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Abstract Black-browed albatrosses (Thalassarche mel-
anophris) disperse over the Argentinean Continental Shelf
and neighboring waters during their non-breeding season.
It is one of the most frequent seabirds attending fishing
vessels and also the most common Procellariform in the
bycatch of longliners and trawlers in the area. Understand-
ing the use of fishery discards by this species is an impor-
tant issue when assessing the potential effect of strategic
discard management in decreasing the abundance, inter-
actions, and mitigating mortality. In the present study, we
analyzed carbon and nitrogen stable isotope compositions
in the blood of Black-browed albatrosses to assess the
relative contribution of discards from different fisheries to
the diet of this species in winter. Samples were obtained
in winter 2011 from fishing vessels operating between
41-43°S and 57-59°W. No sex differences in 5'°C and
85N were observed. Results indicate that during their non-
breeding season, isotopic signatures of Black-browed alba-
trosses are closer to discards and offal generated by fish-
eries and in particular by trawlers. The large fishing effort
of trawl fisheries in Argentina highlights the urgency of an
exhaustive analysis to find practical and effective ways to
reduce the number of seabirds attending trawlers.
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Introduction

Fishery discards (including nontarget species and under-
sized fish) and offal constitute a predictable and abundant
source of food to seabirds and other top predators attend-
ing fishing vessels. In addition, surface and shallow div-
ing predators such as albatrosses and petrels can benefit by
bottom prey facilitated during fishing operations (Furness
2003; Votier et al. 2004). Despite fishery discards and offal
can significantly contribute to the diet of seabirds, little is
known in many fisheries about the relative availability of
discards and its contribution to seabird populations (Nav-
arro et al. 2010; Votier et al. 2010, 2013). Previous studies
have shown that the occurrence and composition of fish-
ery discards affects the number of seabirds attending trawl
vessels and collisions with fishing gear, hence increasing
the risk of incidental mortality (Crofts 2006; Gonzilez-
Zevallos and Yorio 2006; Sullivan et al. 2006; Watkins
et al. 2008; Abraham et al. 2009; Favero et al. 2011). In
fact, strategic discard management has been referred as one
way to reduce interactions between seabirds and the fishing
gear, both in trawl and longline fisheries (ACAP (Agree-
ment on the Conservation of Albatrosses and Petrels) 2011;
Pierre et al. 2012). In this regard, some countries are about
to implement regulations concerning discards in fisheries,
and so, numerous concerns about potential favorable or
detrimental effects are in discussion (Bicknell et al. 2013).
Consequently, understanding the use of fishery discards
by a given seabird species may not only help to identify to
which extent such species is associated with certain fishery
but also to assess the potential effect that discard manage-
ment may have in decreasing the abundance and interac-
tions events (e.g., incidental mortality) of this seabird.

It is broadly accepted that fisheries have contributed—
through incidental mortality—to the observed decreases in
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seabird populations, particularly albatrosses’ populations
(Arnold et al. 2006; Birdlife International 2012; Croxall
et al. 2012). During the non-breeding period, albatrosses, as
most pelagic seabird species, are not central place foragers
and disperse widely at sea. Research on these species dur-
ing this part of the annual cycle becomes difficult and, as a
result, most of their ecological aspects during non-breeding
season remain unknown or not well understood (Cherel
et al. 2012). As a matter of fact, little is known about the
trophic and spatial interaction between seabirds and fisher-
ies in coastal waters and the high seas during non-breeding
season. Only few years ago, Bugoni et al. (2010) evaluated,
through the analysis of carbon and nitrogen stable isotopes,
the contribution of discards from pelagic longline fisheries
to the diet of several species of a Procellariform commu-
nity at the South Atlantic Ocean. Naturally occurring stable
isotopes (!N and '3C) are extensively used to study differ-
ent aspects of birds’ ecology such as diet, foraging ecology,
and migratory pathways, among others. Carbon stable iso-
tope signatures reflect consumer’s foraging habitat (Cherel
and Hobson 2007; Moreno et al. 2011; Stowasser et al.
2012), while nitrogen stable isotope signatures are widely
used to reflect the consumers trophic position (Inger and
Bearhop 2008). Given that the isotopic turnover rate differs
between tissues, when selecting among tissues, the diet of
an animal can be inferred for a range of different timescales
(Inger and Bearhop 2008). Consequently, the use of stable
isotope analysis is a powerful tool given that it integrates
diet information during a certain extent of time, rather than
the snapshot provided by direct feeding observations or the
analysis of stomach contents. Other approaches to study
the albatross’ non-breeding ecology have been already con-
ducted through stable isotope analysis on feathers, allowing
inference of spatial distribution, habitat and trophic segre-
gation, and niche divergence between and within Procellar-
iform species (Cherel and Hobson 2007; Jaeger et al. 2009,
2010a, b; Phillips et al. 2009, 2011; Weiss et al. 2009; Ceia
et al. 2012, Cherel et al. 2012). However, the ample tempo-
ral window that feather tissues reflect has limited the inter-
pretations and conclusions of these previous studies at least
regarding diet. In this study, whole blood was chosen as it
integrates dietary information over three to 4 weeks before
sampling and so has the potential to resolve nutritional var-
iations at a shorter scale (Bearhop et al. 2006; Cherel et al.
2007).

