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ABSTRACT

Monitoring programmes are essential for detecting population changes, but data series are difficult
to sustain over time. Additionally, wide-scale monitoring is needed to adequately interpret demo-
graphic behaviour given the metapopulation dynamics characteristics of most seabird species and to
understand the underlying factors, such as anthropogenic pressures and climate change. Many
cormorant species are largely dependent on coastal marine environments, which are subject to
increasing pressures from human activities. Here, we update information on the distribution and size
of Imperial Cormorant (Leucocarbo atriceps) colonies along 1,000 km of coastline in Argentina, and
review published information to assess population trends at different spatial scales over 26 years
(1990-2016). During 2016, the number of nests per colony ranged between 2 and 5,617 (median: 441
nests; n = 26). Total number of breeding pairs was estimated at 21,482. During the study period, two
new locations were colonised, whilst another two were abandoned. Significant growth rates ranged
from 1.022 to 1.117 (median: 1.036; n = 6) for increasing colonies and from 0.580 to 0.977 (median:
0.962; n = 8) for declining colonies, but the overall breeding population remained stable between
1990 and 2016 (A = 1.000, C.I. 95% = 0.991-1.008). Our study provides one of the longest time series
on seabird breeding numbers along a wide coastal sector in South America. Given the high yearly
variability in nest numbers at individual Imperial Cormorant colonies, as well as the observed
establishment and extinction of colonies, large scale and long term monitoring is necessary for
a comprehensive understanding of overall changes in the population distribution patterns.
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Introduction ecosystem health (Piatt et al. 2007; Sydeman et al. 2012).
They face different threats that may affect population
status, and the long-term monitoring of target popula-
tions is essential to assess how they respond to climate
change, anthropogenic impacts or management actions.
In addition, quantification of changes in population
numbers is valuable for the development and updating
of threatened species lists at the national and interna-
tional level (BirdLife International) and helpful for
attracting public support for actions by natural resource
managers (Sutherland 2000). While monitoring pro-
grams are implemented at both the regional and local
scales, wide-scale monitoring is needed for an adequate
interpretation of demographic behaviour (Parnell et al.
1988; Lisnizer et al. 2011; Pozzi et al. 2015).

Many cormorant species are largely dependent on
coastal marine environments (Nelson 2005), which are
subject to increasing pressures from human activities

Understanding why populations fluctuate over time and
whether these fluctuations are due to natural and/or
anthropogenic causes requires large scale monitoring.
This is particularly true for long lived species, for which
long term data series are the only way to detect changes in
abundance. The complexities increase if wide scale mon-
itoring is needed to understand the demographic beha-
viour across multiple sites. This is the case for most
seabird species, for which population dynamics can only
be understood under a metapopulation framework (Oro
2003). Breeding numbers have been widely used to moni-
tor seabird populations worldwide. Interest in monitor-
ing has grown because many seabird species have
deteriorated faster over recent decades than other com-
parable groups of birds (Croxall et al. 2012; Paleczny et al.
2015) or because seabirds are often valuable indicators of
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(Gray 1997). Having relatively small foraging ranges and
being opportunistic central place foragers, cormorants
may be important indicators of changes in coastal envir-
onments. Imperial Cormorants (Leucocarbo atriceps)
breed in South America from Cape Horn and Islas
Diego Ramirez (56°S) north to 43°S on the Atlantic
coast and 37°S on the Pacific coast, including the
Malvinas/Falkland Islands (Yorio et al. 1998; Woods and
Woods 1997; Cursach et al. 2010; Kusch and Marin 2013).
The last assessment of their distribution and abundance
along the entire Patagonian coast of Argentina was con-
ducted in the mid 1990s, and indicated a total population
size of 55,000 breeding pairs distributed in 57 colonies, of
which 37% bred along the coasts of the Chubut Province
in central Patagonia (Yorio ef al. 1998). Updated informa-
tion on the size of several colonies was later presented in
a review conducted in the mid 2000s (Frere et al. 2005).

