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Abstract Knowledge of seabirds’ diet at each breeding
site and its temporal variation is key to understanding and
evaluating how changes in marine resources affect each
seabird population. In this study, we determined the diet of
Magellanic penguins (MP, Spheniscus magellanicus) at
Martillo Island, accounting for sex, breeding stage and
year. We analyzed a total of 144 stomach contents during
three  consecutive breeding seasons (2006-2007,
2007-2008 and 2008-2009) and stages (incubation, early
and late chick-rearing). MP fed mainly on fuegian sprat
(Sprattus fuegensis), which represented 75 % of the bio-
mass consumed by birds during the entire study. The next
important prey was squat lobster (Munida gregaria), fol-
lowed by Patagonian squid (Loligo gahi). Both sexes
consumed similar prey items. We observed variation in diet
relative composition among breeding years and stages.
Fuegian sprat consumption decreased throughout the years
whereas squat lobster increased. Penguins consumed a
higher proportion of squat lobster and Patagonian squid
during the incubation stage than in the chick-rearing stages,
whereas fuegian sprat was almost the only prey item
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consumed during the late chick-rearing stage. MPs show
certain flexibility in the use of resources probably as a
response to changes in prey populations. Variability in the
diet among different reproductive stages could be related to
changes in the distribution and abundance of their main
prey near the colony during the breeding season together
with changes in the energy requirements of seabirds.
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Introduction

Long-term diet studies of seabirds have been used as
indicators of changes in the marine ecosystem, considering
that variability in diet composition reflects changes in prey
availability (Montevecchi 1993; Montevecchi and Myers
1995, 1996). These changes in prey distribution and
availability could be influenced by several factors (e.g.,
climate change and fisheries) and, in turn, affect seabird
populations (Croxall et al. 2002; Boersma 2008).

Seabird responses to changes in food sources or energetic
demands related to their parental duties vary depending on the
species. Seabirds that have greater flexibility in their diet show
a greater ability to exploit alternative prey when main prey
availability fluctuates (Montevecchi and Myers 1995, 1996;
Thayer and Sydeman 2007). Therefore, variation in the
amount and quality (type) of prey may be found in seabirds’
diet throughout the breeding season and/or among seasons
(Thompson 1993; Culik 1994; Piitz et al. 2001; Litzow et al.
2002). Additionally, a species can present sexual segregation,
where each sex feeds on different prey or at different locations,
thus reducing intraspecific competition (Gonzalez-Solis et al.
2000; Forero et al. 2002, 2005; Raya Rey et al. 2012).
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Magellanic penguins (Spheniscus magellanicus) are
found in both the Pacific and Atlantic Oceans and nest
along the coasts of Argentina and Chile. Breeding colonies
are found along the southern coast of South America: from
Pajaro Nifio Islet (33°21’S, 71°41’W) on the Pacific Ocean
to Redondo islet (41°26'S, 65°01'W), including the Malv-
inas (Falkland) Islands in the Atlantic Ocean (Williams
1995; Gandini et al. 1996; Schiavini et al. 2005). Magel-
lanic penguins have a seasonal breeding, where both sexes
defend the nest site, incubate eggs and feed chicks (Bo-
ersma et al. 1990). They lay two eggs in October, which
hatch approximately 40 days after, between mid-Novem-
ber and early December. Chicks fledge from late January to
early February (Boersma et al. 1990; Williams 1995).
Magellanic penguins show modest sexual dimorphism in
body size (Scolaro et al. 1983; Gandini et al. 1992), males
being 5-15 % larger than females (Agnew and Kerry
1995).

Diet of Magellanic penguin has been studied in different
colonies along the coast of Argentina (Scolaro and Badano
1986; Frere et al. 1996; Wilson et al. 2005) and Chile (Wilson
etal. 1995; Venegas 1998; Radl and Culik 1999) as well as in
several colonies of the Malvinas (Falkland) Islands
(Thompson 1993; Piitz et al. 2001; Clausen and Piitz 2002).
Along the coast of South America Magellanic penguins feed
mainly on pelagic school fish such as anchovy (Engraulis
spp), sprat (genus Sardinops and Sprattus) and silverside
and, to a lesser extent, on squid (genus Loligo, Illex, Toda-
rodes). However, in colonies of the Malvinas (Falkland)
Islands squid (mainly the genus Gonatus, Loligo) and crus-
taceans (represented mainly by squat lobster, Munida gre-
garia) take more relevance in the diet. In addition to the
spatial variation in diet composition of Magellanic penguins,
in some colonies temporal variation has also been registered
(e.g., among and within breeding seasons; Thompson 1993;
Piitz et al. 2001; Clausen and Piitz 2002).

