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Abstract Marine environments are known to affect

adjacent terrestrial biotic communities. In South America’s

sub-Antarctic archipelago, birds are the most abundant and

diverse terrestrial vertebrate assemblage. We hypothesized

that birds would reflect a marine influence that would

gradually decrease inland, expecting to find greater species

richness, abundance, and biomass near the sea with

decreases toward the island interior. We seasonally com-

pared these parameters, with identified indicator species

and assessed functional groups at 0, 150, and 300 m from

the coast. Unexpectedly, we found a marked marine (0) and

terrestrial (150–300) patterns for avian assemblages, rather

than a gradient. In addition, seasonal patterns were warm

(spring–summer) and cold (autumn–winter). The only

parameter that displayed a true gradient was avian biomass

in spring. During the cold season, higher values were

observed in all variables for coastal assemblages, compared

to inland sites. In the warm season, abundance and richness

of coastal and terrestrial assemblages were similar, owing

to migratory species. Milvago chimango was the only

species abundant and frequent in both terrestrial and

coastal systems, thereby indicating potential as a marine–

terrestrial vector. Functionally, coastal assemblages were

conformed of herbivores, carnivores, and scavengers, while

terrestrial communities were made up of omnivores and

insectivores. We conclude that the sea coast is a unique

habitat in this archipelago, providing refuge for both

marine and terrestrial sub-Antarctic birdlife particularly in

the cold season. The relevance of the land/sea ecotone is

poorly known, but important is given to high demand for

the installation of salmon aquaculture facilities along the

southern Chilean coastline.

Keywords Sub-Antarctic avifauna � Ecotone �
Milvago chimango � Trans-ecosystemic links

Introduction

The interactions between marine and terrestrial ecosystems

have been studied from different perspectives, particularly

regarding spatial subsidies of marine organisms (Polis et al.

1997) to terrestrial ecosystems (e.g., Rose and Polis 1998;

Gende et al. 2002; Harding et al. 2004). These studies have

shown that marine subsidies directly and indirectly affect

recipient terrestrial populations and communities by mod-

ifying their structure and function through changes in food
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web dynamics (e.g., enhanced detrital and prey subsidies,

the proportion of resource/consumer, increased predator

abundance) (Polis et al. 1997; Marczak et al. 2007). The

pathways that these marine subsidies affect terrestrial biota

result from multiple, interrelated factors, which depend on

the difference between the productivity of the adjacent

ecosystems; the type, rate of flow, and magnitude of the

marine subsidy; particularities of the terrestrial receiving

ecosystem; and the structure of the communities that pro-

vide the connectivity (Polis et al. 1997; Anderson and Wait

2001; Marczak et al. 2007; Paetzold et al. 2008).

Additionally, the spatial heterogeneity formed at the

interface (sensu Naiman and Décamps 1997) between these

two ecosystems produces habitats and trophic niches that

are used by both terrestrial and marine organisms and

others unique to the ecotone. The subsidy supply deter-

mines not only differences in abundance and density pat-

terns within a given population of these organisms, but also

behavioral and functional modifications (Darimont et al.

2009) and even micro-evolution of species that are part of

these interfaces (Naiman and Décamps 1997). For these

reasons, it is predictable that marine–terrestrial communi-

ties and those terrestrial communities that are subsidized by

marine resources will differ from adjacent terrestrial

assemblages (Bancroft et al. 2005; Barrett et al. 2005). For

example, increases in some comparable subsidies, such as

marine detrital or prey resources to terrestrial ecosystems,

can condition the dominance of specific functional groups

like scavengers and predators (Marczak et al. 2007).

Once marine resources enter terrestrial ecosystems, it

has been documented that their importance can even

influence highly mobile and opportunistic vertebrate con-

sumers such as lizards (Barrett et al. 2005), rodents (Cat-

enazzi and Donnelly 2007), bears (Winder et al. 2005),

wolves (Darimont et al. 2009), foxes (Elgueta et al. 2007),

ants (Paetzold et al. 2008), and spiders (Rose and Polis

1998), which serve to conduct these subsidies to other

communities and tropic levels. In the case of sea birds, this

function has been well studied, given that these taxa extract

their food directly from the sea and deposit feces and food

remains on dry land where they nest (e.g., Anderson and

Polis 1998; Sanchez–Pinero and Polis 2000; Ellis et al.

2006).

The sub-Antarctic ecoregion is a marine–terrestrial

biome made up of islands, channels, fjords and conti-

nental mainland at the southern tip of the Americas. It

hosts the world’s southernmost forested ecosystems (Ro-

zzi et al. 2006), and these temperate forests stand out not

only for their high latitude with no latitudinal replica

(47�300–55�300S), but also for having a cool, stable tem-

perature regime due to the high proportion of land/sea in

the entire Southern Hemisphere. Compared to the

Northern Hemisphere’s extreme fluctuations between

winter and summer, this stabilization of temperature

favors the persistence of various plant and animal species

including broad leaf evergreen trees like the Magellanic

coigüe (Nothofagus betuloides (Mirb) Blume) and Win-

ter’s bark (Drimys winteri Forst. and Forst) (Arroyo et al.

1996). Yet, this mitigating effect of the ocean drastically

diminishes with altitude and tree line appears at only

600 m above sea level. At the same time, this altitudinal

gradient and diverse topography produce a mosaic of

habitats including evergreen forests, mixed evergreen/

deciduous forests, deciduous forests, peatlands, grass-

lands, and shrublands, which is a great variety of asso-

ciated marine and terrestrial habitats over a relatively

small area (Pisano 1980).

Furthermore, due to the recent glaciations of this region

(10,000 BP) and its insular nature, in the extreme southern

portion of the Americas, birds are the most diverse,

abundant, and conspicuous terrestrial vertebrates (Venegas

and Sielfeld 1998). As a result, they occupy a high variety

of niches and fulfill diverse ecological functions (e.g.,

Jaksic and Feinsinger 1991; Forero et al. 2004; Ibarra et al.

2009a, 2010) that would otherwise include terrestrial

mammals and reptiles. In addition, the sub-Antarctic forest

avian community has a high percentage of resident birds

(Ippi et al. 2009). For these reasons, we selected the avian

community to study the penetration of the marine influence

toward the interior of the terrestrial ecosystems and biota in

the Cape Horn biosphere reserve (CHBR) (Fig. 1). We

hypothesized that the nearness to the sea would be mea-

surable and be reflected in greater abundance, species

richness, and biomass in the avian community and that this

effect would decrease slowly inland. In addition, the mar-

ine effect of mitigating temperate changes should result in

less seasonal fluctuations in community variables along the

coast compared to those inland. At the same time, such

differences were expected to manifest themselves in dif-

ferent degrees of magnitude, depending on season between

the cold period (fall and winter) and the warm season

(spring and summer). Also, we expected that only certain

species would use both ecosystems and that these could be

identified as potential biotic vectors between marine and

terrestrial habitats.

