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Abstract
The main type of zonal conservation approach corresponds to Marine Protected Areas(MPAs), which are spatially defined and generally static entities aiming at the protectionof some target populations by the implementation of a management plan. For highlymobile species the relevance of an MPA over time might be hampered by temporal vari-ations in distributions or home ranges. In the presentwork, we used habitatmodel-basedpredicted distributions of cetaceans and seabirds within the Bay of Biscay from 2004 to2017 to characterise the aggregation and persistence of mobile species distributionalpatterns and the relevance of the existing MPA network. We explored the relationshipbetween population abundance and spatial extent of distribution to assess the aggre-gation level of species distribution. We used the smallest spatial extent including 75%of the population present in the Bay of Biscay to define specific core areas of distri-butions, and calculated their persistence over the 14 studied years. We inspected therelevance of the MPA network with respect to aggregation and persistence. We foundthat aggregation and persistence are two independent features of marine megafaunadistributions. Indeed, strong persistence was shown in both aggregated (bottlenose dol-phins, auks) and loosely distributed species (northern gannets), while some species withaggregated distributions also showed limited year-to-year persistence in their patterns(black-legged kittiwakes). We thus have demonstrated that both aggregation and persis-tence have potential impact on the amount of spatio-temporal distributional variabilityencompassed within static MPAs. Our results exemplified the need to have access to aminimal temporal depth in the species distribution data when aiming to designate newsite boundaries for the conservation of mobile species.
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1. Introduction
Marine Protected Areas (MPAs) are spatially defined and are generally static entities aimingat the protection of some target populations through the implementation of a management plan(Kelleher, 1999). In general, MPA design aims at optimising the protection of key areas of distri-butions by encompassing high spatial aggregations of individuals within rather small protectedareas, i.e. the critical habitats of target species (Hooker and Gerber, 2004). Critical habitats of aspecies include the habitats required for successful breeding and foraging ensuring its survivaland population growth. In the case of endothermic top predators (i.e. seabirds and marine mam-mals), these critical habitats can be separated in both space and time, sometimes very distantlyapart, as these species can cover thousands of kilometres per year (as for seabirds, pinnipeds orbaleen whales for example; Game et al., 2009; Lewison et al., 2015).For seabirds and pinnipeds, resting and breeding sites are well-known critical habitats, asseabird colonies and seal haul-out sites are generally well identified, and their protection is madeeasier by the aggregation of large amounts of individuals in restricted coastal areas (Game et al.,2009) (Kelleher, 1999). However, the time spent within these areas is often small compared tothe time spent outside, where species remain unprotected despite potentially important cumula-tive threats (Hooker and Gerber, 2004). Yet, both foraging habitats and access to these foragingresources are subject to a combination of major threats (acoustic and chemical pollutions, physi-cal habitat destruction, marine debris, overfishing) and would require adequate protection. Dueto the lack of knowledge about the at-sea distributions of marine top predator, especially inoceanic waters (Game et al., 2009), their protection remained poor. In the past few years, efforthas been made toward extension of the coastal networks of marine protected areas (MPAs) tooffshore waters in order to encompass such particular areas (e.g. Arcos et al., 2012; Delavenneet al., 2017; Garthe et al., 2012; Heinänen and Skov, 2015; Notarbartolo Di Sciara et al., 2008;Skov et al., 2007). This is particularly the case in the European Union where Member Statesare currently designating offshore sites completing the existing coastal networks of MPAs (seeINPN, 2018, in France).Although this effort of extension to the offshore top predators diversity hotspot is of crucialimportance, the relevance of zonal strategies (i.e. establishing static MPAs) can be questionedfor the conservation of highly mobile marine endothermic predators. Indeed ocean is highly dy-namic in both space and time (Game et al., 2009; Longhurst, 2007), and mobile endothermic top
