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Sponges comprise a diverse and important benthic invertebrate group in many ecoregions, being a dominating compo-
nent in the Antarctic communities. Based on two piston cores from the Admiralty Bay, West Antarctica, we isolated the
sponge spicules from the sediments and compared the sub-fossil sublittoral sponge assemblage with the Recent sponge
fauna of this area. In addition, we performed statistical analysis to compare the species composition from and within
each core. While no significant shifts in the composition of sponge assemblages along the cores were noticed, our study
revealed a noteworthy distinction between the documented sponge species in the area and those identified based on loose
spicules within the sediment. The sedimentological record appeared to capture more sponge species than identified in
contemporary faunistic studies. Out of the 27 sponge taxa recognized in the sediment, merely seven were confirmed as
presently inhabiting the area. Of the remaining 20 taxa, several were documented in nearby regions such as Maxwell
Bay or South Shetland Islands in general, but 12 species had not been previously recorded in this locality or its adjacent
areas. Conversely, the sediments did not indicate the presence of nine modern species previously reported in this area. We
attribute these discrepancies to various factors, including the potential oversights in recognizing sponges characterized
by small size, fragility, or encrusting habits during faunistic studies. In cases where the certain taxa lack a fossil record,
we suggest that the simplicity of their spicule types made the recognition in sediments challenging. In summary, our
findings underscore that Admiralty Bay remains substantially understudied in terms of sponge species inhabiting this
area, highlighting the need for further comprehensive studies in this region.
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dominating biota next to bryozoans and echinoderms (Sara
et al. 1992) and playing important roles in marine ben-
thic community structure, dynamics and nutrition cycling
Sponges comprise a diverse and abundant benthic inver-  (McClintock et al. 2005; Sicinski et al. 2011; Downey et al.
tebrate community in the Antarctic ecosystems being the  2012; Angulo-Preckler et al. 2018).

Introduction
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In the Southern Ocean, approximately 397 sponge species
have been documented, encompassing 296 demosponges and
50 hexactinellids (Downey et al. 2012). However, these es-
timations are approximated, as earlier studies reported 352
species of demosponges in the Antarctic (McClintock et al.
2005). Despite affinities with the Magellanic region (southern
South America) and the Falkland Islands, the sponge com-
munity in the Antarctic is remarkably heterogeneous (Sara et
al. 1992). Although many Antarctic species seemed to have
a circumpolar distribution (Koltun 1964; Sara et al. 1992;
McClintock et al. 2005), a systematic review on literature has
cast doubt on the consistency of this pattern (Downey et al.
2012). There is also a high level of endemism in the Antarctic
sponges observed. Of the 346 Antarctic demosponge and
hexactinellid species recognized, 42% (146 species) were de-
termined to be endemic (Downey et. al. 2012). Moreover, the
distribution of sponges in this area is patchy and uneven (Gutt
and Koltun 1995; Downey et al. 2012).

While Southern Ocean sponges had been widely stud-
ied (e.g., Carter 1877; Topsent 1901a, 1907, 1908, 1913,
1915, 1916; Kirkpatrick 1907a, b, 1908; Burton 1929, 1930,
1934; Tanita 1959; Koltun 1964, 1969, 1976; Barthel et al.
1990; Calcinai and Pansini 2000; Rios 2007; Rios et al.
2004; Schejter et al. 2006, 2019, 2024; Bertolino et al. 2007,
2009, 2020; Rios and Cristobo 2007a, b, 2014; Plotkin and
Janussen 2008; Janussen and Reiswig 2009; Goodwin et
al. 2011, 2012, 2014, 2019; Downey et al. 2012; Gocke and
Janussen 2013a, b; Kersken et al. 2016; Fernindez et al.
2020), certain areas are unevenly sampled and inadequately
understood. Even in well-studied regions, sampling may be
too incomplete to confidently claim that most sponge spe-
cies present have been detected (Downey et al. 2012).

Nevertheless, the Antarctic Peninsula seems to be one of
the comparatively well studied areas (e.g., Rios and Cristobo
2007a, b, 2014; Downey et al. 2012; Cardenas et al. 2016)
and the sponge fauna from the South Shetland Islands has
been described in several taxonomic studies (Topsent 1917,
Hamilton et al. 1997; Pisera 1997; Campos et al. 2007a, b;
Vieira et al. 2010a, b; Sicinski et al. 2011; Hajdu et al. 2016;
Fernandez et al. 2021).

Exploration of sponge fauna within a specific region typ-
ically relies on examination of live specimens. However, al-
ternative methods for faunal assessment have demonstrated
efficacy in capturing a more extensive range of sponge taxa
compared to traditional faunistic studies (Lukowiak 2016).
Those include analysis of the dissociated sponge skeletal
elements (spicules and skeleton fragments) that can accu-
mulate in the surface sediment (Gutt et al. 2015). Notably,
the dissociated sponge spicules offer versatility for various
applications (for more details see Lukowiak 2020). For in-
stance, some studies including spicule-based analyses have
been performed in order to determine silica content present
in the Scotia Sea (Hendry et al. 2010) and in the Bransfield
Strait (Maldonado et al. 2019). Furthermore, sponge spicules
retrieved from the cores have been employed to reconstruct
the dynamics of both marine (e.g., Bertolino et al. 2014, 2017;
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Lukowiak et al. 2018) and freshwater sponge assemblages
globally (e.g., Paduano and Fell 1997; Candido et al. 2000;
Volkmer-Ribeiro et al. 2007; Rasbold et al. 2019). These
investigations have provided insights into temporal changes
in sponge richness and abundance, contributing to a more
comprehensive understanding of sponge ecology worldwide.
In this study we have examined dissociated sponge spicules
retrieved from two sedimentary cores from Admiralty Bay
to reconstruct and describe the past sponge communities
from the loose spicule record in order to evaluate temporal
changes in the soft bottom, sublittoral sponge community in
decennial time spans and compare the local sub-fossil sponge
community with the Recent. To our knowledge, this is the
first attempt to contrast the modern and subfossil Antarctic
sponge diversity using the sponge spicules from the cores.

