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1.  INTRODUCTION 

Conventional studies on the feeding ecology of 
marine mammals, investigated from stomach con -
tents, are especially relevant to determine the compo-
sition of the diet, its variation over time, and also to 

describe the trophic relationships between them and 
the dynamic ecosystem which they inhabit (Pierce & 
Boyle 1991, Trites et al. 1997). Therefore, studies on 
feeding ecology are essential to understand the inter-
actions between fisheries and wild marine mammal 
populations, as well as the competition for resources 
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firming the potential vulnerability of the Iberian population to interactions with fishing activities 
(i.e. bycatch in fishing gear and/or reduced prey availability).  
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and its repercussions (e.g. Lassalle et al. 2012, Giralt 
Paradell et al. 2021). 

In European waters, the diet of harbour porpoises 
Phocoena phocoena includes a wide diversity of prey 
species (Santos & Pierce 2003), with some authors 
suggesting that the species is an opportunistic feeder 
since its diet composition is related to prey availabil-
ity (Martin 1995, Teilmann & Dietz 1998). However, 
several studies concur that a small number of prey 
species normally dominates the diet of harbour por-
poises, with fish species of the family Gadidae often 
being the most important prey (e.g. Víkingsson et al. 
2003, Santos et al. 2004, Jansen et al. 2013). Previous 
studies on the diet of harbour porpoises have also 
found that they feed on both demersal and pelagic 
prey species in shallow waters, while in deeper waters 
they are also able to exploit deep-sea species that 
migrate vertically in the water column (e.g. lantern-
fish Myctophum punctatum, herring Clupea harengus, 
pearlside Maurolicus muelleri, sprat Sprattus sprattus) 
(Bjørge & Tolley 2002, Schaffeld et al. 2016, Arndt & 
Evans 2022). 

There are geographical differences in the diet com-
position of harbour porpoises. In Scandinavian waters 
(i.e. Baltic Sea and North Sea), energy-rich fish species 
of the family Clupeidae are predominant in the diet 
(Aarefjord et al. 1996, Koschinski 2001, Mahfouz et al. 
2017). However, in Scotland, they fed mainly on her-
ring until the stock of this prey species crashed 
(Santos & Pierce 2003). The depleted state of some key 
fish stocks might also be an issue for harbour porpoise 
populations given that this cetacean needs to feed 
near continuously to maintain its high metabolic rate 
and to avoid loss of body condition in cold waters (Leo-
pold et al. 2015, Wisniewska et al. 2016). It has been es-
timated that harbour porpoises need to consume up to 
2–5 kg of prey daily, which represents 4–10% of their 
total body weight (Fontaine et al. 1994, Kastelein et al. 
1997, Santos et al. 2014). These high energy require-
ments imply that the porpoises must maintain close 
contact with their prey resources (Koopman 1994), 
especially energy-rich prey, to de crease the likelihood 
of starvation (MacLeod et al. 2007). 

The Iberian population of the southern harbour 
porpoise is distributed along the Atlantic coast of the 
Iberian Peninsula, approximately between Cabo de 
São Vicente in Portugal northwards to Cape Finis-
terre in Spain (Hammond et al. 2021). This population 
has some particular characteristics, e.g. it is geneti-
cally isolated from the northern European population 
(Fontaine et al. 2007, 2010, Llavona 2018), and it has 
also been noted that Iberian individuals are morpho-
logically larger (Lens 1997, López 2003, Read 2016). 

As a result, it has been proposed to consider the 
southern harbour porpoises, i.e. the Iberian population 
together with the NW African population, as a sub-
species, namely P. p. meridionalis (Fontaine et al. 2014). 

Galicia (NW Spain) is one of the most fishery-
dependent communities in EU waters (Natale et al. 
2013, Surís-Regueiro & Santiago 2014), with more 
than 4000 registered fishing vessels (https://www.
pescadegalicia.gal/rexbuque/), representing a poten-
tial threat to the conservation of harbour porpoises. 
Although harbour porpoises comprise only 7% of all 
stranding records in Galicia (López et al. 2002), be -
tween 1990 and 2018, over 40% of diagnosed deaths 
amongst stranded harbour porpoises were the result 
of fisheries interactions (Covelo et al. 2018, Read et al. 
2020). Furthermore, Vingada et al. (2011) referred to 
evidence of around 200 animals from this population 
dying annually due to fishery bycatch in Portuguese 
waters. The high bycatch mortality rates in the poly-
valent fleet are almost certainly unsustainable for the 
small size of the Iberian population (Read 2016, 
Pierce et al. 2020, Read et al. 2020) since mortality 
also causes a loss of genetic diversity in a declining 
population (ICES 2019b, NAMMCO & IMR 2019, 
Chehida et al. 2023). 

Only 5 previous studies have examined the feeding 
ecology of southern harbour porpoises: 1 in France 
(Spitz et al. 2006), 3 in Galicia (González et al. 1994, 
Santos 1998, Read et al. 2013) and 1 in Portugal 
(Aguiar 2013). These authors concluded that south-
ern harbour porpoises mainly feed close to the sea-
floor on demersal fish species, although some pelagic 
(commercially important) fish species were also 
found in their diet. It should be noted that Spitz et al. 
(2006) examined harbour porpoises from all along the 
French coast of the Bay of Biscay and most likely 
included a mixture of harbour porpoises from south-
ern and northern populations, while González et al. 
(1994) referred to the presence of fish otoliths in the 
stomach of 1 specimen, and Read et al. (2013) pro-
vided an update of the results re ported by Santos 
(1998). This limited knowledge of southern harbour 
porpoise feeding ecology (in terms of diet composi-
tion and, in particular, long-term trends or changes in 
diet composition), to gether with its restricted distri-
bution and the fisheries impact, has contributed to 
increase the concern about the conservation status of 
this species over the last years. Indeed, in the Spanish 
Catalogue of Threatened Species the status of the 
harbour porpoise changed from ‘vulnerable’ in 2011 
to ‘in danger of extinction’ in 2020 (BOE 2020). 

The present study includes all past information on 
Galician samples; a total of 56 stomach contents were 
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analysed from 1991 to 2010 and the sampling was ex-
tended to 2018 through the analysis of 16 new non-
empty stomach contents, assembling a time series of 
almost 3 decades. The aims of the present study were to 
(1) re-characterise the diet of the Iberian population of 
the southern harbour porpoise that inhabits the Galician 
coasts; (2) re-analyse potential drivers of dietary varia-
tion; (3) estimate the consumption of the main prey spe-
cies; (4) compare the overlap between the diet of har-
bour porpoises and catches of fisheries operating in 
the area; and (5) estimate the energy intake represented 
by food remains in the stomachs (diet quality) in relation 
to harbour porpoise sex (males vs. females), body length 
and cause of death (bycaught vs. not bycaught). 

