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Abstract
The South Georgia Shag Leucocarbo [atriceps] georgianus has breeding populations on the islands of South Georgia, the 
South Sandwich and South Orkney Islands. The South Orkney Islands are estimated to support ~ 18%–37% of the global 
population and South Georgia a further 37%–69%. Here, we examine changes in South Georgia Shag population size and 
productivity from Signy Island, South Orkney Islands, over a 43 year period (1978/1979 to 2020/2021) and from Bird Island, 
South Georgia, over a 32 year period (1989/1990 to 2020/2021). Analysis of total nesting pairs at Signy Island revealed an 
overall decline of 40.9% (− 1.3% per annum), with an increase during the 1980s, followed by a fluctuating decline from the 
1990s to 2020/2021. Although the two Signy Island colonies showed correlated fluctuations in numbers of nesting pairs, 
over the whole time period these colonies showed markedly different population trajectories, indicating the limitations of 
using part-island counts to infer whole island trends, particularly given the low breeding-site fidelity in this species. Nest 
occupation in the larger colony (596 nests in 1978/1979) declined by 77.2% (− 3.5% per annum) whilst the smaller colony 
(50 nests in 1978/1979) exhibited an increase of 492% (+ 3.8% per annum). A decline in occupied nests of 58.3%, (− 2.8% 
per annum), has occurred in the Bird Island population since 1989/1990. Continuation of the significant decline in breeding 
numbers revealed in this study may be of important conservation concern, particularly as this trend has been mirrored at 
another site within the South Orkneys.
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Introduction

The South Georgia Shag (Leucocarbo [atriceps] geor-
gianus) is a member of the cormorant family (Phalacroco-
racidae) and part of the blue-eyed Shag taxonomic group-
ing of cormorant populations found between 30ºS and 70ºS 
(Schrimpf et al. 2018). There is still scientific debate as to 
the taxonomic status of shag populations within this com-
plex, in particular whether or not the South Georgia Shag 
and Antarctic Shag (Leucocarbo bransfieldensis) are distinct 
species or subspecies (Kennedy and Spencer 2014). Both the 

South Georgia and Antarctic Shag are currently designated 
“Least Concern” by the International Union for Conserva-
tion of Nature (IUCN 2021). A recent population assessment 
of the Antarctic Shag, updated with census data from Ryder 
Bay, indicates that the global population is 11,684 breeding 
pairs (Schrimpf et al. 2018; Phillips et al. 2019). The overall 
population size and trend of the South Georgia Shag are 
unknown (IUCN 2021). The breeding range of the South 
Georgia Shag has previously been recognised as limited to 
the islands of the Scotia Sea, specifically South Georgia and 
its associated offshore islands, Shag Rocks and the South 
Sandwich and South Orkney Island archipelagos (Marchant 
and Higgins 1990). Studies of South Georgia Shag breeding 
populations have reported colonies made up of relatively 
small numbers of breeding pairs and/or declining trends in 
pair numbers (Croxall and Prince 1980; Casaux and Barrero-
Oro 2006; Coria et al. 2011; Lynch et al. 2016). Consider-
ing the Signy Island population to be South Georgia Shags, 
as per recent studies referencing the South Orkney Islands 
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shag population (Coria et al. 2011; Casaux and Barrera-Oro 
2016; Schrimpf et al. 2018; Phillips et al. 2019), published 
historical data suggests a world population of between 5349 
and 10,849 breeding pairs. This consists of an estimated 
~ 2000–7500 pairs at South Georgia (Croxall and Prince 
1980; Prince and Croxall 1983; Croxall et al. 1984), 365 
pairs at the South Sandwich Islands (Convey et al. 1999), 
~ 1000 pairs at Shag Rocks (Prince and Croxall 1983) and 
1984 pairs (between ~ 18% and 37% of the total popula-
tion) at the South Orkney Islands (Schrimpf et al. 2018). 
However, such values should be treated with considerable 
caution given the paucity of information regarding methods 
and timings of surveys, the lack of recent data from most 
breeding localities, the effects of intermittent breeding which 
can cause marked fluctuations in breeding numbers and the 
frequent movements of breeding birds between colonies 
(Creuwels et al. 2005; Lynch et al. 2008; Schrimpf et al. 
2018). Nevertheless, previous analyses of long-term popula-
tion data for both South Georgia and Antarctic Shags have 
suggested that breeding populations are changing across the 
West Antarctic Peninsula (WAP) and Scotia Arc, increas-
ing at some locations (Casanovas et al. 2015; Phillips et al. 
2019; Pfeifer et al. 2021) and declining at others (Lynch 
et al. 2008; Woehler et al. 2010; Coria et al. 2011; Casaux 
and Barrera-Oro 2016)

