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ocean meteorology (strength and direction of the North–
South component of the winds and the number of days with 
South-West winds) and the winter North Atlantic Oscil-
lation Index. There were no significant relationships with 
indices of fishing effort or landings. Only bottlenose dolphin 
showed possible fluctuations in local abundance over the 
study period. There was no evidence of long-term trends in 
number of strandings in any of the species and their abun-
dances were, therefore, considered to have been relatively 
stable during the study period.

Introduction

Strandings can provide valuable information on the pres-
ence and relative abundance of cetaceans in an area (e.g. 
López et al. 2002; Siebert et al. 2006; Leeney et al. 2008; 
Truchon et al. 2013), also allowing collection of samples to 
characterize life history, contaminant burdens, diet and feed-
ing ecology, population genetics and other information for 
individuals and populations (López 2003; Pierce et al. 2008; 
Fontaine et al. 2010; Fernández et al. 2011; Murphy et al. 
2013; Méndez-Fernandez et al. 2014; Santos et al. 2014). 
Nevertheless, the relationship between stranding patterns 
and population dynamics is often unclear. The number of 
deaths depends, obviously, on the abundance of a popula-
tion, which can vary over seasons and/or years, and on its 
mortality rate (i.e. its natural and anthropogenic mortality). 
In addition, several factors influence the number of dead 
cetaceans found stranded, including the spatial distribution 
of different categories of mortality (e.g. fishery bycatch) and 
the likelihood that a carcase will reach the shore (which 
depends on factors such as proximity, buoyancy of the car-
case and prevailing currents; e.g. Peltier et al. 2012). There-
fore, observed trends in strandings do not necessarily have 
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a direct relationship with population abundance. However, 
the monitoring of marine mammals through the collection 
of at-sea data remains expensive and sometimes low-cost 
solutions are needed to help meet management objectives 
(Elzinga et al. 2001). As Caughlan and Oakley (2001) stated, 
the efficiency of a monitoring plan is based on three perfor-
mance measures: ecological relevance, cost-effectiveness 
and statistical credibility. Detecting trends in the abundance 
of cetaceans inhabiting a given region has high ecologi-
cal relevance, in addition to being especially important for 
population management, for example, in the context of the 
EU Habitats Directive (Council Directive 92/43/EEC) and 
EU Marine Strategy Framework Directive (MSFD; Direc-
tive 2008/56/EC). On the other hand, the relatively low cost 
of data obtained from strandings is potentially advanta-
geous. Thus, there is a need to improve the understanding 
of the underlying mechanisms that affect strandings and 
that may be masking their direct relationship with cetacean 
abundance.

Following these considerations, our work aims to identify 
the main external factors that affect variation in the number 
of cetacean strandings and thus provide insights into whether 
changes in the cetacean abundance or distribution can be 
inferred. A more comprehensive knowledge of the dynamics 
of the stranding process might help us to interpret patterns 
in terms of the abundance and mortality of populations, to 
identify areas or seasons with a high probability of inter-
actions between fisheries and cetaceans and, ultimately, to 
assess the progress of marine mammal populations towards 
“Good Environmental Status”, as the MSFD requires. The 
present work thus aims to contribute to the understanding 
of the dynamics of cetacean strandings in the study region.

This study focuses on the three main species of small 
cetaceans in Galicia, NW Spain, according to López (2003): 
common dolphin (Delphinus delphis), bottlenose dolphin 
(Tursiops truncatus) and harbour porpoise (Phocoena phoc-
oena). The number of strandings of these species in the area 
is thought to be very high because of its geographical char-
acteristics (i.e. presence of many beaches and inlets), the 
high cetacean biodiversity and abundance, and high fishery 
bycatch levels (López et al. 2002, 2003). In addition, due 
to the long-standing existence of a strandings monitoring 
network, long time-series of data are available (see López 
et al. 2002).

Dedicated surveys have estimated absolute abundances 
of cetaceans in Iberian shelf (SCANS-II 2006) and oceanic 
waters (CODA Final Report 2009). Various non-random 
boat-based surveys (e.g. opportunistic use of fishing ves-
sels), systematic land-based coastal sightings surveys and 
interviews surveys of fishermen have provided additional 
information on distribution and local relative abundance 
(e.g. Pierce et al. 2010; Spyrakos et al. 2011; Goetz et al. 
2014a). It remains the case that very little is known about 

seasonal and inter-annual variation in cetacean abundance 
in the area.

Absolute abundance of cetaceans cannot be estimated 
directly from strandings if (as is usually the case) we do not 
know the mortality rate, the proportion of dead dolphins that 
reach the coast and the proportion of strandings found by 
strandings networks. However, when we talk about temporal 
trends, absolute abundance becomes less important and we, 
therefore, focus on strandings as a potential index of rela-
tive abundance. The main objective of this work was to infer 
trends in the relative abundance of the selected species from 
the time-series of strandings recorded in the coastline of our 
study area. To address this objective, this study was divided 
into two successive steps.

The first step was to identify the main factors that might 
be masking the relationship between cetacean strandings 
and their population abundance. Several meteorological 
(e.g. wind strength and direction) and climatic (e.g. North 
Atlantic Oscillation, NAO; East Atlantic pattern, EA) vari-
ables were tested to identify which ones have more influence 
on the number of strandings. The most common cause of 
mortality for cetaceans detected stranded in the area appears 
to be the interaction with fishing gears, since several studies 
have reported high levels of bycatch in Galician waters (e.g. 
López et al. 2003; Fernández-Contreras et al. 2010; Goetz 
et al. 2014b), where a fleet of more than 4000 fishing boats 
is licensed in Galicia to operate within the EEZ (Xunta de 
Galicia 2016). Quantifying the number of cetaceans that 
die from diseases implies a significant level of monitoring 
by highly specialized personnel and an adequate propor-
tion of fresh carcasses. However, mortality due to fishing 
is more easily diagnosed in carcasses and can in principle 
be related with the effort of certain fleet segments since 
bycatch mortality is generally considered to be effort- and 
metier-dependent (Northridge 1984, 1991). Therefore, some 
measures of fishing effort were used as potential proxies of 
bycatch rates. On the other hand, it is known that the sea-
sonal abundance and proximity of cetaceans to the coast is 
influenced by the distribution and abundance of prey (e.g. 
Friedlaender et al. 2006). All fish landings and landings of 
the main prey of the studied cetaceans were also included 
in this study as putative proxies of the relative abundance 
of cetacean prey.

