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Dieta do Corvo-marinho (Phalacrocorax
carbo) no estuario do Sado, e possiveis
impactos na pesca e na aquacultura
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Teresa Catry’, Carlos Assis*,
Susana Pereira’, José Pedro
Granadeiro’

Great cormorants are important predators in freshwater, brackish and coastal marine habi-
tats, often with a significant impact on fish communities and ecosystem functioning. Great cor-
morants have shown a marked increase in Europe, and knowledge on their diet and fish con-
sumption are important, especially because cormorants are at the origin of conflicts between
fishermen and fish-farmers, and wildlife. In the Sado estuary cormorants feed mostly on mullets
(Mugilidae), toadfishes Halobatrachus didactylus and seabreams (Sparidae), but they also prey
on a large diversity of other species. We have evidence that the analysis of diet based on otoliths
underestimates the occurrence of small pelagic fish, such as anchovies Engraulis encrasicolus
and sand-smelts Atherina presbyter, which, together with various flatfishes, have been recorded
as important prey in other Portuguese wetlands. Important species for local fisheries and aqua-
culture were of little importance in cormorant diet. A comparison between the estimated con-
sumption by cormorants and the estuarine stocks and fish-farm production leads to the tentative
conclusion that the overall economic impact of these birds is small. However, it is important to
keep in mind that this does not mean that cormorants are unimportant predators at individual
fish-farms; in fact, it is plausible that cormorants may have a significant impact for some indi-
vidual producers that are unable to effectively deter the birds from feeding on particular ponds.
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Os corvos-marinhos sio predadores importantes em habitats dulcaquicolas, estuarinos e
marinhos costeiros, frequentemente tendo um impacto significativo sobre as comunidades
de peixes e o funcionamento dos ecossistemas. As popula¢des destas aves registaram um
incremento marcado na Europa, e o conhecimento sobre a sua dieta e consumo de peixe é
importante, tanto mais que os corvos-marinhos estio na origem de conflitos importantes
entre pescadores, aquicultores e a vida selvagem. No estudrio do Sado, os corvos marin-
hos alimentam-se sobretudo de tainhas (Mugilidae), charrocos Halobatrachus didactylus e
alcorrazes e sarguetas (Sparidae), consumindo também uma grande diversidade de outras
espécies. Temos indica¢des, contudo, de que a caracterizagdo da dieta com base em otdlitos
subestimou a ocorréncia de pequenos peixes peldgicos, tais como o biqueirdo Engraulis
encrasicolus e o peixe-rei Atherina presbyter que, tal como vdarios Pleuronectiformes, foram
registados como presas importantes noutras zonas himidas portuguesas. Espécies impor-
tantes nas pescas e na aquacultura no estudrio do Sado foram elementos comparativamente
pouco importantes da dieta. Comparando o consumo estimado dos corvos-marinhos com
os stocks de peixe no estudrio e com a producdo piscicola nas aquaculturas, parece poder-se
concluir que o impacto econémico global das aves é reduzido. Contudo, é importante ter-se
em conta que esta conclusio nio invalida que os corvos-marinhos possam ter impactos
significativos em certos tanques de produg¢do piscicola. Na verdade, é plausivel que as aves
tenham um impacto relevante para certos produtores que nao conseguiram (ou nio pud-
eram) com eficdcia desencorajar as aves de se alimentarem em certas aquaculturas.

Palavras-chave: conflitos, Corvo-marinho, dieta, pesca, aquacultura, ecologia alimentar

Great cormorants Phalacrocorax carbo to ecosystems and to human activities. Stud-
(hereafter “cormorants™) are large bodied, ies of cormorant diet are also interesting as
abundant and efficient underwater preda- a means to establish baselines and monitor
tors, potentially able to have an impact on fish communities (Bostrom et al. 2012, Dias
fish communities and therefore on the ecol- et al. 2012). In Portugal, great cormorants
ogy of aquatic ecosystems where they occur are almost exclusively wintering birds, with
in large numbers (Boyd et al. 2006, Kar- a markedly increasing trend over recent
pouzi et al. 2007). The sustained increase of decades (Catry et al. 2010). One of the
cormorants in Europe has given rise to con- main wintering areas in Portugal is the Sado
cerns and conflict with fisheries and aqua- river estuary, where frequent complaints
culture (Bregnballe et al. 1997, Leopold et about the predatory action of cormorants
al. 1998, Stewart et al. 2005, Lilliendahl & are voiced, particularly by fish farmers. In
Solmundsson 2006). However, the impact this study, our objectives were to (1) char-
of these birds likely varies regionally, and acterize cormorant diet in the Sado estuary,
more studies are needed to assess how fre- (2) estimate annual consumption of key-
quent and prevalent are occurrences where prey and (3) discuss possible inferences in
cormorants do indeed pose a real problem relation to the cormorant-human conflict.
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This study took place in the Sado estuary
(38° 26’ N, 08° 45> W), in the west coast of
Portugal. This is a large estuary covering 210
km?, mostly composed of shallow waters and
extensive mudflats and sandbanks that are
exposed at low tide. Salt marshes are also
extensive, and the estuary is surrounded by
a large area of salt-pans, most of which have
been abandoned or converted into fish-farms.