The Argentinean Continental Shelf and neighboring
waters is a highly productive area where important num-
bers and biomass of top predators converge with large fish-
eries (Croxall and Wood 2002; Acha et al. 2004; Favero
and Silva Rodriguez 2005), some of them posing a threat
to seabirds (Favero et al. 2003; Gandini and Frere 2006;
Gomez Laich et al. 2006; Gonzalez-Zevallos and Yorio
2006; Sullivan et al. 2006; Gémez Laich and Favero 2007;
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Seco Pon et al. 2007; Favero et al. 2011, 2013). Among
the most affected seabird species, the Black-browed alba-
tross Thalassarche melanophris (BBA) is of particular con-
cern. This species has undergone a substantial decline in
its populations in the South Atlantic leading to the current
IUCN endangered conservation status (IUCN 2012). This
status is a result of several anthropogenic threats as fisher-
ies, which are major cause of population declines through
bycatch mortalities (Gales 1998). BBA is one of the most
important species in the bycatch of a number of fisher-
ies (up to 57 % of total bycatch) in the region (Neves and
Olmos 1998; Favero et al. 2003, 2011, 2013 G6émez Laich
et al. 2006; Baker et al. 2007; Seco Pon et al. 2007; Bugoni
et al. 2008a; Watkins et al. 2008; Jiménez et al. 2009,
2010). Most of the studies analyzing the impact of fisher-
ies on BBA populations were focused on longline vessels
(bycatch rate 0.010 birds per 1,000 hooks, Favero et al.
2013). However, that ca. 45 % of the total bycatch may be
associated with the trawling fleet (Baker et al. 2007). In the
southern ocean, there is partial evidence that the impact of
trawl fisheries can be as important, in magnitude, as that
of longliners (Gonzalez-Zevallos and Yorio 2006; Sullivan
et al. 2006). Recent studies report estimates of 0.012 BBA
killed per hour trawl. Extrapolation of these values results
in an annual mortality of seabirds in the order of several
hundreds to even over 1,000 albatrosses (Favero et al.
2011).

Individuals of this species breeding in Malvinas (Falk-
lands) Islands migrate north during the austral winter
reaching waters off northern Argentina, Uruguay, and
Southern Brazil (Grémillet et al. 2000; Copello et al. 2013).
Most of the previous studies on BBAs’ diet have been con-
ducted during the breeding season, showing a diet com-
prised by fish, cephalopods, and crustaceans. Some authors
highlighted the importance and the occurrence of demersal
fish, likely coming from demersal fisheries in the diet of
these birds (Prince 1980; Thompson 1992; Reid et al. 1996;
Cherel et al. 2002; Arata and Xavier 2003). However, lit-
tle is known on the diet of BBAs during the non-breeding
season. Studies using bird carcasses, and/or bird specimens
killed by fisheries (Colabuono and Vooren 2007), may
show biased or partial results since (1) carcasses may con-
tain over-digested items and/or samples in bad condition
that difficult the identification of prey, and (2) data from
birds killed by fisheries correspond to individuals effec-
tively attending vessels and so stomach contents could be
strongly composed by prey coming from such source. A
recent study conducted in Brazilian waters using stable iso-
topes has revealed a high contribution of discards from the
pelagic longline fishery to the diet of Procellariform birds,
including the BBA, attending fishing vessels (Bugoni et al.
2010). Despite this background, much work still needs to
be done in order to understand the role of multiple fisheries
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operating on the Argentinean Continental Shelf in their
contribution of fisheries discards to BBAs. In the present
study, we analyzed carbon and nitrogen stable isotopes in
blood samples of adult BBA during the time off breeding
and potential food sources in order to (1) evaluate the rela-
tive contribution to the trophic spectrum of discards com-
ing from fisheries operating in its main wintering area and
(2) determine the existence of sex-related differences in the
contribution of discards that could be linked to differences
in the distribution of individuals and differential risks of
mortality in fisheries.