Although the Imperial Cormorant is not currently
threatened, potential threats may result from various
human activities throughout the Patagonian coast.
Imperial Cormorants are the main source of commer-
cially harvested guano in Argentina, and although many
colonies have been subject to intermittent guano har-
vesting since the mid-19th century (Punta 1996), the
industry is not currently active despite the continuing
interest in its commercial exploitation (Secretaria de
Pesca Chubut, com. pers.). In addition, recent studies
have shown that Imperial Cormorant foraging strategies
may make individuals vulnerable to incidental mortality
in coastal trawl fisheries (Gonzalez-Zevallos and Yorio
2006; Yorio et al. 2010; Gonzélez-Zevallos et al. 2011;
Marinao and Yorio 2011). Imperial Cormorant colonies
are also wildlife-based tourism targets at some locations
in Patagonia (Yorio et al. 2001; Rosciano ef al. 2013),
and accessible colonies can be affected by human dis-
turbance resulting from unregulated visitation (Yorio
and Quintana 1996; Yorio et al. 2001). In this context,
knowledge of changes in breeding distribution and
abundance is valuable for the planning of sustainable
use and the establishment of management guidelines. In
this paper, we first present information on the distribu-
tion and size of Imperial Cormorant colonies along over
1,000 km of the coastline of Chubut Province, and then
review published information on Imperial Cormorant
colony sizes and assess population trends at different
spatial scales over 26 years, from 1990 to 2016.

Materials and methods
Distribution and size of colonies

On 4 December 2004 and 7 December 2013, we con-
ducted aerial surveys using a Cesna 182 airplane, along

the Chubut coastline where Imperial Cormorant colonies
had been reported in the past (from Punta Le6n —43°04'S,
64°29'W- to Isla Quintano —45°15'S, 66°42'W; Punta
1989; Yorio et al. 1998; Figure S1 in Supplementary
Materials). These dates corresponded to the incubation/
early chick rearing stages in the colonies. During the
surveys, each colony was photographed using digital
cameras (Pentax Asahi Mx) with a telephoto zoom lens
(Vivitar 75-205 mm. £/3.8) and Canon Power Shot SX30
Is, and the number of active nests was counted by hand
from the photographs. Flying altitude ranged between
100 and 400 m. In 2004, due to deteriorating weather
conditions, the coastline north of Islas Blancas and the
Arce and Rasa islands which are several kilometres off-
shore (Figure S1 in Supplementary Materials) could not
be surveyed. Additionally, due to logistic restrictions, two
small colonies (<170 breeding pairs) located a few kilo-
metres north of the city of Comodoro Rivadavia (45°52’S,
67°29'W) (Abril 1994) were excluded from survey counts.

In 2016 (between 9 November and 11 December),
locations were visited by truck or by boat and an
unmanned aerial vehicle (UAV; DJI Phantom3, FOV
94° 20 mm {/2.8 lens) was used to photograph colonies
(12 megapixel resolution). Visits were timed to count
nests during the late incubation period. In order to
photograph the entire colony in one frame, the UAV
was flown at an altitude that varied between 20 and 80 m
depending on the size of the colony. In all cases, we
obtained high resolution images of cormorant colonies
in which individual nests could be readily identified. In
no instance did the UAV elicit flight/disturbance
responses from breeding birds. The UAV was flown
from the periphery of the colony or from a boat when
it was not possible to land on the island or islet.
Numbers of active nests were estimated from the photo-
graphs. Due to logistic limitations, the colonies of Punta
Atlas and Punta Rasa could not be accessed in 2016.

Active nests in photographs were identified based on
their structure (conical shape with algae cemented by
guano) and the presence in the nest of one individual
(usually sitting) or two individuals (with one typically
sitting). Due to the high nesting density, with breeding
adults within pecking distance of each other
(1.8-2.1 nests/m* Punta 1989; Svagelj 2009), it is unli-
kely that non-breeders spend time within colony
boundaries. In a few cases, empty nests surrounded by
active nests were also counted under the assumption
that they had been used by breeders and abandoned in
that study season.