To test these hypotheses: (1) we measured the seasonal

response of avian communities (abundance, species rich-

ness, and biomass) along a marine–terrestrial gradient from

the shoreline (0 m) toward the interior (150 m and 300 m);

(2) we described the trophic characteristics of the avian

assemblage in the same transects; (3) we quantified the role

of the marine–terrestrial ecotone in the maintenance and

explanation of resident sub-Antarctic bird taxa; and (4) we

detected which birds species were common in both ter-

restrial and marine habitats and could fill the role of pos-

sible marine–terrestrial links.
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Materials and methods

Study area

This study was carried out on the north coast of Navarino

Island (55�040 5900S; 67�400 0000W; surface area =

2,473 km2). The island lies south of Tierra del Fuego

Island on the southern shore of the Beagle Channel. This

area forms part of the CHBR since 2005 and has one

population center—Puerto Williams (pop. *2,200), the

world’s southernmost town (Fig. 1). In the archipelago,

there is a strong variation of ecological conditions deter-

mined by gradients of precipitation and temperature, such

that the north coast of Navarino Island (where this study

was conducted) receives an average of 467 mm in annual

precipitation, while in the southwestern portion of the

archipelago [2,000 mm of rain and snow has been recor-

ded (Tuhkanen 1992). Along the north coast of Navarino

Island, we also find a mosaic of habitats, representing most

of those described for the CHBR with the exception of

glaciers/ice fields (Rozzi et al. 2006). Specifically,

regarding coastal habitats, in the CHBR we find a mixture

of forests and anthropogenic shrub and grasslands (Pisano

1980). As one leaves the coastline toward the interior of

Navarino Island, the following habitat gradient is observed:

(1) the upper littoral zone conformed by rocky substrate

that extends \30 m from the low tide line, (2) anthropo-

genic grasslands (including grass covered archaeologic

Yahgan shell middens and areas where livestock grazing

has occurred) and shrublands dominated by the Magellan

barberry (Berberis mycrophylla Forster), prickly heath

(Gaultheria mucronata (L. f.) Hook. and Arn.) and fashine

(Chiliotrichum diffusum (Forster) Kuntze), and (3) mixed

evergreen and (4) deciduous Nothofagus forests. Intermit-

tently, along the entire coast in shallow areas, we find belts

of kelp forests formed principally Macrocystis pyrifera (L.)

C. Agardh (Rozzi et al. 2006).

Survey methodology

We carried out monthly surveys from January 2008 to

March 2009, conducting a total of 15 transects for 300 m

each. Transects were established perpendicularly from the

high tide line toward the interior of the island in three

areas: (a) Róbalo Bay (54�560 2800S, 67�390 3900W), (b) Los

Bronces (54�560 2600S; 67�420 1100W), and (c) Punta Truco

(54�550 5900S, 67�310 600W). In each of these, we made fixed

point count stations at 0, 150, and 300 m from the shore

line. At each point, through observation with binoculars

(Swarovski, 8 9 42) and identification of calls, we deter-

mined the number of species and number of individuals of

terrestrial, coastal, and marine birds present in a radius of

50 m for 5 min (Jiménez 2000). During the counts, we did

not discriminate the species by habitat, but rather we

recorded all species within the range of the station. The

sampling was carried out during a period of 1.5 h near the

first low tide during daylight hours (Caron and Paton 2007;

Granadeiro et al. 2007). This criterion was used because of

Fig. 1 Map of the austral

region of the Americas, showing

the sub-Antarctic archipelago

and the Cape Horn Biosphere

Reserve (in gray). The area of

the study was located on the

north coast of Navarino Island,

near Puerto Williams, Chile

(54–55�S)
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the great variation in daylight between winter (minimum

7 h) and summer (maximum 18 h) (sunrise and sunset

based on http://www.shoa.cl), and to favor the detection of

terrestrial species that use the intertidal zone. The total

assemblage detected, including observations made outside

of formal censuses, can be found as a species checklist with

taxonomic information (Appendix 1, 2 in Supplementary

material).

Spatial and seasonal variation in the bird assemblage

along a marine–terrestrial gradient

To characterize the bird assemblage, we determined the

abundance (# point-1), species richness (# of species

point-1), and biomass (g point-1) for (1) season of the year

(fall, winter, spring, and summer) and (2) distance to the

sea (0, 150, 300 m). Biomass was quantified as the sum of

each species’ weight, multiplied by its respective abun-

dance at each survey point. Average values of weight were

determined for each species based on values available in

(1) the 9 year database of biometric data on birds in the

Omora Park (Omora sub-Antarctic Bird Observatory), (2)

existing literature on birds from the Fueguian Archipelago

(Humphrey et al. 1970) and the Diego Ramirez Islands

(Schlatter and Riveros 1997), and (3) literature with

information on species recorded further away (Chloephaga

picta, Summers and Grieve 1982; Cinclodes oustaleti,

Sabat et al. 2004; Haemtopus ater and H. leucopodus, de

Magalhaes et al. 2005; Sturnella loica and Anthus cor-

rendera, Camperi and Darrieu 2005).

The data obtained on relative abundance, species rich-

ness, and biomass did not fit expectations of normal dis-

tribution (Shapiro Wilks, WRichness = 0.9; WAbundance =

0.7; WBiomass = 0.8; Prob \ W \ 0.0001) and had vari-

able heterogeneity (FRichness = 41.5, FAbundance = 16.1,

FBiomass = 25.7, P \ 0.001, a = 0.05). For these reasons,

data were transformed with ln(x ? 0.1) to obtain the nec-

essary distribution for parametric analyses. Then, we used

the data to detect the effect of nearness to the sea and

season of the year on these variables, using nested analyses

of variance, considering the seasonal variation in the

marine–terrestrial gradient (Nested ANOVA [(Season)

Distance]). Later, different groups of abundance, richness,

and biomass were identified with a Tukey–Kramer–HSD

post hoc multiple comparisons test (a = 0.05). All the

statistical analyses were conducted on the Statistica V.7.0

(Statsoft Inc. 2004) software package.