We studied the diet of cormorants by ana-
lysing pellets collected at the main roosting
site of the estuary (the islet of Ratdo) where
almost all the birds spend the night. Pellets
were collected in February and March 2012
and monthly between October 2012 and
February 2013 (Table 1). Each pellet was
kept in an individual plastic bag and frozen
until further processing. In the lab, pellets
were individually placed in water at 40°C
with a digestive enzyme (neutrase) during a
period of 4 hours, to allow their disintegra-
tion, followed by a short (few minutes) bath
in ethanol. Prey identification was mostly
based on sagitta otoliths, although vertebrae,
mouth parts, teeth, pharyngeal bones and
teeth, asteriscus otoliths (particularly useful
to identify Cyprinidae) were also used. For
the identification we used our own reference
collections of hard structures of the Portu-
guese fish fauna, as well as published infor-
mation (Prenda & Granado-Lorencio 1992,
Prenda et al. 1997, Assis 2000, Tuset et al.
2008). The occasional molluscs and crusta-
ceans found in pellets were assumed to be
secondary prey, originating in fish guts.

Using pellets to study cormorant diet is
a common and practical procedure (Carss
1997, Barrett et al. 2007), but one that is not
free of biases (Zijlstra & Van Eerden 1995,
Votier et al. 2003, Alonso et al. 2013), which
must be acknowledged and taken into con-
sideration (see Discussion).

We measured the length of otoliths (exclud-
ing eroded ones) to infer fish size and mass
(using equations published in Assis 2000).
When fish prey were not identified to species

Seasonal distribution of diet samples of Great cor-
morant (Phalacrocorax carbo) obtained at the Sado estuary.

- Distribuicdao sazonal das amostras de dieta de
Corvo-marinho (Phalacrococrax carbo) obtidas no estuario
do Sado.

DATE “PELLETS  INDIVIDUAL PREY
17-02-2012 67 320
24-02-2012 23 -
10-03-2012 34 170
16-10-2012 30 294
14-11-2012 48 235
27-11-2012 50 257
12-12-2012 31 202
08-01-2013 34 159
28-01-2013 30 88
14-02-2013 30 107
25-02-2013 34 143
TOTAL 411 2053

level, we assumed their mass was the same as
the mean mass of other fish of the same gen-
era (or similar ones). For a few rare species
for which size was not possible to estimate,
we arbitrarily assumed a mean mass of 100
g. For each prey type, the total mass ingested
was obtained by multiplying the mean esti-
mated mass for the species by the number
of individual items of that species. However,
for sand-smelt Atherina presbyter and Euro-
pean anchovy Engraulis encrasicolus, which
have very small otoliths subject to rapid
erosion, we considered the largest estimated
size, rather than the mean size. Note that
we believe that these 2 species were strongly
underestimated in diet (see Discussion).
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We made fortnightly counts of cormorants
at the known roosting sites of the estuary from
mid-October to mid-March (the main period
of occurrence of the species). To estimate the
energetic requirement of cormorants winter-
ing in the Sado estuary we used the model
developed by Grémillet et al. (2003). We did
not have detailed information on some of the
parameters used in this model, in which case
either we used the values presented in Grémil-
let et al. (2003), or we used values adapted to
the particular circumstances of the Sado estu-
ary, as depicted in Table 2 and with the follow-
ing rationale:

Body mass: this species does not store
significant fat reserves in winter. Most win-
tering birds in Portugal are Phalacrocorax
carbo sinensis (Catry et al. 2010), while val-
ues in Grémillet et al. (2003) refer to P. c.
carbo, which is larger (Cramp & Simmons
1977).

Time resting at night: the night duration at
Sado at the winter solstice is 871 minutes,
and in early October is 733 minutes (e.g.
http://aa.usno.navy.mil/data/docs/Dur_One-
Year.php). We have seen cormorants at Sado
actively fishing at the beginning of the noc-
turnal period, but often they also start roost-
ing before dark. Taking these into account,
we assumed an interval varying between
750 and 850 minutes. Final output of model
is not much influenced by variation in these
input values (Grémillet et al. 2003).