Institutional abbreviations—ZPAL, Institute of Paleobio-
logy, Polish Academy of Sciences, Warsaw, Poland.

Material and methods

Study area.—Admiralty Bay is located at the center of
King George Island being its largest embayment (Central
South Shetland Islands, north of the Antarctic Peninsula,
West Antarctica) with an area of 122 km? and maximum
depth of 535 m, harboring three inlets: Ezcurra, Martel, and
Mackellar. The local hydrodynamics are driven by the het-
erogeneity of the seafloor in Admiralty Bay and the circu-
lation in the Bransfield Strait (Szafranski and Lipski 1982).
Waters entering the bay from Bransfield Strait are derived
from the neighboring Weddell Sea or the Bellingshausen
Sea, depending on regional water circulation, winds, and
seasonal patterns (Gordon and Nowlin 1978). Regarding the
bottom sediments, these contain diverse portions of ran-
domly dispersed clastic materials coming from the glaciers
and subglacial streams or drifting ice to the Admiralty Bay.
Furthermore, the bed that contains accumulated sediment
can reach a thickness of 150 m, as a Recent sediment cover
presumably initiated during the deglaciation of the last
Holocene glaciation (Sicinski et al. 2011).

Sampling—Procedures were executed under the framework
of the ORCA Project during the Peruvian Antarctic Expe-
ditions ANTAR XXVI (2019) and XXVII (2020). Samples
were collected using an OSIL Piston core and a Van Veen
grab (30x50 cm?) deployed at different depths onboard the
Peruvian oceanographic research vessel BAP Carrasco, in
two different sites along the Admiralty Bay, both off Ezcurra
Inlet: GANT-20-07 (a and b) and GANT-19-08 (Fig. 1).
Two piston cores of different length were retrieved. Piston
core N°4 (C4, 338 cm long) was deployed at 282 m depth in
GANT-20-07a (62°08°45.09°°S, 58°28°51.54’W) in 2020. In
this core the sediments were light green clay-silt transition-
ing to silt-sand towards the core base. Structures identified
included organic matter, flaser lamination, polychaete bur-
rows, plant roots, rock fragments, nodules, and sand lenses in
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Fig. 1. A. Schematic map of South Shetland Islands, featuring geographic and depth characteristics. B. Admiralty Bay with sampling sites. Database source:
SCAR Antarctic Digital Database (ADD) Version 7.0 and derived product from the General Bathymetric Chart of the Oceans (GEBCO) 2024 Grid.

different segments of the core. This structural combination
suggests a dynamic and variable environment over time,
indicating a complex and diverse sedimentary background
e.g., changes in environmental conditions, alternating from
marine to intertidal habitats. The piston core N°8 (C8, 140
cm long) was deployed at 423 m depth in GANT-19-08
(62°07°48.00”’S, 58°25°48.00”’W) in 2019, but no sedimento-
logical data for this core is available. Both cores were divided
into two halves and one of the halves was subsampled (2-3
cm?®) every 10 cm (when possible). The core sample desig-
nation combines the core number (C4 or C8) with the depth
from which the sediment was retrieved (e.g., -0, -210, etc.).
Surface sediment sample N°4 was obtained from the grab
deployed at 280 m depth at GANT-20-07b (62°08°45.31”’S,
58°28°51.52”’W) and surface sediment sample N°8 was taken
from the piston core N°8. Surface sediment samples (6x5x1
cm?®) were obtained from the most superficial part of the
collected sediment (either grab or piston core). All samples
were packed in plastic bags, conserved at room temperature
(14°C), delivered to the Henryk Arctowski Polish Antarctic
Station and shipped to Poland by the end of February 2020.

Sample extraction and processing—The core sediment
(mainly fine-grained silts, silty clay sands and sandy clay
silts) was sampled every 10 cm to extract disassociated sponge
spicules. The sediment was first treated with 30% solution of
hydrogen peroxide (H,0,) to remove organic matter. If the
sediment was too muddy, causing clumping of sediment par-

ticles, additional treatment with softener Extran MA 02 was
performed to remove the finest sediment particles. The resi-
due was then washed and dried. From the dry sediment, the
representative sponge spicules were handpicked under a bin-
ocular microscope NIKON ZM?7 under magnification x40.
The picked spicules were then hand-mounted on Scanning
Electron Microscope stubs, covered with platinum and pho-
tographed under the SEM Philips XL-20 at the Institute of
Paleobiology, Polish Academy of Sciences.