Description of the trophic/functional role of birds

in the marine–terrestrial assemblage

We classified birds into functional groups based on feeding

habits from the literature (Couve and Vidal 2000; Jaramillo

et al. 2005; Martı́nez and González 2004) and personal

observation. We determined the following categories:

(a) granivore, (b) frugivore, (c) piscivore, (d) scavenger,

(e) carnivore-scavenger, (f) insectivore, and (g) herbivore.

To quantify the relevance of each functional group in the

assemblages at 0, 150, and 300 m, the percentage of each

that contributed to 90% of the abundance was determined

via SIMPER (similarity percentage, software Primer 5.0,

Clarke 1993) and INDVAL (Indicator Value), which

determines the specificity (A) and fidelity (B) to a partic-

ular site (0, 150, and 300 m) expressed in percentage and

probability (INDVAL = A 9 B 9 100, a = 0.05) of

finding an indicator as high as the observed values in

multiple (999). In addition, this analysis shows a ratio

between total observations and frequency of observance in

a particular site (Indicator Values, Software IndVal 2.0,

Dufrene and Legendre 1997). In parallel, the functional

groups were ordered by principal components analyses

(PCA) using Statistica V.7.0.

Seasonal use of the marine-coastal strip by terrestrial

species

The bird species registered during the surveys were orga-

nized by the following categories, according to habitat

described in the literature (Couve and Vidal 2000; Martı́nez

and González 2004; Jaramillo et al. 2005) and personal field

observations on Navarino Island: (1) marine birds (M) that

feed principally in the sea and pass the majority of their time

there, (2) coastal birds (C) that feed in the intertidal or the

strip of sea near the coast and pass the majority of their time

there, (3) terrestrial birds (T) that feed and spend most of

their time on land, (4) terrestrial-coastal (TC) that in addi-

tion to terrestrial habitats also occupy the upper littoral and

can feed in the intertidal strip, (5) freshwater (F) that are

found during most of the year in bodies of freshwater, and

(6) freshwater-coastal (FC) that also use the marine zone,

but to a lesser degree than freshwater bodies.

At the same time, birds were categorized according to

their migratory behavior as (1) residents (R), (2) partially

migratory (PM) (when some individuals in the population

spend winter on site), and (3) migratory (M). Migratory

patterns are unknown for some species, which were cate-

gorized as unknown (U). To determine the use of the

coastal area by terrestrial species, we compared the relative

abundance and biomass of the seasonally resident (cold and

warm seasons) of T and TC birds, using a non-parametric

Wilcoxon Rank Sum Test (a = 0.05) with Statistica V.7.0.

It should be noted that only terrestrial birds were used in

the analysis because no marine birds were found to sig-

nificantly contribute to 90% of the assemblage at any ter-

restrial (150, 300 m) site, which was required for the

statistical analysis (see ‘‘Results’’).
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Determination of bird species capable of providing

a marine–terrestrial linkage

The most representative birds of each assemblage (i.e., at 0,

150, and 300 m) were determined using their percent

contribution to the assemblage (SIMPER) (Clarke 1993).

To these species, its INDVAL (a = 0.05, Dufrene and

Legendre 1997) was calculated, and those contributing to

90% of the abundance in the three distances were selected

as candidates for marine–terrestrial linkages. Comple-

mentary to this analysis, we also carried out PCA on those

species that contributed to 90% of the assemblage with

regards to abundance and included distance to sea and

season of the year as supplementary variables to graphi-

cally demonstrate the species that overlap into both habitat-

specific assemblages.

Results

Characterization of the marine–terrestrial bird

community

During the counts, 52 bird species were registered (58 in

total considering out of census birds) which pertained to 14

orders, 27 families, and 49 genera. The best represented

order was Passeriformes with 5 families, 10 genera, and 13

species, while the families with the greatest richness were

Anatidae and Furnariidae with five species each (classifi-

cation according to Remsen et al. 2009, Appendix 1, 2 in

Supplementary material).

This marine–terrestrial community was conformed

principally of resident species (38 species, 65% of the

total) with less migratory (12 M) or partially migratory

(4 PM) species and 4 in the category of unknown. Resident

birds also provided a greater proportion of the overall

abundance than migratory birds. In contrast, however,

resident and migratory birds contributed equally to the

biomass of the community. On the other hand, the rela-

tionship between species richness and biomass of these

species according to habitat demonstrated that terrestrial

birds constituted 34% of total species richness, but only

1.3% of total biomass. This relationship was different in

the coastal and freshwater-coastal birds, which with 41.3%

of the richness made up 88.1% of the total community

biomass (Table 1).

Only 14 species were found to provide 90% of the total

abundance of all birds registered during the study

(Table 2). Of these birds, six Passeriformes species were

indicative of the terrestrial assemblage (150 and 300 m).

Among these, partial migrants Zonotrichia capensis and

Troglodytes aedon were frequent and significantly repre-

sented the assemblage of 150 m (a = 0.05, Indval 25.1 and

22.9, respectively), while resident Aphrastura spinicauda,

Turdus falcklandii, and Phrygilus patagonicus were

indicative of the 300 m assemblage (a = 0.05, Indval 44.2;

42 and 39.4, respectively). The coastal assemblage had 8

dominant species in terms of abundance with the most

frequent (Indval C70) being resident Larus dominicanus,

Lophonetta specularoides, Heamatopus leucopodus, and

Tachyeres ptneres (a = 0.05, Indval 87.9, 86.7, 75, and 70,

respectively). Of the dominant species, only the omnivo-

rous and resident Falconiformes Milvago chimango was

significantly more abundant than other community mem-

bers in both marine and terrestrial habitats (Table 2).

Seasonal variation along a marine–terrestrial gradient

of avian community abundance, richness and biomass

Generally, and considering as a whole, bird assemblages

showed a strong seasonal ‘‘warm–cold’’ pattern with

greater abundance (P \ 0.0001), richness (P \ 0.0001),

and biomass (P \ 0.0001) in the warm season (summer

and spring) compared to the cold season (winter and fall).

No significant differences were found between spring and

summer, except with regards to biomass (Table 3; Fig. 2).