Time resting in daytime: this value is cal-
culated as the remaining time after exclud-
ing time resting at night, time flying, time
wing-spreading and time in water.

Time flying: considering that virtually all
foraging areas in the estuary are located
within a 12km radius of the main noctur-
nal roosting site at Ratdo, we assume that
on average a cormorant flies at most 30km
per day. Knowing that cormorants fly at 53
km/h (Yoda et al. 2012), we have a mean

time in flight of 34 min. For a minimum
value we duplicated the 5 minutes figure
given by Grémillet et al. (2003) for a cormo-
rant population living in a small lake.

Time wing-spreading: this species wing-
spreads in all kinds of environment and we
opted to keep the value provided by Grémil-
let et al. (2003). Final output of model is not
much influenced by variation in these input
values (Grémillet et al. 2003).

Time in water: the value given by Grémillet
et al. (2003) is for a population foraging on
a lake with a low density of fishes. Accord-
ing to those authors, in more favourable
areas (such as estuaries and fish ponds) cor-
morants spend less time in water.

Assimilation efficiency: we opted to make
this value vary a little, particularly consid-
ering that species such as toadfishes, with
heavy bone structures, may lead to a lower
efficiency.

Average calorific value of fish: from data
published by Bandarra et al. (2004) and
Ridgway (2010), plus expert advice (Nar-
cisa Bandarra, pers. com.) we considered
extreme values of 3.5 and 5.5Kj/g.

Dive/pause ratio: we used the extreme val-
ues presented by Grémillet et al. (2003).

Average water temperature: we extracted
values from the Sines Buoy from the website
of Instituto Hidrografico and considered a
narrow interval to account for the possibility
that the water temperature may be slightly
lower inside the estuary in winter. Final out-
put of model is not much influenced by vari-
ation in these input values (Grémillet et al.
2003).

Average dive depth: the areas most used by
cormorants in the Sado estuary have depths
of 5 metres of fewer (bathymetric data from
Brito 2009).
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Values used in the bioenergetics model used for estimation of daily biomass consumption of great cormorants (Phala-

crococrax carbo) wintering in the Sado estuary.

- Valores utilizados para parametrizar um modelo bioenergético que permite estimar a quantidade de peixe consumida
por dia por corvos-marinhos (Phalacrococrax carbo) invernantes no estudrio do Sado.

PARAMETER

Body mass (kg) 3.2
Time resting at night
(min./day) 958
Time resting in daytime
(min./day) 337
Time flying (min./day) 5
Time “wing-spreading” 10
(min./day)
Time in water (min./day) 130
Assimilation efficiency 77.6
Average calorific value of fish

. 5.33
(Kj/g)
Underwater swim speed
(m/sec.) 1.35
Dive / pause ratio 3.46
Average water temperature 6
(°C)
Average dive depth (m) 5

We used the extreme values in Table 2 to pro-
duce two estimates of daily fish consumption,
and took the mean of those values as a final esti-
mate.

We estimate from the bioenergetics model that
each wintering cormorant at Sado consumes
853 g of fish per typical day in autumn/winter,
which accords well with other studies on this
species (Grémillet et al. 2003, Ridgway 2010).

The number of cormorants counted varied
between 659 and 4671 individuals, and their
overall presence in the Sado estuary during the
autumn-winter was 368,640 cormorants-days.
Their estimated annual consumption of fish was
314 tonnes.

Value in Grémillet et al.
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Plausible value leading
to a maximum
consumption at Sado

Plausible value leading
to a minimum
consumption at Sado

3.0 3.1
850 750
520 516
10 34
10 10
50 130
80 70
5.5 3.5
1.35 1.35
2.88 4.04
16 14
2 5

We collected 411 pellets containing the
remains of 2053 prey-items. Mullets (Mug-
ilidae) dominated the diet both numeri-
cally and in terms of biomass, followed by
breams (Sparidae) and the Lusitanian toad-
fish (Halobatrachus didactylus), the other
groups being less important (Table 3). There
were no clear seasonal trends in diet and we
do not present seasonal data for the sake of
brevity.

Gilt-head seabream Sparus aurata and
European seabass Dicentrarchus labrax, two
of the most important species at Sado fish
farms, represented only 1.5% of the mass
consumed by cormorants. The contribution
of soles Solea solea and Solea senegalensis,
two species of great importance for fish pro-
ducers, is slightly larger, corresponding to
5% of the consumed biomass (Table 4).
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Percentage of total prey (number of individuals) and of biomass of fishes consumed by great cormorants (Phalacro-
cocrax carbo) in the Sado estuary, as revealed by analysis of 411 pellets and the identification of 2053 prey items.