2.  MATERIALS AND METHODS 

2.1.  Sample collection 

Since 1990, members and volunteers of the non-
governmental organisation Coordinadora para o Estu-
dio dos Mamíferos Mariños (CEMMA) have routinely 
attended cetacean strandings in Galicia and carried 

out post-mortem examinations following the standard 
protocol of the European Cetacean Society (Kuiken & 
García-Hartmann 1991). During necropsies, informa-
tion such as the species, body length, sex, blubber 
thickness, decomposition status, date of stranding 
and location is collected along with various biological 
samples (e.g. teeth, gonads, stomach contents). In 
addition, the cause of death was only classified as 
‘evidence of bycatch’ or ‘no evidence of bycatch’ 
for  animals with decomposition state 2 (mild) and 3 
(moderate), per Kuiken & García-Hartmann (1991). 
Because the assumptions of normality (Shapiro–Wilk 
test) and homoscedasticity (equal variance test) were 
fulfilled, differences in length between male and 
female harbour porpoises were compared with the 
parametric Student’s t-test using the software R ver-
sion 3.6.1 (R Core Team 2019). Results of statistical 
tests were considered to indicate significant differ-
ences or effects when p < 0.05. 

From 1991 to 2018, the stomach contents of 80 har-
bour porpoises stranded on the Galician coast were 
collected (Fig. 1). The stomach contents were ob -
tained by either opening the 3 stomach compartments 
(forestomach, main stomach and pyloric stomach) 
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during the necropsy and storing the food re mains in 
glass jars with 70% ethanol (n = 70), or by removing 
all 3 stomach compartments together and freezing 
them until further analysis in the laboratory (n = 10). 
Since 8 of the 10 frozen stomachs sampled did not 
contain any identifiable food remains, they were not 
included in the final diet analysis. Here we present 
the results from the analysis of the 72 non-empty 
stomachs. 

In the laboratory, analysis was conducted following 
a standard protocol whereby all stomach contents 
were washed under tap water and rinsed through a set 
of 3 nested sieves with decreasing mesh sizes (1.0, 0.5 
and 0.3 mm) to allow the separation of prey remains 
and to avoid clogging of the sieves. Diagnostic hard 
prey remains such as fish sagittal otoliths and bones, 
cephalopod beaks, crustacean exoskeletons and mol-
lusc shells were transferred to 70% ethanol in labelled 
glass vials for sterilization. All prey hard structures 
were then dried at room temperature except for ceph-
alopod beaks and crustacean remains, which were 
kept in 70% ethanol. 

2.2.  Prey identification and diet characterisation 

The identification of fish was carried out to the 
lowest possible taxonomic level based on examina-
tion of sagittal otoliths, jaw bones and other diagnos-
tic bones, using published guides (e.g. Härkönen 1986, 
Watt et al. 1997). We also had access to a reference 
collection held at the Spanish Institute of Oceanogra-
phy. Since the diagnostic remains are generally 
paired structures, the minimum number of fish was 
estimated as half the highest number of sagittal otoliths 
or specific bones (premaxilla, maxilla, dentary, post-
temporal, otic bulla and pharyngeal arch), rounded 
up. Cephalopods were identified from their hard re -
mains (lower and upper beaks) using both published 
guides (e.g. Clarke 1986) and reference material. The 
number of cephalopods was estimated from the number 
of upper or lower beaks, whichever was higher. 

Crustacean exoskeletons and mollusc shells were 
also recorded in a few stomachs and were identified 
whenever possible, but they were generally found 
broken, eroded or in an advanced stage of digestion. 
Some of these remains could originate as part of sec-
ondary ingestion, i.e. having been eaten by the prey 
of the harbour porpoises (although technically this 
could apply to any smaller prey remains). Their 
importance (either in number or weight) was minimal 
when compared with the other remains, and it was 
often not possible to determine the number of individ-

uals involved. We have therefore listed them but not 
included them in further analysis. 

Prey remains were photographed with a Leica S8 
APO stereoscopic microscope (Leica Microsystems) 
fitted with a camera (Carl Zeiss Axiocam ERc5s). 
Measurements were taken using image analysis 
software (ZEN 2012). When more than 30 hard prey 
re mains of the same type (i.e. the same diagnostic 
structure from the same species) were present in a 
sample, a random subsample of at least 30 items 
was measured and extrapolated to the total. 

Standard sagittal otolith measurements were used to 
reconstruct original fish size using published regres-
sions (e.g. Härkönen 1986). Fish weight was derived 
either from fish length or from sagittal otolith size, 
also using published regressions (e.g. Bedford et al. 
1986. Similarly, mantle length and body weight of the 
cephalopod prey were reconstructed based on stand-
ard measurements from either the upper or the lower 
beak (rostral length for squids and hood length for 
octopods and sepiolids) using published regressions 
(e.g. Clarke 1986), or from our own unpublished re -
gressions. The regressions used in this study to obtain 
prey lengths and weights are shown in Table S1 in the 
Supplement at www.int-res.com/articles/suppl/n054
p105_supp.pdf. No corrections were made for diges-
tive reduction in sagittal otolith size. 

For each stomach, we recorded the presence/
absence, number and summed (reconstructed) weight 
of each prey taxon. For describing the overall diet, 
4  indices were used to determine the relative im -
portance of each prey taxon: 

(a) Frequency of occurrence (%F): 

                                                                    (1) 

where Fi is the number of stomach contents with the 
prey taxon i and Ft is the total number of stomach 
contents analysed. 

(b) Percentage of prey number (%N): 

                                                                    (2) 

where Ni is the total number of individuals of prey 
taxon i in all the stomachs and Nt is the total number 
of individuals of all prey in all stomachs. 

