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With recent EU directives requiring that Europe must achieve 20% of its energy from renewable sources

by 2020 the development of offshore wind, tidal and wave technologies is gaining momentum,

increasing pressure on our already vulnerable marine systems and organisms. All EU countries are

required to have Environmental Impact Assessment (EIA) guidelines in place for such developments

and whilst tracking studies of marine predators have been recommended to aid EIAs, they are as yet not

a requirement. This study tracked Northern Gannets breeding on Les Etacs, a stack immediately

offshore Alderney, Channel Islands, to determine their use of both local and international waters and

examine the consistency between an individual’s foraging trips. The 15 Northern Gannets that made at

least two foraging trips foraged in three different territorial waters and their combined home-range

area overlapped with nine potential offshore marine renewable energy developments. Repeatability

between the first and second foraging trips made by an individual was apparent when considering the

direction travelled and the maximum distance travelled from the colony, but not when considering the

percentage overlap in core foraging areas, trip duration, or the total trip distance suggesting individuals

did not appear to be dependent on specific foraging areas. Our findings highlight the need to consider

all important seabird colonies which forage in the range of potential offshore developments and to use

tracking technology to determine which colonies may be affected by such developments and the

colony’s dependence on these areas. Tracking studies of birds from important seabird colonies should

form an integral part of the EIA process for marine renewable developments.

& 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The potential capacity of Europe’s offshore wind energy gen-
eration is enormous and is expected to play a big part in helping
EU countries meet the target set by the European Commission for
all member states to achieve 20% of their energy from renewable
sources by 2020 (Directive 2001/77/EC). The UK is leading the rest
of Europe in offshore renewable energy generation with 517 MW
capacity in place or to be completed by the end of 2011 and
industry experts are forecasting that the UK will achieve up to
23 GW capacity by 2020 [1]. Whilst not yet at the same scale of
development as offshore wind technology, tidal and wave energy
developments are also gaining momentum [2]. By January 2010
the UK had 0.85 MW of wave energy and 1.55 MW of tidal stream
installed. Due to the technological support available in the UK and
the abundant wave and tidal stream resource it is considered that
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by 2020 a large share of European marine renewable energy
installations (MREIs) will be in UK waters [3].

Due to the short time scale in which offshore wind farms have
been developed and the fact that there are very few sites where
the effects of MREIs can be assessed there are few scientific
studies on the environmental effects such developments may
have [4]. Potential impacts such as the effect that MREI develop-
ments may have on coastal processes [5], on fish and seabed
communities [6], and with reference to birds; direct mortality [7],
disturbance of feeding areas and displacement [8,9], migration
routes [10] and costly avoidance behaviours [11,12], have gen-
erally been inferred from existing technologies and develop-
ments. Any offshore developments in the EU are subject to
environmental monitoring which should be undertaken prior to
and post installation of devices [13]. In the UK the Crown Estate
has an established research body, the Collaborative Offshore
Wind Research into the Environment (COWRIE), to develop and
test the guidelines for environmental monitoring for offshore
MREIs. COWRIE have set strict standards and guidelines for the
boat-based and aerial monitoring of seabirds and cetaceans in
n the foraging behaviour of Northern Gannets: Implications for
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potential test site areas based on the methodology of Camphuysen
et al. [14] and more recently refined by Maclean et al. [15] Any
potential MREI developments in the UK are required to meet these
standards before consent for development is given.

Due to the availability of new and more affordable technologies
such as thermal cameras, satellite and GPS data loggers, radar etc. and
the increased use of such technology in the monitoring of marine
organisms [16–19], there has been a greater interest in the applica-
tion of these technologies to the monitoring of the environmental
impacts of MREIs [20–22] particularly with regard to a seabirds
[23–25]. Desholm et al. [26] highlighted the advantages that remote
techniques can provide in collecting bird data applicable to environ-
mental impact assessments. For example, they can be used during
darkness and reduced visibility, across extended time periods, over a
larger spatial extent and remotely in offshore regions. Louzao et al.
[27] combined vessel-based monitoring and tracking studies to
determine the habitat use of Cory’s Shearwaters Calonectris diomedea

