
to prevent the installation of wind farms in
areas with high aggregations of seabirds.
However, abundant species are usually tho-
se with lower SSI values while rare species
are those with higher SSI values. For a given
location, SSI and abundance affect the final
WSI value in opposite directions which hin-
ders the interpretation of the variations of
the index. Moreover, the use of log abundan-
ce instead of plain abundance assumes that
a single individual has more weight, in pro-
portion, than an individual located in a flock
of one hundred seabirds, which has neither
ecological nor environmental support. To
solve these inconsistencies, a major chan-
ge in the formulation is suggested based on
the work of Leinster and Cobbold (2012) that
presents a diversity measure based not only
on species abundance but also on the simi-
larity of these species.

After incorporating the changes in the
index formulation and applying the index to
a large study area like the coasts of the Ibe-
rian Peninsula, there are some conclusions
and recommendations that can be drawn
from the experience.

This type of index is eminently compa-
rative therefore it is better to apply it in the
broader scale possible. Iberian Peninsula is a
geographical unit and regardless the borders
it is interesting to see how it is in the con-
junct. Based on boat surveys means maxi-
mum probabilities fo detecting all species
which ensures fiability in the index.

Placement decision on the trade-off bet-
ween impact and benefits is not a scientific
but managers decision. Although Garthe et
al. set a criterion for defining concern and
major concern we think that it is better to
rank the output accordingly to their WSI
avoiding delimitations of a subjective value.
That moreover can be different according to
the average WSI in the area.

By applying the index at different sca-
les we find consistent patterns that remain
constant through the scales although loo-
sing detail with larger scales. However it
shows that different scales can be used to
different management purposes. The uti-
lization of a large scale WSI grid, with grid
cells between 1° and 0.5°, seems more ap-
propriate for the definition of optima deve-
lopment areas, while small scale WSI grids,
e.g. 0.25° are better for the demarcation of
areas of high vulnerability or areas of high
concern if there was a project to install an
OWF within them. Highlight the difference
between optimal development areas and
priority areas for conservation regarding
seabirds and OWF. Small scale application of
the WSI seems optimal for hazard location
and the definition of high risk areas that
must be specifically protected to be preser-
ved from the construction of any OWF and



the indirect influence of the cumulative im-
pact of OWF.

Although this method is an integrati-
ve tool and the example of the study area
shows it’s utility, any technique based on
boat or aerial surveys has some methodo-
logical limitations that have been described
in the methodological approach section. Be-
cause of this, it is “recommendable” to com-
plement these indexes with new methods
like satellite tracking to complement the in-
formation with the offshore distribution of
flagship species. In the case presented, there
is the example of the Cape of Naos (Spanish
Mediterranean coast in front of Ibiza) which
is an area of extensive use of Puffinus mau-
retanicus but can’t be detected by the boat
surveys because their activity peak is out of
the temporal scope of the boats surveys.

AGGREGATIVE PATTERNS

Abundance maps define areas with high
numbers of birds, which is relevant infor-
mation in the assessment of offshore wind
farms locations, but they do not provide
information on the dynamic and complex
spatial patterns of seabirds at sea. Whi-
le density maps focus on the detection of
high concentrations of seabirds as potential
risk areas, the application of Taylor’s power
law allows the explicit distinction between
transitional and foraging areas over time.
Taylor’s power law is widely accepted as an
aggregation index in time and space, which
is corroborated in Chapter 3 by its correla-
tion with mean flock size. Areas with weak
aggregative patterns can be considered tran-
sitional or flight path areas while high ag-
gregative patterns are mostly feeding areas
determined by the punctual availability of a
feeding opportunity.

By linking the aggregative patterns with
a particular behaviour we can better predict

DISCUSSION

and classify the risk of wind farm establish-
ment on a seabird population or community.
In transitional areas, the main risk will be
direct collision and mortality (Desholm and
Kahlert, 2005; Hiippop et al., 2006). In fora-
ging areas, the presence of turbines would
result in habitat loss for species with a
strong avoidance response or an increased
collision risk for the species that experien-
ce a low ‘barrier effect’ (Masden, Haydon, et
al., 2010; Perrow et al., 2011). Therefore, af-
ter quantifying the aggregative pattern in
a given area, the potential risk can be eva-
luated and used to rank regions within this
area according to different levels of concern.
Areas with both Collision and Habitat loss
risk would have the higher concern level
(L3); areas with collision risk would have
the next concern level (L2) followed by areas
with habitat loss risk (L1). This classification
can be used later to choose the optimal lo-
cation of an OWF (by choosing areas with
minimum concern) or to define a required
monitoring protocol for an accepted OWF
location according to the concern level of
this location. Moreover, there is a temporal
evolution of the aggregative patterns and it
is correlated to the life cycle of the species.
Whether we use seasonal scenarios (e.g.
breeding, post-breeding, migration, winte-
ring) or a set of critical months, temporal
scenarios are easier to communicate becau-
se they summarize key information that can
highlight the potential impact of an OWF in
a sensitive moment in a seabird life cycle or
can be used to recommend mitigation mea-
sures during critical months.

The application of this tool and the inter-
pretation of its results are particularly true
for the assessment of areas with large bree-
ding populations. However, it would be advi-
sable to apply this method in other scenarios
to investigate any possible differences in the
interpretation of the potential risks associa-
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ted to the observed aggregative patterns. For
instance, areas with a different composition
of species like plunge-divers (e.g. gannets)
or surface-divers (e.g. sea ducks) might show
different spatial and temporal patterns. It
would also be desirable to study the outputs
of the tool in a migratory corridor. Finally,
although the method results are consistent
with the ornithological observations and be-
havioural data in the Ebro Delta, I would en-
courage the application of telemetry data to
test with an independent data set the beha-
vioural interpretation of the Taylor’s power
law.

Nevertheless, the study presented in
Chapter 3 demonstrates that considering
the information on the second order proper-
ties of species’ distributions (i.e. the social
aggregation) provides further information
for the assessment of potential impacts of
offshore wind farms than solely focusing on
the first order properties (i.e. density).

INDIVIDUAL TRACKING

Seabird locations and seabird behaviour
are distinct, and the latter is an important
component that can be extracted from indi-
vidual tracking data types (Tremblay et al.,
2009). One of the aims of Chapter 4 was to
perform State-Space Models (SSM; Jonsen et
al., 2003) on satellite tracking data as a final
alternative on spatio-temporal assessment
tools. However, the performance of the Plat-
form Transmitter Terminals (PTTs) was poor
and heterogeneous among devices, probably
due to battery problems. The final sample
size was very low and the time span bet-
ween locations too long to perform State-
Space Models or to test the conclusions of
Chapter 3.

Despite the technical problems and limi-
ted sample size, some general conclusions
can be drawn from the results of the spatial

and temporal analysis of the movements
of the Audouin’s Gull Larus audouinii. When
foraging, seabirds have to overcome the va-
riability on the distribution, abundance, mo-
bility and predictability of their food sources
(Bell, 1991). To do so, seabird species show a
certain degree of plasticity on their at-sea
behaviour. Among many possible behaviou-
ral responses (e.g. trip duration, travelling
distances, diving patterns) Chapter 4 draws
attention to the plasticity on the temporal
activity patterns and the habitat use and
this plasticity has to be addressed in the as-
sessment of any offshore wind farm.

Many studies have shown that the activi-
ty pattern of seabirds is not constant throug-
hout the day (e.g. Garthe et al., 2003; Cama,
2010; Cama et al., 2012; Christel, Navarro, et
al., 2012). Therefore, seabird surveys, which
must be performed with daylight and usua-
lly following a constant schedule, are not
always sufficient to capture the variability
of seabird circadian cycles. Some seabirds,
for instance, relay on small pelagic fish, but
this resource might only be available in the
hours before dawn when the shoals perform
their vertical migration (Blaxter and Hunter,
1982). In this case, an area with recurrent
aggregations of seabirds foraging on the-
se shoals wouldn’t be detected by surveys
which usually start after dawn.

The foraging plasticity of seabirds, regar-
ding their habitat use and prey selection, is
sometimes underestimated. In conditions of
reduced prey availability, specialised seabird
species usually modify their feeding stra-
tegy by extending their foraging area, the
time spent at sea or reducing the time bet-
ween trips (e.g. Lewis et al., 2001; Schwem-
mer and Garthe, 2008) and generalist species
may change their foraging habitats or shift
their diet (e.g. Gonzalez-Solis et al., 1997,
Schwemmer and Garthe, 2008; Navarro et
al., 2010).
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“It always takes awfully long time to understand
unbelievably simple things” joe Chung

Garthe and Hiippop method (2004) is general, simple and widely applicable;

] hence instead of developing a new index it is better to refine the existing one. The

mathematical formulation of the original index contains hidden assumptions at

both species and community levels that might lead to incorrect estimates of vul-
nerability and a biased identification of key areas.

The refined framework to amend the problematic assumptions includes de
2 distinction between Direct and Aggravation factors within a Risk type; the inde-
pendent identification of collision risk areas and disturbance risk areas; and the
incorporation of recent developments in functional diversity to produce a vulne-

rability map based on local relative frequencies of species.

The refined approach proposed in this paper has a much larger potential of
3 application than the restricted scope of offshore wind farm impact assessment.
It can in fact be applied to estimate the vulnerability of any kind of community to
any kind of impact, provided that a measure of the species-specific vulnerability
to that impact is defined and community distribution data has been collected.

The application of the refined index at different grid scales can be used to
4 different management purposes. The utilization of a large scale WSI grid, is more
appropriate for the definition of optima development areas, while small scale WSI
grids are better for the demarcation of areas of high vulnerability if there was a
project to install an OWF within them.
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5

10

This type of index is eminently comparative therefore it is better to apply it
in the broader scale possible Small scales for hazard location and the definition
of risk areas. Placement decision on the tradeoff between potential impacts and
benefits and it is not scientists but managers’ decision. Although Garthe and
Hippop set a criterion for defining concern and major concern areas we think
that it is better to rank the output accordingly to their WSI avoiding the definition
of a subjective threshold value.

Abundance maps define areas with high numbers of birds, which is relevant
information in the assessment of offshore wind farms locations, but they do not
provide information on the dynamic and complex spatial patterns of seabirds at
sea. Taylor’'s power law slope can measure seabirds’ aggregative pattern in time
and space. That can be used to highlight recurrent transitional and feeding areas.

In transitional areas, the main risk will be direct collision and mortality. In
foraging areas, the presence of turbines would result in habitat loss for species
with a strong avoidance response or an increased collision risk for the species
that experience a low ‘barrier effect’. This information can be used to inform on
concern levels, optimal EIA design and monitoring in the assessment of local offs-
hore wind energy projects.

When foraging, seabirds have to overcome the variability on the distribution,
abundance, mobility and predictability of their food sources. To do so, seabird spe-
cies show a certain degree of plasticity on their at-sea behavior, particularly plas-
ticity on the temporal activity patterns and the habitat use.