(c) Percentage of prey biomass (%W): 

                                                                    (3) 

where Wi is the total reconstructed biomass of prey 
taxon i in all the stomachs and Wt is the total recon-
structed biomass of all prey items in all stomachs. 
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To compare these results with other harbour por-
poise diet studies carried out in European Atlantic 
waters, we also calculated: 

(d) Percentage index of relative importance (%IRI): 

                                                                    (4) 

where IRIi is the index of relative importance of prey 
taxon i (Hart et al. 2002), calculated as: 

                                                                    (5) 

and IRIt is the sum of IRIi values across all prey taxa. 
To determine the effects of sampling error, a non-

parametric bootstrap method, following the method-
ology described by Santos et al. (2014), was used to 
obtain the median and the 95% confidence interval 
(CI) of diet composition (i.e. %F, %N, %W and %IRI) 
for the prey taxa identified in the diet. The bootstrap 
calculation process replicates the original calcula-
tions 1000 times, each time resampling the stomach 
samples with random replacement from the original 
set of samples (n = 72). Thus, each replicate consists 
of selecting a new sample (at random) and adding the 
data on presence, total number and total weights of 
each prey taxon in the sample to the running totals for 
each of the 38 prey taxa, finally expressing results for 
each prey taxon following the formulae listed above. 
The 1000 results for each index and each taxon were 
then sorted to allow the lower and upper 95% CI and 
median value to be extracted. The bootstrapping rou-
tine was run with the software R version 3.6.1 (R Core 
Team 2019) using the package ‘boot’ version 1.3.20 
(Canty & Ripley 2019). 

Several studies in the Northeast Atlantic have 
observed differences in the diet between adult and 
juvenile harbour porpoises (see Santos & Pierce 2003). 
However, as no information was available on the 
maturity of the harbour porpoise individuals in our 
sample, we used Spearman’s rank correlation coeffi-
cient to determine whether the number of prey taxa in 
the stomachs increased with increasing harbour por-
poise length. This was necessary because the prelimi-
nary examination of the data suggested a monotonic 
but non-linear relationship between the variables. 

2.3.  Drivers of diet variability 

Generalised additive models (GAMs) were applied 
to model the diet composition of harbour porpoises 
using the R package ‘mgcv’, version 1.8.28 (Wood 
2017). To choose the best approach, data series were 

firstly explored for outliers, collinearity and interac-
tions. Then, 4 different binomial GAMs with logit link 
function were run for each key prey taxon to investi-
gate factors affecting prey occurrence: 

 

                                                                    (6) 

where α is the intercept, the fns are the dimensional 
nonparametric smoothing functions, βns are the linear 
coefficients and ε is the error term. 

The response variable was the occurrence (presence/
absence), in each harbour porpoise i, of each main 
prey taxon: genus Trisopterus (hereafter ‘Tri sopterus’ 
but probably consisting mainly or entirely of pouting 
T. luscus, a benthopelagic species characteristic of 
coastal waters of the Iberian Peninsula), blue whiting 
Micromesistius poutassou, Atlantic horse mackerel 
Trachurus trachurus and European hake Merluccius 
merluccius. Continuous explanatory variables were 
harbour porpoise length (PorpL), stranding location 
(latitude, Lat), year of stranding (Year), day of year 
(Day) and an annual index of abundance for each 
main prey taxon (AbunP). Categorical explanatory 
variables were harbour porpoise sex (male/female, 
Sex) and carcass decomposition state (DecomS, a fac-
tor with 3 possible levels: mildly de composed, moder-
ately decomposed and highly decomposed). 

The annual index of abundance for each main prey 
taxon was included in the models to investigate the 
effect of prey abundance on harbour porpoise diet 
variability. Depending on the prey taxon and data 
availability for the study area, different sources of 
information were used to provide the index of prey 
abundance. For European hake and Atlantic horse 
mackerel, we used the annual estimates of spawning-
stock biomass of the southern stocks (Cantabrian Sea 
and Atlantic Iberian waters, ICES divisions 8.c and 
9.a) of these 2 species, as published in the advice pro-
vided in 2019 by the International Council for the 
Exploration of the Sea (ICES) (ICES 2019a). For blue 
whiting, ICES assesses a single stock that is widely 
distributed, from Gibraltar to Norway. To obtain more 
local indices of abundance, we used the catch per unit 
effort data obtained by the northern Spanish shelf 
groundfish survey ‘DEMERSALES’ (Instituto Español 
de Oceanografía). This survey is part of the ICES 
programme of International Bottom Trawl Surveys 
(IBTS) that take place annually in autumn and cover 
the north and north-western shelf waters of the Ibe-
rian Peninsula (ICES divisions 8.c and 9.a). For spe-
cies of the genus Trisopterus, ICES only assesses Nor-
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way pout T. esmarkii, which is a species that is absent 
from Iberian Peninsula waters (Svetovidov 1996), 
hence we used the abundance index of pouting esti-
mated from the ‘DEMERSALES’ survey. 

To avoid overfitting in GAMs, all continuous 
explanatory variables, except year of stranding, were 
fitted using smoothers with the maximum number of 
degrees of freedom restricted to 3 (k = 4). When the 
value for the effective degrees of freedom of a smoother 
was 1 in the optimal GAM (i.e. a linear fit), we re -
placed the smoother with a linear term. Since day of 
year is a cyclic variable, we applied a cyclic cubic 
spline. To identify the optimal GAMs, we used a back-
ward selection procedure in which, at each step, one 
non-significant variable was removed from the model. 
The final models were the ones with the lowest values 
of Akaike’s information criterion (AIC; Akaike 1974). 

Generalised additive mixed models (GAMMs) were 
also applied to test for relationships between prey 
length (PreyL, as the response variable) and harbour 
porpoise length (PorpL) and prey taxon (both as 
explanatory variables). Harbour porpoise individuals 
were added as a random effect to GAMMs on the 
assumption that individuals of a given prey taxon 
within a single stomach may be of similar size (i.e. 
because it is assumed that the harbour porpoise fed 
on a single shoal of fish). Since the response variable 
(prey length) is a continuous variable with only posi-
tive values, GAMMs were run using a Gamma distri-
bution with a logarithmic link function: 

                 logit(Occurrencei) = α + f (PorpLi)  
                                 + β (Taxa) + a + εi                            

(7) 

where α is the intercept, f is the dimensional nonpara-
metric smoothing function, β is the linear coefficient 
and ε is the error term. The random effect a was 
included in the model to allow variation within the 
same individual harbour porpoise. Random effects 
were assumed to be normally distributed with mean 0 
and variance σ2 

a. 

2.4.  Consumption rates and competition with 
fisheries 

The annual food consumption (Ii, tonnes) by the 
Iberian population of the southern harbour porpoise 
in Atlantic waters of the Iberian Peninsula was esti-
mated for the main prey species following the equa -
tion used by Santos et al. (2014): 

                                                                    (8) 

where N is the harbour porpoise population size 
inhabiting the Iberian Peninsula shelf waters, esti-
mated to be 2898 individuals (95% CI 1386–5122), a 
figure obtained from the results of the SCANS III sur-
vey that took place in the summer of 2016 (Hammond 
et al. 2021). This estimate refers to the entire popula-
tion of the Iberian Peninsula, not only that of the 
study region. However, it should be noted that the 
aerial survey found the highest density (animals km–2) 
of this species in the Atlantic shelf waters off Galicia 
and north-central Portugal. For the purpose of this 
study, N was assumed to remain constant during the 
study period since the previous abundance estima-
tion obtained by the SCANS II survey in 2005 was 
quite similar (2880 harbour porpoises) (Hammond et 
al. 2013). 

