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Abstract

As part of a multi-year study of top predators in Antarctica, we conducted a seabird ship-
based survey on board Almirante Irizar icebreaker in the Weddell Sea to the Filchner Ice
Shelf in the austral summer 2020. We carried out 10-minute counts along 1843 km
during 125 hours of observation. We analyzed the species distributions and the
relationships with the ice cover. We registered 15 species of which four represented
more than 85% of the total abundance: Antarctic petrel Thalassoica antarctica (43.9%),
snow petrel Pagodroma nivea (16.3%), Arctic tern Sterna paradisaea (15.2%) and
emperor penguin Aptenodytes forsteri (10.1%). Species distribution and its relationship
with ice cover were analyzed statistically. The ice cover concentration was estimated by
using satellite images. We compared our results with the first ship-based bird survey
conducted up to the Filchner Ice Shelf in the austral summer 1955/56 to analyze possible
changes in the bird community over time. Out of 13 recorded species in the 1955/56
cruise, 11 were present in this study with similar abundance proportions. In both cruises,
the bird community consisted of a group of non-numerous species associated with ice-
free waters and another group of very numerous species associated with high
concentrations on ice cover. The similarities between the two cruises, spaced 65 years
apart, suggest a temporal persistence of the bird community of the central and the
southern Weddell Sea that could be explained by the dynamics of the ice cover and the
presence of reproductive colonies within the study site. The current environmental
warming is alarming in this bird community because more than 85% of all its individuals
belong to four species strongly dependent on ice cover.
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Introduction

The Weddell Sea is an extensive oce-
anic region totally covered with ice in
austral winter and partially in austral sum-
mer. The ice cover drifts along with the
winds and currents to the north, alternating
between ice-covered areas and free ones
(Ainley et al. 2003). In summer, both sea
ice and icebergs offer a refuge to com-
munities of zooplanktonic organisms that
support all of the remaining trophic levels
(Ferreyra and Schloss 1993, Moore and
Abbott 2002, Kahru et al. 2007, Rogers et
al. 2020). To conduct studies south of the
Weddel sea is associated with logistical
difficulties because of climatic variability
and the sea ice dynamics. These factors are
the reasons for many gaps in the knowl-
edge about fauna of top predators (Teschke
et al. 2021). In 1955, when Argentina es-
tablished its first scientific station on the
Filchner Ice Shelf (Belgrano Station, 77°
47" S, 38° 15" W), Novatti (1962) carried
out observations of pelagic birds in the
Weddell Sea aboard the San Martin ice-
breaker. Although there were already some
previous reports of the area's avifauna, this
was the first study done in the Filchner
Ice Shelf. Some subsequent studies on the
megafauna of the Weddell Sea have been
limited to its northernmost area (Zink 1978,

Material and Methods

Study area

The Weddell Sea represents the south-
erly part of the Atlantic Sector of the
Southern Ocean. It is bordered to the west
by the Antarctic Peninsula, to the north by
Clarence Island (South Shetland Island),

Seabird observations
Seabird surveys were conducted during

two cruises, one North-South (NS) towards
Belgrano II Station (on Nunatak Bertrab,
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Thurston 1982, Joiris 1991, Plotz et al.
1991, van Franeker 1992, 1996, among
others), while the other studies focused on
the ice shelves in their southernmost points
(Novatti 1960, Cline et al. 1969, Schnep-
penheim 1981, Orgeira and Recabarren
1993, Orgeira 1998, 2000).

Like the rest of Antarctica, the Weddell
Sea is under the influence of ongoing en-
vironmental changes which cause the col-
lapse of glaciers and ice shelves, impact-
ing on pelagic ecosystems (Smith et al.
2007, Daae et al. 2020). Moreover, the
Weddell’s ice field has a considerable an-
nual and interannual variability. Although
the largest summer ice decrease has been
between 2015 and 2017, there are persis-
tent negative anomalies in the sea ice ex-
tension and concentration (Turner et al.
2020). In this changing scenario, we con-
ducted a ship-based seabird survey to the
Filchner Ice Shelf in summer 2020. Taking
into account that the Novatti cruise (1960)
was carried out 65 years ago, our objective
is to compare both cruises, summer sea-
sons 1955/56 and 2020, in terms of species
composition, number of species and abun-
dances to evaluate possible changes in time
in the central and the southern Weddell
Sea bird community.

the South Orkney Islands and the South
Thule Islands, to the east by the Land of
Coats and to the south by the Filchner and
Brunt Ice Shelf.

