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Controls on the Spatial Dimensions of Wetted
Hydrologic Margins of Two Antarctic Lakes

Michael N. Gooseff,* John E. Barrett, Melissa L. Northcott, D. Brad Bate, Kenneth R. Hill,
Lydia H. Zeglin, Michael Bobb, and Cristina D. Takacs-Vesbach

Polar deserts are characterized by limited water availability across much of the terrestrial landscape. In the McMurdo Dry
Valleys, Antarctica, soil active layers are wetted only briefly after infrequent snowfall (<10 cm yr~!). Adjacent to glacial melt-
water streams and lakes, however, sediments and soils appear visibly wetted throughout the summer. We hypothesized that this
apparent wicking of water from aquatic environments is controlled by capillary action determined by the physical properties
of near-shore sediments including slope, particle size distribution, and depth to permafrost. We performed synoptic sampling
of near-shore sediments around two lakes in Taylor Valley, East Antarctica. We measured the water content, active layer depth,
particle size distribution, and topography to determine the relative importance of shore slope, pore size distribution, and depth
of the active layer on the spatial dimension of wetted hydrologic margins. The horizontal dimension (distance from the lake
edge) of wetted margins (Hyy) and slopes ranged from 1.1 to 32.9 m and 1 to 61% and active layer depth ranged from 5.5 to
>120 cm. Our results indicate that particle size distributions of near-shore sediments are homogeneous; slope had a greater effect
on the dimensions of wetted margins, explaining 73% of the variance in Hyy. These findings show that the spatial dimensions of
wetted zones are controlled by a suite of physical parameters that may be easily measured using remotely sensed data and a lim-
ited number of samples. Such information is useful for constraining landscape-scale models of nutrient redistribution because

intermittently wetted soils are zones of enhanced biogeochemical transformation and transport in desert ecosystems.
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ABBREVIATIONS: ELB, east lobe of Lake Bonney; LF, Lake Fryxell.

here has been much attention focused on the spatial distri-

bution and temporal dynamics of subsurface water in catch-
ments (Niedzialek and Ogden, 2004; Seeger et al., 2004; Western
etal., 2004), largely driven by the need to identify sources of water
driving in situ biological activity and stream flow at broader scales.
In most catchments, sediments in the riparian zones of streams and
lakes are generally found to be wetter than upland soils due to the
proximity of these environments to both surface water and shal-
low groundwater. In dry environments, broad-scale variation in
the distribution of soil water controls the potential for soil micro-
bial activity (Austin et al., 2004; Berkowitz et al., 2004; Fernandez
et al., 2006) and the composition and productivity of terrestrial
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vegetation (Sala et al., 1988, 1992; Lauenroth et al., 1994). Thus,
near-shore environments where soils and sediments are preferen-
tially wetted are likely to be biological “hot spots” in desert envi-
ronments, which may control fluxes of nutrients between terres-
trial and aquatic ecosystems.

Whereas most investigations of soil water have occurred in
temperate regions, polar deserts are also environments structured
by the scarcity of liquid water (Kennedy, 1993). For example, in
the McMurdo Dry Valleys of Antarctica, liquid water is only
available to most of the landscape for a brief duration as melt-
water following infrequent snowfall events of low accumulation,
<10 cm yr ! (Campbell, 2003; Witherow et al., 2006). The
life history strategies of soil biota in the dry valleys appear well
adapted to tolerate such conditions (Treonis et al., 2000; Weicht
and Moorhead, 2004). Adjacent to glacial meltwater streams
and closed-basin lakes, however, sediments and soils appear vis-
ibly wetted up to 10 m from open water throughout the austral
summer. These “hydrologic margins” host distinct biological
communities relative to dry upland soils (Treonis et al., 1999;
Ayres et al., 2007) and exhibit enhanced rates of nutrient cycling
(Barrett et al., 2002; Gooseff et al., 2003a).