Pi is the calculated proportion by weight of prey 
taxon i in the diet obtained from the analysis of the 
stomach contents. IB is the average daily food inges-
tion by an individual harbour porpoise (in kg). T is the 
number of days when prey and predator are in contact 
during a year (assumed to be 365 d). 

To obtain the average daily food ingestion (IB) by 
harbour porpoises, we used the equation of Innes et 
al. (1987): 

                                IB = 0.258 × BW 0.69                           (9) 

where BW is the harbour porpoise body weight (in 
kg). The BW value was derived from the length–
weight regression obtained by González-Fernández 
(2020) from harbour porpoises stranded in the study 
area (n = 37, r2 = 0.96): 

                       BW = –62.586 + 0.782 × BL                (10) 

where BL is the body length (in cm). The body length 
of the 72 harbour porpoises in the present study were 
known (measured during necropsies). Note that this 
approach assumes that the overall diet recorded in 
Galicia during 1990–2018 can be applied to the whole 
area, and that the animals studied for the diet are rep-
resentative of the whole Iberian population. 

To assess the effects of variability in harbour por-
poise body weights and hence in daily food consump-
tion, a non-parametric bootstrap method (with 1000 
replicates), following the procedure described above, 
was also applied to generate 95% CI and to calculate 
the mean. To determine the relative amounts of fish 
taken by fisheries and harbour porpoises in Atlantic 
Iberian Peninsula waters, we compared the esti-
mated annual consumption by the Iberian population 
with the reported annual fishery catches on their 

IBI P T
1000

N# # #= i
i
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main prey species in the area during the time-period 
1990–2018. 

Annual catches (landings and discards) for the main 
harbour porpoise prey species (i.e. blue whiting, 
Atlantic horse mackerel and European hake) in ICES 
divisions 8.c and 9.a (Cantabrian Sea and Atlantic Ibe-
rian Waters), fished by Spanish and Portuguese fleets, 
were obtained from the ICES data set collections 
(ICES 2019c). For pouting, official data on annual 
landings were obtained from the published figures 
provided on the webpage of the regional govern-
ments of Galicia and Asturias (Xunta de Galicia 2019, 
Principado de Asturias 2019). In Portugal, annual 
landings of pouting at the different ports of mainland 
Portugal were obtained from the Direção-Geral de 
Recursos Naturais, Segurança e Serviços Marítimos 
(DGRM 2019). The 95% CIs of the landings values, 
expressed as a percentage of average landings, were 
calculated by resampling from the data set of annual 
landings using the same bootstrap procedure described 
above. 

2.5.  Prey energy content 

The estimated biomass (%W ) of the prey taxa 
found in the stomachs of harbour porpoises was con-
verted into energy values (kJ g–1), using the energy 
density (ED) data provided by Spitz et al. (2010) on 
different species, to determine the energetic content 
of harbour porpoise diet. The 95% CIs of the energy 
values obtained from the prey species in the stom-
achs were calculated using the same bootstrap 
procedure described above. Differences in dietary 
energy content between male and female harbour 
porpoises were evaluated using Student’s t-test (n = 
72) because the assumptions of normality (Shapiro–
Wilk test) and homoscedasticity (equal variance 
test) were fulfilled. However, for those harbour por-
poises whose decomposition state was 2 (mild) or 3 
(moderate) and the evidence of bycatch could be de -

termined during necropsies, a Mann–Whitney test 
was used to analyse differences in dietary energy 
content between by caught and non-bycaught indi-
viduals (n = 37). This was necessary because, in this 
case, the assumptions of normality (Shapiro–Wilk 
test) and homoscedasticity (equal variance test) 
were not fulfilled. Results of statistical tests were 
considered to indicate significant differences or 
effects when p < 0.05.  We also used a Gaussian 
GAM to depict the possible relationship between 
dietary energy content and harbour porpoise body 
length. In this GAM, the re sponse variable was the 
log-transformed estimated prey energy density of 
the stomach contents, while the continuous explana-
tory variable was harbour porpoise length (fitted 
with degrees of freedom re stricted to 3): 

                    log(PreyEi) = α + f (PorpLi) + εi             (11) 

where α is the intercept, f is the dimensional nonpara-
metric smoothing function and ε is the error term. 

3.  RESULTS 

3.1.  Sample composition 

Harbour porpoise stomachs (n = 72) with food re -
mains were analysed. Information on the samples 
(year of stranding, area, season, sex) is summarized in 
Table 1. Of these 72 samples examined, 10 animals 
showed evidence of having died as a result of bycatch 
in fishing gear, while 27 did not show evidence of 
interaction with fisheries. For the remaining 35 indi-
viduals, cause of death could not be determined due 
to their advanced state of decomposition. Nearly half 
of the strandings (43.1%, n = 31) occurred in winter; 
i.e. from 21 December to 20 March. Less than half of 
the samples (47.2%, n = 34) were females. Further-
more, most harbour porpoise strandings were con-
centrated in the southern part of Galicia, correspond-
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Years                   N          Area                                                             Season                                                               Sex 
                                        Western         Northern             Winter                 Spring                Summer                  Autumn            Female   Male 
                                    (Pontevedra)   (La Coruña     (21 December    (21 March to       (21 June to         (21 September 
                                                                  and Lugo)       to 20 March)          20 June)        20 September)   to 20 December)           
 
1991–1999      28            21                      7                          7                          10                          5                              6                      10           18 
2000–2008      19            13                      6                         10                         5                           2                              2                      14            5 
2009–2018      25            13                     12                       15                         4                           4                              2                      10           15 

Total                 72            47                     25                       32                        19                         11                            10                     34           38

Table 1. Summary of sampled harbour porpoises by period, area, season and sex
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ing to the high number of sightings in this area during 
coastal surveys (Pierce et al. 2010). 

Total length of sampled harbour porpoises ranged 
from 104 to 193 cm in females and 110 to 180 cm 
in  males. Mean ± SD estimated length was 147.1 ± 
24.2  cm for females and 144.3 ± 17.2 cm for males. 
The average length of all individuals was 145.6 ± 
20.7 cm, with no significant difference between males 
and females (Student’s t-test: t58.7 = 0.6, p = 0.559). 
Estimated weights ranged from 19 to 88 kg in females 
(mean 50.7 ± 15.7 kg) and from 23 to 78 kg in males 
(mean 50.2 ± 15.9 kg). Mean weight of all individuals 
was 50.5 ± 15.8 kg. 