Methods
Study area

The Argentinean Continental Shelf is a ground for large
fisheries, including trawlers, longliners, and jiggers (PNA-
Aves 2010). The longline fishery in Argentina has expe-
rienced an important reduction during the last decade
or so both in the number of vessels and hooks set, and is
nowadays composed of four vessels using either autoline
(Mustad), Spanish or “cachaloteras” system, and targeting
Patagonian toothfish (Dissostichus eleginoides, c. 85 % of
the catch) and Kingclip (Genypterus blacodes, <10 % of
the catch) (Favero et al. 2013, http://www.minagri.gob.ar/
site/pesca/pesca_maritima/02-desembarques/index.php
hereinafter MINAGRI).The total catch during 2011 was
2,029 metric tonnes, representing 0.3 % of the total catch
in Argentina. In contrast to this reduced fishing effort, other
fishery such as the ice-trawl contains c.135 operative ves-
sels fishing along the continental shelf between 37° and
48°S (PNA-Aves 2010; Copello unpubl. data). The pri-
mary target for this fleet is the Argentine hake Merluccius
hubbsi (c. 70 % of the catch), followed by Hoki Macruro-
nus magellanicus, Kingclip G. blacodes, and the Argentine
shortfin squid lllex argentinus, among others (Favero et al.
2011). The total catch during 2011 was 253,201 metric
tonnes, representing the 34 % of the total catch of entire
Argentine fishery (MINAGRI). This fleet occasionally tar-
gets pelagic species like Argentine anchovy (Engraulis
anchoita) and Chub Mackerel (Scomber japonicus), and in
2011, this fleet accounted for the 51 and 67 % of the catch
for those species, respectively (MINAGRI).

The freezer-trawler fleet contains fewer operative ves-
sels compared to the ice-trawl fleet though a large fishing
effort. It operates south to the 42°S, although the fishing
effort is concentrated between 45° and 48°S. Most of this
fleet targets Argentine hake (c. 80 % of the catch) (Ber-
tolotti et al. 2001) and the total catch in 2011 was 187,570
metric tonnes, representing 25 % of the total catch in
Argentina (MINAGRI). In this fishery, the main component

of discards (undersized hake) and offal (hake head, tail, and
guts) could be assumed to have similar isotopic signatures
than ice trawlers. However, given the very low level of
overlapping with BBAs during the temporal window ana-
lyzed (see Copello et al. 2013; Copello unpubl. data), this
fleet was considered negligible in terms of supplying any
source of food to albatrosses.

The shrimp-trawler fleet operates mostly in Golfo San
Jorge from mid-February to November. It is constituted by
70-80 vessels that target the Argentine Red Shrimp (Pleoti-
cus muelleri). In this fishery, the Argentine hake constitutes
de bulk of discards estimated to be about 40,000 metric
tonnes during 2007 (PNA-Aves 2010; Gonzdlez-Zevallos
and Yorio 2011; Goéngora et al. 2012). Other species dis-
carded are the Longtail southern cod (Patagonotothen
ramsayii), Argentine shortfin squid (I. argentinus), Butter-
fish (Stromateus brasiliensis), and Kingclip (G. blacodes),
but these have been considered as rare in a recent study
(Gonzélez-Zevallos and Yorio 2011).

The jigging fleet contains some 88 operative vessels that
target the Argentine shortfin squid /. argentinus (more that
70 % of the total catch for this species). During the austral
autumn season, it concentrates south to 44°S moving north
toward the winter when concentrates north to 44°S (PNA-
Aves 2010). Total catch during 2011 was 58,984 metric
tonnes representing 8 % of total catch in Argentina (MINA-
GRI). We did not consider this fleet given its southern dis-
tribution and lack of overlapping during the studied period
(Copello unpubl. data).

Sample collection

Blood samples were obtained from adult BBAs captured
in June 2011 from commercial fishing vessels operat-
ing between 41-43°S and 57-59°W. Birds close to the
vessel were captured with an adapted dip net. Approxi-
mately 0.3 ml of blood was obtained from the tarsal
vein, transferred to a vial with 1.5 ml of absolute ethanol
(Biopack®, Argentina), and stored at room temperature
until analysis. Ethanol has being regularly used as pre-
server given that it has shown to have negligible effect
on the stable carbon and nitrogen isotope values in a
variety of tissues (Hobson et al. 1997; Kelly et al. 2006;
but see Bugoni et al. 2008b). Birds were marked to avoid
recapture.