We performed a synoptic surveying and sampling of wet-
ted soils and sediments in the hydrologic margins around Lake
Fryxell (LF) and the east lobe of Lake Bonney (ELB) in Taylor
Valley, East Antarctica. Our goal was to characterize the controls
over the dimensions of hydrologic margins around these lakes.
Understanding the factors controlling the spatial extent of hydro-
logic margins is essential for making predictions about the poten-
tial for hydrologic and biogeochemical exchanges between terres-
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trial and aquatic ecosystems. We hypothesized that the apparent
wicking of liquid water from lakes and streams observed during
the austral summer months (November—February) is controlled
by the physical properties of near-shore sediments and soils
including (i) local topography or slope, (ii) particle size distribu-
tion, and (iii) depth to impermeable ice-cemented permafrost,
which bounds the extent of the water table beneath near-shore
sediments. We predicted that large, well-developed hydrologic
margins would be associated with gentle slopes, fine grain sizes,
and deeper active layers (depth to ice cement or the 2-yr mean
depth of the 0°Cisotherm in dry permafrost), whereas the dimen-
sions of hydrologic margins would be limited by steep slope,
coarse tills, and shallow active layers. Furthermore, we expected
that prediction of hydrologic margins around lakes and streams,
based at least partly on shoreline topography, might be useful for
predicting margin extent and wetted subsurface habitat, perhaps
when coupled with remote sensing products that provide high
resolution of topographic information (i.e., airborne laser swath
mapping) for remote or extraterrestrial landscapes.

Site Description
The McMurdo Dry Valleys (=77.35 to =77.45 lat., 162.20

to 163.20 long.) are generally ice free, though there are a num-
ber of alpine and piedmont glaciers that surround the valleys.
The climate in the dry valley region (on the western edge of
the Ross Sea, East Antarctica) is a polar desert with annual air
temperatures of about —20°C and <10 cm of precipitation annu-
ally (Doran et al., 2002; Witherow et al., 2006). The McMurdo
Dry Valleys provide an excellent natural laboratory for studying
hydrologic processes because the movement of water in these sys-
tems is not confounded by multiple, contributing factors such as
extensive subsurface flow, rainfall infiltration, or redistribution
of near-surface soil water by vascular vegetation. Precipitation
falls during short, infrequent snowstorms, after which ablation
occurs within hours, as a function of both melt and sublimation
(Campbell, 2003; Gooseff et al., 2003a). Taylor Valley, the site
of the McMurdo Long-Term Ecological

the Ross Sea incursion of the West Antarctic Ice Sheet (Bockheim,
2002). The soils and sediments in the area of our study sites were
inundated by glacial Lake Washburn within 5000 ybp (Doran et
al., 1994). Soils and sediments are composed of unconsolidated
sand; silt- and clay-sized fractions typically account for <10%
of the soil by weight (Campbell and Claridge, 1987). Organic
matter content is quite low, typically <0.1% organic C by weight
(Burkins et al., 2001; Barrett et al., 2006). Salt content of soils
and sediments varies over several orders of magnitude, while salt
composition varies with proximity to the Ross Sea and till age
(Bockheim, 1997). Active layer depths are generally shallow, <1
m (Conovitz et al., 2006). Because the McMurdo Dry Valleys
landscape is devoid of vascular vegetation, exposed soils are con-
spicuously dry, except adjacent to streams and lakes, where inter-
mittent to prolonged wetted conditions are often observed (Fig.
2A). These visually conspicuous lakeside hydrologic margins can
extend up to 10 m from shorelines, and have been observed to
be stable from year to year, although the mechanisms controlling
their extent remain uncharacterized.

Materials and Methods
Field Data Collection

We surveyed the spatial dimensions of wetted zones and the
topography of near-shore environments at LF and the ELB in
Taylor Valley. Soil samples were collected at regular intervals to
characterize the influence of particle size distribution and salin-
ity on hydrology. Topographic surveys of the wetted margins
around LF and ELB were conducted using a roving Trimble 5700
Real Time Kinematic Global Positioning System (GPS) receiver
mounted on a backpack with an antenna fixed on a survey rod.
This unit was used to manually trace the edge of each lake and
the edge of the hydrologic margin of both lakes. A base station
transmitting unit was established on a USGS benchmark near the
main camp at each lake, which continuously acquired data from
the GPS. Rover data (>6000 observations per lake) were corrected
by the base station data, and therefore had an estimated preci-

Research Project, is bounded to the west

by the Taylor Glacier, an extension of
the East Antarctic Ice Sheet, and opens
to McMurdo Sound to the east. There
are three major closed-basin lakes in the
valley (west to east): Lake Bonney (into
which Taylor Glacier terminates), Lake
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Hoare, and Lake Fryxell (Fig. 1). Each
of these lakes maintains a perennial ice
cover, but during the austral summer a
liquid moat develops around the edge of

each lake. The moats range from several
meters wide in deep locations to tens of
meters wide in shallow locations (Lawson
et al., 2004). Glacial meltwater streams
flow from glaciers to lakes along well-
established channels for 10 to 12 wk dur-
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ing the austral summer (Conovitz et al.,
1998).