Tierra del Fuego colonies represent the southernmost
breeding range of the species breeding at a strong seasonal
environment, and to date there is no information on their diet.
To evaluate how changes in marine resources affect different
populations of Magellanic penguins, it is necessary to know
their diet in each breeding site, taking into account temporal
variations. Thus, the aims of this study are: (1) to determine
the major components and characteristics of the diet of
Magellanic penguins at Martillo Island, Beagle Channel,
(2) to evaluate the variation among years and breeding
stages within a breeding season and (3) to analyze the sexual
variation in the diet. Also, we try to broaden the knowledge
on biodiversity of the Beagle Channel based on Magellanic
penguins’ prey items. Thus, this work is a first attempt to
quantify the species diet in the southern limit of its geo-
graphical distribution and complements previous studies at
other places of the species range distribution.
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Materials and methods

Our study was conducted at the Magellanic penguin
breeding colony on Martillo Island, Beagle Channel, Tierra
del Fuego, Argentina (54°53'S, 67°34'W, Fig. 1). The
colony holds 3,000 breeding pairs (Raya Rey et al. 2014).

We studied the diet of male and female Magellanic
penguins during incubation (late October, early Novem-
ber), early (chicks 1-30 days old, late November—Decem-
ber) and late chick-rearing (chicks >30 days old, early
January) in the 2006-2007, 2007-2008 and 2008-2009
breeding seasons (hereafter referred to as the 2006, 2007
and 2008 years, respectively).

Sample collection and sorting

We captured reproductive adult birds as they returned to
the colony on their way to the nests, after foraging at sea,
using a hoop-shaped net with a long handle. We weighed
(to the nearest 100 g) and sexed penguins by measuring bill
depth and length (Gandini et al. 1992) using a caliper (to
the nearest 0.02 mm). Afterwards, stomach contents were
collected using the water-offloading technique (Wilson
1984). We flushed birds with sea water until we obtained
clear water. After sampling, we marked each bird on the
breast feathers with picric acid to ensure that no bird was
sampled more than once. A total of 121 females and 105
males were sampled over the 3 years (see Table 1 for
details). We drained diet samples and preserved them with
70 % ethanol.

We filtered each sample to remove excess liquid and
weighted it to obtain stomach load mass (wet weight).
Samples less than 25 g (32 % of the captured birds) were
not used for analysis. We separated large and entire prey
items from the whole sample, then took a subsample at
random and extrapolated the results to determine the
overall composition. We subsampled only samples heavier
than 25 g by taking one half for those between 25 and 50 g,
one quarter for samples between 50 and 100 g, and one-
eighth for those over 100 g. We then sorted samples into
the main components and identified prey items to the
lowest taxonomic level possible. We identified fish from
whole specimens, otoliths and cranial bones using our
reference collection, and following Gosztonyi and Kuba
(1996) and Collm (2002). We counted all cranial bones and
otoliths for each fish species; for paired bones (e.g., max-
illa) the total number was divided by two. The number of
individuals per species per sample was then estimated from
the most represented bone or otoliths. We measured cranial
bones using a magnifier fitted with an eyepiece graticule.
We estimated the size and biomass of fuegian sprat,
Sprattus fuegensis, (main fish species, see Results) using
functional linear regressions for the different cranial bones
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Fig. 1 Location of the study 75°W
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site, Magallanic penguin colony
at Martillo Island, Beagle
Channel, southern tip of South
America. Also, locations of
other Magellanic penguin
colonies at which diet studies
have been previously contucted:
1 Pingiiino Island, Algarrobo; 2
Pinhuil Island, west from Chiloé
Island; 3 San Lorenzo; 4 Punta
Clara; 5 Punta Loberia; 6 Dos
Bahias Cape; 7 Chaffers Island;
8 Pingiiino Island, Santa Cruz
(Argentine); 9 Laura Bay; 10
San Julian; // Monte Leén; 12
Westponit Island/Malvinas
(Falkland) Island; /3 New
Island/Malvinas (Falkland)
Island; /4 Volunteer Point/
Malvinas (Falkland) Island; /5
Cabo Virgenes; /6 Punta
Dungeness; /7 Seno Otway; /8
Magdalena Island (Venegas and
Sielfeld 1981; Scolaro and
Badano 1986; Thompson 1993;
Wilson et al. 1995; Frere et al.
1996; Radl and Culik 1999;
Scolaro et al. 1999; Wilson

et al. 2005). For more details on
colonies from Malvinas
(Falkland) Island, see Piitz et al.
2001 and Clausen and Piitz
2002
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measured and the total length (TL) (Online Resource 1,
Collm 2002). For the rest of the fish species that could not
be identified to species level and for which there is no
functional relationship in the bibliography, we calculated
mean size and biomass in relation to entire specimens
found in the samples. Since bone sizes for these species
were similar, we reconstituted biomass as: number of
individuals in each sample x mean biomass.

We identified cephalopods and assessed their number
from lower beaks. We estimated the original biomass and
size of ingested cephalopods using functional regressions
for the lower rostral length (LRL) of the beak (Online
Resource 1, Clarke 1986; Pineda et al. 1996; Jackson et al.
1997). Whenever regressions for any of the species found
were not available, we used related species (e.g., Octopus
vulgaris for Enteroctopus megalocyathus and Rossia

T T T T
70°W 65°W 60°W 55°'W

macrosoma for Semirossia sp., Clarke 1986). These esti-
mates, as well as those for small fish, were made to account
at least partially for the real contribution of each prey
species/taxon to the diet.

We counted entire crustacean bodies and single bro-
ken carapaces that conserved the rostrum to estimate the
number of individuals consumed. We estimated the ori-
ginal biomass by using functional regressions for cara-
pace length (Online Resource 1, Tapella and Lovrich
2006).