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predators are known to track the spatially and temporally varying features of interest to sustaintheir growth and reproduction (Ballance et al., 2006; Weimerskirch, 2007). Despite some site-fidelity linked to particular phase of their life cycle (i.e. reproduction, especially for seabirds orpinnipeds), habitat preferences exhibited by endothermic top predators when at-sea could beexpected to vary depending on the environmental conditions experienced by species on a partic-ular year and at a particular season (Lambert, Authier, et al., 2018; Lambert, Pettex, et al., 2017).These temporally varying preferences might induce more or less important variations in distri-bution. For example, a breeding seabird should adjust its at-sea habitat use depending on theavailable environmental conditions around its colony, or odontocetes should change their distri-bution to match the spatial variation of their favourable habitats between years. These spatialvariations in distribution might thus lead to variations in the relevance of a static MPA over years(Game et al., 2009; Lewison et al., 2015). Species with loose distribution or with strong temporalvariations might more benefit from non-zonal conservation approaches, such as full national orinternational protection. As a result, a better understanding of the aggregation and persistenceof distributional patterns of target species would ultimately help to make choice between policyinstruments.This study aimed at elucidating the effect of predator mobility on static MPA relevance inthe Bay of Biscay (BoB), France, where oceanographic multi-disciplinary cruises have been con-ducted every spring since 2003. All seabirds and marine mammals are fully protected at the na-tional level (against destruction, mutilation, capture, transport. . . ) in France, but they, and theirhabitat, also benefit from the specific protection and conservation measures provided by vari-ous MPAs designated under diverse jurisdictional status. Seabirds are protected by Natura 2000sites under the European Birds Directive, while marine mammals and their habitat are protectedunder the Natura 2000 Habitat Directive (only four species: harbour porpoise, bottlenose dol-phin, grey and harbour seals). Both taxa are protected by a set of Marine Natural Parks as well.Within the Bay of Biscay, in 2018, 99 MPAs include 3 Marine Natural Parks (French Marine Nat-ural Parks, 2019), 58 Natura 2000 sites designated under the Habitats Directive and 38 Natura2000 sites designated under the Birds Directive (INPN, 2018). Among those Natura 2000 sites,two offshore sites of large extent have been designated in 2018 to achieve the EU MemberStates objectives of offshore waters protection (Delavenne et al., 2017; Journal Officiel, 2018).We explored the implication of species mobility for zonal conservation strategies by follow-ing two main steps: (i) characterising the distributional patterns of mobile species based on twoparameters, their aggregation level and their persistence; (ii) assessing the relevance of existingMPAs regarding those two parameters. We computed predictions of the distribution of eighttaxa (seven seabirds, one cetacean) for each year from 2004 to 2017 in the Bay of Biscay basedon habitat modelling computed from oceanographic cruise data. We identified the aggregationlevel of species from the relationship between population abundance and spatial extent of distri-bution, expecting aggregated species to have a large proportion of their population located intosmall areas. We defined the smallest spatial extent including 75% of the Bay of Biscay popula-tion (following a method similar to the one implemented by Nur et al., 2011) as the core area ofdistribution of a species, and their persistence was calculated over the 14 studied years. Finally,we explored whether the MPA network would actually be adequate for the protection of theeight studied groups of species in respect with their core areas of distribution and their persis-tence, and discussed the implication of such spatially varying distributions for the conservationof mobile marine predators through static MPAs.
2. Material and Methods