Imperial Cormorants breed in mixed-species colonies
with Rock Shags (Leucocarbo magellanicus) at most loca-
tions on the Chubut coast (Yorio et al. 1998; Punta et al.
2003a), in 11 of which their nests are contiguous. Nests



of the two species are not intermingled, facilitating the
discrimination of their colonies in the aerial photo-
graphs. In those cases where both colonies were contig-
uous, the identification of individuals of each species in
the contiguous sector was based on individual relative
body size and colouration and on the slope of the terrain,
considering that along the Chubut coast Imperial
Cormorant nests mainly in level terrain while Rock
Shags nests on steep slopes (Punta et al. 2003a). Species
identification was aided in some cases with field observa-
tions on the spatial distribution of nests in the mixed-
species colony and with the use of photographs of the
same colony taken from different angles.

Population changes

Nest counts to assess population trends were derived
from this study, previous studies (P. Yorio, F. Quintana
and G. Punta, unpubl. data) and published literature
(see Table 1). All data were log transformed to achieve
additivity. Trends of individual colonies and the overall
Chubut population were estimated using linear regres-
sion of the form: In(N;) =In(Ny) + rt + ¢, where
eN(0,0%). Ny,and N; refer to the abundance data of the
first and last data years surveyed, respectively. The slope
of the linear regression, r, provides an estimate of the
instantaneous rate of increase, which relates to the finite
growth trend through A = ¢’'(Caughley 1977). To eval-
uate the trend for the overall breeding population, the
sum of nest counts of colonies that were surveyed in
1990, 2013 and 2016 years (18 colonies) was used. These
colonies represented 78% of those surveyed in 1990, and
represented more than 90% of the total abundance in
that year. Trends of individual colonies were assessed
using nest counts of colonies with at least three data
points. For colonies that disappeared after being active
for several years, only the first ‘zero’ count was included
in the analysis, by adding a constant of 0.0001. All
analyses were conducted in R software version 3.5.1 (R
Development Core Team 2018).

Results
Distribution and size of colonies

The aerial survey in 2004 only allowed the assessment of
16 colonies between Islas Blancas and Isla Quintano
(Table 1; Figure S1 in Supplementary Materials). Islas
Blancas Menor Oeste showed no signs of breeding
activity. Colony sizes varied between 18 and 3,038
nests, with a median of 851 nests (n = 16). During
2013, the aerial survey photographed 25 of the 27 loca-
tions with previously recorded colonies (Table 1), while
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Isla Rasa was accessed by boat. A new colony was found
at Punta Clara, and no nests were observed at Isla Blanca
Menor Oeste and at Isla Isabel Sur. Clear photographs
could not be taken from three of the colonies, Punta
Gutiérrez, Isla Sur and Isla Vernaci Este. The number of
nests during 2013 varied between 58 and 5,102 nests,
with a median of 505.5 nests (n = 22) (Table 1). Ten of
the colonies, mostly located in Golfo San Jorge, showed
different sized sections where nests were abandoned.

During 2016, 26 locations with past records of
Imperial Cormorant breeding were visited (Table 1).
Punta Atlas and Isla Rasa could not be visited due to
logistic restrictions. In the context of another research
project, two pairs of Imperial Cormorants were
recorded nesting at Islote Notable, Peninsula Valdés
(Figure S1 in Supplementary Materials). This is the
first record of breeding Imperial Cormorants at this
location. Both nests were located a few metres from
a Rock Shag colony. No breeding activity was recorded
at Isla Blanca Menor Oeste and at Isla Isabel Sur. At nine
locations, Imperial Cormorant nests were distributed in
two to four adjacent sub-colonies. The number of nests
per colony ranged between 2 and 5,617, with a median
of 441 nests (n = 26) (Table 1). Total number of breed-
ing pairs along the Chubut coast in 2016 was estimated
at 21,482.

Population changes

The overall breeding population remained relatively
stable between 1990 and 2016 (A = 1,000, C.I. 95% = 0.-
991-1.008). Out of the 25 colonies where individual
population trends could be evaluated (with at least 3
data points), six (24%) were increasing, eight (32%) were
declining and 11 (44%) remained stable (Table 1).
Significant growth rates ranged from 1.022 to 1.117
(median = 1.036, n = 6) for increasing colonies, and
from 0.580 to 0.977 (median = 0.962, n = 18) for declin-
ing colonies (Table 1).

