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Abstract The nematode worm Scottnema lindsayae
(Cephalobidae) was found near the base of the Beardmore Glacier in the Transantarctic Mountains 83.48°S,
over 5° further south than previously recorded. IdentiWcation was conWrmed using morphological analyses of
males, females and juvenile stages, and by DNA
sequencing of the ITS1 region of the ribosomal RNA
tandem repeat unit. These data revealed no discernable morphological or ITS rDNA sequence variation
between the extreme southern population of S. lind-
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sayae and disparate populations from the McMurdo
Dry Valleys in south Victoria Land (77–78°S). Based
on these results, we suggest that broadcast dispersal,
with accompanying high rates of gene Xow, establish
the extreme southern distribution of the phylum Nematoda. High abundance, low rates of diversiWcation and
lack of an apparent biogeographic structure across latitudinal and environmental gradients implies that their
presence in simple Antarctic soil ecosystems is stable,
so long as physical and biological controls on their distributions remain within viable parameters. Recent
evidence that S. lindsayae populations are in decline
suggests that their high dispersal rates are insuYcient
to buVer current, unfavorable environmental changes
and may foreshadow longer-term ecosystem disruption.

Introduction
Scottnema lindsayae Timm 1971 is the most abundant
and often the single metazoan representative in the
southern Victoria Land soils (Freckman and Virginia
1998; Powers et al. 1998; Treonis et al. 1999; Virginia
and Wall 1999). This endemic species was Wrst
described and ranked by Timm (1971) from a location
near the La Croix Glacier in Taylor Valley, South Victoria Land and is the sole member of a monotypic
genus within the Cephalobidae. It has been found in
Northern Victoria Land near Cape Hallett (Barrett
et al. 2006) and reported from the opposite side of the
continent, in East Antarctica, at the Syowa station on
East Ongul Island (Mouratov et al. 2001; Shishida
and Ohyama 1986) and near Admiralty Bay on the
Antarctic Peninsula (Mouratov et al. 2001) (Fig. 1).
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Fig. 1 Distribution of Scottnema lindsayae. The majority
of records are from South Victoria Land, in the Dry Valleys
area

