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Investigations of fungal diversity in wooden
structures and soils at historic sites on the
Antarctic Peninsula’

Brett E. Arenz and Robert A. Blanchette

Introduction

Abstract: Investigations of microbial diversity in Antarctic are important to begin to understand ecosystem functioning
and decomposition processes. This study documents fungi at 9 historic sites on the Antarctic Peninsula collected from
wooden structures, other organic materials, and soils during a joint National Science Foundation and British Antarctic Sur-
vey expedition in 2007. Many of these sites had wooden structures built by the British during the World War II Operation
Tabarin, but others visited included the American “East Base” on Stonington Island and the Swedish hut on Snow Hill Is-
land. Fungi were cultured on several different media and pure cultures were obtained and identified by DNA sequencing
of the internal transcribed spacer region. Cadophora species previously found to attack historic wooden structures on Ross
Island, Antarctica, were found at all but 1 location sampled in the Peninsula region. Fungi causing decay in the historic
wooden structures and artifacts and those causing mold problems inside the structures are of great concern, and conserva-
tion efforts are urgently needed to help preserve these important polar heritage structures. The results presented also ex-
pand our knowledge on the identity of fungi present throughout the Antarctic Peninsula region and provide insights into
the organisms responsible for decomposition and nutrient recycling.
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Résumé : Les recherches portant sur la diversité microbienne de 1’ Antarctique sont importantes afin de commencer a com-
prendre le fonctionnement de 1’écosysteme et les processus de décomposition. Cette étude documente les populations de
champignons de 9 sites historiques de la péninsule Antarctique recueillis sur des structures de bois, sur d’autres matériaux
organiques et dans le sol, au cours d’une expédition de la « National Science Foundation » et du « British Antarctic Sur-
vey en 2007 ». Des structures de bois construites par les Britanniques lors de I’Opération Tabarin pendant la deuxieme
guerre mondiale étaient présentes sur plusieurs sites, les autres sites visités comprenant la base américaine « East Base »
de I'le de Stonington et les cabanes construites pas les Suédois sur I'fle Snow Hill. Les champignons ont été cultivés sur
différents milieux, des cultures purifiées ont ét€ obtenues et identifiées par séquencage d’ADN de la région de 1’espaceur
interne transcrit (ITS). Des especes appartenant a Cadophora, tenues précédemment responsables de la détérioration des
structures de bois de I'Tle Ross en Antarctique, ont été trouvées dans tous les sites échantillonnés de la péninsule sauf un.
Les champignons causant la pourriture des structures de bois historiques et des artéfacts et ceux qui causent des problemes
de moisissure a 'intérieur de ces structures sont préoccupants et des efforts sont instamment requis pour aider a préserver
cet héritage polaire d’importance. Les résultats présentés élargissent aussi nos connaissances sur 1’identité des champignons
présents a travers la région de la péninsule Antarctique et donnent un aperc¢u des organismes responsables de la décompo-
sition et du recyclage des nutriments.

Mots-clés : Antarctique, pourriture du bois, détérioration biologique, conservation historique.

[Traduit par la Rédaction]

middle part of the last century. The British in particular es-
tablished a large presence in this region for not only scien-

The Antarctic Peninsula has been the target of significant
exploration over the past decades and many nations con-
structed huts or relatively large bases there in the early and
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tific and geographic exploration, but also to reinforce their
claims of territorial sovereignty. The buildings and materials
left behind from these expeditions still exist and many have
been classified as historic monuments by the Antarctic treaty
system, but unfortunately deterioration and decay are caus-
ing significant problems for their long term preservation.
Past research on historic wooden structures in other re-
gions of Antarctica has found that they are affected by both
abiotic and biotic forms of degradation. Abiotic forms in-
clude wind erosion, oxidation of metals (Otineo-Alego et al.
2000), and salt defibration of wood fibers (Blanchette et al.
2002). Biotic deterioration is largely due to fungi that can
cause both disfiguring mold growth on the surface of arti-
facts and a soft-rot type of wood decay (Blanchette et al.
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2004a). The fungi found to be responsible for decaying
wood were several species of Cadophora including Cado-
phora malorum, Cadophora luteo-olivaceae, and Cadophora
fastigiata, as well as several previously undescribed Cado-
phora species. Although this past research took place in the
Ross Sea region of Antarctica where it is relatively very
cold and dry, environmental monitoring inside the huts has
revealed that during the Austral summers conditions that are
conducive to fungal growth (temperatures above 0 °C and
relative humidity above 80%) occur frequently (Held et al.
2005). A survey of fungal diversity at these Ross Sea his-
toric sites has found that the most abundantly isolated spe-
cies affecting the historic wood and artifacts were also
isolated from soils around the structures and from more dis-
tant and remote areas (Arenz et al. 2006). A number of cos-
mopolitan species were also identified that had not been
previously reported from Antarctica although these species
were found in relatively low frequency.

