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Abstract Snow accumulation can inXuence soil properties in arctic and alpine tundra, boreal and temperate
forests, and temperate grasslands. However, snow may be
even more inXuential in arid ecosystems, which by deWnition are water limited, such as the hyper-arid polar desert of
the McMurdo Dry Valleys, Antarctica. Moreover, snow
accumulation may be altered by climate change in the
future. In order to investigate the impact of changes in
snow accumulation on soils in the McMurdo Dry Valleys
we experimentally manipulated the quantity of snow at two
locations and monitored soil properties over 5 years in relation to a snow depth gradient created by snow fences. We
predicted that increased snow depth would be associated
with increased soil moisture and a shift in soil animal community structure. While we did not observe changes in soil

biochemistry or community structure along the snow depth
gradient at either site, increased snow accumulation caused
by the snow fence altered soil properties across the entire
length of the transects at one site (Fryxell), which collected
substantially more snow than the other site. At Fryxell, the
presence of the snow fence increased gravimetric soil moisture from 1 to 5–9%. This was associated with a decline in
abundance of the dominant animal, Scottnema lindsayae, a
nematode typically found in dry soil, and an increase in
Eudorylaimus sp. a nematode associated with moist soil.
We also observed changes in soil pH, salinity, and concentrations of inorganic nitrogen and chlorophyll a over the
course of the experiment, but it was diYcult to determine if
these were caused by snow accumulation or simply represented temporal variation related to other factors.

E. Ayres (&) · J. N. Nkem · D. H. Wall · B. L. Simmons
Natural Resource Ecology Laboratory,
Colorado State University, Fort Collins, CO 80523, USA
e-mail: eayres@neoninc.org

B. J. Adams
Department of Biology and Evolutionary Ecology Laboratories,
Brigham Young University, Provo, UT 84602, USA

E. Ayres
Institute of Arctic and Alpine Research,
University of Colorado, Boulder, CO 80309-0450, USA
Present Address:
E. Ayres
National Ecological Observatory Network,
5340 Airport Blvd, Boulder, CO 80301, USA
Present Address:
J. N. Nkem
Center for International Forestry Research,
P.O. Box 6596 JKPWB, Jakarta 10065, Indonesia
D. H. Wall
Department of Biology, Colorado State University,
Fort Collins, CO 80523, USA

J. E. Barrett
Department of Biological Sciences,
Virginia Tech, Blacksburg, VA 24061, USA
Present Address:
B. L. Simmons
Division of Natural Sciences and Mathematics,
East Georgia College, Swainsboro, GA 30401-2699, USA
R. A. Virginia
Environmental Studies Program,
Dartmouth College, Hanover, NH 03755, USA
A. G. Fountain
Department of Geology, Portland State University,
P.O. Box 751, Portland, OR 97207, USA

123

898

Keywords Snow fence · Soil biogeochemistry · Soil
fauna · Precipitation change · Global change · Nematodes