Although seasonal warm–cold variation exists in the

overall bird community, nearness to the sea (distance) was

related to higher abundance (R2 = 0.3, DF = 11, F =

25.7, P \ 0.0001), richness (R2 = 0.4, DF = 11, F =

29.9, P \ 0.0001), and biomass (R2 = 0.5, DF = 11,

F = 54.1, P \ 0.0001) compared to terrestrial habitats at

both distances (150 and 300 m), which were statistically

the same between themselves (Table 4). However, an

exception to this pattern in marine versus terrestrial sites

Table 1 Relative proportion of birds for each habitat and migratory

status regarding abundance, species richness, and biomass

Category % of total

Abundance Richnessa Biomass

Habitat Terrestrial 42.2 34.5 1.3

Coastal 15.6 24.1 37.2

Freshwater-

coastal

32.8 17.2 51.9

Freshwater 0.8 5.2 2.3

Marine 0.2 6.9 0.7

Terrestrial-

coastal

8.4 12.1 6.6

Migratory

status

Resident 61.1 65.5 49.4

Migratory 22 20.7 17.1

Partially

migratory

16.3 6.9 33.4

Unknown 0.6 6.9 0.1

a Considers all species registered including those outside of sys-

tematic surveys (total species richness 58)
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was observed for biomass during the spring, where we

found a marine–terrestrial gradient with significant differ-

ences between the three station distances (spring

0 m [ spring 150 m, P \ 0.0001, spring 150 m [ spring

300 m, P \ 0.0001) (Table 4; Fig. 2). The spring

assemblage at 150 m contained a gregarious and large

goose C. picta (approx. 2.9 kg), which contributed 57% of

the biomass at this site, but only 9% of the total abundance.

Comparing each assemblage separately by season, we

detected that there were no significant differences between

Table 2 Bird species that contribute approximately 90% of the abundance of the avian assemblage at 0, 150, and 300 m from the coast line

toward the interior of the island

Distance (m) Species SIMPER (abundance) INDVAL (frequency) Total observations/# times seen

Mean Sim/SD Contrib% Cum% IndVal Grupo P \ 0.05 0 150 300

0 Larus dominicanus 15.0 1.6 30.0 30.0 87.9 0 ** 902/58 67/20 23/13

Chloephaga picta 10.4 0.9 20.2 50.2 67.4 0 ** 626/49 98/19 35/7

Lophonetta specularoides 5.7 1.0 12.0 62.2 86.7 0 ** 342/52 0/0 0/0

Haematopus leucopodus 2.9 0.8 6.6 68.8 75.0 0 ** 176/45 0/0 0/0

Tachyeres pteneres 2.9 0.7 6.5 75.3 70.0 0 ** 179/42 0/0 0/0

Milvago chimango 2.7 0.8 5.7 81.0 39.5 0 ** 164/46 73/33 81/34

Chloephaga hybrid 3.7 0.5 5.5 86.5 56.7 0 ** 222/34 0/0 0/0

Phalacrocorax magellanicus 4.4 0.4 5.0 91.5 53.3 0 ** 264/32 0/0 0/0

150 Aphrastura spinicauda 5.9 0.9 39.9 39.9 44.2 300 ** 23/11 354/50 426/50

Phrygilus patagonicus 3.9 0.6 15.1 54.9 39.4 300 ** 42/12 239/37 311/45

Turdus falcklandii 2.3 0.6 11.2 66.1 42.0 300 ** 14/7 137/38 192/45

Zonotrichia capensis 4.1 0.5 10.7 76.8 25.1 150 ** 62/18 243/31 196/29

Milvago chimango 1.2 0.5 6.4 83.1 – – – – – –

Carduelis barbata 2.6 0.3 4.4 87.6 19.9 150 NS 36/12 157/24 123/25

Troglodites aedon 1.2 0.4 3.7 91.2 22.9 150 ** 14/8 73/29 67/19

300 Aphrastura spinicauda 7.1 1.0 41.3 41.3 – – – – – –

Phrygilus patagonicus 5.9 0.8 20.2 61.4 – – – – – –

Turdus falcklandii 3.2 0.8 14.2 75.6 – – – – – –

Zonotrichia capensis 3.3 0.4 8.2 83.8 – – – – – –

Milvago chimango 1.4 0.6 5.2 89.0 – – – – – –

Carduelis barbata 2.1 0.4 3.9 92.9 – – – – – –

Using Indval (a = 0.05), we determined the most representative species and groups at each distance. NS signifies a non-significant value, while

** identifies significant values

Table 3 Nested ANOVA results for abundance, species richness and biomass of sub-Antarctic bird assemblages

Parameter Test effect N SS DF MS F P

Abundance Intercept 540 2,212.64 1 2,212.64 1,798.60 0.00

Season 135 166.48 3 55.49 45.11 0.00

Distance (season) 45 181.60 8 22.70 18.45 0.00

Error 649.55 528 1.23

Richness Intercept 540 708.54 1 708.54 1,029.91 0.00

Season 135 130.07 3 43.36 63.02 0.00

Distance (season) 45 95.84 8 11.98 17.41 0.00

Error 363.24 528 0.69

Biomass Intercept 540 27,399.24 1 27,399.24 5,492.14 0.00

Season 135 401.50 3 133.83 26.83 0.00

Distance (season) 45 2,567.43 8 320.93 64.33 0.00

Error 2,634.09 528 4.99

44 Polar Biol (2012) 35:39–51

123



the four seasons of the year along the shore, but the ter-

restrial assemblage showed a strong warm–cold pattern for

all of the measured parameters (Table 3; Fig. 2).

Winter use of the coast by terrestrial species

A total of ten and nine resident terrestrial species were

found to use the coastal area in the cold and warm season,

respectively. This ‘‘terrestrial’’ assemblage using the lit-

toral zone was composed mostly of the same species

(Anthus correndera, Apharastura spinicauda, Caracara

plancus, Milvago chimango, Phringylus patagonicus,

Turdus falcklandii, Xolmis pyrope). Yet, a few species

were found to only use the coast in the cold season (Cureus

cureus, Cathartes aura, and Musixacicola macloviana).

In terms of abundance, it was not possible to observe

significant differences between terrestrial (T and TC) res-

idents that occupied coastal zones in the cold or warm

periods (W = 3,103, P = 0.7), but we did detect signifi-

cantly greater biomass in the winter period for terrestrial

birds in the coastal stations (W = 4,469, P \ 0.001). This

difference in biomass was explained by the contribution of

M. chimango, which utilized the coast with greater fre-

quency in the winter, representing 61% of the total biomass

during this period (maximum in the winter with 65%) and

with 54% in the warm period (minimum in summer with

43%). Additionally, a few individuals of Charadrius

modestus, C. picta, and T. aedon were recorded only on the

coast in the cold season, which indicated a partially

migratory behavior associated with coastal wintering.

Curaeus curaeus and S. loica also used the coast as a

winter refuge.