Taylor Valley ecosystems occur on a
heterogeneous mix of tills resulting from
local glacial dynamics and exotics from

Fic. 1. Location map of the McMurdo Dry Valleys, LANDSAT image of Taylor Valley, and maps of
surveyed lakes: (A) east lobe of Lake Bonney, and (B) Lake Fryxell. Circles denote transects at
which all measurements were made and samples were collected, and gaps in Panel A represent
surface bedrock at the lakeshore. Transect numbering is sequential around each lake.
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sion of ~1.5 cm horizontal and ~3 cm vertical for both surveys.
Sampling transects were marked at approximately 100-m intervals
around each lake (as indicated by real-time position read from the
roving GPS unit) and surveyed for topographic position (easting,
northing, and elevation) and soil moisture and active layer depth
(Fig. 2B and 2C). The in-transect sites were chosen in the field
to characterize a moisture gradient from Site 1, always ~20 cm
from the shoreline, to Sites 2 and 3, approximately equally spaced
between Site 1 and the wetted edge, to Site 4, which was approxi-
mately 1 m beyond the wetted edge of the hydrologic margin.

At each of the sites within a transect (Fig. 2B), we measured
the liquid water content of the surface (10-cm) soils and sedi-
ment using a Delta T Theta Probe and meter (Dynamax, Inc.,
Houston, TX) and depth to refusal, using a small-diameter steel
T rod, 120 cm in length, pushed in manually. We interpreted
the depth to refusal to be the depth of the active layer within
these hydrologic margins. Depth of refusal measurements were
consistent with the depths of ice-cement layers determined by
excavation of soil pits in the Lake Fryxell basin (R* = 0.95, Fig.
3). Although many of the soils in the McMurdo Dry Valleys are

Saturation

Fic. 2. (A) Conceptual model of observed horizontal (H,y), vertical
(Zyy), and lengthwise (Ly) hydrologic margins adjacent to a lake and
the horizontal dimension of the water table in the active layer (H 1),
computed from measurements to point of refusal, (B) plan view of
sampling transects, and (C) image of the hydrologic margin along the
north shore of Lake Joyce, as viewed from the shoreline. Hydrologic
margin is approximately 5 m in length from the shoreline.

characterized by dry permafrost (i.e., frozen unsaturated soil),
the soils in the vicinity of the lakes typically have sufficient soil
moisture to maintain ice cement (i.e., frozen soil near satura-
tion) in the permafrost (Bockheim, 2002). This sampling design
resulted in measurements along each of 144 transects around LE,
and 59 transects around ELB. At every fifth transect on the LF
survey (about every 500 m, Fig. 1B) and every seventh transect
on the ELB survey (about every 700 m, Fig. 1A), we also col-
lected surface soil samples (to a depth of 10 cm) at each site for
gravimetric water content and particle size analysis. This sam-
pling design resulted in a total of 120 soil samples collected from
the LF survey (four sites in each of 30 transects), and 36 samples
from the ELB survey (four sites in each of nine transects).

Soil moisture is reported here as gravimetric soil moisture
percentage. At sites where soil samples were collected, we deter-
mined gravimetric soil moisture by taking the difference of sample
weights before and after drying in a laboratory oven at 105°C for
>24 h, normalized to the post-drying mass. At all sites, however,
we measured moisture in situ with the Delta T Theta Probe. We
developed a fifth-order polynomial regression relationship between
the probe measurement and the gravimetric values from the sam-
ples collected to translate all probe measurements to gravimetric
soil moisture. Dried soil samples were sieved (4.5, 2, 0.425, and
0.075 mm) using a mechanical shaker for 5 min. We estimated
the soil salinity of bulk soil samples (0-10-cm depth) collected
from a subset of the survey plots as the electrical conductivity of a
1:5 solution of the <2-mm size fraction in deionized water using a
YSI 3100 conductivity meter (Yellow Springs Instruments, Yellow
Springs, OH) calibrated with a 0.01 mol L~! KCl solution.