These are the main factors identified that might influence 
the probability of cetacean strandings in the area of study 
(in addition to the abundance of these cetacean species in 
the surrounding waters). However, the proportion of ceta-
ceans stranded can be also strongly influenced by the dis-
tance to the coast and carcass buoyancy, and by the amount 
of effort devoted to finding them, the accessibility of the 
coast and its proximity to human population centres (Evans 
et al. 2005; Peltier et al. 2012). In this study, factors such 
as the distance from the coast at which death took place 
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and carcass buoyancy were not considered due to lack of 
data. However, it was considered that these factors might not 
have a strong impact when working with relative abundances 
and this assumption is discussed. Regarding the amount of 
effort devoted by the stranding network, it should not affect 
the relative number of cetaceans found because we have 
restricted the analysis to a subset of the time-series during 
which monitoring effort was relatively constant.

Having investigated the main factors that affect the prob-
ability of stranding, a second step was to determine the tem-
poral variability in the estimated relative abundance of the 
selected species. Two approaches were used and their results 
compared: first, the numbers of cetacean strandings were 
modelled as a function of year and month, thus represent-
ing between-year and within-year variability, but not taking 
into account the factors that may mask their relationship 
with population abundance. The year effect was fitted in two 
ways, as an unconstrained smoother, and as a linear effect. 
Second, the variables significantly related with the variations 
in strandings identified in the previous step were included in 
these models, aiming to disentangle the relative contribution 
of these factors in determining the actual trends in popula-
tion abundance. That way we can interpret the partial effect 
of year not as simply the variation in the observed numbers 
of strandings but as a proxy for the abundance of cetaceans 
off the coast, reflecting both variations in the total population 
abundance and possible migratory movements.

Materials and methods

Strandings data

The non-governmental organisation “Coordinadora para o 
Estudo dos Mamíferos Mariños” (CEMMA) runs the Gali-
cian strandings network and has been collecting data from 
stranded marine mammals since 1990. Marine mammals 
stranded, bycaught or found floating are routinely reported 
to a 24-h phone line by members of the public, fishermen or 
local authorities (see López et al. 2002). Although CEMMA 
has operated since 1990, during the first years, the capacity 
to attend stranded animals was limited. In 1998, a mobile 
unit was established and in subsequent years it was fully 
operational, facilitating access to the entire coastline. Since 
then, the stranding network has attended all reported strand-
ings. As a precautionary measure with the purpose of keep-
ing the searching effort as constant as possible, we analysed 
data only from 2000 to 2013.

The most frequently stranded cetacean species in the 
region, common dolphin (DDE), bottlenose dolphin (TTR) 
and harbour porpoise (PPH) were analysed. For each car-
cass, the state of preservation, biological data, biological 
samples and photographs were routinely taken. Moreover, 

post-mortem examinations were carried out to determine 
possible evidence of bycatch, following protocols described 
by Kuiken (1994). Although the stranding network also 
recorded cetaceans found floating close to the coast and 
bycaught dolphins handed over by fishermen, for consist-
ency, only those found stranded on the coastline were used 
in the present analysis. In addition, only stranded animals 
with a condition state from 1 to 4, following the Kuiken 
(1994) scale, were used, to avoid including remains (such 
as bones and highly decomposed carcasses) for which it was 
difficult to determine stranding date. The study area and the 
temporal and spatial distribution of the strandings used can 
be seen in Fig. 1.

Oceanographic characteristics of the study area

Galicia has a coastline of about 1200 km and a relatively 
narrow (i.e. ~10 km) continental shelf (López-Jamar et al. 
1992). In this region, the along-shore winds interact with 
the coastal topography to generate upwelling–downwelling 
dynamics on the continental shelf (González-Nuevo et al. 
2014). The NW Iberian Peninsula (42–44°N) represents 
the northern extreme of the NW Africa upwelling system 
(Wooster et al. 1976). The upwelling season usually occurs 
from March to September, when the weakening of the Ice-
land Low and strengthening and northward displacement of 
the Azores High promote northerly winds. During the rest 
of the year, due to intensification of the Iceland Low, the 
winds are predominantly from the south and the south-west; 
favouring the predominance of downwelling conditions (see 
wind patterns in Fig. 2). Thus, along the western coastline 
predominant winds in winter favour the movement of ceta-
cean carcasses towards the coast. In contrast, it is expected 
that northerly winds and the upwelling tend to move car-
casses away from the coast during the summer months. Due 
to its different orientation, the influence of these phenomena 
on strandings is expected to be weaker along the northern 
coast.

Meteorological phenomena and oceanographic dynamics 
of the Galician coast change throughout the year and some 
indices can give quantitative information of these condi-
tions. To study their relationship with the stranding patterns, 
those indices and measures that were considered likely to 
be most influential were selected (see Table 1 for detailed 
descriptions of variables and sources). The climatic and 
oceanographic variables selected were: The North Atlantic 
Oscillation (NAO), the Winter North Atlantic Oscillation 
 (NAOWIN), the East Atlantic pattern (EA), the Scandinavian 
pattern (SCA) and the Upwelling Index (UI). The climate 
variables chosen (i.e. NAO, EA, SCA) were those most 
commonly used to capture large-scale ocean climate vari-
ability in the eastern north Atlantic (see Table 1 for descrip-
tion). The UI  (m3  s−1  km−1) calculated at the position 43°N 
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11°W was chosen to capture atmospheric regional vari-
ability (González-Nuevo et al. 2014). In addition, westerly 
and northerly wind components (m s−1) obtained from the 
Fleet Numerical Meteorology and Oceanography Center 
(FNMOC) model of the National Oceanic and Atmos-
pheric Administration (NOAA) and equivalent horizontal 
(U) and vertical (V) components of local winds measured 
at the Silleiro buoy (42.12°N 9.43°W) by the Spanish Insti-
tute of Oceanography (IEO for its acronym in Spanish), 
were included as potential explanatory variables, (UFMNOC, 
VFMNOC, UBUOY, VBUOY, respectively). Since wind direction 
during each month is highly variable, the mean direction 
is not always informative, so we also used the number of 
days per month, from both sources, on which there were 
strong favourable southwest winds  (SWFMNOC and  SWBUOY). 
Only days with winds stronger than 10 m s−1 were counted 
as positive values for  SWFMNOC and winds stronger than 
5 m s−1 for  SWBUOY (where wind strength recorded is in 
general weaker). Some of the variables selected have daily 
or even higher resolution available but, for the sake of data 
standardization, the final resolution used in the analysis was 
monthly, obtained by calculating an arithmetic mean when 
this was required. The only exception was the  NAOWIN for 
which the resolution is annual (since it is a mean of the NAO 
during the winter months, December to March) and thus the 
same value was used for all months of each year.

