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Abstract 22 

Cetacean strandings are an important source of information on cetacean population status and 23 

of biological samples. Nevertheless, collecting stranding data remains opportunistic and their 24 

representativity must be improved. The aim of this study was to improve the ecological 25 

significance of strandings, through the determination of stranded common dolphin origin 26 

found along the coasts of the Channel and the Bay of Biscay, by using the drift prediction 27 

model MOTHY. In order to map inferred distribution of dead dolphins, origin of strandings 28 

were weighted by the probability that cetaceans dying at sea become stranded. The difference 29 

between observed stranding origin and origin of expected strandings under the hypothesis of 30 

spatial and temporal uniformity of dead cetaceans, constituted the anomaly in stranding 31 

origin. Between 1990 and 2009 6,182 common dolphin strandings were reported by the UK 32 

and French stranding networks. Distribution inferred from strandings suggested that common 33 

dolphins died mostly in the neritic Bay of Biscay. The anomaly in stranding origin was 34 

maximal in the southern Bay of Biscay, highlighted as an area of high relative abundance or 35 

strong mortality for common dolphin. The monthly decomposition of this anomaly showed 36 

that positive anomaly was located in the southern Bay of Biscay in winter and expanded 37 

northward over the whole Bay of Biscay and western Channel in spring and summer.These 38 

results were consistent with current knowledge on common dolphin distribution and provide 39 

new insight on strandings as cetacean population indicators. These parameters are essential 40 

components for assessing the conservation status of vulnerable populations. 41 

 42 

Keywords: Indicators, origin of strandings, monitoring, anomaly, common dolphin 43 

Delphinus delphis, Bay of Biscay, Channel.  44 
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1- Introduction 45 

Environmental monitoring is “the collection and analysis of repeated observations or 46 

measurements to evaluate changes in condition and progress toward meeting a management 47 

objective” (Elzinga et al., 2001). Monitoring top predators is a major concern in the context of 48 

biological conservation (Asseburg et al., 2006; Boyd et al., 2006; Mace and Baillie, 2007; 49 

Sergio et al., 2008, 2006; Len Thomas, 1996; Wanless et al., 2007). An optimum monitoring 50 

method would be based on three fundamental principles: its ecological significance, its 51 

statistical credibility and its cost-effectiveness (Hinds, 1984). The ecological significance 52 

implies that monitoring data must be simple and well-defined measurements, and ensures that 53 

measured ecological process responds to changes in the population being considered. 54 

However monitoring wild species in their habitat remains very expensive (Elzinga et al., 55 

2001) and high cost of monitoring techniques is a hindrance to efficiency (Caughlan and 56 

Oakley, 2001). This is particularly true for marine megafauna because of the very high costs 57 

of dedicated cruises at sea, if large oceanic areas consistent with the size of conservation units 58 

for such mobile animals are to be covered on a regular basis. The use of indicators is therefore 59 

needed. Indicators are defined as “measures established from verifiable data that include more 60 

information than data themselves do” (Bubb et al., 2005). They are often developed by 61 

scientists (Schiller et al., 2001) and constitute communication tools between scientists and 62 

policy-makers or stake-holders (Mace and Baillie, 2007; Müller and Lenz, 2006; Turnhout et 63 

al., 2007).  64 

Many regulatory frameworks (European Union Habitats Directive, Marine Strategy 65 

Framework Directive and Common Fisheries Policy; US Endangered Species Act and Marine 66 

Mammal Protection Act; ...) require that population status of marine top predators be 67 

assessed. The population status is generally defined as the current distribution and abundance 68 

relative to reference distribution and abundance at equilibrium in undisturbed ecosystem. The 69 
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true reference situation is generally unknown, except in a few specific cases for which long 70 

data time series are available and make it possible to model past abundance. Additionally, 71 

even the best population estimates are associated to uncertainties that limit our ability to 72 

detect small changes in abundance. Therefore, assessing the current status of most populations 73 

of small cetaceans on the basis of abundance estimates only remains difficult. Consequently 74 

other sources of information are necessary to fully depict cetacean population status. Relative 75 

densities, frequency of occurrence, health and body condition, key demographic parameters, 76 

causes of death, and the risk and gravity of interaction with anthropogenic pressures are 77 

valuable parameters to be considered jointly in a monitoring strategy.  78 

Many of these features can be collected from stranded cetaceans. Their use as a source of 79 

ecological indicators is still limited because of the reported lack of sampling strategy (Epperly 80 

et al., 1996; Siebert et al., 2006).  The ecological relevance of stranding data is poorly 81 

understood, mostly because the geographical origin of a sample is unknown, and their 82 

statistical credibility is disputed, because sampling is mostly opportunistic in nature. Yet, it is 83 

admitted that stranded animals represent a minimum measure of at-sea mortality (Epperly et 84 

al., 1996). Strandings are underused resources (Pikesley et al., 2011) and the collection of 85 

stranding data for decades in Europe constitutes an underexploited monitoring dataset at large 86 

spatial and temporal scale. Attempts for using stranding data to elaborate indicators of at-sea 87 

mortality were made mostly in seabirds (Bibby and Lloyd, 1977; Hlady and Burger, 1993; 88 