Historic sites on the Antarctic Peninsula have not been the
subject of mycological investigations and little is known
about the microorganisms present in these areas. If these po-
lar heritage sites are to be adequately preserved, it is impor-
tant for conservators to know what factors are contributing
to the deterioration and decay of the wood and artifacts.
Since the Antarctic Peninsula has a relatively warmer and
more humid climate than the Ross Sea region of Antarctica,
degradation processes likely take place faster and a greater
abundance of diverse fungi could be expected. This study
was done to determine fungal diversity present at 9 historic
sites on the Antarctica Peninsula in woods, organic materi-
als, and soils, to make comparisons with other previous
studies completed on the opposite side of Antarctica in the
Ross Sea region and to learn more about these organisms
and their role in polar ecosystems.

Materials and methods

Nine sites on the Antarctic Peninsula were visited in Jan-
uvary 2007 from the British Antarctic Survey (BAS) ship
HMS Endurance (Table 1). The sites consisted of 7 historic
British bases: Base A (Port Lockroy Station), Base D on
Hope Bay, Base E on Stonington Island, Base F (Wordie
House), Base V (View Point Station), and Base W on De-
taille Island; and Base Y on Horseshoe Island (Fig. 1). In
addition, Otto Nordenskjold’s Swedish expedition hut on
Snow Hill Island was visited as well as the oldest standing
American base in Antarctica, East Base, on Stonington Is-
land (Fig. 2). Small samples (<100 g) of wood, soil, and
other organic artifacts, such as textiles, rope, and foodstuffs,
were collected, placed in sterile bags, and kept at 4 °C on-
board the HMS Endurance until they were brought to the
laboratory at the University of Minnesota, St. Paul, Minne-
sota, for processing at the conclusion of the 4 week trip.

Fungi were isolated from the samples by culturing on sev-
eral types of media including malt extract agar (1.5% Difco
malt extract), a semiselective medium to culture basidiomy-
cetes (Worrall 1991) (1.5% Difco malt extract, 0.2% yeast
extract, 0.006% benlate, with 0.2% lactic acid and
0.001% streptomycin sulfate added after autoclaving), Difco
potato dextrose agar, and Sabauroud dextrose agar
(4% dextrose, 1.5% agar, 1% polypeptone peptone, with
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0.001% cyclohexamide and 0.005% chloramphenicol added
after autoclaving). Isolates were cultured at 8§ and 20 °C.
Pure cultures were obtained after subsampling.

DNA was extracted by a phenol-chloroform procedure.
This procedure was modified from Zhong and Steffenson
(2001) in that the mycelium and the spores were collected
by scraping the surface of the agar plate containing the pure
isolate, rather than filtering a liquid culture. Also, 700 pL of
the lysis buffer was used instead of 7 mL. Ribosomal DNA
was amplified via PCR with the primers ITS1 and ITS4
(Gardes and Bruns 1993). PCR amplification was performed
using an Amplitag Gold PCR Master-mix and a 1 pL tem-
plate DNA and following the manufacturer’s instructions
(Applied Biosystems, Foster City, California). A MJ Re-
search PTC Minicycler (Watertown, Maryland) was used
with the following profile: 94 °C for 5 min, 35 cycles of
94 °C for 1 min, 50 °C for 1 min, and 72 °C for 1 min, fol-
lowed by a final extension step of 72 °C for 5 min. PCR
products of appropriate size (500-600 bp) were verified by
electrophoresis of the amplicons on a 1% agarose gel with a
SYBR green 1 (Molecular Probes, Eugene, Oregon) prestain
and transilluminating with a Dark Reader DR45 (Clare
Chemical Research, Denver, Colorado). Sequencing was
performed for both primers using the ABI PRISM Dye Ter-
minator Cycle Sequencing Ready reaction kit (Applied Bio-
systems) and an ABI Prism 377 automated DNA sequencer.
DNA sequence data were analyzed by Chromas software
(Technelysium Ltd., Helensvale, Australia) and assembled
into a consensus sequence. The sequences were compared
with others in GenBank using BLASTn (Altschul et al.
1990) to find the best match.

