
Abstract The actual breeding population of the

Southern Giant Petrel from the northern Patagonian

colonies of Argentina on Isla Arce and Isla Gran

Robredo was estimated to be 2,300 pairs. The available

data sets are small, but showed a positive linear trend

at Isla Gran Robredo over the last 14 years, but no

trend was detected by a linear model at Isla Arce over

a 17-year-period. Our study suggests higher population

numbers in recent years. The close presence of

increasing penguin, elephant seal and sea lion colonies,

the low capture rates by longliners at the Patagonian

shelf and/or the extensive use of waste from an

increasing fleet of trawlers and jiggers as extra food

supply might be some of the reasons for such a popu-

lation increase.

Introduction

Southern Giant Petrel (Macronectes giganteus) is con-

sidered a ‘‘vulnerable’’ species (IUCN 2004). Total

world population has been estimated to be 31,360

pairs, and current information indicates a decline of

over 17% with respect to that reported by Hunter

(1985) (Patterson et al. 2006). Although general trends

show a decline in total breeding population, some

colonies have decreased as well as others have in-

creased over the last decades (Patterson et al. 2006). In

the southwest Atlantic, for example, a clear increase

has been recently reported for colonies in the Malvinas

(Falkland) Islands (Huin and Reid 2005). In general,

population declines have been attributed to the effects

of habitat devastation, human disturbance, introduced

predators and fisheries (Rounsevell and Brothers 1984;

Jouventin and Weimerskirch 1991; Croxall 1997;

Woehler et al. 2003; Brooke 2004; Patterson et al.

2006).

Southern Giant Petrels breed at several sub Antarctic

islands, Antarctic Peninsula, southern Chile, Malvinas

(Falkland) Islands and Patagonia, Argentina (Harrison

1983; Carboneras 1992; Brooke 2004). In Patagonia,

Argentina, Southern Giant Petrels breed at four sites,

with an estimated 2,300 breeding pairs in 1995 (Yorio

et al. 1999). The northern colonies are located in Golfo

San Jorge, found on two Islands separated by 47 km:

Isla Arce (45�00¢S, 65�29¢W) and Isla Gran Robredo

(45�08¢S, 66�03¢W). Southern Giant Petrels in northern

Patagonia lay in late October, chicks hatch in late

December and fledge between early March and early

April (Punta and Saravia 1991; Quintana et al. 2005).

Little information is available on the interannual vari-

ability in colony size and population trends. As

reported by Patterson et al. (2006), current published

information on giant petrel population trends is based

on few counts at most breeding locations, and both

breeding population updates and the development of

monitoring programs are urgently needed. Moreover,

the recent agreement for the conservation of albatross

and petrels (ACAP) encourages the research on pop-

ulation trends of listed threatened species.
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In this paper, we report on breeding population

counts of Southern Giant Petrels from Isla Arce and

Isla Gran Robredo at Golfo San Jorge, Chubut to

evaluate population trends. Furthermore, we present

data on the breeding performance during several

breeding seasons.

Materials and methods

Census

We conducted aerial surveys of both colonies during

November 1995–1997 and only the colony of Isla Gran

Robredo in 2004. In addition, we visited Isla Arce to

make ground counts of breeding pairs during 2001,

2002 and 2004 (see Table 1 for survey dates). Breeding

seasons are named for the year during which the eggs

were laid (i.e. 2004 breeding season started in October

2004 and lasted until May 2005).

To conduct aerial surveys, we used a two-engined

aircraft (CASA 212) during counts in 1995 and 1996, a

Puma SA-330L helicopter in 1997, and a Cessna air-

craft in 2004. We flew at an altitude of 100–300 m and

photographed each colony using 35 mm cameras with

75–205 and 28–105 mm lenses. We estimated colony

sizes by counts from the photographs, considering as an

Apparently Occupied Nest (following Creuwels et al.

2005), any bird sitting within the colony limits. We also

conducted ground counts of the Active Nests (number

of nests certainly containing an egg, following Creuwels

et al. 2005) (see Census techniques) at Isla Arce from

one vantage point (from where all adults sitting within

the colony could be seen) located at 30 m from the

colony, by using binoculars 8·20.

Population trends

Population trend analysis included our own data since

the 1995 breeding season, supplemented with infor-

mation from two previous published counts (Isla Arce

during 1987, Punta 1989, and Isla Gran Robredo for

1990, Yorio and Harris 1997; see Table 1). To analyse

and detect statistically significant trends in the data, we

followed methods by Woehler et al. (2001) and

Creuwels et al. (2005).