2.1. Data source.
This study builds from observation data obtained through the pelagic ocenographic cruisesPELGAS (PELagiques GAScogne), conducted by IFREMER (French research institute for the ex-ploration of the sea) onboard the research vessel Thalassa, which sample long transects perpen-dicular to the coast over the shelf every year in May/June (Figure 1a; Doray et al., 2018). Toppredator observations were collected following a line transect protocol (Buckland et al., 2001)
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Figure 1 – (a) Study area and theoretical sampling design of PELGAS survey. Names offour main estuaries in white, names of other geographical localities and main canyons inblack; (b) FrenchMarine Protected Areas (MPAs) in the Bay of Biscay and English Channel.This study considered only sites overlapping the survey area. Birds Directive sites wereassessed only for seabirds, Habitats Directive sites only for cetaceans.

over the period 2004–2017. In-situ environmental variables were routinely collected along tran-sects: surface and bottom temperatures, salinity, mixed layer depth and surface chlorophyll aconcentration (Doray et al., 2018).
Our analysis builds from the habitat models produced by and described in (Lambert, Authier,et al., 2018). The habitat modelling procedure mostly used environmental variables collectedin-situ during the oceanographic cruises, but also some environmental variables derived fromremote-sensing sources and from bathymetric grid of the ocean (Appendix A). The proceduretakes into account the variability of habitat preferences across years by selecting between aglobal model (considering the relationship with environmental variables similar over years) andan interaction model (integrating the interaction between variables and years, allowing the rela-tionship to change between years). The habitat modelling procedure is detailed in the AppendixA, along with maps of predicted densities in individual per square kilometres for each studiedyears (2004–2017) for the eight taxa.
Here, we discarded the common dolphin from the set of studied species from (Lambert, Au-thier, et al., 2018) as habitat modelling failed to predict correctly their distributions, but consid-ered three more taxa, whose distribution were predicted following the same procedure. Dur-ing at-sea data collection, some individuals are impossible to tell apart between closely relatedspecies exhibiting close morphology and behaviour. As a result, we focused on a set of individ-ual species and taxa composed of several closely related species: bottlenose dolphin (Tursiops

truncatus); northern fulmar (Fulmarus glacialis); small-sized shearwaters (Manx Puffinus puffinusand Balearic P. mauretanicus shearwaters); storm petrels (European Hydrobates pelagicus, Leach’s
H. leucorhous and band-rumped Hydrobates castro storm-petrels); northern gannets (Morus bas-
sanus); great skua (Catharacta skua); auks (common guillemot Uria aalge and razorbill Alca torda);black-legged kittiwake (Rissa tridactyla).
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2.2. Distribution patterns.
2.2.1. Aggregation level. We first transformed density maps from habitat models to abundancemaps by multiplying predicted density by cell surface. The abundance maps were then trans-formed into proportion maps, i.e. the abundance of each cell was related to the total abundancepredicted within the study area (sum all cells within the PELGAS stratum). For each species andeach year, all cells were sorted by decreasing predicted proportions and the cumulative sumwascomputed. We explored the aggregation level of each species distribution by plotting the cumu-lative sum of abundance proportion against the corresponding cumulative sum of surface foreach species and year. Aggregated species were identified as species with high proportions ofpopulation concentrated into small surface versus larger surface for broadly distributed species(relationship closer to linearity).
2.2.2. Core areas of distribution and their persistence. The smallest spatial extent including 75%ofthe population identified the core areas of distribution of studied taxa. Based on the cumulativesum of abundance proportion, the set of cells containing 75% of the population was assignedthe value of "1", all remaining cells were assigned "0".The persistence of core areas was calculated as the number of years each cell belonged tothe core area (category 1). Habitat models being built on in-situ variables, some cells have noprediction for years during which they were not sampled. To take into account this variation, thenumber of years a cell belonged to the core area was divided by the number of years each cellwas sampled. The persistence was thus expressed as the proportion of sampled years a cell wasincluded in the core area of distribution.
2.3. MPA relevance within the Bay of Biscay.

The proportions of core areas of distributions actually falling within MPAs for each studiedyear was quantified to assess the relevance of MPAs within the Bay of Biscay: we considered allcells of the core area whose centre was inside anMPA as included in that MPA.We quantified aswell the proportions of persistent cells (i.e. belonging to the core area at least 50% of surveyedyears) whose centres fall within MPAs.We assessed Bird Directive sites for seabirds, and Habitats Directive sites for bottlenose dol-phin (Figure 1b). The Bird Directive sites target the protection of bird species, while the HabitatsDirective sites aim at protecting, among other species, the bottlenose dolphin habitat. We onlyconsidered sites overlapping with the study area.
3. Results