Selected wood samples were cut with a cryostat freezing
microtome and observed with a Hitachi S3500 scanning
electron microscope (SEM).

Results and discussion

A total of 186 samples were analyzed from all locations
(Table 1), a large portion of which came from East Base be-
cause this was a very large historic site and the main focus
of the deterioration assessments during the event. From
these samples, 81 taxa were identified from 295 fungal iso-
lations (Table 2). Ascomycetes (58) were dominant among
the isolates with a smaller component of basidiomycetes
(17) and zygomycetes (6). The most predominant genus iso-
lated was Cadophora, which represented 18% of all isolates,
and Cadophora spp. were found at all sites except Nor-
denskjold’s hut on Snow Hill Island. Other frequently iso-
lated genera were Penicillium (14%) Geomyces (11%),
Nectria (5%), Rhodotorula (5%), Cryptococcus (4%),
Phoma (3%), and Hormonema (3%). Of the 295 total isola-
tions, 54 were obtained from soil samples. The most fre-
quently isolated genera from these soil samples were
Geomyces (24%), Cryptococcus (19%), Rhodotorula (13%),
Pseudeurotium (7%) and Nectria (6%).

At the phylum level, 82% of the isolates were ascomy-
cetes, 15% of the isolates were basidiomycetes, and 3% of
the isolates were zygomycetes. When comparing this with
previous work at Antarctic historic sites located in the Ross
Sea region (Arenz et al. 2006), a similar result was found
with 75% ascomycetes, 21% basidiomycetes, and 1% zy-
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Table 1. Sampling locations with the original national affiliation of the site, the year of construction, and the number

of samples analyzed for fungi.

National Year of No. of
Site Location affiliation construction  Coordinates samples
Base D Hope Bay British 1945 63°24'S, 56°59'W 12
Base V (View Point) Duse Bay British 1953 63°32'S, 57°23'W 10
Nordenskjold’s Hut* Snow Hill Island Swedish 1902 64°27'S, 57°12'W 19
Base A (Port Lockroy)* Goudier Island British 1944 64°49'S, 63°30'W 16
Base F (Wordie House)* Winter Island British 1947 65°15'S, 64°16'W 15
Base W Detaille Island British 1956 66°52'S, 66°48'W 18
Base Y* Horseshoe Island British 1955 67°49'S, 67°18'W 20
East Base* Stonington Island American 1940 68°11'S, 67°00'W 59
Base E* Stonington Island British 1961 68°11'S, 67°00'W 17

*Designated as a historic monument by the Antarctic Treaty.

Fig. 1. Map of the sampling locations on the Antarctic Peninsula.

View Point and Hope Bay (Base D and V)
Snow Hill Island (Nordenskjolds Hut)
Goudier Island (Port Lockroy)

Winter Island (Wordie House)

Detaille Island (Base W)

Horseshoe Island (Base Y)

Stonington Island (Base E and East Base)

gomycetes representing the total isolates. This agrees with a
recent review (Ludley and Robinson 2008) concerning “de-
composer” basidiomycota in the polar regions that found
few studies reporting filamentous basidiomycetes from Ant-
arctic regions south of the sub-Antarctic. Most of the basi-
diomycetes found in maritime and continental Antarctica
are yeasts, and in the present study, basidiomycetous yeasts
predominated. Arenz et al. (2006) recently found only yeasts

and no filamentous basidiomycetes in an extensive study in
the Ross Sea region. Although more research needs to be
done, it is likely that ascomycetes function as the primary
filamentous decomposers in the more southerly Antarctic
soil ecosystems. It should be noted that, in general, filamen-
tous fungi are less commonly isolated in the Dry Valleys
and basidiomycete yeasts dominate those soil fungal com-
munities (Atlas et al. 1978, Connell et al. 2008, Vishniac
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Fig. 2. (a) Stonington Island, Base E (British) is in the foreground and East Base (American) is in the background. (b) Exterior wall of the
former bunkhouse at East Base, with an abundance of dislodged and deteriorated wooden boards.

