Small areas and small plants: Updates on Antarctic bryophytes
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ABSTRACT

and Micheline Carvalho-Silva'

Snow Island is part of the South Shetland Archipelago in Antarctica. Most of its surface is permanently covered
by snow, yet it has an important paleobotanical site. There are no protected areas on the island and no recent data
regarding its vegetation. This study aimed to collect and identify fresh samples of bryophytes from President Head
Peninsula of Snow Island. Samples were collected during the summers of 2015 and 2018. Among the 24 bryophyte
species identified in this work, 19 are new occurrences for Snow Island, bringing the total known for the island
to 29 species. The most diverse family is Pottiaceae, with four species of two genera, followed by Bryaceae and
Polytrichaceae, with three species each. The results show that the diversity of mosses on Snow Island is greater than
previously reported. We here demonstrated the region’s importance and the 190 % increase in Snow Island species
number. This study also updated the Antarctic distribution of some species.
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Introduction

Antarctica is the most distant and isolated continent,
and is considered the driest and coldest region on the
planet (Bargagli 2005; Cassano 2013). It is inhabited
by extremophile organisms that are able to establish
themselves and survive the harsh conditions (Longton &
Holdgate 1979). These characteristics make Antarctica a
unique place for the development of scientific research in
diverse areas such as environmental science and biodiversity
(Camaraetal. 2017). The continent itself has an area of over
14 million km?, of which only 0.3 % is ice free during the
summer season and represents potential substrata for local
vegetation (Fox & Cooper 1994). The South Shetlands is an
archipelago that covers an area of 3687 km®. It comprises 11
main islands and is located north of the Antarctic Peninsula.

According to Lewis-Smith (1984) and Ochyra et al. (2008),
the archipelago belongs to the northern Maritime Antarctica
geobotanical zone characterized by a cold moist climate
with milder temperatures during summer and annual
precipitation ranging 350-550 mm, mostly concentrated
as rain during the warmer season. This zone also holds
greater botanical diversity than other Antarctic regions
zones (Ochyra et al. 2008).

Antarctic vegetation is predominantly cryptogamic, with
116 species of bryophytes, 500 species of lichens and three
species of flowering plants having been reported for the
continent (Ochyra et al. 2008; Ellis et al. 2013a; b; Sollman
2015; Camara et al. 2019a). Although the bryophyte flora
of Antarctica has been the focus of various researchers in
the past, and many aspects of its composition have been
elucidated (Putzke & Pereira 1990; Bednarek-Ochyra et al.
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2000; Ochyra et al. 2008), there have been few efforts to
investigate the genetic diversity and true identity of many
of the taxa occurring on the frozen continent.

Recent studies regarding moss diversity and
biogeography integrating a molecular approach have
shown that bryophytes, especially mosses, have much yet
to be discovered (Biersma et al. 2017; 2018a; b; Camara
et al. 2018; 2019a; b). Recent sampling and site-oriented
investigations have also demonstrated that moss species
distributions remain a subject of discussion and that the
South Shetland Archipelago, which bears most of the ice-free
area in Maritime Antarctica, may hold greater diversity than
that described in traditional literature (Camara et al. 2017;
Henriques et al. 2018; Camara et al. 2020). Although the flora
of Antarctica has been published, new occurrences continue
to be found. In addition, treatments of local flora are almost
non-existent, and are known to be fundamental, as they
allow for better monitoring of changes that vegetation may
be experiencing in the face of climate change.

Climate change has a strong impact in Antarctica, such as
changes in the original composition of organisms (Amesbury
etal. 2017; Robinson et al. 2018), disappearance of species,
competition with new species and decreased availability of
habitats and microhabitats (Hogg et al. 2006, Bokhorst et
al. 2008, Glime 2017).

According to Turner et al. (2009), climate change is
more perceptible in the region of the South Shetland
Archipelago and the Antarctic Peninsula, which are areas
of high concentrations of mosses and lichens (Ochyra et al.
2008). Even so, studies that monitor vegetation and local
floras are scarce.