Seabird surveys are constrained in space by the arrangement of the survey
transects, and constrained in time by the moment of the day at which each tran-
sect is surveyed and the necessity of daylight for the counts. Individual tracking
of seabirds, instead, is not restricted in either space or time. By using telemetry
techniques besides surveys the variations on the species behavior in a 24h cycle
can be assessed and included in the assessment of the potential impacts of the
presence of offshore wind farms.

The foraging plasticity in seabird species is usually underestimated, indivi-
dual-based studies may show individual differences in habitat use, the exploi-
tation of alternative food sources out of the concern areas and the potential ca-
pability of species to switch their foraging grounds, should the individuals find a
barrier in their preferential habitats.
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Given this potential variability at individual level, any assessment study based
on aerial or boat surveys should be complemented with telemetry data, selecting
for this purpose high concern species or flagship species of the area to overcome
the limitations of any systematic survey method.

To integrate the presented tools in the decision making process for offshore
wind energy development we recommend the use of large scale visualizations of
the Wind farm sensitivity index to define optimal development areas and the use
of small scale visualizations of the Wind farm sensitivity index to avoid high con-
cern areas. Once the development regions have been selected Taylor’s power law
analysis of the aggregative patterns should be implemented to map de potential
impacts on the region in order to inform on the optimal location that minimizes
de concern and state the compulsory monitoring programs of a location before
selecting it. Finally it is advisable to identify flagship or high concern species in
the area and perform telemetric studies to complement the distributional infor-
mation in order to overcome the methodological limitations of the surveying te-
chniques.
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La creixent demanda mundial d’energia
i el canvi climatic sén dos dels grans desa-
fiaments d’aquest segle. En aquest escena-
ri és necessari trobar un equilibri entre les
politiques de canvi climatic i la competiti-
vitat, per tal que la reduccié les emissions
de carboni sigui economicament viable. En
aquest context, la Comissié Europea va defi-
nir el «full de ruta Energia 2050», que explora
les possibilitats d>aconseguir una economia
baixa en carboni i que alhora s>assegura un
subministrament d-energia competitiva,
sostenible i segura (CE, 2011). La Unié Euro-
pea sha compromeés a reduir les emissions
de gasos defecte hivernacle fins a un 80-
95% per sota dels nivells de 1990 per al 2050
(CE, 2011b). Es impossible predir els canvis
que es produiran a Europa a llarg termini,
pero alguns dels possibles escenaris soén:
(i) un sistema d’alta eficiencia energética,
(i) un sistema amb una oferta diversificada
de tecnologia, com ara la captura de carbo-
ni i les instal-lacions d>emmagatzematge o
lenergia nuclear, i (iii) un fort suport a les
fonts d-energia renovables. Tots els pronos-
tics per reduir les emissions de carboni a
Europa mostren que lelectricitat haura de

tenir un paper més important que els com-
bustibles fossils i que la participacié de les
fonts drenergia renovables s)incrementara
substancialment, fins a assolir un 55%, 64
0 97% del consum d-energia final bruta el
2050, segons lescenari (CE, 2011b). Una
de les mesures politiques per aconseguir
aquest objectiu és la Directiva sobre ener-
gies renovables, que fixa com a objectiu que
el 20% del consum energétic provingui de
fonts renovables el 2020.

A Europa, les energies renovables repre-
senten el 18% de tota la produccié ener-
gética (Eurostat, 2009;. Fig 1a). L.energia hi-
droeléctrica és la font principal de produccié
d’energies renovables (54,5%), seguida de
Lenergia eolica (22,5%) (ObservsER de 2011,.
Fig 1b). L'any 2050 s’espera que lenergia
eolica proporcioni més electricitat que qual-
sevol altra tecnologia (CE, 2011b) i per tant
la contribucié potencial del medi mari per
al desenvolupament d-energia eolica mari-
na ha rebut una gran atencié a les ultimes
décades.

El primer parc eolic mari es va instal lar a
Dinamarca el 1991. Des de llavors, el sector
ha tingut una rapida expansid, particular-
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ment al nord d>Europa. Avui en dia, Europa
és el lider mundial en energia edlica marina,
amb un total de 1.371 turbines a alta mar
distribuides en 53 parcs eolics en 10 paisos
a finals del 2011 (EWEA, 2012). El Regne Unit
és el pais amb la major capacitat instal-lada
denergia eolica marina, seguit per Dinamar-
ca, Paisos Baixos i Alemanya. Lsinterés per
benergia edlica marina s>esta estenent més
enlla d>Europa. A Xina, Jap6, Corea del Sud,
EUA iIsrael hi ha empreses que treballen en

el desenvolupament de turbines eodliques al
mar, encara que només la Xina té tres parcs
eolics marins operatius.

La majoria de les turbines instal-lades
fonaments al fons mari. S’estan desenvo-
lupant models flotants, i Noruega i Portugal
sén els primers paisos que tenen instal-lada
una turbina flotant a gran escala. A mesu-
ra que la tecnologia maduri, s’espera que
els parcs eolics marins creixin en grandaria
i que es despleguin més lluny de la costa i

ENERGIA EOLICA MARINA A ESPANYA
Quadre Estat de

desenvolupament de
I'energia edlica mari-
na a Espanya

Actualment Espanya no té parcs eolics marins operatius. Des del comengament de lexpansié de
lenergia edlica en alta mar al nord d>Europa, diferents empreses han mostrat el seu interes en la construc-
ci6 de parcs edlics marins a les costes espanyoles. Malgrat les iniciatives del sector privat per promoure el
seu desenvolupament, el govern espanyol va establir 'any 2007 el procediment administratiu obligatori per
aconseguir la concessié per construir un parc edlic mari a les costes espanyoles (Reial Decret 1028/2007).

El procediment establia com a necessari una Avaluacié Ambiental Estrategica (AAE) de la costa espan-
yola. Aquest estudi va ser publicat el 2009 (MARM i el MITYC, 2009) i va incloure el mapa de zonificacié
definitiva per a les arees de desenvolupament de I’energia eolica. Aquest mapa divideix les costes espanyo-
les en 72 arees (definits per un grau quadrats decimals). Les primeres 24 milles nautiques de cada drea es
van avaluar d-acord a multiples criteris per a classificar les drees en tres categories: aptes (en verd), darees

adequades amb restriccions (en groc) i les zones d-exclusié (en vermell).

I Exclusion areas

Suitable areas
with constraints

| Suitable areas

N

El procés de concessié administrativa és llarg i complex i ha patit diversos retards. Avui en dia no hi ha

un nombre oficial dels parcs edlics previstos a Espanya.

J




en aiglies més profundes, sobretot si se’n
demostra la viabilitat economica. Els pro-
jectes actuals en construccié tenen una
profunditat mitjana de 25 metres i una dis-
tancia de la costa de 33 km (EWEA, 2012), ja
que molts dels OWF s>han construit al Mar
del Nord, que té una gran part a la platafor-
ma continental europea. Aix0 proporciona
regions planes i superficies relativament
grans adequades per al desenvolupament
d’OWF (Henderson et al., 2003). A diferéncia
del nord d>Europa, la costa oest de Franca,
la Peninsula Iberica i la Mediterrania seguei-
xen sent un desafiament per al desenvolu-
pament d’OWF. Encara que hi ha projectes
previstos per a aquestes zones, les turbines
disponibles i els metodes de fonamentacié
requeririen la construccié de parcs eolics
molt més a prop de la linia de costa, amb
un conseglient increment dels conflictes per
trobar llocs optims, ja sigui per I'acceptacid
social, els impactes ambientals, els conflic-
tes de interes nacional o la planificacié es-
pacial marina. Tots aquests factors, junta-
ment amb la manca de financament, estan
frenant el desenvolupament de lenergia
eolica en alta mar a loest i sud d>Europa.
De fet, I'energia eolica marina no esta
exempta de conflictes. A escala global, el
canvi cap a les energies renovables és ac-
ceptat ampliament com un pas necessari
per mitigar els efectes del canvi climatic
antropogenic (King, 2004;. Rosenzweig et
al, 2008). A escala local, pero, cal considerar
acuradament els impactes ambientals del
desenvolupament de lLenergia eolica (Gill,
2005). En el camp de la gestié del medi mari,
hi ha una creixent preocupaci6 sobre el des-
envolupament de benergia eolica al mar i
els seus possibles impactes en lecosistema
mari. Alguns dels aspectes que s>estan estu-
diant sén lalteracié del fons i fauna marines
durant la construccié i operacié OWF (Whi-
tehouse et al, 2010; .. Burkhard et al, 2011) i
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els efectes sobre les larves de peixos (Perrow
etal, 2011). A més, es desconeixen els efectes
del soroll submari sobre la vida dels peixos
i mamifers marins (Madsen et al, 2006; ..
Bailey et al, 2010), els efectes a nivell de la
poblacié de les col-lisions d>aus amb les tur-
bines (Fox et al, 2006;. Desholm , 2009) i els
efectes de la pertorbacié (Drewitt i Langston,
2006;. Masden, Haydon, et al, 2010).

L’AVALUACIO AMBIENTAL

La Uni6é Europea compta amb un marc
normatiu (Directiva 2001/42/CE) per estan-
darditzar 'avaluacié i el seguiment de les ac-
tivitats humanes en els ecosistemes i garan-
tir un desenvolupament racional d’aquestes
activitats, incloent consideracions ambien-
tals. A gran escala, els paisos han de desen-
volupar una Avaluacié Ambiental Estrategi-
ca (AAE) per planificar la seva xarxa de parcs
eolics marins i minimitzar el seu impacte
ecologic sobre el medi ambient costaner. A
nivell local, cada projecte de parc eolic re-
quereix una Avaluacié d-Impacte Ambiental
(EIA) dels possibles impactes negatius del
projecte proposat en el medi mari.

Durant molts anys, lbunica informa-
ci6 disponible sobre els parcs eolics en
alta mar eren informes es van centrar en
la forma de realitzar les EIA de projectes
particulars. L-experiéncia danesa amb els
primers parcs eolics i la seva metodologia
draixecament aeri s’ha convertit en un refe-
rent per a molts (EIA Noer et al., 2000). Més
tard, el COWRIE (Collaborative Offshore
Wind Research Into the Environment) del
Regne Unit va encarregar un informe per es-
tandarditzar les técniques de censos d’aus
marines per I'EIA de parcs eolics a alta mar
(Camphuysen et al., 2004). En els ultims
anys, i com que el sector ha crescut, s’han
publicat reportatges i treballs drinvestigacid
sobre lavaluacié de la interaccié amb el
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medi ambient de parcs eolics particulars
(per exemple Desholm i Kahlert, 2005; Pe-
rrow et al, 2011;. Skeate et al, 2012), i tam-
bé revisions i treballs generals relacionades
amb LEAE (Elliott, 2002;. Fox et al, 2006;. Punt
et al, 2009; .. Masden, Fox, et al, 2010).