All members of the blue-eyed Shag taxonomic grouping 
feed on a variety of demersal fish and invertebrate species, 
obtained during dives as part of short foraging trips (Casaux 
and Barrero-Oro 2006). A number of studies have linked 
changes in the availability of known fish prey species to 
Antarctic and South Georgia Shag population declines at 
several locations (Casaux et al. 1997; Woehler et al. 2001; 
Casaux and Ramon 2002; Coria et al. 2011). Indeed, the 
impact of fisheries targeting specific demersal prey fish has 
been implicated in Antarctic Shag population declines at 
several sites in the South Shetland Islands (Casaux and Bar-
rero-Oro 2006; Casaux and Barrera-Oro 2016). Following a 
comprehensive review of available Antarctic Shag popula-
tion data, Schrimpf et al. (2018) suggested that there has 
been an environmentally driven spatial shift in population 
distribution across the WAP, concurrent with populations 
of sympatrically breeding pygoscelid penguins also identi-
fied as undergoing significant population changes (Hinke 
et al. 2007; Lynch et al. 2008, 2012; Trivelpiece et al. 2011; 
Lynch and LaRue 2014). Other significant penguin popula-
tion changes, similar to those taking place on the WAP, have 
also been identified across much of the known Scotia Arc 
range of the South Georgia Shag, providing strong evidence 
that they are responding to the same environmental drivers 
(Forcada et al. 2006; Forcada and Trathan 2009; Coria et al. 
2011; Dunn et al. 2016).

Here, we describe changes in South Georgia Shag popu-
lation size at Signy Island, South Orkney Islands and Bird 

Island, South Georgia and also breeding success for an 
annually monitored shag colony at Signy Island. We pre-
sent census records from two colonies which comprise 
the Signy Island population over a 43 year period since 
1978/1979, and similar census data for Bird Island over a 
32 year period since 1989/1990. We also present a 26 year 
individual colony dataset from Signy spanning the austral 
summers 1995/1996 to 2020/2021 and comprehensive total 
island population surveys during twelve seasons (1999/2000, 
2009/2010 and 2011/2012 to 2020/2021). The breeding pop-
ulations at the two Signy colonies were analysed for patterns 
of correlation between population size and productivity, and 
population variability at different time scales, to identify 
any evidence of shared environmental drivers. These data 
are compared with earlier historical Signy census data, and 
with colonies at Laurie Island, which is another location 
in the South Orkney archipelago. We evaluate variability 
and trends in these data for comparison with populations 
elsewhere.

Materials and methods

Study site and species

The study took place at Signy Island, South Orkney Islands 
(60° 42ʹ S, 45° 36ʹ W, Fig. 1a–c) and Bird Island, South 
Georgia (54° 00ʹ S, 38° 02ʹ W, Fig. 1a, d–e). The South 
Georgia Shag is a relatively long lived (~ 11 years), monog-
amous phalacrocoracid which lays two or three eggs per 
clutch with an incubation period of approximately 29 days; 
chicks fledge after approximately 65 days (Shaw 1984). The 
breeding population at Signy is limited to two colony areas: 
one at the most northerly point of the island (North Point) 
and the other, on a small offshore island less than 300 m 
in length lying off the southern coast of Signy (Shagnasty 
Island, Fig. 1c). The two colonies are separated from one 
another by an approximately 7 km straight-line distance 
across the island. However, shags rarely fly directly across 
the interior of the island, instead taking a coastal route of 
approximately 10 km between the two sites. At both loca-
tions, nests are found extending up cliff ledges and slopes 
and also on flat ground immediately adjacent to the top of 
cliffs. Shagnasty Island is only accessible at low tide, when 
it is possible to cross from Signy via a natural causeway of 
rock (a distance of approximately 50 m). At Bird Island, 
South Georgia Shags have been recorded as breeding on 
cliff ledges in 13 distinct areas, comprising of 19 separate 
sub-colonies, although numbers fluctuate considerably 
between them (Fig. 1e). All colonies are within < 2 km of 
a neighbouring breeding area and in most cases distances 
are < 1 km.
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Survey methods

At Signy, population surveys were conducted between 
1978/1979 and 2020/2021. Surveys at North Point were 
conducted in most years, whilst surveys at Shagnasty Island 
began in 1978/1979 and were annual from 2011/2012 to 
2020/2021. In combination, surveys of North Point and 
Shagnasty provide a total-island count for Signy. Surveys 