Morphologically S. lindsayae is most similar to cephalob species of the genus Acrobeles. Distinguishing features of S. lindsayae are extended cephalic probolae
and Wve Wne, triangular projections from between the
cephalic probolae (dorsal and subventral). This microbivore (feeding on yeast and bacteria) has a very long
lifecycle (218 days at 10°C), low fecundity and a relatively long embryonic and post-embryonic development time compared to other cephalob genera, such as
Acrobeles (Barrett et al. 2004; Moorhead et al. 2002;
OverhoV et al. 1993; Porazinska et al. 2002; Porazinska
and Wall 2002). Thus, its life cycle more closely resembles a “K-selected” reproductive strategy (Johnson
et al. 1974). Three other nematode species occur in
Southern Victoria Land and are not closely related to
S. lindsayae—all are members of diVerent families
(Monhysteridae, Dorylaimidae, Plectidae).
Much of the work on the distribution of S. lindsayae
at local scales has been from the McMurdo Dry Valleys, where mean annual air temperatures range from
¡16 to ¡21°C, and annual precipitation is less than
10 cm (Clow et al. 1987; Doran et al. 2002a). About 60–
70% of the soils across this landscape are devoid of
metazoans (Freckman and Virginia 1998).
Scottnema lindsayae dominates the soil invertebrate
community in abundance and biomass across the landscape compared to the three other nematode species
found in the Dry Valley region. It occurs where average
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soil temperatures (0–10 cm depth) range from ¡22.8 to
23.3°C, with soil surface temperatures about 1°C
higher than 5–10 cm below the surface (Moorhead
et al. 2002; Treonis et al. 2000). Its distribution is
patchy across Taylor Valley and elsewhere, but soil
habitats for this species are characterized as having
lower moisture (soil moistures from 0.9–2.9%), higher
pH, higher EC and higher inorganic C (Freckman and
Virginia 1997) compared to habitats of the other three
species (Adams et al. 2006; Barrett et al. 2004, 2005;
Courtright et al. 2001; Porazinska et al. 2002).
Some 700 km further south from the McMurdo
region and 500 km NNE of the South Pole in the vicinities of the Beardmore and Shackleton Glaciers are
some of the southernmost exposed soils on earth. Visits to this region by the New Zealand Alpine Club in
1959–1960, and by Wise in 1964–1965, had previously
reported the southernmost occurrences for several taxa
including mites, springtails (Collembola), rotifers,
lichens, moss and algae (Tyndale-Biscoe 1960; Wise
and Shoup 1971). The predominant rock type near the
Beardmore Glacier are “Ross Supergroup” metasediments originally of the graywacke type with crosscutting by granodiorites and quartz-diorite (Oliver 1972).
Smaller rock sediments in the Beardmore area are
predominantly gray to dark gray and can retain considerable heat during favorable climatic conditions in the limited summer months with ground surface temperatures
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approaching 20°C (I. Hogg, unpublishd data). Finegrained material (<125 m) is often found beneath
these smaller sediments. As in the Dry Valleys, liquid
water occurs from melt streams at the interface
between snow packs and rocky outcrops (GooseV et al.
2003).
A putative adaptive response to survival in a cold,
dry climate, S. lindsayae are anhydrobiotic, wherein
they coil, cease observable metabolic activity (Treonis
et al. 2000) and like other nematodes may lose up to
99% of their water content (Crowe and Madin 1975;
Demeure et al. 1979). This desiccated condition facilitates wind dispersal (Nkem et al. 2006) within Taylor
Valley and suggests wind could be a primary mechanism for long distance dispersal.
Previous work on Antarctic terrestrial invertebrates
(e.g., Collembola) has shown that large-scale ice structures such as glaciers as well as the Ross Sea are likely
to be appreciable barriers to dispersal/gene Xow
between the Beardmore Glacier region and Victoria
Land (Stevens and Hogg 2003). In contrast, levels of
heterozygosity within and among populations of S.
lindsayae collected from diVerent valleys in Southern
Victoria Land show moderately high levels of gene
Xow and no evidence of historical, long-term barriers
to dispersal (Courtright et al. 2000). However, analysis
of populations from more distant, isolated regions of
Antarctica would allow for a more rigorous examination of the genetic structure of the species across a
broader geographic scale, and allow testing of the generality of large-scale ice structures (e.g., glaciers) as
barriers to gene Xow for terrestrial invertebrates.
Elevated rates of dispersal by eukaryotes smaller
than 2 mm have been implicated in ecosystem stability,
the idea being that forces that alter species composition are countered by high rates of immigration (Finlay
2002; Finlay and Fenchel 2004). However, high species
diversity and functional redundancy complicate the
task of identifying changes in ecosystem functioning
that are due to the presence or absence of individual
species. As the Antarctic Dry Valley soil ecosystem has
shown a marked decrease in the abundance of S. lindsayae (Doran et al. 2002b), its dominant soil metazoan,
the resilience and stability of this ecosystem will be dictated by general patterns of dispersal and immigration.
Thus, the Dry Valley soil ecosystem provides an ideal
setting to investigate the relationship between dispersal and ecosystem stability because a single metazoan species (S. lindsayae) plays a key role in
ecosystem functioning (carbon cycling; Barrett et al.,
unpublished data). As we show, potentially high rates
of dispersal are apparently insuYcient to buVer population declines of S. lindsayae attributed to recent

(decadal) environmental changes (Doran et al. 2002b),
implying short-term ecological functional instability in
response to environmental change.