Functional characterization of the avian assemblage

in a marine–terrestrial gradient

The functional differentiation of the avian assemblage

showed two distinct groups: coastal and terrestrial (Fig. 3,

PC1, SD = 1.59; Proportion of Variance = 0.31). The

coastal assemblage was dominated by carnivores, scav-

engers, carnivore-scavengers, and herbivores, while the

terrestrial assemblage was made up of omnivores and

insectivores. At the same time, within the coastal assem-

blage a sub-group was composed by piscivores and scav-

engers (Fig. 4). These latter two functional groups were

composed of resident and strictly marine birds such as

cormorants (Phalacrocorax magellanicus, P. atriceps, and

P. brazilianum) and Procelariformes pelagic scavengers

such as Macronectes giganteus and Thalassarche melan-

ophrys. The species that composed the rest of the func-

tional groups in the coastal assemblage were birds from

different habitats, especially those that posed a broad niche

(TC and DC). It bears mentioning that the omnivores

Fig. 2 LS Means of abundance (a), richness (b), and biomass (c).

Vertical bars denote the 95% confidence interval and significant

differences are shown with * between marine (0 m—continuous black
line) and terrestrial (150 m—dashed dark gray line; 300 m—dotted
light gray line) in the cold season (fall–winter) and warm season

(spring–summer). ** indicates significant differences between 0, 150,

and 300 m; while * indicates between 0 and 150–300 m
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contributed 90% of the abundance in the three assemblages

(0, 150 and 300 m) (Table 5), while granivores were the

only significantly represented trophic guild at the 150 m

assemblage (a = 0.05, Indval 21.9).

From the seasonal perspective, the terrestrial assem-

blage was dominated by insectivorous birds, principally

A. spinicauda, during winter with an increasing presence of

omnivores and granivores (Z. capensis, Carduelis barbata,

Table 4 Nested ANOVA

results of significant differences

in abundance (MS Error = 1.2),

species richness (MS

Error = 0.7), and biomass (MS

Error = 4.9) between

assemblages of marine and

terrestrial birds at given distance

from the coast

Symbols (*, **, –) indicate the

same group according a Tukey

post hoc test (a = 0.05)

Marine-terrestrial Season

0 150 300 Fall Winter Spring Summer

Abundance

Fall – * * – * *

Winter – * * – * *

Spring – – – * * – –

Summer – – – * * –

Richness

Fall – * * – * *

Winter – * * – * *

Spring – – – * * –

Summer – – – * * –

Biomass

Fall – * * – ** *

Winter – * * – * *

Spring – ** * * * –

Summer – * * * * –

Fig. 3 Principal components analysis of species that contributed to

90% of the abundance at each distance from the shore and per each

season of the year as supplemental variables. Dotted ellipse (right)
includes marine-coastal birds and the dashed ellipse (left) contains

terrestrial birds. M. chimango (MILCH) is closest to the center of the

graph, but more related to coastal than terrestrial birds. T. aedon
(TROAE), Z. capensis (ZONCA), and C. barbata (CARBA) are

migratory species and C. picta (CHLP) is partially migratory

(grouped toward season)

Fig. 4 Principal components analysis of functional groups of birds

(C carnivores, H herbivores, CC carnivore-scavenger, P piscivore, CA
scavenger, O omnivore, G granivore, I insectivore), using distance

from the shoreline and season as supplemental variables. Dotted
ellipse (right) groups the functional groups from marine-coastal areas,

while the dashed ellipse (left) demarks terrestrial functional groups.

CA and P correspond to strictly resident and marine functional

groups, while I was a strictly resident and terrestrial group. C, H, CC,

O, and G were migratory groups that were not strictly marine or

terrestrial

46 Polar Biol (2012) 35:39–51

123



and Elaenia albiceps) in the summer season (Fig. 4, PC2,

SD = 1.25; Proportion of Variance = 0.19).

Bird species that could provide a marine–terrestrial

linkage

Of the 52 species encountered during surveys, 17 were seen

at least once in the three distances from the shoreline

(Appendix 1, 2 in Supplementary material). Of these spe-

cies, those described as terrestrial in the literature, but

found in the coastal zone were notable, but in this archi-

pelago at least the following terrestrial birds also occupied

the intertidal and upper tidal zones: S. loica, C. curaeus,

Z. capensis, and Xolmis pyrope. Also as mentioned, only

the Chimango caracara (M. chimango) was identified as a

dominant species in coastal as well as terrestrial habitats. In

addition, this species was found in the coast and in the

forest during the entire year (Table 5), and as such was the

only species that was found to occupy an equivalent

position as a marine and terrestrial community member

(MILCH, Fig. 3).

Discussion

Is there a detectable marine–terrestrial gradient

in sub-Antarctic bird assemblages from the Cape Horn

Archipelago?

The adjacency of marine and terrestrial ecosystems

throughout the area of channels, fjords, and islands in Cape

Horn is notable (Rozzi et al. 2006) and leads one to predict

that there is a meaningful ecological connection between

them. For example, species that feed in one ecosystem may

rest in another. Therefore, determining which components

of biodiversity could provide these trans-ecosystem

linkages is potentially crucial to understand the functioning

of this and other archipelagic regions (Paetzold et al. 2008).

The effect of the marine environment on terrestrial habitats

in temperate zones has been shown to manifest itself as a

marked, but spatially reduced effect, only found in a short

distance from the coast. At the same time, it can also be

represented as a gradual influence toward the interior of the

island. In this study, the parameters that we measured

showed that the bird assemblage was not affected as close

as 150 m from the shore, given that the measured values

were consistently the same between 150 and 300 m and

significantly different compared to 0 m, which is a situa-

tion that has been found in other temperate insular systems

(Paetzold et al. 2008).

An exception to this first conclusion was the pattern for

bird biomass in spring, which did display a gradual mar-

ine–terrestrial gradient from 0 to 300 m (see Fig. 2). This

result was driven by the presence of large flocks of gre-

garious, migratory species such as C. picta, C. poliocep-

hala, Therestiscus caudatus, and Vanellus chilensis, which

occupied the borders of forests (Ippi et al. 2009) and

coastal grasslands, because other high elevation grasslands

are still frozen in spring (Jaramillo et al. 2005). In summer,

these birds disperse to other foraging sites and establish

reproduction territories. A similar phenomenon has been

observed in geese in high northern latitudes (78�–79�N,

Van Geest et al. 2007). Understanding how biomass of

birds varies over this marine–terrestrial transect is impor-

tant in the context of implications on ecosystem function.