at Bird Island began in 1989/1990 and were annual from 
2016/2017 to 2020/2021. Two survey methodologies have 
been practiced on Signy: between 1978/1979 and 1988/1989 
some nests were closely inspected to determine breeding 
pairs, noting nest contents (Shaw 1986; Cobley 1992) whilst 
other nests were recorded based on observations of presence/
absence of adults (i.e. apparently occupied nests or AONs, 
defined as a pedestal nest on which an adult appeared to be 
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incubating and providing an approximation of numbers of 
breeding pairs). Both are standard census methods employed 
when surveying Antarctic Shags (Schrimpf et al. 2018; Phil-
lips et al. 2019). From 1996/1997 and 1989/1990 onwards 
at Signy and Bird islands, respectively, AONs were counted 
as a proxy for the number of breeding pairs (Creuwels et al. 
2005), since many nests were unsafe or inaccessible to 
approach closely. All survey work was carried out either 
peripherally from each colony using a tally counter or, owing 
to the complexity of the nesting terrain (cliff tops, ledges, 
gullies and slopes), from surrounding vantage points at dis-
tances of up to 30–50 m using binoculars. To provide the 
most accurate assessment of breeding pairs, surveys were 
conducted as close as possible to known peak egg laying 
dates (Creuwels et al. 2005; Dunn et al. 2015; Braun et al. 
2021). In the 2017/2018 season, multi-rotor, un-crewed aer-
ial vehicles (UAVs) were used at Signy to take aerial images 
of each colony from a height of 50 m, in addition to the same 
standard AON counting methods employed in previous sea-
sons. For full details of the UAV procedure see Dunn et al. 
(2021). At Bird Island, tally counters and binoculars were 
supplemented more recently with additional counts from 
hand-held digital camera photography. By employing a fixed 
counting method at Signy and Bird islands over successive 
seasons, consistency in data collection was maintained. A 
minimum of two experienced observers surveyed each col-
ony at least twice on the same day and surveys were repeated 
until the count totals were within 10%, to ensure consistency. 
The mean count value was used in further analyses. During 
survey work, care was always taken to keep disturbance to 
a minimum: breeding birds rarely left their nests and those 
that did always returned immediately.

At Signy, optimal survey dates were determined based 
on the known egg laying dates for this species at this 
locality (Shaw 1986; Rootes 1988) and observed phenol-
ogy each season. Following peak laying, all AONs were 
counted (between 13th November and 27th December) from 
1996/1997 to 2020/2021 at the North Point colony. Data 
were also collected, using the same method, for 11 years 
within this period at the Shagnasty Island colony. At Bird 
Island, observed colony phenology each season was also 
used to determine optimal survey dates for AONs. Since 
empty nests were rarely observed during pair counts, it was 
assumed that few pairs had failed prior to surveys: conse-
quently, no correction for earlier nest failure was made (Phil-
lips et al. 2019).

The total number of chicks present at the North Point 
colony was counted between 6th January and 6th February 
in all seasons from 1996/1997 to 2020/2021. Since the fledg-
ing period for South Georgia shags at Signy spans January 
to February (Shaw 1984), at the time of annual counting, 
all chicks were sufficiently large to no longer be brooded 
or guarded by parent birds, facilitating easy counting. No 

chick counts took place at the Shagnasty colony (owing to 
difficulty of access) and at Bird Island. Annual breeding 
productivity was calculated as chicks per AON; percentage 
breeding success was expressed as numbers of chicks per 
AON relative to the maximum number of chicks (three) that 
could be produced per nest.

Data analyses

Relationships between time series can be confounded by the 
presence of correlated trends through time. To establish if 
trends were present, linear regressions were applied to log-
transformed count data of AONs at all colonies (and total 
AONs across Signy) and North Point chicks. Since Signy 
nest-counting methodologies differed prior to 1996/1997, 
we examined North Point AONs over two timeframes; from 
1978/1979, and from 1996/1997 to 2020/2021. Residual 
values were examined in Quantile–quantile (Q–Q) plots 
and tested for normality using the Shapiro–Wilk test. Con-
sequently, log-transformed counts of AONs at all colonies 
(and total AONs across Signy) and North Point chicks were 
de-trended, using linear regression to extract residual values. 
To examine whether trends in Signy colony numbers were 
non-linear, piecewise regression analysis was conducted on 
all Signy log-transformed counts (AONs in all locations and 
North Point chick counts) and fitted using the segmented 
package in Program R (Muggeo 2003). The pseudo-score 
statistics test pscore.test was then used to test whether a 
single breakpoint was a better fit to the data than a linear 
regression (Muggeo 2016). Bird Island was not analysed in 
this way as it has a short time series.

A positive correlation in detrended values between 
Signy colonies might suggest similar environmental driv-
ers influencing breeding pair abundance at both locations. 
We therefore used Kendall’s non-parametric tau correlation 
coefficient to examine patterns of correlation between log-
transformed, detrended AON numbers at the two primary 
study sites (all years surveyed, and the most recent period 
2009/2010 to 2020/2021).

To identify patterns of periodicity in breeding pair abun-
dance at each colony, we examined patterns of autocorrela-
tion and partial autocorrelation of detrended residuals, using 
the acf and pacf functions in Program R. North Point AONs 
were analysed from 1996/1997 to 2020/2021. Since the time 
series’ from Shagnasty and Bird Island contain missing data 
prior to 2011, these data were analysed from 2011/2012 and 
2012/2013, respectively.

To test whether population changes correlate with prior 
productivity changes, for example as chicks hatched at year 
0 become old enough to breed (the main age range of first 
breeding at Signy is 3–5 years, (Cobley 1992)), we also 
examined the cross-correlation pattern between log-trans-
formed, de-trended counts of AONs and chicks within the 
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North Point colony over lag periods of t-1 to t-6 years (cor.
test in Program R, R Core Team 2016).