1996). Dry Valley soils are characterized by very arid condi-
tions and low nutrient availability, even by Antarctic stand-
ards, and these conditions may be responsible for excluding
filamentous ascomycetes at these sites.

Additional comparisons of this study with the Ross Sea
region study (Arenz et al. 2006), show a large amount of
similarity in specific fungal taxa. As a percentage of all
82 taxa identified, 62% were from identical genera, 34%
were also similar species, and 21% also matched the same
GenBank accessions. As a percentage of the total number
of isolates this increased to 77%, 64%, and 46% for similar
genera, species, and GenBank accessions, respectively. Even
though the Ross Sea region study area (Arenz et al. 2006)
was 10° further south and roughly 3500 km away from the
historic sites in this study, the overall profile of fungal taxa
appeared to be very similar.

The most noticeable difference found was the large pres-
ence of Penicillium spp. in this study (14%) compared with
the 2% observed in the Ross Sea area investigation (Arenz
et al. 2006). Many of these species are part of a larger group
of Penicillium spp. (subgenus Penicillium), which have
commonly been associated with spoiling of refrigerated
foods and as a dominant fungal component of subglacial
Arctic ice (Sonjak et al. 2006). These species are relatively
rare in soils in temperate areas (Frisvad and Samson 2004)
and were not found in soils analyzed from the Peninsula re-
gion in the study reported here; however, they have been re-
ported from soils in other previous studies carried out from
the Antarctic Peninsula (Hughes et al. 2007) as well as the
Ross Sea region (Gottlich et al. 2003, Sun et al. 1978) and
even Dry Valley soils (Connell et al. 2006).

The large presence of Geomyces spp. (11%) is similar to
what was previously observed in the Ross Island region
(14%) (Arenz et al. 2006). Geomyces spp. have been ob-
served frequently in Antarctic soils (Baublis et al. 1991,
Tosi et al. 2005, Connell et al. 2006), and their dominance
in soil samples in this study (24%) is not surprising. Mar-
shall (1998) speculated that they may have a keratoniphilic
role in ornithogenic soils. All sites in the present study
were in coastal areas with some amount of bird life, and
Port Lockroy on Goudier Island is in the middle of a thriv-
ing Gentoo penguin rookery.

The most significant finding of this study is the high
prevalence of Cadophora spp. among the historic sites vis-
ited (18% of all isolates). At least 1 isolate was found from
samples at all 9 sites except Nordenskjold’s hut on Snow
Hill Island. Not only has this genus emerged as the primary
group of decay fungi attacking wood and complicating con-
servation efforts at historic sites in the Ross Sea region
(Blanchette et al. 2004a), but it has also been isolated from
historic wood from the Canadian High Arctic (Blanchette et
al. 2008). Its high relative abundance on wood and artifacts
in historic sites studied in this research is a cause for con-
cern for conservators working to preserve these structures
and artifacts in this environment. Results from SEM confirm
that wood from where Cadophora species were isolated had
an extensive soft-rot type of decay (Fig. 3), and in labora-
tory studies this genus has been found to cause the same
type of decay (Held et al. 2006). Soft rot causing fungi
have been found to be the dominant type of wood decay in
extreme environments where conditions do not support
white and brown rot fungi (Blanchette et al. 2004b).

Although collection time at each location did not allow
for an inspection of all woods, sufficient sampling was done
to provide a preliminary account of the fungi present and the
condition of the historic structures. The overall condition of
the sites and artifacts ranged widely from those in very good
condition, such as Base Y on Horseshoe Island and Nor-
denskjold’s hut on Snow hill Island, to those in much more
deteriorated condition, such as Station W on Detaille Island,
Base D in Hope Bay, and East Base on Stonington Island
(Fig. 2). The condition of the buildings was usually affected
by the state of the roofs, which were largely intact at Base Y
and Nordenskjold’s hut, leading to relatively dry conditions
inside the structures that would restrict fungal growth. How-
ever, the roofs at Station W and Base D had lost much of
their water protection properties, and, consequently, a signif-
icant amount of moisture entered the huts and large fungal
blooms were observed causing significant damage to the ar-
tifacts inside. A detailed assessment of deterioration and de-
cay at East Base has been published separately (Arenz and
Blanchette 2008).