and concluded that the integration of tracking and vessel-based
survey data provided a wider understanding of the predictability of
aggregation and the key oceanographic habitats of this species at
multiple spatial scales. Vessel-based surveys provided a large-scale
perspective of the population level distribution and habitat associa-
tions while tracking data provided more fine-scale and detailed
information at the individual level. Inger et al. [28] suggested that
to allow for full biodiversity impacts of MREIs to be assessed there
exists an urgent need for additional multi- and inter-disciplinary
research in this area ranging from engineering to policy. As a result of
the increased interest and use of these tracking technologies a further
report was published by COWRIE in 2009, advocating the use of
remote technologies in the environmental monitoring of MREIs. This
concluded that tracking studies, thermal cameras and the use of radar
should be complimentary, in certain instances, to existing aerial and
boat-based survey methods though this is not yet a requirement [15].
Another factor to consider in favour of the use of tracking studies is
that the foraging ranges of some species have the potential to cross
national boundaries and be affected by offshore developments under
the control of other governments and therefore subject to a different
set of environmental monitoring standards [13]. For example Pettex
et al. [29] found that Northern Gannets Sula bassunus (from here on
referred to as ‘‘Gannet’’) breeding on Rouzic Island France, foraged in
three different territorial waters, the UK, the Channel Islands and
France.

The potential adaptability of seabirds to changes or distur-
bance in their foraging areas will depend on the location of the
colony and habitat preferences [30,31], the physiological con-
straints of a species [32,33], competition from nearby colonies
[34] and individual foraging behaviour. An additional advantage
of the use of tracking studies is that they can be used to assess the
potential specialisation and/or adaptability of individual birds
from within a population, and the implications of this can then be
scaled to the population level. Several studies have revealed that
individual seabirds do exhibit repeatability in the foraging sites
they visit. Irons et al. [35] found that 24 out of 26 Black-legged
Kittiwakes Rissa tridactyla that were tracked remotely at a North
sea colony over 13 day returned repeatedly, with an average of 19
trips, to the same areas to forage. Likewise a study on Gannets
breeding on the Bass Rock in Scotland suggested that individuals
learnt and remembered the locations of feeding sites and used
that knowledge on subsequent foraging trips. By contrast the
foraging areas of Gannets breeding on Great Saltee (UK), were
much less similar, with highly variable distances to destinations,
no differences in bearings among individuals and no significant
repeatability in distance travelled [36].

It may be in an individual birds interest to exhibit variable and
adaptable foraging behaviour if it relies on mobile prey species.
Alternatively individuals that exhibit highly repeatable foraging
Please cite this article as: Soanes LM, et al. Individual consistency i
interactions with offshore renewable energy developments. Mar. Po
behaviour may save time and energy in searching for prey and
therefore be more able to provide for their offspring and them-
selves. Tracking studies may help to reveal the plasticity in the
behaviour of individuals, colonies and species. Such knowledge
can then be applied to assess the potential impacts MREIs may
have on particular species, colonies or individuals.

This study focused on the Gannet population located in the
territorial waters of the Channel Island of Alderney (49.5o N,
�4.01E). This population of approximately 6900 pairs breed on
two islets within Alderney’s territorial waters, this population was
one of the reasons that led to the designation of the area under the
Ramsar Convention in 2005. In response to proposals for the
development of Alderney’s waters as a tidal power site in 2006
and 2007, environmental baseline boat- and land-based surveys
were conducted according to COWRIE guidelines to record seabird
and cetacean activity [37]. The EIA report found little foraging
activity of Gannets in the proposed test site areas. While this may
not be surprising, given that this species has a foraging range of up
to 440 km and foraging trip duration of up 20.5 h [38], it may not
have been possible to fully evaluate the use of this area with a
vessel-based approach. Those that were recorded in these surveys
were likely to be breeding in the Channel Islands. However,
Alderney’s waters are well within the foraging range of the south-
ernmost colony of Gannets, on the French islet of Le Rouzic where
11,500 pairs of Gannet breed [39]. A disadvantage of using only
vessel- and land-based surveys is that they provide no information
on the breeding locations of the Gannets recorded. Breeding
Gannets were GPS-tracked with the aim of determining the main
foraging areas of this population and to quantify their use of local
waters (within the test site area) as well as waters outside of the
Channel Islands legislative control, particularly considering that
there are currently 13 MREI development sites located within the
potential foraging range of Alderney’s Gannet colony [40–42]. The
similarity of foraging trips made by each individual was also
examined to allow a preliminary assessment of the repeatability
of foraging behaviour of individuals from this colony.
2. Methods