Lloyd et al., 1974; Piatt and Ford, 1996; Piatt et al., 1990), sea otters (Degange et al., 1994; 89 

Garshelis, 1997), sea turtles (Epperly et al., 1996; Hart et al., 2006; Koch et al., 2013) and 90 

more recently cetaceans (Maldini et al., 2005; Peltier et al., 2012, 2013; Pyenson, 2011, 2010; 91 

Williams et al., 2011). The comparatively low cost of monitoring plans based on strandings is 92 

a very important feature and it motivated the development of indicators based on stranding 93 

data. However, “the art of developing indicators is to simplify without losing scientific 94 



SC/65a/Forinfo13 

 

credibility” (Bubb et al., 2005). In other words, developing indicator implies understanding 95 

the relationship between the indicator and the population being dealt with. Cetacean 96 

strandings follow a complex function of a biological component composed of abundance and 97 

mortality rate, a physical component which includes all processes that determine carcass drift 98 

(tides, wind, currents, and carcass buoyancy) and a societal component which determines 99 

reporting conditions.  100 

 101 

Nstranding ~ Nindividual.mortality.buoyancy.drift.reporting 102 

 103 

The development of indicators based on strandings have to take into account all processes that 104 

link stranding data with cetacean population at sea, in order to improve the ecological 105 

significance of strandings and to allow comparisons with other monitoring techniques.  106 

The present study focuses on common dolphins (Delphinus delphis) in the Bay of Biscay and 107 

western English Channel. The species is the most frequently encountered small cetacean over 108 

the eastern North Atlantic continental shelf (Certain et al., 2008; Kiszka et al., 2007; McLeod 109 

et al., 2009) and the commonest species in stranding records recorded from the Bay of Biscay 110 

(Castège et al., 2013) and Channel coasts (Leeney et al., 2008). Additionally, in the eastern 111 

North Atlantic, common dolphins are frequently impacted by fishery activities, but this threat 112 

is still insufficiently documented to be properly assessed (Kirkwood et al., 1997; Kuiken et 113 

al., 1994; Leeney et al., 2008; Mannocci et al., 2012; Morizur et al., 1999; Murphy et al., 114 

2009; Northridge et al., 2007, 2006; Rogan and M. Mackey, 2007).  115 

The first goal of this study was to analyse common dolphin stranding time series in the 116 

eastern North Atlantic. Observed strandings were compared to predictions of strandings under 117 

the assumption that stranding frequency was only driven by drift conditions. We set a 118 
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hypothetical flat uniform distribution and mortality of common dolphins (named null 119 

hypothesis) (Peltier et al., 2013). Secondly, we aimed at inferring distribution of dead 120 

common dolphins by back-calculating the drift of observed strandings. Spatial and temporal 121 

comparisons between expected and observed strandings would improve the statistical 122 

credibility of strandings as they allow the use of a formal statistical analysis of stranding time 123 

series (Peltier et al., 2013). Understanding the areas of origin would improve their ecological 124 

significance as it would allow interpreting strandings in the light of ecological processes and 125 

human activities that take place across their area of likely origin. This brand new approach is 126 

aimed at developing indicators based on strandings that would provide relevant information to 127 

monitor common dolphin populations (and more widely marine megafauna), identify changes 128 

in their condition at sea and therefore set up adapted management strategies.  129 

2- Materials and methods 130 

2.1 Definitions 131 

We defined the prior distribution of dead dolphins, or the null hypothesis, as the reference 132 

distribution that allows expected stranding data sets to be calculated by using the drift model 133 

MOTHY. This prior distribution constitutes the origin of expected strandings. Here, the prior 134 

distribution is set flat (uniform in space and constant in time).  135 

Stranding probability (Pstranding) is the probability that a cetacean dying at sea would reach the 136 

coast and get stranded. This probability is calculated for each of the 113 cells constructed in 137 

the study area and climatology maps of stranding probability can be averaged over the study 138 

period (1990-2009) for various temporal resolution, here monthly. 139 

Expected strandings are strandings predicted under the null hypothesis. They vary with drift 140 

conditions only. 141 
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Observed strandings are strandings recorded across study area. In the present study observed 142 

strandings are the common dolphin stranding data sets provided by the French and UK 143 

stranding schemes. 144 

The terms “unusual mortality events” or “multiple strandings” were used to define high 145 

numbers of strandings that occurred within a restricted geographical and temporal range with 146 

a common cause of death. The threshold was set at 30 stranding events of common dolphins 147 

over 10 consecutive days.  148 

The origin of observed strandings was determined by back-calculating the drift of observed 149 

strandings. 150 

The inferred distribution is defined as the origin of observed strandings multiplied by 151 