Results

Population trends

Numbers of AONs/breeding pairs varied considerably 
between years and overall there was a strong (492%) 
increase at North Point between 1978/1979 (50 AONs) 
and 2020/2021 (246 AONs, + 3.8% per annum, Fig.  2, 
Table 1). Over the entire time period including all histori-
cal data (1948/1949 to 2020/2021), an increase in breeding 
pairs at North Point of + 4.6% per annum was calculated 
(Online Resource 1, Dunn 2020). However, there is little 
information on historical survey effort or rigour, so any 
conclusions about longer-term population trends should be 
treated cautiously. The number of AONs recorded in the 
Shagnasty Island colony decreased by 72.7% (− 6.2% per 
annum) between 1999/2000 and 2020/2021, and declined 
by 77.2% (− 3.5% per annum) between 1978/1979 and 
2020/2021 (Fig. 2; Table 1). As with the North Point col-
ony, there was substantial inter-annual variability in the 

nest counts (Table 1). AON numbers at Bird Island, South 
Georgia, showed an overall decline of 58.3%, spanning 
32 years from 1989/1990 to 2020/2021 (− 2.8% per annum, 
Fig. 2; Table 2), from 343 to 143 pairs. In two periods there 
was a substantial decline in the population: AON numbers 
declined by 50.4% (− 14% per annum) between 1989/1990 
and 1994/1995, and by 26.3% (− 3.8% per annum) between 
2012/2013 and 2020/2021.  

Linear regressions of log-transformed AON count data 
over time were strongly significant for all Signy datasets, 
with adjusted R2 values of 0.74 for North Point (1978/1979 
onwards), 0.71 for North Point (1996/1997 onwards), 0.74 
for Shagnasty, 0.45 for North Point and Shagnasty (Signy 
island-wide), 0.47 for chicks at North Point and 0.72 for 
Bird Island AONs. Shapiro–Wilk tests did not reject a null 
hypothesis of normality for nearly all datasets, with the 
exception of the North Point AONs from 1996/1997 onwards 
(W = 0.917, p = 0.0438). Piecewise regression showed a 
good fit to all datasets with adjusted R2 values of 0.80 for 
North Point (1978/1979 onwards), 0.73 for North Point 
(1996/1997 onwards), 0.78 for North Point and Shagnasty 
(Signy island-wide), 0.46 for chicks at North Point and 0.55 
for Bird Island. However, piecewise regression was only a 
significant improvement on linear regression for the North 

Fig. 2  Trends in total number 
of South Georgia Shag breed-
ing pairs from 1978/1979–
2020/2021. Legend: a shows 
Bird Island, b shows Signy 
Island, c and d show Shagnasty 
and North Point colony trends 
(Signy Island)
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Point AON counts from 1978/1979 (observed value from 
two-sided test = 2.827, df = 30, p < 0.0080). This suggested 
North Point AONs underwent a step change in population 
trend in 1994 (standard error, SE = 4.146 years, n = 30, 
Online Resource 2).

Between 1999/2000 and 2020/2021 there was a decrease 
of 35.8% (− 2.1% per annum) in the total South Georgia 
Shag breeding population on Signy, from 595 to 382 AONs 
(Fig. 2; Table 2). Analysis of counts from North Point and 

Shagnasty colonies combined showed an overall decline in 
AONs/breeding pair numbers across Signy from 1978/1979 
to 2020/2021 of 40.9% (− 1.3% per annum, from 646 to 
382 pairs (Fig. 2; Table 2)). Log-transformed AON counts 
at North Point and Shagnasty were significantly negatively 
correlated from 1978/1979 to present (t = -4.758, df = 17, 
p = 0.0002), confirming a contrasting abundance trend, but 
no significant correlation was detected in the most recent 
period between 2009/2010 and 2020/2021 (when Shagnasty 

Table 1  South Georgia Shag population data, Signy Island, 1978/1979—2020/2021

Occupied nests at North Point and Shangnasty Island colonies. Chick numbers at North Point colony only. Note counts from 1986/1987 and 
1987/1988 taken from Cobley (1992)