2.1. Data collection

IgotU GT-120 GPS data loggers (Mobile technology, UK) were
attached with waterproof tape (Tesa, Extra Power) [43] to the tail
feathers of 23 chick-rearing Gannets breeding on the offshore
stack Les Etacs, Alderney, Channel Islands on the 6th June 2011
and recovered 3, 4 or 5 days later. Birds were selected at random
and gender was not determined. Loggers were set to record a
position every two mins during deployment which was later
interpolated to every 10 s using the R package ‘‘Trip’’

2.2. Home-range analysis

The term ‘‘home-range’’ for the purposes of this study refers to
‘‘a minimum area in which an animal has some specified prob-
ability of being located’’ [44]. Home range estimates were derived
from tracking data using the R package ‘‘adehabitatHR’’ to calculate
the 50% utilisation distribution of a pooled sample of the first two
foraging trips. This 50% utilisation distribution corresponds to the
smallest area in which the probability to relocate the animals is
equal to 0.50 and is considered to be the most heavily used area
known as the area of core use [45,46]. The 95% utilisation distribu-
tion was also calculated; this is considered the area of active use
and the minimum area where 95% of all fixes are located. In all
cases home-range areas were calculated using the bivariate normal
kernel (the ad hoc method [47]). The 50% core area of use and the
n the foraging behaviour of Northern Gannets: Implications for
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Fig. 1. Home range areas predicted from 15 Gannets tagged on Les Etacs, Alderney

(dark grey¼core foraging area; black hatch¼area of active use) and locations of

offshore renewable energy developments (pentagon symbol¼Alderney tidal power

site, square symbol¼concept/early planning stage development, triangle symbol

¼round 3 wind farm, circle symbol¼consent application submitted).

Fig. 2. Core foraging areas of the 10 individual foraging trips made by 8 Gannets that

overlapped with renewable energy developments. (pentagon symbol¼Alderney tidal

power site, square¼concept/early planning stage development, triangle¼round

3 wind farm, circle¼consent application submitted).

L.M. Soanes et al. / Marine Policy ] (]]]]) ]]]–]]] 3
95% area of active use were also calculated for each individual’s first
and second foraging trips.

The foraging behaviour of Gannets has previously been divided
into categories; (1) out flight, (2) return flight, both (1) and
(2) usually characterised by high flights speeds and high sinuos-
ity, (3) diving for prey, (4) drifting on the sea surface, usually after
feeding, and (5) hunting or search flight (characterised by med-
ium flight speeds) [48]. Whilst we do not attempt to define the
different foraging behaviour of Gannets tracked in this study, we
suggest that the 50% core area of use is likely to represent core
foraging areas based on the rational of Gremillet et al. [34] that a
Gannet actively exploiting a prey patch will spend more time in a
given area than when commuting between feeding patches. The
95% area of active use is likely to include all types of foraging
behaviour including out and in-bound flight to and from the
colony, which can be used to infer important flight paths that may
be affected by MREIs. As we are using the predicted 50% core area
to represent core foraging areas we removed darkness hours from
any foraging trips (between 22:00 and 04:00 BST) to remove fixes
where Gannets were sat on the sea at night and therefore not
actively foraging. We compared the home-range areas predicted
when these night time fixes were left in the analysis and when
they were removed and found very little difference in the
predicted areas, with 70.3% overlap in the 50% core foraging
areas, but for the purposes of this paper night-time fixes remain
removed.