1/Pstranding.  152 

The difference between observed and expected strandings predicted under the null hypothesis 153 

was defined as the anomaly of strandings. Positive (vs negative) anomalies suggest that more 154 

(vs less) strandings were observed than expected under the null hypothesis.  155 

The difference between inferred stranding origin and expected stranding origin constitutes the 156 

anomaly in stranding origins. When prior distribution is set uniform and constant as in the 157 

present work, this anomaly is a function of local dolphin density and mortality rate. 158 

 159 

2.2 General experiment design 160 

The study area encompasses the Channel and the Bay of Biscay and was sub-divided into four 161 

sub-areas: eastern Channel and western Channel (British and French coasts pooled together), 162 

northern Bay of Biscay, (48.5°N to 47°N) and southern Bay of Biscay (47°N to 43.5 °N). The 163 
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analysis was based on stranding datasets reported from 1990-2009 by the French and UK 164 

stranding schemes (figure 1) and followed two main steps.  165 

Firstly, in order to determine baseline variation in stranding frequency due to drift conditions, 166 

strandings expected under a null hypothesis were calculated along the Bay of Biscay and 167 

Channel coasts (Peltier et al., 2013). The null hypothesis was constructed from a prior 168 

distribution of dead dolphins based on the assumption of spatial and temporal uniformity at 169 

sea and by using the drift prediction model MOTHY, developed by Météo-France (Daniel et 170 

al., 2002); 30-day long drift simulations were calculated by using wind archives and model 171 

outputs of tidal current every 10 days over the period 1990-2009. Predicted strandings 172 

constituted the stranding dataset expected under the null hypothesis. Moreover, these drifts 173 

allowed the probability to get stranded (or stranding probability) to be mapped across the 174 

whole study area, both as annual and monthly climatologies averaged over the study period. 175 

Stranding anomaly time series were constructed from along the Bay of Biscay and the 176 

Channel coasts from 1990 to 2009.  177 

Secondly, the origin of stranded dolphins was identified by back calculating the drift of each 178 

individual. Corrected by the stranding probability, this constituted the inferred distribution of 179 

mortality. All segments of trajectories were weighted by a drift duration probability function 180 

determined from a photograph-based distribution of carcass decomposition conditions 181 

converted into post-mortem drift duration from the results of a decomposition experiment 182 

(Peltier et al., 2012). Anomalies in dolphin stranding origins were examined for any spatial 183 

structure. All maps were constructed with the same spatial coverage and a grid cell size of 184 

0.75°. 185 

2.3 The drift prediction model MOTHY 186 
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The drift of cetacean carcasses was modelled with the drift prediction model MOTHY 187 

(Modèle Océanique de Transport d’HYdrocarbures), initially developed by Météo-France to 188 

predict the drift of oil slicks and adapted later on to solid objects (Pierre Daniel et al., 2002). 189 

MOTHY predicts trajectories of floating objects by calculating the vertical profile of currents 190 

and the wind effect on the emerged part of the object. MOTHY can be used forward (from 191 

drift start to landing point) or backward (from landing location to drift origin) (Daniel et al., 192 

2002). Atmospheric data were provided by the European Centre for Medium-Range Weather 193 

and tides are modelled using a purely hydrodynamic tidal model. Object characteristics were 194 

adapted to small cetaceans (size: 2 m; thickness: 0.32m) and immersion rate was 195 

experimentally estimated at 90% (Peltier et al., 2012).  196 

2.4 Construction of the null hypothesis 197 

The null hypothesis consisted in a hypothesis of spatial and temporal uniformity in dead 198 

dolphins at sea and was represented by a grid of equally spaced theoretical cetaceans. Their 199 

30 day drift was predicted every 10 days by the drift prediction model MOTHY from 1990 to 200 

2009, and the proportion of predicted strandings defined stranding probability in each cell of 201 

the grid. These probabilities were averaged on either a monthly or a yearly basis. 202 

Stranding predictions were used to build expected stranding time series and maps, under the 203 

null hypothesis. 204 

2.5. Common dolphin strandings 205 

The 1990-2009 time series data of common dolphin observed stranded along the Bay of 206 