Data Analysis

To test our hypothesis that hydrologic margin dimensions
are a function of shore slope, soil texture, and active layer size,
we performed a number of regression analyses of the data. We
expected that dimensions would increase (that is, there would be
more extensive hydrologic margins) with lower slope, finer soil
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Fic. 3. Measurements of depth to ice cement in six pits dug near
Lake Fryxell correlated to adjacent depths of refusal, measured with
an active layer t-bar probe.
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texture, and deeper active layers. From the GPS survey
data, we computed the relative coordinates of the fol-
lowing parameters for each site and transect: hydrologic
margin elevation (Zy,), lateral hydrologic margin dis-

TaBLE 1. Data summary from circumnavigation surveys of Lake Fryxell (144 tran-
sects) and the east lobe of Lake Bonney (59 transects). All data represented as

means + standard deviations of hydrologic margin dimensions, where H,, is the

lateral distance from shore, L, is the distance along the slope, and 2, is the el-
evation above the shoreline.

tance (Hyy), hydrologic margin distance along the slope sie u . B Active layer Gravimetric soil
(L) elevation of the active layer at a site (as Zyy, minus W W W depth moisture
. . . . 0,
the penetration depth at that point), lateral dimension m %
. . . Lake Fryxell
of the water table (Hyy) (Fig. 2A), which integrates g0 4 ncariake 346328 346328 0.16:0.11 0425008 10472335
the depth and slope of the active layer, and the slope of  site 2, wetted 6.21+433 622+433 033+014 043+0.08  7.90+3.31
the shore transect (S). Analyses of Ly, trends vs. those ~ Site3, wetted 890536 893+535 054£017 0352007 479+205
N . Site 4, drysoil ~ 9.98+545 10.01+544 064+019 028+0.08  3.61%1.48
of Hy, were not significantly different, so we present
w - East Lobe of Lake Bonney

only those of Hyy, here. To test whether shoreline slope  site 1, nearlake  1.00£0.64 1.05%0.64 0264017 043+023 14.38 +9.54
inﬂuences the hydrologic margin extent, we regressed Site 2, wetted 1.97+1.16 2.06+1.18 0.55+0.36 0.43 +0.22 11.17 £ 13.92

. . . Site 3, wetted ~ 3.04+1.80 3.15+1.82 078043 040+021 454 +4.42
§with Hy, for each transect. We examined the influ- g drysoil 3764194 390+196 097+047 033+021 1.37+0.14

ence of multiple factors (lake basin, slope of shoreline,
and soil particle size) on Hyy using the stepwise mul-
tiple regression procedure in the JMP statistical software package
(SAS Institute, Cary, NC).

Results
Survey Results

Hydrologic margins extended farther and were relatively
more variable around LF than the ELB (Table 1). Around LE,
hydrologic margin Hyy ranged from 1.92 to 32.91 m with a
mean of 8.90 m (Fig. 4A), and shore slopes ranged from 0.01
to 0.32 m m~! with a mean of 0.08 m m~! (Fig. 4B). Around
the ELB, Hy, ranged from 1.01 to 9.17 m with a mean of 3.44
m (Fig. 5A), and shore slopes ranged from 0.05 to 0.61 m m™!
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Fic. 4. Calculated (A) hydrologic margin horizontal lengths (H,) and
(B) transect slopes (S) from circumnavigation survey of Lake Fryxell.
Small plots within each panel are the normalized frequency distribu-
tions for each data set. Order of survey transect numbering noted
between panels (see Fig. 1B).