Fishing effort and landings

Three gears (or group of gears) were previously identified 
as primarily responsible for cetacean bycatches in the study 
area: gillnets, pair trawls and bottom trawls (López et al. 
2002; Goetz et al. 2014b). For the current work, the fish-
ing effort associated with these three gears was obtained 
from the “logbooks” which have been filled by fishermen 
with acceptable accuracy, although generally underestimated 
(Amandè et al. 2010), since 2003. In the logbooks the num-
ber of days that fishing boats go fishing is recorded. There-
fore, number of days-at-sea (DAS) of gillnetters  (DASGill), 
pair trawlers  (DASPair) and bottom trawlers  (DASTrawl) from 
2003 to 2013 were tested as predictor variables.

The main prey species in the region for the three selected 
cetacean species are gadoids, mainly blue whiting (Microme-
sistius poutassou), in addition to clupeids, European hake 
(Merluccius merluccius) and carangids. These cetaceans are 
considered to be mainly opportunistic predators and feed 
on a wide variety of fish (e.g. Santos et al. 2013, 2014), 
although have preference for preys with a high energy 
content (Meynier et al. 2008; Spitz et al. 2010, 2012). To 
explore the relationship between the number of strandings 
and the availability of their main prey, landings of all fish 
(Land) and of blue whiting  (LandBW) of the ports within the 
study area were downloaded from www.pescadegalicia.com 
and used as a proxy of relative fish abundance.

Data analysis

All data-series of predictor variables were explored for 
outliers, normality, homogeneity of variances, colinearity, 
etc. following the protocol proposed by Zuur et al. (2010). 
Generalised Additive Models (GAMs) were then used to 
explore the spatial and temporal patterns in the data. Based 
on the different oceanographic characteristics of the north-
ern and western coastline as outlined above, and preliminary 
results of the models, the two coasts were analysed sepa-
rately by dividing the study region at the 43° parallel into 
northern and western coasts. However, due to the low num-
ber of strandings recorded along the northern coast, further 
analysis for this area was not possible and, therefore, GAMs 
were fitted to explain the variability in strandings in terms of 
meteorological, oceanographic, landings and fishing effort 
variables (see Table 1) only for the western coastline (see 
Fig. 3 with a flow chart of the analytical processes).

Negative binomial GAMs with a log link were selected 
as they produced the best values of overdispersion among 
all tested combinations of models. A forward selection 
procedure was followed, including those explanatory vari-
ables that had a significant effect in explaining the seasonal 
and inter-annual variation in strandings. Final models were 
selected based on the Akaike Information Criterion (AIC), 
amount of deviance explained, R-squared and significance 
of covariates and smoothers. Knots of the smoother func-
tions were automatically selected by cross-validation (except 
for the variable Month) since no overfitting was apparent in 
any case and there was no a priori reason to limit smoother 
shapes for the effects of temporal and spatial predictors.

Oceanographic and climatic variables usually show an 
annual cycle and are autocorrelated. Cyclical patterns in 
some variables revealed by spectral analysis were mainly 
annual (e.g. UI, U, and V) or too long (e.g. NAO, EA) to 
explain the patterns in our data-series. The annual cycle was 
taken into account in GAMs by including a smooth function 
for the seasonal term (Month) with a cyclic cubic spline, 
since there should not be a discontinuity between January 

Fig. 1  a Map of the study area (Galicia), in the northwest of Spain 
(see detail in the box at the top left corner). The number of strand-
ings of the three cetacean species (common dolphin, bottlenose dol-
phin and harbour porpoise) pooled together was plotted using a ker-
nel function. b Heater plot representing the number of strandings 
pooled by year and month. c Monthly mean number of strandings for 
the three cetacean species: common dolphin (red), bottlenose dolphin 
(blue) and harbour porpoise (green). Standard error of the mean is 
represented. d Annual number of cetaceans found stranded in the area 
of study for the three cetacean species (same colours for cetacean 
species as in figure c)

◂

http://www.pescadegalicia.com
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and December, and the knots dimensions set to 12, the maxi-
mum possible. When the cyclical pattern varied significantly 
between years, a 2-dimensional tensor smoother was included 
for Year and Month together, with a cyclic cubic spline for 
Month as before. Due to the correlation between some pairs 
of variables, they were not included together in the same 
model but different combinations were tested and compared.

Autocorrelation (AC) in response variables could be 
explained by the AC in the explanatory variables. However, 
when AC persisted in model residuals, Generalised Addi-
tive Mixed Models (GAMMs) were used to allow the inclu-
sion of an annual correlation between samples by nesting 
an Autoregressive Moving Average model (ARMA) within 
each Year (applying a first-order autocorrelation in all mod-
els). Predictions of the models were plotted and their good-
ness of fit and quality of the prediction checked. Confidence 
intervals (CI) of final models were calculated assuming a 
normal distribution of their residuals.

To study the presence of trends or long-term change 
in the time-series, we created a model for each cetacean 
species with two smoothers describing within-year and 
between-year temporal variations. For the within-year or 
seasonal time variable we used the variable Month with 
a cycle cubic spline with 12 dimensions as in previous 
models. For the between-year or long-term trend, a new 
variable was created with the date of the observations rep-
resented numerically (Trend). GAMMs were fitted with 
these two smoothers and the annual correlation included 

with a first-order ARMA process using Year as correlated 
variable. Two models were fitted for each species, one with 
a cubic spline smoother in the Trend variable fitting a poly-
nomial model and the other forcing a linear fit of this same 
variable to test if there was any long-term significant linear 
trend. Subsequently, the most significant variables identi-
fied in the GAMs described above were also included as 
covariates in these models together with Month and Trend 
variables (but not the Year variable in those cases when it 
had been considered significant, because of its correlation 
with the Trend variable). These models were also fitted 
both with smoothed and linear fit of the Trend variable. 
This modelling approach would account for the variability 
explained not only by the Trend but by other variables (e.g. 
V, SW and  NAOWIN) thus revealing any long-term change 
explained by variables not taken into account, which even-
tually, could be related to the abundance or distribution of 
cetaceans off the coast. The shape and significance of the 
fitted splines of the Trend variables were used to assess the 
existence of trends and patterns. To derive a 95% CI for the 
fitted spline of the Trend variable, posterior simulations 
were also generated calculating a linear predictor matrix 
for the observations and multiplying it by 1000 samples 
randomly generated for each regression coefficient of the 
Trend variable assuming a multivariate normal distribution 
with the coefficients and their variance–covariance matrix.