LES AUS MARINES COM INDICADORS

Els ecosistemes marins tenen nivells de
biodiversitat elevats i a la vegada sén molt
complexos ecologicament. Mentre que els
estudis ecologics es centren en aquesta
complexitat, 'ecologia aplicada requereix
de métodes que sintetitzen aquesta comple-
xitat per tal de prendre mesures que puguin
tenir conseqiliéncies economiques (Platt i
Sydeman, 2007). Aquest és el cas de la utilit-
zaci6 drespecies indicadores per simplificar
els processos de supervisi6 i de gestid per a
les EIA i EAE. Els principals depredadors ma-
rins s6n un component clau de la gesti6 dels
ecosistemes marins (Boyd et al, 2006.), i dins
dels principals depredadors, les aus marines
shan convertit en els indicadors generalit-
zats per avaluar els efectes potencials de les
activitats humanes al mar, aixi com la salut
de lecosistema (Cairns, 1987; Nettleship i
Duffy, 1993; Mallory et al, 2006).

Les aus marines ofereixen molts avan-
tatges en comparacié amb altres espe-
cies. Considerant un entorn on la majoria
de les espécies estan sota laigua, les aus
marines sén animals visibles que es poden
estudiar facilment. A més, com que algunes
especies sén facils de capturar, es poden
realitzar seguiments individuals i estudis
demografics (Platt i Sydeman, 2007). D-altra
banda, la majoria de les aus marines tenen
determinats marcs legals de proteccié (com
ara la Directiva Aus i la Directiva Habitats a
Europa) i sén especies emblematiques per al
public (Fox et al., 2006). Per aquests motius
hi ha una gran abundancia d>amplis estudis

a llarg termini de la seva distribucié en el
mar i les tendéncies poblacionals.

Per tot aixo, la distribucié i abundan-
cia de les aus marines esdevé informa-
ci6é clau per donar suport a arees marines
protegides (Garthe et al, 2011; .. Arcs et al,
2012), per aplicar les mesures de gestié de
la pesca (Boyd et .. al, 2006), per monitorit-
zar bimpacte de les plataformes de petroli i
gas al mar (Wiese et al, 2001), o per avaluar
Limpacte dels desastres ambientals com
ara vessaments de petroli (Bretagnolle et al,
2004;. Moreno, 2010) . Per tant, les aus mari-
nes soén indicadors adequats del medi mari,
i s’han convertit en una de les pedres angu-
lars del procés de presa de decisions per a
la seleccié drarees optimes per al desenvo-
lupament nacional d>energia eolica marina i
bavaluacié d>impacte dels projectes de OWF
particulars.

Els impactes potencials sobre les aus marines

A Thora de seleccionar les arees de des-
envolupament, o quan la ubicaci6é d'un pro-
jecte es resol, podem diferenciar l'efecte
de OWF en dos tipus d’aus: i) espécies mi-
gratories que poden trobar els parcs eolics
en les seves rutes migratories i ii) especies
que tenen la seva zona de cria i hivernada
prop d’on es situa el parc eolic. Tots dos ti-
pus dsaus sén susceptibles a multiples im-
pactes antropogenics (Anderson et al, 2003;.
Hiippop et al, 2006; .. Louzao et al, 2006), perod
els impactes potencials dels parcs eolics
marins sobre les comunitats d>aus marines
es poden classificar en tres tipus, (i) morta-
litat directa a través de la col lisio, (ii) modi-
ficacié del seu habitat fisic i (iii) efectes de
pertorbacié i de barrera.

Risc de collisié

Els ocells que volen a la zona del parc



eolic tenen clarament un cert risc de col-lisié
amb les aspes i bestructura estacionaria, o
de ser atrapats i ferits en els vortex de pres-
sié creats per les pales del rotor (Fox et al.,
2006). El risc de col-lisi6 depén d>una série de
factors relacionats amb les especies d>aus
(maniobrabilitat, envergadura, etc), compor-
tament (per exemple, activitat nocturna), la
preséncia en grans quantitats i les condi-
cions meteorologiques que redueixen la vi-
sibilitat. La mortalitat per col-lisié és el perill
més important, ja que la mortalitat directa
pot tenir potencialment conseqiiéncies ra-
pides en els nivells de poblacié. No obstant
aixo, encara hi ha poca informaci6 sobre el
nombre real de col-lisions d>aus amb parcs
eolics en alta mar, en gran part com a conse-
quencia de les dificultats técniques per de-
tectar les col-lisions al mar (Drewitt i Langs-
ton, 2006).

Modificacié de I'habitat

Aquest impacte compren la pérdua
d>habitat que resulta de la preséncia de les
bases de turbina, els cables de connexid a la
xarxa i qualsevol altra construccié associa-
da. La magnitud de la pérdua d-habitat no
es considera generalment com una de les
principals preocupacions quan aixd no es
produeix en zones d-alta biodiversitat o im-
portancia ecologica (BirdLife International,
2003). No obstant aixo, també pot haver-hi
una perdua d-habitat indirecta a causa dels
fonaments de la turbina sobre el fons del
mar, o pel canvi en l:Gs de bhabitat que en
fan els humans. Per exemple, bactivitat de la
construcci6 i la distribucié de la turbina pot
afectar la hidrologia del lloc i tenir un impac-
te al llarg de grans arees (Percival, 2003). Hi
ha incertesa sobre la magnitud d-aquests
canvis, pero el dany pot ser significatiu, es-
pecialment en les arees d-alimentacid, com
ara bancs de sorra en aiglies poc profundes

INTRODUCCIO

(Drewitt i Langston, 2006).

Lesbases de les turbines tendeixen a tenir
un «efecte escull» que augmenta la biodiver-
sitat a través de la creacié d>habitat (Linley et
al., 2007), pero aixo pot influir en les comu-
nitats de flora i fauna de manera complexa
generant efectes tant positius com negatius,
depenent del lloc i de Lespecie (Perrow et al.,
2011). Les aus marines també poden veure’s
afectades de manera diferent pels canvis en
bhabitat. Mentre que algunes especies es-
pecialistes poden perdre importants fonts
d-aliment, altres espécies oportunistes (com
ara les gavines) poden augmentar la seva
preséncia a la zona per explotar la nova
font draliment. D’altres aus marines (com
succeeix amb els cormorans) poden veure’s
atretes per les plataformes de manteniment
de turbines que utilitzen com estructures
de descans (Kahlert i col., 2004). No obstant
aixo, aquest guany d>habitat podria ser con-
trarestat per un risc de col-lisi6 superior.

Pertorbacid

La presencia de les turbines, aixi com els
moviments dels vaixells i de les persones
relacionades amb la construccié i mante-
niment del lloc, pot dissuadir algunes aus
marines de I'Gs de zones del parc edlic i els
seus voltants. Lrescala dels efectes de per-
torbacié varia molt en funcié d>una amplia
gamma de factors (Drewitt i Langston, 2006),
com ara el disseny de la matriu de la turbi-
na i la distancia entre les turbines; els pa-
trons d’activitat (nocturna o dilirna) de les
aus marines (Desholm i Kahlert, 2005); o les
condicions climatiques. Les respostes con-
ductuals als parcs eolics no només poden
variar entre les especies, siné també entre
individus de la mateixa espeécie en funcid
de factors com ara letapa del cicle de vida
(hivernada, muda i de cria), la mida o la ten-
déncia a bhabituacié.
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Encara que es produeixi pertorbacié i
desplacament, el seu efecte pot ser intrans-
cendent si hi ha abundancia d>habitats al-
ternatius. No obstant aixo, els parcs eolics
marins situats a les rutes migratories o en
trajectories de vol locals podrien alterar els
moviments de les aus i augmentar la seva
despesa drenergia (Masden, Haydon, et al,,
2010). Aquest tipus de trastorn s>anomena
«efecte barrera». De fet, les observacions en
parcs eolics operatius mostren que molts
ocells decideixen volar fora del parc eo-
lic en lloc de volar entre les turbines (Des-
holm i Kahlert, 2005; Larsen i Guillemette,
2007). Desafortunadament, hi ha una man-
ca dvinformacié completa abans i després
de lLimpacte (BACI) en molts parcs eolics
operatius per quantificar adequadament la
barrera i els efectes de les pertorbacions en
comparacié amb el comportament basic de
les aus marines (Drewitt i Langston, 2006).

Noves linies de recerca

Les directrius acordades internacional-
ment recomanen l'avaluacié del risc de
col-lisi6 amb estudis de radar en arees for-
tament migratories (Desholm et al, 2006;.
Fox et al, 2006; Kunz et al, 2007) i mapes de
densitat per avaluar la perdua de habitats
d’alimentacié i la modificacié de lhabitat fi-
sic (Camphuysen et al, 2004;. Fox i Petersen,
2006).

Per a avaluar el risc de collisi6 la tec-
nologia de radar és una eina poderosa, ja
que permet millorar el nostre coneixement
sobre patrons espaciotemporals d-alguns
grups draus marines. La recopilacié de da-
des de radars i lanalisi dels resultats reque-
reixen estudis integrals que ja s-han abor-
dat (Desholm, 2006; Brookes, 2009; Mateos,
2009). Per contra, s de mapes de densitat
s>ha quedat enrere en la integracié de la di-
mensié espaciotemporal dels patrons de les
aus marines, tot i que els mapes de distribu-
cié de les aus marines tenen un paper pro-
minent en la majoria d>EIA i les avaluacions
dels mars. Respecte a la distribucié draus
marines i la seva abundancia, generalment
es doéna com a simples localitzacions o qua-
dricules de densitat. Després d>una revisié
de més de 200 estudis publicats, Tremblay et
al. (2009) va assenyalar que «la visualitzacié
senzilla de les dades de distribucié ha estat
molt més freqlient que els indexs quan-
titatius». De fet, pocs estudis han tractat
drabordar els metodes analitics i sintétics
per extreure les decisions adequades es-
tratégiques (AAE) o locals (EIA) dels nivells
de les dades de distribucié draus marines.
Aquesta tesi pretén contribuir a omplir
aquest buit en lenfocament metodologic
per a bis de les dades de distribucié d-aus
marines en alta mar per les Avaluacions
d>Energia Eolica.
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OBJECTIU PRINCIPAL

L'objectiu principal d’aquesta tesi és aprofundir en les eines analitiques en l'espai i el
temps per a bavaluacié ambiental de I’energia edlica marina a fi de proporcionar als profes-
sionals les directrius sobre com i quan aplicar-les.

OBJECTIUS ESPECIFICS

Per aconseguir aquest objectiu, la present tesi s’ha estructurat en quatre capitols i una
analisi global que aborden els segiients objectius especifics:

1. Dissenyar i posar a prova un index de vulnerabilitat per avaluar els efectes poten-
cials de desenvolupament d’energia edlica marina a les aus marines. (Capitols 11 2)

2. Desenvolupar una eina per integrar la variabilitat espacial i temporal de lLabundancia
d-aus marines al mar per quantificar els impactes potencials dels parcs eolics ma-
rins a les aus marines. (Capitol 3)

3. Demostrar les limitacions dels mapes de distribucié i abundancia a través del segui-
ment basat en individus d>una especie emblematica. (Capitol 4)

4. Proporcionar directrius practiques sobre la manera drintegrar les eines analitiques
presentades en el disseny d>EAE i EIA. (Discussid)
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PLANTEJAMENT METODOLOGIC

CENSOS D’AUS MARINES

De les tecniques de cens existents, els
millors metodes disponibles per a la ob-
tencié de la distribucié i abundancia d’aus
al mar sén censos en aeronau i en embar-
caci6. Els censos en vaixell han estat am-
pliament utilitzats seguint una metodo-
logia estandarditzada (Tasker et al., 1984),
amb adaptacions d>acord a cada projecte en
particular. Els censos aeris daus marines
al mar han tingut una rapida expansié en
Lultima decada, que ha estat fortament in-
fluenciada per lexperiencia danesa en rela-
ci6 amb lavaluacié de Limpacte ambiental
dels parcs eolics a alta mar (Camphuysen
et al,, 2004). Fins ara, el métode exposat en
els seus informes (per exemple, Noer et al.,
2000) s°ha convertit en un referent.