Introduction
Snowfall and snowpack depth are increasingly recognized
as important drivers of ecosystem structure and function in
temperate, high latitude, and high-elevation terrestrial ecosystems (Walker et al. 1999; GroVman et al. 2001, 2006;
Schimel et al. 2004; Barnett et al. 2005; Grippa et al. 2005;
Kaste et al. 2008). Moreover, climate change is altering
patterns of snowfall, as well as the depth, duration and
water content of the snowpack, which in turn may alter ecosystem structure and function (Barnett et al. 2005; Mote
et al. 2005; IPCC 2007). Increased snow depth insulates
soil, which keeps soil temperatures warmer during winter
than nearby areas with less snow accumulation (Walker
et al. 1999; GroVman et al. 2001; Schimel et al. 2004;
Kaste et al. 2008). In addition, snow melt provides signiWcant amounts of moisture to many ecosystems, with areas
that accumulate snow receiving greater amounts of moisture (Barnett et al. 2005). While the insulating properties of
snow may have implications for most temperate, high latitude, and high-elevation terrestrial ecosystems that experience cold temperatures, the hydrological impacts of snow
may be most pronounced in cold desert ecosystems, including parts of Antarctica, the Arctic, and the Gobi, which are
by deWnition water limited.
The McMurdo Dry Valleys, the largest area of ice-free
land in Antarctica, are cold and hyper-arid, with precipitation entirely in the form of snow. Snow accumulation in the
valley bottom is low, typically ranging from 10 to 50 mm
water equivalent (Fountain et al. 2009). Precipitation events
in the dry valleys may cover the landscape with snow up to
several centimeters deep, but much of this water is unavailable to soil organisms because of high sublimation rates
(Chinn 1993; Treonis et al. 2000). Snow accumulations
may persist for hours to days (summer) or a week to months
(winter), depending on location in the valleys, and snow
losses result primarily from wind erosion and sublimation
(Chinn 1993; Campbell 2003; Fountain et al. 2009). The
fraction of snow that melts is unknown but may be small
(Campbell 2003; GooseV et al. 2003). As a result, snow
may inXuence local water availability largely through vapor
diVusion into the soil. Wind is important in the re-distribution of snow in this ecosystem, as evidenced by the build up
of snow on the leeward side of obstacles and relatively
large deposition events during katabatic storms (Nylen
et al. 2004; Fountain et al. 2009). These snow patches can
be up to 1 m deep, cover tens of square meters in area, and
are a signiWcant source of moisture to nearby soil communities (GooseV et al. 2003).
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The harsh climatic conditions and poorly developed
soils in the McMurdo Dry Valleys constrain biological
diversity and activity. The soil is typically coarse (»95%
sand) with extremely low levels of organic matter (<0.5%
organic C), low moisture content (<2%), and high salinity
(Campbell and Claridge 1987; Barrett et al. 2004; Ugolini
and Bockheim 2008). Mosses and algae are the only form
of vegetation in the Dry Valleys (Schwarz et al. 1992;
Moorhead et al. 2003; Adams et al. 2006; Cannone et al.
2008), while Wve taxa of animals are found in the ecosystem: nematodes, tardigrades, rotifers, mites, and collembolans (Freckman and Virginia 1997; Stevens and Hogg
2002; Adams et al. 2006). The nematode Scottnema lindsayae is the most abundant and widely distributed animal
in this ecosystem; other relatively common nematode species include Eudorylaimus sp. and Plectus murrayi (Freckman and Virginia 1997; Andrassy 1998, 2008; Adams
et al. 2006). A survey of faunal occurrences in the Dry
Valleys revealed that 35% of soils contained no animals,
while »50% contained nematodes only, and communities
containing rotifer or tardigrades alone, together, or with
nematodes accounted for the remaining »15% of soils
(Freckman and Virginia 1998).
The availability of water is a fundamental determinant of
ecosystem structure and function in the McMurdo Dry Valleys, although other factors such as soil salinity and organic
matter concentration are also important (Schwarz et al.
1992; Kennedy 1993; Freckman and Virginia 1997; Barrett
et al. 2004; Poage et al. 2008). For example, mosses and
algae are typically restricted to moist areas near lakes and
ephemeral streams (Schwarz et al. 1992; Moorhead et al.
2003). The composition and complexity of the microbial
food web varies with soil moisture (Connell et al. 2006;
Fell et al. 2006; Barrett et al. 2008b), and transects from
dry soil to lake or stream sediments mark major changes in
biogeochemistry, concentrations of organic matter, and the
abundance and community structure of animals (Treonis
et al. 1999; Barrett et al. 2002; Moorhead et al. 2003;
Elberling et al. 2006; Ayres et al. 2007).
Taylor Valley, the primary research site of the US
McMurdo Long Term Ecological Research program, is
»35 km long, stretching from the Ross Sea to the polar plateau. Taylor Valley has three hydrologically distinct lake
basins that have diVerent soils: Lake Fryxell Basin, nearest
the coast; Lake Hoare Basin, intermediate; and Lake Bonney Basin, nearest the polar plateau (for a detailed description see Fountain et al. 1999; Barrett et al. 2004). Fryxell
Basin (hereafter Fryxell) has young soil containing relatively high levels of organic carbon and phosphorus, and
low salinity, compared to other dry valley soils (Barrett
et al. 2007). In contrast, Bonney Basin (hereafter Bonney)
has older soils with low levels of organic carbon and phosphorus, and high salinity (Barrett et al. 2007).
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Since water is an important determinant of ecosystem
structure in the dry valleys and water availability may be
altered by climate change (Foreman et al. 2004; Chapman
and Walsh 2007; Barrett et al. 2008b), we performed a
snow manipulation study to assess how snow accumulation
inXuences soil properties. This was achieved by establishing two snow fences in Taylor Valley, one near Lake Fryxell and the other near Lake Bonney. Soil biochemistry and
animal populations were monitored over 5 years along a
gradient of increasing snow depth away from the fences.
We hypothesized that increased snow depth would be associated with increased soil moisture, decreased salinity and
inorganic nitrogen due to leaching, and increased chlorophyll a concentrations in the surface soil. In addition, we
expected that increased soil moisture would reduce abundances of the microbial feeder S. lindsayae, which is most
abundant in dry soil, and increase the algal feeder Eudorylaimus sp., which is most abundant in moist soil (Treonis
et al. 1999; Ayres et al. 2007; Wall 2007). We also
expected larger responses of chlorophyll a and animal
abundances at Fryxell basin than at Bonney basin because
water availability likely limits soil biota at Fryxell where
soil salinity is relatively low and organic matter concentrations are relatively high, whereas, at Bonney, the high
salinity may constrain soil biota more than water availability.