Representative samples of main fish and invertebrate
species discarded, including non-commercial species and
undersized fish and squid, were collected onboard trawl-
ers and longliners during autumn and winter months 2011
(Table 1). Long-term onboard observations on BBA for-
aging behaviors attending fishing vessels allowed us to
identify the Argentine hake, the Longtail southern cod,
the Butterfish, and the Argentine shortfin squid as both the
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Table 1 Sample size, carbon-
to-nitrogen ratio (C/N), stable
isotope values (8'°C and 3'>N)
of Black-browed albatrosses and
potential preys considered in
the study and its corresponding
food source category

TL = total length of prey
species sampled. Values
expressed as mean = SD

& Mantel length

Species N C/IN 313¢c 31N TL mm
Black-browed albatross 38 3.3 +0.05 —17.1£03 16.7 £ 0.8
Black-browed albatross (females) 20 3.3+£0.06 —-17.1£04 169+ 1
Black-browed albatross (males) 18 3.3+ 0.05 —17.24+0.3 16.5 £ 0.6
Demersal fish (trawl) —17.4+£0.7 158+ 0.7
Merluccius hubbsi 9 33+0.1 —174+£04 163 +£04 260410
Patagonotothen sp. 10 344+04 —17.1 £ 0.1 15.6 £0.7 170-310
Stromateus brasiliensis 5 35+£0.6 —-179+£1.0 153+ 0.6 340-360
Pelagic prey —16.7£ 0.6 154 +£0.8
Engraulis anchoita 5 3.6 £0.1 —172+0.2 149 + 0.8 153-180
Illex argentinus® 34+£0.1 —-16.3+0.3 157+ 0.8 120-260
Demersal longline —198£12 1221 £ 1.0
Dissostichus eleginoides 2 3.5+£0.02 —208 £ 1.1 124 £ 0.2 N/A
Bait (Sardinella sp.) 1 4.1 —19.3 10.7 200
Bait (Illex sp.) 1 35 —18.3 13.1 215
Pelagic longline (tunas and sharks)® - —164+£1.0 13.1£0.9

® Values taken from Bugoni
et al. (2010)

most commonly discarded species in the demersal trawl-
ers as well as the most consumed items (Seco Pon unpubl.
data).

Samples of pelagic species like Argentine Anchovy
(E. anchoita) and Argentine shortfin squid were obtained
from landings of trawlers targeting pelagic species. Sam-
ples of Patagonian toothfish and baits (/llex sp. and Sar-
dinella sp.) were obtained from demersal longline vessels.
A portion of white muscle from the lateral region of fish
and the mantle of squids was sampled. Given that satellite
tracking data from our own database showed that BBAs
non-breeding distribution was not only restricted to Argen-
tina but also extended to waters off Uruguay and South-
ern Brazil (Copello et al. 2013), the inventory of potential
food sources was completed with isotopic data of fish spe-
cies targeted by the pelagic longline fleet that operates in
these waters (Bugoni et al. 2010). We assumed that these
isotopic values were representative of fish targeted by the
pelagic longline in waters off Uruguay (Jiménez et al.
2010).

Stable isotope analysis and molecular sexing

In this study, we used whole blood though we expected
to obtain information of BBA diet during the first period
of the non-breeding season. All samples were dried in an
oven at 60 °C and grounded using a hand mortar (Hob-
son et al. 1997; Cherel et al. 2007). In order to reduce car-
bon variability because of lipid variation between tissues,
we conducted lipid extraction from potential prey sample
using successive rinses in a 2:1 chloroform—methanol solu-
tion (Bligh and Dyer 1959). Stable isotope signatures were
determined by mass spectrometry at the Stable Isotope
Facility at UC Davis. Results are presented in the usual §
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notation relative to Vienna Pee Dee Belemnite and atmos-
pheric N2 (Air) for 8*C and 3'°N, respectively. Based on
the internal standards (G-11 nylon, G-13 bovine liver, G-17
USGS-41 glutamic acid, and G-9 glutamic acid), the ana-
lytical precision (£1 SD) was estimated as <0.2 %o and for
both 3'°C and 8"N.

For comparative purposes, we plotted our BBA data
against the literature values for BBA blood samples
obtained at other southern areas during the non-breeding
season (Bugoni et al. 2010) along with approximate iso-
topic boundaries of major oceanographic zones in the
Southern Ocean and South Atlantic as identified by Phillips
et al. (2009). Previous studies suggest that, although vari-
ability is similar between blood and feathers, whole blood
is predictably depleted in C'* and N'> (Cherel et al. 2005;
Quillfeldt et al. 2008). So, to visually facilitate this com-
parison, prior to plotting data, we adjusted blood stable iso-
tope values using the mean difference between feathers and
whole blood derived from previous studies (3'°C: 1.3 %o
and 8" N: 1.1 %o, see Quillfeldt et al. 2008)

Individuals were genetically sex-typed from blood sub-
samples, after DNA extraction and PCR amplification of
CHD genes using primers 2550F (Fridolfsson and Ellegren
1999) and 2757R (Griffiths unpublished, see Bugoni et al.
2011). Samples of BBA killed in fisheries and sex-deter-
mined by necropsy were used as positive controls.