Lrelecci6 entre un o altre meétode depén
de la topografia i dels objectius especifics
de la investigaci6, ja que cada métode té els
seus avantatges i desavantatges (Camphuy-
sen et al.,, 2004 per a una revisié comple-
ta). Els censos en vaixell sén especialment
adequats per fer recomptes exhaustius, el
que permet una millor identificacié de les
espécies amb el temps suficient per recollir
informacié addicional com ledat, el com-

portament o lalcada de vol. No obstant aixo,
aquest métode té dos desavantatges princi-
pals. En primer lloc, els vaixells al mar, en-
cara que no proporcionin aliments, tenen
un efecte d>atraccié sobre les aus que modi-
fica en algun grau la distribuci6 original de
les aus marines (Spear et al., 2004). En se-
gon lloc, aquest metode requereix un temps
més llarg al mar per cobrir grans arees. Els
estudis aeris, d-altra banda, soén particular-
ment eficacos en una cobertura simulta-
nia de grans arees que proporcionen una
instantania de distribucié i abundancia
(Camphuysen et al.,, 2004) amb un minim
datraccié o repulsié (Certain i Bretagnolle,
2008). Dealtra banda, els reconeixements
aeris permeten estudiar zones llunyanes
de dificil accés (com ara, zones poc profun-
des o bancs de sorra) en intervals de temps
curts i de manera poc costosa (Camphuysen
et al, 2004; .. Garthe et al, 2011). Aix0 és pos-
sible gracies a la velocitat dels avions, pero
aquesta velocitat és també la principal des-
avantatge del metode. Els estudis aeris es
duen a terme a la velocitat minima de vol,
que garanteix la seguretat de vol i propor-
ciona suficient temps d>observacié (en gene-
ral 185 kmh). A aquesta velocitat, el temps



d’observacio és curt i aixo porta a problemes
dvidentificacié dralgunes espécies, de pre-
cisié i reducci6 de la capacitat de deteccid
drespécies rares i petites que soén dificils de
detectar a partir de laeronau (Camphuysen
et al, 2004; .. Henkel et al, 2007). A més, la
informaci6 addicional no sempre és facil de
recollir i no es pot calcular I'al¢ada de vol.
En aquesta tesi sshan utilitzat censos des
de vaixell i reconeixements aeris com a font
de dades de distribucié d-aus marines. Les
aus marines presenten patrons dinamics de-
pendents de bescala de distribucié, per aixo
calen conjunts de dades que permetin fer
front a aquesta variabilitat i que es puguin
repetir facilment en condicions similars. Els
estudis aeris permeten obtenir dades d’una
area en particular diverses vegades dins
d>un any (capitol primer i tercer). Els censos
des de vaixells requereixen més temps pero
maximitzen la riquesa dsespecies detecta-
des (nombre d>espécies o taxons identificats
en cada enquesta) (Henkel et al., 2007), una
caracteristica clau per capturar els patrons
detallats de biodiversitat. En el segon capi-
tol, larea drestudi abasta les costes de la Pe-
ninsula Iberica. Censos repetits simultania
i sistematicament no eren economicament
viables. Per tant, la maximitzacié de la de-
teccié de les espécies a través de censos
amb vaixell era particularment important.
Tots dos tipus de censos permeten ob-
servar una area determinada per veure si
les aus lutilitzen, pero el que sembla més
intuitiu és controlar les aus marines per es-
tudiar com estan utilitzant una area (Perrow
et al., 2006). Per aix0 s-han utilitzat mitjans
electronics de seguiment, com ara transmis-
sors de localitzacié per satéllit, receptors
GPS o radio telemetria. Des de principis de
1990, la utilitzacié de la telemetria ha aug-
mentat constantment a causa dels avencos
en la miniaturitzacié dels dispositius elec-
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tronics (Tremblay et al., 2009).

En lavaluacié de la interaccié de lenergia
eolica en alta mar amb les aus marines, la
telemetria esdevé un metode eficag per inte-
grar la dimensié espacial i temporal dels pa-
trons de distribucié de les aus marines. No
obstant aixo, hi ha alguns inconvenients per
a aquesta metodologia. Alguns d>aquests
dispositius tenen alts costos; la grandaria
mostral és petita, i per tant cal una gran
quantitat de temps d-analisi. A més només
un nombre limitat d>espécies d>aus marines
poden ser capturades per fixar els metodes
de marcatge (Perrow et al, 2006.). Aquest
enfocament, que s’ha utilitzat en el quart
capitol de la tesi, proporciona estudis de
comportament a escala fina i resulta espe-
cialment util si ssutilitza juntament amb
metodes com censos aeris i des de vaixell
(Tremblay et al., 2009).

LES AREES D’ESTUDI

Aquesta tesi doctoral aborda la qlesti6
del desenvolupament d’energia eolica ma-
rina i les interaccions de les aus, des d’una
perspectiva metodologica, sense centrar-se
en una area particular. No obstant aixo, per
tal de presentar un instrument d-analisi, en-
tendre beina, la seva aplicaci6 i aplicabilitat
per a la presa de decisions i la gestid, les da-
des reals sén molt millor que els conjunts
de dades simulades. Les tres arees d-estudi
pertanyen a les aigiies franceses, portugue-
ses 1 espanyoles i tenen un gran potencial
per al futur desenvolupament d-energia
eolica marina. A excepcié de la turbina ex-
perimental flotant a Portugal, fins ara no hi
ha cap OWF construit a les arees drestudi, el
que els fa exemples rellevants de com apli-
car les eines dranalisi per a la futura presa
de decisions. A continuacié s’exposa una
breu descripci6 de les tres arees.
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Golf de Biscaia

El Golf de Biscaia és un golf de I'Ocea
Atlantic que s’estén entre el cap Ortegal a
Galicia, Espanya (43.77 ° N, 7.89 ° W) i l'illa
d’Ouessant, a Bretanya, Franca (48.43 ° N,
18/05 ° W). Dins daquesta zona, una regié
de 100.000 km 2 es va cobrir amb 5000 km
lineals de transectes aeris mensuals des
d>octubre de 2001 a marg de 2002 i amb 4000
km lineals de transectes des de vaixell a la
primavera del 2003 al 2006.

L.area drestudi cobreix la plataforma
continental francesa del Golf de Biscaia en-
tre Penmarch al nord (47.75 ° N, 28/04 ° W) i
Baiona al sud (43.497 °N, 1.64 °W). Les arees
de descans costaneres i de la plataforma s6n
els sistemes més productius de la regi6 (Cer-
tain et al., 2008). Les desembocadures dels
rius Loira i Gironde sén una font d-aigua rica
en nutrients frescs (Planque et al., 2004) i la
vora de la plataforma és una area d’elevada
producci6 primaria, on les aiglies profundes
més fredes arriben a la capa eufotica, a causa
de les marees internes i les onades (Gerke-
ma et al., 2004), especialment a la zona sud,
que es caracteritza per un profund cand, el
Cap Ferret (Laborde et al., 1999).

La comunitat d>aus marines d’aquesta
area es pot classificar en vuit families i un
total de 30 espeécies.

Costes de la peninsula ibérica

Aquesta area d’aproximadament 230.000
km 2, cobreix la plataforma continental es-
panyola i portuguesa i s’estén sobre 7.800
km de costa. Els censos es van dur a terme
en vaixell per SPEA (la Societat Portuguesa
per a I'Estudi de les Aus) i SEO / Birdlife (So-
cietat Espanyola d’Ornitologia) en diferents
etapes entre 19991 2011.

La ubicacié de la Peninsula Ibérica, en-

voltada per I'Ocea Atlantic i el Mar Medite-
rrani, i la diversitat geomorfologica i ocea-
nografica dels seus marges continentals, té
implicacions significatives sobre el seu cli-
ma ila circulacié de masses d’aigua (Mestre
et al,, 2012 per a una revisié detallada). El
marge continental de la Peninsula Ibérica
té diverses regions ben diferenciades diver-
ses regions: i) la regi6 est de I’Atlantic Nord i
Laflorament ibéric cap al pol actual, que te-
nen una forta influencia en els marges con-
tinentals portugues, gallec i del Golf de Bis-
caia (Peliz et al., 2005; Llope et al, 2006); ii) la
sortida de laigua del Mediterrani que flueix
des de lestret de Gibraltar al llarg del talds
continental del Golf de Cadis (Ribas-Ribas
et al, 2011); iii) els corrents de LAtlantic que
afecten el Mar d>Alborén , i iv) altres masses
draigua mediterranies que influeixen en els
marges continentals valéncia, el catala i ba-
lear (Salat, 1996). Aquesta configuracié ocea-
nografica afecta la composicié i bestructura
del plancton i de tots els components de la
cadena alimentaria (Sants et al, 2007; .. Ca-
bal et al, 2008) fins als nivells trofics més alts
i, per tant, les aus marines. De fet, la Penin-
sula Ibeérica alberga la major diversitat d>aus
marines d’Europa. La comunitat d>aus ma-
rines en aquesta zona té fins a 39 espécies
habituals, a més drespecies rares que amb el
temps es poden trobar.

Delta de I’'Ebre

La tercera area, d’escala més local, es
troba al voltant de Delta de I'Ebre (40,7 ° N,
0.75 °E) Lrarea dvestudi cobreix 1.435 km 2 de
la plataforma continental des del port de
I’Ametlla de Mar (24 km al nord; 40,86 ° N,
0,8 °E) fins a Peniscola (51 km al sud; 40,35 °
N, 0,4 °E). D’aquest area, que pot ser coberta
en un sol dia amb una aeronau, se’n van fer
reconeixements aeris un cop al mes dabril
de 2005 a marg de 2006.



Aquesta zona compta amb un aflora-
ment permanent gracies a la combinacié
de la influéncia del front liguro-provencal-
catala, la sobtada ampliacié de la platafor-
ma continental i la font de nutrients del riu
Ebre (Palomera, 1992; Arcs, 2001). L-alta pro-
ductivitat de la zona és compatible amb una
important flota pesquera, que és una font
dralimentacié clau per a la cria i hivernada
d>aus marines al Delta de Ebre (Arcs, 2001;.
Arcs et al, 2008). D-altra banda, el Delta de
LEbre és una zona humida dimportancia
internacional inclosa en el Conveni de Ram-
sar des de 1993. Amb 320 km 2, és la sego-
na zona humida més important de la Me-
diterrania occidental després de la Camarga
a Franca i la segona més important de la
Peninsula Ibérica després de Dofana. Els
arrossars, llacunes, salines i platges del del-
ta de LEbre ofereixen una varietat d-habitats
de cria i hivernada de les aus, pero també
un punt de parada per a un gran nombre
draus migratories. En global, s’hi poden tro-
bar més de 300 espécies d-aus (Bigas, 2012),
18 de les quals es van poder detectar al mar
des de la aeronau.

