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Abstract: This work completes and updates the information about the diversity and distribution
of benthic assemblages in an Antarctic fjord (South Bay, Antarctic Peninsula) 40 years after the
first and only community-level study was conducted there. To determine the community changes,
a photographic survey was conducted at four sites with different substrate inclinations along a
bathymetric gradient of 5-20 m depth. In total, 160 photoquadrats were analyzed, resulting in
a total area of 40 m?. Sixty taxa represented by 12 phyla were identified, of which eight phyla
corresponded to animals. The remaining species corresponded to macroalgae and benthic diatoms,
both taxa presenting the highest coverages of the entire study area. The highest richness and diversity
values were obtained at greater depths and at the sites with the steepest slopes. Here, we discuss
the role of substrate inclination and depth in the structure of the benthic assemblages concerning
possible variations in the presence and frequency of physical disturbances (e.g., ice disturbance
and sedimentation). The abundances, densities, and distributions of all species found are detailed,
updating the ecological data of the benthic ecosystem of this Antarctic fjord from the previously
published assessment four decades ago. In a continent where rapid environmental changes are being
experienced due to climate-induced processes, we discuss the first massive record of benthic diatoms
in this fjord and the striking absence of the sea urchin Sterechinus neumayeri, an abundant species
from previous records from the early 1980s.
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1. Introduction

Anthropogenic climate change has exposed ecosystems to unprecedented conditions
over millennia, significantly affecting land and ocean species. The global temperature of
our planet has increased by around 1 °C since the beginning of the 20th century, and it will
continue to increase in the upcoming decades, even under ambitious climate mitigation
scenarios [1]. This increase in temperature has not been uniform on either spatial or
temporal scales, with the Polar Regions being the places that have experienced the highest
rates of temperature increase in the last 50 years. Particularly, the Western Antarctic
Peninsula (WAP) has undergone the highest rates of seawater and air temperature rise [1,2],
where even coastal areas have already recorded water temperatures predicted for the
year 2100 [3] and unusual air temperatures in the context of natural trends of the last
2000 years [2,4-6]. Due to this warming, the WAP has experienced multiple environmental
consequences, such as a reduction in cold winters [7], ocean acidification [8,9], sea level
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rise [10], and increases in snowfall [11,12], among others. On the other hand, the speed
and magnitude of recent climate change may exceed the capabilities of biological systems
to adapt to these environmental changes and, therefore, cause risks to ecosystems and
their life forms [13-15]. Many biological responses, such as changes in species distribution,
expansion of opportunistic species, extinction of less-competitive species, changes in the
biological niche, and the potential settlement and spread of invasive species, have been
postulated due to these ongoing environmental changes [16-21].

Regional warming in the WAP has also driven massive ice loss and glacier retreats [22-24],
with a decrease in annual sea ice duration [25,26]. This massive and fast ice loss has significant
consequences for the structures of Antarctic shallow benthic communities due to ice-mediated
disturbances [27-31]. Iceberg scouring events create a patchy (fragmented) mosaic of assemblages
at differing stages of recovery in polar substrates [32-34]. To date, many studies around Antarctica
have suggested that the consequences of the impact of the icebergs on benthic communities
decrease with depth and also with the inclination of the substrate, acting as important buffers of
this mechanical impact [31,34-38].

In South Bay, a fjord located on Doumer Island (Antarctic Peninsula), recent works
have provided new information on the diversity and taxonomy of sponges [39-41], sponge-
associated microorganisms [42,43], heat stress responses [44], and benthic primary
production [45]. However, detailed information on South Bay at the community level
is scarce and outdated [46,47]. Zamorano’s pioneer research contains essential reference
data of benthic assemblage, but, unfortunately, no monitoring has been carried out for the
last four decades as the Yelcho scientific station (located at South Bay) remained closed and
was reopened only in 2014. Our study aims to provide new detailed ecological data on the
spatial distribution of the current benthic assemblages. In addition, we also discuss some
striking changes regarding Zamorano’s observations 40 years ago. Finally, we also address
the role of depth and substrate inclination in the structure of the benthic communities in a
dynamic environment heavily influenced by ice scouring.