This study demonstrates that a diverse range of fungi are
present at these historic sites, many of which have a circum-
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Table 2. List of taxa isolated in this study including best blast match with percent identity and overall nucleotide overlap of the internal transcribed spacer (ITS) region. The number of g

isolations by location and total isolations are also included as well as sample type (wood (w), other (0), or soil (s)).

Location
Genbank
Percent Hope View  Snow  Port Wordie  Detaille  Horseshoe  East Base Total no. Sample  Accession

Best blast match identity ~ Overlap  Bay Point  Hill Lockroy  House Island Island Base E of isolates  type No.

Ascomycetes

Alternaria tenuissima 100 547/547 2 2 w FJ235934
strain bxq41209
(EF556213)

Ascomycete sp. 6/97-36 99.6 544/546 1 1 w FJ235935
(AJ279469)

Ascomycete sp. BC12 99.6 529/531 3 3 w FJ235936
(DQ317343)

Ascomycete sp. BC15 100 520/520 1 1 2 2 1 7 w,s, o  FJ235937
(DQ317348)

Ascomycete sp. WRCF- 99.8 458/459 1 1 w FJ235938
A1(AY618686)

Aureobasidium pullulans 99.2 523/527 1 1 w FJ235939
(AF121283)

Cadophora fastigiata 100 546/546 7 7 w FJ235940
(DQ317326)

Cadophora luteo- 99.8 594/595 1 2 5 8 W, 0 FJ235941
olivacea strain 18
(DQ404348)

Cadophora malorum 100 559/559 5 9 2 3 1 10 6 36 w, O FJ235942
(DQ317328)

Cadophora melinii strain 97.9 521/532 1 1 s FJ235943
435 (DQ404351)

Candida novakii strain 97.8 260/292 2 2 w FJ235944
NRRL Y-27346
(DQ911449)

Candida zeylanoides 100 622/622 1 1 w FJ235945
(AB278160)

Cladosporium cf. 99.8 511/512 2 2 W, 0 FJ235946

subtilissimum CBS

172.52 (EF679390) %
Cladosporium 100 528/528 1 2 1 4 w FJ235947 -
cladosporioides isolate =
2728 (EU272532) =
Coniochaeta ligniaria 99.8 550/551 2 2 2 6 w, O FJ235948 o)
(AY198390) =
Dactylaria sp. olrim414 99.8 457/458 1 1 w FJ235949 ;
(AY781221) o
Dactylella tenuifusaria 92.5 136/147 1 1 w FJ235950 o
strain CBS617.95 o
(DQ494371) §
O
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Table 2 (continued).

Location
Genbank
Percent Hope View  Snow  Port Wordie  Detaille  Horseshoe  East Base Total no. Sample  Accession

Best blast match identity =~ Overlap  Bay Point Hill Lockroy  House Island Island Base E of isolates  type No.

Davidiella macrospora 100 538/538 2 2 W, 0 FJ235951
strain CBS 138.40
(EU167591)

Debaryomyces hansenii 100 613/613 2 1 1 4 W, S FJ235952
voucher MCCC2E00222
(EF194843)

Dothioraceae sp. BC10 100 562/562 1 1 2 w FJ235953
(DQ317340)

Exophiala sp. BC36 100 565/565 2 3 1 6 W, 0 FJ235954
(DQ317336)

Foliar endophyte of Picea 99.4 517/520 3 2 1 6 w, 0O FJ235955
glauca sp. Q1 (AY561213)

Fungal endophyte isolate 5  99.6 511/513 1 1 0 FJ235956
(EU747834)

Geomyces pannorum strain 100 528/528 1 4 3 8 W, S FJ235957
VKM FW-969
(DQ189225)

Geomyces sp. BC7 100 556/556 1 4 3 5 2 15 W, 0, S FJ235958
(DQ317337)

Geomyces sp. BC9 100 552/552 1 1 4 6 w,0,s  FJ235959
(DQ317339)