Filchner Ice Shelf, 77°52' S and 34°37' W),
from 23 to 26 January, 2020) and the other
back from the Filchner Ice Shelf from



WEDDELL SEA BIRDLIFE

29 January to 2 February, South-North the beginning of each count. Sampling ef-
(SN) transect (Fig. 1). Bird data were ob- forts were restricted to times when sea
tained from opportunistic observations on- conditions ranged from zero to seven on
board icebreaker Almirante Irizar (Argen- the Beaufort scale. The species were ob-
tine Navy-Direccion Nacional del Antar- served with naked eyes and then identified
tico) by three observers. Only the counts at the lowest possible taxonomic level
made when the ships were moving at least using Nikon Aculon 16 x 50 binoculars. If
>5 knots per hour were included. We made identification at the species level was not
observations during the entire period of possible, they were recorded as “uniden-
sunlight (24 running hours) from the ship's tified species”. Photographs were taken
bridge (15 m above sea level) and from the with a digital camera Sony DSC-HX300
external ailerons using the 10 minutes bird equipped with a 60x zoom lens to assist in
counting method (Tasker et al. 1984). All the identification of species through com-
birds flying or resting on ice observed parisons with catalogues (Shirihai 2009,
within a 180° visual field from the ship's Orgeira 2014) and personal photograph
sides and bow at a far ~500 m were re- files.

corded. Follower birds were recorded at
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Fig. 1. Study site. Lines represent the ship cruises. Dotted lines are N-S transects; solid lines are
S-N transects.

Ice cover estimation
The ice cover, expressed as a percent- mented with satellite images analysis. The

age of area, was calculated in situ by observers' estimation was obtained in each
observers' visual estimation and supple- 10 minutes count by calculating the per-
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centage of ice present within the 180° vi-
sual field and was validated with the in-
formation from the satellite images.

The remote sensing estimation was car-
ried out throughout the ship's track using
13 free access satellite images, with a time
difference less than 36 hours after the
ship's route. Seven of the images corre-
spond to the MODIS sensor provided by
Global Imagery Browse Services ([1]).
The visible spectral region was used with
spatial resolution of 250 x 500 m. Due to
the cloud cover along the ship's course, the
other six images used in the estimation of
ice area were from the Synthetic Aperture
Radar ([1]) Sentinel-1, C-band radar oper-
ating in the spectral region of microwave

Data analysis

According to the abundances and fre-
quencies of occurrence, the bird species
were grouped into primary species and
secondary species (Cline et al. 1969). Pri-
mary species included numerically domi-
nant species, more frequently sighted and
associated with high ice cover. Secondary
species were less numerous, less frequent-
ly sighted and associated with variable
percentages of ice cover. To evaluate the
relationships between species we applied
a non-metric multidimensional scaling
(NMDS) analysis (Delaney et al. 2000),
ordering the data based on the abundance
values. From the R software ([3] - R Core
Team 2019) and following the script by
Borcard et al. (2018), we made a loga-
rithmic transformation of the data using
the ‘decostand’ function and applied the
‘metaMDS’ function with altGower dis-
tance to give greater weight to the abun-
dance values.

Our observations were compared with
Novatti's cruise (1962) who conducted
the first cruise devoted to the study of
the avifauna in the Weddell Sea to the
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(central frequency 5.405 GHz) with 50 m
resolution, downloaded from Copernicus
Open Access Hub. The Region of Interest
(ROI) for the calculation of the ice cover
was an area of 100 km® located every
10 km along the ship's course, resulting
in a total of 280 samples. For the digiti-
zation and recognition of sea ice, an un-
supervised classification was carried out
with the k-means method, using the semi-
automatic classification plugin (Congedo
2020) in the QGIS software ([2] - QGIS
Development Team, 2020). The ice cover
was determined from the number of pixels
of sea ice and icebergs in relation to the
rest of the classes in each ROL.