3.1. Habitat modelling.
The interaction model was selected for most species (all but bottlenose dolphins and stormpetrels; Appendix A), indicating their relationship to their habitat might vary to some extentacross years. Selected models resulted in reasonably good explain deviances (from 21.7% forstorm petrels to 58.9% for black-legged kittiwakes, with an average of 40.5%) and fitted wellthe observed distribution of species across years.The seven studied taxa exhibited different predicted distribution patterns (Figure 2; see Ap-pendix A for yearly predicted distributions). Bottlenose dolphins exhibited the less variable andmost aggregated spatial distribution, with a very clear preference for the shelf edge (AppendixA3). Kittiwakes also exhibited an aggregated distribution, with highest predicted densities alongthe coast of northern BoB (Appendix A4). Auks were the third most aggregated taxon, occurringmostly along the coast during the fourteen years, especially within river plumes (Appendix A5).Storm petrels were predicted over the whole northern BoB shelf and offshore Basque country(Appendix A6). The northern fulmars were mostly predicted over the slope and outer shelf of theBoB, avoiding coastal areas, during the fourteen years (Appendix A7). The distribution of small-sized shearwaters varied more between years, but they remained mostly predicted in inner andcentral shelf areas of the northern BoB (Appendix A8). Northern gannets were distributed overthe whole BoB, with higher densities in the northern part (Appendix A9).

Charlotte Lambert et al. 5

Peer Community Journal, Vol. 1 (2021), article e39 https://doi.org/10.24072/pcjournal.46

https://doi.org/10.24072/pcjournal.46


Figure 2 – Predicted densities (individual/km2) averaged over the fourteen studied yearsfor the seven studied taxa.

3.2. Aggregation levels.
We expected species with an aggregated distribution to have high proportions of populationin small surface compared to species with a loose distribution.Bottlenose dolphins, black-legged kittiwakes and auks presented the highest aggregation lev-els among the studied species, their core areas showing the smallest spatial extent (Figure 3). Inaverage, 75% of the population was encompassed within 20, 23 and 25% of the study area, re-spectively. The curves rapidly reached this value, then the proportion of population levelled offwith the increase of stratum surface proportion. The aggregation level varied somehow acrossyears for bottlenose dolphins and auks, but the overall relationship remained the same through-out the studied years (Figure 3). Bottlenose dolphins core areas were restricted to the shelf edgeduring all the studied years (Appendix B1), while auks were mostly aggregated over river plumesfrom the Vilaine to Gironde estuaries, with some years core areas occurring within the Adourriver plume (2004–2009; Appendix B3 ; see Figure 1 for location of these estuaries). However,the black-legged kittiwake distribution showed different pattern of aggregation during three ofthe studied years, being highly aggregated in a few cells in some years (2017), but broadly dis-tributed in two others (relationships tending toward linearity, 2005–2006; Figure 3). Overall,black-legged kittiwakes were mainly aggregated in southern Brittany, with an extension downto the Gironde estuary during some years (Appendix B2).An intermediate aggregation level in distribution was observed for storm petrels, northernfulmars and small-sized shearwaters, with, in average, 75% of the population included in 36, 39and 42% of the study area, respectively (Figure 3). A similar pattern was observed for all studiedyears, showing only limited variations, for storm petrels and northern fulmars. Storm petrels hada main core area located in the northern part of the BoB, whose extent varied somehow acrossyears, and a secondary one over the shelf edge of the southern BoB during some years (AppendixB4). Northern fulmar core areas were consistently located over the outer shelf of the northern
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Figure 3 – Relationships between the proportions of population covered and the corre-sponding proportions of stratum surface for the seven studied taxa. Annual relationshipsare dotted grey lines, the averages over the fourteen years are plain black lines. The 75%of population threshold used to determine core areas is shown in grey.

part of the study area (Appendix B5). The small-sized shearwaters aggregation level increasedthroughout the studied years (Figure 3) due to a contraction of their core areas in the north ofthe study area (Appendix B6). The spatial extent covered by 75% of the population shifted from50–60% of the study area (broad distribution, with a relationship tending toward linearity) in2004–2010 to 21% in 2017.Northern gannets exhibited broad distribution with reduced aggregation level (Figure 3; Ap-pendix B7). Their relationships between population and surface was almost linear, with very fewvariations across years. In average, 75% of the population occupied 45–60% of the study area.
3.3. Persistence of core areas.