2. Materials and Methods
2.1. Study Area

This study was carried out in South Bay (64°51'00” S; 63°35'00” W), an Antarctic
fjord located on Doumer Island (Palmer archipelago, WAP), where the Chilean Yelcho
scientific station operates during the Austral summer (Figure 1). A glacier at the head of
the bay partially surrounds South Bay, and several other glaciers are located near the island
between the Neumayer and the Peltier Channels. The bay covers an area of ~2.3 km? with
water depths ranging from <30 m at the north-east end of the bay to 60-90 m at the mouth
of the bay (south-west end), and up to 222 m depth in the central region [45]. There is
also an Antarctic Specially Protected Area (ASPA 146). The bay is characterized mainly
by a mixture of rocky substrates and soft bottoms (with thin sediment deposits in a rocky
bottom). The shallow areas present rocky steep slopes and highly heterogeneous benthic
habitats [45,46]. Average air temperatures in the summer months are between 3.2 °C and
4.1 °C, depending mainly on the direction of the winds [48]. The seawater temperature
experiences local variability with a range between —1.7 °C to more than 2 °C with some
episodes of warming reaching 3 °C [3]. The waters in the bay generally freeze in the winter
months and stay ice-free from September/October to April (Modified Copernicus Sentinel
data 2020/Sentinel Hub) [49].
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Figure 1. Study area: (A) Map of the location of South Bay in the Antarctic Peninsula. (B) Doumer
Island with the sampled sites in South Bay: Site 1 (64°52/12.0"” S; 63°33/50.5” W); Site 2 (64°52/32.1" S;
63°35'04.1" W); Site 3 (64°51'53.0" S; 63°35'25.2" W); Site 4 (64°51'55.9" S; 63°33/55.7" W).

2.2. Sampling Design and Data Analysis

The sampling was performed over the 2018 Austral Summer season (January and
February) at four sites in the bay: Site 1 (S1), Site 2 (S2), Site 3 (S3), and Site 4 (54). The
sampling sites were selected according to a substrate inclination gradient, detailed here
from highest to lowest slope: S1 (~90°) > S2 (~70°) > S3 (~30° to ~50°) > 54 (~10° to ~30°).
At each site, four photographic transects were undertaken by SCUBA diving at 5, 10, 15,
and 20 m depths. A total of 10 images of 0.25 m? each were taken at each depth. An
Olympus E-PL7 mirrorless digital camera fitted into a housing (Olympus PT-EP12) with a
15 mm wide-angle lens was used to take the pictures (50 x 50 cm). A 10 cm aluminum rule
was attached to the housing and used later as a reference to quantify the sampled area.

Photographs were projected onto 50 x 50 cm grids with 100 uniformly distributed
points, and those underlying each organism were counted to estimate the percentage
coverage and bare substratum per square meter. The animals in each photograph were
counted (abundance), and the total number was divided by the area sampled (0.25 m?) to
estimate densities. Colonial organisms, such as bryozoans and ascidians, were taken as
single individuals. All coverage values in the text are given as mean £ SE. The photographs
were analyzed using the Coral Point Count (CPC) software version 4.1 [50]. The resolution
of the images was sufficiently acceptable to detect and identify organisms larger than
~10 mm in diameter. Therefore, organisms with sizes smaller than this measure, such as
juveniles of Margarella antarctica, were probably missed. All fauna were identified to the
lowest possible taxonomic level. Some components of the biota were excluded from the
analysis: encrusting taxa (some smaller bryozoans and terebellid polychaetes) and diatoms
could not be accurately identified and quantified.