Snow Island is part of the South Shetland Archipelago. It
islocated southwest of Livingston Island and separated from
it to the northeast by the Morton Strait. Snow Island has an
area of approximately 162.57 km?, with its surface almost
completely covered by snow during most of the year, and its
highest point is 305 m a.s.l. (Lépez-Martinez et al. 2016).
President Head Peninsula is located in the northeast of Snow
Island and is an extremely rich geological and paleobotanical
site — it is considered an important source of data for
understanding the expansion and paleobotany of Antarctica
(Phillipe et al. 1995; Cantrill 1997; Cantrill et al. 1998).
Studies have characterized the paleoenvironment and the
past flora of the Peninsula, especially regarding the Mesozoic,
demonstrating the Island’s connections through palynological
and biostratigraphical data with the Byers Peninsula group
of Livingston Island (Duane 1996; Torres et al. 1997; Cantrill
etal. 1998). Other studies have also demonstrated the Early
Cretaceous flora connection among Australia, South America
and Antarctica through paleopalynological data, highlighting
the scientific importance of Snow Island (Cantrill 1997;
Cantrill et al. 1998).

Although Snow Island has its scientific relevance, it
has no protected areas, not even an Antarctic Specially
Protected Area (ASPA) or an Antarctic Specially Managed

ActaBotanicaBrasilica-35(4):532-539. October-December2021

Area (ASMA). Even though several studies have revealed
the fossil flora (Cantrill 1997; Torres et al. 1997; Cantrill
et al. 1998), there are no current projects focusing on the
Island’s extant flora, especially the current bryoflora. The
only available information regarding liverworts from Snow
Island is a list produced by Bednarek-Ochyra et al. (2000).
The mosses of the Island were treated by Ochyra et al. (2008),
who reported only ten species collected on President Head
Peninsula.

Due to its scientific relevance, and knowing that recent
studies reported greater diversity than other areas already
surveyed in Antarctica, we collected and studied fresh
material from President Head Peninsula with the aim of
increasing and updating knowledge of the botanical diversity
of Snow Island. Thus, we provide an updated list of species
along with an identification key and illustrations.

Materials and methods

Field expeditions to Snow Island occurred during the
Antarctic summers of 2015 and 2018, in snow free areas on
President Head Peninsula (Fig. 1). Collections were made
according to Yano (1984), and vouchers were deposited in
herbarium UB (Universidade de Brasilia). Samples were
observed and studied under a stereomicroscope (Leica
EZ4 HD) and an optical microscope (Leica DM 750). Semi-
permanent slides were made using Hoyer solution (Anderson
1954) to investigate taxonomically useful structures. Images
of important structures and details were taken with a camera
(Leica 170 HD) coupled to an optical microscope (Leica DM
750). Identifications followed Ochyra et al. (2008) and the
classification system adopted was that of Goffinet et al.
(2009). All terminology followed Magill (1990). Voucher
information is available in List S1 in supplementary
material. The list presented here combines the data resulting
from our collections with the list of Ochyra et al. (2008).

South Pole Stereografic
World Geodetic System
1984
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Figure 1. Map of President Head Peninsula, Snow Island, South
Shetlands, Antarctica. The indicated region represents Snow Island
and President Head Peninsula.
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Results and discussion

One hundred and eighty-five samples were collected on
Snow Island during the Antarctic summers of 2015 and 2018,
representing a total of 24 species of bryophytes distributed
among 16 genera and 12 families. Among the 24 species (Tab.
1), 19 are new occurrences for Snow Island. The most diverse
family is Pottiaceae, with four species in two genera, followed
by Bryaceae and Polytrichaceae, with three species each.

The considerable number of new moss occurrences found
by the present study can be explained by the lack of detailed
studies focused on Snow Island. President Head Peninsula is
the main ice-free area of the Island and past studies mainly
focused on just part of it. The present research surveyed the
peninsula and its surrounding areas, wherever soil and rocks
were available for examination. Even though the focus of our

Key to the mosses of Snow Island (Fig. 2)

. Costa ending below apex, leaves not falcate-secund .

. Plants pleurocarpous, stems prostrate, forming wefts or mats
. Plants acrocarpous, stems erect, forming tufts or cushions
. Costa extending into apex, leaves strongly falcate-secund

work was to perform a broader sampling of the Island, we were
limited by logistics and weather conditions. Nevertheless, 19
new occurrences were found.