We described penguins’ diet in terms of frequency of
occurrence (FO%) and percentage by mass (%M). Per-
centage by mass is the relative biomass and was calculated
as the sum of reconstituted biomass of each prey item
divided by the total reconstituted biomass of all prey items
by sex and/or breeding stage and/or year. We did not
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Table 1 Stomach load mass (g) of Magellanic penguins from Martillo Island

Year Stage Female Male Female vs. Male
Mean (SD) n Mean (SD) n t d.f. P
2006 Incubation 68.2 (49.8) 8 136.5 (97.8) 11 —2.25 17 0.038
Early chick-rearing 121.9 (126.2) 11 1522 (123) 14 —0.6 23 0.55
Late chick-rearing 119.6 (71.3) 9 65.7 (27.2) 9 23 16 0.035
2007 Incubation 85.0 (53.3) 5 129.5 (168) 9 —0.22 12 0.83
Early chick-rearing 147.8 (58.2) 7 119.7 (66.8) 6 0.81 11 0.43
Late chick-rearing 219.9 (234.3) 9 100.6 (72.6) 5 0.76 12 0.46
2008 Incubation 74.2 (12.8) 2 101.7 (28.5) 5 *
Early chick-rearing 122.8 (88.5) 9 137.4 (141) 11 —-0.27 18 0.79
Late chick-rearing 58.4 (34.6) 8 196.6 (124.5) 6 —3.58 12 0.003

Means, standard deviation (SD) and sample size (n) for each sex and breeding stage (incubation, early and late chick-rearing stage) of 2006, 2007
and 2008 breeding seasons. Only samples heavier than 25 g were included in the analysis. ¢ test between female and male stomach load mass, d.f.

degrees of freedom
* Not tested because of low sample size of females
Bold values indicate the significant differences (p < 0.05)

include rare and unidentified species in this calculation. We
calculated the average reconstituted biomass of the main
prey items as the sum of the reconstituted biomass of each
item consumed by a penguin divided by the number of
individuals that consumed each prey item.

Data analysis

To address the question on how diet varied by year and by
breeding stage, we analyzed stomach load mass, Shannon-
Weaver’s diversity index, average reconstituted biomass
and size of the main prey items consumed (total length for
fish, carapace length for crustaceans and lower rostral
length for cephalopods) by Magellanic penguins. We tested
stomach load mass and the average reconstituted biomass
as functions of year and breeding stage using two-way
ANOVA and Tukey’s multiple comparisons. Shannon-
Weaver’s diversity index and sizes of the main prey items
consumed were tested using Kruskall-Wallis separately for
year and breeding stage. Tests to evaluate stomach load
mass and size of the main prey items were repeated sepa-
rately for male and female Magellanic penguins. We log10
transformed average reconstituted biomass and stomach
load mass data to accomplish ANOVA assumptions of
homogeneity of variances and normality. Late chick-rear-
ing was excluded from the statistical analyses of crustacean
size because of low sample size (<5).

To examine differences in diet between sexes we tested
stomach load mass, Shannon-Weaver’s diversity index and
size of the main prey items consumed by male and female
Magellanic penguins for each breeding stage and year. We
used a ¢ test or Mann-Whitney (W) test in case of lack of
normality and pairwise multiple comparisons as post hoc-
test. We assessed the effect of sex on average reconstituted
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biomass of main prey items consumed by penguins within
each year with one-way ANOVA.

We performed all statistical analyses using Infostat
software (Di Rienzo et al. 2009). We presented average
values with their standard deviations (SD), considering
P values <0.05 significant.

Results
Overall composition

We analyzed a total of 144 stomach contents heavier than
25 g. Over the 3 years we identified a total of 8,884 prey
items from 13 taxa (species or species group), including
one crustacean (Munida gregaria), five species of cepha-
lopods (Enteroctopus megalocyathus, Loligo gahi, Moro-
teuthis ingens, Gonatus antarticus and Semirrosia sp,) and
seven fish taxa (Sprattus fueguensis, Champsocephalus
esox, Macruronus magellanicus, Cottoperca gobio, Agon-
opsis chiloensis and Notothenioidei, Paralichthyidae). Fish
were the most represented taxa in all years. However, all
main components varied in their percentage by mass
between breeding stages and years (Fig. 2).

Variation among years and breeding stages
Stomach load mass

Stomach load mass is detailed in Table 1. We found no
differences among years, stages or their interactions for
females (2-way ANOVA, year: F; ¢ = 1.97, P = 0.15,
stage: I, ¢s = 2.85, P = 0.07; year * stage: F345 = 1.21,
P = 0.31) or males (2-way ANOVA year: F,75 = 0.97,
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P = 0.38; stage: Fp75 =0.19, P = 0.82; year * stage:
Fu75 =177, P = 0.15).