Discussion

This study shows that during 2016, Imperial
Cormorants bred in at least 25 locations along the
Chubut coast, totalling around 21,500 breeding pairs.
Two previously active breeding sites (Punta Atlas and
Punta Rasa) could not be accessed in 2016, and two
small colonies located near the city of Comodoro
Rivadavia were left out of the survey due to logistic
restrictions. However, numbers counted in past surveys
at each of these colonies were relatively low (between 8
and 226 nests, Abril 1994; Libenson 1997; Yorio et al.
1998; this study) so it is unlikely that missing
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0.964
(0.953-0.975)
0.981
(0.963-1)
0.973
(0.948-0.999)
0.981
(0.960-1.003)

20169
144
178
792

1,558

177
673
1,593

20139
NC

2005" 2006" 2007" 2008"

20049
283
356

1,638

3,038

2003f
274*
231*

19959 1996 1997° 1998° 1999 2002

1994¢
2,745

1993¢
375"
298"
1,630"

1991 1992

1990°
373
272

1,266

2,278

w

Isla Viana Mayor
45°11'S,66°24 W
Isla Quintano
45°15'S,66°42 W
Numbers correspond to colonies listed in Figure S1 in Supplementary Materials.

Isla Vernaci Este
45°11'5,66°29 W
Isla Vernaci Oeste
Sources: °Yorio and Harris (1997);
bG. Punta, unpubl. data;

45°11'S,66°31

references).

26
27
28
29

NC: recorded but not counted. Number of nests obtained from aerial photographs except for indicated colonies: (*) direct count on nests in the field, (#) estimates using plots (see detailed methods in corresponding

€P. Yorio and F. Quintana, unpubl. data;

fFrere et al. (2005);

“Malacalza and Bertellotti (2001);
9This study;

Table 1. (Continued).
YYorio et al. (1998);

PSvagelj (2009);
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information significantly affected the total breeding
population estimate for the Chubut Province. Results
also indicate that, despite individual colony fluctuations,
the overall number of nests along the Chubut coast
remained relatively stable over the last 26 years. In
addition, two new locations (Punta Clara and Islote
Notable) were colonised during the study period, while
another two locations were permanently abandoned
(Isla Blanca Menor Oeste and Isla Isabel). The observed
pattern of changes in colony sizes with local extinctions
and the colonisation of new locations is characteristic of
seabird metapopulations (Oro 2003).

Changes in the number of nests differed among
breeding locations, with individual colonies showing
increasing, decreasing or stable trends. These variable
growth rates did not show any clear latitudinal pattern,
although within Golfo San Jorge the northern and
southern sectors showed a higher proportion of colonies
with increasing and decreasing trends, respectively.
Some individual colonies also showed clear fluctuations
in numbers between seasons. In some cases, the high
variability found between counts may have led to the
lack of significance in their overall trends.

Population fluctuations and distributional changes in
cormorant colonies have been reported in several spe-
cies worldwide, and have been explained by changes in
food availability, habitat modifications, climate change
and/or human disturbance (Crawford et al. 2007, 2008;
Capitolo et al. 2014; Schrimpf et al. 2018; Khan et al.
2019). Factors affecting population numbers and distri-
bution in our study area are not clear. Changes in food
availability at the local level may have influenced the
observed variation in the number of breeders at some
locations, with some birds potentially skipping
a breeding season or dispersing from their natal or
regular breeding colony. These processes have been
reported for other seabirds such as penguins, guillemots
and gulls (Oro et al. 1999, 2004; Frederiksen and
Petersen 2000; Dugger et al. 2010).