Materials and methods
The sampling sites were located on Mt. Harcourt near
the base of the Beardmore Glacier (Fig. 1). Soil samples were collected from underneath small Xat rocks
(<10 cm diameter) on an exposed ridge (S83°48.21⬘,
E172°15.39, 800 m elev.). Two samples to 8 cm were
taken within a few meters of each other, one moist due
to its proximity to a melting snow patch and one drier
sample. Quantitative soil moisture and characterization assays were not conducted in order that all of the
sampled soil could be used in the nematode extraction
process. Total fresh weight of soil from which nematodes were extracted was 112 and 94 g respectively.
Nematodes were extracted from soil using wet sieving
methods followed by sugar density gradient centrifugation modiWed for cold-adapted nematodes, including
chilled extraction solutions (Freckman and Virginia
1993, 1997; Powers et al. 1998). Extracted nematodes
were visualized in brightWeld with an Olympus CK40
inverted compound light microscope. The extraction
process was non-concomitant with other soils, and care
was taken to prevent the contamination of soils and
extraction equipment. All soil processing equipment
was cleaned thoroughly prior to extraction, and transfer of soils from Weld sample bags to extraction containers was carried out under a sterile laminar Xow
hood. Live nematodes were preserved in either 95%
ETOH or 5% hot formalin solution for subsequent
DNA and morphological analyses, respectively, and
for voucher specimen preparation.
DNA was extracted from individual preserved specimens using DNeasy animal tissue extraction kits
(Qiagen Inc., Valencia CA). Ribosomal DNA of the
internally transcribed spacer 1 region was PCR ampliWed using the 18S primer designed by Vrain et al.
(1992) which binds in the posterior 3⬘ portion of the 18s
small ribosomal subunit, and the reverse primer of
Cherry et al. (1997), which binds in the 5⬘ end of the
5.8s subunit region. Polymerase chain reactions were
carried out in 25 l volumes. PCR mix was added to
each tube: 2.5 l 10£ PCR buVer, 1.5 l MgCl2, 1 l
dNTP mixture (10 mM each), 1 l of 10 pM forward
primer, 1 l of 10 pM reverse primer, 0.25 l of Taq
polymerase (Continental Laboratory Products, Sand
Diego, CA, ), 19.55 l of distilled water and 5 l of
DNA (not quantiWed, but approximately 10 ng/l). All
PCR reactions were run in a PTC-100 Thermocycler
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(MJ Research, Inc., Waltham, MA, USA) with the following cycling proWle: 1 cycle of 94°C for 7 min followed by 35 cycles of 94°C for 1 min, 50°C for 1 min,
72°C for 1 min. The last step was 72°C for 10 min. PCR
products were puriWed using QIAquick PCR puriWcation kit (Qiagen Inc.) and sequenced in both directions
at the University of Florida ICBR sequencing core
facility and the BYU DNA Sequencing Center on Perkin Elmer/Applied Biosystems automated DNA
sequencers. DNA sequences of nematodes sampled
from the Beardmore glacier were aligned to sequences
from other samples of S. lindsayae collected from other
areas of Antarctica, including multiple individuals
from several locations in the McMurdo Dry Valleys:
three populations from the Lake Fryxell basin, two
populations from Garwood Valley (49 km south of
Taylor Valley), one population from Mt. Falconer and
three populations from the Lake Hoare basin
(Table 1). The ITS rDNA sequence of S. lindsayae
from 83.48° South was deposited in GenBank (Accession #AY626779). Voucher specimens of representative males, females and juveniles from the same sample
have been deposited in the University of CaliforniaDavis Nematode Collection (UCDNC #3240).

Results and discussion
The sample taken from the site moistened by glacial
meltwater contained S. lindsayae individuals as follows:
33 live and 4 dead males, 51 live and 31 dead females
and 89 live and 43 dead juveniles. It also contained two
individual rotifers. The second sample taken from a
drier area was devoid of nematodes but contained 2
individual tardigrades. IdentiWcation of the rotifers and
tardigrades in the samples is ongoing. Although the
Beardmore region and the rest of the continental
Antarctic interior has probably been devoid of most