Among-year variation in diversity and relative composition
of the diet

Mean Shannon-Weaver’s diversity indices differed among
years (2006: 0.21, SD = 0.3; 2007: 0.44, SD = 0.42 and
2008: 0.45, SD = 0.55; Kruskal-Wallis H, = 7.09.
P = 0.0205). Diversity in 2006 was lower than in 2007 and
2008 (multiple comparisons P = 0.01 and P = 0.05,
respectively). The higher index values found in 2007 and
2008 seem to be related to the increase in the number of
prey items and the decrease in the numerical dominance of
fuegian sprat.

Fish occurred in 97, 98 and 93 % of the samples during
2006, 2007 and 2008, respectively. Cephalopods were next
in occurrence (FO%: 2006: 45 %, 2007: 54 % and 2008:
46 %), while crustaceans occurred in 24, 32 and 39 % of
the samples during 2006, 2007 and 2008, respectively.
Fuegian sprat (Sprattus fuegensis) was the most frequent
fish species in all years (FO%: 2006: 97 %, 2007: 98 %
and 2008: 85 %) and the most important in terms of per-
centage by mass (%M: 2006: 86 %; 2007: 77 %; 2008:
51 %). The other fish species were rare during the first year
(2 %). However, during the last 2 years the occurrence of
Notothenioidei fish, Agonopsis chiloensis and icefish
(Champsocephalus esox), increased in frequency of
occurrence (2007: 10-37 % and 2008: 15-27 %), but their
contribution in terms of biomass did not exceed 1.5 % in
any 2 years, even when pooling all these items (Fig. 2).

Cephalopod occurrence was similar between consecutive
breeding years, with the Patagonian squid (Loligo gahi) being
the most represented (FO%: 2006: 37 %; 2007: 39 % and
2008: 44 %) and having the highest percentage by mass
(2006: 10 %; 2007: 4 %; 2008:19 %). The octopus Enteroc-
topus megalocyathus was the second most represented (10 %
in 2006 and 12 % in 2007 and 2008), and in terms of per-
centage by mass only in 2008 did it reach 1.5 %. All together,
the other squid species were represented in less than 12 % of
the samples in the 3 years, but their contribution in terms of
percentage by mass was lower than 5 % (2006: <0.1 %, 2007:
1.2 %, 2008: 4 %). The squat lobster Munida gregaria was
the only crustacean in the diet of the Magellanic penguins, and
its importance increased in the consecutive years (%M: 2006:
4 %, 2007: 17 %, 2008: 23 %; Fig. 1).

Among stages variation in diversity and relative
composition of diet

Throughout 2006, mean diversity indices differed between
breeding stages (Kruskal-Wallis H, = 13.27, P = 0.0005).
During the incubation stage diversity (0.41) was higher
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Fig. 2 Diet composition of male and female Magellanic penguins in
terms of percentage by mass (%M) during each breeding stage
(incubation, early and late chick-rearing) of years 2006, 2007 and
2008

than in the early and late chick-rearing stages (0.16 and
0.07, multiple comparisons P = 0.0031 and P = 0.00076,
respectively). In 2007 and 2008 there were no differences
in mean diversity indices among breeding stages (2007:
incubation: 0.42, early chick-rearing: 0.46 and late chick-
rearing: 0.39, Kruskal-Wallis H, = 1.1, P = 0.57, 2008:
incubation: 0.48, early chick-rearing: 0.56 and late chick-
rearing: 0.28, Kruskal-Wallis H, = 1.1, P = 0.27). How-
ever, the values of these indices were consistently high and
similar to those recorded during the incubation stage of
2006, suggesting a greater diversity at all breeding stages
in the last 2 years.

Fuegian sprat was the main prey item in terms of per-
centage by mass during all breeding stages and years,
except during incubation and early chick-rearing of 2008
(Fig. 2). It was almost the only prey consumed during the
late chick-rearing stage for the 3 years (Fig. 2). The
importance of squat lobster was higher during incubation
of the last 2 years than in 2006 and decreased during chick-
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rearing stages in all years, mainly during the late chick-
rearing stage when it was almost absent (Fig. 2). Cepha-
lopods were most important during the incubation stage of
all years, except in 2008 when the highest percentage by
mass was recorded during the early chick-rearing stage.
Penguins consumed the lowest amount of cephalopods
during the late chick-rearing stages of all years (Fig. 2).

Average reconstituted biomass variation of the main prey
items

The average reconstituted biomass of fuegian sprat con-
sumed by Magellanic penguins differed among years, but
not among stages (2-way ANOVA F, 13, = 3.6, P = 0.03;
F;131 = 0.2, P = 0.82, respectively; Fig. 3). In 2006 the
contribution of fuegian sprat to the diet was higher than in
subsequent years, mainly with respect to 2008 (Tukey’s
test, P < 0.05).

The average reconstituted biomass of squat lobster con-
sumed by penguins was only evaluated for the incubation
and early chick-rearing stages because of the null or low
presence of this prey item in the samples from the late chick-
rearing stages (see Fig. 3). We found differences in average
reconstituted biomass of squat lobster among years but not
between breeding stages (2-way ANOVA F,35 = 9.4,
P = 0.0005; F,35=3.7, P =0.06, respectively; Fig. 3).
Contrary to what was observed for the fuegian sprat, a larger
biomass of squat lobster was consumed in 2007 and 2008
than in 2006 (Tukey’s test, P < 0.05 both comparisons).