Materials and methods
This study was conducted in Taylor Valley (77°S, 163°E)
in the McMurdo Dry Valleys, Antarctica. This region has a
polar desert climate with a mean annual temperature of
around ¡19°C and 10–50 mm water equivalent annual precipitation, entirely as snow (Fountain et al. 1999, 2009).
The landscape consists of perennially ice-covered lakes,
glaciers, and bare soils interspersed with ephemeral
streams.
In January 2001 a 6.1 m long snow fence (1 m high)
made of coarse plastic mesh was erected on the south side
of Lake Fryxell (77.60843°S, 163.24860°E) and on the
south side of the west lobe of Lake Bonney (77.72472°S,
162.31309°E) on a Xat area of land broadly representative
of the surrounding landscape. To collect the most blowing
snow, the fences were positioned perpendicular to the long
axis of the valley and to the katabatic winds that come from
the polar plateau southwest of Taylor Valley (Fountain
et al. 1999; Doran et al. 2002a). Environmental regulations
placed on Weld experiments in the dry valleys determined
fence size and replication.
Soil samples were collected immediately prior to the
establishment of the snow fences, which represent year 0
conditions. Samples were collected along six transects,
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perpendicular to each fence on the leeward side, that were
evenly spaced »1.5 m apart along the fences (Fig. 1).
Along each transect, samples were collected at 0.9, 1.8, 2.7,
and 3.7 m away from the fence (Fig. 1). Soil samples were
collected in two stages. First, the surface soil (1–2 mm) was
collected using plastic spoons and stored in opaque plastic
bottles for chlorophyll a analysis (a representation of standing photosynthetic biomass). Second, soil was collected
from the same location to a depth of 10 cm using plastic
scoops. Previous results have shown that surface soils
(0–2.5 cm) contain few invertebrates (Powers et al. 1995).
DiVerent clean plastic scoops were used to collect each
sample to avoid cross contamination. The distances away
from the fence were chosen to correspond to an expected
gradient of increasing snow depth with distance from the
fence based upon the depth of natural snowpacks found on
the leeward side of obstacles in the dry valleys (GooseV
et al. 2003). Soil samples were also collected from locations adjacent to previous sampling sites in January (peak
of the austral summer) 2, 3, and 5 years after the snow
fences were erected (i.e. 2003, 2004, and 2006).
At Fryxell, the depth of the snowpack was measured in
November in years 2, 3, 4, 5 and 6 after the snow fence was
established (i.e. 2002, 2003, 2004, 2005, and 2006) and in
December 2002 and 2003. Along nine transects, spaced 1 m
apart and perpendicular to the fences, snowpack depth was
determined at nine locations between 1 and 16 m from the
fence on the leeward side (Fig. 1). At Bonney snowpack
depth was measured in a similar fashion, but only in
November 2002 due to logistical diYculties and the general
absence of snow during sampling times. In addition to the
spatial snow depth measurements, a sonic ranger (Campbell
ScientiWc, Logan, UT, USA) attached to a meteorological
station located at the center of each fence recorded snow
depth at a single location 1 m from each fence on the leeward side between 2003 and 2006. Snow depth was
recorded every 15 min and mean daily snow depths were
calculated.