Biscay and the Channel coasts were provided by the British and French stranding schemes. In 207 

this study, only dead stranded cetaceans have been considered, since they represent 95.8% of 208 

stranding records in the study area over the years 1990-2009 (ULR and CSIP, unpublished 209 

reports). 210 
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2.5.1 UK stranding scheme 211 

The British stranding network is the oldest organisation that collects data on marine mammal 212 

stranding events. This network was generalised to the whole United-Kingdom in 1990, 213 

through the establishment of the Cetacean Stranding Investigation Program (CSIP) that co-214 

ordinates and scientifically supervises the stranding scheme. Many volunteers contribute to 215 

examining top predator stranding following a standardized protocol. 216 

2.5.2 French stranding scheme 217 

The French stranding network is co-ordinated by Observatoire PELAGIS, (formerly the 218 

Centre de Recherche sur les Mammifères Marins, CRMM) at the University of La Rochelle, 219 

France). It is constituted of about 260 trained volunteers distributed along the whole French 220 

coast who collect data according to a standardized observation and dissection protocol 221 

(Kuiken and Hartmann, 1993). The network was established in the early 1970’s and its 222 

organisation and procedures are considered unchanged since the mid 1980’s. Data are 223 

centralized into a single database held by Observatoire PELAGIS at University of La 224 

Rochelle. 225 

2.6 Stranding anomalies 226 

Differences between observed and expected common dolphin strandings were tested by 227 

Wilcoxon test for non-parametric paired samples. Ruptures in stranding anomaly time series 228 

were detected by using an algorithm for detecting breaks in time series (Zeileis et al., 2003, 229 

2002). They were analysed by an autocorrelation function (ACF) analysis, using the software 230 

R (Cowpertwait and Metcalfe, 2009; Ihaka and Gentleman, 1996) . The ACF analysis showed 231 

the degree of autocorrelation in the time series at each lag (from 1 to 24 months), in order to 232 

reveal the existence of any seasonal signal or temporal trend in the stranding anomaly data 233 

series.  234 
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2.7 Origin of common dolphin strandings 235 

A 30 day long backward drift was calculated for each common dolphin found stranded along 236 

the Bay of Biscay and the Channel coasts. Each 10 hour segment of trajectories was weighted 237 

according a drift duration function (Peltier et al., 2012). The obtained gridded maps represent 238 

the origin of observed strandings.   239 

2.8 Inferred distributions of dead dolphins 240 

Origin of observed strandings were weighted by Pstranding, the probability of dolphins dying in 241 

each cell to get stranded, to produce the inferred distribution of dead common dolphins 242 

(equation 2).  243 

Inferred distribution = Origin of observed strandings .·Probability of strandings
-1

 244 

This calculation deals with floating dolphins only and thus makes the assumption that the 245 

proportion of dolphins that float or sink after death is independent of death location.  246 

Inferences were truncated for Pstranding < 0.1 because the offshore most cells of the map 247 

correspond to the greatest uncertainty (few stranding originating from these cells) and would 248 

receive the highest multiplication factor (1/Pstranding).
 249 

2.9 Anomaly in stranding origin 250 

Finally, anomalies in stranding origin were constructed following equation 3 in each cell: 251 

Anomaly in stranding origin = number of observed stranded dolphins inferred to originate 252 

from a given cell – number of dead dolphin expected to get stranded under the null 253 

hypothesis. 254 

 255 
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3- Results 256 

3.1 Stranding probability 257 

Monthly maps represent the probability that a small cetacean dying in each cell reach the 258 

coast and get stranded (figure 2). In the Channel, the probability of stranding remained over 259 

0.3 during the whole year. In the Bay of Biscay, highest stranding probability areas expand 260 

over the slope from November to February and shrinks to coastal areas in the summer. The 261 

Bay of Biscay represents From April to September; cetaceans dying in offshore cells of 262 

central Bay of Biscay would never reach the coast. 263 

3.2 Common dolphin stranding data 264 

A total of 6,182 common dolphin strandings was collected by the UK and French stranding 265 

networks along the Bay of Biscay and Channel coasts. Very few of them were reported from 266 

the eastern Channel (0.5%) mainly in winter and, therefore, this sub-region was not 267 

considered any further in the present study.  268 

Annual stranding numbers were very variable between 1990 and 2009 (figure 3). From 1990 269 

to 1996, around 100-200 strandings of common dolphins per year were recorded. From 1997 270 

onwards, yearly totals of stranded common dolphins were most often >400 individuals. 271 

An extreme seasonal pattern was found, characterized by highest values in winter (figure 4). 272 

As much as 73% of all common dolphin strandings in a year were recorded from January to 273 