A generalized linear mixed model (GLMM) was used for the analysis with abundance
as a variable; site, depth, and photo as classification criteria; site, depth, and site*depth
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as fixed factors; and each photo as a random factor. The corresponding contrasts were
made. A Poisson error distribution with a log-link function was used. The significance
level was set at « = 0.05, and Fisher’s test (LSD) was performed to compare the means.
The analyses were performed with InfoStat v2020 [51]. The coverage data, which included,
in addition to fauna, values of diatoms, macroalgae, and encrusting algae, were used to
compare the diversity of marine benthic communities among depths, sites, and transects
using the specific richness (S) and the Shannon-Wiener index (H’). A General and Mixed
Linear Model was used to compare the Shannon-Wiener indices, and the analyses were
performed with InfoStat v2020v [51]. For some analyses, faunal components were classified
into two groups: mobile (Mollusca, Nemertea, and Echinodermata) and sessile animals
(Porifera, Bryozoa, Brachiopoda, Cnidaria, and Chordata).

A series of multivariate analyses were performed to assess the structural patterns
of the assemblages and analyze spatial variations. To that effect, three initial matrices
were constructed with each taxon’s average coverage percentage data: one with the data
for each transect, another by site, and another by depth. Then, after a square root was
transformed to down-weigh the influence of the most dominant taxa [52], similarity matri-
ces were constructed using the Bray—Curtis similarity distance. A cluster analysis using
the UPGMA method was conducted as a classification analysis to build a dendrogram
describing the similarity between transects, sites, and depths. Additionally, a non-metric
multidimensional scaling (nMDS) was used as an ordination technique to visualize changes
in species composition and assemblage structure across transects, sites, and depths. Then,
to test for statistical differences among priori-defined assemblages (defined by depths), the
same similarity matrix was used to perform a one-way Analysis of Similarities (ANOSIM).
Finally, to determine the individual contribution of each species to the similarity observed
between samples and the conformation of the structure of the groups, the analysis of
similarities (SIMPER) was used. All the statistical data analyses were performed using
Infostat Past 4.03.

3. Results
3.1. Taxonomic Diversity

A total of 160 photoquadrats were analyzed, covering a total area of 40 m?. Across
the four sampled sites, 60 taxa were identified, represented by 12 phyla and 17 classes. Of
these phyla, eight correspond to animals, with 1753 observed individuals. Table 1 shows
the list of faunal taxa identified at the four sites and the abundance classes at each depth of
each site. The rest of the taxonomic entities correspond to three phyla of algae and a group
of benthic diatoms (Table 1).

The GLMM detected significant differences between the abundances (F = 10.83;
p = <0.0001) and the values of the Shannon indices of the sites (Table 2). For both analyses,
S3 showed differences with S1 and S2 but not with S4, while S2 did not show differences
with S1 but differed with the other two sites. For S3 and 54, lower diversity values were ob-
tained than S1 and S2, which exhibited higher values in their Shannon indices. The highest
abundance and richness of fauna was found at S1 (1121 individuals; S” = 52), specifically at
15 m (911 individuals; S” = 43), while the lowest abundance and richness were recorded
at S3 (169 individuals; S” = 27) at 5 m (9 individuals; S” = 3). The GLMM did not show
significant differences between the four depths (F = 1.27; p = 0.28) for abundance but did for
the Shannon indices, where 20 m, which showed the highest diversity value, differed from
the other depths (Table 2). Richness was higher at 15 (5" = 54) and 20 m (S’ = 53) compared
to the shallowest depths (Table 2).



Diversity 2024, 16, 162 50f 16

Table 1. List of taxa present at the four sites and abundance classes by depth. The faunal abundance classes are represented by: e <10 ind.; ee from 11 to 50 ind.; eee
51 to 100 ind.; eeee 101 to 200 ind.; eeeee 201 to 800 ind. The rest of the taxonomic entities correspond to three phyla of algae and a group of benthic diatoms (see
their percentage coverage in Figures 2 and 3).

Site 1

Site 2

Site 3

Site 4

Phylum

Class

Taxon

5m

10 m

15m

20 m

10 m

15 m

20 m

10 m

15 m

20 m

5m 10 m 15 m

20 m

Porifera

Demospongiae

Mycale (Oxymycale) acerata
Muycale sp.

Sphaerotylus antarcticus
Dendrilla antarctica
Demospongiae sp. 1
Demospongiae sp. 2
Haliclona sp.