We found no differences in average biomass of Pata-
gonian squid among different breeding stages or years (2-
way ANOVA F2’54 = 089, P = 042, F2!54 = 20,
P = 0.14, respectively, Fig. 3).

Size of the main prey consumed by Magellanic penguin

The size of fuegian sprat consumed by Magellanic pen-
guins differed among years (Kruskal-Wallis H, = 233.8,
P <0.0001). In 2006 average size was smaller
(mean = 92 mm, SD = 17 mm; Fig. 4a), whereas in 2007
we registered the largest sizes of sprat (mean = 110 mm,
SD = 14 mm; 2008: mean = 100 mm, SD = 25 mm;
P < 0.0001 all comparisons). Sprat size differed among
breeding stages within each year for each sex, except for
males in 2007 (Table 2).

Magellanic penguins consumed different squat lobster
sizes (length) during the different years (Kruskal-Wallis
H, = 85.78, P < 0.0001), with average size being smaller
in 2006 (mean = 17.1 mm, SD = 2.9 mm) than in the last
2 years (2007: mean = 20.3 mm, SD = 2.1 mm; 2008:
mean = 19.9, SD =33 mm; P = 0.005 both compari-
sons; Fig. 4b). During the incubation stage, squat lobster
size was larger than in the early chick-rearing in 2006 and
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Fig. 3 Average reconstituted biomass of the three main prey items
(S. fuegensis, M. gregaria and L. gahi) of Magellanic penguin from
Martillo Island, during each breeding stage and year. The boxes show
the 0.25 and 0.75 percentiles, vertical bars represent 1 SD, black
squares indicate the mean, the horizontal line the median and dots
outside the boxes correspond to values outside of the percentiles.
Numbers above bars or boxes indicate the number of stomachs in
which this prey item was present

2008 (Mann-Whitney 2006: W = 1,666, P = 0.0103;
2008: W =126,587.5, P =0.007; 2007: W = 8945,
P = 0.28).
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The sizes of Patagonian squid consumed by penguins
were similar among years (2006: LRL = 0.77,
SD = 0.4 mm; 2007: 0.81, SD = 0.4 mm and 2008: 0.95,
SD = 0.7 mm; Kruskal-Wallis H, = 1.01, P = 0.6;
Fig. 4c), consuming individuals with a mantle length (ML)
of 524 mm (SD = 45.2). In Fig. 4c we show the size
distribution of Patagonian squid for each year. The
reconstituted mean mass of Enteroctopus megalocyathus,
the second most important item among cephalopods in
terms of numbers, was 1.05 g (SD = 0.7), and there were
no differences in the size consumed by penguins during the
3 years (H, = 5.1, P = 0.08).

Sexual variation of diet

Stomach load mass

Stomach load mass of males and females varied according
to breeding stage and year (Table 1). Male’s stomach load

mass was greater than that of females during the incubation
stage of 2006 and in the late chick-rearing stage of 2008.
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rostral length, LRL: mantle length, ML) taken by Magellanic penguin
in each year (2006, 2007 and 2008). The arrows indicate the mature
size (L50 %). Number (n) indicate sample size

However, during the late chick-rearing stage of 2006
females brought back heavier meals than males (Table 1).

Diversity and relative composition of diet

Mean Shannon-Weaver’s index did not differ between sexes
(Mann-Whitney, all tests P > 0.05), probably because both
sexes consumed a similar proportion of the different prey
items (Fig. 2) during each breeding stage and year.

Average reconstituted biomass variation of the main prey
items

The average reconstituted biomass of fuegian sprat con-
sumed by Magellanic penguins did not differ between
males and females in each year (ANOVA: 2006:
Fis59 = 0.1, P = 0.76; 2007: F 36 = 0.6, P = 0.44; 2008:
Fi134=2.8, P =0.11). Neither were there differences in
the biomass of squat lobster (ANOVA: 2006: F; 14 = 0.8,
P =038 2007 Fi10=02, P=0.69; 2008:
Fi120 =98 x 1075, P = 0.99) nor in the average biomass
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Table 2 Size (length, mm) of fuegian sprat, Sprattus fuegensis, consumed by Magellanic penguin from Martillo Island

Year  Stage Female Male Between sexes Between stages
Female Male
Mean (SD) n Mean (SD) n w P H P H P

2006  Incubation 107.3  (10.3) 39 1169 (15.9) 61 14235  0.0001

Early chick-rearing 925 (13.3) 9 921 (15.00 154 12,897 0.13

Late chick-rearing 832 (10.4) 125 78.5 (8.9) 77 6,531.5  0.0015 102.3 <0.0001 1406 <0.0001
2007  Incubation 106.5 (22.0) 14 1113  (9.6) 62 546 0.93

Early chick-rearing 101.8  (14.6) 71 1095  (12.3) 35 2,348 0.0014

Late chick-rearing 1153 (11.7) 117 1165 (13.3) 19 1,2955 0.97 464  <0.0001 2.75 0.25
2008  Incubation 136.5 (11.6) 4 1123  (20.1) 14 625 0.0059

Early chick-rearing 90.0 (28.3) 37 95.7 (26.1) 64 1,748.5 0.33

Late chick-rearing  102.6  (16.3) 28 107.6  (18.6) 43 938 0.41 13.11 0.0014 9.34 0.0093

Mean, standard deviation (SD) and sample size (n) by sex and breeding stage (incubation, early and late chick-rearing) of 2006, 2007 and
2008 years. W and H Mann-Whitney and Kruskal-Wallis statistics, respectively, P probability

Bold values indicate the significant differences (p < 0.05)

of Patagonian squid consumed by males and females in
each year (ANOVA: 2006: F;,; = 0.3, P = 0.61; 2007:
Fi14 =04, P =0.56; 2008: F; ;7 = 0.04, P = 0.84).