60-70
50-60
40-50
30-40
20-30
10-20
0-10
2m

Fig. 1 Mean snow depth (cm) across all sampling dates at Fryxell.
Circles represent soil sampling sites; thick black line on the right represents the snow fence. Snowpack depth exhibited a similar pattern at
Bonney, but was not as deep (see Fig. 2b)
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After collection, soil samples were returned to the laboratory at McMurdo Station and stored at 4°C. Soil fauna
were extracted within 48 h using a modiWed sugar-centrifugation approach (Freckman and Virginia 1993). Nematodes
were identiWed to species, life stage (juvenile or adult), sex,
and live or dead. Rotifers and tardigrades were also
counted, but not identiWed further. Gravimetric soil moisture was determined after drying soil (105°C) for 48 h. Soil
pH (1:2 soil:deionized water) and electrical conductivity
(EC) (1:5 soil:deionized water) were measured using a
glass electrode (Orion, Waltman, MA, USA) and a conductivity meter (Corning, Corning, NY, USA), respectively.
Concentrations of nitrate and ammonium in 2.0 M KCl
extracts were determined on a Lachat Autoanalyzer. Soil
was processed at very low light levels for chlorophyll a
analysis and prepared using an acetone extraction procedure (Powers et al. 1998). Chlorophyll a concentration was
measured using a Turner model 111 Xuorometer (Turner,
Palo Alto, CA, USA). Biological and chemical properties
are expressed relative to soil dry weight.
We used analysis of variance (ANOVA) to examine the
inXuence of the main eVects of lake basin, sampling date,
distance from the fence, block (transect), and their interactions on soil biological and chemical properties. Where signiWcant main eVects of sampling date or distance were
observed, post hoc Tukey HSD tests were applied. For clarity and brevity, eVects of block (transect) are not reported in
Tables 1, 2, and 3. Soil animal abundances, soil moisture,

Table 1 F values relating to the eVect of distance from snow fence
and sampling date on snow depth from ANOVAs
Fryxell snow depth

Bonney snow depth

Distance

114.2***

4.1**

Date

442.3***

Distance £ date

4.4***

Snow depth was only measured at one sampling date at Bonney
* P < 0.05; ** P < 0.01; *** P < 0.001

soil pH, and chlorophyll a were log(n + 1) transformed
prior to analysis to meet assumptions of normality and
homogeneity of variance.

Results
At the Fryxell fence, snow depth varied among the sampling dates, with the greatest depths observed in November
2006 (Table 1; Fig. 2a). Snow depth decreased quickly as
peak austral summer approached, which can be seen in the
change in depth between November and December
(Figs. 2a, 3). Snow depth at Bonney was only measured in
November 2002 and was markedly lower than at Fryxell at
the same sampling date (Fig. 2a). Automated snow depth
measurements from each snow fence between 2003 and
2006 conWrmed substantially lower snow accumulation at