Haliclona (Soestella) sp.
Haliclona (Rhizoniera) sp.
Clathria (Axosuberites) sp.
Tedania (Tedaniopsis) sp.
Hymeniacidon sp.
Porifera indet. 1

Porifera indet. 2

Porifera indet. 3

Cnidaria

Anthozoa

Clavularia sp.
Urticinopsis antarctica
Hormosoma scotti
Anthozoa indet. 1

Bryozoa

Bryozoan indet. 1

Brachiopoda

Brachiopod indet. 1

Nemertea

Anopla

Parbolasia corrugatus

Mollusca

Gastropoda

Doris kerguelenensis
Margarella antarctica
Nacella concinna
Gastropod indet. 1

Echinodermata

Crinoidea

Promachocrinus kerguelensis

Asteroidea

Odontaster validus
Odontaster meridionalis
Granaster nutrix
Labidiaster annulatus
Perknaster sp.
Asteroidea indet. 1
Asteroidea indet. 2

Holoturoidea

Heterocucumis steineni

Chordata

Ascidiacea

Cnemidocarpa verrucosa
Corella antarctica
Pyura setosa
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Table 1. Cont.

Site 1

Site 2

Site 3

Site 4

Phylum

Class

Taxon

10 m

15m

20m

10 m

15m

20m

10 m

15m

20m

10 m

15m

20 m

Protoctista

Benthic filamentous diatoms

Chlorophyta

Ulvophyceae

Green algae indet. 1
Green algae indet. 2
Green algae indet. 3
Monostroma hariotii

Rhodophyta

Florideophyceae

Paraglossum sp.
Sarcopeltis antarcticus
Palmaria decipiens
Plocamium cartilagineum
Trematocarpus antarcticus
Pink encrusting algae
Red encrusting algae
White encrusting algae
Yellow encrusting algae
Encrusting algae indet.
Pink coralline algae indet.
Red algae indet. 1

Red algae indet. 2

Red algae indet. 3Morphospecie
indet.

Ochrophyta

Phaeophyceae

Desmarestia sp.
Himantothallus grandifolius
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Table 2. Richness (S") and Shannon index (H’) for each site and depth. Means that do not share a
letter differ significantly (p < 0.0001).

Diversity Sites Depth
S1 S2 S3 s4 5m 10m 15m 20 m
g 52 34 27 31 21 28 54 53
H’ 135 123P 0582 (0472 0.81bc  070¢  0.89P 12472

3.2. Percentage Coverage and Densities

The sessile fauna was more significant than the mobile fauna regarding mean coverage
(3.12 £ 1.65% and 2.21 £ 0.06%, respectively). Still, when analyzed by site, the mobile
fauna presented higher coverage values than the sessile fauna (except the S1). While the
sessile fauna exhibited a consistent pattern, where values increased with increasing depth,
the patterns of the mobile fauna varied between sites. S3 and S2 showed similar trends in
mobile fauna with lower coverage at 5 m, increasing with depth. In contrast, S4 reached
high coverage values in the shallows. In S1, the mobile fauna coverage remained constant
in the first meters, and its value decreased from 15 to 20 m (Figure 2).

Site 1 Site 2
100 100
B 75
g
© 50 50
=
3 25 25
0 0
Site 3 Site 4
100 100
Q] 75
g
© 50 50
2
3 2 25
0 0
05m 10m 15 m 20m 05m 10m 15m 20m
Depth Depth
- Diatomeae . Macroalgae - Sessile
Taxa .
. Encrusting algae - Mobile Substrate

Figure 2. Percentage coverage of each taxon and substrate in the four sampled sites at South Bay,
Doumer Island (WAP). Due to the large number of taxa, they were grouped into five groups. The
sessile included Porifera, Cnidaria, Bryozoa, Brachiopoda, and Chordata; mobiles included Mollusca,
Nemertea, and Echinodermata; while green, red, and brown algae formed the group of macroalgae.