3.2.  Prey identification and diet characterisation 

In total, 6411 diagnostic hard prey items (i.e. fish 
sagittal otoliths and bones, and cephalopod beaks) 
were identified, which corresponded to the remains 
of  2455 individual fish and 85 individual cephalo-
pods.  These individuals belonged to 23 families, in -
cluding 20 fish and 6 cephalopod taxa, respectively. 
Of the diagnostic hard prey items, 55.9% (n = 3583) 
were identified to species level, 20.6% (n = 1320) to 
genus level and 17.6% (n = 1131) to family level; the 
remaining 5.9% (n = 377) could not be identified due 
to erosion or fragmentation of the prey remains. 

Overall, the diet of harbour porpoises consisted 
mainly of fish, in terms of all measures of importance 
(%F = 86.1, %N = 96.7, %W = 99.1, 
%IRI = 98.9). Cephalopods were also 
present in 13.9% of the stomachs, but 
they represented only 3.3% of the total 
number (%N ), and even less by recon-
structed prey weight (%W = 0.9) and 
index of relative im portance (%IRI = 
1.1) (see Table S2). The number of dif-
ferent prey taxa present in each stom-
ach varied be tween 1  and 10. Most 
frequently (in 63.9% of cases), stom-
achs contained between 1 and 3 differ-
ent prey taxa, while 95.8% of harbour 
porpoises contained 7 or fewer differ-
ent prey taxa (Fig. 2). There was no 
significant correlation between har-
bour porpoise length and number of 
prey taxa in the stomachs (Spearman 
test: S = 46 766, p = 0.2; n = 72). 

The total reconstructed prey mass 
was 118.6 kg (a mean of 1.6 kg per 
stomach). The estimated mean lengths 
were 16.6 cm (range: 2.1–45.0 cm) for 

fish, 4.6 cm (range: 1.2–20.2 cm) for squids and 2.9 cm 
for octopuses. For all prey taxonomic groups eaten by 
harbour porpoises, the mean length was 16.2 cm, with 
27.2% of prey under 10 cm, 42.2% between 10 and 
20 cm, 24.6% between 20 and 30 cm and 6% >30 cm in 
length (Fig. 3). The mean weight was 72.4 g (range: 
0.04–1020.6 g) for fish, 12.7 g (range: 0.1–235.9 g) for 
squids and 4.8 g for octopuses. Across all prey taxa, 
the estimated mean weight was 53.6 g, with 83.8% of 
prey under 100 g, 10.49% between 100 and 200 g and 
5.7% >300 g. 

Specifically, Trisopterus, blue whiting, Atlantic 
horse mackerel and European hake were the main 
prey taxa in terms of occurrence (%F = 43.1, 36.1, 36.1 
and 31.9, respectively), biomass (%W = 23.9, 19.2, 
20.1 and 15.4, respectively) and importance (%IRI = 
28.4, 23.1, 16.8 and 11.2, respectively). By weight, 
these 4 prey taxa together made up about 78.7% of 
the overall reconstructed prey weight (%W ). How -
ever, according to overall numerical importance, blue 
whiting was the most important prey species (%N = 
19.9), followed by Trisopterus (%N = 16.5), silvery 
pout (%N = 10.7) and gobies (%N = 8.8). The average 
estimated sizes of these 4 main fish taxa in harbour 
porpoise diet were 16.9 ± 8.6 cm for Trisopterus 
(range: 2–37.9 cm; n = 435), 18.2 ± 4.1 cm for blue 
whiting (range: 7–31.5 cm; n = 404), 21.1 ± 7.2 cm for 
Atlantic horse mackerel (range: 6.1–39 cm; n = 271) 
and 24.0 ± 10.5 cm for European hake (range: 3.3–
44.9 cm; n = 198). 

Fig. 2. Relative frequencies of the presence of different prey taxa found in the 
stomachs (n = 72) of harbour porpoises stranded in Galicia (NW Spain), re- 

flecting the variety of prey in the stomach contents
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3.3.  Drivers of diet variability 

Table 2 summarizes the final GAMs, indicating 
which explanatory variables significantly affected 
the presence of each main prey taxon in harbour 
porpoise stomach contents. The smallest porpoises 
were more likely to have eaten Trisopterus (Fig. 4A). 
The occurrence of blue whiting increased with in -
creasing porpoise length (Fig. 4B), and they were 
most often present in the stomachs of animals 
stranded between 2000 and 2006 (Fig. 5A). Atlantic 
horse mackerel was eaten more frequently by the 
largest porpoises (Fig. 4C). The oc currence of Euro-
pean hake in the stomachs increased over the time 
series (Fig. 5B). GAMM results showed that prey 
length increased with porpoise length, with maxi-
mum prey lengths (30–45 cm) found in porpoises 
of around 160 cm of total length (Fig. 6). How ever, 

the relationship was rather weak, as shown by low 
values of R2 and deviance explained (0.27, and 38%, 
respectively). 

3.4.  Consumption rates and competition with 
fisheries 

The average daily food consumption by a harbour 
porpoise on the Galician coast is estimated to be 3.9 ± 
0.8 kg (95 % CI = 3.7–4.1 kg), or 1.4 t of food 
per  year (95% CI = 1.4–1.5 t). Using these average 
values and assuming a population size of 2898 in -
dividuals (95% CI = 1386–5122) (Hammond et al. 
2021), the Iberian population would consume 11.3 t 
of food daily (95% CI = 5.1–21.0 t). Scaling up, it is 
thus estimated that the Iberian population would con-
sume a total of 4125 t of food per year (95% CI = 
1862–7665 t) (Table 3). 