Compared to values of species richness and abundance,

biomass allows us to infer how these species may affect

such process as nutrient cycling. In addition, it is important

to change raw indicators and summary values to species-

specific information, and in this case, we are able to

determine the identity of species that may be important

transporters of marine nutrients to terrestrial ecosystems

Table 5 Functional groups of birds that contribute approximately 90% of the abundance of avian assemblages at 0, 150, and 300 m from the

coast toward the interior

Distance (m) Functional group SIMPER (abundancia) INDVAL (frequency) Total observations/# times seen

Mean Sim/SD Contrib% Cum% IndVal Grupo P \ 0.05 0 150 300

0 Herbivore 14.72 13.64 1.37 25.3 78.1 0 ** 883/55 118/19 35/7

Carnivore 12.9 13.53 1.6 25.1 87.6 0 ** 943/59 77/23 38/19

Carnivore-scavenger 15.72 12.3 1.75 22.81 87.6 0 ** 943/59 77/23 38/19

Omnivore 10.77 10.51 1.46 19.49 38.0 300 ** 646/58 782/58 898/59

150 Omnivore 12.77 23.89 1.65 52.82 – – – – – –

Insectivore 7.55 16.85 1.22 37.25 45.0 300 ** 40/20 461/57 542/52

300 Omnivore 14.72 25.21 1.59 53.42 – – – – – –

Insectivore 8.98 19.18 1.33 40.65

Through Indval (a = 0.05), the most representative functional group of the assemblage at each distance (0, 150, and 300 m) was determined

** Represents significant values
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based on their biomass. Furthermore, combining these

results with a future study of trophic conditions and feeding

will allow greater elucidation of the magnitude of the effect

of different community members to affect trans-ecosystem

processes.

Regarding trans-ecosystem links, it is necessary to point

out that previous work has shown that even at a small scale,

mobile organisms such as arthropods (Paetzold et al. 2008)

and sessile organisms such as vascular plants can respond

notably to marine enrichment. In the Cape Horn archipel-

ago, this has been observed, for example, as a positive

relationship between the establishment of certain herba-

ceous plant species (Poa flabellata (Lam.) Raspail and

Hierochloe redolens (Hook) Macloskie) only in the areas

near penguin colonies. However, the high mobility and

plasticity of habitat use by many birds also supposes cer-

tain independence of this taxonomic group to specific local

habitat conditions, especially those generalist species like

M. chimango (Martı́nez and González 2004). Therefore, we

were somewhat surprised to find that the community

dynamics we recorded were found to be so marked with a

narrow range (300 m). At the same time, this result agrees

with a general characteristic of the archipelago: large

environmental and ecosystem variations over rather narrow

zones due to steep gradients in altitudinal and climatic

conditions (e.g., treeline is at only 600 m above sea level)

(Rozzi et al. 2006).

Implications of the marine–terrestrial link

for the conservation of sub-Antarctic birds

In the sub-polar region of southern South America, birds

have generally been studied as part of specifically terres-

trial (e.g., Anderson and Rozzi 2000; Ippi et al. 2009;

Ibarra et al. 2010) or marine habitats (e.g., Schiavini and

Yorio 1995; Raya Rey and Schiavini 2000). An exception

to this tendency were the natural history studies of Hum-

phrey et al. (1970), Venegas (1981) and Schlatter and

Riveros (1997) and bird field guides (e.g., Couve and Vidal

2000; Venegas 1994), all of which included species from

different ecosystem types. This study is the first to

explicitly undertake a systematic characterization of the

inter-ecosystem and seasonal dynamics of avifauna

between marine and terrestrial habitats. In this way, it

integrates new perspectives regarding the avian community

and its mosaic of habitats of the austral ecoregion to more

comprehensively address their community dynamics and

allow better knowledge, management, and conservation of

this crucial component of sub-Antarctic biodiversity. For

example, a relatively new invasive predator, the American

mink (Neovison vison) uses a variety of ecosystems

including coastal, forest, and freshwater environments (see

Ibarra et al. 2009b). In this senses, an integrated, multi-

ecosystem bird monitoring effort is necessary to address

the impact of this invasive species on the sub-Antarctic

avifauna.

At the local scale, our study complements long-term

research that has been carried out in the Omora sub-Ant-

arctic Bird Observatory, operating in the CHBR since 2000

to study forested ecosystems (Anderson and Rozzi 2000;

Ippi et al. 2009) and freshwater wetlands (Ibarra et al.

2009a, b, 2010). Of the 89 species that have been detected

in these previous studies (36 in forests, 56 in wetlands), the

present research added nine marine or coastal birds not

previous cataloged (P. magellanicus, H. ater, T. melan-

ophris, Cathartes aura, C. oustaletti, M. gigantean, Cal-

idris bairdi, Procellaria aequinoctalis, and Spheniscus

magellanicus). For this reason, studying the avian com-

munity of the CHBR through an inter-ecosystem perspec-

tive allowed us to incorporate more species, functional

groups and detect those that could serve as ‘‘connections’’

between different ecosystems. In this way, it is possible to

explain and communicate in a more complete way the

structure and function of sub-Antarctic biodiversity.

From the point of view regarding species and ecosystem

conservation, the seasonal stability found for coastal avian

assemblages suggests that the shoreline acts as a winter

refuge for resident aquatic birds and even some terrestrial

species. This phenomenon can be explained given that both

terrestrial and marine ecosystem diminish their productiv-

ity in winter, due to a decrease in temperature and photo-

period. However, the relatively greater stability of the

temperature at the coastline allows some intertidal algae

such as Ulva spp. to maintain part of their biomass (Ojeda

et al. in prep.), which makes it possible for large, herbiv-

orous coastal birds such as Chloephaga hybrida to feed

(Valenzuela 2002) and other coastal species take advantage

of algal accumulations on the shore (Bradley and Bradley

1993).

In this temperate archipelago, the inter-relationships

between marine, intertidal, freshwater, and terrestrial

organisms have been little studied, which means there is

little known about ecotone habitats, such as the coast, that

integrate the function of different ecosystems. This point is

very relevant considering that coastal ecosystems in the

Magallanes Region are under high demand and pressure to

be utilized principally by aquaculture, especially salmon

farming, which generates conflicts of interest between

different social sectors including local populations,

national and multinational salmon producers, conserva-

tionist and tourism companies, who are divided in the

debate between social and economic development and the

impact of development on conservation and tourism

(Diario Electrónico de la Patagonia, Radio Polar 2008).
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Relevance of long-term research and monitoring

of global ecological change

Birds in general are highly sensitive to ecological changes

in habitat loss, fragmentation, over hunting, introduced

species, and pathogens (Owens and Bennett 2000; Seker-

cioglu et al. 2004; Pimm et al. 2006). For this reason, an

intensive, seasonal study provides important information

about the patterns of bird migration and their changes. For

example, we detected that some individuals of migratory

species remain in the CHBR during winter, such as T. ae-

don and C. picta. At the same time, we confirmed that

C. modestus is resident with considerable flocks in winter,

which extends the austral range of this species as a resident

south from the Strait of Magellan at 50�S (Jaramillo et al.