2.3. Relationship of foraging areas to offshore renewable energy

developments

Using ArcMap 9.3 the core foraging area and area of active use
of the pooled sample of the first two trips made by our tracked
Gannets and the core foraging area and area of active use of each
individual foraging trip that was made by these Gannets was
plotted along with the locations of potential offshore wind and
tidal power developments at various stages of planning and
consent on the South Coast of England [40,41] and the Normandy
Coast of France [42]. We then determined the number of potential
offshore developments within the pooled sample’s core foraging
area and area of active use, and also noted how many of the core
foraging areas and areas of active use of individual foraging trips
overlapped with potential development sites.

2.4. Foraging trip characteristics and repeatability

From our sample of successfully tracked birds we calculated
foraging trip duration, total trip distance and the maximum
distance travelled from the colony for the first two trips made
by each Gannet using ArcMap 9.3. The value of each of these
variables for the second trip was plotted as a function of the value
for the first trip and Pearson’s correlation was performed in
Minitab (Version 15). We also used Bland and Altman’s approach
[49] of measuring agreement in methods (in this case between
Table 1
Summary of mean (7SD) foraging trip data recorded in this study com

other UK and French colonies.

Les Etacs,

Alderney

Number of Gannets tracked 17

Foraging trip duration (h) 17.6 (76.5)

Total trip distance (km) 289 (7115)

Maximum distance travelled (km) 106 (743)

Please cite this article as: Soanes LM, et al. Individual consistency i
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the first and second foraging trip made by an individual) to
analyse our data. In this procedure, the mean of each foraging
characteristic (foraging trip duration, total trip distance and
maximum distance travelled from colony) for the first and second
pared to foraging trip data recorded from chick-rearing Gannets at

Rouzic Island,

Brittany [57]

Bass Rock,

Scotland [58]

Grassholm,

Wales[59]

20 13 23

17.8 (78.6) 21.5 (76.7) 25.1 (717)

479 (7206) 440 (7234) 370 (7251)

100 (735) 155 (765) –
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foraging trips was calculated, as was the difference between
them. This calculated difference was then plotted as a function
of the mean of that characteristic. Visual comparison of the
systematic bias (the overall mean difference) and its limits of
agreement (confidence intervals) with the plotted data and zero,
within the Brand–Altman plot, revealed whether or not there
were consistencies in the foraging characteristics between the
first and second foraging trips made by an individual. The
difference in direction travelled of the first and second foraging
trip made by each individual from the colony to the centre of its
core foraging area was determined using the circular statistic
Watson Williams F-test [50] in Oriana for Windows 1.06 (Kovach
Computing Service, Pentraeth, UK). The percentage area overlap
(7SEM) in the core foraging area and the area of active use
between the first and second trips made by each individual was
also calculated using ArcMap 9.3. After testing for normality a two
sample t-test in Sigmaplot 11.0 was used to test if there were
Fig. 3. Comparison between the first and second foraging trips made by 15 Gannets, co

trip distance, (d) maximum foraging distance from a colony, and (e) trip duration. Dashe

was maximum distance from colony.

Please cite this article as: Soanes LM, et al. Individual consistency i
interactions with offshore renewable energy developments. Mar. Po
significant differences in the time spent foraging of those indivi-
duals whose core foraging areas overlapped compared to those
whose areas did not overlap.
3. Results

Of 23 birds tracked, 17 were recaptured and the loggers
retrieved; two others were sighted again at the colony but not
recaptured. Access to the birds was limited due to logistical
difficulties in accessing the field site and to limit disturbance to
the breeding birds. This meant that further re-sighting or recapture
opportunities were not available. Individual Gannets made 1–4
foraging trips during the deployment period, with 15 individuals
making at least two trips and these data were used in the majority
of analysis. The mean foraging trip duration of all trips undertaken
mparing (a) the core area of use and (b) the area of active use, (c) average foraging

d line indicates the line of equality. The only parameter with significant correlation

n the foraging behaviour of Northern Gannets: Implications for
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Fig. 4. The bearings of (a) the first foraging trip (b) the second foraging trip made

by 15 Gannets. Number of trips made in each direction are represented by the

frequency bars.
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by the 17 birds tracked was 17.6 (76.5) h (Table 1), and mean time
spent at the colony between trips was 19.5 (72.0) h (n¼15).