Statistical analysis

Isotopic signatures in blood of BBA females and males
were compared using Student’s ¢ test (Zar 1999). Means
are provided =standard deviations unless otherwise
stated. To quantitatively assess the importance of differ-
ent prey as food sources, we used the SIAR Bayesian
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stable isotope mixing model in R environment (Parnell
et al. 2010). This model provides quantitative indices of
food item contribution to a consumers’ diet accounting
for known variability in sources, fractionation, and other
unquantified variability within the model. Moreover,
SIAR outputs represent true probability density func-
tions, rather than a range of feasible solutions as it was
that case of earlier mixing models (Parnell et al. 2010).
We performed a mixing model assuming four functional
prey clusters: demersal fish assumed to be facilitated dur-
ing trawl operations and/or components of trawl discards
(including M. hubbsi, P. ramsayii, and S. brasiliensis),
pelagic fish and invertebrates (E. anchoita and I. argen-
tinus), demersal longline offal (D. eleginoides and baits),
and pelagic longline offal (sharks and tunas, Bugoni et al.
2010). In order to perform this analysis, the isotopic sig-
nature for food sources must be rearranged by appro-
priate discrimination factors, procedure that has been
reported as the weakest link in the application of stable
isotope mixing models and so currently matter of discus-
sions. The use of inadequate values will result in inaccu-
rate interpretations (Caut et al. 2008; Bond and Diamond
2011). The use of species- and tissue-specific discrimina-
tion values with constrained uncertainty has been recom-
mended (Bond and Diamond 2011; Galvan et al. 2012),
but in the absence of them, the most parsimonious choice
suggested is the use of generic discrimination values with
high uncertainty and to input prior information from the
literature and field observations (Caut et al. 2009; Galvan
et al. 2012).There are no diet-blood discrimination fac-
tors available for BBA; though two models were devel-
oped as potential scenarios using different published
pairs of discrimination factors: proxy values in avian
blood recently reviewed (model A: §'3C: 0.6 + 0.5 %o
8'°N: 2 £ 0.5 %o, Caut et al. 2009) and used in recent
studies with other seabirds (Quillfeldt et al. 2011); and
proxy values developed for one seabird species (model
B: 3'°C: 1.1 + 0.5 %o 8'°N: 2.8 & 0.5 %o, Bearhop et al.
2002) and further adopted and used (Cherel et al. 2005;
Bugoni et al. 2010; Votier et al. 2010; Ceia et al. 2012).
Models were run with 1,000,000 iterations, with an ini-
tial discard of 40,000 resulting in 65,000 posterior draws.
In both cases, the predator isotopic values were contained
within the mixing space after application of discrimina-
tion corrections.

Adult sex ratio deviation from 1:1 expected propor-
tion was tested by x> with Yates’ correction for continuity
because of one degree of freedom. Given that BBAs are
sexually monomorphic in plumage and sex differences
are visually impossible when conducting the captures, we
decline the occurrence of methodological bias and assume
that the sex ratio observed is representative of the popula-
tion attending fishing vessels (Bugoni et al. 2011).

Results

Thirty-eight adult BBAs were captured and sampled
on board vessels. Adult sex ratio was close to 1:1, with
18 males and 20 females captured (chi-square test, x>
Yates = 0.026, P = 0.87). Mean $°C and 8N val-
ues together with C/N mass ratios for BBAs are shown
in Table 1. Carbon isotope values on BBA ranged from
—16.2 to —17.6 %o while nitrogen values ranged from
14.4 to 18.3 %o (Fig. 1). None of the isotopic signatures
showed significant difference between sexes (Student’s ¢
test, T35 = 0.66, P = 0.50 and Student’s ¢ test, T3, = 1.67,
P = 0.10 for carbon and nitrogen, respectively). However,
nitrogen signatures showed more variability than carbon
signatures, with samples from females showing higher vari-
ability than males, although not reaching statistical levels
(Levene test, F(; 35, = 3.46, P = 0.07).

Isotope signatures and mixing model analysis

Mean 3'°C and 3'°N values together with C/N mass ratios
for the food source categories are shown in Table 1. Val-
ues of 3'3C of potential food sources ranged from —21.6 to
—15.9 %o, while values of 8'°N of potential food resources
ranged from 10.7 to 17.4 %.. Both bottom and pelagic
longline discards showed much lower mean 3'°N than
other categories, reflecting a lower trophic position (Fig. 1;
Table 1). Significant differences were found in the 3'3C and
815N signatures of species considered as potential prey for
BBAs (Table 1; §"°C: ANOVA, F g3 = 8.91, P < 0.001;
515N: ANOVA, Fg36 = 17.38, P <0.001).