Filchner Ice Shelf, from December 1955 to
January 1956. Novatti (1962) carried out
his observations from the bridge (10 masl)
and crow's nest (~13 masl) onboard San
Martin icebreaker (Argentine Navy), total-
ling 24 counts. In his study, he did not
mention the observation periods of each
counting. In those countings, species com-
position, richness and species abundances
were recorded "during daylight mostly and
sometimes during the night". Large aggre-
gations of individuals or hot spots were
not estimated numerically but reported as
“several hundreds individuals”. Data such
as percentages of ice cover were omitted,
so it is not possible to statistically test all
of the data between both cruises. Despite
methodological omissions, Novatti's (1962)
records were detailed enough to allow com-
parisons of richness, species composition
and, where possible, abundances. All tran-
sects (1955/56 and 2020) started and end-
ed at 64° S except for our N-S transect
(23 - 26 January, 2020), which started at
68° S due to bad weather conditions.



Results

During the 2020 cruises, a total of 1891
birds belonging to 15 species were record-
ed along approximately 1843 km, 373 ten-
minute counts and 125 hours of observa-
tion were done (Table 1, Fig. 1). Four of
the 15 registered species accumulated more
than 85% of the total abundance: Antarc-
tic petrel Thalassoica antarctica (43.9%),
snow petrel Pagodroma nivea (16.3%),
Arctic tern Sterna paradisaea (15.2%)
and emperor penguin Aptenodytes forsteri
(10.1%, Fig. 2). The highest abundances of
all these primary species occurred south of
72°S, coinciding with the highest percent-
ages of ice cover (1 = 0.01, p-value <0.05,
Fig. 3). Regarding the secondary species,
some were recorded south of their habitu-
ally reported distributions, such as light-
mantled sooty albatross Phoebetria palpe-
brata, two flocks with a total of 26 indi-
viduals sighted at 69° 30' S, 21° 53' W
(NS transect, Fig. 4), white-chinned petrel
Procellaria aequinoctialis, three individu-
als at 66° 32' S, 37° 44' W and blue pet-
rel Halobaena caerulea, two individuals at
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68°93'S, 20°32' W. In addition, 26 South-
ern giant petrels (Macronectes giganteus)
were recorded south of 75°S, ~ 20 nauti-
cal miles from the Filchner Ice Shelf. The
two dimensions of the NMDS represented
the variation in the data (Stress = 0.190),
showing seven species associated with low
latitudes (secondary species) and four as-
sociated with high latitudes (primary spe-
cies, Fig. 5). Regarding the ice coverage,
its estimation by remote sensors showed a
precision with the k-means method of
0.93 in the N-S transect and 0.86 in the
S-N transect. In his cruise from 64° S to
the Filchner Ice Shelf, Novatti (1962) de-
scribed a community of 13 species, 11 of
which were also present in our study. Four
of these 11 species (Antarctic petrel, em-
peror penguin, snow petrel and Pygoscelis
adeliae) were primary species since they
represented more than 90% of the total
abundance. The most numerous species
was Antarctic petrel, with at least 50% of
the total.
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Fig. 2. Comparison between the relative abundances of all the species recorded in 1955/56 by
Novatti (1962) and our study (2020). The values of emperor penguin, Antarctic petrel and Ant-
arctic tern for 1955/56 are higher than those expressed (see Table 1). The grey boxes indicate the
primary species’ cumulative abundance percentages.
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Transect N-S  Transect S-N  Transect N-S  Transect S-N
(23 t0 26 Jan. (29 Jan. to (22 Dec. 1955 (7to 13
2020) 2 Feb. 2020) to 4 Jan. 1956;  Jan. 1956;
Novatti 1962) Novatti 1962)

Number of counts 171 202 - -
Richness 11 12 9 10
Abundance 1161 730 ~856 ~114
Surveyed distance 845 998 - -
Ice cover (in situ

estimated, %) 24.4 17.4 - -
Ice cover (satellite

estimated, %) 23 15.5 - -
Air temperature (°C) -0.66 -0 - -
Primary species:

Antarctic petrel 525(0.5) 281 (0.35) 428 (m) 57
Thalassoica antarctica

Arctic tern 231 (0.19) 51 (0.04) 0 0
Sterna paradisaea

Emperor penguin 165 (0.25) 75 (0.11) 163 9 (m)
Aptenodytes forsteri

Snow petrel Pagodroma 110 (0.33) 190 (0.25) 107 11
nivea

Secondary species:

Adeliae penguin 41 (0.1) 48 (0.08) 76 18
Pygoscelis adeliae

Wilson’s storm petrel 27 (0.11) 13 (0.04) 7 1
Oceanites oceanicus

Light-mantled albatross 26 (0.01) 0 0 0
Phoebetria palpebrata

Southern giant petrel 26 (0.08) 7 (0.02) 0 2
Macronectes giganteus

Chinstrap penguin 6 (0.02) 0 31 0
Pygoscelis antarctica

South polar skua 3(0.01) 0 0 3
Stercorarius maccormicki

Blue petrel 1 (0.005) 1 (0.004) 0 0
Halobaena caerulea

Cape pigeon 0 2 (0.009) 10 0
Daption capense

Southern fulmar 0 1 (0.004) 4 0
Fulmarus glacialoides

White chinned petrel 0 3(0.01) 0 0
Procellaria aequinoctialis

Antarctic prion 0 58 (0.06) 30 12
Pachyptila desolata

Antarctic tern 0 0 0 m
Sterna vittata

American sheathbill 0 0 0 1
Chionis alba

Table 1. Species recorded in this study and by Novatti (1962), in order of abundance. The values
in parentheses are frequency of occurrence. According to Novatti’s records, the "m" indicates that,
in addition to these values, other “hundreds” of individuals were sighted. Therefore, the value
shown for these species and in total abundance is lower than the real value.
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Fig. 3. Bird abundances and ice cover recorded. A: N-S transect (23 to 26 January, 2020), B: S-N

transect (29 January to 2 February, 2020). The greatest ice coverage (marine and icebergs, > 50%)
occurred in the S-N transect.

Fig. 4. One of the flocks of Light-mantled albatross, next to Antarctic petrel, recorded in ice-free
waters south of 69°S. Photograph by Y. G. Jiménez.
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Fig. 5. Ranking scores derived from non-metric multidimensional scale (NMDS) analysis of
the species composition matrix recorded in January / February 2020. EPN — emperor penguin,
AT — Arctic tern, APN — Adeliae penguin, SP — snow petrel, SK — South polar skua, WSP —
Wilson's storm petrel, CPN — chinstrap penguin, LMA — light mantled albatross, SF — Southern
fulmar, AP — Antarctic petrel, CP — cape pigeon, WCP — white-chinned petrel, BP — blue petrel,

APR — Antarctic prion.

Discussion

Comparisons between the 1955/56 —
2020 cruises revealed some persistence in
terms of richness, species composition and
even abundances, since in both studies the
same species could be categorized as pri-
mary species and secondary species. Two
factors might be favouring such persis-
tence: (1) the presence of reproductive col-
onies of primary species within the study
site, and (2) the ice cover. Regarding the
reproductive colonies, it’s known that sev-
en species (four primary species and three
secondary species) are residents, nesting in
continental or insular areas bordering the
Weddell Sea: Antarctic petrel and Snow
petrel nesting in the Theron Mountains
(Brook and Beck 1972), about 100 km
south of the Filchner Ice Shelf. In addition,
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there are other colonies of Antarctic Petrel
in Dronning Maud Land and Coats Land
(van Franeker 1996). Adeliae penguin has
numerous breeding colonies on the conti-
nental margin (Shirihai 2009, Pehlke et al.
2019) and Emperor penguin breed on the
pack-ice in adjacent seas and on Snow
Hill Island, which is still the northernmost
known colony for this species (Coria and
Montalti 2000). Antarctic petrel was the
only numerically dominant species in both
cruises, exceeding 40% of the total in the
two cases. Species close to or greater than
50% of the total abundance were called
hyper-dominant species (ter Steege et al.
2017). The concept of hyper-dominant spe-
cies was used in high biodiversity envi-
ronments (Amazon biome), and it is also



applicable to our study due to the parallel-
ism of the concept and the importance that
these species represented within their eco-
system as numerically dominant species.
As a hyperdominant species, the Antarctic
petrel has a wide pelagic distribution with-
in the study site, while other species were
restricted to the north or south. It repre-
sents half (or more) of the entire Weddell
Sea bird community and all of its known
colonies are found on the Antarctic conti-
nent. Because its main forage areas are in
ice-covered waters, Antarctic petrel can be
highly vulnerable to changes caused by
thermal increases. Recent studies suggest
that, in the austral summer, a significant
part of the Antarctic petrel population for-
age in the Lazarev Sea, off the Fimbul ice
shelf (Descamps et al. 2016, Pehlke et al.
2019), while west of the Antarctic penin-
sula the largest aggregations of this species
occur in ice fields (Joiris et al. 2013).