Season Colony

North Point Shagnasty

Date of nest count Occupied nests Date of chick 
count

Chicks Productivity 
per pair

Date of nest count Occupied nests

1978/1979 16 Dec 50 20 Dec 596
1979/1980 01 Dec 65 24 Dec 385
1980/1981 58
1981/1982 62
1984/1985 25 Nov 39 14 Dec 441
1985/1986 15 Dec 50 26 Dec 542
1986/1987 53 638
1987/1988 72 731
1988/1989 26 Dec 58 26 Dec 622
1996/1997 13 Dec 47 22 Jan 82 1.74
1997/1998 19 Jan 49 19 Jan 73 1.48
1998/1999 23 Nov 76 15 Jan 76 1.00
1999/2000 19 Dec 96 21 Jan 88 0.91 23 Nov 499
2000/2001 13 Nov 112 25 Jan 166 1.48
2001/2002 17 Dec 116 14 Jan 189 1.62
2002/2003 28 Nov 112 14 Jan 145 1.29
2003/2004 27 Nov 65 22 Jan 112 1.72
2004/2005 25 Nov 73 14 Jan 145 1.98
2005/2006 16 Dec 98 16 Jan 167 1.70
2006/2007 01 Dec 121 25 Jan 221 1.82
2007/2008 20 Dec 129 30 Jan 230 1.78
2008/2009 14 Dec 85 12 Jan 187 2.20
2009/2010 16 Dec 98 15 Jan 70 0.71 21 Dec 104
2010/2011 06 Jan 135 06 Jan 289 2.14
2011/2012 21 Dec 193 06 Feb 309 1.60 28 Nov 278
2012/2013 27 Dec 153 17 Jan 72 0.47 04 Jan 157
2013/2014 03 Dec 146 01 Feb 109 0.74 10 Dec 155
2014/2015 22 Dec 136 12 Jan 134 0.98 24 Dec 247
2015/2016 18 Dec 242 15 Jan 149 0.61 17 Dec 275
2016/2017 20 Dec 156 15 Jan 171 1.09 21 Dec 150
2017/2018 19 Dec 152 15 Jan 250 1.644 20 Dec 129
2018/2019 17 Dec 170 14 Jan 328 1.92 18 Dec 129
2019/2020 18 Dec 274 14 Jan 428 1.56 19 Dec 151
2020/2021 18 Dec 246 16 Jan 425 1.72 20 Dec 136
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AONs were counted annually). In contrast, de-trended, log-
transformed AON counts at North Point and Shagnasty were 
not significantly correlated over all survey years, but were 
significantly positively correlated between 2009/2010 and 
2020/2021 (t = 2.880, df = 9, p = 0.0182), indicating similar 
drivers in pair numbers may have been operating at both 
sites in the last decade.

At North Point, log-transformed residual values 
(1996/1997 to 2020/2021) showed a significant, negative 
autocorrelation pattern at t + 3 (Pearson’s r = − 0.459). When 
accounting for serial autocorrelation, partial autocorrelation 
analysis revealed a significant negative correlation at t + 2 
(correlation = − 0.421, Online Resource 3). Autocorrelation 
and partial autocorrelation analysis of residuals for Sha-
gnasty (2011/2012 to 2020/2021) showed a significant nega-
tive correlation at t + 2 (correlation = − 0.683 and – 0.703, 
respectively, Online Resource 3). No significant autocorrela-
tion patterns were detected in the Bird Island data.

Breeding success

At Signy, breeding success varied substantially between 
16 and 73.3% (0.47–2.2 productivity) in the North Point 
shag colony over the period from 1996/1997 to 2020/2021, 
characterised by two distinct periods of high (> 40%, > 1.2 
chicks/AON) and low (< 25%, < 0.75 chicks/AON) 

productivity (Fig. 3; Table 1). Despite inter-annual varia-
tion, breeding productivity underwent a steep decline during 
the latter part of the 1990s and was lowest for an extended 
period between 1998/1999 and 2003/2004. In the follow-
ing years (2004/2005 to 2008/2009) breeding productivity 
recovered, followed by a second period of relatively low pro-
ductivity from 2012/2013 to 2015/2016 (Fig. 3; Table 1). No 
significant correlations were found between log-transformed 
North Point chick counts compared to AON numbers in sub-
sequent years. Detrended residuals of chick counts also did 
not show any significant autocorrelation patterns over time, 
nor any significant correlations with detrended residuals of 
North Point AONs, between years.

Discussion

Population trends

This study indicates a clear decline of ~ 36% in South 
Georgia Shag AONs at Signy Island between 1999/2000 
and 2020/2021. We also found a similar pattern at Bird 
Island, South Georgia, showing a ~ 60% decline in AONs 
over a 32 year period (1989/1990 to 2020/2021). Interest-
ingly, at Signy the decline in AONs has been confined to 
the Shagnasty colony, where numbers declined by over 70% 

Table 2  Total South Georgia 
Shag population size data at 
Signy Island, South Orkney 
Islands (1978/1979–2020/2021) 
and Bird Island, South Georgia 
(1989/1990–2020/2021)

The Signy Island values are from the North Point and Shagnasty colonies combined. Note: counts from 
1986/1987 and 1987/1988 taken from (Cobley 1992). Counts from 1989/1990 and 1994/1995 provided 
courtesy of S. Wanless and M. Harris

Signy Island Bird Island

Season Date of nest count Occupied nests Season Date of nest counts Occupied nests