The taxon that presented the highest percentage of total coverage was Diatomeae
(benthic diatoms), which covered an average of 42.37% (£11.87%) of the total transects.
This taxon was recorded at all sites and depths except for at 5 m at S2 (Figure 3). The
highest percentage coverage was recorded at the S3 site, at 5 and 10 m depths (98.85% and
94.52%, respectively).
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Figure 3. Percentage coverage of benthic diatoms (+SE) at each depth of the four sampled sites at
South Bay, Doumer Island (WAP).

Macroalgae was the second most important group in terms of total coverage, showing a
mean coverage of close to 30% (29.94 £ 9.09%), with Himantothallus grandifolius and Palmaria
decipiens being the main contributors. The highest coverage was registered in S1 and S2,
with H. grandifolius having major coverage at these sites, while P. decipiens dominated in S3
and S4. Encrusting algae generally presented high percentages (x: 10.68 £ 3.18%), showing
higher coverage values at shallower levels and decreasing with depth (except for S3). In all
the transects, the percentages of the substrates (bare soil, rock, or sand) were recorded, with
coverages of between ~9% and ~13% per site, where S3 presented the lowest percentage at
5m (0.6%) and the highest (34%) at 20 m (Figure 2).

Regarding fauna, Porifera were recorded at all sites (except for S3) (x: 2.51 &+ 2.17%),
with an increase in density with increased depth. At 15 and 20 m from S1, the highest
density of sponges was recorded, with 14 and 17.6 ind /m?, respectively. Mycale (Oxymycale)
acerata and Sphaerotylus antarcticus were the most dominant species. Other fauna taxa were
rare and presented an average coverage of less than 2% per site (Figure 2). However, some
classes, such as Asteroidea, Anthozoa, and Holothuroidea, had high densities of individuals.
Asteroidea were present at all locations and depths, with a significant abundance of the
seastar Odontaster validus, which peaked in S3 at 15 m (27.2 ind.m?). Holothuroids were
found between 15 and 20 m depth at all sites, with high-density values, particularly at S1
and S2 (20 ind.m? and 12.4 ind.m?). The density decreased as depth increased in gastropods,
which were represented mainly by the limpet Nacella concinna. S3 was an exception in this
pattern, as no Margarella antarctica or Doris kerguelenensis individuals were recorded at 5 and
10 m, but they were present at the deepest depths. The maximum gastropod density peak
was in the first meters of S4. Anemones (Class Anthozoa) were scarce and, due to their
size, they did not present a great coverage. However, the highest density value of the entire
sampling was recorded for the soft coral Clavularia sp., with densities of up to ~320 ind.m?
at S1. Ascidians (Class Ascidiacea) were absent in 52 and generally presented low coverage
values and densities in the other sites (Figure 4) (see Supplementary Materials for complete
taxa list details).
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Figure 4. (a) Macroalgae, such as Palmaria decipiens, and mobile species, such as Nacella concinna,
dominated the shallowest depths at the 54 site; (b) benthic filamentous diatoms presented the highest
percentage of total coverage, especially in the shallowest depths, at the S3 site; (c) Himantothallus
grandifolius was one the main contributors to the percentage of coverage at the S2 site; (d) the highest
abundance and richness of fauna was found at S1, where filter-feeder animals, such as sponges and
ascidians, dominated the vertical rock walls. Underwater photographs taken by Cristian Lagger.

3.3. Multivariate Analysis

Multivariate analyses showed that the benthic assemblages were significantly different
at each site (Global ANOSIM R = 0.25, p < 0.001, 9999 permutations). The test yielded an
R close to zero for S1-52 (R = 0.061) and for S3-54 (R = 0.058), indicating that, although
the differences were significant, the assemblages of these pairs of sites were highly similar
between them (Table 3). Diatom filaments comprised the main dissimilarity between
sites (with percentages of up to 12%), mainly in S3 and S4, where this taxon recorded
high coverage values. Encrusting pink algae (absent in S3 and with minor coverage in
54) and macroalgae (mainly Palmaria decipiens and Himantothallus grandifolius) ranked
second. Likewise, the contributions of the substrate (between 5 and 6% in some places)
were significant. The fauna did not contribute large percentages of similarities within
60% of the contributing species. The low R values indicate that there were no significant
dissimilarities between depths (Global ANOSIM R = 0.16, p < 0.03, 9999 permutations) and
that the assemblages of contiguous depths were less dissimilar between them than with
those at the greatest distance, indicating that communities at 15-20 m depth were more
homogeneous than those at 5-20 m depth (Table 3). The pairwise comparison showed that
higher dissimilarities were observed at 5 m, and that benthic diatoms, macroalgae, and
encrusting algae were the taxa that contributed more to differences between depths, in
the same way as for sites. Although in low percentages, some organisms belonging to the
fauna, such as Nacella concinna and Odontaster validus, contributed to the differentiation
between depths. The SIMPER tables are shown in the Supplementary Materials.
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Table 3. Site (ANOSIM Global R = 0.25) and depth (ANOSIM Global R = 0.16) pairwise comparison
of R value. The statistical significance level of the samples: 0.1%; 9999 permutations. * = p < 0.05.