Taxonomic assignment of dissociated spicules—The ob-
tained spicules had been assigned to sponge taxa noted from
the South Shetland Islands with a special emphasis on the
Admiralty Bay species based on the literature. When no
match was found among sponges noted in the vicinity, more
distant Antarctic and sub-Antarctic sponge communities
were taken under consideration. The sponge spicules had
been assigned to a single taxon whenever their morphol-
ogy was diagnostic enough to assign them to a definite
taxon with a high confidence. This was done when the an-
alyzed spicules were identical in terms of morphology and
size to spicules of living sponge taxa. However, there were
cases when the morphology of the analyzed spicules cor-
responded with more than one sponge taxon. In one case
the spicules were assigned to a genus with two possible
species match (Hymedesmia [Hymedesmia] croftsae or H.
[H)] gaussiana), but for the purposes of analysis we con-
sider this taxon as Hymedesmia (Hymedesmia) croftsae. In
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other cases, when the morphology of the analyzed spic-
ules was too general or corresponded with more than two
sponge taxa, bulk categories were established. Additionally,
some spicules of triaxial symmetry difficult to assign were
broadly identified as hexactinellid spicules (see SOM: table
S1, Supplementary Online Material available at http://app.
pan.pl/SOM/app70-Lukowiak etal SOM.pdf). However,
these categories were excluded from the analysis due to
their ambiguity and difficulty in the interpretation of the
results. The studied material is deposited in the Institute of
Paleobiology, Polish Academy of Sciences under the num-
ber ZPAL Pf. 33.

Sediment dating—The dating of the examined core samples
was not possible, due to the disturbance of the samples. For
this reason the approximate age of the samples was ascer-
tained based on the previous studies that dealt with the dat-
ing of the Admiralty Bay sediments considering '*’Cs and
210pp radionuclides (Nascimento et al. 2009). The sedimen-
tation rate was estimated as ranging from 0.11+0.01 cm y!
to 0.46+0.05 cm y™!' (0.35 cm y™!' on average; for more details
see Nascimento et al. 2009). Based on this data, our cores
were estimated as to cover at least the last 400 years for the
shorter core (C8) and 966 years for the longer core (C4). For
more details see SOM: table S2.

Statistical analysis—Differences in species composition
between the cores were tested using a permutational mul-
tivariate analysis of variance (PERMANOVA) based on a
presence-absence data and using Jaccard similarity matrix
considering different data sets: (i) grouping different depths
from each core considering all subsamples (i.e., core N°4
from 0 to 388 cm and core N°8 from 0 to 140 cm); (ii)
grouping different range depths (cores N°4 and N°8) down
to 140 cmy; (iii) and grouping different subsamples within
each core by 2, 3, 4, 5, 6, and 7 subsamples. Differences in
species composition among cores were assessed in a Non-
metric Multidimensional Scaling (n-MDS) analyses. The
Jaccard similarity matrix was also used for cluster analy-
sis to determine similarities among within each core inde-
pendently. Analyses were performed in R (R Core Team
2018) using vegan package (Oksanen et al. 2018) and all
graphs were plotted with ggplot2 package (Wickham 2016)
or using basic R commands (see SOM for R code).

ACTA PALAEONTOLOGICA POLONICA 70 (1), 2025

Results

Spicule assignments.—Basing on the dissociated spicules
we have recorded in total the presence of 27 sponge taxa in
the sediment samples, from which twenty-four have been
assigned to species level (Figs. 2, 3, and Table 1). In core 4
(C4) which was richer in sponge taxa recognized, 26 taxa
were recorded, and in core 8 (C8), only 15. In turn, from 15
taxa recorded in C8, only one was absent in C4 (Table 1).
The most common species observed in both cores and
along all the depths were lophon unicorne (24 and 9 for
C4 and C8, respectively), Cinachyra antarctica (18 and 7
records, respectively), and C. barbata (16 and 8 records,
respectively). Less common were Isodictya sp. (14 and 4
records, respectively), lophon hesperidesi (12 in C4 only),
and Acanthorhabdus fragilis (8 and 4 records, respectively).
Only single appearances of Tedania (Tedaniopsis) sarai,
Tedania (Tedaniopsis) charcoti, Hymedesmia (Hymedesmia)
croftsae, Clathria (Axosuberites) parva, and Siphonochalina
fortis were recorded. For more details see SOM: table S1.

Sponge community stability over time.—Core N°4 (C4):
The sediment core, extending to a depth of approximately
340 cm below the sea floor and spanning about 966 years
up to around 1054 CE, encompasses a total of 34 samples,
with an additional sample collected from the surface sedi-
ment dredge (Fig. 4). The most diverse sample, boasting the
recognition of 12 sponge taxa, is the surface sample (C4-0).
Following closely are the samples from ~229 and 171 years
ago (C4-80 and C4-60, respectively) with respectively 10
and 9 identified species. The samples dating back to around
86 (C4-30) and 600 years ago (C4-210), showed a slightly
lower diversity with 7 recognized species. Four samples,
from before ~343, 429, 486, and 886 years ago (C4-120,
-150, -170, and -310, respectively) contained six recognized
taxa. Meanwhile, the samples from ~114, 314, 457, 514, 686
and 966 years ago (C4-40, -110, -160, -180, -240, and -338,
respectively) captured five taxa. Four taxa were noted in 7
samples, originating from ~29, 57, 200, 371, 571, 600, and
771 years ago (C4-10, -20, -70, -130, -200, -220, and -270, re-
spectively), while three taxa were identified in five samples
dating back to ~257, 286, 714, 800, and 857 years ago (C4-
90, -100, -250, -280, and -300, respectively). The remaining