March. Very low numbers were observed in the other months. The main 3 sub-regions: 274 

western Channel, northern Bay of Biscay and southern Bay of Biscay showed quite similar 275 

seasonal patterns, with the highest stranding numbers observed during winter months (65% of 276 

total strandings in the western Channel, 61% in the northern Bay of Biscay and 81% in the 277 
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southern Bay of Biscay. Because of the high similarity of seasonal patterns in the different 278 

sub-regions, all subsequent analyses are carried out across the whole study area.  279 

3.3 Stranding anomalies: time series analysis 280 

Long term time series of stranding anomaly, established at a monthly resolution, significantly 281 

differed from 0 (figure 5) (P=0.023). Stranding anomaly was generally negative, except 282 

during acute stranding events that lasted for about 1 month at a time. This suggests that 283 

abundance and/or mortality of common dolphins were lower than predicted under the 284 

hypothesis of uniformity during the whole year, except during these events. In these episodes, 285 

observed strandings were much higher than expected strandings. No breakpoint was detected 286 

in this difference, mostly because high stranding numbers appeared as short-duration events 287 

and baseline levels between these events remain fairly stable.  288 

The ACF analysis confirmed the lack of long term trend in stranding anomaly and its strong 289 

seasonal pattern (figure 6). Positive autocorrelations at lags 11-13 suggested a positive linear 290 

relationship between variables separated by a 12 month period. In contrast, a negative linear 291 

relationship was detected between records separated by 6 month period, which is in line with 292 

the time series being mostly dominated by the seasonal pattern.  293 

Strandings expected under the null hypothesis showed a slight seasonality, with maxima 294 

predicted from October to March. Minima observed in the summer represented 61% of 295 

maxima (figure 7). Observed and expected strandings were statistically different (P=0.002). 296 

Stranding anomaly monthly decomposition showed that stranding anomaly was strongly 297 

positive between January and March and negative the rest of the year.  298 

3.4 Origin of observed strandings 299 
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Backward drifts of 6,182 stranded common dolphins were weighted by the drift duration 300 

probability for stranded common dolphins. Their origins showed that carcasses found along 301 

the Bay of Biscay and the Channel coasts came mostly from the continental shelf (figure 8). 302 

Highest densities were observed very close to the coast, particularly in the southern Bay of 303 

Biscay and south of Cornwall. As much as 58% of stranded dolphins were estimated to 304 

originate from within the 500m-isobath in the Bay of Biscay. The western Channel was the 305 

origin of around 27% of stranded dolphins. The rest originated from the oceanic part of the 306 

Bay of Biscay and from the eastern Channel.  307 

During unusual mortality events, 76% of stranded common dolphins came from within the 308 

500m-isobath of the Bay of Biscay and only 14% from the western Channel (figure 9A). Very 309 

few stranded animals were estimated to originate from areas off the continental slope. Out of 310 

these unusual mortality events, origin of stranded animals was more widely distributed as 311 

49% of stranded common dolphins originated from the continental shelf of the Bay of Biscay 312 

and as much as 40% from the western Channel (figure 9B). As much as 8% of stranded 313 

animals were estimated to originate from the oceanic part of the Bay of Biscay. 314 

Average origins of stranded dolphins were analysed with a monthly resolution (figure 10). 315 

From January to March, between 58% and 76% of stranded dolphins originated from the shelf 316 

of the Bay of Biscay, 14% to 37% died in the the western Channel and less than 10% 317 

originated within the 500m-isobath of the Bay of Biscay. From May to September, almost all 318 

stranded common dolphins were estimated to originate from waters within the 500 m isobaths 319 

over the whole study area. Highest densities were observed in very coastal waters, along the 320 

Bay of Biscay and the Cornish coasts. In October and November, as much as 40% of stranded 321 

dolphins originated from the western Channel. 322 

3.5 Inferred distribution 323 
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Origins of observed strandings were divided by stranding probability in order to map common 324 

dolphin mortality irrespective of distance to coast. Inferred distribution between 1990 and 325 

2009 showed that high densities of dead common dolphins were observed in the whole Bay of 326 

Biscay and western Channel, but mostly on the continental shelf (figure 11). About 82% of 327 

common dolphins died within the 500 m isobaths (Bay of Biscay and western Channel), 328 

whereas this area represents 49% of cells where Pstranding > 0.1. Only 18% of dolphins died in 329 

the deeper waters of the Bay of Biscay (21% of considered cells).  330 

During unusual mortality events, common dolphin death locations was concentrated over the 331 

continental slope of the Bay of Biscay (70%) (figure 12A) and 11% died in the western 332 

Channel. Out of these events, dead dolphins were quite uniformly distributed in the study area 333 

even if higher densities were observed in the western Channel (36% of dead dolphins) only 334 