Size of the main prey consumed by Magellanic penguin

Males and females consumed different sprat sizes
depending on the breeding stage and year (Table 2). Males
consumed larger sprats than females during the incubation
stage of 2006 and in the early chick-rearing stage of 2007,
whereas females consumed larger sprats than males during
the late chick-rearing stage of 2006 and in incubation stage
of 2008 (Table 2). The remaining fish were juveniles and
contributed little to the diet of Magellanic penguins.
Males and females did not consume different sizes of
squat lobster (Mann-Whitney W = 60,262.50, P = 0.58).

Discussion

This study is the first to describe the diet composition of
Magellanic penguins breeding at the southern limit of their
geographical distribution. Magellanic penguins at Martillo
Island fed mainly on fuegian sprat, which represents 75 %
of the biomass consumed by birds during the studied per-
iod. They also fed on other prey items, whose biomass
varies in importance from year to year as well as among
stages within each breeding season. This result is consistent
with the described latitudinal variation in the diet compo-
sition of the species (Wilson et al. 1995; Frere et al. 1996;
Scolaro et al. 1999; Wilson et al. 2005).

Fuegian sprat is the dominant prey in the southern col-
onies of Argentine Continental Patagonia (above 50°S
latitude, Fig. 1, Frere et al. 1996; Wilson et al. 2005) and is
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almost the only prey consumed in two colonies of the
Magellan Strait (51°-52°S latitude, Fig. 1; Wilson et al.
1995; Radl and Culik 1999). Additionally, penguins of
Martillo Island fed on squat lobster (12 %M pooling all
years). This is consistent with the diet reported at the
Malvinas (Falkland) Islands, where squat lobster represents
20 % of the overall diet composition (Piitz et al. 2001;
Clausen and Piitz 2002). However, the squat lobster was
not recorded for penguins breeding in Chile and Conti-
nental Patagonia (Wilson et al. 1995; Frere et al. 1996;
Radl and Culik 1999; Scolaro et al. 1999; Wilson et al.
2005), except for one isolated record at Magdalena Island,
Magellan Strait (Venegas and Sielfeld 1981). In the
northern colonies along the Argentine coast (above 45°S
latitude, see details Fig. 1), Magellanic penguins feed
mainly on anchovy, Engraulis anchovita (Scolaro and
Badano 1986; Frere et al. 1996; Scolaro et al. 1999; Wilson
et al. 2005), and at two colonies (Clara Point, 43°58’S, and
Dos Bahias Cape 44°54’S, Fig. 1) they have been reported
to feed on a lower rate on hake, Merluccius hubbsi (Scolaro
and Badano 1986; Frere et al. 1996). In northern Chile
(Algarrobo, 33° 39’S, Fig. 1), Magellanic penguins feed
almost exclusively on the anchovy Engraulis ringens
(Wilson et al. 1995).

Unlike southern and northern colonies, where the diet is
almost exclusively monospecific, in colonies located at the
center of the penguin’s distributional range (between 44°
and 50°S latitude, Fig. 1) the diet is more diverse, with
squid (mainly Loligo sp.) and other fish being more
important, with silversides (Austroatherina sp. and Odon-
testhes smitti) and Syngnathus sp. being the most repre-
sentative taxa. Fuegian sprat was also taken to a lesser
extent at some central colonies (Frere et al. 1996; Scolaro
et al. 1999; Wilson et al. 2005). Penguins of central Chile
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(Pinghuil Island., Chiloé 41°43'S, Fig. 1) feed primarily on
E. ringens though they also consume significant amounts of
squid Todarodes fillippovae (Wilson et al. 1995). Squids
are also important in the diet of Magellanic Penguins at the
Malvinas (Falkland) Islands, Gonatus antarcticus and
Loligo gahi being the dominant species (Thompson 1993;
Piitz et al. 2001; Clausen and Piitz 2002). At Martillo
Island L. gahi was the third most important prey item in the
diet, whereas the other cephalopods such as juvenile En-
teroctopus megalocyathus and Gonatus sp. were less
important. At the Malvinas (Falkland) Islands, a larger
variety of fish species were taken, including several noto-
theniid species, as well as Merluccius sp. and Microme-
sistius australis. S.fuegensis was only present in the diet of
western and southern colonies (Thompson 1993; Piitz et al.
2001; Clausen and Piitz 2002). At Martillo Island, juvenile
nototheniid and other fish were present but their contribu-
tion was insignificant.