EINES DE MODEL-LITZACIO

Leficacia de la utilitzacié de dades so-
bre la distribucié de les aus marines al mar
com a eina per a la conservacié i valoracié
del medi ambient depen de si les dades es-
pacials a partir dels censos d>aus marines
representen un patrd general o només una
puntual «instantania» d-un sistema alta-
ment dinamic (Fauchald et al., 2002).

Malgrat la seva homogeneitat superficial,
el mar és un entorn heterogeni a causa de
les seves multiples caracteristiques hidro-
grafiques i la distribucié desigual de la seva
biota (Gonzalez-Solis i Shaffer, 2009). La dis-
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tribucié espacial i temporal dels animals és
el resultat de la combinacié de processos ex-
trinsecs, relacionats amb la influéncia dels
factors ambientals biotics i abiotics, i pro-
cessos intrinsecs, relacionats amb la dina-
mica de la poblacié i de les interaccions in-
tra- especifiques (Bellier et al., 2010). A mes,
també depén de I'escala d’estudi.

Aixi, en un sistema de d’agrupacions
jerarquiques dinamiques (Kotliar i Wiens,
1990; Allen i Hoekstra, 1991; Wu i David,
2002), els patrons a gran escala seran més
estables i predictibles a causa d>una alta co-
rrelacié6 amb les variables ambientals que
defineixen els habitats potencials (Hunt i
Schneider, 1987;. Bellier et al, 2010). En canvi,
a escales espacials més petites, els patrons
sén menys predictibles ja que depenen de
combinacions particulars de variables cir-
cumstancials que creen un habitat temporal
preferencial dins I’habitat potencial (Bellier
et al., 2010).

Per traduir aquests conceptes tedrics de
l'ecologia aplicada calen els instruments
que permetin avaluar de forma Optima
les interaccions entre aus marines i OWF.
Aquests hauran de tenir en compte l'efecte
diferencial de les escales espacials i tem-
porals. En avaluacions a gran escala, es pot
considerar que els patrons de distribucié
observats sén estables en el temps i repre-
senten els habitats potencials. Per tant, per-
meten delimitar de forma optima les arees
clau de proteccié (per exemple, Important
Bird Areas, IBAs) i les arees clau per al des-
envolupament drenergia eolica marina. En
les avaluacions a escala regionals o local, cal
avaluar bagrupacié observada draus mari-
nes en la seva variabilitat temporal i espa-
cial per quantificar (amb probabilitats) el
risk d’exposicié a a 'OWF.
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Gran escala: index de Sensibilitat

L'Avaluaci6 Ambiental Estratégica inte-
gra dades a escales molt grans, de manera
que podem assumir que l'escala temporal
no és una prioritat i podem combinar les
dades de diferents anys o periodes. Les dis-
tribucions d’aus marines poden tenir pa-
trons diferents depenent de I’etapa del cicle
de vida (hivernada, migracié i reproduccio),
pero s’espera que la seva distribucié mun-
dial sigui espacial i temporalment predicti-
ble (Fauchald et al., 2002). En altres paraules,
a nivell estrategic la principal preocupacid
pel que fa a 'avaluacié de la interaccié en-
tre les aus marines i els OWF és la super-
posicié espacial de la distribucié de les aus
marines amb el desenvolupament d’arees
clau d’OWF. Aix0 generalment es tracta amb
la seleccié de mapes de preséncia/absencia
d’'una espécie emblematica o altament vul-
nerable als OWFs i mapes generals de den-
sitat amb les xifres globals dels recomptes
d’aus marines al mar. En aquest context, és
convenient aplicar un index per integrar i
resumir totes aquestes capes d>informacié.

Garthe i Hiuppop (2004) van proposar
I'index de Sensibilitat de parcs eolics (WSI)
per mapejar la vulnerabilitat de les aus ma-
rines de parcs eolics marins a la regié del
mar. Aquest index estima primer la vulne-
rabilitat de cada espécie en funcié de la seva
sensibilitat als riscos de col-lisi i disturbis,
ien funcié de la seva demografia i el seu es-
tat de conservacié. Aquest valor es combina
amb labundancia espacial de cada especie
per obtenir un mapa de vulnerabilitat.

Aquest metode és general, simple i
d>amplia aplicaci6. Per tant, en lloc de des-
envolupar un nou index, en aquesta tesi
s'analitza el meétode en profunditat i es su-
ggereix un refinament de la seva formulacié
matematica (capitol 1). A més, es formulen
recomanacions sobre laplicacié optima de
bindex per a la seva utilitzacié en qualsevol
avaluacié ambiental estratégica (Capitol 2).

Escala regional i local

A escales més petites, els estudis
d'impacte ambiental es centren general-
ment en 1'as de 'habitat per part de les aus
marines, aixi com en les estratégies i els
processos que poden influir en l'ocurrencia
d’aus marines o la disponibilitat de les seves
preses. A mesura que s’augmenta l’escala, la
densitat d’aus s’utilitza com a estimador de
I'habitat de les aus per avaluar 'exposici6 al
risc de perdua d’habitat o pertorbacié. Tot i
que aixo és una practica comuna, l'eficacia
d’aquest metode es veu compromesa si les
dades observades no segueixen una distri-
bucié normal. De fet, les dades de comptat-
ge d’animals rares vegades sén normals. Per
aixo, per al disseny d’estrategies de gestio
ecologicament racionals a escala regional i
local de qualsevol EIA cal considerar explici-
tament la variabilitat temporal i espacial de
I’aparici6 la densitat d’aus marines (Tobin,
2004; et al Certain, 2007.).

El capitol tercer i quart d’aquesta tesi
se centren en aquesta variabilitat espacial
i temporal a través de l'aplicacié de la Llei
Exponencial de Taylor i I’analisi dels movi-
ments de l'individu, respectivament.



DISCUSSIO

DISCUSSIO

iNDEX DE SENSIBILITAT

El treball de Garthe i Hiippop (2004) va
proposar lavaluacié quantitativa de la vul-
nerabilitat de les comunitats d>aus marines
als parcs eolics. Aquesta vulnerabilitat es
calcula a través de bindex de Sensibilitat de
les Especies (SSI) que se centra en la vulne-
rabilitat de les especies (a nivell individual
i de la poblacid) i I'Index de Sensibilitat als
Parcs Eolics (WSI). No obstant aixd, com
s°ha demostrat en el capitol 1, la formulacié
matematica de lindex principal té suposits
ocults, tant a nivell d>especies com de la co-
munitat, que podrien conduir a estimacions
incorrectes de la vulnerabilitat i una identi-
ficaci6 parcial de les arees clau.

La primera suposici6 és que tots els fac-
tors de risc associats a un determinat tipus
de risc tenen igual importancia i tenen una
relacié additiva. No obstant aixo, hi ha una
diferéncia conceptual entre els factors in-
closos en un tipus particular de risc. Prenent
el risc de collisi6 com exemple, ens trobem
amb dos tipus de factors de risc: els que es-
tan directament associats al propi risc (per
exemple, el percentatge de temps de vol
dedicat a gran altitud) i els factors que no

sén importants en si mateixos, siné com
a agreujants que poden augmentar el risc
preexistent (per exemple la maniobra de
vol). En altres paraules, si una espécie d-au
marina no vola en una altura amb risc de
col-lisié, és irrellevant la maniobrabilitat de
les especies, ja que no haura de evitar una
turbina. Aixo significa que els factors tenen
una estructura jerarquica entre els factors
de risc primaris i factors de agreujament
que no poden ser tractats amb una formu-
lacié additiva. Per aix0 es suggereix una fun-
ci6 alternativa que permeti estimar el risc
de col-lisi6 i pertorbacib.

La segona premissa diu que tots els tipus
de risc (la sensibilitat a la col-lisié, els distur-
bis i la poblacid) tenen la mateixa importan-
cia, i per tant una relacié multiplicativa. La
dificultat de mesurar la importancia relativa
del risc de col-lisi6 sobre el risc pertorbacid
justifica considerar-los com iguals, tot i que
sovint es considera que el perill més impor-
tant és la mortalitat per efecte de la col-lisié
(Fox et al, 2006;. Christel, cert, et al. , 2012).
Relacionar multiplicativament la col-lisié i
el risc de pertorbacié és conflictiu, perque
aquests dos tipus de riscos no depenen lun
de laltre. Sén dos aspectes independents
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sobre bimpacte potencial drun OWF sobre
les aus marines i, per tant, tenen diferents
conseqiencies ecologiques. Al vincular-los
de manera multiplicativa es pot subesti-
mar 'efecte d'un dels riscos, només perque
Laltre risc és molt baix. Per aixo, si els dos
tipus de riscos han de ser combinats en un
sol mapa és recomanable utilitzar una rela-
ci6é additiva. Malgrat aixo, considerem que
per arribar a una decisié informada per a la
gesti6 és preferible lLexamen individual dels
mapes de risc de col-lisi6 i els mapes de risc
de pertorbacib.

El pas final de lindex és la integracid
de la vulnerabilitat de les especies en una
mesura de la vulnerabilitat druna comu-
nitat sencera. Per aixo, el tercer suposit és
que la contribucié a la vulnerabilitat de la
comunitat d>una determinada especie d>aus
marines és proporcional a babundancia de
registre d>aquesta especie en un lloc deter-
minat. Aquest enfocament volia impedir la
instal-lacié de parcs eolics en zones amb
altes agregacions draus marines. No obs-
tant aixo, les especies abundants sén ge-
neralment aquells amb valors més baixos
de SSI mentre que les especies rares sé6n
aquelles amb valors més alts de SSI. Per a
un lloc donat, SSI i abundancia poden afec-
tar el valor final de WSI en direccions opo-
sades, fet que dificulta la interpretacié de
les variacions en bindex. A més, Ius del
logaritme de labundancia en comptes de
Labundancia simple assumeix que un indi-
vidu té més pes, en proporcio, que un indivi-
du situat en un ramat de cent aus marines,
i aquest suposit no té suport ni ecologic ni
ambiental. Per resoldre aquestes inconsis-
téncies, es suggereix un canvi important
en la formulacié basant-se en el treball de
Leinster i Cobbold (2012) que presenta una
mesura de diversitat basada no només en
Lbabundancia d-espécies, siné també en la
similitud d>aquestes especies.

Després dvincorporar els canvis en la
formulacié i aplicacié de bindex per a una
area drestudi tan gran com les costes de la
Peninsula Ibérica, hi ha algunes conclusions
i recomanacions que es poden extreure de
bexperiencia.

