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Filling the groove: energy flow to seabirds in the
Beagle Channel, Tierra del Fuego, Argentina

ANDREA RAYA REY ! & ADRIÁN SCHIAVINI

Centro Austral de Investigaciones Científicas (CADIC) - CONICET, Ushuaia, Tierra del Fuego, ARGENTINA

ABSTRACT. We assessed the energy requirements and the food consumption of the seabird com-
munity of the Beagle Channel in summer. We evaluated differences in energy flow among a
priori established zones in the study area and among species. We converted data on densities of
seabirds in the channel (February and March 1997) into energy demands. Energy flow to sea-
birds in shallow waters was twice that of in deep waters. Average energy flow in the whole study
area was 9.46×104 kJ.km-2.day-1. Energy intake rates ranged 4�13×104 kJ.km-2.day-1, being higher
in zones that include breeding sites or close to them. Imperial Cormorant was the major con-
tributor to energy flow in all the zones followed by the Black-browed Albatross. Kelp Gull was
the major contributor in areas where food from human origin was available. Energy flow was
similar in four zones, which may represent a saturation point for seabird biomass in the Beagle
Channel. The factors that explain the observed energy flow distribution deal with the distribu-
tion of shallow water areas in the channel, the presence of seabird�s colonies, the proportion of
diver and surface feeders, and the possible segregation of, at least, the most abundant species.
Finally, food consumption varied from 1.71�3.42 ton/day, being higher near breeding colonies
and lower in areas with more open waters.

RESUMEN. Saturando el canal: flujo energético de aves marinas en el Canal Beagle, Tierra del
Fuego, Argentina: Se determinaron los requerimientos energéticos y el consumo de alimento de
la comunidad de aves marinas del Canal Beagle durante el verano. Se evaluaron las diferencias
en el flujo energético entre seis zonas establecidas a priori en el área de estudio y entre especies.
Se transformaron los datos de densidad de aves marinas del canal (febrero y marzo de 1997) en
demanda energética. El flujo energético hacia las aves marinas en las aguas someras fue el doble
del que se encontró en aguas profundas. El flujo energético promedio en toda el área de estudio
fue de 9.46×104 kJ.km-2.día-1. El rango en las tasas de energía en las distintas zonas fue de 4�
13×104 kJ.km-2.día-1, siendo mayor en aquellas zonas con grandes concentraciones de colonias de
aves marinas o cerca de ellas. El Cormorán Imperial fue el que más contribuyó al flujo energético
en todas las zonas, seguido por el Albatros Ceja Negra. Por su parte, la Gaviota Cocinera fue
quien más contribuyó al flujo energético en Bahía Ushuaia, en donde esta especie encuentra
alimento extra proveniente de residuos de origen humano. El flujo energético fue similar en
cuatro zonas, lo que sugiere que la biomasa de aves marinas en el Canal Beagle se encuentra en
un nivel de saturación. Los factores que pueden explicar este valor constante a lo largo del Canal
y la variación en la proporción de especies en cada zona son la presencia de áreas de aguas some-
ras, la presencia de colonias de aves marinas, la proporción de especies buceadoras y las que se
alimentan en superficie, y la segregación de, al menos, las especies más abundantes. Finalmente,
el consumo de alimento fue de 1.71�3.42 ton/día, siendo mayor en zonas cercanas a colonias de
nidificación y menor en áreas de aguas abiertas.
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INTRODUCTION

In recent years there has been a growing in-
terest in the role of seabirds as consumers in
marine ecosystems. Estimates of the marine
resources required to maintain those commu-
nities have been generated based on the en-

ergetic demand of seabird colonies (Furness
1978; Wiens et al. 1979; Croxall & Prince 1980;
Furness & Cooper 1982; Woehler 1990). Also,
some authors used the energetic requirements
of the seabirds� biomass in oceanic regions
(Sanger 1972; Idyll 1973; Wiens & Scott 1975;
Everson 1977; Hunt et al. 1981; Hunt 1985;
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Woehler & Green 1992; Woehler 1997). Mod-
els based on the abundance of birds in the
marine environment include all members of
the population and present advantages over
models that account only for individuals in
colonies (Woehler 1997).