Our results are congruent with recent local studies of
Antarctic flora (Camara et al. 2017; Henriques et al. 2018)
and revealed that the number of species occurring in Snow
Island was underestimated in previous works. The diversity
of local bryophytes in Antarctica is still worth investigating.
Table 2 provides information on the distribution of all species of
bryophytes found to date on Snow Island, including those cited
by Ochyra et al. (2008), but not collected by the present study.

The following is an identification key based on the updated
list of species occurring on Snow Island. Included in the key are
19 newly recorded species found by the present study and the
10 other species already mentioned by Ochyra et al. (2008).

. Leaves with alar cells forming an isodiametric group
. Leaves with alar cells forming a triangular group
. Costa frequently short and branched near the leaf base

. Leaves plane, non plicate
. Leaves strongly concave, plicate
. Alar region undifferentiated
. Alar region differentiated
. Leaf margins irregularly; apex long acuminate
. Leaf margins plane; apex short, acuminate

...Sanionia georgicouncinata

Sanionia uncinata

. Costa extending for % to % of leaf length, not branched

Warnstorfia fontinaliopsis
Warnstorfia sarmentosa
Brachythecium austroglareosum (Fig. 2C)
. Brachythecium austrosalebrosum (Fig. 2D)

. Leaf costa absent
. Leaf costa present

© O 000NN Uk P WWNNRRE

10. Leaves subulate
10. Leaves not subulate
11. Subula never tubulose, shoulder well marked

. Leaves lanceolate to ovate-lanceolate; leaf margins entire
. Leaves panduriform to ovate-spatulate or oblong, leaf margins crenate or dentate at base |

.Andreaea regularis
Andreaea gainii

16

11. Subula subtubulose, shoulder not marked
12. Leaves distichous
12. Leaves never distichous

12

13

13. Large central strand in transverse cross section of the stem, leaves abruptly tapering to a subula

Ditrichum hyalinum

13. Small central strand in transverse cross section of the stem, leaves gradually tapering to a subula 14

14. Costa broad, occupying 1/3 or more of the leaf base, excurrent

Chorisodontium aciphyllum

14. Costa narrower, occupying % or less of the leaf base, subpercurrent or percurrent .15

15. Costa percurrent; cross section of costa showing a strong dorsal stereid band and a weaker (or absent) ventral one;
ventral epidermal cells long, rectangular to linearin thesubula ... . Hymenoloma antarcticum
15. Costa subpercurrent; cross section of costa showing weak stereid bands on both surfaces; ventral epidermal cells
short, rectangular to rounded in the subula ... Hymenoloma grimmiaceum
16. Cell walls thickened or ornamented with papillae or mamillae 17

16. Cell walls never thickened or ornamented with papillae or mamillae ... 20

17. Leaves without C-shaped papillae, lanceolate to long lanceolate; costa with two stereid bands in cross section ...........
Bryoerythrophyllum recurvirostrum (Fig. 2E-F)
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. Leaves ovate-elliptic to ovate-lingulate; costa excurrent, ending in a hyaline hair-point

. Leaves oblong-lanceolate to lingulate-spathulate; costa percurrent, rarely short-excurrent, hyaline hair-point absent

. Apical cells hexagonal, rhomboid, linear or somewhat vermicular
. Apical cells rounded, elliptic, oblate to short rectangular
. Leaf border present; laminal cells broad and short, rhomboidal to hexagonal
. Leaf border always absent, laminal cells oblong, linear-hexagonal or linear or somewhat vermicular

. Leaves reddish and decurrent at the base, apex acuminate, acute to broadly acute, often cuspidate
. Leaves greenish to pale brown, never decurrent at the base, apex rounded and obtuse to apiculate 26
. Plants whitish due to colorless cells in the apex; apex acute
. Plants greenish, never whitish; apex obtuse
. Margins plane to incurved near the apex; costa homogeneous in cross section 28

. Leaf margins serrate; apex never piliferous
. Leaves crowded in upper part of the stem; leaves ending in a short hair-point
. Leaves not crowded, distributed throughout the stem; leaves ending in a long, piliferous hair-point

. Leaves keeled to V-shaped in cross section

Small areas and small plants: Updates on Antarctic bryophytes

. Leaves with C-shaped papillae, leaves ovate, oblong-lanceolate; costa with one or more stereid bands in cross section

Syntrichia magellanica (Fig. 2X, Z)