Census techniques and potential error source

Preliminary observations have shown that a certain

proportion of non-incubating birds may spend time

sitting within the colony limits without actually having

a nest site (Apparently Occupied Nests, sensu Creuwels

et al. 2005, F. Quintana and S. Copello, personal

observation). To determine the proportion of non-

incubating birds registered during the aerial counts, we

Table 1 Number of Southern Giant Petrel breeding pairs, chicks and estimated breeding performance at Isla Arce and Isla Gran
Robredo, Chubut, Argentina

Season Breeding
pairs

Method Date Number of
chicks

Date Method Breeding
performance (%)

Source

Isla Arce
1982 75–100a Ground Jan 13 Humphrey and

Livesey (1983)
1987 150 Ground Nov 11 Punta (1989)
1995 487 Aerial Nov 13 326 Mar 5 Aerial 66.9 This study
1996 475 Aerial Nov 8 258 Feb 21 Aerial 54.3 This study
1997 500 Aerial Nov 4 469 Apr 8 Aerial 93.8 This study
2001 380 Ground Dec 2 283 Mar 17 Ground 74.5 This study
2002 340 Ground Nov 4 296 Mar 21 Ground 87.1 This study
2003 304 Mar 22 Ground This study
2004 448 Ground Dec 1 443 Mar 29 Ground 98.9 This study

Isla Gran Robredo
1988 450a Ground Feb 8 Punta and

Saravia (1991)
1990 1,078 Aerial Nov 26 Yorio and

Harris (1997)
1995 1,644 Aerial Nov 13 1,050 Mar 5 Aerial 63.9 This study
1996 1,676 Aerial Nov 8 1,308 Feb 21 Aerial 78.0 This study
1997 1,792 Aerial Nov 4 1,637 Apr 8 Aerial 91.3 This study
2003 778 Mar 25 Ground This study
2004 1,883 Aerial Dec 4 1,211 Mar 30 Ground 64.3 This study

aCounts not included in trend analyses (see text)
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gathered additional information at Isla Arce on 1

December 2004 and Isla Gran Robredo on 2 December

2004. From a vantage point (at a distance from the

colony periphery to avoid disturbance to the birds), we

took digital photographs of three randomly chosen

sectors at each of the colonies. Immediately after

taking the picture, one of us slowly approached the

nests within the photographed sector. We assumed that

birds that have no nest leave the area due to distur-

bance. We took a second picture of only the birds that

were actually incubating (Active Nests of the ground

counts, see above). We repeated the procedure in the

same three sectors of the colonies at intervals of 2 h.

At Isla Gran Robredo, five times (from 1000 to 1800 h)

and at Isla Arce two times (1700 and 1900 h). We

counted birds in each of the photographs, and we

averaged numbers from the three sectors within each

set of photographs.

Breeding performance

We estimated the breeding performance in both colo-

nies counting sitting birds during incubation and chicks

during the chick—rearing period (Isla Arce: during six

breeding seasons and Isla Gran Robredo: during three

breeding seasons; Table 1). Between 1995 and 1997, we

conducted aerial surveys from late February to early

April, using a CASA 212 aircraft and counting the

number of chicks on the nests from aerial photographs.

During this period, chicks can be easily recognized by

their conspicuous dark plumage. In addition, they

usually remain alone in their nests and less than 3% of

the adults are usually seen attending the colony at this

stage between approximately 1000 and 1600 h (F.

Quintana and S. Copello, personal observation). Since

the 2001 breeding season, we also counted the number

of chicks present in the colonies through ground sur-

veys made by three observers walking the whole col-

ony area (see Table 1 for detail of years and colonies

surveyed). We used log-likehood test (G-statistics) and

v2 to compare the breeding performance between

seasons and colonies.

Results

Colony sizes and trends

Aerial and ground surveys showed that Southern Giant

Petrels bred at both islands during the sampled sea-

sons. Colonies at both islands were located in open

rocky substrate on the northern sector of Isla Arce and

on the western sector of Isla Gran Robredo. The last

count (2004) indicated a Southern Giant Petrel

breeding population at northern Patagonia (both is-

lands) of approximately 2,300 pairs, with more than

80% of pairs breeding at Isla Gran Robredo. No white

morph birds were seen nesting on the islands.

Data sets spanning over 17 and 14 years were

available for Isla Arce and Isla Gran Robredo,

respectively. Population estimates on Isla Arce varied

between 150 and 500 pairs and on Isla Gran Robredo

between 1,078 and 1,883 (Table 1, Fig. 1).

Fig. 1 Plots of breeding
population (pairs) and trends
fitted by linear models to both
northern Patagonian colonies
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On Isla Arce there was no linear trend between 1987

and 2004, based on seven counts (VE = 22.9%,

P = 0.2). On Isla Gran Robredo, we found a significant

increase between 1990 and 2004, based on five counts

(VE = 68.7%, P = 0.01) (Fig. 1). A significant increase

for the Gran Robredo colony was observed even when

removing the 1990 count (P = 0.003).