1978/1979 16 Dec.–20 Dec 646 1989/1990 – 343
1979/1980 01 Dec.–24 Dec 450 1994/1995 12 Dec 170
1984/1985 25 Nov.–14 Dec 480 2012/2013 – 194
1985/1986 15 Dec.–26 Dec 592 2014/2015 03 Dec.–18 Dec 215
1986/1987 – 691 2016/2017 19 Nov.–13 Dec 153
1987/1988 – 803 2017/2018 08–09 Dec 156
1988/1989 26 Dec 680 2018/2019 30 Nov 139
1999/2000 23 Nov.–19 Dec 595 2019/2020 20–21 Dec 138
2009/2010 16 Dec.–21 Dec 202 2020/2021 29 Nov.–03 Dec 143
2011/2012 28 Nov.–21 Dec 471
2012/2013 27 Dec.–04 Jan 310
2013/2014 03–10 Dec 301
2014/2015 22–24 Dec 383
2015/2016 17–18 Dec 517
2016/2017 20–21 Dec 306
2017/2018 19–20 Dec 281
2018/2019 17–18 Dec 299
2019/2020 18–19 Dec 425
2020/2021 18–20 Dec 382
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between 1999/2000 and 2020/2021. Conversely, the initially 
smaller North Point colony experienced a 2.5-fold increase 
in AONs over the same period. Indeed, historical data (Dunn 
2020; Woehler et al. 2001) indicates an even longer period of 
population increase in shag breeding pairs at North Point of 
~ 5% per annum between 1948/1949 and 2020/2021. Com-
parison with historical data also shows the recent declin-
ing trend of the total Signy shag population over the past 
22 years extends that found in earlier studies (Shaw 1984; 
Cobley 1986; Rootes 1988; Woehler et al. 2001). These ear-
lier studies indicate a much longer declining trend between 
1978/1979 and 1998/1999 equating to an overall Signy pop-
ulation decrease of > 40%, from 646 to 382 pairs, stretching 
across a 43 year period from the late 1970s to 2020/2021. 
However, a lack of information on historical survey effort or 
rigour in some years prior to 1996 means any conclusions 
about longer-term population trends and comparisons with 
this study should be treated cautiously. These historical data 
nevertheless indicate a prolonged and substantial population 
change for the shag population at Signy, which has continued 
to the present.

Annual nest counts carried out at the North Point colony 
since 1978/1979 revealed an increase in numbers of nest-
ing pairs (Rootes 1988; Woehler et al. 2001) with a steady 

increase in population size beginning in 1994. Surveys 
of the less accessible Shagnasty colony were infrequent 
until recently, so the longer-term trend in this population 
is less well resolved. However, AON numbers in North 
Point and Shagnasty colonies fluctuated with similar regu-
larity (~ 4 year periodicity). These correlated population 
dynamics suggest that similar environmental drivers may 
be impacting both colonies. Breeding productivity at Signy 
broadly increased at the North Point colony over the period 
1996/1997 to 2019/2020, which may explain the trend of 
fluctuating yet broadly increasing pair numbers observed in 
this colony. However, the significant annual variation makes 
it difficult to distinguish a clear trajectory or to confirm natal 
recruitment as the main driver, and no temporal correlations 
between North Point AONs and chicks could be deduced in 
the data to point to direct recruitment.

The declining total number of South Georgia Shag breed-
ing pairs at Signy and fluctuating annual breeding success 
at the North Point colony is intriguing, particularly since a 
similar contrast between pair numbers and breeding success 
has also been shown in the declining populations of sympa-
trically nesting Adélie (Pygoscelis adéliae) and Chinstrap 
(Pygoscelis antarctica) Penguins at Signy over the same 
time period (Dunn et al. 2016). Human disturbance was 

Fig. 3  South Georgia Shag 
population dynamics at North 
Point, Signy Island, 1996/1997–
2020/2021. Legend: a shows 
number of pairs present, b 
shows chicks present and c 
shows breeding productivity. 
Trend lines (dashed) were fitted 
using a least-squares Loess 
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minimal at each colony, suggesting that population changes 
are likely driven by environmental factors. It may be that 
the same environmental factors influencing the decline of 
the neighbouring Adélie and Chinstrap Penguin populations 
at Signy, and more widely across the WAP and Scotia Arc 
(Woehler and Croxall 1997; Forcada et al. 2006; Lynch et al. 
2008, 2012; Forcada and Trathan 2009) may be affecting 
the South Georgia Shag population in the South Orkney 
Islands. The variable but broadly increasing numbers of 
chicks recorded from one of the two Signy colonies sug-
gests a factor other than breeding productivity to be causing 
the continuing decline in population size, at least at a local 
“colony-scale”. The lack of correlation between North Point 
chicks and adult pairs suggests chicks may not necessarily 
recruit as adults back to the same colony. Indeed, the move-
ment of breeding-age birds between the North Point and 
Shagnasty colonies over multiple seasons has previously 
been recorded, with more birds moving from North Point 
to Shagnasty Island than vice versa (Shaw 1984; Cobley 
1986), though only at a low rate of exchange (Cobley 1992). 
Nevertheless, the overall island-wide pair decline cannot be 
explained by breeding birds relocating from one Signy col-
ony to another. It is possible the population decline on Signy 
may be due to individual shags moving to breeding sites on 
other nearby islands. For example, shag colonies are known 
to exist on Southern Powell Island, Atriceps Island and the 
Inaccessible Islands, distances from Signy of approximately 
35 km, 25 km and 62 km, respectively (Harris et al. 2015).