Table 2 F values relating to the eVect of hydrologic basin, sampling date, and distance from snow fence on soil moisture, electrical conductivity
(EC), pH, ammonium, nitrate, and chlorophyll a from ANOVAs
Moisture content

pH

EC

Basin

2467.8***

1387.1***

5496.6***

Date

125.9***

164.7***

Distance

2.3

Basin £ date

6.6***

6.0**
3.3*

Ammonium

Nitrate

126.0***

691.9***

92.1***

17.0***

10.4***

303.3***

0.3

110.9***

213.6***

18.1***

4.8**

40.3***

Chlorophyll a

1.0

5.8**

11.1***
3.1*

Basin £ distance

2.3

4.5**

8.1***

1.3

5.5**

Date £ distance

1.0

0.9

0.6

0.4

0.7

0.6

Basin £ date £ distance

1.0

1.0

0.5

0.7

0.8

1.7

* P < 0.05; ** P < 0.01; *** P < 0.001

Table 3 F values relating to the eVect of sampling date and distance from snow fence on soil animal populations from ANOVAs, Fryxell basin
only; animal occurrences at Bonney were too low to analyze statistically

Date

S. lindsayae
adults

S. lindsayae
juveniles

S. lindsayae
dead:live

S. lindsayae
males:females

16.7***

35.1***

49.6***

14.0***

Eudorylaimus
sp. adults

Eudorylaimus
sp. juveniles

1.3

16.7***

Distance

2.3

3.1*

0.9

0.5

5.2**

2.2

Date £ distance

1.1

0.6

0.6

0.3

1.1

1.2

* P < 0.05; ** P < 0.01; *** P < 0.001
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Fig. 2 Mean § SE snow depth a at sampling dates between November 2002 and December 2006 or b with distance from the snow fence
across all sampling dates. Solid diamonds represent Fryxell and open
diamonds represent Bonney. DiVerent letters within a site denote signiWcant diVerence (P < 0.05). The double-ended arrow denotes the
beginning and end of the soil transects

Bonney than Fryxell (Fig. 3). At both sites snow depth initially increased with distance and then decreased (Table 1;
Fig. 2b) as is typical for snow fences. Along the soil sampling transects (0.9–3.7 m), a subsection of the total snow
accumulation zone, snow depth increased with distance
from the fence, such that snow was about twice as deep at
the sampling site farthest from the fence (Figs. 1, 2b). Mean
(§ SE) density of the accumulated snow was 0.37 (§0.03)
g cm¡3 across all sampling dates and both sites.
Although distance from the snow fence signiWcantly
aVected some soil characteristics (Tables 2, 3), the interaction between distance and year was never signiWcant, indicating that increased snow depth with distance from the
snow fence did not alter soil characteristics from the baseline conditions observed in year 0. Initial soil moisture was
greater at Fryxell than at Bonney, and at Fryxell soil moisture was much greater at the later sampling dates than in
year 0 (Table 2; Fig. 4a, b), suggesting that the snow trapped
by the snow fence increased soil moisture throughout the