Table 1 Location of sampled
populations of Scottnema
lindsayae
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metazoan life since the early to mid Neogene, at least
3 Ma; (Ashworth and Kuschel 2003; Askin 1992; Fleming and Barron 1996; Marchant et al. 2002), our Wndings establish the southernmost indigenous, extant
distribution of the Phylum Nematoda.
The 505 bp ITS rDNA sequence of S. lindsayae from
latitude 83.48°S was identical to all of the sequences of
individuals representing populations from the
McMurdo Dry Valleys area. Similarly, we detected no
conspicuous morphological deviations from the original (Timm 1971) and detailed (Vinciguerra 1994)
descriptions of S. lindsayae.
The abundance of live nematodes (1.71 g¡1 fresh
soil) representing juvenile through adult life stages suggests that they were extracted from a healthy population and do not represent anhydrobiotic immigrants
that were revived upon soil processing. However, the
lack of variation at the ITS locus indicates low levels of
population structure (Adams 1998; Adams et al. 1998;
Cherry et al. 1997; Nguyen et al. 2001; Powers et al.
1997) despite the vast geographic distance between the
Beardmore and Southern Victoria Land populations
(approximately 713 km). For example, numerous studies have utilized this marker to investigate population
structure, and particularly species boundaries, where it
typically performs well at revealing meta-population
history, presence or absence of gene Xow and permanent lineage-splitting events (Adams 2001; Nadler
et al. 2000). Our results are consistent with previous
surveys of S. lindsayae using mtDNA and 28s rDNA
loci (Courtright et al. 2000), which also revealed limited genetic variability and structure among McMurdo
Dry Valley populations. Larger numbers of individuals
from several populations sampled from the Transantarctic Mountains area, and use of more variable
genetic loci, will be instrumental in exploring the existence of Wne-scale variability and dispersal patterns
within and among populations.

Location

Population name

Latitude
(south)

Longitude
(east)

Beardmore Glacier
Lake Brownsworth, Lower
Wright Valley
Lake Colleen, Garwood Valley
Lake Hoare, Taylor Valley
Lake Fryxell, Taylor Valley
Lake Hoare, Taylor Valley
Lake Hoare, Taylor Valley
Lake Fryxell, Taylor Valley
Lake Hoare, Taylor Valley
Mt Falconer, Taylor Valley
Lake Colleen, Garwood Valley

K122A
Brownsworth Met
Station 4
K052 Block 2
LH near A2 Eudory 4
F6 CO2 8
LH Lake to soil A3
LH Lake to soil A4
F6 Bulk 1
LH near A2 Eudory 3
Mt Faulk A2
K052 Block 4

83° 48.210⬘
77° 26.185⬘

172° 15.390⬘
162° 42.301⬘

78° 01.489⬘
77° 37.932⬘
77° 36.476⬘
77° 37.940⬘
77° 37.940⬘
77° 36.483⬘
77° 37.932⬘
77° 34.303⬘
78° 01.505⬘

163° 52.381⬘
162° 52.646⬘
163° 15.077⬘
162° 53.051⬘
162° 53.051⬘
163° 14.891⬘
162° 52.646⬘
163° 09.660⬘
163° 52.424⬘
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There have been few comparisons of the species of
soil invertebrates found in the McMurdo Dry Valleys
to the Beardmore Glacier area. Phylogeographic and
gene Xow analyses of the springtail Gomphiocephalus
hodgsoni reveal the McMurdo Sound (which lies
between the Beardmore Glacier and Southern Victoria
Land) to have been an eVective geographic barrier to
its dispersal (Stevens and Hogg 2003). However, a similar phylogeographic pattern and population structure
does not exist for S. lindsayae in the McMurdo Dry
Valleys (Courtright et al. 2000). The lack of ITS1
sequence variation among populations of S. lindsayae
separated by over 700 km and 5° in latitude preclude
the notion that the McMurdo Sound eVectively retards
gene Xow or signiWcantly structures disparate populations of S. lindsayae, and is consistent with broadcast
aeolian transport (Nkem et al. 2006). Katabatics are
the predominant surface winds throughout continental
Antarctica, which originate high on Antarctic Plateau
and move with increasing speed and temperature
towards the continental margins (Parish and Bromwich
1987). The warm air then rises and moves toward the
pole to replace the colder, vacating surface air (King
and Turner 1997). The strength and cyclical direction
of Antarctic winds could provide consistent aeolian
transport for S. lindsayae across virtually all of Antarctica.
Previous work suggests that most organisms smaller
than 2 mm have global distributions and persist wherever their required habitats are realized (Finlay 2002;
Finlay and Fenchel 2004). Such distributions and persistence are thought to be a consequence of ubiquitous
dispersal driven by huge population sizes, and the consequently low probability of local extinction (Finlay
2002; Finlay and Fenchel 2004). S. lindsayae is endemic
to Antarctica, yet distributed broadly across the continent where viable soil parameters exist and plays a
much greater than expected role in ecosystem functioning, particularly carbon eZux; (Barrett et al., forthcoming). However, recent declines in population size
attributed to climate change (Doran et al. 2002b) indicate high sensitivity and low stability of the soil ecosystem in response to environmental change, and may
portend profound changes in ecosystem functioning.
The widespread distribution and potentially high dispersal potential of S. lindsayae inferred in the present
study indicate that failure to counter the observed
decline in population sizes in the Antarctic Dry Valley
soil ecosystem is due to an altered physicochemical or
biological environment which obviates immigration.
Alternatively, life history attributes and physiological
constraints may account for the regional decrease in
population size in Antarctic Dry Valley soils. In the