Sites Depth
S3 S1 S2 5m 10 m 15m
S1 0.35* 10 m 0.15*%
S2 0.39* 0.06 * 15m 0.25* 0.04 *
S4 0.06 * 0.32* 0.33* 20 m 0.28* 0.14* 0.08 *

The ANOSIM test was consistent with the cluster analysis for sites, which were
clustered in two main groups: 5S1-52 and S3-54, with a dissimilarity of 0.40 between them
(Figure 5A). The nMDS ordination for depth revealed a slight gradient pattern from right
to left from 5 to 20 m (Figure 5B). The cluster analysis of taxon coverage produced two
clusters: one with the shallowest depths (5 and 10 m) and the other with the deepest (15 and
20 m), with a dissimilarity of 0.45 between them, in line with the ANOSIM test for depths.
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Figure 5. Non-metric multidimensional scaling biplot based on the Bray—Curtis similarity matrix for
percentage coverage of registered taxa (square-root transformed data). Cluster analysis was obtained
using the UPGMA method, classifying (A) the samples analyzed by site, showing two groups: S1-52
and S3-54; (B) classifying the samples analyzed by depths, showing two groups: 5-10 m and 15-20 m.
2D stress = 0.16.

4. Discussion

The only published antecedent on the characterization of the benthos of South Bay
at the community level was published by Zamorano [46], but see [45]. Therefore, our
work represents the most up-to-date and detailed information on the spatial patterns of
the shallow-water benthic assemblages at South Bay, Doumer Island (Antarctic Peninsula).
However, it is important to note that our objective was not to do a straight comparison
between both works, mainly considering that (1) the sampling design and methodology are
slightly different (sample collection vs. photoquadrats) and (2) our study covered a more
extensive sampling area inside the Bay, including sites not previously sampled. Although a
direct comparison cannot be conducted due to the absence of a comprehensive, long-term
data set, we have taken Zamorano’s work as a starting point to report specific observations
between past and present assemblages in this Antarctic fjord, which is highly important
considering climate change’s current and future projections [53].
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In the present study, 38 faunal taxa were recorded, almost the same amount (N = 39)
Zamorano [46] documented for South Bay 40 years earlier. Many common species, such
as Nacella concinna, Margarella antarctica, Odontaster validus, Labidiaster annulatus, Mycale
(Oxymycale) acerata, some ascidians, and brachiopods, were recorded in both studies. How-
ever, six out of the 39 taxa documented by Zamorano belonged to Amphipoda and Isopoda,
organisms not registered from our analyses due to their small size. In this regard, it is
important to note that Zamorano’s methodology was based on manual sample collection
in plastic bags, while our fieldwork data was based on photoquadrats. Phototransect is a
noninvasive methodology with many advantages over manual collection, but it is a method
that could sub-estimate the richness of small species. On the other hand, the absence
in our transects of some species documented in the Zamorano study, such as the brittle
star Ophionotus victoriae, Laternula elliptica, and other bivalves (five taxa in total), could
be explained by differences in the topography of the sampled sites, because those species
mainly occur in soft substrates [54-57], which were not sampled here.