entire sampling area. In contrast, soil moisture at Bonney
was similar before and after the establishment of the snow
fence (Fig. 4b). Soil pH decreased over time at Fryxell, but
increased over time at Bonney (Table 2; Fig. 4c, d). EC, a
measure of soil salinity, was substantially greater at Bonney than Fryxell, and at Fryxell EC was lowest in years 2
and 3, whereas at Bonney it was greatest in years 2 and 3
(Table 2; Fig. 4e, f).
Soil ammonium concentrations were initially similar at
Bonney and Fryxell, but at Fryxell they increased over time
while at Bonney they decreased over time (Table 2; Fig. 5a,
b). Soil nitrate concentrations were an order of magnitude
greater at Bonney than Fryxell, and at both basins they
decreased in year 2 and increased in year 3 (Table 2;
Fig. 5c, d). The concentration of chlorophyll a in the surface soil was greater at Fryxell than Bonney, and in both
basins chlorophyll a was greatest in year 3 and below
detection limits in year 0 (Table 2; Fig. 6).
Live S. lindsayae, the dominant animal in this ecosystem, and Eudorylaimus sp. individuals were found in 100
and 95% of samples at Fryxell, respectively, whereas, at
Bonney they were found in only 12 and 0% of samples,
respectively. P. murrayi, tardigrades, and rotifers were
found infrequently (<6% of samples) at both sites. As a
result, only abundances of S. lindsayae and Eudorylaimus
sp. at Fryxell could be analyzed statistically. Abundances
of live adult and juvenile S. lindsayae declined by over
45% at all sampling dates when compared to their initial
abundances (Table 3; Fig. 7a, b). This corresponded to a
marked increase in the ratio of dead to living (an index of
mortality) S. lindsayae from over 40 live individuals per
dead individual to around 4 live individuals per dead individual (Table 3; Fig. 7c). The ratio of male to female S.
lindsayae exhibited much variation over the duration of the
experiment, being close to 1:1 in years 0 and 5, but below
1:1 in year 2 and >1:1 in year 3 (Table 3; Fig. 7d). The
abundance of juvenile Eudorylaimus sp. increased fourfold
over the course of the experiment, however, the abundance
of adults did not diVer among the sampling dates (Table 3;
Fig. 8). Ratios of dead to living Eudorylaimus sp. individuals or males to females in a soil sample often could not be
calculated due to their lower abundances.

Discussion
Desert ecosystems, such as the McMurdo Dry Valleys in
Antarctica, may be sensitive to changes in snowpack or
water availability that could be caused by altered precipitation regime or increased melting as a result of ongoing
climate change (Foreman et al. 2004; Chapman and Walsh
2007; Barrett et al. 2008b). To investigate this, we assessed the
response of soil properties and animal populations to
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Fig. 3 Daily average snow
depth at a single location adjacent to the snow fence at a Fryxell and b Bonney in 2003 (black
triangles), 2004 (gray squares),
2005 (black circles), and 2006
(gray diamonds). No data were
available at Bonney during 2006
and breaks in the data represent
failure of the system, which can
only be maintained between late
October and early February.
Note diVerence in scale