Imperial Cormorants are central place foragers with
relatively restricted feeding ranges during the breeding
season (Sapoznikow and Quintana 2003; Yorio et al.
2010; Quintana et al. 2011; Harris et al. 2012), and are
thus more sensitive to local ecological changes.
Observed changes at some colonies, particularly the
abandonment of breeding locations such as Isla Blanca
Menor Oeste and Isla Isabel, may have resulted from the
movement of breeders to nearby locations. For example,
Imperial Cormorants banded as breeders at Isla Isabel in
the early 1990s were recorded breeding at the nearby
Isla Galiano in 1993 (Punta et al. 2003b). Movement of
a whole colony to nearby locations has been also
reported at other coastal sectors along the Imperial
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Cormorant breeding distributional range, i.e. the Beagle
Channel in Argentina (Schiavini and Yorio 1995) and
the Straights of Magellan in Chile (Kusch and Marin
2013).

The highest increases recorded in small colonies such
as Punta Clara (a new colony first observed in 2013),
and Isla Sur in Golfo San Jorge (the smallest colony
recorded in the 1990 aerial survey) are also consistent
with population fluctuations mediated by movement
and/or recruitment in non-natal colonies. High rates
of increase are typical for small seabird colonies where
immigration processes play an important role (i.e. in
gannets, gulls and penguins; Moss et al. 2002; Lisnizer
et al. 2014; Pozzi et al. 2015). These observations high-
light the possible role of breeding and natal dispersal in
the population dynamics in this species. Imperial
Cormorants have a great propensity to disperse during
the non-breeding season (Rasmussen 1994; Punta
2015), which likely underlies elevated levels of gene
flow and weaker population structure (Calderdn et al.
2014). Our long-term monitoring results agree with
genetic analyses that support the connectivity among
Imperial Cormorant colonies along the Patagonian
coast (Calderdn et al. 2014).

In a few cases, however, changes in abundance may
have been a consequence of extreme weather events
affecting nesting in a given season, resulting in an
underestimation of real breeding numbers. For exam-
ple, a dozen colonies located mostly in Golfo San Jorge
showed the lowest recorded number of nests in 2013,
a year when heavy storms took place during the week
previous to the aerial survey. These colonies showed
signs of being partially washed-over by large waves.
Imperial Cormorant colonies in the study area are gen-
erally located on level terrain in low lying islands (Punta
et al. 2003a), and thus large waves during storms may
wipe out the nest contents of all or part of the colony
leading to nest abandonment.

Other factors that may affect Imperial Cormorant
breeding numbers include commercial fisheries, distur-
bance from unregulated tourism and recreation, and
guano harvesting. Imperial Cormorant incidental mor-
tality has been recorded in trawl fishing fleets operating
along the Chubut coast (Gonzalez-Zevallos and Yorio
2006; Gonzalez-Zevallos et al. 2011; Marinao and Yorio
2011). Unfortunately, an assessment of the impact of by-
catch is still lacking for this species. Human disturbance
resulting from unregulated visits to nesting sites is unli-
kely a relevant factor influencing the observed changes,
as most Imperial Cormorant colonies are relatively inac-
cessible. In addition, although seabird colonies at several
locations along the Chubut coast are important tourist
attractions (Yorio et al. 2001), only Imperial Cormorant

colonies at Islas Vernaci receive a small number of
visitors which observe breeding cormorants and other
wildlife from a tour boat.

Imperial Cormorant guano has been harvested in
Argentine Patagonia since the mid-19th century
(Godoy 1963), and the industry was active until the
late 1980s (Punta 1996). Although ten of the colonies
in the study area are currently listed for potential guano
harvest (Disposicion 118/92, Province of Chubut), only
a one year permit to harvest small amounts from Isla
Cumbre has been issued in the last 25 years. Thus, it is
unlikely that guano harvesting was a factor influencing
the observed trends. Historically, harvesting of guano
may have induced significant changes in breeding dis-
tribution and abundance, as harvesting activities that
took place before changes in regulations in the early
1940s and 1990s were implemented during the cormor-
ant’s breeding season and often altered the level terrain
(Carrara 1952; Punta 1996). Limited historic informa-
tion indicates that some harvested locations had larger
colonies in the past or sub-colonies that no longer exist
(e.g. Isla Viana, Isla Galiano, Isla Tovita) or, in some
instances, were permanently abandoned (e.g. Isla
Aguilén Sur) (Punta 1989).