- Percentagem do total de presas (nimero de individuos) e de biomassa consumida por corvos-marinhos (Phalacrococrax
carbo) no estudrio do Sado. Dados obtidos da analise de 411 regurgitagdes e da identificacio de 2053 presas individuais.

Species/Genus/group Numbers (%) Mass (%) Dominant species
Engraulidae 7.2 0.2

Engraulis encrasicolus (anchovy) 7.2 0.2

Belonidae 1.2 0.4

Belone belone (garfish) 1.2 0.4

Serranidae 0.3 0.3

Serranus cabrilla (comber) 0.3 0.3

Clupeidae <0.1 <0.1

Sardina pilchardus (sardine) <0.1 <0.1

Cyprinidae (barbs. carps. etc) 2.5 2.0

Merluccidae <0.1 <0.1

Merluccius merluccius (hake) <0.1 <0.1

Batrachoididae 13.7 15.1

Halobatrachus didactylus (toadfish) 13.7 15.1

Mugilidae 37.2 62.5

Chelon labrosus (mullet) 0.7 0.6

Liza aurata (mullet) 3.6 6.2

Liza ramada (mullet) 7.5 12.9

Liza sp. (mullet) 5.2 8.9 Liza ramada. L. aurata
Mugil cephalus (mullet) <0.1 <0.1

Mugilidae non ident. (mullet) 20.1 33.8 Liza ramada. L. aurata
Atherenidae 4.1 0.2

Atherina presbyter (sand smelt) 4.1 0.2
Moronidae 0.5 0.6

Dicentrarchus labrax (seabass) 0.3 0.3

Dicentrarchus sp (seabass) 0.2 0.3 Dicentrarchus labrax
Sparidae 19.4 10.8

Boops boops (bogue) <0.1 <0.1

Diplodus sargus (white seabream) 0.1 0.1

Diplodus sp. (Senegal seabream, 16.0 8.8 5. (oebloritt IO arrtieis
anular seabream and others)

Pagellus acarne (axillary seabream) <0.1 <0.1

Sarpa salpa (salema) <0.1 <0.1

Sparus aurata (gilt-head seabream) 1.1 0.9

Sparidae non ident. 2.1 0.9

Sciaenidae <0.1 <0.1

Argyrosomus regius (meagre) <0.1 <0.1

Blennidae 0.3 0.3

Parablennius sp. (blenny) 0.3 0.3

Bothidae/Soleidae 10.7 5.1

Solea/Pegusa (soles) 8.7 4.5 S. senegalensis. S. solea
Soleidae (other soles) 0.9 0.1

Bothidae/Soleidae non ident. 1.1 0.5 Arnoglossus laterna
Fishes non ident. 3.0 2.4
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Mean individual mass of the main prey-types (and of economically important prey) and the estimated annual con-
sumption by the non-breeding Great cormorant (Phalacrococrax carbo) population using the Sado estuary. For the breams
Sparidae we do not present a mean individual mass, as the family includes fishes with very diverse body shapes.

- Massa média individual dos principais tipos de presas (e de presas de importancia econémica) e estimativa do
consumo anual pela populacao de corvos-marinhos (Phalacrococrax carbo) invernantes no estuario do Sado. Para os Sparidae

nao se apresenta a massa individual média, j4 que esta familia apresenta formas corporais muito diversas.

SPECIES MEAN MASS (g) TOTAL MASS (ton.)

Mullets Mugilidae
Toadfish

Seabass

Sparidae (breams)
Gilt-head seabream

Soles (Solea/Pegusa)

Great cormorants are generalist fish pred-
ators (e.g. Cramp & Simmons 1977, Suter
1997, Liordos & Goutner 2008, Bostrom et
al. 2012, Veen et al. 2012), and they mostly
took very abundant fishes of the Sado estuary
(Lopes da Cunha 1994, Neves et al. 2008),
such as various mullets, toadfish and Senegal
sea breams, with a variety of other species in
smaller numbers. These results are consider-
ably different from those of other studies on
the diet of cormorants in other Portuguese
coastal wetlands. At Ria Formosa, for exam-
ple, sand-smelt dominated by numbers, even
if mullets and toadfish were also frequent
(Grade 1996, Grade & Granadeiro 1997).
At the Minho estuary, flatfish of the Pleu-
ronectidae family dominated during periods
of higher salinity, and Cyprinids were more
important when river flow was greatest (Dias
et al 2012). Interestingly, and contrary to
expectations, we did not find any eels Anguilla
anguilla, which have been recorded as regular
prey at other locations, such as in the Minho
estuary (Dias et al. 2012) and Lagoa de Santo

212.5 196.5
139.5 47.5
130.7 1.9
34.0
105.2 2.8
66.1 14.2

André (Catry et al. 2010); this may well be
an indication of the increasing scarcity of this
critically endangered migratory fish in Portu-
guese waters.