2005) to the south coast of the Beagle Channel. In this way,

studying the case of individual ‘‘vagrants’’ as well as the

changes in migratory behavior of birds is especially

important given its relevance to the study of global climate

change (e.g., Wiens et al. 2009). On the other hand, the

study of birds from an inter-ecosystem perspective is useful

for baseline information (e.g., rapid assessment approach)

as well as establishing long-term ecological research plat-

forms that facilitate the integration of research with social

and decision making processes (Anderson et al. 2008).

Conclusions

The relative lack of information about the ecology of sub-

Antarctic fauna and ecosystems in southern South America

is a gap in knowledge that is being filled by the estab-

lishment of the Omora Ethnobotanical Park as a long-term

socio-ecological research site in the Cape Horn Biosphere

Reserve (Rozzi et al. 2006; Anderson et al. 2008). In this

sense, the present study is part of a priority line of research

that attempts to not only understand the birds of the

archipelago, but also the inter-relationships between this

taxonomic group and their ecosystems. As such, the dis-

covery that the connection and interactions between ter-

restrial and marine ecosystems, reflected in the seasonal

dynamics of avian assemblages, permits us to highlight the

importance of marine habitats for the maintenance of sub-

Antarctic biodiversity. This point is crucial given the

increasing pressures in the region to develop coastal zones,

including for tourism and salmon farming. At the same

time, the role of a common, but often underappreciated bird

species—the Chimango caracara—help us to better

understand the biotic mechanisms that link adjacent eco-

systems and the ecosystem role of birds in this archipelago.

Studying the extreme southern distribution of these species

furthermore helps to value the socio-ecological role of

birds (see Pizarro 2010) and determine their autoecology

outside of the traditionally studied habitats and biomes.
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Supplementary material 1.  
Checklist of birds from the north coast of Navarino Island. 

Order Family Species Habitat Seasonality 
Functional 

Group 
Accipitriformes Accipitridae Geranoaetus melanoluecus 

(Viellot. 1817) 
T R CC 

Accipiter chilensis (Viellot. 
1817)* 

T R C 

Anseriformes Anatidae Anas flavirostris Viellot. 1816 D R ? 
Anas georgica Gmelin. 1789 D R ? 
Chloephaga hybrida (Molina 
1782) 

C M H 

Chloephaga picta (Gmelin. 
1789) 

DC P H 

Chlophaga poliocefala 
Sclater. 1857 

D M H 

Lophonetta speculariodes 
(King 1828) 

DC R O 

Tachyeres patachonicus 
(King. 1831) 

DC R C 

Tachyeres pteneres (Forster. 
1844) 

C R C 

Cathartiformes Cathartidae Cathartes aura (Linneo. 
1758) 

TC R Ca 

Vultur gryphus Linneo 1758* T R Ca 
Charadriiformes Charadriidae Charadrius modestus 

Lichtenstein. 1823* 
C R* C 

Vanellus chilensis (Molina DC M C* 



Order Family Species Habitat Seasonality 
Functional 

Group 
1782) 

Haematopodidae Haematopus ater Viellot and 
Oudart. 1825 

C P C* 

Heamotopus leucopodius 
Garnot. 1826 

C P C* 

Laridae Larus dominicanus 
Lichtenstein. 1832 

C R CC 

Leucophus scoresbii Traill. 
1823 

C ?? CC 

Sterna hirundinacea Lesson. 
1831 

C ?? CC 

Scolopacidae Calidris bairdii (Coues. 1811) C M C* 
Gallinago paraguaiae (Viellot 
1816) 

T M I 

Stercorariidae Stercorarius chilensis 
Bonaparte. 1857 

C R C 

Ciconiformes Ardeidae Nictycorax nicticorax 
(Linneo. 1758) 

DC R C 

Threskiorthidae Theresticus melanopis 
(Gmelin. 1789) 

TC M C 

Coraciiformes Alcedinidae Megaceryle torcuara 
(Linneo. 1766) 

DC R P 

Falconiformes Falconidae Caracara plancus (Miller. 
1777) 

TC R CC 

Falco Sparverius Linneo. 
1758  

TC R C 



Order Family Species Habitat Seasonality 
Functional 

Group 
Milvago Chimango (Viellot 
1816) 

TC R O 

Passeriformes – 
Passeres 

Emberizidae Phrigylus patagonicus Lowe. 
1923 

T R O 

Zonotrichia capensis (Müller. 
1776) 

T M O 

Fringillidae Carduelis barbata (Molina. 
1782) 

T M G 

Hirundinidae Tachicineta meyeni (Cabanis. 
1850) 

DC M I 

Icteridae Curaeus curaeus (Molina. 
1782) 

TC R O 

Sturnella loyca (Molina. 
1782) 

T R O 

Motacillidae Anthus correndera Viellot. 
1818 

T ?? I 

Troglodytidae Cisthotorus platensis 
(Latham 1790) 

T ?? I 

Troglodytes aedon Viellot. 
1809 

T P I 

Turdidae Turdus Falklandii Quoy and 
Gaimard. 1824 

T R O 

Passeriformes – 
Tyranni 

Furnariidae Aphrastura spinicauda 
(Gmelin. 1789) 

T R I 

Cinclodes fuscus (Viellot 
1818) 

DC R C 



Order Family Species Habitat Seasonality 
Functional 

Group 
Cinclodes oustaletti Scott. 
1900 

C R C 

Cinclodes patagonicus 
(Gmelin. 1789) 

DC R C 

Pygarrychas albogularis 
(King 1831) 

T R I 

Tyrannidae Anairetes parulus (Kittlitz. 
1830) 

T R I 

Coloramphus parvirostris 
(Darwin 1839) 

T R I 

Elaenia albiceps (d´Orbigni 
and Lafresnaye. 1837) 

T M O 

Lessonia rufa (Gmelin 1789) DC M C 
Muscixacsicola maclovianus 
(Garnot. 1829) 