Census techniques and potential error source

The percentage of non-incubating birds within the

study area varied depending on the time of day,

between 7 and 9.6% (1800 and 1400 h, respectively) at

Isla Gran Robredo, and between 5.6 and 10.3% (1900

and 1700 h, respectively) at Isla Arce. On average,

numbers obtained from the first photograph (undis-

turbed condition) were 8.7 ± 4.2% (n = 5) larger than

the second (disturbed condition) at Isla Gran Robredo,

and 8.0 ± 10.0% (n = 2) larger at Isla Arce.

Breeding performance

In both colonies, the breeding performance was vari-

able and significant differences were found between

seasons (G = 53.7 for Isla Arce and G = 68.4 for Isla

Gran Robredo, both P < 0.001). The percent of nests

with chicks during late season counts (late February

to early April) varied between 54.3 and 98.9% at

Isla Arce and between 63.9 and 91.7% at Isla Gran

Robredo (Table 1). Difference in breeding perfor-

mance between colonies were found during the 1996

(v2 = 17.9) and 2004 (v2 = 31.0) seasons (both

P < 0.001), being 23.7% higher at Isla Gran Robredo

in 1996 and 34.6 higher at Isla Arce in 2004 (Table 1).

Such differences still persist when the aerial counts

were corrected to ground counts according to an

average estimated error for this colony.

Discussion

Colony sizes and population trend

The colonies in northern Patagonia (with 2,300

breeding pairs in 2004) represent over 80% of the total

breeding population of Southern Giant Petrels in

Patagonia. Only two other Southern Giant Petrel

breeding sites have been reported in Argentina, both

of them located in Isla de los Estados, Tierra del

Fuego (Schiavini et al. 1999). The number of breeding

pairs were estimated at 500 and less than 30 in Isla

Observatorio and Penı́nsula López, respectively

(Quintana et al. 2005).

Previous records of colony sizes in northern Pata-

gonia are scarce. Southern Giant Petrels were first re-

ported breeding at Isla Arce in 1982 (Humphrey and

Livesey 1983). They estimated between 75 and 100

nests based on ground counts during chick stage.

Humphrey and Livesey (1983) also mentioned the

existence of a Southern Giant Petrel colony at Isla

Gran Robredo, although they did not visit it. The first

published record of the Isla Gran Robredo colony is

from 1988 (Punta and Saravia 1991). This colony was

visited on February 8, and the number of nests, mostly

with chicks, was estimated through ground counts at

450 ± 50. The last estimated numbers of breeding pairs

obtained at both islands in 2004 were 190 and 75%

larger than those estimated using the same census

methodology in 1987 (Punta 1989) and 1990 (Yorio

and Harris 1997) at Isla Arce and Isla Gran Robredo,

respectively. These counts and those reported in the

literature (see above) seem to give a clear evidence of

increase in the size of both colonies. Previous counts

reported by Humphrey and Livesey (1983) and Punta

and Saravia (1991) were made during the chick stage,

underestimating the total breeding population due to

nest losses. Despite different census methods and

different timing of the census, the large differences

between these early counts and our results suggest that

the breeding population of northern Patagonia has

increased during the last 17 years. However, given that

significant interannual variation in the number of

breeding individuals has been reported for this species

(Hunter 1984; Voisin 1988; Woehler et al. 2003; this

study), care must be taken when interpreting census

results to determine the real magnitude of population

changes and the definition of population trends.

Finally, the two trend analysis made for the colony

at Isla Gran Robredo (with and without counts before

1994) showed a linear increase, but no linear trend was

detected for the one at Isla Arce (trend did not change

when the four ground counts were corrected to aerial

counts). However, in both colonies we found a higher

number of breeding Southern Giant Petrels after 1995.

More counts over a longer time period are needed to

infer real population trends. We are aware that our

analysis derived from a relatively small series of counts

should be considered with caution.

Census techniques and potential error source

Monitoring of breeding Southern Giant Petrels requires

the standardization of census methods, considering

both the timing and counting techniques, in order to

correctly interpret long-term population trends

(Creuwels et al. 2005). Aerial photographs proved to
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be adequate for colony size estimations in our study

area. Counts of Apparently Occupied Nests (sitting

adults) (see Creuwels et al. 2005) from aerial photo-

graphs may include adult birds which are loafing within

the colony limits. Our data shows that this count may

overestimate the number of nests that really contain an

egg (Active Nests, following Creuwels et al. 2005) by

less than 10%, which is an acceptable error for

the purposes of long-term monitoring. Differences

between aerial and ground counts of less than 10%

were also found in surveys of Southern Giant Petrels in

the Malvinas (Falkland) Islands (Huin and Reid 2005).