case of S. lindsayae, a K-selective reproductive strategy
will result in higher variability of population size, but is
also predicted to confer stability across broader
(regional) geographic scales (Pribil and Houlahan
2003).
The continuing decline of S. lindsayae population
sizes (Doran et al. 2002b) in the Antarctic Dry Valleys
is linear (Barrett et al., unpublished data), and as yet
shows no perceptible response via recruitment or
fecundity to the present climate and ecosystem changes
(1986 to the present) despite immigration via wind dispersal (Nkem et al. 2006). Thus, the historically high
abundances and rates of dispersal of S. lindsayae are
not suYcient to mount an immediate response to environmental perturbation. Given the prominent role of
S. lindsayae in mediating Antarctic Dry Valley soil ecosystem functioning, we predict that environmental
changes responsible for decreases in population size
and distribution will have an immediate and long-term
impact on the biodiversity and productivity of these
soils.
Acknowledgments We thank Mark St. John, Berry Lyons, John
Barrett, Ross Virginia, Chris McKay, members of the BYU Nematode Evolution Lab and three anonymous reviewers for their
constructive criticisms of an early draft of this manuscript. Andrew Parsons, Tom Cioppa, Steve Blecker, John Barrett and Jennifer Mercer assisted in the Weld and laboratory. The staV of the
Crary Laboratory, at McMurdo Station, PHI Helicopters, and
Rae Spain provided logistical support. This work was funded by
the National Science Foundation Grants 00 96250 and 98 13061 to
DHW and through logistic support from Antarctica New Zealand
to IDH. This project contributes to the Evolution and Biodiversity in Antarctica (EBA) Programme of SCAR.

References
Adams BJ (1998) Species concepts and the evolutionary paradigm in modern nematology. J Nematol 30:1–21
Adams BJ (2001) The species delimitation uncertainty principle.
J Nematol 33:153–160
Adams BJ, Burnell AM, Powers TO (1998) A phylogenetic analysis of Heterorhabditis (Nemata: Rhabditidae) based on
internal transcribed spacer 1 DNA sequence data. J Nematol
30:22–39
Adams BJ, Bardgett RD, Ayres E, Wall DH, Aislabie J, Bamforth S, Bargagli R, Cary C, Cavacini P, Connell L, Convey
P, Fell JW, Frati F, Hogg I, Newsham K, O’Donnell A, Russell N, Seppelt RD, Stevens MI (2006) Diversity and distribution of Victoria Land biota. Soil Biol Biochem 38:3003–
3018
Ashworth AC, Kuschel G (2003) Fossil weevils (Coleoptera: Curculionidae) from latitude 85[deg]S Antarctica. Palaeogeogr
Palaeoclimatol Palaeoecol 191:191–202
Askin RA (1992) Late Cretaceous-Early Tertiary Antarctic outcrop evidence for past vegetation and climates. In: Kennett
JP, Warnke DA (eds) The Antarctic paleoenvironment: a
perspective on global change. American Geophysical Union,
Washington, pp 61–73