. Leaves short acuminate; leaf margins dentate or serrate, crenate at the apex ... Syntrichia filaris (Fig. 2W)
. Leaves long acuminate; leaf margins entire throughout ... .. Syntrichia saxicola (Fig. 2Z)
. Ventral lamellae present in leaf CrOSS SECHION | _................ccuouoeoooooooceeseseoceeeesesoeeeeeeseeeceesesesseeessesessese oo seseese s 21
. Ventral lamellae absent in leaf cross SECHION ... 23
. Leaf margins entire; apex hyaline and PILIFETOUS ................ccooooooiivooecooeeeeeeeeecese oo eeeeeeesssseeesesseeessssesssssssessssesseseseeessees 22

Polytrichastrum alpinum (Fig. 20-Q)
Polytrichum juniperinum

Polytrichum pilife;.l;;r; (F1g2R—S)

Pohlia cruda (Fig. 2M-N)

Bryum pseudotriquetrum (Fig. 2G-H)
ervor. Bryum argenteum
Bryum orbiculatifolium

. Margins recurved to revolute near the apex; costa heterogeneous in cross section Ceratodon purpureus (Fig. 21-J)
. Leaves U-shaped in cross section Schistidium lewis-smithii

Table 1. List of moss families and species collected in Snow Island during Antarctic summers of 2015 and 2018. Classification follows
Goffinet et al. (2009). New Occurrences are indicated by an asterisk.

Drepanocladus polygamus (Schimp.) Hedenis *

Amblystegi
miblysteglaceae Sanionia uncianata (Hedw.) Loeske
Andreaeaceae Andreaea regularis Miill. Hal.
Bartramiaceae Bartramia patens Brid.
. Brachythecium austroglareosum (Mill. Hal.) Kindb. *
Brachytheciaceae : =
Brachythecium austrosalebrosum (Miill. Hal.) Kindb. *
Bryum argenteum var. argenteum Hedw. *
Bryaceae Bryum orbiculatifolium Cardot & Broth. *
Bryum pseudotriquetrum (Hedw.) G. Gaertn., B. Mey. & Scherb. *
. Warnstorfia fontinaliopsis (Mill. Hal.) Ochyra *
Calliergonaceae .
Warnstorfia sarmentosa (Wahlenb.) Hedenis *
. Distichium capillaceum (Hedw.) Bruch & Schimp. *
Ditrichaceae .
Ceratodon purpureus (Hedw.) Brid. *
L Schistidium lewis-smithii Ochyra *
Grimmiaceae

Schistidium praemorsum (Mill. Hal.) Herzog *
Mniaceae Pohlia cruda (Hedw.) Lindb. *
Polytrichastrum alpinum (Hedw.) G.L. Sm.
Polytrichaceae Polytrichum juniperinum Willd. ex Hedw.*
Polytrichum piliferum Hedw.
Bryoerythrophyllum recurvirostrum (Hedw.) P.C. Chen *
Syntrichia filaris (Miill. Hal.) R.H. Zander *

Potti
ottiaceae Syntrichia magellanica (Mont.) R.H. Zander *
Syntrichia saxicola (Cardot) R.H. Zander *
Rhabdoweisiaceae Hymenoloma grimmiaceum (Miill. Hal.) Ochyra *
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Table 2. Distribution data of the species present on Snow Island.
T S T S

Drepanocladus polygamus (Schimp.) Occurring in few localities in Antarctica. In the South Shetland Archipelago it is cited only for King George and
Hedenis Livingston Islands (Ochyra et al. 2008) and in this study it was found in Snow Island.
Is widely distributed and very common in Antarctica and it had been already reported for Snow Island in

President Head Plateau (Ochyra et al. 2008).

Widely distributed in the Antarctic, especially in South Shetland Archipelago and was reported for Snow Island
in President Head (Ochyra et al. 2008).

Sanionia uncianata (Hedw.) Loeske
Andreaea regularis Miill. Hal.

. . Widely distributed in maritime Antarctica and common in the South Shetland Archipelago. Was reported for
Bartramia patens Brid.