with a mean of 0.29 m m~! (Fig. 5B). Hydrologic margin Zy
above the lake level ranged from 0.13 to 0.94 m with a mean of
0.54 m around LF, and from 0.35 to 1.96 m with a mean of 0.89
m around the ELB. Moisture gradients were, on average, —1.01
and —4.71% gravimetric moisture content per meter horizontal
distance from the shoreline for LF and the ELB, respectively.
Particle size distributions showed no significant variation
with distance from the lake edge (i.e., no significant influence of
transect position) for either lake (Fig. 6); however, there were sig-
nificant differences in particle size distribution between samples
collected from LF and the ELB. Samples from LF were enriched
in the <75-um fraction relative to samples from the ELB (P =
0.002, two-tailed #test assuming unequal variance), particularly
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Fic. 5. Calculated (A) hydrologic margin horizontal lengths (H,,) and
(B) transect slopes (S) from circumnavigation survey of the east lobe
of Lake Bonney. Small plots within each panel are the normalized
frequency distributions for each data set. Order of survey transect
numbering noted between panels (see Fig. 1A).
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Fic. 6. Mean sediment size distribution for all
samples, grouped by site within each transect
for (A) Lake Fryxell, and (B) the east lobe of
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in transect positions closest to the lake edge (Fig. 7), while sam-
ples from the ELB had a significantly greater coarse sand fraction
relative to LF (< 0.001, two-tailed #-test assuming unequal vari-
ance). In a multiple regression analysis, the proportion of coarse
size fraction of the samples and slope explained 88% of the vari-
ability of observed Hyy; values around the ELB (Table 2). No clear
influence of soil texture on Hyy, was apparent for LE

The H,y, values were found to be well correlated with tran-
sect slope ([V?g = 0.73) as a power-law function for the combined
data sets from the two lakes, representing a broad range of shore
slopes (Fig. 8). Because there is no clear relationship between
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Fic. 7. Horizontal position as a function of sediment size proportions
for (A and B) >4.5 mm, (C and D) <4.5 but >2 mm, (E and F) <2 mm
but >425 um, (G and H) <425 but >75 um, and (I and J) <75 pum.

Zy; and soil texture, we regressed Zy; vs. Hy, (Fig. 9), which
suggests little to no relationship around LF but a moderate
relationship around the ELB, with Hyy explaining 53% of the
variability in Zy;

Theactive layer depths at each position within a transect were
greater and more variable at the ELB than at LF (Table 1) and
slopes around the ELB were greater than those around LE Water
tables under these hydrologic margins provide a nearby reservoir
to the extended soils, from which moisture can be wicked. Thus,
deeper active layers, which can provide longer Hyy- dimensions,
may serve as an important control on the observed surface soil
moisture distribution. Active layer depths range from a mean
of 0.42 m near the shore to 0.28 m in the dry soils around LE
and from 0.43 to 0.33 m around the ELB (Table 1). Active layer
slopes, computed from measured depths below surveyed transect
points, range from 0.01 to 0.55 with an average of 0.11 around
LE and from 0.07 to 0.63 with an average of 0.31 around the
ELB. Water table extents, computed from active layer and slope

TaBLE 2. Stepwise multiple regression for the horizontal dimension
of the hydrologic margin from the lake edge (H)y) at the east lobe of
Lake Bonney. The best-fit model accounts for 88% of the variability
in H,y as a function of slope and the coarse sand fraction (sum of
squared error of full model = 1.94, MSE = 0.32).

Sum

Parameter Estimate  df F ratio P r
of squares
Intercept 15.21 1 0 0 1 -
Slope -8.10 1 7.18 22.17 0.0033  0.49
Coarse sand fraction -29.16 1 5.94 18.35 0.0052 0.39
35
g o Lake Fryxell
30 7 + East Lobe, Lake Bonney
25 1 H, =1.165°"" 1
—_ g .
£ 20 R*=0.73
S
:: 15 +
10 +
5+
0 i f f t f :
0.0 0.1 02 03 04 05 06
-1
S(mm)

Fic. 8. Regression analysis of lateral hydrologic margin dimension
(Hyy) as a function of shoreline slope (S) for transects measured
around Lake Fryxell (LF) and the east lobe of Lake Bonney (ELB).
Best-fit regressions based on highest R? for LF data alone is Hy =
0.55S8"102, R2 = 0.73; and for ELB data alone is H,y = 6.48exp(—
2.70S), R2=0.31.
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. Fic. 9. Relationships between the lateral dimension
adjacent to LF and the ELB. (Hyy) and vertical extent (Z,,) of hydrologic margins
The surveyed perimeter of the around A) Lake Fryxell, and B) the east lobe of Lake