The assessment of the energetic require-
ments of seabirds was made following differ-
ent approaches. Some authors transformed
the standard metabolic rate of individual birds,
estimated through the allometric equations in
Kendeigh (1970) or Lasiewski & Dawson
(1967), to the daily energy intake. Then, to-
gether with the occupancy or density, the sea-
bird biomass can be converted into energetic
requirements (Wiens 1984; Schneider et al.
1986; Joiris 1996; Woehler 1997). Other authors
used the percentage of biomass as a measure
of energetic requirement (Hunt et al. 1981).

The energetic requirement estimations of
seabirds may provide a minimum assessment
of the stock of marine resources around sea-
bird breeding localities. Moreover, this infor-
mation is useful in assessing seabird-fisheries
competition (Woehler & Green 1992).

Community patterns are usually expressed
in terms of numbers of species, densities, or
derivatives of these values such as diversity.
However, biomass and energy flow is also
important criteria for defining community
patterns. A focus on the energy dynamics of
communities may be especially appropriate
for several reasons. First, the availability of

energy may limit individuals and populations,
and, if community patterns are expressed in
terms of energy, they may be related directly
to a limiting factor. Second, the demand placed
on resources by community members may be
estimated quantitatively, which allows an as-
sessment of their role in the trophic dynamics
of ecosystems. Also, the species distribution
patterns that emerge when communities are
considered in terms of biomass may differ
from those determined by density calcula-
tions, because few individuals of larger species
may contribute considerably more standing
crop biomass than many individuals of smaller
species (Wiens 1989).

In the present study we reanalysed data of
seabirds� density in the Beagle Channel, Tierra
del Fuego, in terms of biomass. These data
were expressed in terms of energy flow to
determine areas in the Beagle Channel with
regard to energy flow to seabirds. Based on
this data, the food consumption in the Beagle
Channel was estimated as well as the energy
flow to species with different foraging strate-
gies.

STUDY AREA

The Beagle Channel runs in an east�west di-
rection along the southern coast of the Isla
Grande de Tierra del Fuego, at about 55°S. It
is located in the subantarctic zone and con-
nects the Atlantic and Pacific Oceans. The

Figure 1. Map of the Beagle Channel showing the six zones considered in this study: Isla Gable (IG), Centre
Beagle Channel (CBC), Islas Bridges (IB), Bahía Ushuaia (BU), Bahía Lapataia (BL), and Western part of the
Beagle Channel (WBC). Grey areas are urban centres, and the dashed line indicates the international border.
Figura 1. Mapa del Canal Beagle mostrando las seis zonas consideradas en el estudio: Isla Gable (IG), Canal
de Beagle Central (CBC), Islas Bridges (IB), Bahía Ushuaia (BU), Bahía Lapataia (BL) y Canal de Beagle Occi-
dental (WBC). Las áreas grises corresponden a centros urbanos y la línea discontinua señala la frontera
internacional.
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studied area comprised waters of the central
and eastern sector of the Beagle Channel,
shared between Argentina and Chile, from the
west limit of the Argentine sector to the wa-
ters around Isla Martillo, at the east of Isla
Gable (Figure 1). Bathymetry defines shallow
waters areas where kelp beds (Macrocystis
pyrifera) are common. Water depths are vari-
able, increasing from the east to the west, and
reaching depths greater than 150 m in the cen-
tre of the channel. Surface salinity is strongly
affected by fresh water courses (run off and
glacial melting), being higher close to the
mouth of the channel due to the influence of
the Atlantic Ocean (Kloser 1996), and decreas-
ing towards the west or the inner part of the
channel due to the presence of glaciers. The
exposure to wind and waves due to the west-
erly prevailing winds changes in relation to
the orientation of the coast. Thus, windward
coasts generally presents steeper slopes than
leeward coasts. The studied area also holds
two urban centres, Ushuaia (45000 inhabit-
ants) and Puerto Williams (some thousands
inhabitants). Furthermore, the area holds two
concentrations of seabird colonies. The first
one is located at Islas Bridges, close to the
Ushuaia city, and the second one on the East
side of the channel close to Isla Gable
(Schiavini & Yorio 1995; Raya Rey & Schiavini
2000).