The absence of the sea urchin Sterechinus neumayeri is striking since it is a very common
member of the Antarctic benthic communities [27,58-60] and especially since its contri-
bution to the biomass of South Bay was one of the highest in Zamorano’s study in the
early 1980s. An increased temperature in South Bay could not explain this absence, since
this species has proven to be an organism resistant to increased water temperature [61,62].
Although our data were collected by photography, our observations on the lack of records
of S. neumayeri are also supported by hundreds of dives conducted in the bay since the
reopening of the Yelcho station, with no records of this species by any of the groups conduct-
ing diving since 2014. In addition, a recent study by Amsler et al. [60] studying potential
correlations between sea ice cover and macroalgal cover along the WAP, reported a clear
pattern of an abundance of S. neumayeri with a low presence in northern sites (around
Anvers and Doumer Islands) and an increasing presence at southern sites (e.g., Marguerite
Bay). Amsler et al. [60] also noted some differences with previous records around Palmer
Station (Anvers Island), where abundances in the late 1980s ranged between 0 to 8 sea
urchins m~2. A similar situation occurred in McMurdo Sound, Ross Sea Region, where
S. neumayeri was reported missing in the 2010 surveys [63]. The authors explained that
this heavy decrease was mainly due to sedimentation and changes in the size of food
particles caused by a change in productivity in the area due to a blockage of the currents
by icebergs and a possible increase in the iron released by the melting of glaciers. This
potential situation could have occurred in South Bay; however, more studies are needed to
determine the possible causes of the absence of S. neumayeri.

Another interesting outcome to highlight is the presence of benthic filamentous di-
atoms in almost all sampled sites and depths, a phenomenon not previously reported in
South Bay. In our study, benthic diatoms were the taxon with the highest coverage, covering
almost 50% of the sampled transects on average. Recent works associate diatom blooms
with areas influenced by sediment inflow from melting glaciers [64—68]. In our study, the
highest coverage percentages of these benthic diatoms were recorded at S3 and S4, both
sites with significant glacial influence. Additionally, similar to the work of Ahn et al. [64],
here we observed evidence of the massive blooming of benthic diatoms in shallow seafloor
substrates, including many filter-feeders completely covered with a thick growth of di-
atoms. These new observations are important considering that benthic diatoms constitute a
potential primary food item for secondary producers and represent appropriate indicator
taxa for predicting the status of the sensitive polar benthic community in fast-retreating
glacial areas under the current global warming regime [69].

Structural Patterns and Possible Driving Factors

In this study, the mean total coverage of the sessile fauna was greater than that of the
mobile fauna. However, this was mainly due to the great coverage of sessile organisms in S1,
since, when analyzing the average coverage by sites, mobile organism coverage exceeded that
of sessile organisms in all sites except S1. These results are consistent with those described
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by Zamorano [46] for South Bay, where the sessile macrofauna were described as diverse but
not very abundant up to 20 m. The prevalence of sessile epibenthic filter feeders is a common
and extended feature of Antarctic benthic assemblages [56]. Here, the low coverage of small
sessile organisms could be due to underestimating their real coverage since large amounts of
macroalgae or the large fronds of Himantothallus grandifolius can cover these individuals (see
Newcombe and Cardenas, 2011). Porifera was the sessile faunal taxon with the highest coverage,
and Mycale (Oxymycale) acerata was the most abundant species recorded. A total richness of
15 taxa of Porifera was recorded for the entire bay, which is consistent with the previous records
by Zamorano [47] and Cardenas et al. [39]. The sponge abundance peaked between 15 and
20 m at S1, which could be partly influenced by the abundant presence of large macroalgae
that allow the development of positive algae-sponge interactions [40,70-72] Regarding mobile
organisms, the seastars Granaster nutrix and Odontaster validus, and the limpet Nacella concinna,
constituted the most numerous species in this study. Granaster nutrix had not been registered in
South Bay until now, but O. validus and N. concinna had already been recorded as among the
most abundant mobile species within this fjord [46]. Odontaster validus was the most abundant
species, with a mean density similar to that found on Anvers Island [59] and higher than that
reported for McMurdo Sound [73]. Their conspicuous presence in all sites could be due to their
ability to vary resource utilization across differing habitat compositions, which may be a key
response allowing their persistence and survival in the face of environmental change [74]. The
limpet N. concinna showed a significant density in the first meters of all the sites (except for S3);
in 54, it was responsible for the high total fauna abundance values, registering at 5 m a density
of limpets up to four times greater than in the other sites.