experimentally increased snow accumulation at Fryxell
and Bonney. Snowpack depth was substantially greater at
Fryxell than Bonney, which is consistent with other snow
accumulation studies (Fountain et al. 1999, 2009). Strong
katabatic winds frequently blow down-valley in Taylor
Valley (i.e. from Bonney to Fryxell) during winter redistributing local snow down-valley where it accumulates on
the leeward side of the snow fences (Nylen et al. 2004).
That the fence at Bonney had nearly an order of magnitude less snow accumulation than at Fryxell is due to a
number of reasons, including an order of magnitude less
snowfall, as well as warmer air temperatures, higher
winds, and lower relative humidity, which result in elevated sublimation rates (Fountain et al. 1999; Doran et al.
2002a).
Snow density was 0.37 g cm¡3, thus a snow depth of
»270 mm is equivalent to »100 mm water. Snow accumulation is about 30 mm water equivalent at Fryxell and about
10 mm water equivalent at Bonney for the entire year
(Fountain et al. 2009). Therefore, the snow accumulation at
the fence represented a local increase in snow of at least
200% at Fryxell, and perhaps 100% at Bonney. However,
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in no cases did distance from the snow fence alter soil
properties relative to baseline conditions observed in year
0, i.e. there were no signiWcant distance £ year interactions. This suggests that the depth of the snowpack at the
beginning of the austral summer had little impact on midsummer soil biochemistry and animal populations. In contrast, studies in other ecosystems have observed changes in
summer soil properties in response to increased winter
snowpack. For example, increased snow accumulation
caused by fences at the Toolik Lake Long Term Ecological
Research Site, Alaska, increased summer soil nitrogen mineralization rates in a tussock tundra ecosystem, but not in a
dry heath ecosystem (Schimel et al. 2004). In a US northern
hardwood forest at the Hubbard Brook Experimental Forest, experimental reductions in snow depth stimulated
nitrate availability in stands of sugar maple, but not yellow
birch (GroVman et al. 2001). Other studies have reported
changes in plant or microbial activity, growth, or community structure in response to altered snow accumulation
(Walker et al. 1999; Wipf et al. 2006; Buckeridge and
Grogan 2008). Had we measured soil parameters at the
beginning of the austral summer when snow was present
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Fig. 4 Mean § SE a, b soil
moisture, c, d soil pH, and e, f
soil electrical conductivity at a,
c, e Fryxell and b, d, f Bonney
across four sampling dates. Solid
line (year 0), dashed dotted line
(year 2), dashed line (year 3),
and dotted line (year 5). Note
diVerences in scale between a, b
and e, f
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we may have seen a relationship between snowpack depth
and soil properties resulting from the insulating properties
of snow, as found in other studies (Schimel et al. 2004;
Kaste et al. 2008).
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At least at Fryxell, the additional snow as a result of the
snow fence appeared to alter the entire area that was sampled as part of this study. For instance, soil moisture
increased from 1 to 5–9% after the snow fence was
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established, and this increase was unrelated to distance
from the fence presumably because the water vapor and/or
melt-water could easily move through the sandy soil. This
is consistent with an observational study of snow patches
in Taylor Valley, where soil moisture was 9.4% beneath
snow patches and 0.4% in nearby exposed soil (GooseV
et al. 2003). Other studies located near our sampling site
at Fryxell have reported soil moisture values similar to the
baseline values we observed (Barrett et al. 2004); whereas
the higher values we observed at the later sampling dates
have only been found in wetted regions surrounding lakes
and streams (Treonis et al. 1999; Ayres et al. 2007), indicating that as the snow sublimated and/or melted it
increased soil moisture across the entire area that we sampled, not simply directly below where it accumulated. In
contrast, at Bonney soil moisture content was low and did
not diVer before and after the snow fence was established,
presumably due to much lower snow accumulation at that
site. However, since the fence at Bonney did accumulate
some snow, it is possible that soil moisture also increased
at Bonney in early summer, but to a lesser degree than at
Fryxell.
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The increase in soil moisture after the snow fence was
established at Fryxell corresponded to decreased abundances of live S. lindsayae, increased numbers of dead
S. lindsayae, and increased abundances of Eudorylaimus
sp. juveniles. This is consistent with an observational study
of animal abundance in soil beneath snow patches and
neighboring exposed soil, which reported lower abundances
of S. lindsayae and greater abundances of Eudorylaimus sp.
beneath snow patches (GooseV et al. 2003). Similarly,
Eudorylaimus sp. increased in abundance in response to a
major melting event in the 2001–2002 austral summer,
caused by above average air temperatures, that resulted in
increased soil moisture (Barrett et al. 2008b). In addition,
the availability of water has been shown to strongly
inXuence nematode activity, abundance, and community
structure in arid ecosystems at lower latitudes (Freckman
et al. 1987; Alon and Steinberger 1999; Bakonyi and Nagy
2000; Bakonyi et al. 2007) as well as in Antarctic dry valleys
(Treonis et al. 2000).
The shift in the relative abundance of S. lindsayae versus
Eudorylaimus sp. that we observed at Fryxell was substantial. Initially there were 114 live S. lindsayae individuals
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Fig. 8 Mean § SE a adult abundance and b juvenile abundance of
Eudorylaimus sp. at Fryxell across four sampling dates. Solid line
(year 0), dashed dotted line (year 2), dashed line (year 3), and dotted
line (year 5). The lower abundance of Eudorylaimus sp. meant that ratios of dead to living individuals or males to females in a soil sample
often could not be calculated
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Fig. 9 Change in mean § SE soil moisture (solid line) and the relative
abundance of live S. lindsayae and Eudorylaimus sp. (dashed line) at
Fryxell over the course of the experiment