PATRONS D’AGREGACIO

Els mapes d’abundancia permeten de-
finir arees amb un alt nombre d’aus (in-
formacié rellevant en l'avaluacié de les
ubicacions dels parcs eolics en alta mar),
perod no proporcionen informacié sobre els
patrons espacials dinamics i complexos de
les aus marines al mar. Si bé els mapes de
densitat permeten centrar-se en la detec-
ci6 d’altes concentracions d’aus marines
com arees de risc potencial, 'aplicacié de
la llei exponencial de Taylor permet la dis-
tincié explicita entre les zones de transicié
i d’alimentacié en el temps. En el capitol 3
hem corroborat la Llei exponencial de Ta-
ylor com a index d’agregacié en el temps i
I'espai. Les arees amb patrons d’agregacié
febles poden ser considerades com arees de
transicié o trajectoria de vol mentre que els
patrons d’agregaci6 elevats sén majoritaria-
ment zones d’alimentacié determinades per
la disponibilitat puntual d’una oportunitat
d’alimentar.

En vincular els patrons dragregacié amb
un comportament particular es pot predir
i classificar millor el risc drestabliment de
parcs eolics sobre una poblacié d-aus ma-
rines o la comunitat. A les zones de tran-
sici6, el principal risc sera la collisi6 direc-
ta i la mortalitat (Desholm i Kahlert, 2005;
Hippop et al, 2006.). En canvi, a les zones
dralimentaci6, la preséncia de les turbines
es traduiria en la perdua d>habitat per a les
espécies amb una forta resposta dsevitacié
o d>un augment de risc de col-lisi6 per a les
especies que experimenten un baix «efec-



te barrera» (Masden, Haydon, et al, 2010;.
Perrow et al ., 2011). Per tant, després de la
quantificacié del patré dragregacié en una
area donada, es pot avaluar el risc potencial
per les regions dins d-aquesta area d-acord
amb diferents nivells de preocupacié. Les
arees amb risc de col-lisi6 i perdua d-habitat
obtindrien el nivell de preocupacié major
(L3), les arees amb risc de col-lisié tindrien
el seglient nivell de preocupacié (L2), segui-
da de les arees amb risc de perdua d-habitat
(L1). Aquesta classificaci6 es pot utilitzar
després per triar la ubicacié optima d-un
OWF (seleccionant zones amb preocupaciéd
minima) o per definir un protocol de moni-
toratge requerit per a una ubicacié OWFE. A
més, hi ha una evoluci6é temporal dels pa-
trons dragregacié que es correlaciona amb
el cicle de vida de lespecie. Si s>utilitza es-
cenaris estacionals (per exemple, la cria,
després de la cria, la migraci6, la hivernada)
o un conjunt de mesos critics, els escena-
ris temporals sén més facils de comunicar
perqué resumeixen la informacié clau que
pot posar en relleu limpacte potencial d-un
OWF en un moment delicat del cicle de vida
de les aus marines o es pot utilitzar per re-
comanar mesures de mitigacié durant els
mesos critics.

Loaplicacié draquesta eina i la interpre-
tacié dels seus resultats son particularment
atils per a lavaluacié d-arees amb grans
poblacions reproductores. No obstant aixo,
seria aconsellable aplicar aquest meto-
de en altres escenaris per investigar pos-
sibles diferéncies en la interpretacié dels
riscos potencials associats amb els patrons
dragregacié observats. També seria interes-
sant estudiar les sortides d’aquesta eina en
un corredor migratori. Finalment, tot i que
els resultats del métode sén consistents
amb les observacions ornitologiques i dades
de comportament al Delta de L:Ebre, seria
molt recomanable laplicacié de les dades
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de telemetria per provar amb un conjunt de
dades independents de la interpretacié del
comportament de llei de potencia de Taylor.

No obstant aixo, bestudi presentat en el
capitol 3 demostra que la informacié sobre
les propietats de segon ordre de distribucié
de les espeécies (és a dir, lagregacié social)
proporciona informacié addicional a les
propietats de primer ordre (densitat) per a
bavaluacié dels impactes potencials dels
parcs eolics marins.

SEGUIMENT INDIVIDUAL

Les ubicacions d’aus marines i el com-
portament de les aus marines sén aspectes
diferents. Aquest darrer és un component
important que es pot extreure de les da-
des individuals de seguiment (Tremblay et
al., 2009). Un dels objectius del capitol 4 va
ser realitzar State-Space Models (SSM,. Jon-
sen et al, 2003) sobre dades de rastreig per
satelit com una alternativa final a les eines
dravaluacié espaciotemporals. No obstant
aixo, el rendiment dels transmissors (PTT)
va ser molt limitat i heterogeni entre dispo-
sitius, probablement a causa de problemes
de bateria. La mida final de la mostra va ser
molt baixa i binterval de temps entre els
llocs massa llarg per aplicar els State-Space
Models o per posar a prova les conclusions
del capitol 3.

Malgrat els problemes técnics i la mida
limitada de la mostra, podem extreure al-
gunes conclusions generals dels resultats
de Dbanalisi espacial i temporal dels mo-
viments de la gavina corsa Larus audoui-
nii. Per alimentar-se, les aus marines han
de superar la variabilitat en la distribucié,
I’abundancia, la mobilitat i la previsibilitat
de les seves fonts d’aliment (Bell, 1991). Per
aixo, les especies d’aus marines mostren un
cert grau de plasticitat en el seu comporta-
ment al mar. Entre les moltes possibles res-
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postes de comportament (per exemple, du-
rada de viatge, distancies de viatge, patrons
de busseig), el Capitol 4 destaca la plasticitat
en els patrons d’activitat temporal i I'is de
I'habitat. Per aixo cal abordar la plasticitat
en l'avaluacié de qualsevol parc eolic mari.
Molts estudis han demostrat que el patrd
d’activitat de les aus marines no és cons-
tant al llarg del dia (per exemple Garthe et
al, 2003;. Llit, 2010; Llit et al, 2012; .. Chris-
tel, Navarro, et al, 2012). Per tant, els censos
d’aus marines, que han de ser efectuats amb
la llum del dia i generalment seguint un ho-
rari constant, no sempre sén suficients per
capturar la variabilitat de les aus marines
en funcié dels cicles circadians. Algunes aus
marines, per exemple, s’alimenten de petits
peixos pelagics, pero aquest recurs només
és disponible a les hores abans de lalba,

quan els bancs realitzen la seva migracié
vertical (Blaxter i Hunter, 1982). En aquest
cas, els censos, que generalment comencen
després de l'alba, no permetrien detectar
una zona amb agregacions recurrents d-aus
marines en aquests bancs.

De vegades se subestima la plasticitat
de l'alimentacié de les aus marines, tant
pel que fa al seu Us de Lhabitat com a la se-
leccié de preses. Quan la disponibilitat de
la presa és reduida, especies d>aus marines
especialistes solen modificar la seva estra-
tegia dralimentacié mitjancant lextensid
de la seva zona d>alimentacio, el temps que
passen al mar o la reduccié del temps en-
tre viatges (Lewis et al, 2001;. Schwemmer
i Garthe, 2008). Per contra, les espécies ge-
neralistes poden canviar els seus habitats
dralimentacié o canviar la seva dieta.
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A knowledge of the foraging strategies of marine predators is essential to understand the intrinsic factors
controlling their distribution, abundance and their ecological function within the marine ecosystem.
Here, we investigated for the first time the foraging movements and activity patterns of Audouin’s gull
Larus audouinii by using satellite-tracking data from eight breeding adults in the main colony of the
species worldwide (Ebro Delta, NW Mediterranean). Tagged gulls foraged in the marine area close to the
breeding colony (62% of foraging locations) and in the terrestrial area of the Ebro Delta (mainly rice
fields; 38% of foraging locations). The foraging activity patterns changed significantly throughout the
day; lower from dusk through the first half of the night (19-1 h; 32% of active locations) and higher
during the rest of the day (1—19 h; 75.5 + 4.3% of active locations). These results confirm the foraging
plasticity of this seabird and, based on previous information about the dietary habits of this species, we
hypothesize how its time-dependent activity patterns and habitat use could be associated with varia-
tions in the availability of marine food resources (e.g. diel vertical migrations of pelagic fish) and the
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exploitation of terrestrial resources (e.g. American crayfish Procambarus clarkii).

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

An important issue in the feeding ecology of marine predators is
the degree of plasticity of their foraging behavior. In general,
specialist predators are constrained to forage on a specific habitat
and time of day determined by a specific prey availability (Futuyma
and Moreno, 1988; Krebs and Davies, 1993; Julliard et al., 2006).
Under changing conditions of prey availability, specialists are able
to adapt their foraging strategy by extending foraging range or time
spent foraging (e.g. Oro et al., 1997; Lewis et al., 2001; Schwemmer
and Garthe, 2008). By contrast, generalist predators have the ability
to exploit different trophic resources and, consequently, they
present higher plasticity in their foraging strategies (Krebs and
Davies, 1993; Boyd et al., 2006; Julliard et al., 2006). This oppor-
tunistic behavior allows generalists to modify their foraging strat-
egies (i.e. exploited habitat, range or temporal patterns) according,
for instance, to the varying degree of competition for food. Indeed,

* Corresponding author. Departament de Biologia Animal, Facultat de Biologia,
Universitat de Barcelona, Diagonal 643, 08028 Barcelona, Spain.
E-mail  addresses:  isadora.jimenez@gmail.com, isadora.jimenez@ub.edu
(I. Christel).

0272-7714/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
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the foraging plasticity of marine predators has allowed these
organisms to benefit from anthropogenic food resources (e.g.
fisheries discards, refuse dumps or introduced prey species;
Tablado et al., 2010; Ramos et al., 2011; Wagner and Boersma, 2011).

Amongst marine predators, the Audouin’s gull Larus audouinii is
a good example of an opportunist species that exhibits clear plas-
ticity in its diet habits. This Mediterranean endemic species exploits
small pelagic fish (their main prey, see Oro, 1998 and references
therein), but also alternative anthropogenic resources such as
demersal or benthonic fish from fisheries discards or invasive
freshwater crabs from terrestrial habitat (Oro et al., 1996a, 1999;
Oro and Ruiz, 1997; Navarro et al., 2010). This opportunistic
behavior is especially relevant in breeding populations located in
areas where diverse trophic resources are highly available (e.g. Oro
and Ruiz, 1997; Oro et al., 1999; Navarro et al., 2010), which is the
case of the breeding population located in the Ebro Delta (Fig. 1. NW
Mediterranean). This colony supports ca. 12000—13000 breeding
pairs of Audouin’s gull, ca. 65% of the total world population
(Oro et al., 2009). The marine ecosystem of the Ebro Delta is one of
the most important fishing grounds in the Mediterranean Sea,
resulting in one of the largest fishing fleets in this region, which
generates a high quantity of fisheries discards (Coll et al., 2008).
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Moreover, freshwater resources such as the invasive American
crayfish Procambarus clarkii in the rice fields of the Ebro Delta are
abundant and easily available (Gutierrez-Yurrita et al., 1999),
providing an alternative and proficient trophic resource for the
species (Oro et al., 1996b; Longoni, 2010; Navarro et al., 2010).