3.1. Relationship to offshore renewable energy developments

The core foraging area of the pooled sample of the first two trips
made by 15 Gannets overlapped with five MREI sites (four in French
waters and the Alderney tidal site), whilst the area of active use
overlapped with nine MREI sites (seven in French waters, one in UK
waters and the Alderney tidal site). When examining the predicted
core foraging areas of the first and second foraging trips made by
each individual Gannet we found that five individuals had one
foraging trip that overlapped with a proposed offshore wind
development, two individuals had both their first and second trip
overlapping with an offshore wind farm development and one
individual had one foraging trip that overlapped with the proposed
tidal power development site in Alderney. When considering the
wider area of active use, five individuals had one foraging trip that
overlapped with proposed offshore wind developments, and nine
individuals had both trips overlapping. Of the 23 foraging trips that
overlapped with offshore wind developments 17 also overlapped
with Alderney’s tidal power development site (Figs. 1 and 2).

3.2. Foraging trip characteristics and repeatability

When comparing the foraging characteristics of an individual a
significant correlation was found between the first and second
foraging trips when considering the maximum distance travelled
(R¼0.789, n¼15, po0.001), indicating repeatability between the
first and second foraging trips for the maximum distance tra-
velled by an individual (Fig. 3d). However, no significant correla-
tions were found between the first and second foraging trips
when considering the core foraging area, the area of active use,
total distance travelled from the colony, and trip duration (Fig. 3).
Suggesting little repeatability between the first and second
foraging trips when considering these characteristics. However,
no significant difference was found in the direction travelled by
an individual on its first and second foraging trips (Fig. 4)
indicating significant repeatability between trips in the direction
travelled by an individual.

The Bland–Altman plots plotted to test the agreement between
the first and second foraging trips made by an individual revealed
that the systematic bias (mean difference expressed as a percen-
tage of the mean value of each foraging characteristic) was close
to zero with large limits of agreement (confidence intervals) and
large variability in data points for all foraging characteristics;
percentage overlap, trip duration, and total distance travelled,
suggesting low repeatability with the exception of maximum
distance travelled from the colony which revealed relatively small
limits of agreement (Fig. 5).

When examining the percentage overlap between the first and
second foraging trip made by each Gannet we found that on
average there was 1675% overlap in the core foraging area, with
10 individuals exhibiting some area overlap between trips, and on
average 2573% overlap in the area of active use, with all 15
Gannets having some overlap in area between their first and
second foraging trips. Individuals that exhibited overlap in their
core foraging areas did not spend significantly more or less time
on foraging trips compared to those that exhibited no overlap
(p40.05).

4. Discussion

Foraging trip duration and the maximum distance travelled
were comparable to those recorded at other UK and French
Please cite this article as: Soanes LM, et al. Individual consistency i
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colonies [29,38,51] whilst mean foraging trip distance was lower
compared to all other colonies (Table 1). The conclusions drawn
in this study are based on the tracking data of 15 Gannets from a
colony of 6900 pairs so we cannot assume that all foraging areas
used by the colony were revealed. However, it is interesting that
foraging trips were made in four discrete locations; (1) to the
south coast of England, (2) south towards Jersey (3) eastwards
around the Cherbourg peninsula and (4) towards the French coast
of Le Havre (Figs. 1 and 2).

The pooled core foraging area predicted from analysis of the first
two trips of 15 Gannets revealed that this area overlapped with
three French MREIs at the concept or early planning stage of
development and the Alderney tidal power development site
(Fig. 1). When examining the core foraging areas of individuals,
over half of all birds sampled (8 individuals) had core foraging areas
that overlapped with proposed MREI developments (Fig. 2). Of
these eight individuals, six overlapped with developments in
French waters, one in UK waters. We recorded only one out of 15
individuals whose core foraging area overlapped with the proposed
Alderney tidal power development, compared to 9 individuals
whose area of active use overlapped with the site. Since the core
area represents where the individual spends 50% of its time [46], it
represents the most heavily used and most likely foraging areas for
the Gannet [34]. Therefore whilst most Gannets breeding on Les
Etacs do spend time within the proposed Alderney test site area,
they are likely to be using this area as a flight path to and from the
n the foraging behaviour of Northern Gannets: Implications for
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colony rather than as an important foraging area. These results
highlight the need to look at the ‘‘bigger picture’’ when considering
the effects that offshore renewable energy developments may have
on seabird populations and for increased collaboration not just
nationally, but within Europe when considering the effects of
offshore renewable energy developments. This is particularly
important as there are wide variations between requirements
placed on developers in individual member EU states to fund and
prepare environmental impact assessments [13].