The distributions resulting from the SIAR isotope mix-
ing models showed two potential scenarios. In Model A,
demersal fish was the main food source (42 %, 95 % CI 24—
63 %) followed by pelagic fish (28 %, CI 648 %), demer-
sal longline offal (23 %, CI 19-29 %), and pelagic longline
offal (6 %, CI 0-15 %) (Fig. 2). The mixing model pre-
dicted that demersal fish was more important in the diet of
females, while males showed a relative larger contribution

&
18 °
17 ] & :ﬁ ® &
2 16 Trawl (Demersal Fish) &80 ~ _ Ppelagic fish
7\ 15 & e
214 cJagic Longline
© 13 Demersal Longline ._‘&‘]a‘glc Longline

11+ T T T T T 1
-21 -20 -19 -18 -17 -16 -15

8""C %o

Fig. 1 Stable isotope signatures (3'>C and 8!°N) from whole blood
samples of adult female (gray circles) and male (open circles) Black-
browed albatrosses (BBA) in relation to potential food sources (black
triangles, mean + SE). Stable isotope signatures of albatrosses are
shown without correction for dietary isotopic fractionation
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Fig. 2 Density plots from the SIAR stable isotope mixing models
for the contributions of prey types to the diet of Black-browed alba-
trosses. Model A was developed using 0.6 & 0.5 and 2 £ 0.5 %o as
discrimination factors for 8'3C and 3'°N, respectively (Caut et al.
2009). Model B was developed using 1.1 + 0.5 and 2.8 & 0.5 %o as
discrimination factors for 8'3C and 8'°N, respectively (Bearhop et al.
2002)

Table 2 Diet composition of adult Black-browed albatross females
and males during the non-breeding season as predicted by the stable
isotope mixing model SIAR

Prey group Model A Model B

Females (%) Males (%) Females (%) Males (%)

Trawl (demersal 45 (20-71) 35 (16-55) 33 (10-55) 25(5-42)
fish)

Pelagic fish 27 (2-48) 27 (5-48) 21(041) 19 (0-39)

Demersal 21 (14-29) 26 (21-32) 37 (31-44) 42 (36-48)
longline

Pelagic 7(0-17) 10(0-21) 8(0-19) 15(3-26)
longline

Data are presented as mean estimates with 95 % credibility intervals
(between brackets)

Model A developed using 0.6 + 0.5 and 2 & 0.5 %o as discrimination
factors for '3 C and 8'°N, respectively (Caut et al. 2009). Model B
developed using 1.1 & 0.5 and 2.8 + 0.4 %o as discrimination factors
for 8'3C and "N, respectively (Bearhop et al. 2002)

of resources from both demersal and pelagic longline fish-
eries (Table 2). Model B showed the demersal longline as
the main food source with a more constraint range of con-
tributions (39 %, CI 35-44 %) followed by demersal fish
(30 %, CI 1248 %), pelagic fish (20 %, CI 0-38 %), and
pelagic longline (10 %, C 0-20 %) (Fig. 2). Although much
overlap in credibility intervals existed, females showed
similar contribution of both demersal longline offal and
demersal fish discarded from trawlers, while males showed
larger contribution of demersal longline species followed
by demersal fish (Table 2). Differences between models
were observed about the inclusion of zero as a possible
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contribution for some prey. In both models, demersal fish
and demersal longline offal had more precise contributions
and did not include zero as a possible solution. In Model
A, pelagic fish had a broader range of contributions and
pelagic longline offal included zero with high probability
of occurrence, while in Model B pelagic fish did not only
show a broader range of contributions but also together
with pelagic longline source included zero with high prob-
ability of occurrence (Fig. 2; Table 2).

Discussion

Most of the studies addressing non-breeding migratory
movements and/or foraging strategies in oceanic birds
through stable isotope analysis have used feathers as the
sampled tissue (Cherel et al. 2000, 2012; Hedd and Mon-
tevecchi 2006; Phillips et al. 2009; Ramos et al. 2009; Jae-
ger et al. 2010a, b; Quillfeldt et al. 2008, 2010a, b; Raya
Rey et al. 2012). Up to our knowledge, this is the second
study using isotopic signatures in blood to analyze trophic
ecology of Procellariforms, particularly BBAs, during
the non-breeding season in the South Atlantic Ocean (see
Bugoni et al. 2010).