METHODS

The studied area was stratified a priori in six
zones and two water depths, based on the
physical factors that vary at a local level
(bathymetry, surface salinity, exposure to wind
and waves and currents). We took into account
the human factor, based on the closeness to
the cities. The stratification of water depths
was based on a limit of 20 m (shallow waters:
less than 20 m depth, deep waters: more than
20 m depth) to include those waters where
Macrocystis pyrifera was rooted (Santelices
1991; Raya Rey & Schiavini 2000). The six
zones identified were (Figure 1): 1) Bahía
Lapataia and adjacent waters, an area of pro-
tected waters with inlet waters due to the in-
fluence of Lapataia river; 2) Western Beagle
Channel, an area of exposed and unprotected
coasts, with indented rocky shores with coastal
forests (it includes shallow waters area of a bay
near Ushuaia city); 3) Bahía Ushuaia, compris-

ing waters close to Ushuaia city and the com-
mercial and navy ports, and including the
mouths of three important watercourses; 4)
Islas Bridges, an area of islets with a large pro-
portion of shallow waters and a seabird breed-
ing colony with high diversity; 5) Centre
Beagle Channel, an area of unprotected coasts
without islets, with coastal forests and shrubs,
and pocket gravel beaches in some places; and
6) Isla Gable and waters around, with a high
proportion of shallow waters (there is a colony
of Magellanic penguins there).

We reassessed data on densities of seabirds
foraging in the Beagle Channel for each zone
(Raya Rey & Schiavini 2000) in terms of biom-
ass, accordingly to the average mass per spe-
cies (Humphrey et al. 1970; Schiavini 1990),
and then into energy flow. Density was esti-
mated in summer (February and March) 1997
by using the strip transect method widely used
in seabird studies (Tasker et al. 1984). For more
details about estimation of seabird density see
Raya Rey & Schiavini (2000). At the moment
of the estimation, seabirds were rearing chicks;
therefore, their food requirements were larger.
We included in the analysis breeding as well
as non-breeding species occurring in the study
area: Magellanic Penguin (Spheniscus mage-
llanicus), Black-browed Albatross (Thalassarche
melanophris), Southern Giant Petrel (Macronec-
tes giganteus), Rock Cormorant (Phalacrocorax
magellanicus), Imperial Cormorant (P. atriceps),
Kelp Gull (Larus dominicanus), Dolphin Gull (L.
scoresbii), Chilean Skua (Catharacta chilensis),
and South American Tern (Sterna hirundinacea).
These were the most abundant seabird spe-
cies in summer. There are some other seabirds,
although they are rare and their density and
body mass are very low (e.g., Pelecanoides sp.).

The energy flow to pelagic birds was esti-
mated from relationships describing daily in-
dividual energy requirements as a function of
the standard metabolic rate and body mass,
following Hunt et al. (1981), Schneider & Hunt
(1982), and Schneider et al. (1986). The stan-
dard metabolic rate (SMR) was calculated from
the allometric formula of Lasiewski & Dawson
(1967). The daily intake of active birds was es-
timated using a conversion of 2.8 SMR
(Kooyman et al. 1982) and an assimilation ef-
ficiency of 75% (Cooper 1978). Daily intake (in
kJ/day) was estimated as 1216 M 0.723, where M
is body mass (in kg). The daily occupancy was
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assessed as the density of each species in each
zone. Daily energy flow to each species was
estimated as the product of occupancy and
intake. Daily energy flow in each of the six
zones was the sum of these products. To com-
pare the biomass of seabirds in the different
zones we estimated the biomass per area unit
as far as each one has different surface.