Snow Island in President Head (Ochyra et al. 2008).
Brachythecium austroglareosum

Widely distributed in Antarctic, including the South Shetland archipelago, but in this region it was only reported
(Miill. Hal.) Kindb.

in the Livingston and Deception Islands (Ochyra et al. 2008). This species is a new occurrence for Snow Island.
Brachythecium austrosalebrosum

Widely distributed in Antarctica, including in the South Shetland archipelago (Ochyra et al. 2008). This species
(Miill. Hal.) Kindb.

is a new occurrence for Snow Island.
Bryum argenteum var. argenteum

Widely distributed in Antarctica, but rare in South Shetland Island occurring only in King George and Decep-
Hedw. tion Islands (Ochyra et al. 2008) and now reported for Snow Island.
Bryum orbiculatifolium Cardot &

Has primarily distribution on some volcanic islands in South Sandwich and South Shetland Islands (Ochyra
Broth.

et al. 2008). Considering the South Shetland Archipelago, this species occur in Deception Island (Ochyra et al.
2008) and King George Island (Camara et al. 2017) and it was reported in Snow Island in the present study.

Bryum pseudotriquetrum (Hedw.)

Is one of the most common species and widely distributed in Antarctica. It is present in South Shetland
G. Gaertn., B. Mey. & Scherb.

Archipelago, reported for King George, Livingston, Deception, Nelson and Greenwich Islands (Ochyra et al.

2008) and now it was found in Snow Island.
Warnstorfia fontinaliopsis

Is widespread and common in the South Shetland Archipelago where it is reported for the King George, Living-
(Mull. Hal.) Ochyra ston, Nelson and Robert Islands (Ochyra et al. 2008) but it is not reported for Snow Island until this moment.
Warnstorfia sarmentosa (Wahlenb.)

Is widely distributed and locally common only in the South Orkney and South Shetland Islands. In the South
Hedenis

Shetland Archipelago, this species is reported in several islands (Elephant, King George, Robert and Livingston

Islands) but it was not reported for Snow Island (Ochyra et al. 2008).

Distichium capillaceum (Hedw.) Is present in several localities of Antarctica. In the South Shetland Islands it is reported to the King George,
Bruch & Schimp.

Livinsgston, Deception and Robert Islands (Ochyra et al. 2008) and now also being reported for Snow Island.
. Is widely reported for the South Shetland Islands (Ochyra et al. 2008), however,
R e M it had not been cited for Snow Island.

Is endemic from Antarctica and reported only for South Shetlands Archipelago in King George and Livingston
Schistidium lewis-smithii Ochyra  Islands (Ochyra et al. 2008; Camara et al. 2017) and now it is reported to one more island in this archipelago,
the Snow Island.
Schistidium praemorsum

Is known only in three localities in Antarctica. In the West Antarctica Peninsula it is registered in Danco Coast
(Mull. Hal.) Herzog

and Falliéres Coast and in South Shetlands Archipelago is reported only for Deception Island (Ochyra et al.
2008) and this study found this species in Snow Island too.

Pohlia cruda (Hedw!) Lindb. Is widely distributed in the South Shetland Islands and in the other localities of maritime Antarctic (Ochyra et

al. 2008) but had been not reported yet for Snow Island.
Polytrichastrum alpinum (Hedw.)

Is widely distributed in maritime Antarctica and present in the Antarctic Peninsula. This species had been
G.L. Sm. already reported to Snow Island in President Head Plateau (Ochyra et al. 2008).

According to Ochyra et al. (2008) this species of more limited occurrence and least common of all species
of Polytrichum that occur in Antarctica. This species is locally frequent in tree islands of northern maritime
Antarctica (Candlemas and Bellingshausen Islands (South Sandwich Archipelago) and King George Island
(South Shetlands Archipelago)). It is scarce elsewhere of South Sandwich Archipelago (Ochyra et al. 2008)
and now it is reported for Snow Island too.

Polytrichum juniperinum
Willd. ex Hedw.

Polytrichum piliferum Hedw. Is widely distributed in Antarctica, especially in the South Shetland Archipelago and it is reported to Snow

Island in President Head Plateau (Ochyra et al. 2008).

Bryoerythrophyllum recurvirostrum Is widely distributed, but scattered in Antarctica. In South Shetland Archipelago was reported only for Living-
(Hedw.) P.C. Chen

ston Island (Ochyra et al. 2008), but now it was found in Snow Island.
Syntrichia filaris (Mill. Hal.) R.H.