It should be noted that it is likely that our
sampling through pellets underestimated
small prey with small otoliths. We believe
this particularly applies to sand-smelt and
European anchovy, both of which are very
abundant at Sado estuary in the autumn-win-
ter period (e.g Lopes da Cunha 1994, Cabral
1999, Neves et al. 2008). On many occasions,
we have observed cormorants at Sado estu-
ary fishing in dense flocks (sometimes gath-
ering hundreds of individuals), a technique
these birds use to chase small pelagic prey
(Van Eerden & Voslamber 1995). On some
of those occasions we could see small pelag-
ics (looking like sand-smelts or anchovies)
jumping out of the water where cormorants
were diving; gulls and terns sometimes also
fished above diving cormorant flocks. Given
the frequency with which we observed this
kind of fishing and the large numbers of cor-
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morants involved, we believe it is likely that
small pelagics were underrepresented in pel-
lets (note, however, that group-fishing could
have targeted shoals of small mullets as well).
There are other fishes that are extremely
abundant in the estuary and which were
not recorded, possibly for the same reason,
namely the gobies Pomatoschistus spp. and
Gobius niger (Lopes da Cunha 1994, Neves
et al. 2008). In fact, gobies, including Gobius
niger, are often consumed by cormorants in
other regions (e.g. Liordos & Goutner 2008,
Bostrom et al. 2012, Dias et al. 2012). We
also remark that we observed cormorants
capturing pipefishes Syngnathus/Nerophis,
but this family was not detected in the pellets
that we collected. Finally, we often detected
soles of the genus Solea/Pegusa, but very
small flatfishes of the genus Arnoglossus and
Monochirus (both abundant at Sado; Cabral
2000, Neves et al. 2008) were only recorded
in small numbers.

The estimated consumption of 314 tonnes
of fish in the estuary appears impressive, but
the large majority of prey consumed (such as
mullets, toadfish or Senegal breams) have lit-
tle or no commercial value, and are often dis-
carded by fishermen when caught (Cabral et
al. 2012). On the contrary, the main targeted
human fisheries in the estuary involve cuttle-
fish Sepia officinalis and striped red mullet
or surmullet, Mullus surmuletus, which we
did not record as cormorant prey. From data
in Neves et al. (2008), we estimate that the
Sado standing stock of gilt-head seabreams
is 4.2 tonnes, of soles is 111.6 tonnes and
of seabasses is 5 tonnes, while consumption
by cormorants for each group is 2.8, 14.2
and 1.9 tonnes, respectively. These figures
may suggest a potential high impact on gilt-
head seabreams and seabasses. However, it is
highly likely that most of those fish were cap-
tured on fish-farms (where they are extremely
abundant) and not on the estuary itself. Fur-
thermore, as noted above, those large fishes
likely were overrepresented in our samples.

There have been frequent complaints from
Sado aquaculturists against cormorants (e.g.
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Garcia 2000). Fish-farms of the lower Sado in
2011 produced 164 tonnes of fish (C. Borges,
Divisdo de Aquicultura, DGRM). We do not
have data on production per species, but it
is well-known that these are mostly gilt-head
seabreams, seabass and soles (Freitas et al.
2007). Hence, cormorant consumption of
these species represents a very small percent-
age of those totals, with the possible excep-
tion of soles. However, given the abundance
of wild soles on the estuary itself (see above),
it seems likely that this is where those fishes
were captured by cormorants.

In conclusion, there is little evidence that
cormorants could be having an important
economic impact on fisheries and aquaculture
in the Sado estuary. However, it is important
to keep in mind that this is not to say that cor-
morants are unimportant predators at indi-
vidual fish-farms; in fact, it is plausible that
cormorants may have a significant impact for
some individual producers that are unable to
effectively deter the birds to feed on particu-
lar ponds. It is then at those particular ponds
that action must be taken to protect economic
interests. Culling of individuals (which is
sometimes suggested as a possible solution),
on the contrary, is most unlikely to produce
the desired results (Chamberlain et al. 2013).
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