Bottlenose dolphins exhibited the largest spatial consistency across years, and their core areaof distribution was strongly persistent (Figure 4a): the bottlenose dolphin core area of distribu-tion (representing only 21% of the study area; Figure 4b) was located over the shelf edge 100%of surveyed years, and the vast majority of the BoB was never encompassed within the speciescore areas. Kittiwakes had the lowest core areas persistence due to the spatial variation of itscore area across years (Figure 4a). Kittiwakes were nevertheless located off Brittany and alongthe Vendée coast during more than 50% of the studied years, which represented 21% of thestudy area (Figure 4b). The extreme north of the BoB had a persistence larger than 80% of years,but those cells were sampled during less than 10 of the studied years. Auks’ core areas had strongpersistence, with estuaries being included in a core areas more than 50% of surveyed years (Fig-ure 4a), resulting in a persistent area (i.e.more than 50% of surveyed years) representing 29% ofthe study area (Figure 4b). The rest of the shelf was never used by auks. The storm petrels’ core

Charlotte Lambert et al. 7

Peer Community Journal, Vol. 1 (2021), article e39 https://doi.org/10.24072/pcjournal.46

https://doi.org/10.24072/pcjournal.46


area located in the northern BoB was persistent across years (>80% of surveyed years; Figure4a). The second core area, located in the southern BoB, was a bit less persistent (about 50% ofsurveyed years). The persistence of northern fulmar core areas was high, with a large area overthe outer shelf being included in core areas more than 90% of years the cells were surveyed(Figure 4a). The same occurred for small-sized shearwaters, for which a large amount of cellswas persistent more than 80% of surveyed years, from the southern Brittany to the Girondeestuary (Figure 4a). For those three species, 45, 45, 48% of the survey area was persistentlyincluded in core areas (i.e. more than 50% of surveyed years; Figure 4b). The northern gannetswere widely distributed over the BoB across all the years, and all cells were included in a corearea at least during one year (Figure 4a). The most persistent areas were located off Brittany andoff the Gironde estuary. 65% of the Bay of Biscay belonged to a core area for at least 50% ofsurveyed years (Figure 4b).

Figure 4 – (a) Persistence of core areas of distributions by species. The persistence isexpressed as the proportion of surveyed year a cell was included in species’ core area ofdistribution (in percent). (b) Spatial extent of persistent area by species, expressed as theproportions of the study area included in core areas more than 50% of the studied years,in percent.

3.4. MPA relevance within the Bay of Biscay.
In the BoB, the Bird Directive sites are currently covering 68% of the stratum cells, HabitatsDirective sites 58%. The above-identified core areas of distribution covered variable proportionsof the study area, depending on species but also depending on years. The aggregation levels ofspecies and the location of core areas led to varying amount of core areas being actually includedwithin MPAs.Thanks to their aggregated and persistent distribution over years, the proportion of bot-tlenose dolphin core areas within MPAs did not vary much, but was quite high thanks to thenew offshore Habitats Directive site covering the shelf edge (42–67%; Figure 5). The proportionof core areas of black-legged kittiwakes in MPAs were highly variable across years, from 21% to80% (100% in 2017 when the core area was made of only 1 cell; Figure 5), as a result of their
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core areas being poorly persistent. Aukswere among species with aggregated distribution persis-tent over time, resulting in fairly high proportion of core areas in MPAs, from 35 to 68% (Figure5). Storm petrels, northern fulmars, small-sized shearwaters were more widespread, their largercore areas being well persistent. As a result the proportion of their core areas in MPAs weremedium, and showed low variation across years (24–35% for storm petrels, 33–51% for north-ern fulmars, 19–37% for small-sized shearwaters; Figure 5). Northern gannets were widespread,with large core areas, but these showed some variations in distribution across years, leading tovariable proportions of core areas covered by MPAs, from 25 to 59% in MPAs (Figure 5).The proportions of persistent area (i.e. area included in core areas more than 50% of thestudied years) included inMPAs varied across species (Figure 6). Thanks to the strong persistenceand aggregation of their core area over the shelf edge, 59% of the bottlenose dolphin persistentareawas included inMPA (the largest proportions among studied species; Figure 6). Black-leggedkittiwakes, auks, northern fulmars, small-sized shearwaters and northern gannets showed similarmedium proportions of persistent area in MPAs (34–49%, Figure 6). Storm petrels persistentareas were the least covered by MPAs, with only 32% (Figure 6).