Although the diet habits of the Audouin’s gull are well known
(e.g. Oro et al., 1997; Pedrocchi et al., 2002; Sanpera et al., 2007;
Navarro et al., 2010), detailed information on the foraging move-
ments is biased toward studies based on ship surveys (e.g. Abell6
and Oro, 1998; Arcos et al., 2001; Abell6 et al., 2003), which are
strongly biased by the influence of fishery discards and underes-
timate the importance of land habitat utilization. The only previous
telemetric study (radio-tracking) already pointed to the apparent
importance of the terrestrial habitat for the breeding population of
the Ebro Delta colony (Mafiosa et al., 2004).

Here, we present preliminary results of the first satellite-
tracking study of Audouin’s gull during the breeding season in its
largest breeding colony (Ebro Delta). This paper aims to quantify
the foraging range of Audouin’s gull, evaluate the habitat utilization
of marine and terrestrial areas and identify the temporal patterns of
the foraging activity of the species. Based on previous information
about the dietary habits of this species, we also hypothesize how
the observed foraging movements could be attributed to the
exploitation of different trophic resources in the Ebro Delta marine
and terrestrial ecosystems.

2. Material and methods
2.1. Fieldwork procedures

The study was carried out at the natural reserve of Punta de la
Banya in the Ebro Delta Natural Park, North Western Mediterranean
Sea (Fig. 1, 40°33'N, 0°39’E). Punta de la Banya is a flat sandy
peninsula of 2514 ha, partially occupied by saltworks and

connected to extensive rice field areas (20,000 ha) by a 5 km-long
narrow sand bar. To examine the foraging activity, we satellite-
tracked 8 breeding birds (4 males and 4 females) using battery
powered “Platform Transmitter Terminals” (PTTs; North Star
Science and Technology, LLC) during the chick-rearing period (May)
of 2006 (Table 1). We captured all birds on the nest by using a drop
trap (Mills and Ryder, 1979) during late incubation to reduce the
risk of desertion. Once trapped, each individual was sexed,
weighed, ringed and tagged with a PTT. The attached PTTs weighed
20 g and were programmed to be active in a 6 h on/5 h off duty
cycle to get information on the foraging locations during one
month. The PTT was fixed to the mid-dorsal feathers of the mantle
using Tesa tape (Wilson et al., 1997). With this method the PTT falls
off after one month without the necessity to recapture the instru-
mented bird. The entire transmitter equipment represented
between 3 and 4% of the Audouin’s gull's body mass, so the
potential effects of an additional weight on the gull’s movement
were minimized (e.g. Phillips et al., 2003; Passos et al., 2010).

2.2. Satellite-tracking data and statistical analyses

Data on the position of each PTT were obtained from ARGOS
system (CLS, Toulouse, France) and imported to ArcView 3.2 (ESRI)
using the Argos Tool extension (Potapov and Dubinin, 2005). Each
position was classified according to its estimated error: Type
0 (>1000 m), Type 1 (350—1000 m), Type 2 (150—350 m), Type 3
(0—150 m), and Types A and B (without an estimated error)
(ARGOS, 2006). Initial data filtering involved calculating velocities
between successive satellite locations, and rejecting those for
which the velocity exceeded a threshold of 50 m s, the maximum
velocity described for this species (Rosén and Hedenstrom, 2001).
By this procedure, up to 8% of the locations were filtered; all of
them from the low-quality accuracy class “B”.
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Fig. 1. (a) Breeding areas of the Mediterranean endemic Audouin’s gull Larus audouinii and study area: Ebro Delta, N\W Mediterranean. (BirdLife International, 2011) (b) Map of the
Ebro Delta area indicating the Audouin’s gull colony position with an asterisk and 1 km buffer area around la "Punta de la Banya" peninsula, the rice fields and wetlands shaded in
dark gray and the location of the main harbors. (c) Foraging locations of 7 satellite-tracked Audouin’s gulls during the breeding period of 2006. To better visualize the foraging
locations’ range the Minimum Convex polygon (short dashed line) is shown beside the 95% (solid line) and 50% (long dashed line) kernel polygons.
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Table 1

Summary information of PTTs performance.
PTT Id Sex Tracking First location Last location Total

days locations

58978 3 2 15/05/2006 16/05/2006 6
58979 3 1 19/05/2006 19/05/2006 2
58980 3 10 18/05/2006 27/05/2006 31
58981 3 2 15/05/2006 16/05/2006 4
58982 Q 7 15/05/2006 21/05/2006 6
58983 ? 0 - - -
58984 ? 10 15/05/2006 24/05/2006 32
58985 ? 3 18/05/2006 20/05/2006 8
Total 13 15/05/2006 27/05/2006 89

To gain an insight into the foraging activity of the tagged
Audouin’s gulls we sorted the locations into three classes, according
to their spatial position. PTT locations inside the “Punta de la
Banya” peninsula or within the first kilometer around it were
classified into the “colony locations” group. In contrast, the loca-
tions outside the colony and the first kilometer around it were
“foraging locations” (we assumed that the birds were feeding to
recover the body condition lost during the incubation bout). Finally,
we calculated the 95% fixed-kernel estimates of the foraging area
and the maximum foraging distance from the colony.

We employed logistic regression — a generalized linear model
(GLM) — to test the foraging activity and habitat use. First, we tested
a model with the proportion of foraging locations as the dependent
variable, and we selected as the explanatory variable the “time of
day” -categorized in 6-h intervals (1-7 h; 7—13 h; 13—19 h; 19-1 h)-
with the 7—13 h interval as the reference level. Then we analyzed
habitat use by testing the effect of the explanatory variable “time of
day” on the dependent variable “terrestrial vs. marine proportion of
foraging locations”. The analyses were carried out using R software
(R Development Core Team, 2008), calling the “glm” function with
binomial error distribution and its default logit link function.
A likelihood ratio test was used to compare the resulting model
with the null model (without any variable) and to assess the
significance of the explanatory variable “time of day”.

3. Results

We obtained a total of 89 filtered PTT locations spanning a period
of 13 consecutive days. One of the eight PTTs failed to give any
location probably due to a battery failure, and the performance of
the remaining PTTs was heterogeneous (see Table 1). Due to sample
size limitations individual variability was not included in the
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Fig. 2. Example of foraging trajectories for the individual “58980” (see Table 1 for more
information).

analysis, but the movements of one of the tracked individuals is
shown in Fig. 2 to illustrate the general pattern of the foraging
movements.

The foraging area covered by the Audouin’s gulls was 5400 km?
(95% fixed-kernel density estimate), covering both the marine area
of the Ebro Delta (ca. 3300 km?) and the terrestrial area (ca.
2100 km?) (Fig. 1c). The maximum foraging distance covered
ranged from 20.5 to 81.7 km (mean =+ sd = 51.5 & 24.3 km) and was
similar for both marine and terrestrial locations (T-Student test,
T = 144, df = 56, p = 0.15).

The foraging activity changed significantly over the course of the
day (Likelihood Ratio Test, x> = 13.79, df = 3, p = 0.003). Tagged
gulls were more active at 7—13 h (78.1%), at 1-7 h (77.8% of the total
locations in this period, p = 0.65), and 13—19 h (70.6%, p = 0.56), all
of them significantly different from the 19-1 h interval (31.8%,
p =0.001), i.e., the foraging activity diminished during the first half
of the night (Fig. 3b). Moreover, we found that the proportion of
foraging locations in marine vs. terrestrial habitats changed during
the day. Although the time of day was not significant as a global
explanatory variable, the model indicated a significant difference
between the 13—19 h interval and the reference level 7—13 h
(p = 0.04) (Fig. 3c). Between 13 h and 19 h, Audouin’s gulls foraged
mainly in terrestrial (41%) rather than in marine habitat (29%);
during the rest of the day, they foraged mainly in marine rather
than terrestrial habitat (1—7 h: 50% marine, 28% terrestrial habitat;
7—13 h: 59% marine, 19% terrestrial habitat; 19-1 h: 23% marine, 9%
terrestrial habitat) (Fig. 3a).

4. Discussion

Satellite-tracked Audouin’s gulls covered a foraging area that
ranges 80 km, spanning both marine and terrestrial habitats. It has
been widely described previously that breeding Audouin’s gulls
cover large ranges when foraging. There are records of individuals
foraging at 70—150 km from the breeding colony during the
breeding season (Baccetti et al., 2000; Mafiosa et al., 2004), and data
from vessel counts suggest that individuals forage during the day
and night even further offshore (Arcos and Oro, 1996; Abell6 and
Oro, 1998). However, the species’ terrestrial foraging movements
had been scarcely described (Ruiz et al., 1996; Mafiosa et al., 2004).

It is well documented that Audouin’s gulls forage during the
night in marine habitats preying on small pelagic fish and
exploiting discards provided by nocturnal fisheries (e.g. Witt et al.,
1981; Mafiosa et al., 2004; Arcos et al., 2008). However, our results
highlight that the species’ nocturnal activity is not homogeneous
throughout the night (see Fig. 3). Satellite-tracked gulls were
mainly located in the breeding colony during the hours before and
after dusk (19-1 h). In the period after midnight to dawn (1-7 h)
they increased their foraging activity, which then remained
constant and high during the day. These results, coupled with the
nocturnal arrival and departure times from the breeding colony
described in Mafiosa et al. (2004), confirm a peak of activity
between midnight and dawn. Attendance to purse seiners during
the night is considered a strategy that is only significant during
trawling moratorium and winter periods (Arcos and Oro, 2002),
neither of which were covered during our study; therefore, the
individuals located at sea during the night were probably feeding
on small pelagic fish. Accordingly, the nocturnal foraging habits of
the Audouin’s gull would still rely on the capture of small pelagic
fish (Witt et al., 1981; Oro, 1998), a resource that might not be
available throughout the night, but only in the hours before dawn
due to the diel vertical migration of the shoals (Blaxter and Hunter,
1982; Oro, 1998).

With regard to diurnal activity, tagged birds showed a high
foraging activity with an unexpected constant presence in
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Fig. 3. (a) Activity (foraging in marine or terrestrial habitat; or located in the colony)
during a 24 h cycle of 7 satellite-tracked Audouin’s gulls during the breeding period in
Ebro Delta colony. (b), (c) Mean and 95% confidence interval, of the foraging probability
and foraging in marine habitat probability respectively, according to the GLM models. *
indicates a significant difference of the time block probability compared to the refer-
ence level 7-13 h.

terrestrial habitats (generally rice fields or wetlands) in addition to
the expected presence in marine habitat (Oro, 1998). The fact that
all tagged individuals could be found in both habitats suggests that
the use of terrestrial habitat was not due to the casual behavior of
a single individual. This result supports previous studies that
describe the use of the rice fields of the Ebro Delta by the Audouin’s
gull (Ruiz et al., 1996; Mafiosa et al., 2004; Longoni, 2010), probably
related to the exploitation of the exotic American crayfish (Navarro
et al., 2010), which is very abundant in the rice fields of the Ebro
Delta (Gutierrez-Yurrita et al., 1999). Although many studies have
demonstrated that the Audouin’s gull exploits trawler discards
(Oro et al., 1997; Arcos, 2001; Cama, 2010), the foraging activity of
our satellite-tracked individuals was higher inland than at sea in
a period of time that includes the discarding peak of the trawling
fleet (from 15 to 16 h; Cama, 2010). This result suggests that
terrestrial foraging has become an alternative food source to
trawling discards (Navarro et al., 2010), probably prompted by the
interference competition for fisheries discards: namely, intraspe-
cific competition (due to an increasing population density), and
interspecific competition with the sympatric and dominant Yellow
legged gull Larus michahellis (e.g. Arcos et al., 2001).