We propose that as part of the integrated monitoring approach
as proposed by COWRIE [53] that tracking studies of seabirds at
important colonies within the range of offshore wind farm
developments should also be a requirement, to provide valuable
information on a colony’s use of an area and dependence on
particular areas, and that this data should be made freely avail-
able to multiple regulatory bodies. Tracking studies can be
relatively cheap to conduct with the GPS loggers used in this
study costing less than £50 and can provide useful information on
the foraging behaviour of a colony in shorter time scales, which
Please cite this article as: Soanes LM, et al. Individual consistency i
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can be useful in identifying potentially important foraging areas
or for identifying colonies that may be at most risk early on in the
EIA process compared to boat-based and aerial monitoring. For
example when analysing the foraging tracks of Gannets tracked in
this study along with those tracked from the nearby colony of
Rouzic [29], it seems likely that Gannets recorded on the boat-
based surveys of Alderney’s waters conducted in 2006-07 were
Gannets breeding on Les Etacs rather than Rouzic island, even
though Alderney’s waters are well within the foraging range of
both colonies. We can only conclude this as tracking data are
available for birds from both colonies.

Although not significant for all individuals, when examining the
foraging behaviour of the Gannets in this study a quarter of those
tracked exhibited some overlap with an average of 16% overlap in
their core foraging areas and 25% overlap in their areas of active
use. Similarities were also found between the first and second trips
made by an individual in the maximum distance they travelled and
the direction in which individuals travelled but no significant
relationship between the first and second foraging trips when
n the foraging behaviour of Northern Gannets: Implications for
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considering foraging trip duration and the total trip distance. These
results suggest that individual Gannets appear not to be particularly
dependent on any specific sites and that there is significant
variation in the amount of time an individual spends searching
for food. Furthermore, individuals that did show overlap in their
foraging areas did not show a reduction in time spent foraging, thus
suggesting no particular advantage to re-visiting the same foraging
area on consecutive trips. However this is a preliminary conclusion
based on just two foraging trips per individual, and further work in
this area may reveal more information on the consistency of
foraging trips within individuals. At the population level, there is
a general consistency in the broad areas that they forage within
(Figs. 1–3) with four main areas used. The repeatability of an
individual’s foraging behaviour has been demonstrated in previous
studies [35,54] whereas others report changes in foraging beha-
viour. For example, Torres et al. [55] found that the white-capped
albatross Thalassarche steadi had highly variable and adaptable
foraging destinations in response to fisheries.

Tracking studies allow us to gauge how much any particular
colony, or individual, may depend on certain foraging areas. Our
study has revealed that important foraging areas can be relatively
easily identified and related to proposed MREIs and we have
provided baseline data, prior to any installation, of the foraging
behaviour of this colony. It appears that the waters around
Alderney are not heavily used foraging areas for the Gannets
breeding there, with them being more likely to be affected by
obstructions to their flight path around the colony rather than
underwater installations. This pilot data set indicates that the
population could potentially be more affected by MREI develop-
ments in French waters rather than the Alderney tidal power
development. However behaviour may change between years so
further years of tracking should be conducted to further support
this finding. Few studies have investigated how individuals may
adapt to disturbances in their preferred foraging areas as a result
of MREIs but tracking studies again can provide an ideal resource
to further the understanding in this field using a Before-After-
Control-Impact approach [56]. We recommend that the tracking
of important seabird colonies that may use the same waters of
any proposed MREIs become an integral part of the EIA, along
with more international collaboration on the EIA process.
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