Food consumption was estimated assuming
that individuals consume 20�40% (minimum
and maximum) of their body mass in prey per
day (Hunt et al. 1981). The total biomasses of
species in each zone were used to estimate the
food consumption. Taking into account the
foraging strategies, we evaluated the energy
flow to surface feeders (Black-browed Alba-
tross, Southern Giant Petrel, Kelp Gull, South
American Tern and Chilean Skua) and to diver
feeders (Imperial Cormorant, Rock Cormorant
and Magellanic Penguin).

RESULTS

Seabirds� energy flow was not homoge-
neously distributed between the two water
depth strata and among zones. Energy flow
to seabirds in shallow waters was almost twice
than the one in deep waters (one-way ANOVA,
F1,10 = 5.95, P = 0.037). Isla Bridges, West part
of the Beagle Channel and Isla Gable zones
support the highest energy flow to seabird per
area unit (Figure 2a). Bahía Ushuaia (which
holds the commercial and navy harbors) was
the fourth zone in regard to energy flow im-
portance. Bahía Lapataia and Centre Beagle
Channel zones held the lowest energy flow
per area unit. The total energy flow to birds
averaged over all six zones (mean ± SD) was
(9.46 ± 3.2)×104 kJ.km-2.day-1. However, Isla
Gable, Islas Bridges, and Western Beagle
Channel zones presented almost equal energy
flow per unit area (Figure 2a). The contribu-
tion to energy flow per species also differed
between zones (Figure 2b). The Imperial Cor-
morant was the major contributor in all the
six zones, followed by the Black-browed Al-
batross in almost all zones, except Islas
Bridges. This species showed a contribution
greater than 10% in each zone. Flow to Kelp
Gull as well as to Southern Giant Petrel oc-
curred in the western zones and, specially, in
Bahía Ushuaia. In Bahía Ushuaia and Bahía
Lapataia, the Kelp Gull was the second domi-
nant species. The Dolphin Gull was the sec-

ond most important species in Islas Bridges,
and was restricted to this zone as well as to
the Bahía Ushuaia zone. The remaining spe-
cies contributed less to total consumption in
all the zones, either because of their low
masses (e.g., South American Tern) or because
their low densities (e.g., Rock Cormorant).

Western Beagle Channel and Islas Bridges
zones showed a higher proportion of energy
flow to diver feeders, while Isla Gable zone
presented 50% of energy flow to diver feed-
ers and 50% to surface feeders (Figure 3). Like-

Figure 2. Energy flow to seabirds per area unit (a)
and percent energy demand for each seabird spe-
cies (b) in the six zones of the Beagle Channel. Zone
codes are the same as in Figure 1. SGP: Southern Gi-
ant Petrel, BBA: Black-browed Albatross, DG: Dol-
phin Gull, IC: Imperial Cormorant, SAT: South
American Tern, MP: Magellanic Penguin, CS: Chil-
ean Skua, RC: Rock Cormorant, KG: Kelp Gull.
Figura 2. Flujo energético hacia las aves marinas por
unidad de área (a) y porcentaje de la demanda ener-
gética de cada especie (b) en las seis zonas del Canal
Beagle. Los códigos de las zonas son los mismos que
en la Figura 1. SGP: petrel gigante del sur, BBA:
albatros de ceja negra, DG: gaviota austral, IC:
cormorán imperial, SAT: gaviotín sudamericano, MP:
pingüino de Magallanes, CS: skúa chileno, RC:
cormorán de cuello negro, KG: gaviota cocinera.
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wise, the other three zones showed 60% of
energy flow to surface feeders and 40% to
diver feeders. The maximum energy flow
among the surface feeders went to the Black-
browed Albatross, while among the diver
feeders it went to the Imperial Cormorant (Fig-
ure 3).