A summary of the analysis performed is shown in Fig. 3. 
All models, analysis and data exploration were performed 

Fig. 2  Predominant winds calculated from the FMNOC model. 
Bearing (degrees) and intensity of predominant winds throughout the 
period of study split by seasons (quarters). Wind speed in coloured 
scale represented in metres per second (top figure). Mean Upwelling 

Index by day from the FMNOC model represented in metric tons per 
second per km of coast. Positive values in red and negative values in 
blue (bottom figure)
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using R software, version 3.3.2 (R Core Team 2016). GAMs 
and GAMMs were fitted using the mgcv library, version 1.8.0 
(Wood 2011)

Results

Strandings data‑series

From 2000 to 2013, a total of 3249 cetaceans were 
recorded stranded or floating close to the Galician coast. 

Among these animals, 2035 (62.63%) were identified as 
individuals of one of the three selected species, of which 
1964 (83%) were DDE, 200 (10%) TTR and 141 (7%) PPH. 
Around 3% of these animals was found floating rather than 
stranded (44 DDE, 13 TTR and 4 PPH) and, therefore, 
were removed from the analysis. Almost 75% (1374) of 
strandings took place on the western coast. Of all cetaceans 
found stranded, around 93% had a condition state <5 on 
the Kuiken and Hartmann (1991) scale and were, therefore, 
used for the subsequent analysis. The most frequent con-
dition state in carcasses found in Galicia is 4, with more 

Table 1  Environmental variables used as predictors of the strandings patterns

Abbreviations as referenced in the text, whole name, periodicity used in the study, reference of the source and brief description

Abbreviation Name Periodicity Source Description

Year Year Annual Gregorian calendar Year A.D.
Month Month Monthly Gregorian calendar Ordinal position
NAO North Atlantic Oscillation Monthly NOAA Climate Prediction Center 

(NOAA—CPC)
http://www.cpc.noaa.gov/data/teledoc/

nao.shtml

Atmospheric sea level pressure 
anomaly: difference in the normalized 
sea level pressure between Iceland 
and the Azores

NAOWIN Winter NAO Annual Computed form NAO data Averaged over the NAO from Decem-
ber to February

EA East Atlantic pattern Monthly NOAA—CPC http://www.cpc.noaa.
gov/data/teledoc/ea.shtml

North–South dipole of anomaly centres 
spanning the North Atlantic from East 
to West

SCA Scandinavian pattern Monthly NOAA—CPC
http://www.cpc.noaa.gov/data/teledoc/

scand.shtml

Primary circulation centre over Scandi-
navia, with weaker centres of opposite 
sign over western Europe and eastern 
Russia/western Mongolia

UI Upwelling index Monthly IEO http://www.indicedeafloramiento.
ieo.es

Calculated using sea level pressure 
data from the atmospheric model 
WXMAP (provided by FNMOC)

UFMNOC FNMOC Wind W–E component Monthly NOAA—FNMOC https://www.
fnmoc.navy.mil/wxmap_cgi/index.
html

W–E component obtained from the 
atmospheric model WXMAP

VFMNOC FNMOC Wind N–S component Monthly NOAA—FNMOC https://www.
fnmoc.navy.mil/wxmap_cgi/index.
html

N–S component obtained from the 
atmospheric model WXMAP

SWFMNOC FNMOC days with southern winds Monthly Computed from VFMNOC Number of days per month with south-
ern winds higher than 10 m·s−1(from 
FNMOC)

UBUOY Buoy wind W–E component Monthly IEO http://www.indicedeafloramiento.
ieo.es

W–E component obtained from the 
Sillero buoy

VBUOY Buoy wind N–S component Monthly IEO http://www.indicedeafloramiento.
ieo.es

N–S component obtained from the Sil-
leiro buoy

SWBUOY Buoy days with southern winds Monthly Computed from VBUOY Number of days per month with south-
ern winds higher than 5 m·s−1 from 
the Silleiro buoy

DASGill Gillnetters days-at-sea Monthly Electronic logbooks Gillnetters days-at-sea
DASPair Pair trawlers days-at-sea Monthly Electronic logbooks Pair trawlers days-at-sea
DASTrawl Trawlers days-at-sea Monthly Electronic logbooks Trawlers days-at-sea
Land Total fish landings Monthly Xunta de Galicia http://www.pescade-

galicia.com
Total fish landings in fish markets 

placed on the west coast of Galicia
LandBW Blue whiting landings Monthly Xunta de Galicia http://www.pescade-

galicia.com
Blue whiting landings in fish markets 

placed on the west coast of Galicia

http://www.cpc.noaa.gov/data/teledoc/nao.shtml
http://www.cpc.noaa.gov/data/teledoc/nao.shtml
http://www.cpc.noaa.gov/data/teledoc/ea.shtml
http://www.cpc.noaa.gov/data/teledoc/ea.shtml
http://www.cpc.noaa.gov/data/teledoc/scand.shtml
http://www.cpc.noaa.gov/data/teledoc/scand.shtml
http://www.indicedeafloramiento.ieo.es
http://www.indicedeafloramiento.ieo.es
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
https://www.fnmoc.navy.mil/wxmap_cgi/index.html
http://www.indicedeafloramiento.ieo.es
http://www.indicedeafloramiento.ieo.es
http://www.indicedeafloramiento.ieo.es
http://www.indicedeafloramiento.ieo.es
http://www.pescadegalicia.com
http://www.pescadegalicia.com
http://www.pescadegalicia.com
http://www.pescadegalicia.com


 Mar Biol  (2017) 164:165 

1 3

 165  Page 8 of 17

than 50% of carcasses, followed by state 3 with almost 
30%. These proportions are similar for the three species 
(Table 2).

The month-to-month pattern of strandings was gener-
ally similar every year, with a higher number of strandings 
in winter and a lower number in summer. The monthly 
mean through the time-series is represented for all ceta-
ceans aggregated in Fig. 1, as well as the total yearly 
number of strandings. The month-to-month pattern has 
remained fairly constant over the years as shown by the 
small standard error. The annual total number of strand-
ings varied from year to year, although there was no clear 
trend over this time-scale.