Fig. 2. Sediment sponge spicules belonging to sponges that have never been noted from area of Admiralty Bay: A, B. Exotyles of Guitarra dendyi —»
(Kirkpatrick, 1907). A. ZPAL Pf. 33/4060-27. B. ZPAL Pf. 33/410-17. C. Spherostyle of Sphaerotylus capitatus (Vosmaer, 1885), ZPAL Pf. 33/4280S-66.
D. Acanthorhabd of Acanthorhabdus fragilis Burton, 1929, ZPAL Pf. 33/4080-37. E. Tornote of Tedania sp., ZPAL Pf. 33/4080-33. F. Tornote of Tedania
(Tedaniopsis) sarai Bertolino et al., 2007, ZPAL Pf. 33/4280S-46. G. Tornote of Tedania (Tedaniopsis) charcoti Topsent, 1907, ZPAL Pf. 33/4060-
18. H. Anisoxea of Clathria (Axosuberites) parva Lévi, 1963, ZPAL Pf. 33/C4310-14. 1. Acanthostyle of Myxodoryx hanitschi (Kirkpatrick, 1907b),
ZPAL Pf. 33/4060-35. J, K. Anatriaenes of Cinachyra antarctica (Carter, 1872). J. ZPAL Pf. 33/4150-23. K. ZPAL Pf. 33/C4200-05. L. Anatriacne
of Antarctotetilla leptoderma (Sollas, 1886), ZPAL Pf. 33/4160-03. M. Anatriaene of Cinachyra barbata Sollas, 1886, ZPAL Pf. 33/4030-27. N. Short
oxea of Siphonochalina fortis Ridley, 1881, ZPAL Pf. 33/4080-20. O. Strongyle of Rhizaxinella strongylata Bertolino, Costa, & Pansini in Bertolino et
al., 2020, ZPAL Pf. 33/4190-46. P. Anisoxea of Cinachyrella barbata Sollas, 1886, ZPAL Pf. 33/410-16. Q. Strongyloxea of Hymerhabdia imperfecta
Bertolino, Costa, & Pansini in Bertolino et al., 2020, ZPAL Pf. 33/4080-13. R. Acanthostyle of Hymedesmia (Hymedesmia) croftsae Goodwin et al.,
2016 / gausiana Hentschel, 1914, ZPAL Pf. 33/4280S-10. S. Style of Chondrocladia (Chondrocladia) antarctica Hentschel, 1914, ZPAL Pf. 33/4210-07.
T. Style of Polymastia invaginata Kirkpatrick, 1907b, ZPAL Pf. 33/4050-22. U. Style of Nullarbora penniformis (Gocke & Janussen, 2013a), ZPAL Pf.
33/4280S-23. V. Mycalostyle of Mycale (Aegogropila) denticulata Bertolino et al., 2009, ZPAL Pf. 33/4080-34. W. Style of lophon terranovae Calcinai
& Pansini, 2000, ZPAL Pf. 33/4050-14. X. Tylote (X,) and details (X,) of lophon hesperidesi Rios et al., 2004, ZPAL Pf. 33/4150-42.



<
O
[
O
[
<
[
Z
<
T
n
23]
=
=~
@)
n
=
&
Z
)
=
=
o
Q
53|
©)
Z
o
=%
1
—
<
[
88}
N
=
=
©)
N
-
»d




ACTA PALAEONTOLOGICA POLONICA 70 (1), 2025




LUKOWIAK ET AL—SPONGE COMMUNITIES OF WEST ANTARCTICA 49

<— Fig. 3. Sediment sponge spicules that belong to species that were already noted from the area of Admiralty Bay. A. Exotyle (A) and details (A,) of Spha-