Mean food consumption for the whole study
area was estimated at 1.71�3.42 ton/day. The
highest values were found in Islas Bridges,
while the Centre Beagle Channel zone pre-
sented the lowest values (Table 1).

DISCUSSION

This paper reports a comparison of seabird
biomass and of food consumption distribution
among different zones in a watercourse with
particular characteristics as the Beagle Chan-
nel. Life histories and foraging strategies
might be the most important factors that de-
termine the observed pattern. The factors that
explain the observed energy flow distribution
deal with the distribution of shallow waters
areas in the Beagle Channel, the presence of
seabird colonies, the proportion of diver and

surface feeders, and the possible segregation
of, at least, the most abundant species. These
factors might influence the distribution pat-
tern of energy flow at different degrees among
the six zones, resulting in apparently confus-
ing patterns.

The fact that shallow waters present the
larger biomass of seabirds could be related to
the large diversity and abundance of organ-
isms that can be found in the kelp forests
(Moreno & Jara 1994; Castilla 1995; BJ Lo-
movasky, CADIC, public comm.). This kelp for-
est has been reported as an important feeding
habitat for many seabird species (Humphrey
et al. 1970; Punta et al. 1993; pers. obs.).

A remarkable point is that there are four
zones of the Beagle Channel with a similar
value of energy flow (average of [115 ± 1]×104

kJ.km-2.day-1). This rather homogeneous value
across different zones of the Beagle Channel
suggests that the energy flow to seabirds, and
thus the biomass, could be at a saturation
point. Even though we may accept the energy
flow level as a saturation point, it is remark-
able that this level is constant across the Beagle
Channel, with changes in the proportion of
species. The mechanism associated to this
variation in the proportion of biomass of spe-
cies across zones is not clear to us, although it
is likely that the distribution of seabird colo-
nies may play an important role on it.

The energy demand of seabirds was also re-
ported to increase with the closeness to their
breeding colonies (Furness 1978; Wiens 1984;
Stahl et al. 1985). In this context, it should be
expected that the seabird community of the
Beagle Channel (excepting the Black-browed

Figure 3. Energy Demand flow to surface feeder spe-
cies (above), and to diver feeder species (below) in
the six zones of the Beagle Channel. Zone and spe-
cies codes are the same as in Figure 2.
Figura 3. Flujo energético hacia cada especie que se
alimenta en la superficie (arriba) y hacia cada espe-
cie que se alimenta por debajo de la superficie o bu-
ceando (abajo) en las seis zonas del Canal Beagle.
Los códigos de las zonas y de las especies son los
mismos que en la Figura 2.

WBC BL BU IB CBC IG

Minimum 23.9 13.1 21.1 24.7 9.6 23.7
Maximum 47.9 26.1 42.2 49.3 19.3 47.3

Table 1. Minimum and maximum food consumption
of seabirds (in kg.km-2.day-1) in the six zones of the
Beagle Channel. Zone codes are the same as in Fig-
ure 1.
Tabla 1. Consumo máximo y mínimo de alimento por
aves marinas (en kg.km-2.día-1) en las seis zonas del
Canal Beagle. Los códigos de las zonas son los mis-
mos que en la Figura 1.
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Albatross and the Giant Petrel, non-resident
breeding species) would not forage far from
their colonies without diminishing their
breeding success. Actually, the energy intake
rate in the Beagle Channel ranges 4�13×104

kJ.km-2.day-1, being larger in zones that include
breeding sites, such as Islas Bridges and Isla
Gable zones (Schiavini & Yorio 1995).