Stranding models

Simple GAMs

Results of separate GAMs for each predictor variable showed 
slight differences between species (Table 3). Eleven of the 
eighteen explanatory variables considered (plus the interac-
tion Year:Month) had a significant effect on the strandings 
pattern of DDE. The interaction Year:Month stood out with 
p < 0.001 and with 40.01% of the deviance explained, while 
Month, VFMNOC,  SWFMNOC, VBUOY and UI explained 25.92, 
11.07, 9.95, 9.64 and 9.15% of the deviance, respectively. 
For TTR, fewer variables presented a significant effect on 

Fig. 3  Summary and flow 
chart of the analysis performed: 
analytical processes (light 
grey), variables (grey), title of 
processes (dark grey)

Table 2  Stranded and floating 
dolphins from 2000 to 2013 
along the North and West coasts 
of Galicia

The main figure in each case is the total number of animals in condition states 1–4 (following Kuiken and 
Hartmann 1991). Numbers of badly decomposed stranded animals (condition state 5) are given in paren-
theses. The total row represents the stranded and floating animals in all conditions. Cetacean species in 
columns: common dolphin (DDE), bottlenose dolphin (TTR) and harbour porpoise (PPH)

DDE TTR PPH Total

Stranded 1545 (105) 171 (16) 126 (11) 1842 (132)
 North 379 (25) 53 (7) 36 (4) 468 (36)
 West 1166 (80) 118 (9) 90 (7) 1374 (96)

Floating 44 (0) 13 (0) 4 (0) 61 (0)
Total 1589 (105) 184 (16) 130 (11) 1903 (132)
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the strandings pattern. Significance was lower than 0.01 
only in VBUOY, VFMNOC and UI, with deviance explained 
of 6.71, 4.89 and 4.33%, respectively. However, three vari-
ables (Year, interaction Year:Month and  NAOWIN) were less 
significant (0.01 < p < 0.05) or marginally non-significant 
(0.05 < p < 0.1) but had a considerably higher deviance 
explained (15.62, 10.22 and 9.18%, respectively). Relation-
ships between the explanatory variables and PPH strandings 
were less significant, probably due to the smaller sample 
size. Month had a significant effect on strandings (p < 0.001) 
with a deviance explained of 11.60%. The second most 
significant variable was  SWFMNOC (p < 0.01 and deviance 
explained of 8.98%. Three marginally non-significant vari-
ables (0.05 < p < 0.1; interaction Year:Month and  DASGill) 
showed a high deviance explained (18.44 and 13.38%) but 
others such as VFMNOC,  LandBW and UI explained a smaller 
percentage of deviance (3.18, 3.86 and 2.96%, respectively).

GAMs with multiple explanatory variables

After the selection of the individual variables with 
the highest explanatory power, models with different 

combinations of variables were explored for each ceta-
cean species. The final DDE model included the inter-
action Year:Month,  NAOWIN and VFMNOC. All covariates 
in this final model were significant with a total deviance 
explained of 52% (Table 4). For TTR, the final model 
included Year and VBUOY, with a deviance explained of 
only 14%. The best model for PPH included Month and 
 SWFMNOC with a deviance explained of 17%. All covari-
ates in these final models were significant. Autocorrela-
tion (ACF) and partial autocorrelation functions (PACF) 
applied for final models showed seasonal patterns in resid-
uals, especially in the DDE model, as well as high annual 
correlation between contiguous years.

GAMMs

GAMMs in which Year was added to the final GAMs as a 
correlated variable showed similar results to the GAMs. 
Deviance explained is not comparable because the com-
putational method is different. R-squared values were 
similar although in general slightly lower for the GAMMs 
(Table 4). All selected covariates remained significant 

Table 3  Simple GAMs for each 
predictor variable

The Fit column represents when the best fit was linear (L1) or a polynomial model of two (S2), three (S3), 
four (S4) degrees and so on. Deviance explained (Dev. Exp.) and p value is given for all models. Abbrevia-
tions of variables in rows as referenced in the text (see Table 1) and cetacean species in columns: common 
dolphin (DDE), bottlenose dolphin (TTR) and harbour porpoise (PPH)
Significance level (Sig.) is given on the following scale: p value  <  0.001  =  ‘***’, 0.001  <  p 
value < 0.01 = ‘**’, 0.01 < p value < 0.05 = ‘*’, 0.05 < p value < 0.1 = ‘.’, 0.1 < p value < 1 = ‘’

DDE TTR PPH

Fit Dev.exp p value Sig. Fit Dev.exp p value Sig. Fit Dev.exp p value Sig.

Year L1 0.29 0.461 S4 9.18 0.021 * S2 3.35 0.211
Month S3 2.,92 <0.001 *** S2 5.71 0.015 * S3 116 0.001 ***
Year: month S12 40.01 <0.001 *** S8 15.62 0.054 . S9 18.44 0.033 *
NAO L1 0.02 0.866 S3 4.43 0.239 L1 0.47 0.401
NAOWIN S2 5.03 0.014 * S5 10.22 0.079 . L1 0.02 0.878
EA L1 1.53 0.091 . L1 0.27 0.513 L1 0.06 0.767
SCA L1 1.21 0.137 L1 0.78 0.269 L1 0.19 0.590
UI S2 9.15 0.001 *** L1 4.33 0.008 ** L1 2.96 0.029 *
UFMNOC L1 3.04 0.016 * L1 4.17 0.011 * L1 140 0.140
VFMNOC S2 11.07 <0.001 *** L1 4.89 0.006 ** L1 3.18 0.025 *
UBUOY L1 3.97 0.034 * S2 4.84 0.075 . L1 0.57 0.378
VBUOY L1 9.64 <0.001 *** L1 6.71 0.002 ** L1 2.82 0.226
SWFCNOC S2 9.95 <0.001 *** L1 3.42 0.017 * S2 8.98 0.003 **
SWBUOY L1 0.38 0.826 L1 0.56 0.348 L1 0.02 0.867
DASGill L1 0.01 0.885 S2 4.65 0.274 S5 13.38 0.042 *
DASPair L1 0.01 0.941 S3 7.5 0.128 L1 0.05 0.806
DASTrawl L1 2.31 0.056 . L1 0.69 0.383 L1 0.73 0.373
Land L1 2.91 0.015 * L1 0.44 0.408 L1 3.88 0.073 .
LandBW L1 0.51 0.339 L1 6.72 0.116 L1 3.86 0.015 *
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in all models. Although some correlations could be still 
appreciated in the ACF and PACF graphs, significant auto-
correlation patterns disappeared and therefore, these mod-
els were considered more appropriate. Illustrations of the 
effects of continuous explanatory variables can be seen 
in Fig. 4.