for every Eudorylaimus sp. individual, but this decreased to
between 21:1 and 27:1 after the snow fence was established
(Fig. 9). While general declines in S. lindsayae have been
observed throughout Taylor Valley, which have been
linked to regional climate cooling (Doran et al. 2002b;
Barrett et al. 2008a), the decline we observed was more
precipitous; S. lindsayae declined by »60% over the Wrst
2 years of the experiment and subsequently remained relatively

stable, whereas the decline observed by Doran et al.
(2002b) was equivalent to a »10% reduction per year. The
decrease in S. lindsayae and increase in Eudorylaimus sp.
were probably caused by the increase in soil moisture as a
result of the snow fence. S. lindsayae is most abundant in
dry soil in the McMurdo Dry Valleys (Freckman and
Virginia 1997; Barrett et al. 2004; Adams et al. 2006),
whereas, it sharply decreases in abundance with increased
soil moisture, as seen along transects from dry soil to wetter
regions surrounding lakes and streams (Treonis et al. 1999;
Moorhead et al. 2003; Ayres et al. 2007). In contrast, Eudorylaimus sp. is more abundant in moist areas than in drier
soils (Powers et al. 1998; Treonis et al. 1999; Porazinska
et al. 2002; Ayres et al. 2007). For example, in dry soil at
Fryxell, Barrett et al. (2004) reported »140 S. lindsayae
individuals for every Eudorylaimus sp., whereas in moist
soils on the shore of Lake Fryxell Ayres et al. (2007)
reported »3 S. lindsayae for every Eudorylaimus sp. Over
greater time periods we predict that adult Eudorylaimus sp.
would also increase in abundance. The generation time of
Eudorylaimus sp. is unknown; however, S. lindsayae
requires 218 days at 10°C to reach maturity (OverhoV et al.
1993), which would take several years given the climate in
this ecosystem. It is reasonable to assume that the life cycle
of Eudorylaimus sp. also spans several years given the short
austral summer and the long lifespan of other Dorylaimidae
species (e.g. Coiro et al. 1995), therefore, any change in the
abundance of adults may take several years to appear.
It is diYcult to determine if variation that we observed in
many other soil variables over the course of the experiment
was caused by increased water availability, as a result of
snow accumulation by the snow fence, or simply represent
temporal variation related to another factor. For instance, it
is possible that the increase in chlorophyll a, which was
below detection limits when the fence was erected, may
have been a response to increased water availability, since
chlorophyll a concentrations are often greater in moist soil
(Ayres et al. 2007) than in dry soil (Barrett et al. 2004).
However, several of the soil parameters we measured
exhibit temporal variation in this ecosystem (Porazinska
et al. 2002; Simmons et al. 2009), therefore, the changes we
observed may simply reXect variation in response to
another factor, rather than impacts of snow accumulation,
such as summer temperatures (Barrett et al. 2008a, b).
The diVerences in soil properties and biota that we
observed between Fryxell and Bonney were in line with
previous studies. Soil pH, and abundances of S. lindsayae
and Eudorylaimus sp. have previously been shown to be
greater at Fryxell than Bonney, while EC (salinity) and
nitrate concentrations exhibit the opposite pattern, and
these diVerences have been attributed to geologic and climatic legacies (Fountain et al. 1999; Barrett et al. 2004;
Ayres et al. 2007).
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In conclusion, diVerences in early summer snowpack
depth had little direct eVect on mid-summer soil properties.
However, at Fryxell, which had the greatest snow accumulation, elevated snow accumulation increased soil moisture
throughout the entire experimental area. This coincided
with a substantial decline in S. lindsayae populations, the
dominant animal in this ecosystem, and an increase in
abundance of Eudorylaimus sp., which is more abundant in
moist soils. Changes in other soil parameters, e.g. chlorophyll a concentration, may have also resulted from
increased soil moisture or may simply represent temporal
variation in response to other factors. If climate change
does alter snow accumulation in this ecosystem in the
future, our Wndings suggest that as well as altering
the hydrological cycle, the community composition of the
dominant animals may also change, which in turn may alter
biogeochemical cycling (Barrett et al. 2008a).
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