The difference in magnitude of decline in shag AONs 
at Signy between the Shagnasty colony, the all-island sur-
vey totals and the opposing trend of the North Point colony 
shows the limitations of inferring absolute abundance, or 
even trends on a larger scale, from local-scale counts alone. 
This has an important implication for monitoring method-
ologies in general, and highlights the importance of supple-
menting regular local-scale surveys with equally rigorous 
wider-scale population censuses (Lynch et al. 2012; Tra-
than et al. 2012; Dunn et al. 2016). The limitations of the 
Signy shag survey should also be acknowledged: despite best 
efforts to carry out AON and chick surveys at the optimum 
time, some failed breeders and non-breeding birds are nev-
ertheless likely to be included in the AON counts, resulting 
in a possible population overestimate. Any chick mortalities 
following our chick surveys are not accounted for and as 
such, realised breeding success in some years may be over-
estimated. Identifying and quantifying drivers of breeding 
success is challenged by variation between study sites, mak-
ing identification of specific drivers of population change 
and how their impacts equate to actual population changes 
difficult to discern (Carlini et al. 2007; Micol and Jouventin 
2001; Trathan et al. 2015; Coetzee and Chown 2016). For 
example, whilst we did not identify any inter-annual correla-
tions between numbers of chicks and subsequent numbers 

of AONs (indicating recruitment back to the colony), if for 
example age of first breeding is variable, such recruitment 
may not have been detected with this approach. A future 
expansion of the shag monitoring programme at Signy to 
include the collection of annual survival and recruitment 
rates, as previously carried out during the 1980s, would be 
desirable to facilitate a better understanding of population 
change, productivity patterns across the whole island, and 
to allow a means of measuring emigration and immigra-
tion at the North Point and Shagnasty Island colonies (Shaw 
1984, 1986; Cobley 1986, 1992). Uncrewed aerial vehicles 
(UAVs) have recently been successfully trialled at Signy to 
collect large-scale penguin and shag population data, includ-
ing from the North Point and Shagnasty Island shag colonies 
(Dunn et al. 2021) This study found the UAV AON census 
total was shown to vary in the case of individual colonies 
between < 1% (Shagnasty Island) and 14.5% (North Point) 
from a simultaneous AON ground count of the two colonies 
(Dunn et al. 2021). Such technology offers an ideal means of 
regularly collecting productivity data from the difficult-to-
access Shagnasty Island, including individual nest survival 
data, and offers the potential of expanding future surveys to 
include shag colonies on other islands in the South Orkney 
archipelago.

Long-term population trends for South Georgia Shags 
breeding at colonies at a second study site in the South Ork-
ney Islands, Laurie Island, (approximately 50 km from Signy 
Island), indicate a similar pattern of decline to that of Signy 
Island. Between 1994/1995 and 2005/2006 the number of 
breeding pairs decreased by 48.2% (− 4.4% per annum), 
(Coria et al. 2011). More recent data from Laurie Island 
would be useful in determining whether this decline has con-
tinued to the present. Given the global importance of the 
South Orkney shag population, surveying all other known 
sites within the archipelago (Shaw 1984) should be a prior-
ity, to determine whether or not the declines at Signy and 
Laurie islands have taken place elsewhere. By using com-
parable standard survey methods, such data would provide a 
wider geographic context to understand the changes taking 
place at Signy and Laurie. The previously published figure 
of 1984 pairs of South Georgia Shags breeding in the South 
Orkney Islands (Schrimpf et al. 2018) should be updated to 
1849 pairs to take into account the most recent population 
data from Signy.

Bird Island is located approximately 860 km from the 
South Orkney Islands. As such, the declining Bird Island 
shag population identified in this study—when considered 
alongside the known declines in the South Orkney Islands—
may indicate a wider-scale reduction in the South Georgia 
Shag breeding population. Shag population declines similar 
to those identified in this study have been recorded elsewhere 
in recent decades for other members of the blue-eyed Shag 
taxonomic grouping. The Crozet Island Shag (P. [atriceps] 
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melanogenis) has declined on Marion and Edward Islands 
(Crawford et al. 2003; Crawford et al. 2014; Ryan et al. 
2003), several colonies of Antarctic Shag have declined in 
the South Shetland Islands and Antarctic Peninsula, (Casaux 
and Barrera-Oro 2016; Schrimpf et al. 2018), and the Heard 
Island Shag (P. [atriceps] nivalis) has also declined (Green 
et al. 1998). Drivers of the Bird Island decline are at pre-
sent unclear, and further comparative surveys carried out in 
shag colonies on the neighbouring island of South Georgia 
would provide a much-needed context. Wanless et al. (1995) 
suggested the Bird Island population could be particularly 
sensitive to changes in food availability owing to the pre-
dominance of deep, long-duration feeding dives made by 
individuals from this colony, significantly limiting the length 
of available daily foraging time. Emigration from Bird Island 
to other colonies on South Georgia (a distance of just a few 
km) is certainly possible. However, the current declining 
trend at Bird Island, given that South Georgia hosts between 
37% and 69% of the historically estimated world population 
of the South Georgia Shag (Convey et al. 1999; Croxall and 
Prince 1980; Schrimpf et al. 2018), nevertheless poses a 
conservation concern.