44% of common dolphins were estimated to die within the 500 m isobaths of the Bay of 335 

Biscay and 20% out of the continental slope (figure 12B). 336 

From January to March, dolphin mortality was inferred to occur over the whole study area, 337 

mostly in the southern Bay of Biscay over the continental slope and in Cornwall (figure 13). 338 

During the rest of the year, dead dolphins at sea were more randomly distributed. In April and 339 

December, lower densities of dead dolphins were found even if a hotspot remained visible 340 

south of Cornwall. From May to October, common dolphins were mostly found in coastal 341 

waters and over the western Channel and very few dolphins were inferred to be dying over 342 

deep waters of the Bay of Biscay. 343 

3.7 Anomalies in stranding origin 344 

From 1990 to 2009, anomalies were statistically different from 0 (P=0.023). In the southern 345 

coastal Bay of Biscay and in southern Cornwall, numbers of dead dolphins were much higher 346 

than expected under the null hypothesis, whereas anomalies were only slightly positive in the 347 
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rest of the Bay of Biscay (figure 14A). In the eastern Channel and southern Irish Sea, numbers 348 

of dead dolphins were lower than expected.  349 

During unusual mortality events highest positive anomalies were observed in the southern 350 

Bay of Biscay over the continental shelf (figure 14B); whereas in the oceanic part of the Bay 351 

of Biscay and in the Channel, observed dead dolphin densities were lower than expected, 352 

except along the southern Cornish coasts. Out of these acute stranding episodes, anomalies 353 

were less spatially contrasted, with anomalies in the Bay of Biscay being only slightly 354 

positive (figure 14C). Along southern Cornwall, anomalies remained strongly positive, 355 

whereas the rest of the Channel, eastward to Dover Strait, showed strongly negative 356 

anomalies. 357 

Monthly variation in stranding origin anomalies were statistically significant from 0 for the 358 

whole year (P<0.001), except in July (P=0.225). In January, positive anomalies were found in 359 

the southern Bay of Biscay, from the coast to over the slope, and off southern Cornwall 360 

(figure 15). Differences were negative in the rest of the calculation areas. In February, 361 

positive anomalies were found in the south-eastern Bay of Biscay and expanded northward 362 

covering the whole Bay of Biscay in March. Positive anomalies decreased in March and 363 

April, and shrank to coastal waters of the Bay of Biscay and the western Channel. From May 364 

to November, spatial patterns in anomalies of stranded dolphin death locations become poorly 365 

defined throughout study area, and regions of slightly positive anomalies expand to the whole 366 

continental shelf, from southern Ireland to northern Bay of Biscay. From December onwards, 367 

areas of positive anomaly concentrate again in the southern Bay of Biscay and western 368 

Channel.  369 

Negative differences observed along the Spanish coast are an artefact due to Spanish 370 

stranding data not being incorporated in the analysis. 371 
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4- Discussion  372 

4.1 General  373 

The aim of is study was to improve the ecological significance of stranding data as well as 374 

their statistical credibility through the case study of common dolphins in the Bay of Biscay 375 

and English Channel, in the perspective of developing new population indicators. Ecological 376 

significance was improved by calculating of the origin of common dolphins found stranded 377 

along the coasts. To do this, their backward trajectories were calculated by using the drift 378 

prediction model MOTHY. These trajectories were weighted by a drift duration probability 379 

function fitted to experimental data (Peltier et al., 2012). Origin of observed strandings was 380 

estimated to be mainly in neritic waters of the southern Bay of Biscay and off Cornwall 381 

southern coasts. During acute mortality events, around 80% of stranded animals were 382 

estimated to originate from the continental shelf of the Bay of Biscay. Over the study period, 383 

dead dolphins were estimated to be distributed across the whole area, but during acute 384 

stranding episodes, dolphins were estimated to die mostly over the slope and shelf of the 385 

southern Bay of Biscay. 386 

The strong seasonality of stranding anomalies suggested that the huge stranding numbers 387 

observed in winter could not be explained by drift conditions only; indeed drift conditions 388 

alone would predict a ratio of approximately 1 to 2 between lower (summer) and higher 389 

(winter) stranding numbers, whereas observed values vary from 1 to 20; additionally the 390 

phenology of expected stranding (maxima from October to February) did not match the 391 

phenology of common dolphin observed stranding (maxima from January to March). 392 

Anomalies in stranding origin could be mapped across the whole computation area and 393 

showed that dead dolphin numbers were higher than expected under the null hypothesis in 394 

neritic waters of the southern Bay of Biscay and south of Cornwall. More dead dolphins were 395 
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observed in winter (from December to March) in the southern shelf and slope of the Bay of 396 