It should be also expected that shallow
waters, including the coast, would be more
suitable for species with diving foraging
behaviour (cormorants) or for species that
depend on human induced resources like gar-
bage on the coasts (gulls). Hunt (1985) sug-
gested that, when foraging in inshore waters,
surface feeders would be at a competitive dis-
advantage in relation to sub-surface foragers,
due to the large proportion of the water col-
umn available to diver feeders. However, as
we include surface feeder species that has
coastal feeding habits, such as Kelp Gull and
Southern Giant Petrel, zones with high per-
centage of shallow waters (e.g., Bahía Ushuaia)
present a large percentage of surface feeders.

The contribution of energy flow to diver
feeders was larger in zones with a large pro-
portion of breeding colonies or close to them
(Western Beagle Channel and Islas Bridges
zones), which coincided with the results found
in South Georgia by Croxall & Prince (1980).
However, Isla Gable, a zone with breeding
colonies, presented equal percentages for both
diver and surface feeders. This may be due to
the presence of species with large mass among
the surface feeders (such as the Black-browed
Albatross), in turn due to the closeness of this
zone with the mouth of the Beagle Channel,
an open water area.

Another explanation could be some kind of
segregation as a product of interspecific compe-
tition, at least for the most important species
in terms of abundance (such as the Black-
browed Albatross, the Imperial Cormorant
and the Kelp Gull). It was already reported
that none of the three species has interspecific
association with the other two in the Beagle
Channel (Raya Rey & Schiavini 2000). These
authors reported that Black-browed Albatross
and Kelp Gull present differences in distribu-
tion between zones, and that Imperial Cormo-
rant is more abundant in shallow waters
without differences among zones.

Given that the Western Beagle Channel and
the Centre Beagle Channel zones both present
similar characteristics, it is notable that the first
one has almost twice the energy demand per
area unit than the second. The high values for
the Western Beagle Channel zone may be ex-
plained for several reasons. First, its closeness
to the Islas Bridges zone (with many seabird
colonies). Second, the inclusion of large areas
of shallow waters at the west of the Península
Ushuaia. Finally, the closeness of this zone to
the Murray Channel, a small waterway that
connects the Beagle Channel to the more open
waters of the southern Fueguian archipelago
close to Cape Horn.

It has been suggested that a large biomass of
seabirds on the sea is correlated with a high
marine productivity in the Antarctica
(Woehler 1990, 1997). Then, the energy flow
described in our study area suggests that the
Beagle Channel may represent an area of high
productivity. Moreover, we found a high-en-
ergy flow to non-resident species in the study
area: Black�browed Albatross (in all the zones)
and Southern Giant Petrel (in Bahía Ushuaia
zone). Woehler (1997) pointed out that non-
resident species could be better indicators of
the availability of marine resources than resi-
dent species, because the resident birds would
be incapable of feeding far from their colonies.

Total food consumption in the Beagle Chan-
nel ranges 1.71�3.42 ton/day. Comparisons
with other areas such as Alaska or South Geor-
gia could be interesting, since these areas are
geographically similar (presence of fjords,
small channels, inlets, etc.). Food intake val-
ues in the Beagle Channel were of one order
of magnitude greater than the ones found for
seabirds around Svalbard (Joiris 1996). Values
for South Georgia (Croxall et al. 1984) were five
orders of magnitude higher than values for the
Beagle Channel. The high density of seabird
colonies in this island, especially penguins,
may be the reason of the high food consump-
tion in this zone. In contrast, food intake val-
ues were of the same order of magnitude as
in the Gulf of Alaska (Wiens 1984). However,
we have to be careful to make conclusions be-
cause data from those studies were based on
the reproductive population and ours are
based on all foraging seabirds, which includes
juveniles.
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The process of management of natural re-
sources in the marine environment usually
includes the assessment of utilization of the
marine environment by top predators, as well
as the distribution of breeding colonies. As the
Beagle Channel is experiencing a growing
pressure for the use of their natural resources
(due to tourism, fishing and aquaculture), the
assessment of the distribution of foraging ef-
fort may represent a useful tool for the zon-
ing and the management of the whole area.
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