Information on the number of breeders before 1990
is scarce, but some data are available for a few colonies.
Nest assessments in the 1980s indicate that at Punta
Leon, the largest colony recorded in 2016, the number
of breeding pairs ranged between 2,000 and 3,000
(Malacalza 1984; Punta 1989; Yorio et al. 1994). These
numbers were similar to those recorded between the
1990s and the mid 2000s, suggesting that the colony
may have remained relatively stable during that period.
Hence, the increasing trend found in this colony may
likely reflect changes that occurred after the mid 2000s,
when the colony grew to become the largest in Chubut
Province. Punta Leén showed an increase of almost
3,000 nests, contributing the most to the relative
changes in numbers among locations. Information
from Punta Tombo, in contrast, indicate that numbers
declined before the 1990s. Boswall and Prytherch (1972)
estimated 4,486 nests in 1971 distributed in three
patches, while Malacalza (1984) estimated 2,182 and
1,770 in 1980 and 1981, respectively, distributed in two
patches. However, the colony remained relatively stable,
numbering around 500 breeding pairs, since the begin-
ning of the 1990s. Available information from Isla
Cumbre, on the other hand, indicates that the colony
had 1,163 nests in 1982 (Malacalza 1984), and 800 and
395 nests in 1986 and 1987 respectively (Punta 1989).
This colony was subject to guano harvest during the
1980s (Punta 1996). The increasing trend found after
the 1990s did not include these numbers, which given



the high variability between counts, may have resulted
in an overall stable trend. Although it could be argued
that the available information before the 1990s only
provides incomplete pieces of information, it highlights
the important role of long-term time series to properly
understand population changes. For example, the
decline in breeding numbers at Punta Tombo prior to
the beginning of the wide-scale, systematic surveys
initiated in 1990, would have gone undetected if no
additional information were available.

Information on Imperial Cormorant population
trends at other coastal sectors along its South American
breeding distributional range is incomplete, but also
suggests changes in nest numbers through time.
Breeding numbers in Santa Cruz Province (47°-51°S)
were reported to show a general decline between
30-60% from the early 1990s to mid-2000s, depending
on the colony (Frere et al. 2005). It should be noted,
however, that many of the colonies reported in Frere
et al. (2005) were not evaluated since the late 1990s.
Considering the high variability found in this study
along the Chubut coast, the lack of updated information
suggests that the reported decline in Santa Cruz Province
should be treated with some caution. In contrast,
Imperial Cormorant colonies along the Beagle Channel,
Tierra del Fuego (54°), showed significant fluctuations in
numbers and variable trends, but an overall breeding
population increase of 0.8% from 1992 to 2011 (Raya
Rey et al. 2014). Information on recent and historical
records of Imperial Cormorant breeding numbers from
the Strait of Magellan to Isla Hornos in Chile (52°-56°S)
indicate wide local fluctuations, the colonisation and
abandonment of some locations, and an overall decreas-
ing trend (Kusch and Marin 2013). Although some
information on Imperial Cormorant breeding numbers
exists for the Malvinas/Falkland Islands, there is no
available information on population trends (Woods
and Woods 1997; Catry et al. 2019).

Our study provides one of the longest time series on
seabird breeding numbers along a wide coastal sector in
South America. The dynamic patterns of distribution and
abundance found in this study clearly highlight the
importance of implementing long term monitoring pro-
grams across a wide geographical range to properly
understand population changes. Information collected
through a few hour-long aerial surveys allow the simulta-
neous assessment of all colonies, but logistic or weather
impediments may result in the lack of information on
particular colonies during a single flight. In these cases,
counts using UAVs may provide an advantage to help
complement missing information, allowing an overall
assessment of all colonies during a single breeding season.
Imperial Cormorant breeding numbers remain relatively
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constant from egg laying to early chick stage (Yorio et al.
1994; P. Yorio, pers. obs.), which provides a window of
opportunity to collect data at missing colonies during
several weeks. Given the high yearly variability in nest
numbers at individual Imperial Cormorant colonies, as
well as the observed establishment and extinction of
colonies, a comprehensive understanding of overall
changes in population distribution patterns requires an
effort to coordinate and sustain wide scale monitoring
programs, ideally along the entire Patagonian coast.
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