Between 1990 and 2018, the average annual weights 
of catches (landings and discards) of the main prey 
species of harbour porpoises, by the Portuguese and 
Spanish fleets operating in Atlantic Iberian waters 
and Cantabrian Sea (ICES divisions 8.c and 9.a) were 
27580 t of blue whiting (95% CI = 24 080–30 687 t), 
11 573 t of Atlantic horse mackerel (95% CI = 7370–
16 389 t), 5704 t of European hake (95% CI = 4716–
6658 t) (ICES 2019c) and (from 1998 to 2018) 2776 t of 
pouting (95% CI = 2100–3450 t) (DGRM 2019, Princi-
pado de Asturias 2019, Xunta de Galicia 2019). Using 
our estimates of prey biomass consumed, the amount 
of fish eaten by the Iberian population corresponds 
to around 34.2% of the Trisopterus catches (95% CI = 
7.0–86.8%), 2.6% of the blue whiting catches (95% CI = 
0.9–6.7%), 7.3% of the Atlantic horse mackerel 
catches (95% CI = 2.0–16.0%) and 10.9% of the hake 
catches (95% CI = 2.3–30.7%) declared by the Portu-
guese and Spanish fleets operating in the Iberian Pen-
insula Atlantic waters (Fig. 7). 
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Fig. 3. Frequency distribution of the estimated sizes of all 
prey eaten by the 72 harbour porpoises stranded in Galicia 
(NW Spain), from 1990 to 2018. Dashed line represents the 
mean length of prey (16.2 cm), including both cephalopods  

and fish taxa

GAM                                                                           Significant                                         edf                    p                  Deviance             AIC 
response variables                                       explanatory variables                                                                         explained (%) 
 
Trisopterus occurrence                   s(Harbour porpoise length, k = 4)                     1                  0.048                     4.3                   98.2 
Blue whiting occurrence                s(Harbour porpoise length, k = 4)                   1.9                0.009                    31.9                  78.8 
                                                                                         s(Year)                                             3.3                0.009 
Horse mackerel occurrence          s(Harbour porpoise length, k = 4)                   2.8                0.010                    15.4                  87.6 
European hake occurrence                                     s(Year)                                             2.5                0.001                    26.6                  74.4

Table 2. Results of the optimal generalised additive models (GAMs) for presence/absence of the 4 main prey taxa in the stom-
achs of harbour porpoises stranded in Galicia (NW Spain). Data set comprises those porpoises for which all of the information 
was available (n = 72); for all models, the distribution family selected was binomial. edf: effective degrees of freedom; AIC:  

Akaike’s information criterion
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Fig. 4. Predicted values from optimal generalised additive models (GAMs) showing the relationship between the 
selected explanatory variable (harbour porpoise length) and the occurrence of (A) Trisopterus, (B) blue whiting and (C) At-
lantic horse mackerel in their stomachs (n = 72). The black line is the predicted trend and the shaded area represents  

the 95 % CI

Fig. 5. Predicted values from optimal GAMs showing the relationship between the selected explanatory variable (year) and the 
occurrence of (A) blue whiting and (B) European hake in harbour porpoise stomachs (n = 72). The black line is the predicted  

trend and the shaded area represents the 95% CI
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3.5.  Prey energy content 

The total energy represented by the prey consumed 
by all harbour porpoises in our sample was close to 
600 000 kJ, with an average energetic content of 5066 kJ 
per kg of food. The estimated energy content per har-
bour porpoise stomach ranged from 7 to 64 569 kJ, 
with an average of 8296 ± 12 555 kJ (95% CI = 5671–
11 464 kJ). We found no differences in dietary energy 
content between male and female harbour porpoises 
(Student’s t-test: t58.9 = 0.6, p = 0.566), nor between by-
caught and non-bycaught individuals (Mann–Whitney 
test: W = 140, p = 0.877). In addition, there was no rela-
tionship (optimal GAM: adjusted R2 = 0.1, p = 0.05; n = 
72) between body length and dietary energy content. 

4.  DISCUSSION 

Studies on the diet of cetaceans are important to 
help understand their feeding ecology and their for-
aging behaviour. In addition, when the diet is recon-

structed using a direct procedure, as in this case, it 
also allows us to assess the possible overlap between 
harbour porpoise prey and fishery catches, in terms of 
the species, the numbers removed and their size dis-
tributions, which can indicate the potential for com-
petition for food resources as well as the associated 
risk of bycatch mortality. Certainly, there are draw-
backs in describing cetacean diet using stomach 
content analysis, since various errors and biases can 
arise, such as underestimation of original prey size 
due to otolith erosion by digestion, measurement 
errors and errors in the estimation of the biomass rep-
resented by the hard remains of prey (see Pierce & 
Boyle 1991). Nevertheless, stomach content analysis 
arguably still offers the best available solution to 
determining prey species and the number and sizes of 
each that are eaten (e.g. Santos et al. 2013). Thus 
while molecular techniques can identify more prey 
species, they are much less effective for determining 
the quantitative contribution of each prey to the diet. 

4.1.  Prey identification and diet characterisation 

Although our sample size is relatively small (n = 
72), this study collates all information from all the 
stomach contents that have been collected from the 
Iberian population of the southern harbour porpoises 
stranded in Galicia from 1990 to 2018. Results of our 
analysis indicate that the diet of southern harbour 
porpoises is largely made up of Trisopterus, blue whit-
ing, Atlantic horse mackerel and European hake. A 
similar piscivorous diet was described for harbour 
porpoises in the Bay of Biscay, where the analysis of 
29 stomachs collected from individuals stranded 
along the French coast between 1988 and 2003 
showed that harbour porpoises mainly feed on Atlan-
tic horse mackerel, sardine, blue whiting and whiting 
Merlangius merlangus (Spitz et al. 2006). In the north 
and central areas of Portugal, Aguiar (2013) identified 
coastal fish species such as dragonet Callionymus 
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Fig. 6. Predicted values from the optimal generalised ad -
ditive mixed model showing the relationship between har-
bour porpoise length and prey length. The black line is 
the  predicted trend and the shaded area represents the  

95% CI

Prey                                     Individual                                                     Population 
                                   Daily consumption (kg)     Annual consumption (kg)      Daily consumption (t)      Annual consumption (t) 
 
Trisopterus                         0.9 (0.3–1.6)                          329 (110–584)                          2.6 (0.4–8.2)                       949 (146–2993) 
Horse mackerel                0.8 (0.3–1.4)                          292 (110–511)                          2.3 (0.4–7.2)                       840 (146–2628) 
Blue whiting                      0.7 (0.4–1.1)                          256 (146–402)                          2.0 (0.6–5.6)                       730 (219–2044) 
European hake                 0.6 (0.2–1.1)                           219 (73–402)                           1.7 (0.3–5.6)                       621 (110–2044) 
Other prey                         0.8 (0.0–2.5)                            304 (0–901)                            2.4 (0.0–3.4)                         880 (0–1248)