Since only birds attending vessels were sampled, there is
a possibility of sampling bias toward individuals that spe-
cialized in feeding on discards, with a subrepresentation
of those making more use of natural resources. However,
observations of marked birds suggest that individual birds
only remain for short periods attending the same vessel
(Bugoni et al. 2010). BBAs are known to cover vast areas
in short period of time (Copello et al. 2013) and therefore
have potential access to a wide range of natural prey and
food source coming from anthropogenic activities. Moreo-
ver, blood samples analyzed in this study represent an inte-
gration of diet of a number of weeks (Bearhop et al. 2006;
Cherel et al. 2007), hence combining several feeding events
and increasing the likelihood of a more representative pic-
ture of the trophic spectrum of the species.

The isotopic signatures of BBA in the present study
were in line with those from a previous study in waters
off Brazil (3C'*: —17.2 &+ 0.6 and 3N': 16.3 £ 0.9, see
Bugoni et al. 2010) during the non-breeding season. The
similarity among signatures with birds (mostly subadults)
captured off Brazil suggests that during their non-breeding
season, BBAs of different age classes forage at similar
functional trophic level. Recent studies have defined rough
isotopic boundaries of major oceanographic zones based
on the latitudinal variation of 8'*C isotopic signatures of
marine organisms in southern oceans and isotopic values
from feather and blood of tracked birds (Quillfeldt et al.
2005; Cherel and Hobson 2007; Phillips et al. 2009; Jaeger
et al. 2010a). The comparison of these “isoscapes” with our
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Fig. 3 Stable isotope signatures from whole blood of individual
Black-browed albatrosses (BBA) and approximate isotopic bounda-
ries of major oceanographic zones (gray fields) in the Southern
Oceans and South Atlantic as defined by Phillips et al. (2009). Iso-
tope signatures were adjusted using the mean difference between
feather and whole blood derived from previous studies (8'*C: 1.3 %o
and 3"N: 1.1 %o, Quillfeldt et al. 2008). Mean (£SD) values for BBA
from Brazil were used for comparison (Bugoni et al. 2010)

isotopic signatures shows that BBAs captured in Argentina
foraged during the non-breeding season at subtropical and
continental shelf likewise those individuals from Brazil
(Fig. 3). However, these conclusions are open to consid-
eration given potential variability in baseline signatures,
this is a possible alternative destination for wintering BBA
(Phillips et al. 2009). This result is in agreement with the
distribution of BBAs during the same non-breeding sea-
son (Copello et al. 2013) and also close to signatures of
White-chinned petrels (Procellaria aequinoctialis) known
to winter at the Patagonian Continental Shelf and shelf
slope (Phillips et al. 2006, 2009). Our results were also in
line with recent reports of BBAs breeding in South Geor-
gia where isotopic signatures of feathers showed a similar
pattern in the use of “isoscapes” during the non-breeding
season in the Benguela current system, the most common
wintering area for individuals breeding in that sub-Antarc-
tic archipelago (Phillips et al. 2011). However, the isotopic
signatures for BBAs reported in this study were higher
than Procellariform species, like Macronectes giganteus,
M. halli, Diomedea exulans, T. chrysostoma, breeding
in Antarctic, and sub-Antarctic sites (Phillips et al. 2011;
Raya Rey et al. 2012). The relatively high C and N signa-
tures might be an indicative of a more complex structure of
trophic webs occurring at the continental shelf compared to
those in more southerly latitudes (Forero et al. 2004, 2005;
Eder et al. 2010). In the same way, values of demersal
(components of trawler discards), pelagic fish and fish from
pelagic longliners showed carbon signatures typical of fish
from continental shelf waters (Forero et al. 2004; Bugoni

et al. 2010). Contrarily, discards from demersal longliners
showed a lower mean §'°C typical of southern latitudes,
and values of the Patagonian Toothfish D. eleginoides were
close to those from the literature (Cherel et al. 2008; Ceia
et al. 2012) (Table 1).