Biscay and in western Channel. Spatial patterns of anomalies in stranding origin were less 397 

defined during the rest of the year and they moved geographically to south of Ireland and to 398 

the northern Bay of Biscay. 399 

There is a large potential for this new approach in interpreting stranding data both temporally 400 

and spatially. It can be applied to all small cetacean species and can cover large spatial and 401 

temporal ranges. For the first time, stranding data allowed mortality to be mapped. 402 

It has been shown that between 12.9% and 18.4% of cetacean carcasses could float and 403 

therefore drift (Peltier et al., 2012), whereas carcasses with a negative buoyancy would sink 404 

and be rapidly consumed by bottom dwelling carrion eaters (Baco and Smith, 2003; Jones et 405 

al., 1998; Smith and Baco, 2003). Cetacean inferred distribution could therefore be corrected 406 

by the proportion of floating dead animals in order to estimate number of dead cetaceans at 407 

sea, corrected for drift conditions and floating probability.  408 

Drift duration probability used to weight backward trajectories of stranded common dolphins 409 

was calculated from experimental data collected in winter (Peltier et al., 2012). This function 410 

was appropriate for drift back-calculations in winter in the Bay of Biscay. The assumption 411 

was made that a temperature difference of 3°C between sea surface temperatures in the Bay of 412 

Biscay and in the English Channel during winter (http://envlit.ifremer.fr) might not 413 

significantly change the decomposition kinetic or buoyancy of common dolphins.  414 

Another mechanism likely generated some blurring of death location maps at all seasons 415 

along the prevailing wind direction (which is on average from a westerly direction). The drift 416 

duration probability function, which was used in weighting the trajectories back-calculated 417 

over 30 days, implies that locations calculated for increasing drift durations have decreasing 418 

but non null probability to occur, until the very end of the trajectories. Using the actual drift 419 

http://envlit.ifremer.fr/
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duration for each carcass (would it be measurable for all individuals) would reduce 420 

uncertainty along the drift track, since we would replace the weighted trajectory by a single 421 

position with a value of 1 individual.  422 

Anomalies in stranding origins can be explained by the inter- and intra-annual variations in 423 

the distribution of common dolphins or of their mortality, either natural or man-induced. 424 

Combined with other spatial dataset such as the distribution of fishery activities or other 425 

human pressures and the distribution of common dolphins obtained from visual surveys, 426 

inferred distributions and stranding origin anomalies derived from stranding data could be 427 

interpreted in the aim of disentangling variations in abundance and mortality. 428 

4.2 The potential of stranding data as indicators of common dolphin populations  429 

Maps of inferred distribution represented changes in relative abundance or mortality of 430 

common dolphins. Summer anomalies were only slightly positive in the Bay of Biscay and 431 

the Celtic shelf and slightly negative elsewhere. This would suggest that common dolphin 432 

abundance or mortality would show only weak geographic patterns at this time of the year and 433 

within the computation area. This is consistent with sighting surveys from platforms of 434 

opportunity, which showed that common dolphins were mostly observed in shelf and slope 435 

waters of the northern half of the Bay of Biscay between April and September (Certain et al., 436 

2008; Kiszka et al., 2007; McLeod et al., 2009). The Channel east of 4°W is clearly an area of 437 

negative common dolphin origin anomaly, quite in agreement with available data on the 438 

species distribution (J. B. Reid et al., 2003). 439 

From October to March, the occurrence of common dolphins is reported to increase in the 440 

western Channel (McLeod et al., 2009), which is consistent with positive anomaly of 441 

stranding origin estimated between October and December. High positive anomalies were 442 

observed on the shelf of the southern Bay of Biscay and southern Cornwall. These anomalies 443 
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were recorded during acute mortality events too, which occurred mostly from January to 444 

March. It is unclear to which extent high positive anomaly observed between January and 445 

March was mostly due to a local increase of common dolphin mortality or to the contraction 446 

of the common dolphin range in two hotspots, the western Channel and the southern Bay of 447 

Biscay.  448 

The comparison between these indicators and other datasets highlighted and validated the 449 

context of interpretation of strandings. It suggested that strandings can provide relevant low-450 

cost cetacean population indicators, being applicable worldwide for many marine predators 451 