erotylus antarcticus Kirkpatrick, 1907b, ZPAL Pf. 33/4170-17. B. Dermal hexactine of Anoxycalyx (Scolymastra) joubini (Topsent, 1916), ZPAL Pf.
33/2503-03. C. Polytylote style (C,) and details (C,) of Sphaerotylus antarcticus Kirkpatrick, 1907b, ZPAL Pf. 33/4130-38. D. Oxea of Haliclona (Gellius)
tylotoxa (Hentschel, 1914)—Pyloderma latrunculioides (Ridley & Dendy, 1886)-Mycale (Oxymycale) acerata Kirkpatrick, 1907b—Pseudosuberites mon-
tiniger (Carter, 1880) bulk group, ZPAL Pf. 33/4210-18. E. Anisoxea of Pyloderma latrunculioides (Ridley & Dendy, 1886)-Haliclona (Gellius) tylo-
toxa (Hentschel, 1914)-Mycale (Oxymycale) acerata Kirkpatrick, 1907b—Pseudosuberites montiniger (Carter, 1880) bulk group, ZPAL Pf. 33/4310-07.
F, G. Acanthostyles of unknown origin. F. ZPAL Pf. 33/4280S-45. G. ZPAL Pf. 33/4280S-02. H. Style of Clathria (Axosuberites) flabellata (Topsent,
1916)-Myxilla (Burtonanchora) lissostyla Burton, 1938—Myxilla (Burtonanchora) asigmata (Topsent, 1901b)-Megaciella annecten bulk group (Ridley
& Dendy, 1886), ZPAL Pf. 33/4050-26. 1. Micropentactine of Rossella sp., ZPAL Pf. 33/4150-33. J. Hypodermal pentactine of Rossella sp., ZPAL Pf.
33/4020-08. K. Hexactine of Rossella sp., ZPAL Pf. 33/4150-34. L-O. Spicules of lophon unicorne Topsent, 1907. L. ZPAL Pf. 33/4030-04. M. ZPAL
Pf. 33/2503-06. N. ZPAL Pf. 33/4060-31. O. ZPAL Pf. 33/4150-46 (O,) and details (O,). P. Dermal pentactines of Anoxycalyx (Scolymastra) joubini
(Topsent, 1916) or Rossella sp., ZPAL Pf. 33/4180-18. Q. Hypodermal pentactine of Rossella sp., ZPAL Pf. 33/450-11. R, S. Orthodiaenes of Tethyopsis
longispina (Lendenfeld, 1907). R. ZPAL Pf. 33/104-02. S. ZPAL Pf. 33/4120-12). T. Pentactine of Rossella sp., ZPAL Pf. 33/4050-13. U. Isoxea of

Isodictya sp., ZPAL Pf. 33/160-03. V. Isoxea of Isodictya sp., ZPAL Pf. 33/4280S-42.

samples exhibited a diversity of only two taxa (C4-140,

0(0
10 (2(9; -190, -230, -290, -300, -320, respectively), and two others
20(57) consisted of a single taxon (C4-260 and -330).
In this core the intervals from 966 to 629 years ago (338
30{86) to 220 cm of depth), and from 571 to 257 years ago (200 to
40(114 90 cm of depth), are quite uniform with 3.2 and 4.25 taxa re-
50 (143) spectively recognized on average with the highest record of
60 (171) 7 recognized taxa (in the sample from the depth of 210 cm)
70 (200) in between these two intervals. Starting from 229 years ago
80 (229) (C4-80), with the second highest record of ten taxa recog-
90 (257) nized, the average number of recognized taxa reaches 6.88
up to the end of the core. The highest record of 12 taxa is
100 (286) . ) .
110 (314) observed in the surface sample. For more details see Fig. 4
(orange).
120(343) Core N°8 (C8): The sediment core, extending approx-
130(371) imately 140 cm and encompassing the last 400 years up
2 140 (400) to around 1620 CE, yielded a total of 14 samples, comple-
72’ 150 (429) mented by an additional sample extracted from the surface
< 160 (457) sediment dredge (Fig. 4). Among these samples, the most
£ 170 (436) diverse (with 7 identified sponge taxa) was C8-80, dating
§ 180 (514) back around 229 years ago. Preceding this, the samples from
= ~343 (C8-120) and 286 (C8-100) years ago revealed the pres-
€ 190(543) . . . .
] ence of six recognized species, while those dated as ~314
3 20067 and 400 years old (C8-110 and -140) exhibited five taxa.
210(600) Notably, samples dating to ~200, 257, and 371 years ago
220 (629) (C8-70, -90, and -130, respectively) were characterized by
230(657) four identified species. In contrast, the remaining samples
240 (686) demonstrated lower richness in recognized sponge taxa,
250 (714) with three taxa identified in the surface sample and the one
260 (743) from ~114, 143, and 171 years ago (C8-40, -50, and -60, re-
270(772) spectively), and a solitary taxon recognized in the sarpples
280 (800) S from ~29 (C8-10) and 86 (C8-30) years ago. Interestingly,
W Cored the sample from around 57 years ago (C8-20) did not contain
290 (829) any identifiable sponge spicules.
300 (857) The general trend shows a quite uniform number of taxa
310 (886) recognized from the oldest sample (earlier than ~400 years
320 (914) ago) to the sample from 257 years ago with 5 taxa recognized
330 (943) on average. Then, 229 years ago, a maximum of recognized
338 (966) sponge taxa (7) is observed in this core and drops to a single
o ] i r : ® 5 1 taxon recognized in the sample from ~86 years ago. After the

Fig 4. Sponge species richness (richness expressed in number of species)

Number of recognized sponge taxa

by depth [expressed in cm and estimated years before present (YBP)].

sample with no spicules recognized (~57 years ago), there is
an increase of the number of recognized taxa to three in the
surface sample. For more details see Fig. 4 (blue).
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Table 1. Sponge taxa list recognized from area of Admiralty Bay or other nearest area. * species that do not produce mineral skeleton; ** Alvaro
Arteaga, Philippe Willenz, Eduardo Hajdu, Bernabé Moreno, Natalia Venturini, Luis Cerpa, Luis Quipuzcoa, and Baslavi Céndor-Lujan; symbols:
+ present, — absent.