Most of the previous studies on diet of BBAs have been
conducted during the breeding season, showing a diet com-
prised by fish, cephalopods, and crustaceans. The impor-
tance and the occurrence of fishery discards in the diet
of these birds has been also highlighted by some authors
(Prince 1980; Thompson 1992; Reid et al. 1996; Cherel
et al. 2002; Arata and Xavier 2003). On the contrary, lit-
tle is known on the diet of BBAs during the non-breeding
season and most of this studies likely show biased results
given that only bird carcasses and/or bird specimens killed
by fisheries were used (Colabuono and Vooren 2007). Our
mixing models suggest a high input of demersal fish spe-
cies (i.e., M. hubbsi, P. ramsayii, S. brasiliensis, D. elegi-
noides, and baits from demersal longliners) in the diet of
BBAs (Fig. 2). Even though multiple fisheries targeting a
range of species operate in the study area, demersal fish
considered in this study constitute the main discarded spe-
cies. The first three above-mentioned species are common
and abundant in the discards of Argentinean ice (and to
some extent freezer and shrimp) trawlers (Aubone et al.
2004; Dato et al. 2006; Gonzalez-Zevallos and Yorio 2011;
Seco Pon unpubl. data). Patagonian Toothfish D. elegi-
noides is the main species targeted by demersal longlin-
ers and discarded as offal (i.e., head, tail, and guts), and
to a lesser extent discarded in freezer trawlers. Given that
these albatrosses are essentially surface-seizers and shal-
low divers, it is very unlikely that the demersal fish as the
above mentioned could be obtained in large quantities in
the absence of any facilitation processes (Prince and Mor-
gan 1987; Bugoni et al. 2010). As it was previously stated,
the overlapping between ice trawlers and BBAs strongly
suggests that the contribution of demersal fish to the diet
of these birds during winter comes from the ice-trawl fleet.
However, given the similitude between ice and freezer
trawlers in the target species and by-products of the fish-
ing operation, we understand that freezer trawlers should
be regarded in the same way for conservation and man-
agement purposes, at least during moments of the annual
cycle when BBAs are distributed further south in the vicin-
ity of breeding grounds (Granadeiro et al. 2011; Catry et al.
2013). Available information shows that the trawler fleet
from Uruguay has the Argentine hake as one of main target
species (99.8 % of total landing for this species, DINARA
2010) and this species is also discarded by shrimp-trawl
fleet operating further south at the Argentinean Continen-
tal Shelf, hence suggesting that BBAs could be making use
of discards from these fleets as well. The contribution of
demersal species (both from trawlers and longliners) in the
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diet of BBAs was followed in both models by pelagic fish
and squid (i.e., E. anchoita and I. argentinus) (Fig. 2). Even
though these species are the components of the discard in
trawlers, they could be as well “naturally” captured by the
albatrosses.

Foraging strategies may differ between individuals and
these variations may respond to several variables like sex,
age, morphology, and individual preferences (Ceia et al.
2012). Such differences can be consistent over time and
result in different exposure to threats like fisheries, hence
affecting population dynamics by altering, for example,
the sex ratio and/or age composition in a given population
(Croxall and Wood 2002; Phillips et al. 2004, 2009). The c.
1:1 sex ratio of adult BBAs attending trawlers in this study
contrasted with information from Brazilian waters where
a clear bias toward the females was reported both in birds
attending and caught in pelagic longline vessels (Bugoni
et al. 2011). In Argentinean waters, the observed sex ratio
of birds attending ice trawlers was in line with those of
birds incidentally killed in the demersal longline fleet in
waters from Patagonia (Gandini and Frere 2006; Seco Pon
et al. 2007). Similar carbon and nitrogen isotopic signa-
tures in BBA blood from both sexes were observed. This
was in line with studies on other breeding and non-breed-
ing Procellariforms, where no sex differences were found
when feathers (see review in Phillips et al. 2011) or blood
(Bugoni et al. 2010) were analyzed. Sex differences in sta-
ble isotope signatures have been reported in other albatross
species like the Wandering albatross (D. exulans) and the
Gray-headed albatross (7. chrysostoma) (Jaeger et al. 2009;
Phillips et al. 2009). Our results indicate that in general
terms, both females and males forage at similar trophic lev-
els and in similar water masses. However, the stable isotope
mixing model analysis evidenced (even though much over-
lap in credibility intervals existed) males showing a higher
contribution of fish species frequently discarded by both
demersal and pelagic longliners.

From the two pictures provided by different models
performed and considering the background information
on (1) BBA non-breeding distribution over the continental
shelf, (2) BBA overlapping with different fleets, and (2) the
large asymmetry in fishing effort between demersal trawl
and longline fisheries, we understand that Model A offers
a more realistic picture of what are the main anthropo-
genic sources of food for BBA in winter. In other words, it
is some four longliners currently in operation (see Favero
et al. 2013 for the evolution of the longline fishing effort
in the decade) with little overlapping (Copello unpubl.
data) against hundreds of demersal trawlers with high over-
lap (Favero et al. 2011; Consejo Federal Pesquero 2010).
Recent studies have reported that the BBA is the seabird
accounting for most of observed interactions and mortali-
ties in Argentinean trawlers (0.012 BBA killed/h trawl, see
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Favero et al. 2011 and references therein). Our results indi-
cate that during their non-breeding season, BBA relies on
discards and offal generated by fisheries and in particular
trawlers. The extant prevalence of trawl fisheries in Argen-
tina and its large fishing effort highlights the urgency of
exhaustive analysis on ways to reduce the number of sea-
birds attending these fisheries and mitigate incidental mor-
tality in them.
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