As for the secondary species, Wilson's
storm petrel Oceanites oceanicus nests in
Bertrab Nunatak, Filchner Ice Shelf (Or-
geira and Recabarren 1993, Orgeira 1994,
2000; Vélez 1995). South polar skua Cathar-
acta maccormicki and probably Southern
giant petrel Macronectes giganteus nest
in the Theron Mountains (Brook and Beck
1972) about 100 km south of the Filchner
Ice Shelf. Two other species, Cape pigeon
Daption capense and Southern fulmar Ful-
marus glacialoides, nest on the Antarctic
continent east of the study site (Watson
1975, Shirihai 2009). All these species had
been also recorded by Novatti (1962) with
details of their abundances, which allowed
them to be categorized as secondary spe-
cies. Sightings of the Southern giant petrel
in our study were relevant since solitary
specimens have been reported recurrently
in the central and southern Weddell Sea
since 1955 (Novatti 1962), even flying over
the Nunatak Bertrab and the Filchner Ice
Shelf (O. Fogliatto, pers. com.). Recurring
sightings of this species suggest that it
could be nesting nearby or more likely in
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the Theron Mountains, alongside the colo-
nies of Antarctic petrel, snow petrel, and
South polar skuas. NMDS analysis con-
firmed the separation of the Weddell Sea
bird community into two groups (primary
species and secondary species) with three
isolated species, Antarctic petrel, Antarctic
prion and South polar skua (Fig. 5). The
separation of Antarctic petrel from the pri-
mary species group is due to the fact that it
is the only one of all the 15 species re-
corded with a continuous presence along
the N-S and S-N transects. On the con-
trary, pairs or small flocks of Antarctic
prion were recorded north of the study site
and isolated specimens of South polar skua
were sighted south of the Weddell Sea, in
the vicinity of the ice shelves.

Regarding ice coverage, the free-drift-
ing icebergs in the Weddell Sea were con-
sidered as hot spots of continual micronu-
trient release that sustain the accompa-
nying epibiotic and pelagic communities
(Olivier et al. 2005, Smith et al. 2007).
Thus, the seabird abundances is 2 to 6
times greater within about 0.5 km of free
drifting icebergs than the area between
about 0.5 and 1 km from the iceberg edge
(Ruhl et al. 2011). In addition, the surfaces
of the large tabular icebergs are often used
as resting areas by species such as Ant-
arctic petrel, snow petrel or Arctic tern
in large numbers (Orgeira 1998, Olivier
et al. 2005, Joiris 2017). These bird-drift
ice relationships contribute to explain the
abundance patterns obtained in this study
since the largest bird aggregations oc-
curred south of 72°S in the presence of the
highest ice concentrations (Figs. 3 and 6)
while the lowest bird abundances occurred
north of 72°S, in ice-free waters. On the
other hand, it has been proposed for dec-
ades that some species are favored by the
presence of sea ice and icebergs (Antarctic
and snow petrel; Olivier et al. 2005), while
others are excluded (albatrosses, large pro-
cellariiforms; Griffiths 1983).

299



J. L. ORGEIRA et al.
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Fig. 6. a) Almirante Irizar icebreaker track (red line) towards Belgrano II Station; b) classification
of the ice cover generated throughout the ship's track in Sentinel-1 image; c) Detail of the
classification showing the ROI (regions of interest) and the ice cover (percentages) calculated for

each unit.

In our study, the presence of species
such as light-mantled albatross, white-
chinned petrel and blue petrel, in the cen-
tral and southern Weddell Sea, may be
favoured by the absence of ice but re-
stricting the distributions of other ice de-
pendent species. Since Novatti (1962) did
not use any method to quantify the amount
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of'ice, it is not possible to compare the two
cruises in terms of this environmental vari-
able. However, he described "severe ice
conditions", registering the highest bird
abundances south of 69°S. The absence of
Arctic tern in the summer season 1955/56
was notable since it is a migratory species
from the Northern Hemisphere that visits



Antarctica in the southern summer (Wat-
son 1975, Shirihai 2009, Orgeira 2014).
Arctic terns spend the period of from No-
vember to March in the Antarctic ice zone
exploiting the rich supply of krill in the
upwelling waters and while molting their
feathers (about 60 days), they are ham-
pered in their flight and spend a lot of time
resting in the ice (Alerstam et al. 2019).
Due to its abundance and sightings fre-
quency in the Weddell Sea, it is a primary
species. However, the only terns recorded
in the 1955 cruise were “hundreds” of Ant-
arctic terns Sterna vittata on the Larsen Ice
Shelf, off Robertson Island, south of 65°S.
Therefore, due to the above facts (missing
quantitative data from 1995), the compari-
son of terns is not possible.