Predictions

Only the GAMM for DDE explained sufficient devi-
ance (57%) and had an acceptable quality of adjustment 
(R2 = 0.366) as to be considered a fairly good predictive 
model. The results of the predictions performed using this 
model (for the time series period, not forward predictions) 
captured the annual and seasonal fluctuations along the time-
series reasonably well; however, the model did not predict 
several instances of a very high number of strandings of 
DDE. The 95% of CI of the predictions of the model was 
also calculated by bootstrapping (Fig. 5).

Trends

The Trend variable was weakly significant for DDE and not 
significant for PPH, but Month showed high significance 
in both cases (Table 5). In TTR, monthly variation exhib-
ited minor importance and the long-term temporal trend 
variable was more significant. Predicted number of strand-
ings showed a similar pattern in TTR as in DDE but with a 
slightly more marked decline followed by a further increase 
in the first, with minima in 2011 and 2008, respectively. In 
the case of PPH, the stranding series showed a slight decline 
in the middle years of the series (Fig. 6). When Trend was 

linearized it was not significant in any of these species, indi-
cating the absence of long-term linear trends in the numbers 
of strandings. When the selected significant variables were 
included in the models, the best fit for the Trend variable 
of the DDE became almost linear although non-significant 
(Table 5) and only small changes were seen in the TTR and 
PPH models. The patterns and variations in the fitted splines 
are shown in Fig. 6 with 95% CI, both for the Trend variable 
treated as variations in the number of strandings and treated 
as a proxy of the abundance off the coast of the study area 
(i.e. model with only the Trend variable, and model with 
other covariates disentangling their effects).

Discussion

Numerous authors have described stranding patterns in sev-
eral regions around the world (e.g. López et al. 2002; Danil 
et al. 2010) and strandings have been considered a good 
indicator of the cetacean species present in a region, their 
relative abundance and their fidelity to an area (e.g. Pikesley 
et al. 2011; Pyenson 2011). Although in certain regions it 
has been considered that the oceanographic factors have lit-
tle influence on the probability of stranding (Vishnyakova 
and Gol’din 2014), in many regions it has been shown that 
oceanographic conditions (Peltier et al. 2012, 2014), besides 
the variability in searching effort (López et al. 2002; Silva 
and Sequeira 2003; Maldini et al. 2005), can mask the rela-
tionship with annual and seasonal population abundances. 
In this study, in addition to oceanography, meteorology and 
climatic indices, fishing effort (i.e. days at sea) was included 
in the model as a potential proxy of fishing mortality 
(bycatch)—based on the assumption that cetacean bycatch 

Table 4  GAMs and GAMMs 
for each cetacean species

For each combination, predictor variable-cetacean species is represented when the best fit was linear 
(L1) or a polynomial model of two (S2) or three (S3) degrees. AIC, Deviance explained (Dev. Exp.) and 
R-squared  (R2) is given for all models. Abbreviations of variables in columns as referenced in the text (see 
Table  1) and cetacean species in rows: common dolphin (DDE), bottlenose dolphin (TTR) and harbour 
porpoise (PPH)
Significance level is given with the following scale: p value  <  0.001  =  ‘***’, 0.001  <  p 
value < 0.01 = ‘**’, 0.01 < p value < 0.05 = ‘*’, 0.05 < p value < 0.1 = ‘.’, and a hyphen (–) representing 
when the variable is not used in the model

Predictor variables AIC Dev.exp. (%) R2

Year Month NAOWIN VFMNOC VBUOY SWFMNOC

GAMs
 DDE S13*** S3** S2* – – 917 52 0.410
 TTR S3* – – – L1** – 354 14 0.145
 PPH – S2** – – – S2* 319 17 0.124

GAMMs
 DDE S10*** S2. L1*** – – 441 57 0.366
 TTR S3* – – – L1** – 543 26 0.137
 PPH – S2** – – – S2* 624 9 0.092
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rates depend on fishing effort and cetacean abundance (e.g. 
Read et al. 2006), since it may also substantially affect the 
number of strandings in regions where a high level of inter-
actions between cetaceans and fisheries has been reported, as 
it is the case in Galicia (López et al. 2002; Silva and Seque-
ira 2003). Moreover, landings were also included as proxies 
of presence/abundance of prey species, as one would expect 
number of cetaceans to be higher (and thus also the number 
of strandings) in regions and seasons where the abundance 

of prey species is higher (Vishnyakova and Gol’din 2014). 
To avoid variability due to differential sampling effort (in 
the search for strandings) we have restricted the analysis to 
the last fourteen years of the time-series, when the searching 
effort can be considered to have been reasonably constant.

Results of our analysis in the southern region of Galicia 
(west coast) have demonstrated that, among the variables 
tested, those related with the wind strength and direction 
(i.e. V, SW) have the strongest influence on the variability 

Fig. 4  Final GAMMs for log transformed number of individu-
als stranded: smoothers showing effects of explanatory variables 
retained in the final models. Rows represent the different variables: 
Year, Month, winter north Atlantic oscillation  (NAOWIN), northerly 
component of the wind from the FMNOC model (VFMNOC) and from 
the Silleiro buoy (VBUOY), and number of days per month with strong 

favourable southwest winds from the FMNOC model  (SWFMNOC). 
Columns represent the three cetacean species: common dolphin 
(DDE), bottlenose dolphin (TTR) and harbour porpoise (PPH). Grey 
squares represent not significant variables and dropped from the final 
models
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observed in the number of strandings. The V component 
of the wind provides information about both the strength 
and N–S direction of the predominant winds (i.e. more 
positive values mean more southerly and stronger winds). 
These variables are highly correlated and, although from 
different sources, all demonstrate the existence of positive 

relationships between S–SW winds and the number of 
strandings in all cetacean species. The relationships between 
these indices and the strandings patterns seem coherent and 
agree, to some extent, with findings by López et al. (2002) 
for the same study region. The upwelling index (UI) showed 
significant relationships with number of strandings for the 

Fig. 5  The red line represents the estimations of the best common 
dolphin GAMM including Year:Month interaction, winter north 
Atlantic oscillation  (NAOWIN) and northerly component of the wind 

from the FMNOC model(VFMNOC) as explanatory variables and Year 
as correlated variable, with 95% CI (shaded grey). The blue bars are 
the observed number of common dolphin strandings per month