TC R C 

Xolmis pyrope (Kittlitz. 1830) TC R O 
Pelicaniformes Phalocrocoracidae Phalacrocorax magellanicus 

(Gmelin. 1789) 
C R P 

Phalacrocortax atriceps King 
1828 

C R P 

Phalacrocortax brasilianum 
(Gmelin. 1789) 

C R P 

Piciformes Picidae Campephilus magellanicus 
(King 1828) 

T R I 

Procellariformes Diomedeidae Thalassarche melanophris 
Temminck. 1828 

M R CC 



Order Family Species Habitat Seasonality 
Functional 

Group 
Procellariidae Macronectes giganteus 

(Gmelin. 1789) 
M R CC 

Procellaria aequinoctialis 
Linneo. 1758 

M R Ca 

Psittaciformes Psittacidae 
Enicognatus ferrugineus 
(Müller. 1776) 

T R G 

Spheniciformes Sphenicidae 
Spheniscus magellanicus 
(Forster. 1781) 

M M C 
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Supplementary material 2 
 Avian checklist for the north coast of Navarino Island (March 2008-March 2009). * denotes records made outside of transects. 

Order Family  Specie 

Fall Winter Spring Summer 

Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb 

Accipitriformes Accipitridae Geranoaetus melanoluecus (Viellot, 1817) X     *          

Accipiter chilensis (Viellot, 1817)* * *       *       * *   

Anseriformes Anatidae Anas flavirostris (Viellot, 1816) * * * *  * * * * * * * 

Anas georgica (Gmelin, 1789) * *       * * * * * * 

Chloephaga hybrida (Molina 1782) X X X X X X X X X X X X 

Chloephaga picta (Gmelin, 1789) X X X X X X X X X X X X 

Chlophaga poliocefala (Sclater, 1857)       X X X X X X X 

Lophonetta speculariodes (King 1828) X X X X X X X X X X X X 

Tachyeres patachonicus (King, 1831)  *    *   X     X X 

Tachyeres pteneres (Forster, 1844) X X X X X X X X X X X X 

Cathartiformes Cathartidae Cathartes aura (Linneo, 1758) X     X          

Vultur gryphus (Linneo 1758)* *       *               

Charadriiformes Charadriidae Charadrius modestus (Lichtenstein, 1823)* *    X  *  * X X X X 

Vanellus chilensis (Molina 1782)         X X X X X X 

Haematopodidae Haematopus ater (Viellot & Oudart, 1825) X X X X X X X X X X X X 

Heamotopus leucopodius (Garnot, 1826)     X X X X X X X X X 

Laridae Larus dominicanus (Lichtenstein, 1832) X X X X X X X X X X X X 

Leucophus scoresbii (Traill, 1823)      *   X X X X * X 

Sterna hirundinacea (Lesson, 1831) X         X X * X * 

Scolopacidae Calidris bairdii (Coues, 1811)          *   * X X 

Gallinago paraguaiae (Viellot 1816) X  X     X X * * * X 

Stercorariidae Stercorarius chilensis (Bonaparte, 1857) X         X X X X X 

               



Order Family  Specie 

Fall Winter Spring Summer 

Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb 

Ciconiformes Ardeidae Nictycorax nicticorax (Linneo, 1758) *  * *  X  * X * * X 

Threskiorthidae Theresticus melanopis (Gmelin, 1789) X           X X X X X X 

Coraciiformes Alcedinidae Megaceryle torcuara (Linneo, 1766) * *   *  * * * * * * * 

Falconiformes Falconidae Caracara plancus (Miller, 1777) X X X X X X X X X X X X 

Falco Sparverius (Linneo, 1758 )  X            X  

Milvago Chimango (Viellot 1816) X X X X X X X X X X X X 

Passeriformes – 
Passeres 

Emberizidae Phrigylus patagonicus (Lowe, 1923) X X X X X X X X X X X X 

Zonotrichia capensis (Müller, 1776) X X       X X X X X X 

Fringillidae Carduelis barbata (Molina, 1782)   X X X X X X X X X X 

Hirundinidae Tachicineta meyeni (Cabanis, 1850)          X X X X  

Icteridae Curaeus curaeus (Molina, 1782) * X X * X       *   

Sturnella loyca (Molina, 1782) X  X *    X      X 

Motacillidae Anthus correndera (Viellot, 1818) X        X X *  X  

Troglodytidae Cisthotorus platensis (Latham 1790) X X              

Troglodytes aedon (Viellot, 1809) * X X X X X X X X X X X 

Turdidae Turdus Falklandii (Quoy & Gaimard, 1824) X X X X X X X X X X X X 

Passeriformes – 
Tyranni 

Furnariidae Aphrastura spinicauda (Gmelin, 1789) X X X X X X X X X X X X 

Cinclodes fuscus (Viellot ,1818)           *  X X 

Cinclodes oustaletti (Scott, 1900)  X    *   X  X X   

Cinclodes patagonicus (Gmelin, 1789) X X X X X X X X X X X X 

Pygarrychas albogularis (King, 1831) X X    X     X  X X 

Tyrannidae Anairetes parulus (Kittlitz, 1830) X X X X X   X X X X X X 

Coloramphus parvirostris (Darwin, 1839) * X X X X   X       

Elaenia albiceps (d´Orbigni & Lafresnaye, 1837) X         X X X X X 

             



Order Family  Specie 

Fall Winter Spring Summer 

Mar Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb 

Passeriformes – 
Tyranni 

Tyrannidae Lessonia rufa (Gmelin, 1789)         X X X X X X 

Muscixacsicola maclovianus (Garnot, 1829) X X       X     X  

Xolmis pyrope (Kittlitz, 1830) X X X X X X X X X  X  

Pelicaniformes Phalocrocoracidae Phalacrocorax magellanicus (Gmelin, 1789) X X X X  X X X X X X X 

Phalacrocortax atriceps (King, 1828) X X    X X X X   X X X 

Phalacrocortax brasilianum (Gmelin, 1789) *     X X X         X   

Piciformes Picidae Campephilus magellanicus (King, 1828) * * * * X X X * X * * * 

Procellariformes Diomedeidae Thalassarche melanophris (Temminck, 1828) X              X 

Procellariidae Macronectes giganteus (Gmelin, 1789)              X X 

Procellaria aequinoctialis (Linneo, 1758)               X         

Psittaciformes Psittacidae Enicognatus ferrugineus (Müller, 1776) *   * * X   * * * * X * 

Spheniciformes Sphenicidae Spheniscus magellanicus (Forster, 1781)              X  
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