123

Polar Biol
Barrett JE, Virginia RA, Wall DH, Parsons AN, Powers LE, Burkins MB (2004) Variation in biogeochemistry and soil biodiversity across spatial scales in a polar desert ecosystem.
Ecology 85:3105–3118
Barrett JE, Virginia RA, Parsons AN, Wall DH (2005) Potential
soil organic matter turnover in Taylor Valley, Antarctica.
Arct Antarct Alp Res 37:107–116
Barrett JE, Virginia RA, Wall DH, Cary SC, Adams BJ, Aislabie
JM (2006) Co-variation in soil biodiversity and biogeochemistry in Northern and Southern Victoria Land, Antarctica.
Antarct Sci (in press)
Cherry T, Szalanski AL, Todd TC, Powers TO (1997) The internal transcribed spacer region of Belonolaimus (Nemata:
Belonolaimidae). J Nematol 29:23–29
Clow GD, McKay CP, Simmons Jr GM, Wharton Jr RW (1987)
Climatological observations and predicted sublimation rates
at Lake Hoare, Antarctica. J Clim 1:715–728
Courtright EM, Wall DH, Virginia RA, Frisse LM, Vida JT, Thomas WK (2000) Nuclear and mitochondrial DNA sequence
diversity in the Antarctic nematode Scottnema lindsayae. J
Nematol 32:143–153
Courtright EM, Wall DH, Virginia RA (2001) Determining habitat suitability for soil invertebrates in an extreme environment: the McMurdo Dry Valleys, Antarctica. Antarct Sci
13:9–17
Crowe JH, Madin KAC (1975) Anhydrobiosis in nematodes—
evaporative water-loss and survival. J Exp Zool 193:323–333
Demeure Y, Freckman DW, Van Gundy SD (1979) In vitro response of four species of nematodes to desiccation and discussion of this and related phenomena. Revue Nematol
2:203–210
Doran PT, McKay CP, Clow GD, Dana GL, Fountain AG, Nylen
T, Lyons WB (2002a) Valley Xoor climate observations from
the McMurdo dry valleys, Antarctica, 1986–2000. J Geophys
Res 107:4772–4784
Doran PT, Priscu JC, Lyons WB, Walsh JE, Fountain AG, McKnight DM, Moorhead DL, Virginia RA, Wall DH, Clow GD,
Fritsen CH, McKay CP, Parsons AN (2002b) Antarctic climate cooling and terrestrial ecosystem response. Nature
415:517–520
Finlay BJ (2002) Global dispersal of free-living microbial eukaryote species. Science 296:1061–1063
Finlay BJ, Fenchel T (2004) Cosmopolitan metapopulations of
free-living microbial eukaryotes. Protist 155:237–244
Fleming RF, Barron JA (1996) Evidence of Pliocene Nothofagus
in Antarctica from Pliocene marine sedimentary deposits.
Mar Micropaleontol 27:227–236
Freckman DW, Virginia RA (1993) Extraction of nematodes
from Dry Valley Antarctic soils. Polar Biol 13:483–487
Freckman DW, Virginia RA (1997) Low-diversity Antarctic soil
nematode communities: distribution and response to disturbance. Ecology 78:363–369
Freckman DW, Virginia RA (1998) Soil biodiversity and community structure in the McMurdo Dry Valleys, Antarctica. In:
Priscu JC (eds) Ecosystem dynamics in a polar desert The
McMurdo Dry Valleys, Antarctica. American Geophysical
Union, Washington, pp 323–336
GooseV MN, Barrett JE, Doran PT, Fountain AG, Lyons WB,
Parsons AN, Porazinska DL, Virginia RA, Wall DH (2003)
Snow-patch inXuence on soil biogeochemical processes and
invertebrate distribution in the McMurdo Dry Valleys, Antarctica. Arct Antarct Alp Res 35:91–99
Johnson SR, Ferris JM, Ferris VR (1974) Nematode community
structure of forest woodlots: III. Ordinations of taxonomic
groups and biomass. J Nematol 6:118–126