Geomyces sp. FMCC-3 99.5 547/550 1 1 w FJ235960
(DQ499473)

Geomyces sp. T489/9b 99.6 516/518 1 1 s FJ235961
(AY345348)

Helotiales sp. MK9 96.4 459/476 1 1 s FJ235962
(EU700254)

Hirsutella sp. ICMP14250  97.4 526/540 1 1 w FJ235963
(EF029185)

Hormonema dematioides 100 574/574 2 1 6 1 10 W, 0 FJ235964
E99156 (AY253451)

Iceman fungal clone T2709 97.4 484/497 1 3 4 W, S FJ235965
(X88771)

Nectria sp. olrim170 99.6 472/474 1 1 w FJ235966
(QY805576)

Nectriaceae sp. BC4 98.2 514/517 1 1 1 2 1 2 1 4 13 w,0,s  FJ235967
(DQ317333)

Oidiodendron griseum 97.5 512/525 1 1 w FJ235968
strain UAMH 8528
(AF062796)

Penicillium camemberti 99.8 530/531 1 1 w FJ235969

isolate 944 (DQ681327)
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Table 2 (continued).

Location
Genbank
Percent Hope View  Snow  Port Wordie  Detaille  Horseshoe  East Base Total no. Sample  Accession

Best blast match identity = Overlap  Bay Point  Hill Lockroy  House Island Island Base E of isolates  type No.

Penicillium chrysogenum 100 573/573 1 1 o FJ235970
isolate NRRL 35688
(EF200101)

Penicillium commune 100 562/562 1 1 2 w FJ235971
isolate NRRL 35686
(EF200099)

Penicillium corylophilum 100 559/559 1 1 o FJ235972
strain FRR 802
(AY373906)

Penicillium mali 100 547/551 1 1 1 3 6 w, O FJ235973
(AF527056)

Penicillium roquefortii 100 570/570 1 1 2 w FJ235974
strain FRR 849
(AY373929)

Penicillium sp. BC37 100 571/572 4 3 1 3 11 3 25 W, 0 FJ235975
(DQ317344)

Penicillium sp. Psf-2 100 561/562 1 1 o FJ235976
(EF660439)

Penicillium verrucosum 100 562/562 1 2 3 W, O FJ235977
strain ATCC 44407
(AY373937)

Phialocephala dimorphos- 99.4 473/476 1 1 w FJ235978
pora isolate olrim310
(AY606304)

Phoma herbarum strain 98.5 525/533 1 3 2 6 W, 0 FJ235979
ATCC 26648 (AY293800)

Protoventuria alpina strain ~ 99.6 552/559 2 1 3 W, O FJ235980
CBS 140.83 (EU035444)

Pseudeurotium bakeri 99.2 514/517 2 1 3 S FJ235981
strain MCJAXII
(DQ529304)

Pseudeurotium desertorum  95.6 488/510 1 1 S FJ235982
CBS 986.72 (AY129288)

Rhinocladiella atrovirens 99.2 508/512 2 2 w FJ235983
strain WRCF-AB3
(AY618683)

Sydowia polyspora strain 99.8 508/509 1 1 w FJ235984
CUBC-F1 (DQ787428)

Thelebolaceae sp. BC17 100 524/524 1 1 S FJ235985
(DQ317350)

Thelebolaceae sp. BC18 99.8 526/527 1 1 2 w FJ235986
(DQ317351)
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Table 2 (continued).