Table 5  GAMMs of annual 
and seasonal trends

For each combination predictor variable-cetacean species is represented when the best fit was a polynomial 
model of two (S2), three (S3) or four (S4) degrees. Deviance explained (Dev. Exp.) is given for all models. 
Abbreviations of variables in columns as referenced in the text (see Table 1) and cetacean species in rows: 
common dolphin (DDE), bottlenose dolphin (TTR) and harbour porpoise (PPH)
Significance level is given with the following scale: p value  <  0.001  =  ‘***’, 0.001  <  p 
value < 0.01 = ‘**’, 0.01 < p value < 0.05 = ‘*’, 0.05 < p value < 0.1 = ‘.’, and a hyphen (–) representing 
when the variable is not used in the model

Predictor variables Trend Dev.exp. (%)

Year Month NAOWIN VFMNOC VBUOY SWFMNOC

Smoothed trends
 DDE – S4*** – – – – S4. 46
 TTR – S2. – – – – S3* 21
 PPH – S3** – – – – S2 15

Linear trends
 DDE – S4*** – – – – L1 38
 TTR – S2. – – – – L1 7
 PPH – S3** – – – – L1 3

Smoothed trends
 DDE – S4*** S2* L1*** – – S2 44
 TTR – L1 – – L1** – S3* 27
 PPH – S3** – – – L1* S2 15

Linear trends
 DDE – S4*** S2* L1*** – – L1 44
 TTR – L1 – – L1** – L1 16
 PPH – S3* – – – L1* L1 8
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three cetacean species but, because of the correlation of 
UI with the wind variables, only the latter (VFMNOC, VBUOY 
and  SWFMNOC) were included in the final models because 
of the presence of a stronger relationship, as indicated by 
the higher significance of the effect in the model. As the 
southern coast of Galicia has a western orientation and is 
located in the northern hemisphere, constant winds from the 
north and northwest produce upwelling, displacing water 
away from the coast. These events, which predominate in the 
summer months, reduce the probability of stranding, mov-
ing the carcasses away from the coast. On the contrary, in 
the winter months, predominant southerly winds produce 
downwelling which, together with the prevailing winds, 
facilitate that carcasses reach the coast. In addition, during 
these winter months the number of days with strong winds, 
their intensity (related with storms) and the prevailing direc-
tion, make the probability of stranding greater. This infor-
mation is partially captured by the wind variables and we 
observed a high relationship between them and the number 
of strandings.

Large-scale ocean climate indices, such as EA, SCA 
and annual NAO, did not show any clear relationships with 
stranding patterns for any of the cetacean species. For exam-
ple, the NAO index, for which the positive phase is associ-
ated with higher pressures in the subtropical high pressure 

centre, causes the weather in western and southern Europe 
to be more stable. The opposite occurs during negative NAO 
years, when the high and low pressure centers are weak-
ened, resulting in more frequent and intense winter storms 
crossing the Atlantic Ocean that, in turn, are related with 
strong western winds in our study area. Therefore, it would 
be reasonable to expect that negative NAO events will result 
in a higher number of strandings. No such relationship was 
detected in our analysis when using the monthly mean NAO. 
Similar relationships might occur with the EA and SCA; 
however, again, no evidence of a relationship was found. 
The lack of apparent relationship with these climate indices 
could be due to masking by some other more powerful pro-
cess. Nevertheless, when a component of the NAO, the win-
ter NAO  (NAOWIN; i.e. the mean NAO of the winter months, 
December through March) was used as a predictor variable, 
it provided a good fit and the deviance explained was also 
satisfactory for all cetacean species, especially for DDE, for 
which  NAOWIN was included in the final model since its 
effect on the number of strandings was significant. However, 
the effect was opposite to expected, with more strandings in 
positive phases than in negative. The significant effect on 
the number of DDE strandings could be explained not by the 
local effect that the NAO exerts on the probability of strand-
ing but on the behaviour of the species. Although there is no 

Fig. 6  GAMMs of annual and seasonal trends (dark lines) with 95% 
CI (red lines) and 200 random runs of 1000 runs performed (blue 
lines). Models with Month, Trend and no other covariates (left col-
umn) and models with Month and Trend variables plus other explana-

tory covariates selected for the final models (right column). Cetacean 
species in rows: common dolphin (DDE), bottlenose dolphin (TTR) 
and harbour porpoise (PPH)
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evidence to confirm this hypothesis, the migratory patterns 
of the species could cause the common dolphin to move 
to quieter waters (or further away from the coast) during 
negative phases of NAO. This would make to decrease their 
abundance in the study area, which would be reflected in the 
number of strandings.

We might expect that bycatch would be related to the 
level of fishing effort as demonstrated in various studies 
(e.g. Northridge 1984, 1991; Read et al. 2006). However, 
when the fishing effort  (DASGill,  DASPair and  DASTrawl) and 
landings (Land and  LandBW) were tested, no significant rela-
tionships were found with strandings of the three cetacean 
species. At first sight, our results would seem to contradict 
the available data, i.e. the high number of stranded cetaceans 
with evidence of having been bycaught. However, absence 
of a relationship between the fishing effort and the number 
of strandings may be due to the fact that annual fishing effort 
did not vary greatly during the study period (2000–2014). 
In addition, data on trawling or soaking time are not readily 
available, forcing us to use the number of trips as a meas-
ure of effort. It should also be noted that logbooks are only 
available for boats larger than 10 m, effectively leaving out 
the information on the effort of the artisanal fleet, which is 
responsible for a large part of the gillnet effort in Galician 
waters. Gillnets are responsible for a substantial proportion 
of cetacean bycatches in Galicia (Goetz et al. 2014b). In 
addition, cetaceans can drift for a long time before sink-
ing. Decomposition experiments on mammal carcasses sub-
merged in salt water carried out by Anderson & Hobischak 
(2004) demonstrated that buoyancy of carcasses was still 
present 47 days after death and remains were recovered even 
140 days after death. Thus, animals with condition state of 4 
(i.e. advanced decomposition; Kuiken and Hartmann 1991), 
including 57% of the recorded carcasses of the present study, 
may correspond to a time after dead of 30–40 days (Ander-
son and Hobischak 2004), indicate that our samples could 
have drifted for a long time (and indeed over a long distance) 
prior to stranding. Peltier et al. (2012) registered a dolphin 
carcass which travelled more than 77 km in only 9 days and 
Martínez-Cedeira et al. (2011) recorded another carcass 
that travelled more than 300 km with favourable weather 
conditions. Therefore, since southerly winds favour trans-
port and stranding of carcasses in our study region, many 
dolphin carcasses stranded in Galicia could have travelled 
from Portuguese waters. If this is the case and dolphins have 
been bycaught outside Galician waters, it would be neces-
sary to include the activities of the Portuguese fleet in our 
analyses. This complicates the identification of a relation-
ship between number of strandings and fishing effort, as can 
occur in places with a marked seasonal difference in abun-
dance and distribution (e.g. Fruet et al. 2010). Furthermore, 
c targeting preferred prey probably have higher bycatch than 
those targeting other species (e.g. Spitz et al. 2013), although 

within metiers, bycatch may still be related to fishing effort. 
Therefore, effort aggregated by fishing gear as used here, 
and not by specific metier, is likely not the best indicator to 
measure the probability of bycatch. However, at present, the 
metier-specific information is not available.