Depth has been recognized as a crucial element in structuring benthic communities in
several Antarctic locations due to the lowering of the impact of ice as depth increases [31,34,75].
The present study shows a bathymetric change from assemblages with less diversity and
richness in shallow depths to more diverse assemblages at greater depths. Our results also
show that assemblages were not clustered clearly by depths, but were broadly arranged along
a trajectory of increasing depth, where the adjacent depth stations became generally more
similar with increasing depth. The diversity pattern found along the bathymetric gradient
coincides with that previously described in other coastal areas of the WAP [28,36,46,52,75,76].
Decreasing the frequency of disturbance with depth may have resulted in communities at
20 m being more homogenous and characterized by structural sessile fauna, which may have
promoted diversity by increasing habitat complexity and providing substrate for epifauna.
Here, sessile forms dominated at greater depths, and species richness was higher at S1 than at
52, 53, and S4. The S1 site had the steepest sloped topography, with an almost vertical cliff
face, and therefore may have been more protected than horizontal ones due to a reduction
in the abrasive effect of ice [38,77]. The vertical cliffs could also lessen the effect of other
factors, such as sediment accumulation [19,78] and water flow [79], or even offer concave
reliefs for the settlement of species with negative phototropic larvae [80]. In addition, the
bathymetry decreases abruptly near S1, which would prevent the substrate from being
impacted by the larger icebergs. As a result of these decreased disturbance pressures, S1 may
have developed more complex sessile assemblages. The S3 and 54 sites showed the lowest
richness and Shannon indices; both sites are characterized by the weakest slopes, which might
exhibit a more significant impact surface, with greater probabilities of impact on the benthic
communities settled there. No clear distribution patterns were detected regarding percentage
cover, demonstrating a highly heterogeneous environment, which was already reported for
South Bay by [40] and [45].

In this work, we deepen and update our knowledge about the structure of benthic
assemblages in South Bay, an Antarctic fjord located in a region that has registered major
warming in the last 60 years. Systematically obtaining ecological data in a continuous and
extensive time series is a great pending matter in the polar regions. However, sporadic
sampling in the same localities and with similar methodologies allows, at least, the drawing
of attention to specific evident changes over time. In that sense, after comparing two
“snapshots” separated by 40 years, our work also asks two open-ended questions: (1) why
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is there a striking absence of Sterechinus neumayeri, one of the most abundant echinoids
in Antarctica and one of the most dominant in number and biomass in the former study
conducted here?; (2) what is causing the occurrence of massive blooming of benthic diatoms
associated with the benthic megafauna? It should be noted that these massive blooms of
benthic diatoms had never been recorded in this fjord, but it is a phenomenon that has been
documented on the rise in recent years in shallow Antarctic waters.

Considering the observed changes recorded here, along with the previous records of
significant variability in seawater temperature of South Bay and the general increase in
air temperatures in the WAP, we can expect that disturbances due to faster glacier retreats
will be intensified and expand further into this fjord and other adjacent areas. In this sense,
monitoring benthic communities and understanding environmental drivers influencing
the structure and diversity of shallow communities in the Antarctic glacial fjords is crucial
to understanding these rapidly changing ecosystems.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/d16030162/s1, Table S1: Full Taxonomic list of taxa present
in South Bay, Doumer Island, Antarctica; Table S2: (A) SIMPER analysis showing the differences
between assemblages from different sites. Taxa are shown (60% “cut-off”) and their contribution
to dissimilarity. Abbreviations: EA: encrusting algae; (B) SIMPER analysis showing the differences
between assemblages from different depths. Taxa are shown (60% “cut-off”) and their contribution to
dissimilarity. Abbreviations: EA: encrusting algae; indet.: indeterminates.
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