Table 3. Estimated daily and annual consumption rates of southern harbour porpoises, both at the individual and the population  
level; 95% confidence intervals are in brackets
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lyra, Trisopterus, Liza sp., sardine and European hake 
as the most important prey species in the diet of 54 
harbour porpoises bycaught between 1998 and 2013. 
In these 2 nearby regions (France and Portugal), and 
also in the present study (Galicia), harbour porpoises 
feed on a wide variety of prey taxa and their relative 
importance in the diet composition varies geographi-
cally, seasonally and between years, probably due 
largely to differences in prey availability. For exam-
ple, in the stomach contents of the Portuguese har-
bour porpoises, blue whiting appeared only in 1 out of 
54 stomachs, while in Galicia, it was one of the main 
prey species. Concerning ‘high-quality’ (more energy-
rich) prey species, the occurrence of sardine was 

higher in the diet of harbour porpoises from Portugal, 
while Atlantic horse mackerel was more frequent in 
the stomachs of harbour porpoises stranded in Gali-
cia. Furthermore, when comparing the mean lengths 
of the main prey between harbour porpoises from 
Galicia and Portugal, we also found similarities for 
Trisopterus (16.9 vs. 17.3 cm), Atlantic horse mackerel 
(21.1 vs. 17.5 cm) and European hake (24 vs. 20.8 cm). 

4.2.  Drivers of diet variability 

Final GAMs revealed significant variation in the 
diet related to harbour porpoise size and study year. 
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Fig. 7. Comparison between biomass eaten by the Iberian population of southern harbour porpoises (solid horizontal line; 
shaded area is the 95% CI) and the biomass removed by fisheries in ICES divisions 8.c and 9.a (Cantabrian Sea and Atlantic Ibe-
rian Peninsula waters) from 1990 to 2018 (vertical bars), for (A) Trisopterus, (B) blue whiting, (C) Atlantic horse mackerel and  

(D) European hake. Years without bars indicate those years for which catch data were not available
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None of the other explanatory variables tested (i.e. 
sex, month or latitude) had a significant effect; 
however, the relatively small sample size limited the 
statistical power of the analysis, and the existence of 
such effects cannot be ruled out. GAM results indi-
cated that European hake have become more prev-
alent in the diet since 1990, while blue whiting showed 
a peak of occurrence around 2000–2006. These trends 
in the diet do not seem to be related to the abundance 
of these species in the study area. This may be ex -
plained in part because we have used very broad (at 
the stock level and with an annual resolution) indices 
of prey abundance while, ideally, it would have been 
more appropriate to consider the effects of fish abun-
dance on harbour porpoise diet at smaller spatial and 
temporal scales. However, such prey abundance in -
dices are not currently available. Results of the GAMs 
also showed that Trisopterus occurred more often in 
the later years of the available series and more 
frequently in the stomachs of smaller harbour por-
poises. In addition, since fish of the genus Trisopterus 
inhabit shallow inshore coastal waters (<100 m depth; 
Svetovidov 1996), and pelagic prey species (blue 
whiting and Atlantic horse mackerel) tend to occur 
more frequently in the stomachs of larger harbour 
porpoises, these results may indicate that smaller har-
bour porpoises live closer to the coast. 

We analysed the stomach contents of stranded har-
bour porpoises and, therefore, the exact location where 
a porpoise might have been feeding prior to its death is 
not known. Although harbour porpoises can be found 
in offshore waters (Aguilar et al. 1983, Nielsen et al. 
2018), the species is commonly distributed in near-
shore coastal waters (Gaskin et al. 1974, Read 1999) 
and, in Galicia, it is the third most fre quently observed 
cetacean from shore-based watches (Pierce et al. 
2010). The assemblage of inshore prey species that are 
prevalent in the diet, together with the identity of the 
main prey species found in harbour porpoise stom-
achs (i.e. Trisopterus) supports this coastal distribution. 
Certainly, stranded carcasses can arrive from offshore 
waters or from Portuguese waters due to the complex 
current system of the northwest Iberian Peninsula (e.g. 
the upwelling system) (Fiúza 1983, Peliz et al. 2002, 
Relvas et al. 2007). However, carcasses of coastal ani-
mals are more likely to reach the coast as the stranding 
event is highly dependent on the likelihood of a car-
cass having positive buoyancy (i.e. drifting with wind 
and currents and not sinking) and also of being discov-
ered in a good state of preservation (which increases 
the possibility of it being reported to the authorities). 
Therefore, the stranding location can be considered as 
the best available proxy for the feeding area. 

4.3.  Consumption rates and competition  
with fisheries 

The stomach content data set includes a small 
percentage of bycaught individuals (10 out of 72). It 
has been argued that bycaught animals, which were 
probably feeding on the target species of the fishery, 
could provide a misleading view of the normal diet 
and lead to overestimation of the overlap between 
harbour porpoise diet and fisheries catches (Santos 
et al. 2004, Aguiar 2013). While this does not mean 
that feeding on commercial fish species is unnatu-
ral, it could lead to such a diet being overrepresented 
among strandings. Equally, however, harbour por-
poises dying from infectious diseases could have 
stopped feeding normally prior to their death. In 
practice, as occurred in other studies performed in 
the northeast Atlantic on harbour porpoise diet (see 
Santos & Pierce 2003), we did not find any significant 
difference in diet composition between bycaught and 
non-by caught individuals. 

We have estimated that the Iberian population 
could remove, on average, around 6.9% of what the 
Portuguese and Spani sh fishing fleets, operating in 
the Atlantic waters of the Iberian Peninsula (ICES 
divisions 8.c and 9.a), have been reporting annually as 
total landings of blue whiting, Atlantic horse mack-
erel and European hake from 1997 to 2018. In the case 
of fish of the genus Trisopterus, this figure is higher 
(around 34.2%), probably because these fish are 
mainly the target of artisanal fisheries that only oper-
ate in coastal areas very close to shore (Alonso-
Fernández et al. 2019). In addition, this high overlap 
is expected, since harbour porpoises are usually dis-
tributed along the coastal area (ICES 2018, 2019b) 
and also because catches of artisanal fisheries are 
lower than those of commercial fisheries. 

Estimates of food consumption by the endangered 
Iberian population inhabiting Galician waters were 
calculated based on dead stranded animals, some 
of which may not have been feeding normally before 
they died (e.g. due to disease, ageing or injury). 
While we cannot eliminate these biases, we can at 
least estimate the degree of variability which can 
arise due to sampling error. For this reason, we 
have accounted for the uncertainty associated with 
the estimates of food consumption using a bootstrap 
procedure (i.e. confidence intervals in estimates in -
clude sampling error in our calculations). This un -
certainty could be reduced by using larger sample 
sizes; however, this will likely take some time due 
to the opportunistic nature of strandings data. In 
the future, our calculations and estimates could be 
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revisited as new information becomes available for 
the study area. 