Admiralty Bay records Other nearest area of
Species/species association Sediment | Sediment |Living (lite-| occurrence (if absent Literature
(C4) (C8) | rature data) | in Admiralty Bay)
Anoxycalyx (Scolymastra) joubini + — + Hajdu et al. 2016; Topsent 1917
Tophon unicorne . N n Vieira et albig&g:y%&pf;%t al. 2007b;
Isodictya sp. + + + Sicinski et al. 2011
Sphaerotylus antarcticus + + + Goodwin et al. 2019; Hamilton et al. 1997
Tethyopsis longispina + + + Campos et al. 2007a
Tedania charcoti + — + Goodwin et al. 2019
Rossella (Tedaniopsis) sp. + + + Sicinski et al. 2011
Acanthorhabdus fragilis + + So?gelsrzrelg:r;glilg)n ds Burton 1932
Antarctotetilla leptoderma + — — South Shetland Islands Desqueyroux 1975
Cinachyra antarctica + + — South Shetland Islands Desqueyroux 1975
Cinachyra barbata + + — Maxwell Bay Hajdu et al. 2016
gljztflzzl;oczladm (Chondrocladia) n . B Antarcti)crz:) \]:Zie:lsct eAbyssal Gécke and Janussen 2013
Guitarra dendyi + + - South Shetland Islands Rios et al. 2004
lophon terranovae + + - Antarctic Peninsula Calcinai and Pansini 2000
Mycale (Aegogropila) denticulata + - Terra Nova Bay Bertolino et al. 2009
Myxodoryx hanitschi + - - Antarctic Peninsula Topsent 1917
Nullarbora penniformis + + - Eastern Weddell Sea Gocke and Janussen 2013
Polymastia invaginata + + — Maxwell Bay Hajdu et al. 2016
Rhizaxinella strongylata + + - Chile Bertolino et al. 2020
Clathria (Axosuberites) parva + — - SW Africa Uriz 1988
Hymeg’esmia (H.) croftsae / N B B F alklandg, Antarctic Goodwin et al. 2014/
gaussiana Peninsula Hentschel 1914
Hymerhabdia imperfecta + - — Chile Bertolino et al. 2020
lophon hesperidesi + — - South Shetland Islands Rios et al. 2004
Siphonochalina fortis + — - Falklands Goodwin et al. 2011
Sphacrotylus capitatus N 3 B Kapp Ijgi’lvgig (Wed- Arntz et al. izzge(na;;phaemtylus
Tedania (Tedaniopsis) sarai + — - Argentine Sea Bertolino et al. 2009
Tedania sp. + — - South Shetland Islands Goodwin et al. 2019
Clathria (Axosuberites) flabellata - - + Campos et al. 2007b
Haliclona (Soestella) chilensis — — + Campos et al. 2007a
Haliclona sp. - - + Sicinski et al. 2011; Goodwin et al. 2019
Homaxinella balfourensis - — + Goodwin et al. 2019; Campos et al. 2007a
Hymeniacidon sp. - - + Sicinski et al. 2011
lophon cf. unicorne - - + Vieira et al. 2010a
lophon sp. - — + Sicinski et al. 2011
Latrunculia (L.) biformis — — + Campos et al. 2007b
Mpycale (Oxymycale) acerata - - + Arteaga et al.** (unpublished data)
Mpyxilla (Burtonanchora) lissostyla - — + Vieira et al. 2010a
Mycale sp. - - + Sicinski et al. 2011
Phorbas domini - - + Sicinski et al. 2011
Phorbas cf. domini - — + Vieira et al. 2010a
Rossella podagrosa - - + Topsent 1917
Rossella cf. racovitzae - — + Vieira et al. 2010a
Tedania (Tedaniopsis) tenuicapitata - - + Vieira et al. 2010a
Dendrilla antarctica* - - + South Shetland Islands Topsent 1917; Goodwin et al. 2019
26 taxa 15 taxa
In total in total 27 different taxa, 24 taxa
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Fig. 6. Dendrogram from cluster analysis based on the Ward method (ward.

(green) were considered. Surf, sediment surface.

Core similarities and differences.—Cores samples displa-
yed some differences. The PERMANOVA showed no sig-
nificant differences between the cores when considering all
the subsamples of both cores (p = 0.0744) but it was signif-
icant when only including the subsamples down to 140 cm
(the same depth for both cores, p = 0.0207). A subtle differ-
entiation was also observed in the nMDS analyses, consid-
ering both data sets (Fig. SA, B). However, no significant
difference was detected in the PERMANOVA when testing

Subsamples (cm)

d2) using Jaccard distance matrix. Subsamples from cores C4 (orange) and C8

groups composed of different number of subsamples (2, 3, 4,
5, 6, and 7) within each core (SOM: table S3). Moreover, no
visible pattern was recovered in the cluster analyses (Fig. 6).

Modern vs. sub-fossil sponge community—The core data
was merged to get a fuller picture of sponge communities of
the Admiralty Bay area. Both cores differ not only in depth of
sampling, but also in sub-fossil record history, and that is why
they were treated not as replicates but one merged dataset.
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Out of the 27 taxa identified in the sediment cores, only
seven overlap with the currently recognized taxa in the
Admiralty Bay area (Table 1). Of the remaining 20 taxa,
8 are currently documented in nearby regions like the
South Shetland Islands (6 taxa) and Maxwell Bay (2 taxa).
Conversely, 12 taxa are presently found outside the South
Shetland Islands, spanning regions such as the Antarctic
Peninsula (1), Antarctica East Abyssal Province (1), Terra
Nova Bay (2), Weddell Sea (2), Argentine Sea (1), SW Africa
(1), Falkland Islands (2), and Chile (2).