Figure 5 – Proportions of core areas encompassed within existing MPAs (Marine NaturalParks and Bird Directive sites for seabirds; Marine Natural Park and Habitat Directivesites for bottlenose dolphins) along the fourteen years for the eight studied groups ofspecies, in percent. The proportion is indicated in each bar.

4. Discussion
TheBay of Biscay is a rather small area compared to some offshoreMPAs implementedworld-wide, such as the Pelagos Marine Sanctuary or the Coral Sea Commonwealth Marine Reserve,
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Figure 6 – Proportions of persistent areas (cells included in core areas more than 50% ofthe studied years) encompassed within existing MPAs (Marine Natural Parks and Bird Di-rective sites for seabirds; Marine Natural Parks and Habitat Directive sites for bottlenosedolphins) for the eight studied species, in percent. The proportion is indicated in each bar.
but the surveys conducted annually since 2004 were a unique opportunity to investigate someof the main limitations of zonal conservation strategies for mobile species (Game et al., 2009;Wilson, 2016). Those limitations are linked to the mobility of animals, in terms of movementsand relationships to habitat, but also to the variability of pelagic habitats, which are hard to char-acterise and highly dynamic in space and time. These combined factors lead to the conclusionthat for such species, a relevant protection would necessitate larger areas as movement ratesincrease (Hooker and Gerber, 2004; Lewison et al., 2015). However, marine predators representa wide range of species with various distributional patterns, and many species are known to tar-get discrete and predictable oceanographic features (Ballance et al., 2006; Weimerskirch, 2007).Such aggregated species might well benefit from zonal conservation approaches (Oppel et al.,2018). In addition, some species might be more vulnerable within a small proportion of theirrange. All these elements make possible to meet conservation objectives by focusing on a fewcritical areas (Game et al., 2009).Here, we aimed at investigating the effect of temporal variability in distribution for a setof marine top predators on the potential protection by static MPAs. First, we were successful incharacterising the habitats available within our study region thanks to the use of a PCA based onin-situ environmental conditions monitored simultaneously to the megafauna survey (Lambert,Authier, et al., 2018). The quality of models was reasonable to fairly good regarding the stan-dard of habitat modelling for these organisms (good deviances and good predictions–sightingsadequacy; see for comparison: Becker et al., 2014; Breen et al., 2017; Lambert, Pettex, et al.,2017; Vilchis et al., 2006). The habitat modelling highlighted a range of habitat strategies basedon the specificity and inter-annual stability of species preferences. Species exhibiting narrowerhabitat preferences also exhibited stronger stability in their preferences among years (e.g. bot-tlenose dolphins and auks) while the species with wider habitat preferences exhibited highervariability among years (e.g. northern gannets; see Lambert, Authier, et al., 2018). This variabilityof preferences might either originate in species being flexible in their preferences or in the actual
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seasonal timing of the pelagic ecosystem varying in some extent across years, ultimately drivingsome differences in relationships of species to their habitat. Yet, despite this possible variationin seasonal timing, the oceanographic cruise always occur during the reproductive period ofstudied species. As such, we are confident that the conclusion presented here regarding the im-pact of the persistence of distributional pattern on zonal conservation are reliable for adjustingconservation measures during this highly critical period that is the breeding period.
Of course the results presented would benefit from a similar study to be implemented overthe rest of the year. Indeed, previous study highlighted seasonal variations of habitat preferencesand distribution of cetaceans and seabirds in the Bay of Biscay (Lambert, Pettex, et al., 2017;Laran et al., 2017; Pettex et al., 2017), showing limited seasonal differences in distribution forbottlenose dolphins and northern fulmars, but large differences in distribution for black-leggedkittwakes, auks and northern gannets between summer and winter. The small-sized shearwatersare completely absent from the study region during winter. An extension of the present study toother seasons would mostly benefit to black-legged kittiwakes, auks and northern gannets, astheir difference in distribution is in part due to the individuals present in the study area duringwinter being of different population than during summer. Unfortunately however, we still lackdataset with sufficient temporal depth to replicate the present study during other seasons.