Population drivers

Decreasing abundance of demersal fish prey (Crawford et al. 
2003, 2014; Ryan et al. 2003; Casaux and Barrera-Oro 2016) 
and/or climate change (Casanovas et al. 2015; Schrimpf 
et al. 2018) have been suggested as possible causes of shag 
population declines in the Antarctic and sub-Antarctic. 
Woehler et al. (2001) previously speculated that changes 
in abundance of juvenile year-classes of fish prey species 
may be a contributing factor in shag population declines at 
Signy. Coria et al. (2011) suggested that the decline in shag 
breeding pairs at Laurie Island may be due to changes in the 
abundance of certain notothenioid fish species, based upon 
data published by Casaux and Ramon (2002). A number 
of studies have identified several demersal-benthic fish spe-
cies to be the primary prey of both the Antarctic and South 
Georgia Shag (Orta 1992; Casaux and Barrero-Oro 2006; 
Casaux and Barrera-Oro 2016; Beltran et al. 2017; Bertolin 
and Casaux 2019) and analyses of pellets from South Geor-
gia Shags nesting at Laurie Island between 1995/1996 and 
1999/2000 revealed demersal-benthic fish as the principal 
prey items, followed by molluscs and polychaetes (Casaux 
and Ramon 2002). A similar diet composition was previ-
ously reported for South Georgia Shags breeding at Signy 
and Bird Island (Shaw 1984; Wanless et al. 1992). The 
diet of demersal fish species consumed by shags, such as 
Notothenia coriiceps, has previously been shown at Signy, 
and elsewhere, to be dominated by crustacean prey such as 
amphipods and euphausiids (Coggan 1997). As such, the 
declining shag populations at Signy and Laurie islands may 

be symptomatic of reduced survival or recruitment in these 
fish, driven in turn by localised stock depletion due to shag 
predation and/or a localised decline in euphausiids, amphi-
pods and other crustacean prey. More recent diet data from 
the Signy shag population would be useful in determining 
current prey composition for comparison.

Stochastic environmental factors such as air temperature 
and snow coverage can have spatial and temporal impacts 
on seabird colonies, often at local scales (Van Franeker et al. 
2001; Southwell et al. 2010; Dunn et al. 2019). In particu-
lar, adverse climatic conditions are often identified as hav-
ing a significant negative effect on breeding seabirds (Van 
Franeker et al. 2001; Jenouvrier et al. 2003; Massom et al. 
2006; Forcada and Trathan 2009). Previous research car-
ried out at Signy from 1986 to 1987 indicated that survival 
rates of juvenile South Georgia Shags during their first year 
following fledging were negatively correlated to increased 
sea ice and low air temperatures, particularly during April 
(Cobley 1992). It was surmised that the early formation of 
sea ice around Signy and associated low temperatures was 
indicative of the arrival of winter conditions and specifi-
cally pack ice, itself likely to restrict foraging by the local 
shag population with potential adverse effects on survival, 
particularly in juveniles (Cobley 1992). Consequently, deter-
mining environmental parameters such as snow cover extent 
and duration and also air temperature, would be highly desir-
able at Signy as a future means of identifying possible rela-
tionships between seasonally adverse weather conditions and 
shag population dynamics.

Given the limited and in many cases outdated population 
size estimates currently available for South Georgia Shags 
of a maximum of ~ 10,850 pairs worldwide (Croxall and 
Prince 1980; Convey et al. 1999; Casaux and Ramon 2002; 
Coria et al. 2011) it is vitally important to gain up-to-date, 
comprehensive data on world-wide population size, to facili-
tate accurate assessment for the IUCN Red List. Consider-
ing the South Orkney Islands were previously estimated as 
home to potentially ~ 18%–37% of the world population of 
South Georgia Shags, continued declines in the Signy and 
Laurie Island shag populations, particularly if mirrored at 
other breeding sites within the South Orkneys, at Bird Island 
and elsewhere, would be of considerable conservation sig-
nificance. Continued rigorous monitoring of the Signy, Bird 
and Laurie islands breeding populations is therefore needed, 
together with comprehensive future surveys of other breed-
ing populations across the South Orkney Islands and also at 
South Georgia, Shag Rocks and the South Sandwich Islands. 
Only by continuing to collect such long-term data are we 
likely to accurately discern current and future population 
trends and the processes driving them.
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