In the Admiralty Bay surveys of Recent sponges, 24
sponge taxa were recorded; intriguingly, 17 of these were
not identified in the sediment samples (Table 1). However,
when taxa which do not produce mineral skeleton (Dendrilla
antarctica) or which are assigned in the surveys as “confer”
(lophon cf. unicorne, Phorbas cf. domini, Rossella cf. raco-
vitzae), or identified only to generic level (Haliclona sp.,
Hymeniacidon sp., lophon sp., Mycale sp., Tedania sp.) are
excluded from the analysis, only nine taxa living on this
area today [Clathria (Axosuberites) flabellata, Homaxinella
balfourensis, Haliclona (Soestella) chilensis, Latrunculia
(L.) biformis, Mycale (Oxymycale) acerata, Myxilla (Burton-
anchora) lissostyla, Phorbas domini, Rossella podagrosa,
and Tedania (Tedaniopsis) tenuicapitata], are not recog-
nized in the fossil record (Table 1).

Discussion

Sponge fauna fluctuations.—While there isn’t a clear pat-
tern in the distribution of taxa along the cores, both cores
exhibit quite a consistent trend in the changes of recognized
taxa over time intervals in the intervals where data for both
cores exists, e.g., from 10 cm of depth to 140 cm. However,
in these intervals the average number of taxa in core 8 is
approximately 3.71 while in core 4 it is 4.38. This might be
due to different water depths the cores were retrieved from
(423 m for core 8 vs. 282 m for core 4). In the strata where
both cores data overlap, the number of recognized species
in the core 4 vary from two to 10, while in the core 8 from
zero (57 years ago) to seven (229 years ago). This decline in
the number of recognized sponge taxa in the core 8 and a
gradual recovery with 3 sponge taxa recorded in the surface
sediments, could be attributed to various factors influencing
coastal benthic communities. This could have resulted from
a brief, one-time event or disturbance that either disrupted
the living community or removed the spicular record from
the sediment. Potential causes for disturbances in Antarctic
benthic fauna include iceberg grounding during the summer,
and iceberg ripping the seabed benthos in winter, as well as
factors like high wind and wave action, hypoxia/anoxia, vol-
canism, temperature stress, freshwater inundation, localized
pollution, and ultraviolet (UV) radiation (Barnes and Conlan
2007). Given the absence of similar changes in the spicular
record in the second core, it is presumed that this distur-
bance had a highly localized rather than a global character,
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unrelated to general climatic events like temperature stress,
pollution, freshwater inundation, or volcanism. Trawling was
ruled out due to the absence of data indicating its occurrence
in this area. Wave action was also excluded from consider-
ation, as its influence is limited to shallow depths, extending
only to approximately 20 meters (Barnes and Conlan 2007).
However, the direct impact of ice, particularly iceberg ac-
tivity, can reshape sediment in waters as deep as 550 meters
(Barnes and Lien 1988; Dowdeswell et al. 1993). The biologi-
cal consequences of such ice-related disturbances include the
loss of benthic biomass, alterations in abundance and diver-
sity patterns, changes in community structure and function
(Gutt 2001; Gutt et al. 2015) and shifts in population struc-
ture (Peck and Bullough 1993; Brown et al. 2004). Hypoxia
(or anoxia), e.g., by brine or macroalgae accumulation, is also
considered a potential factor, especially in ice-covered bays
and fjords where water circulation is confined by a narrow
neck or sill (Kvitek et al. 1998; Bromberg et al. 2000).

Differences between the taxonomic composition of the
living and the fossil sponge communities.—There can be
several potential reasons for the fact that among 27 sponge
taxa recognized in the sediments, 8 taxa are not recorded
in the Admiralty Bay nor in the vicinity (South Shetland
Islands and Maxwell Bay) today. The first reason could be
insufficient sampling during the faunistic studies of this area.
Many of these sponges could have been overlooked and/or
are difficult to sample due to their fragileness (like in case of
e.g., Acanthorhabdus fragilis, Nullarbora penniformis), or en-
crusting nature [like in case of e.g., Hymerhabdia imperfecta
and Hymedesmia (Hymedesmia) croftsae/gaussianal. The
other specimens might have been overlooked because they
are characterized by a small habitus (like e.g., Rhizaxinella
strongylata, Chondrocladia [Chondrocladia) antarctica, and
Sphaerotylus capitatus). The oversight problem of small,
cryptic and excavating sponge taxa in faunistic studies has
already been discussed by Lukowiak (2016) who described
four sponge species unnoted so far from a shallow water reef
of Bocas del Toro, Panama, by means of sediment dissoci-
ated spicules. Moreover, on the list of sponges recognized
in the sediments, there are some species that were described
relatively lately as new, e.g., Hymerhabdia imperfecta,
Rhizaxinella strongylata (recognized from Chilean coastal
waters by Bertolino et al. 2020). The comparatively recent
recognition of these species might be the reason why they
have not been identified from the areas other than the type
locality yet.