Variation among years and breeding stages

In addition to the variability in diet composition of Mag-
ellanic penguins among breeding sites, changes in prey
items consumed among different breeding seasons and
stages have also been registered (Scolaro and Badano
1986; Thompson 1993; Piitz et al. 2001; Clausen and Piitz
2002). In colonies at the Malvinas (Falkland) Islands, a
considerable interannual variation in the diet was observed,
alternating among fish, cephalopods and crustaceans.
During certain years some taxa were not present, while in
other years they acquired greater importance in the diet
(Thompson 1993; Piitz et al. 2001; Clausen and Piitz 2002).
Moreover, at Magdalena and Otway colonies, Magellan
Strait, prey composition has been constant in all studies to
date (Venegas and Sielfeld 1981; Scolaro and Badano
1986; Wilson et al. 1995; Radl and Culik 1999). In this
study, regardless of fuegian sprat being the overall domi-
nant prey item, diet composition varied among years and
within each breeding season. The biomass of fuegian sprat
consumed by penguins decreased throughout the studied
years, and at the same time squat lobster consumption
increased. In turn, the Patagonian squid contribution was
low and relatively constant. Furthermore, the large diet
diversity of the last 2 years reflects an increasing con-
sumption of alternative prey, possibly linked to a decrease
in the availability of fuegian sprat.

Variations in the energetic requirements of seabirds
throughout the breeding season may be reflected in changes
in diet composition. During the chick-rearing stage, sea-
birds have larger food demands and consume higher
quality species (Culik 1994; Litzow et al. 2002) or choose
more digestible prey given their parental duties (Thompson
1993). Thus, the amount and quality of prey consumed by

seabirds may have important implications on their fitness
(Pierotti and Annett 1990; Thayer and Sydeman 2007
Nicol et al. 2008; Tierney et al. 2009). In our study, as the
chick-rearing period progressed, diet diversity decreased,
and, although average sprat biomass ingested per bird that
consumed this prey item did not increase, all penguins
almost exclusively ate fuegian sprat. Instead, during the
incubation stage penguins fed on a greater proportion of
lobster squid and Patagonian squid.

Considering the energetic values of the three most
important prey items consumed by Magellanic penguins,
Patagonian squid has the lowest energy value (4.95 kl/g
wet weight (ww); Ciancio et al. 2007) compared 7.15 kJ/g
(ww) in the fuegian sprat (Ciancio et al. 2007) and 7.5 kJ/g
in the squat lobster (Romero unpublished data, recalculated
from 18.86 kJ/g dry weight; Romero et al. 2006). Although
squat lobster has an energy value similar to that of fuegian
sprat, the first may have lower digestibility, and it has been
suggested that chicks grow less on a diet based on squat
lobster (Thompson 1993). The shift in diet from both low
energy and less digestible prey such as squids and squat
lobsters (Wilson et al. 1985) to fish with higher lipid
content such as sprat (Clarke and Prince 1980) could be
adaptive (Thompson 1993). A similar shift in diet was
observed in colonies of Magellanic penguins located in the
Malvinas (Falkland) Islands, where squid decreased and
were replaced by fish (Thompson 1993; Clausen 2001; Piitz
et al. 2001; Clausen and Piitz 2002; Tierney et al. 2009).
These changes in diet composition within a breeding sea-
son reported by us could also be related to population
dynamics of the prey, which results in variations in prey
availability near the colony. Unfortunately, the prey pop-
ulation dynamics in the Beagle Channel is unknown.

Sexual variation

Sex differences in diet could be attributed to sexual seg-
regation mechanisms produced in response to a decline of
the main prey (Gonzalez-Solis et al. 2000; Forero et al.
2002). Only one study evaluated changes in diet compo-
sition between sexes of Magellanic penguins (Forero et al.
2002). In northern Patagonian colonies, isotopic values
indicated that males consume a greater proportion of
anchovy than females do (Forero et al. 2002). At Martillo
Island, the average biomass of fuegian sprat, squat lobster
and Patagonian squid consumed by both sexes was similar
during each breeding season. Males and females brought
ashore the same food loads during most of the study period,
but there were differences between sexes depending on the
breeding stage and year. On one hand, differences found
during the incubation stage of 2006 could be due to the
degree of digestion of food in stomach contents depending
on the distance to the feeding sites. During incubation
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males return to the colony with larger food loads than
females do, which may indicate that female feeding sites
are further away from the colony; thus, they have longer
trips. This is supported by the finding that females of
Martillo Island make longer foraging trips than males
during incubation of the same breeding seasons (Scioscia
2011), which is as was recorded in previous studies
(Scioscia et al. 2010; Raya Rey et al. 2012). However, such
differences in stomach load mass were not found in all
years, and this could be related to the fact that the previ-
ously mentioned differences in the duration of foraging
trips also were not found in all years. On the other hand,
during the late chick-rearing stage of 2006 females brought
larger food loads to the colony than males, opposite to what
was observed during the same stage in 2008. The differ-
ences between sexes within each year and breeding stage
were inconsistent or irregular, indicating a great variability,
maybe related to changes in specific conditions during each
breeding season and stage. In conclusion, the few varia-
tions found between sexes of Magellanic penguins of
Martillo Island in stomach load mass do not show a clear
pattern to suggest an evident sexual segregation of prey
selection.