123

King JC, Turner J (1997) Antarctic meterorology and climatology. Cambridge University Press, New York
Marchant DR, Lewis AR, Phillips WM, Moore EJ, Souchez RA,
Denton GH, Sugden DE, Potter N, Landis GP (2002) Formation of patterned ground and sublimation till over Miocene glacier ice in Beacon Valley, southern Victoria Land,
Antarctica. Geol Soc Am Bull 114:718–730
Moorhead DL, Wall DH, Virginia RA, Parsons AN (2002) Distribution and life-cycle of Scottnema lindsayae (Nematoda)
in Antarctic soils: a modeling analysis of temperature responses. Polar Biol 25:118–125
Mouratov S, Lahav I, Barness G, Steinberger Y (2001) Preliminary study of the soil nematode community at Machu Picchu
Station, King George Island, Antarctica. Polar Biol 24:545–
548
Nadler SA, Adams BJ, Lyons ET, DeLong RL, Melin SR (2000)
Molecular and morphometric evidence for separate species
of Uncinaria (Nematoda : Ancylostomatidae) in California
sea lions and northern fur seals: Hypothesis testing supplants
veriWcation. J Parasitol 86:1099–1106
Nguyen KB, Maruniak J, Adams BJ (2001) The diagnostic and
phylogenetic utility of the rDNA internal transcribed spacer
sequences of Steinernema. J Nematol 33:73–82
Nkem JN, Wall DH, Virginia RA, Barrett JE, Broos EJ, Porazinska DL, Adams BJ (2006) Wind dispersal of soil invertebrates in the McMurdo Dry Valleys, Antarctica. Polar Biol
29:346–352
Oliver RL (1972) Geology of an area near the mouth of Beardmore Glacier, Ross Dependency. Antarctic geology and geophysics: Symposium on Antarctic Geology and Solid Earth
Geophysics, 6–15 August 1970
OverhoV A, Freckman DW, Virginia RA (1993) Life-cycle of the
microbivorous Antarctic Dry Valley nematode Scottnema
lindsayae (Timm 1971). Polar Biol 13:151–156
Parish TR, Bromwich DH (1987) The surface wind Weld over the
Antarctic ice sheets. Nature 328:51–54
Porazinska DL, Wall DH (2002) Population age structure of nematodes in the Antarctic Dry Valleys: perspectives on time,
space, and habitat suitability. Arct Antarct Alp Res 34:159–
168
Porazinska DL, Wall DH, Virginia RA (2002) Population age
structure of nematodes in the Antarctic Dry Valleys: perspectives on time, space, and habitat suitability. Arct Antarct
Alp Res 34:159–168
Powers LE, Ho MC, Freckman DW, Virginia RA (1998) Distribution, community structure, and microhabitats of soil invertebrates along an elevational gradient in Taylor Valley,
Antarctica. Arct Alp Res 30:133–141
Powers T, Todd T, Burnell A, Murray P, Fleming C, Szalanski A,
Adams B, Harris T (1997) The rDNA internal transcribed
spacer region as a taxonomic marker for nematodes. J Nematol 29:441–450
Pribil S, Houlahan JE (2003) Life-history strategies associated
with local population variability confer regional stability.
Proc R Soc Lond Ser B Biol Sci 270:1419–1423
Shishida Y, Ohyama Y (1986) A note on the terrestrial nematodes around Syowa Station, Antarctica. Memoirs of the National Institute of Polar Research 259–260
Stevens MI, Hogg ID (2003) Long-term isolation and recent
range expansion from glacial refugia revealed for the endemic springtail Gomphiocephalus hodgsoni from Victoria Land,
Antarctica. Mol Ecol 12:2357–2369
Timm RW (1971) Antarctic soil and freshwater nematodes from
the McMurdo Sound region. Proc Helminthol Soc Wash
38:42–52

Polar Biol
Treonis AM, Wall DH, Virginia RA (1999) Invertebrate biodiversity in Antarctic dry valley soils and sediments. Ecosystems 2:482–492
Treonis AM, Wall DH, Virginia RA (2000) The use of anhydrobiosis by soil nematodes in the Antarctic Dry Valleys. Funct
Ecol 14:460–467
Tyndale-Biscoe CH (1960) On the occurrence of life near the
Beardmore Glacier, Antarctica. Pac Insects 2:251–253
Vinciguerra MT (1994) Metacrolobus festonatus gen. n. sp. n. and
Scottnema lindsayae Timm, 1971 (Nemata, Cephalobidae)
from Subantarctic and Antarctic regions with proposal of the

new subfamily Metacrobinae. Fundam Appl Nematol
17:175–180
Virginia RA, Wall DH (1999) How soils structure communities in
the Antarctic dry valleys. Bioscience 49:973–983
Vrain TC, Wakarchuk DA, Levesque AC, Hamilton RI (1992)
IntraspeciWc rDNA restriction fragment length polymorphism in the Xiphinema americanum group. Fundam Appl
Nematol 15:563–574
Wise KAJ, Shoup J (1971) Entomological investigations in
Antarctica, 1964–1965 seasons. Pac Insect Monogr 25:27–56

123