The next reason taken under consideration when com-
paring discrepancies in sponge taxa recorded in sediments
and in surveys is the transport of disassociated spicules. The
archipelago of the South Shetland Islands extends for approx-
imately 500 km in a southwest/northeast direction and lies on
the southern edge of the Drake Passage (Stein and Rakusa-
Suszczewski 1983). Admiralty Bay is situated at inward
shores of King George Island, which lies near the center of the
South Shetland Islands and is characterized by a two-phase
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flow system typical for fiords (Pruszak 1980). Within the
Bay, the surface currents outflow the water from Admiralty
Bay into Bransfield Strait and only the winds blowing from
SW-W can cause an inflow of surface waters into Admiralty
Bay (Pruszak 1980). The waters are carried into the Bay
by the tide through the lower part of the profile from the
Bransfield Strait. The direction of the movements of water
masses in the Bransfield Strait is probably north-eastwards
(Toporkov 1973). These waters are a part of the East Wind
Drift turning southwards before reaching Drake Passage and
moving along the South Shetland Islands (Pruszak 1980). The
spicules of sponge species which have not been noted living
in this area could have been transported by the currents from
the surroundings, however a long-distance transport, namely
form Chilean waters or Falkland Islands, is very unlikely.
On the other hand, according to biogeographical analyses
performed by Downey et al. (2012), there is a strong link of
the Southern American sponge fauna with the Antarctic one.
There is a minimal chance that the spicules found in the most
superficial strata were carried by the scientific vessels com-
ing from Punta Arenas (Chile) or Ushuaia (Argentina) which
are the mandatory stops for Antarctic research vessels from
(at least) Brazil and Peru, while heading to the Admiralty
Bay. This could be the case of Hymerhabdia spicules which
had been found in the surface sediment. The other taxa e.g.,
Rhizaxinella strongylata, Clathria parva, and Siphonochalina
fortis were noted in the deeper intervals (from 80 to 310 cm),
what makes the transport of spicules by vessels impossible.
Also, the current changes in the sponge community compo-
sition over time need to be taken under consideration. This
might be the case of lophon terranovae, Myxodoryx hanits-
chi, Mycale (Aegogropila) denticulata, Tedania (Tedaniopsis)
sarai, and Siphonochalina fortis which tend to have rather
massive or big habitus so their overlooking during the faunis-
tic studies is rather unlikely.

The other factor that might play a role in the sampling
bias can be the patchiness of the sponge fauna (Gutt and
Koltun 1995) that may inhabit regions depending on many
ecological parameters such as, among others, turbidity (Zea
1994), water flow (Bell and Barnes 2003), nutrient con-
centrations (Wilkinson and Cheshire 1989; Campos et al.
2013), substratum type (Bell and Barnes 2000; Powell et
al. 2010) and predation (Waddell and Pawlik 2000). These
factors might have changed over time causing the dispersal
of sponge faunas to other, more suitable areas; the selection
of wrong or too few sampling areas for the faunistic studies
could have also played a role in not capturing the full variety
of sponge fauna of this region.

The lack of recognition of some sponge taxa in the sedi-
ments may be caused by various reasons, but the main seems
to be the difficulty in the correct identification of morpho-
logically simple spicule types. From among five species
that seem not to have fossil record in the sediments, four
[Haliclona (Soestella) chilensis, Homaxinella balfourensis,
Latrunculia (L.) biformis and Tedania (Tedaniopsis) tenui-
capitata] produce morphologically simple spicules, namely

oxeas or styles which are difficult to identify and assign.
Admittedly, in the last two cases, styles are accompanied by
other, more characteristic, spicule types i.e., the microscleres
discasters in L. (L.) biformis, and tornotes in 7. (T) tenuicap-
itata. However, due to their size, microscleres are generally
overlooked or tend not to preserve in the fossil record (ML
unpublished data). Moreover, the tips of the tornotes can be
easily altered during the diagenetic processes and thus, their
recognition can be obscured.

Conclusions

For the first time, the core samples from the Admiralty Bay
were employed to reveal the historical changes of sponge
communities spanning one thousand years, offering a valu-
able comparison with the present-day living sponge fauna
in the area. Surprisingly, despite the absence of specific
trends or patterns in the sponge spicule record over the past
millennium, both cores, especially in overlapping depths,
displayed a consistent trend in the changes of recognized
taxa across various time intervals.

A single event of the decline of spicular record that has
been documented in one of the cores (C8) that was retrieved
from the greater depth could possibly be related to local
hypoxia event or iceberg activity, but more replicates from
nearby areas are needed to test this hypothesis.

Intriguingly, upon comparing the sediment spicular re-
cord with the contemporary sponge fauna surveyed in the
area, the sedimentological record proved to be richer, show-
casing three more sponge taxa retrieved from the sediments
compared to the observed Recent fauna. Conversely, among
species documented in the surveys, at least nine were not
recognized in the fossil state. The disparities between the
fossil record and the list of sponge taxa currently present in
the studied area could be potentially explained by various
factors influencing the sedimentary record, including mis-
assignment of simple morphologically spicule types, possi-
ble post-mortem transport of spicules, faunal changes, and
the patchiness of the modern sponge fauna. On the other
hand, factors influencing the living sponge fauna include
insufficient recognition of the diverse Recent sponge spe-
cies in this region and the oversight of small, cryptic, and
fragile sponge species during faunistic studies.
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