Characteristics of prey taxa

Breeding penguins are central place foragers (Orians and
Pearson 1979), performing foraging trips to the area adja-
cent to the breeding colony (Raya Rey et al. 2010) as they
must return in a short time to carry out their parental duties.
As a consequence, this work not only adds novel infor-
mation on the trophic niche of the Magellanic penguin, but
it also contributes to the understanding of the food web in
this zone, complementing previous information on pre-
sence and diversity of marine resources (Lopez et al. 1996;
Comoglio and Amin 1999; Raya Rey and Schiavini 2000,
2001; Romero et al. 2004; Vanella et al. 2007; Diez et al.
2009; Riccialdelli et al. 2010).

Fuegian sprat is the most abundant pelagic resource and
potentially the most important in the region (Cousseau
1982). It is distributed along the Patagonian coast of Santa
Cruz and Tierra del Fuego (43° 30'-55° S) and around the
Malvinas (Falkland) Islands (Cousseau and Perrotta 1998).
It reproduces during the austral spring-summer, probably in
the coastal waters of Santa Cruz and Tierra del Fuego
(Cousseau and Perrotta 1998). The mean size of fuegian
sprat consumed by Magellanic penguins is smaller than its
size at maturity (L50 % = 119.94 mm) (Madirolas et al.
2000). However, during the last two seasons penguins
consumed a greater proportion of larger sized fuegian
sprats. Consumption of large-size sprat temporally coin-
cides with longer foraging trips, whereas in periods during
which penguins take shorter trips the sizes of sprat are
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smaller (Scioscia 2011). Thus, considering that the largest
sizes of sprat were recorded at the eastern tip of the Beagle
Channel (Madirolas et al. 2000) and that there is a positive
relationship between foraging trip duration and distance to
feeding sites (Boersma et al. 2009; Sala et al. 2012), it
could be that during the chick-rearing stages of 2007,
penguins that chose feeding sites further away from the
colony consumed larger sprat. One hypothesis for this
behavior would be a lower availability of fuegian sprat
closer to the colony during these stages. This would be
supported by the lower amount of sprat in the penguins’
diet in the last 2 years during these stages and longer for-
aging trips during the chick-rearing stages of 2007 than in
the other years (Scioscia 2011). Although the knowledge
on system dynamics of the Beagle Channel is poor, espe-
cially for pelagic organisms such as fuegian sprat (Hansen
1999), we can hypothesize that differences observed in size
and abundance of fuegian sprat in penguin’ diet can be
explained by natural fluctuations in the population of this
species related to their life cycle or to environmental
changes, similar to what happens in other pelagic species
(Bertrand et al. 2004; Gutierrez et al. 2007). Thus, it is
possible that penguins may feed on the same sprat cohort,
which moves to the east of the channel mouth as it grows in
size through the years.

The next important prey in the diet of Magellanic pen-
guin is Munida gregaria (= M. subrugosa, Pérez-Barros
et al. 2008), which represents 50 % of the biomass of the
benthic community of the Beagle Channel (Arntz et al.
1999). This species presents two morphs, “subrugosa”
with benthic habits and “gregaria” with benthic and pela-
gic habits (Peréz-Barros 2001; Tapella and Lovrich 2006;
Diez et al. 2012). Penguins consumed mature squat lobster
(size at maturity for males and females: 8 and 9.9 mm CL,
respectively; Tapella et al. 2002) during incubation and the
early chick-rearing stages, a time when most squat lobsters
are at post-moult stage (Tapella 2002), with a soft and
therefore more digestible exoskeleton.

Patagonian squid spawn and die in shallow waters and
have two spawning peaks in austral spring and autumn, the
coasts along the Beagle Channel being one of the spawning
areas (Brunnetti et al. 1999). The sizes of Patagonian squid
consumed by penguins did not differ between breeding
stages and were smaller than those consumed at the
Malvinas (Falkland) Islands (incubation: ML = 10.1,
SD = 4.8 cm, chick-rearing ML = 6.9, SD = 2.9 cm;
Clausen 2001). Most of the Patagonian squids consumed at
Martillo Island were immature individuals (maturity size:
ML = 50-60 mm; Pineda et al. 1996). Enteroctopus
megalocyathus were very small in size (ca. ML = 5 mm)
indicating juvenile cephalopods, recently hatched
(ML = 7-9.5, Ortiz et al. 2006), which share planktonic
and benthic characteristics.
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In summary, at Martillo Island Magellanic penguins’
diet is composed mainly of fuegian sprat, followed by squat
lobster and Patagonian squid. Although fuegian sprat is the
dominant prey, interannual variations in the relative com-
position of the diet, as well as among breeding stages, are
evident. Magellanic penguins show certain flexibility in the
use of resources probably as a response to changes in prey
populations. In years where the fuegian sprat occurred in a
low proportion in penguins’ diet, squat lobster and Pata-
gonian squid increased their contribution. Variability in the
diet among different reproductive stages could be related to
changes in the distribution and abundance of their main
prey near the colony during the breeding season. These
changes could take place together with changes in the
energy requirements of seabirds.
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