(cetaceans, sea-turtles, seabirds...). 452 

4.3 Strandings as a monitoring tool 453 

Bycatch is by far the most frequent cause of death reported for stranded common dolphins (on 454 

average 75% of necropsied carcasses), mostly during multiple stranding events (Kirkwood et 455 

al., 1997; Kuiken et al., 1994; Leeney et al., 2008). Common dolphins are mostly reported 456 

bycaught in the seabass (Dicentrarchus labrax) and albacore (Thunnus alalunga) pelagic 457 

trawlers (Morizur et al., 1999; Northridge et al., 2006; Rogan and M. Mackey, 2007). In 2005, 458 

common dolphin mortality in the albacore and sea bass fisheries (ICES areas VII and VIII) 459 

was estimated at 1,567 common dolphins (CV=2.07) and 586 for the French sea bass (575 in 460 

ICES area VIII and 11 in ICES area VII) (Northridge et al., 2006). In areas VI, VII and VIII, 461 

240 and 300 common dolphins were estimated to be bycaught in French sea bass pair trawlers 462 

respectively in 2007 and 2008 [56,57]. Hence, data collected during fishery monitoring 463 

programs are collected by implementing a rigorous protocol designed a priori 464 

(notwithstanding difficulties in their implementation); yet they produce information that is 465 

clearly negatively biased, because important segments of the relevant fisheries are not 466 

monitored. Therefore, because bycatch data are sparse and hard to collect (Lewison et al., 467 
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2004) the joint use of stranding origin anomalies and fishery monitoring data would highly 468 

improve scientific knowledge of interactions between small cetaceans and fisheries. 469 

Causes of death and mortality remain hard to determine for top predators. Nevertheless, these 470 

parameters are crucial in management strategies. For marine top predators, strandings 471 

constitute the main source of information for providing a minimal estimation of mortality and 472 

provide an inventory of death causes. The improvement of stranding data analyses to provide 473 

population indicators will ensure relevant perspectives for cetacean monitoring and 474 

management strategies. 475 

 476 

5-CONCLUSION 477 

This study consisted in the development of new indicators based on stranding data. These 478 

indicators were the distribution inferred from strandings and the anomaly in stranding origins. 479 

They provide important information on natural or man-induced mortality of small cetaceans 480 

and changes in distribution of dead dolphins. Moreover, the cost-effectiveness of a monitoring 481 

strategy based on stranding is an additional asset (Caughlan and Oakley, 2001). This approach 482 

consisted in developing indicators, exploring their significance and comparing them with 483 

other studies. The validation of indicators with other datasets was an essential step in their 484 

development (Dale and Beyeler, 2001; Heink and Kowarik, 2010). The development of 485 

indicators was possible through the improvement of their statistical credibility by using 486 

prediction of stranding under the null hypothesis and their ecological significance by back-487 

calculating the origin of stranded dolphins and further mapping inferred distribution. Map-488 

based indicators were therefore provided, which are most attractive for decision-makers and 489 

stake-holders (Bubb et al., 2005). Detecting changes in populations by using map-based 490 

indicators is fairly uncommon, especially since map-based datasets rarely deal with time 491 

series (Bubb et al., 2005).  492 
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Figure captions 667 

Figure 1: Study area and sub-regions. EC: Eastern Channel, WC: Western Channel, BB: Bay 668 

of Biscay. 669 

Figure 2: Monthly maps of stranding probability in the study area, from 1990 to 2009. The 670 

darker the colour, the highest the probability of stranding. 671 

Figure 3: Annual numbers of observed common dolphin strandings (n) from 1990 to 2009. 672 

Figure 4: Monthly decomposition of observed common dolphin strandings (n) in western 673 

Channel, northern Bay of Biscay and southern Bay of Biscay from 1990 to 2009. 674 

Figure 5: Long term common dolphin stranding anomaly (n) from 1990 to 2009. 675 

Figure 6: Correlograms of common dolphin stranding anomaly. 676 

Figure 7: Monthly decomposition of common dolphin observed strandings (black bars), 677 

expected strandings (grey bars) and stranding anomaly (white bars) from 1990 to 2009. 678 

Figure 8: Origin of observed stranded common dolphins between 1990 and 2009. 679 

Figure 9: Origin of observed stranded common dolphins between 1990 and 2009, during 680 

multiple stranding events (A) and out of these events (B). 681 

Figure 10: Monthly origin of observed stranded common dolphins between 1990 and 2009. 682 

Figure 11: Distribution inferred from strandings of common dolphins between 1990 and 2009. 683 

Figure 12: Distribution inferred from strandings of common dolphins between 1990 and 2009 684 

during multiple stranding events (A) and out of these events (B). 685 

Figure 13: Monthly distribution inferred from stranded common dolphins between 1990 and 686 

2009. 687 
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Figure 14: Anomaly in stranding origin between 1990 and 2009, from 1990 to 2009 (A), 688 

during multiple stranding events (B) and out of these events (C) 689 

Figure 15: Monthly anomaly in stranding origin between 1990 and 2009. 690 
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