Is widely distributed in Antarctica and it is most common in South Orkneys and South Shetland Islands, but
Zander until this moment this species is not had been reported for Snow Island (Ochyra et al. 2008).

Syntrichia magellanica (Mont.) R.H Is present in several regions of Antarctica. In the maritime Antarctica, this species is widely distributed and one
4 gZan der " of the most frequent species of moss in the South Shetlands Archipelago, but it is not known for Snow Island

(Ochyra et al. 2008).
Syntrichia saxicola (Cardot) R.H.

Is widely distributed in South Shetland Island and had not been yet reported for Snow Island
Zander

(Ochyra et al. 2008).
Hymenoloma grimmiaceum

Is well distributed in several localities of Antarctica including the South Shetland Islands and until this moment
(Mull. Hal.) Ochyra it was not reported for Snow Island (Ochyra et al. 2008).
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Figure 2. Morphology of some of the mosses occurring on Snow Island. A-B Bartramia patens: A. Leaf, general aspect; B. Detail
of shoulder region (arrow). C. Brachythecium austroglareosum: leaf, general aspect; D. Brachythecium austrosalebrosum: leaf, general
aspect. E-F Bryoerythrophyllum recurvirostrum: E. General aspect of leaf tip and mid region. F. Transversal section of leaf mid region.
G-H: Bryum pseudotriquetrum: G. Branch leaf, general aspect; H. Branch leaf showing variation in shape. I-J: Ceratodon purpureus:
I. Leaf, general aspect; J. Transversal section of leaf mid region. K-L: Drepanocladus polygamus: K. Leaf, general aspect; L. Detail of
base showing branched costa (arrows). M-N Pohlia cruda: M. Leaf, general aspect; N. Detail of sturdy cells and reddish costa near the
base (arrow). 0-Q: Polytrichastrum alpinum: O. Detail of apex showing thick costa covering the entire region; P. Detail of leaf base
showing slender costa and limb (arrow); Q. Cross section of leaf showing lammellae in a costa (arrow). R-8 Polytrichum piliferum: R.
Detail of apex bearing long and hyaline awn; S. Transversal section of leaf showing lamellae partially covered by the limb (arrows). T-V
Schistidium praemorsum: T. Leaf, general aspect; U. Detail of mid region showing cells with thickened walls; V. Transversal “V-shaped”
section of leaf. W. Syntrichia filaris: leaf, general aspect. X, Z: Syntrichia magellanica: X. Leaf, general aspect showing the long and
distinctive spurred hyaline awn (arrow); Z. Leaf cross section. Y. Syntrichia saxicola: leaf, general aspect. Scale: A, C, D, E, K, M, O,
P,T,W,Xand Y=500 ym; B, G, H,I,L,N, Q, R, S and U = 200 pum: Vand Z = 100 pm; F and J = 50 pm.
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Conclusion

Mosses are the most abundant plants in Antarctica
(Ochyra et al. 2008), unlike other places in the world. Snow
Island has high species richness of mosses, representing
approximately 26 % of the known diversity of Antarctica,
of which about 65 % are new occurrences for the Island
found by the present study.

Snow Island has important species of mosses, such
as Schistidium lewis-smithii Ochyra, an endemic species
of Antarctica, which is now registered for Snow Island.
Schistidium praemorsum had been cited for only three
localities in Antarctica, but was found on Snow Island by
the present study.

The present study increased the knowledge of moss
diversity on Snow Island by 190 %. This indicates the
need and importance for further studies to obtain further
knowledge and aid the preservation of local biodiversity.

We believe that the considerable increase in the number
of species documented for Snow Island can be explained
by climate change, in particular warming in the region.
As discussed by Turner et al. (2009), the South Shetland
Archipelago is among the regions of Antarctica most
affected by the climate. This has been evidenced by other
studies, such as Sancho et al. (2017), who revealed changes
in the lichen flora, Brabyn et al. (2006). This demonstrates
changes in the distribution of moss and algae in Antarctica,
in addition to CAmaraet al. (2017), Henriques et al. (2018)
and Camara et al. (2020) who showed substantial changes
in local floras of the South Shetland Archipelago.

We emphasize the importance of monitoring the local
moss flora of Snow Island, due to the establishment of new
and rare species. We believe that the creation of a protected
area within President Head would be interesting considering
the moss flora and the paleobotanical specimens that have
been uncovered there.
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