In the last 61 years, disintegration of
glaciers has been recorded on the East
and West of the Antarctic Peninsula due
to global atmospheric warming (Cook et
al. 2005, Rogers et al. 2020, Turner et al.
2020) and scientists understood that cli-
matically-driven variations in iceberg abun-
dance would influence local seabird distri-
butions with unknown impacts on regional
abundances and species composition (Ruhl
et al. 2011). It is well established that sig-
nificant changes in ecosystem structure are
generated from changes in primary pro-
ducers and consumer populations that are
propagating through the food chain (Rogers
et al. 2020). This is particularly alarming
in the central and the southern Weddell
Sea bird community where more than 85%
of its abundance is represented by only
four hyper-dominant species which, in ad-
dition, are dependent on ice cover. It has
also been shown that breeding perfor-
mance variability is partly controlled by
environmental factors such as sea ice ex-
tent variations in species such as the snow
petrel (Olivier et al. 2005).

Since the 1950s, successive increases
in air temperature in the Antarctic Penin-
sula, the North Weddell Sea and the South
Orkney Islands have been documented

WEDDELL SEA BIRDLIFE

(Zazulie et al. 2010, Rogers et al. 2020,
Turner et al. 2020) and warnings have al-
ready been made about the risk of further
ice shelf thinning and the potential for a
dramatic rise of the sea level (Daae et al.
2020). To prove this, there have been nine
major calving events in the ice shelves
around the Weddell Sea since 2017, from
the origin of the A68 iceberg (July 12,
2017 in the Larsen C Ice Shelf) to A76 (13
of May 2021 in Ronne Ice Shelf). One
year after our cruise, another large iceberg
broke off the Brunt Ice Shelf (A-74, Feb-
ruary 27, 2021). The sea ice concentra-
tion also suffered a marked decrease in
the study site over summer 2013/2015 —
2016/2017 (Turner et al. 2020). In the study
site, the sea ice extent showed negative
trends in the last decade (Turner et al.
2017, Parkinson et al. 2019) and suffered a
marked decrease over summer 2013/2015-
2016/2017 (Turner et al. 2020).

Other studies indicate that meltdowns
of ice shelves and glaciers south of the
Weddel Sea were recorded less frequently
than in the rest of Antarctica and the an-
nual average calving mass was negligi-
ble in the study site for 2005 to 2019 as
Ronne-Filchner ice shelf (Qi et al. 2021).
Some authors suggest that due to ice cover
and ocean currents, the Weddell Sea is ex-
pected to be one of the last regions of the
Southern Ocean where the consequences
of climate change will manifest, serving as
refuge for species dependent on sea ice
(Olivier et al. 2005, Teschke et al. 2021).
For this reason, the seabird community
could present a delay in manifesting an
impact, without showing the direct rela-
tionships that we expected to find when
comparing two studies spaced by 65 years.
We believe that such climatic changes will
be inevitable in the Weddell Sea. Until
these changes happen, the Weddell Sea
bird community is likely to remain rela-
tively stable in richness, species composi-
tion, and abundances.
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Conclusions

This study compares two cruises spaced
65 years apart in a highly dynamic and
variable area in terms of thermal records,
quantity, type and ice distribution. Despite
these variabilities, we find similarities in
the species composition, richness and abun-
dances. These results suggest that the cen-
tral and southern Weddell Sea avifauna
has a persistence that might depend on the
population status of the nesting species
in the site (mainly Nunatak Bertrab and

and the quantity, dynamics and distribu-
tion of the ice cover. Statistically signifi-
cant warming was evident in Antarctica
since 1950, so the 1955/56 cruise was car-
ried out at the beginning of a process of
climate change intensification that is still
ongoing. Therefore, these studies consti-
tute a valuable historical background that
we must take into account to understand
possible changes in birdlife and its envi-
ronment.

the Theron Mountains, which is unknown)
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