We used the total monthly amount of fish landed in all 
ports of the southern region of Galicia, regardless of the 
species or size of these fish, as an indication of food avail-
ability to cetaceans. Using just the length classes of fish 
susceptible to be eaten by dolphins was not possible with 
the available database. Although we would expect some 
relationship between fish abundance and fishery landings, 
evidently, landings may not always be a good index of fish 
abundance. For instance, targeted effort can be directed at 
certain size classes and fish species, the landings data do 
not include information on amounts of fish discarded and 
landings may be limited by quota restrictions in some spe-
cies. Using the estimated annual abundance of the main tar-
get species, as Vishnyakova & Gol’din (2014) did, might 
be more suitable. However, assessment of the blue whiting 
stock (one of the main prey species of the studied cetaceans) 
is not currently performed at the scale of our study area and 
abundance estimates for blue whiting were thus not available 
for our analysis.

In this study, factors such as the distance away from the 
coast when the animal died and the buoyancy of the car-
cass could not be considered. The cetaceans analysed in this 
study mainly inhabit the slope and shelf continental waters 
and as other studies have shown, cetacean carcasses can drift 
long distances (Martínez-Cedeira et al. 2011; e.g. Peltier 
et al. 2012). In our analysis, we have implicitly assumed that 
any cetacean dying within the continental shelf might reach 
the coast and strand. In practice, the likelihood of strand-
ing probably depends more on the prevailing oceanographic 
conditions than on the distance to the coast; a cetacean dying 
near the coast would not reach the coast if the conditions 
were unfavourable. Regarding the buoyancy, it depends 
on body size as well as on body composition (Peltier et al. 
2012, 2016), which may explain why very small animals 
seem to be under-represented in strandings data (Stolen and 
Barlow 2003). To interpret the strandings data, ideally we 
need to know about the body size distribution of the living 
population.

Because the explanatory variables used were not suffi-
cient to adequately explain the annual and seasonal variabil-
ity, we included Month and Year as additional predictor vari-
ables. Although these variables in themselves cannot explain 
numbers of strandings, they indirectly carry biological or 
physical information that is not available in other explana-
tory variables. The abundance of dolphins in a particular 
year is presumably related to their abundance in the previ-
ous year due to their longevity and thus, we assumed that a 
certain degree of annual autocorrelation is to be expected. 



Mar Biol  (2017) 164:165  

1 3

Page 15 of 17  165 

Using GAMMs to take this autocorrelation into account, the 
resulting models showed generally similar levels of signifi-
cance for explanatory variables and indicators of the quality 
of the model fit (AIC, deviance explained and  R2) improved 
in some cases, although not in all of them. For DDE, our 
model explained 57% of deviance and captures the annual 
and seasonal fluctuations along the time-series reasonably 
well. The model did not predict several instances of a very 
high number of strandings. These peaks of strandings may 
reflect unusual mortality events or ocean climate events 
(such as storms) not captured by the explanatory variables 
in the model.

The study of the long-term patterns in the number of 
strandings revealed year-to-year fluctuations (only signifi-
cant in TTR and marginally significant in DDE), but no 
linear trends in the number of strandings for any of the spe-
cies analysed. When other explanatory variables (mainly 
the annual variations of the  NAOWIN) were included in the 
model to try to test if these changes in the number of strand-
ings could be related to changes in their abundance, the 
slightly significant variations observed in the DDE model 
disappeared, becoming linear and non-significant. This 
result would seem to indicate a relatively stable abundance 
of DDE off the Galician coasts in the period of study.

When the effect of the Trend variable was linearized, 
it was not significant for any of the studied species. If we 
assume that the Trend variable represents abundance, we 
could conclude that there is no linear trend of increase or 
decrease in their long-term abundance. However, examina-
tion of Fig. 6 suggests that the bottlenose dolphin population 
in the area may have suffered a slight decrease, shortly after 
half of our time series, and subsequent increase of its popu-
lation. Depending on the time-period over which abundance 
were evaluated, conclusions could clearly differ but with the 
whole data set available there is no evidence of an overall 
decline or increase.

To be able to use strandings as indicators to support deci-
sions on cetacean management and conservation, it is impor-
tant to take into consideration the factors that influence them 
(Peltier et al. 2014, 2016). As we have shown, the effects 
of the multiple explanatory variables which interact among 
themselves are sometimes not easy to interpret, particularly 
when the number of observations are limited, such as with 
TTR and PPH strandings. The models presented provide 
an example of how combining strandings, environmental 
and other fishing-related variables could be used to explain 
the abundance trends and their variations to generate an 
operational indicator of abundance trends. However, fac-
tors and events leading strandings are evidently complex 
and it is important to obtain better predictors, especially of 
prey abundance and fishery bycatch mortality of cetaceans. 
Examination of the relative frequency of different causes 
of death can provide an insight into whether increased 

mortality rate is a component in an increased number of 
strandings. If these frequencies varied throughout our study 
period, they could mask the relationship between strandings 
and the abundance of cetaceans. Indices of fish abundance 
and information on fish spatial distribution, derived from 
fisheries assessment surveys, can be related to cetacean diet 
and thus offer insights into changes in cetacean distribu-
tion. Recently, models based on ocean currents have shown 
how carcase drift may be accounted for (Peltier et al. 2012). 
These models can provide extra information about processes 
not captured by the variables used in this study. Clearly, 
there are additional steps that can be performed to improve 
the predictive capacity of our models. However, many of 
them are complex or not fully feasible, so we consider that 
the approach we have used offers an important step to better 
understand the stranding process and its possible relation-
ship with the abundance of these species.
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