Creuwels et al. (2005) found that counts of Apparently

Occupied Nests estimate the number of Active Nests

with ca 10%. However, even though aerial surveys are

a convenient method for monitoring colony sizes due

to the difficulties of accessing the islands by boat,

future census work should consider applying a correc-

tion factor to compensate for the presence of non or

failed breeding individuals within the colony limits at

the time of the census.

Breeding performance

During March counts, most Southern Giant Petrel

chicks were older than 2 months, an age after which

mortality has been considered to be minimal in the

study area (Quintana et al. 2005) and at sub Antarctic

breeding sites (Hunter 1984). Therefore, chick counts

during this period may be good indicators of overall

breeding performance. The proportion of successful

nest at this time of the season in both colonies ranged

between 54 and 99%. These figures are similar to those

reported for the breeding performance of Southern

Giant Petrels at sub Antarctic islands (Warham 1962;

Conroy 1972; Voisin 1988) except for the 1997 and

2004 breeding seasons at both colonies and Isla Arce,

respectively, when the proportion of surviving chicks

was very high. As we counted after the beginning of

the egg-laying period, we missed the early egg-losses,

which can be considerable in fulmarine petrels (War-

ham 1990). Therefore we cannot calculate the overall

breeding success, based on the number of chicks

fledged out of all eggs laid. Due to differences in the

timing and methods of censuses, published values for

the breeding performance are difficult to compare.

Although our breeding performance seems to be high,

they are not very different from the values from South

Georgia (Hunter 1984), Frazier Islands (Creuwels et al.

2005) and Malvinas/Falklands (Reid and Huin 2005),

but probably higher than Marion Island (Cooper et al.

2001).

The northern Patagonian population

in the Patagonian shelf

Our results suggest that the populations of Southern

Giant Petrels in northern Patagonia, Argentina, have

increased or reached, at least, higher stable levels.

Similarly, the Malvinas (Falkland) Islands population

has shown a much larger population than the previ-

ously estimated (Reid and Huin 2005). These two

southwest Atlantic population of the Southern Giant

Petrel inhabit the large Patagonian shelf, a highly

productive ocean ecosystems in the southern hemi-

sphere (Brandini et al. 2000; Croxall and Wood 2002;

Acha et al. 2004).

Even though Southern Giant Petrel mortality due to

fisheries has been noted in the Patagonian shelf waters,

the capture rates are too low to significantly affect their

population status (Sullivan and Reid 2002; Favero et al.

2003; Sullivan and Reid 2003, 2004). Despite the low

fisheries-related mortality, trawlers are an important

source of food for Southern Giant Petrels through the

extensive use of fishery waste (Copello and Quintana

2003). On the Patagonian shelf, Argentine fisheries

(trawlers and jiggers) have increased to 60% in the last

decade (SAGPyA 2005) and flocks of up to 500

Southern Giant Petrels (T. Reid, personal observation)

frequently occur around trawlers (see also Yorio and

Caille 1999; González Zevallos and Yorio 2006).

The Southern Giant Petrel is an opportunistic scav-

enger (Hunter 1983, 1985; Brooke 2004) and the

availability of penguin and pinniped carcasses might be

another reason for higher numbers. The northern Pat-

agonian Southern Giant Petrels breed in proximity of

large colonies of these species. Even though Magellanic

Penguin, Spheniscus magellanicus, colonies and South

American Sea Lion, Otaria flavescens, rookeries occur

all along the Patagonian coast, the highest abundances

are concentrated at the San Jorge Gulf and its vicinities

to less than 100 km from the Southern Giant Petrel

colonies (S. Copello and F. Quintana, unpublished

data). Satellite tracking studies of Southern Giant

Petrels breeding at Isla Arce and Isla Gran Robredo

revealed frequent visits to nearby large colonies of

penguin and sea lion (F. Quintana and S. Copello,

unpublished data). These species show different popu-

lation trends, and while South American Sea Lions have

shown a population recovery in the last decades (Reyes

et al. 1999; Dans et al. 2004), Magellanic penguin

numbers have increased or declined depending on the

colony considered (Schiavini et al. 2005). Both species

constitute important prey items in the diet of adult birds

from both islands during the chick rearing period (88

and 42% of dietary occurrence for penguins and sea
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lions, respectively) (Quintana et al. 2005; S. Copello

and F. Quintana, unpublished data).

Both northern Patagonian colonies could also ben-

efit by the relatively low human disturbance at their

breeding sites. However, despite their importance to

the overall Patagonian population, these colonies cur-

rently lack any legal protection. Particular attention

should be paid to visiting regulations of the islands,

given the high sensitivity of breeding Giant Petrels to

human disturbance (Warham 1990; Woehler et al.

2003; Brooke 2004; Patterson et al. 2006) and the

increasing interest in visiting wildlife areas by cruise

vessels (Yorio et al. 2001).
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