Given the observed range of habitat strategies exhibited by taxa studied during their breed-ing period, we found various levels of temporal variability in aggregation and location of core ar-eas according to the species. The relationship between the proportion of population and surfaceclearly identified several species with aggregated distributions on small areas, such as bottlenosedolphins, kittiwakes and auks (75% of the population was concentrated over 22% of the area,in average), and other species with broader distributions, such as northern gannet (75% of thepopulation was spread over 50% of the area, in average). As such, we confirm that for zonal con-servation to be effective for a target species, the latter needs to have an aggregated distribution(Oppel et al., 2018), but these areas of higher density must also be persistent in time. Our resultsshowed varying patterns depending on species,highlighting that aggregation and persistence donot always covary: bottlenose dolphins and auks exhibited aggregated distribution with strongpersistence over the decade; storm petrels, northern fulmars and northern gannets were wide-spread species with medium to high persistence but black-legged kittiwakes were an aggregatedspecies with low persistence.
Theoretically, species withmore persistent distributions should be the easiest to protect withzonal conservation strategy, and themore the distribution is aggregated, the smaller the requiredprotected area would have to be. In our case, it would be possible to design MPAs based on thepersistent distributional patterns for bottlenose dolphins, auks, storm petrels, northern fulmars,small-sized shearwaters and northern gannets. The resulting MPA would be fairly small for bot-tlenose dolphin and auks, thanks to their aggregated distribution, but would be larger for stormpetrels, northern fulmars and small-sized shearwaters (50% of the study area). In case of aggre-gated species with lower persistence (black-legged kittiwakes) and species loosely distributedwith important persistence area (northern gannets) in contrast, the establishment of a zonal con-servation would necessitate a large MPA, to encompass all the observed temporal variability incore area distributions in one case, to encompass the whole persistent area in the other case.Those species might benefit more from non-zonal conservation approaches, such as national orinternational regulation of incidental mortalities linked to fisheries bycatches, or extraction offoraging resources at a larger scale for example. In the Bay of Biscay in particular, all species ben-efit from a generic national and european-level protection from direct destruction, in additionto the particular conservation measures implemented in MPAs.
Here, our goal was not to propose new sites, since manyMPAs already exists which currentlycover 68% of the study area for the Bird Directive sites, 52% for the Habitats Directive sites. Theinvestigation of the overlap between species core areas and theseMPAs showed that bottlenosedolphins and auks, the two most aggregated taxa with strong persistence, had the highest cover-age by MPA with reduced temporal variability. This was achieved through the important coastalnetwork of MPA for auks. The boundaries for Habitats Directive and Bird Directive sites were
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historically proposed mostly based on expert’s knowledge of coastal distributions, with poor in-formation on their temporal variability, and a fortiori on the target species at-sea distributionsleading to a succession of small and large sites along the BoB coast, ensuring a good coverageof the auks distribution. The important coverage of bottlenose dolphin distribution (59% of itscore area) was largely ensured by the new offshore Habitats Directive site (see Figure 1) thathas recently been designated, along with an equivalent Bird Directive site, based on dedicatedlarge-scale surveys (SAMM surveys; Lambert, Pettex, et al., 2017; Laran et al., 2017; Pettex etal., 2017) within