The original sizes of harbour porpoise prey species 
could have been underestimated in the present study 
since we did not correct for the effect of sagittal oto-
lith erosion caused by the acid pH of the stomachs. 
Nevertheless, a comparison of the mean sizes of the 
main prey species eaten by harbour porpoises with 
those legally taken by fisheries (i.e. above the mini-
mum landing size [MLS] established for each fish spe-
cies: DOG 2012) indicate that both size distributions 
partially overlap. In length, around 28% (n = 121) of 
pouting were over the MLS (22 cm), 51% (n = 206) of 
blue whiting were over the MLS (18  cm), 79% (n = 
214) of Atlantic horse mackerel were over the MLS (15 
cm) and 35% (n = 69) of European hake were over the 
MLS (27 cm). However, although these commercial 
species (Trisopterus, blue whiting, Atlantic horse 
mackerel and European hake) represent an important 
component of the diet of harbour porpoises, our cal-
culations indicate that the Iberian population is con-
suming a relatively small amount compared to official 
commercial catches of the fisheries operating in the 
area. 

Studies on harbour porpoise diet in the north-
east Atlantic (e.g. North Sea, Baltic Sea) have also 
shown a significant overlap with fishery landings 
(see Santos & Pierce 2003). Indeed, marine mam-
mals have always been perceived as competitors 
by  fishers, being considered to be responsible for 
diminishing catches in addition to damaging nets 
(e.g. Dacosta et al. 1997, Kaschner & Pauly 2005). 
However, the existence of resource competition 
be tween marine mammals and fishers cannot be 
proven without demonstrating negative impacts of 
one over the other (e.g. Trites et al. 2006, Chasco et 
al. 2017, Ohlberger et al. 2019). In the present 
study, as in many others, in relation to resource 
competition, no such determination can be made; 
we can only speak of potential resource competi-
tion. Santos et al. (2004) pointed out that fish re -
moved by marine mammals are not necessarily fish 
that would become available to fishers, since other 
factors (e.g. predator–prey interactions between 
different fish species) also play a role in the com-
plex marine food web. However, the existence of 
significant bycatch mortality among Iberian har-
bour porpoises (e.g. Torres Pereira et al. 2023) is a 
clear indicator of interference competition, as in -
deed would be any reduction of fishery catches 
(albeit self-imposed) due to limits imposed on fish-
ing activity to reduce bycatch mortality of protected 
species. 

4.4.  Prey energy content 

The trophic position of the Iberian population of 
southern harbour porpoises has been determined 
through the analysis of their carbon and nitrogen 
stable isotope signatures (see Méndez-Fernández et 
al. 2012, 2013, 2017). Results from these studies indi-
cated that harbour porpoises occupy one of the high-
est trophic positions in Galicia, above other odonto-
cetes (toothed whales) such as bottlenose dolphins 
Tursiops truncatus and striped dolphins Stenella coe-
ruleoalba. This is probably because the consumption 
of benthic animals is related to high trophic levels, 
and harbour porpoises made a greater use of benthic 
resources (e.g. Trisopterus). 

Optimal foraging theory proposes that diet selec-
tion is driven by the energetic costs and benefits of 
feeding on each prey species. Therefore, the diet 
depends on prey abundance and availability, catch-
ability and energy density (Pulliam 1974), such that 
the species and size-classes of prey eaten will be those 
resulting in the highest net rate of energy intake. Our 
results indicate that harbour porpoises in Galicia feed 
mainly on moderate-quality prey (with energy den-
sity [ED] ranging from 4 to 6 kJ g–1). Although high-
quality prey species such as sardine (ED = 8.7 kJ g–1; 
Spitz et al. 2010) are also present in the stomachs 
throughout the year, they represent a minor compo-
nent of the diet, possibly due to their relatively low 
abundance (ICES 2020). 

Harbour porpoises show sexual dimorphism, with 
females reaching larger sizes than males (Read 1999, 
López 2003, Read 2016). This means that females have 
lower body surface area to body volume ratio, and 
therefore, their exposure to the environment is lower 
compared to males (i.e. less energy is lost through 
radiation so that they need less energy intake to 
maintain their internal temperature). On the other 
hand, females have a relatively quick reproductive 
output since they are able to be simultaneously lac -
tating and pregnant each year (Bjørge & Tolley 2002), 
so that they need more energy intake during those 
periods of time. All of these conditions influence the 
energy requirements of harbour porpoises and thus 
may have important consequences on their feeding 
behaviour (e.g. diet composition, consumption rates). 
However, our results are consistent with those ob -
tained by Spitz et al. (2012) and did not indicate a 
clear relationship between ED and harbour porpoise 
body length. We also found no relationship be -
tween ED and harbour porpoise sex. These results 
are likely due to the fact that it was not possible to test 
all factors that could be playing a role in prey selec-
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tion by harbour porpoises (i.e. our sample was com-
posed of males and females of similar lengths, and no 
pregnant or lactating females were identified during 
necropsies). 

5.  CONCLUSIONS 

In this study, we provide a fully quantitative 
description of the diet of southern harbour porpoises, 
based on all stomach contents available to date from 
stranded individuals in Galicia. In addition, we eval-
uated the diet variability in relation to a series of fac-
tors that can influence diet choice. Our results indi-
cate that harbour porpoises inhabiting Galician 
waters feed on both demersal and pelagic prey spe-
cies with an average of around 16 cm in length and of 
moderate energetic quality. Ontogenetic variation in 
the diet was also confirmed, with the smallest por-
poises feeding on more coastal prey species such as 
Trisopterus. No differences in diet between sexes 
could be detected. Interannual variability in the diet 
over the 3 decades considered was observed, with 
European hake increasing in the diet over the time 
series and more blue whiting being consumed during 
part of the period (from 1990 to 2004). However, no 
clear relationship between diet and annual prey 
abundance was found, probably due to the low resolu-
tion of the prey abundance indexes used. 

Some of the porpoises’ prey species are also target 
species of the fisheries in the area. We found partial 
overlap between the sizes of prey species targeted by 
the fisheries and those consumed by the porpoises. 
Sharing some resources might increase the vulner-
ability of the Iberian porpoise population to bycatch 
in fishing gears. On the other hand, except for the 
genus Trisopterus, our estimates of fish consumption 
by the Iberian population are relatively small when 
compared with catches of the fisheries in the distribu-
tion area (Atlantic waters off the Iberian Peninsula), 
which does not seem to have a significant impact on 
the fishing fleet, but could cause a reduction in the 
availability of resources for harbour porpoises. 
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