Location

Genbank
Percent Hope View  Snow  Port Accession
Best blast match identity  Overlap  Bay Point  Hill Lockroy No.
Ulocladium botrytis strain 99.8 576/577 2 FJ235987
UAMH 7841
(AY625070)
Uncultured ascomycete 100 585/585 FJ235988
(AM901709)
Uncultured ascomycete 99.7 572/574 2 2 2 FJ235989
(AM901737)
Uncultured fungus isolate 99.6 501/503 1 FJ235990
PS21 (EF159531)
Uncultured Pyronemataceae ~ 99.7 338/339 FJ235991
clone DGGE band BD6
(DQ317369)
Basidiomycetes
Amyloathelia crassiuscula 92.1 537/646 FJ235992
(DQ144610)
Antarctic yeast CBS 8913 98.2 561/571 FJ235993
(AY040666)
Cerinosterus luteoalbus 95.4 413/433 FJ235994
strain WRCF-AW12
(AY618667)
Cryptococcus gastricus 99.8 607/608 2 FJ235995
strain ATCC 32042
(EU266562)
Cryptococcus sp. BC25 99.8 491/492 FJ235996
(DQ317361)
Cryptococcus sp. NRRL 100 594/594 FJ235997
Y-17490 (AF444449)
Cryptococcus sp. YSAR10  99.8 587/588 FJ235998
(AM922286)
Cryptococcus terricola 99 591/597 1 FJ235999
ATCC:32040 (EU252550)
Cryptococcus victoriae 100 512/512 1 1 FJ236000
strain CBS 8884
(AF444645)
Glacial ice basidiomycete 100 592/592 1 FJ236001
GI254 (AF261656)
Rhodotorula laryngis strain 100 548/548 1 FJ236002
CBS2221 (AF190014)
Rhodotorula minuta strain 97.6 520/532 FJ236003
CBS 7296 (AF444620)
Rhodotorula sp. BC22 100 560/560 1 FJ236004

(DQ317357)
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Table 2 (concluded).

Location
Genbank
Percent Hope View  Snow  Port Wordie  Detaille  Horseshoe  East Base Total no. Sample  Accession

Best blast match identity =~ Overlap  Bay Point Hill Lockroy  House Island Island Base E of isolates  type No.

Rhodotorula sp. BC29 99.8 550/551 1 1 1 4 7 w, 0,8  FJ236005
(DQ317365)

Sistotrema brinkmannii 100 581/581 4 2 1 7 w, 0 FJ236006
strain ATCC 26295
(DQ899094)

Sporidiobolus salmonicolor — 99.8 572/573 1 1 w FJ236007
strain PYCC 5245
(EF592129)

Uncultured basidiomycete 99.8 584/585 1 1 S FJ236008
(AM901895)

Zygomycetes

Helicostylum elegans 99.5 648/651 2 2 W, 0 FJ236009
(AB113014)

Mortierella sp. 04M 158 100 627/627 1 1 s FJ236010
(AY842393)

Mortierella sp. Finse 23- 97.7 618/631 3 3 w FJ236011
07-02 (AJ541798)

Mortierella sp. WD35C 99.8 624/625 1 1 s FJ236012
(EU240119)

Mortierellaceae sp. BC21 99.8 614/615 1 1 s FJ236013
(DQ317354)

Mucor hiemalis strain CBS ~ 99.8 627/627 1 1 S FJ236014
201.65 (DQ118992)

Total no. of taxa per 23 22 28 28 26 21 37 84 26 295

location
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Fig. 3. (a) Scanning electron micrograph of soft rot in wood collected from Wordie House (Base F, Detaille Island, Antarctic Peninsula).
Fungi have attacked the cells causing cavities throughout the secondary cell-wall layer. (b) Soft rot occurring in birch (Betula sp.) collected
at East Base (Stonington Island, Antarctic Peninsula). Fungi have caused extensive erosion of secondary cell walls as well as cavity forma-

tion. The bar represents 100 pm.

v Y r - —

polar distribution. Although a few filamentous basidiomy-
cetes were found, which are rare in Antarctica, the predom-
inant group of decay fungi appears to be ascomycetes in the
Cadophora genus. This genus is present in abundance at all
but one of the visited historic sites on the Antarctic Penin-
sula, and preservation efforts need to consider these destruc-
tive microbes when trying to conserve these structures and
artifacts. The environmental conditions on the Antarctic
Peninsula appear more conducive to wood decay than the
colder and drier Ross Sea region, and decay rates are likely
to be much greater. The widespread and relative abundance
of Cadophora spp. suggests they are important organisms in
soil ecosystem dynamics and nutrient recycling in these po-
lar regions. This report also provides insight into the many
other fungi that can be found in Antarctica, some of which
undoubtedly play important roles for successful ecosystem
functioning. Since little is known about these microorgan-
isms, there is a need for continued study to better understand
how they survive in these harsh environments and what nu-
trients they are utilizing in the absence of exotic substrates
left behind by expeditions.
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