French waters to compensate for the previous absence of any protected siteswithin offshore waters (Delavenne et al., 2017).Our results demonstrate the interest of these new sites for the bottlenose dolphin, as theyincluded most of its range, but also for northern fulmars and storm petrels. Those two lattertaxa were more broadly distributed than the bottlenose dolphin, with larger core areas stronglypersistent over the outer shelf. Prior to the designation of the offshore sites, they were as poorlycovered by the coastal network of MPAs as the bottlenose dolphin (Lambert, Virgili, et al., 2017),but here, we demonstrated that the offshore sites contain an important proportion of their per-sistent core areas (32% of storm petrels, 43% of northern fulmars). The BoB slope has recentlybeen identified as an area with important densities of marine species whose distributional rangeup to now poorly overlapped with any MPAs (Klein et al., 2015). Among marine species, mam-mals are the species group with the lowest proportions of species range overlapping with MPAs.Our results demonstrated that the designation of the two new large offshore sites was a cru-cial advance toward the protection of species with offshore distribution (both mammals andseabirds), but remains to be confirmed by the establishment of an efficient management plan, awork in progress at present.Despite these positive points, we showed that fairly large proportions of the core persistentareas (more than half) fell outside MPAs in our study area for all species but bottlenose dol-phins. Yet, the BoB belongs to the ocean’s most impacted areas by cumulative human impacts(Halpern, Frazier, et al., 2015; Halpern, Walbridge, et al., 2008). We can thus wonder whetherthese medium to low levels of protection represent a brake to the effectiveness of conserva-tion strategies implemented within the BoB. In his recent editorial, Wilson, 2016 argue that thelag between the identification and the designation of MPAs would inevitably lead to a drop ofdensities within MPAs, due to the dynamic drivers of species distributions and to their mobilityinducing temporally varying distributional patterns, as shown here. However, the protection ofhalf of a species core area is surely better than providing no protection at all, especially if theprotected areas cover core area with higher threats or species vulnerability (Game et al., 2009):several case studies have shown that protecting critical habitats or reducing area-specific threatscan strongly reduce overall mortality rates in spite of the mitigation action taking part on a smallpart of the species ranges (e.g. Alpine and AHobday, 2007; D Hyrenbach et al., 2006). Therefore,despite the intermediate to limited proportions of core and persistent areas of species distribu-tions within MPAs in the BoB, the target species should theoretically benefit from the imple-mented zonal conservation strategies. This is particularly true for offshore distributed speciesthat had very low level of zonal protection before the establishment of the two offshore sites(Lambert, Virgili, et al., 2017). Obviously, the assessment of the actual efficiency of those bound-aries would be completely dependent on the relevance and efficiency of the management plansto be defined and implemented within each single MPAs (Edgar et al., 2014) and remains to beaddressed at the BoB scale.

5. Conclusion
Our results showed varying levels of temporal persistence in distributional patterns accordingto predator species combined with various levels of aggregation in distribution. The importantresult here was that these two factors did not necessarily covary, since strong persistence wasshown in both aggregated and loosely distributed species, while some species with aggregateddistributions also showed limited year-to-year persistence in their patterns. As a consequence,
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we have demonstrated that these two factors have potential impact on the amount of spatio-temporal distributional variability encompassed within static MPAs implemented over the studyarea. Our results exemplified the need to have access to a minimal temporal depth in the speciesdistribution data when aiming at designating new site boundaries for the conservation of mobilespecies, as this would be the only way tominimize the bias linked to the species and environmentmobility (as discussed by Game et al., 2009; Wilson, 2016).
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