In conclusion, the present study shows that Audouin’s gull
foraged in both marine and terrestrial habitats and showed activity
during both night and day. These results confirm the high foraging
plasticity of Audouin’s gull, a species once defined as a specialist
nocturnal forager that has become an opportunist on fisheries
discards and terrestrial resources. However, due the limited sample
size we suggest the necessity of conducting more studies using
biologging methodologies (such as PTTs or GPS) to confirm the
observed patterns and to gain new insight into the foraging ecology
of this endangered seabird.

Acknowledgments

The birds were tagged with a permit from the Environmental
Department of the Catalonian Government. We are grateful to D.
Oro, L. Cardador and ]. M. Arcos for their comments to improve this
manuscript. F. Zino, C. Carboneras and ]. Gonzalez-Solis for their
comments about attachment methods. We also appreciate the help
of X. Macia, R. Loras, S. Mafiosa and the Ebro Delta Natural Park
team (T.Curcé, C. Vidal and F. Blanch). S. Young revised the English.
Research funds were provided by a project funded by Capital
Energy through agreement with Fundacié Bosch i Gimpera
(Contract 304683). I. C. was funded by a PhD fellowship of the
University of Barcelona. J. N. was supported by a postdoctoral
contract of Juan de la Cierva program (MICINN-JDC, Spanish
Ministry of Science and Innovation). A. C. was funded by a PhD
fellowship of the Government of Catalonia (2009FIC75).

References

Abell6, P., Oro, D., 1998. Offshore distribution of seabirds in the northwestern
Mediterranean in June 1995. Colonial Waterbirds 21, 422—426.

Abelld, P, Arcos, J., Gil de Sola, L., 2003. Geographical patterns of seabird attendance
to a research trawler along the Iberian Mediterranean coast. Scientia Marina 67,
69-75.

Arcos, J., 2001. Foraging ecology of seabirds at sea: significance of commercial
fisheries in the NW Mediterranean. PhD thesis, University of Barcelona.

Arcos, J., Oro, D., 1996. Changes in foraging range of Audouin’s gulls Larus audouinii
in relation to a trawler moratorium in the western Mediterranean. Colonial
Waterbirds 1, 128—131.

Arcos, J., Oro, D., Sol, D., 2001. Competition between the yellow-legged gull Larus
cachinnans and Audouin’s gull Larus audouinii associated with commercial
fishing vessels: the influence of season and fishing fleet. Marine Biology 139,
807-816.

Arcos, ]., Oro, D., 2002. Significance of nocturnal purse seine fisheries for seabirds:
a case study off the Ebro Delta (NW Mediterranean). Marine Biology 141,
277-286.

125



126

| APPENDIX

I. Christel et al. / Estuarine, Coastal and Shelf Science 96 (2012) 257—261 261

ARGOS, 2006. Argos User's Manual. ARGOS CLS, Toulouse, France. http://www.argos-
system.org/manual/link. Last accessed 24 November 2011.

Arcos, J., Louzao, M., Oro, D., 2008. Fishery ecosystem impacts and management in
the mediterranean: seabirds point of view. American Fisheries Society
Symposium 49, 1471-1479.

Baccetti, N., Dall'Antonia, L, Magnani, A., Serra, L, 2000. Foraging routes of
Audouin’s Gulls Larus audouinii from two Sardinian colonies. In: Sultana, J.,
Yésou, P. (Eds.), Monitoring and Conservation of Birds, Mammals and Sea
Turtles of the Mediterranean and Black Seas. Environment Protection Depart-
ment, Malta, pp. 150—158.

BirdLife International, 2011. Distribution Maps of Birds of the World. BridLife
International, Cambridge, UK.

Blaxter, ].H.S., Hunter, J.R., 1982. The biology of clupeoid fishes. Advances in Marine
Biology 20, 1-223.

Boyd, LL., Wanless, S., Camphuysen, CJ. (Eds.), 2006. Top Predators in Marine
Ecosystems: Their Role in Monitoring and Management. Cambridge University
Press, Cambridge, p. 378.

Cama, A., 2010. Seabird distribution patterns and ecological factors driving larid
presence at the Ebro delta shelf (NW Mediterranean). PhD thesis, University of
Barcelona.

Coll, M., Palomera, L, Tudela, S., Dowd, M., 2008. Food-web dynamics in the South
Catalan Sea ecosystem (NW Mediterranean) for 1978—2003. Ecological
Modelling 217, 95—-116.

Futuyma, D.J., Moreno, G., 1988. The evolution of ecological specialization. Annual
Review of Ecology and Systematics 19, 207—233.

Gutierrez-Yurrita, P, Martinez, J., [lhéu, M., Bravo-Utrera, M., Bernardo, J., Montes, C.,
1999. The status of crayfish populations in Spain and Portugal. In: Gerardi, F.,
Holdich, D. (Eds.), Crayfish in Europe as Alien Species: How to Make the Best of
a Bad Situation? Crustacean Issues, Balkema, Rotterdam, pp. 161—192.

Julliard, R, Clavel, J., Devictor, V., Jiguet, F.,, Couvet, D., 2006. Spatial segregation of
specialists and generalists in bird communities. Ecology Letters 9, 1237—1244.

Krebs, J.R., Davies, N.B,, 1993. An Introduction to Behavioural Ecology. Wiley-
Blackwell publishing, Oxford, p. 420.

Lewis, S., Sherratt, T.N., Hamer, K.C., Wanless, S., 2001. Evidence of intra-specific
competition for food in a pelagic seabird. Nature 412, 816—819.

Longoni, V., 2010. Rice fields and waterbirds in the Mediterranean region and the
Middle East. Waterbirds 33, 83—96.

Maiiosa, S., Oro, D., Ruiz, X., 2004. Activity patterns and foraging behaviour of
Audouin’s gulls in the Ebro Delta, NW Mediterranean. Scientia Marina 68,
605—-614.

Mills, J.A., Ryder, J.P., 1979. Trap for capturing shore and seabirds. Bird-Banding 50,
121-123.

Navarro, J., Oro, D., Bertolero, A., Genovart, M., Delgado, A., Forero, M.G., 2010. Age
and sexual differences in the exploitation of two anthropogenic food resources
for an opportunistic seabird. Marine Biology 157, 2453—2459.

Oro, D., 1998. Larus audouinii Audouin’s Gull. BWP Update. Oxford University Press,
Oxford, pp. 47—61.

Oro, D., Jover, L., Ruiz, X., 1996a. Influence of trawling activity on the breeding
ecology of a threatened seabird, Audouin’s gull Larus audouinii. Marine Ecology
Progress Series 139, 19—29.

Oro, D., Genovart, M., Ruiz, X,, Jiménez, J., Garcia-Gans, J., 1996b. Differences in diet,
population increase and breeding performance between two colonies of

Audouin’s gulls Larus audouinii during breeding seasons affected by a trawling
moratorium. Journal of Avian Biology 27, 245—251.

Oro, D., Ruiz, X., 1997. Exploitation of trawler discards by breeding seabirds in the
north-western Mediterranean: differences between the Ebro Delta and the
Balearic Islands areas. ICES Journal of Marine Science 54, 695—707.

Oro, D., Ruiz, X., Jover, L., Pedrocchi, V., Gonzélez-Solis, ]., 1997. Diet and adult time
budgets of Audouin’s gull Larus audouinii in response to changes in commercial
fisheries. Ibis 139, 631—-637.

Oro, D., Pradel, R., Lebreton, J.D., 1999. Food availability and nest predation
influence life history traits in Audouin’s gull, Larus audouinii. Oecologia 118,
438—445.

Oro, D., Pérez-Rodriguez, A., Martinez-Vilalta, A., Bertolero, A., Vidal, F, 2009.
Interference competition in a threatened seabird community: a paradox for
a successful conservation. Biological Conservation 142, 1830—1835.

Passos, C., Navarro, J., Giudici, A., Gonzélez-Solis, ]., 2010. Effects of extra mass on
the pelagic behavior of a seabird. The Auk 127, 100—107.

Pedrocchi, V., Oro, D., Gonzélez-Solis, ]., Ruiz, X., Jover, L., 2002. Differences in diet
between the two largest breeding colonies of Audouin’s gulls: the effects of
fishery activities. Scientia Marina 66, 313—320.

Phillips, R., Xavier, J.C., Croxall, J.P., Burger, A.E., 2003. Effects of satellite transmitters
on albatrosses and petrels. The Auk 120, 1082—1090.

Potapov, E., Dubinin, M., 2005. Argos-tools Manual. The Falcon Research Institute.
National Avian Research Center, Carmarthen, UK.

Ramos, R., Ramirez, F,, Carrasco, J.P,, Jover, L., 2011. Insights into the spatiotemporal
component of feeding ecology: an isotopic approach for conservation
management sciences. Diversity and Distributions 17, 1-12.

R Development Core Team, 2008. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria, ISBN 3-
900051-07-0. URL. http://www.R-project.org/.

Rosén, M., Hedenstrém, A., 2001. Testing predictions from flight mechanical theory:
a case study of Cory's shearwater and Audouin’s gull. Acta ethologica 3,
135-140.

Ruiz, X., Oro, D., Martinez-Vilalta, A., Jover, L., 1996. Feeding ecology of Audouin’s
gull Larus audouinii in the Ebro Delta. Colonial Waterbirds 19, 68—74.

Sanpera, C., Ruiz, X., Moreno, R, Jover, L., Waldron, S., 2007. Mercury and stable
isotopes in feathers of Audouin’s gulls as indicators of feeding habits and
migratory connectivity. The Condor 109, 268—275.

Schwemmer, P., Garthe, S., 2008. Regular habitat switch as an important feeding
strategy of an opportunistic seabird species at the interface between land and
sea. Estuarine, Coastal and Shelf Science 77, 12—22.

Tablado, Z., Tella, ].L., Sanchez-Zapata, ].A., Hiraldo, F, 2010. The paradox of the long-
term positive effects of a North American Crayfish on a European community of
predators. Conservation Biology 24, 1230—1238.

Wagner, E.L., Boersma, P.D., 2011. Effects of fisheries on seabird community ecology.
Reviews in Fisheries Science 19, 157—163.

Wilson, R.P, Piitz, K., Peters, G., Culik, B., Scolaro, J.A., Charrassin, J.B., Ropert-
Coudert, Y., 1997. Long-term attachment of transmitting and recording
devices to penguins and other seabirds. Wildlife Society Bulletin 25,
101-106.

Witt, H.H., Crespo, J., de Juana, E., Varela, ].M., 1981. Comparative feeding ecology of
Audouin’s gull Larus audouinii and the Herring gull L. argentatus in the Medi-
terranean. Ibis 123, 519—-526.