Distance from Shore (m)

Fic. 10. Average horizontal and vertical locations of
sampling sites (points), and corresponding active lay-
er depth ranges for hydrologic margins of (A) Lake

LF shoreline (~90% of total) ~Bonney. See Fig. 2 for a diagram of dimensions. Fryxell and (B) the east lobe of Lake Bonney.

was 18.36 km, whereas the

hydrologic margin perimeter

around LF was 18.94 km. The total hydrologic margin area was
0.16 km?. Unfortunately, we could not completely circumnavi-
gate LF because of the Canada Glacier, bounding LF to the west,
and on the northwest corner of the lake, an Antarctic Specially
Protected Area (ASPA no. 131) has been established (http://cep.
ats.aq/cep/apa/index.html [verified 8 Oct. 2007]), for which we

did not have a permit to access. These missing shore distances are
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/ ,,” sediments.
6 t0g /
regression line
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~2 km. The surveyed perimeter of the ELB shoreline was 11.23
km, and the ELB hydrologic margin perimeter was 11.88 km. The
total hydrologic margin area measured was 0.05 km? around the
ELB. Calculated volumes of the hydrologic margin zones (prod-
uct of hydrologic margin area and average depth to permafrost)
are 58,925 m? around LF and 21,473 m? around the ELB.

Discussion and Conclusions

Intermittently saturated soils and sediments are likely to be
important locations of biogeochemical cycling and microbial bio-
diversity in polar deserts. Previous work has remarked on the dis-
tinct biotic communities occurring in soils and sediments adja-
cent to streams and lakes (Treonis et al., 1999; Bobb, 2006; Ayres
et al., 2007) while others have demonstrated enhanced poten-
tial of nutrient cycling and mobilization. Gooseff et al. (2003b)
noted that subsurface water adjacent to a Taylor Valley stream had
much higher nutrient and major ion concentrations than stream
water. Barrett et al. (2002) found that resin-exchangeable soil
NOj was strongly correlated with soil moisture in near-stream
soils, and Bate et al. (2007) reported depleted levels of total and
available P in dry valley stream channels, indicating weathering
and mobilization of essential nutrients. A growing body of litera-
ture illustrates the importance of these hydrologic margins, and
terrestrial-aquatic connectivity in general as a major control over
biogeochemical cycling in the McMurdo Dry Valleys (Barrett et
al., 2007). Thus an analysis of the landscape controls over the
spatial distribution of soil and sediment water content in near-
shore environments is an important step toward understanding
the role of hydrologic margins in facilitating biogeochemical
transformations and transport of nutrient elements.
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The dynamics of these hydrologic margins has not been
documented in the past, though they have been empirically
assessed to be stable in time. Lake levels moderate from year to
year, rising or falling up to several centimeters per year, during
the course of a few months. We expect that because of these
gradual changes in boundary conditions, the wicking extent up
the shoreline may lag some, but is generally likely to keep up with
lake level changes. Over millennial time scales, the lake rise and
fall may greatly change the boundary conditions for hydrologic
exchange between terrestrial and aquatic domains, especially if
lakes rise and become more dilute. Thus, for approximately the
current conditions, we expect that these findings will apply.

Our results indicate that the particle size distribution of
near-shore sediments and soils are fairly homogeneous within
hydrologic margins, with only minor differences between lake
basins; slope had a greater control on the spatial extent of the
hydrologic margin (), explaining 73% of the variance in the
dimensions of the hydrologic zones around Taylor Valley lakes.
Around the ELB, Zy, was moderately correlated with Hyy, fur-
ther supporting the minor role that the larger size fractions ana-
lyzed here play in controlling soil wicking of water. It is worth
noting, however, that this moderate correlation and the lack of
correlation at LF may be due, in part, to the very mild lake shore
topography in LF compared with the ELB.

Dimensions of the water table extent (Hyy,) were corre-
lated with Hyy, around LE and to a lesser extent around the ELB.
The fact that most of the points in Fig. 11A and 11B plot above
the 1:1 lines indicates that there is a lateral component to the
wicking of water up these slopes. Given the slope of the linear
regressions of these relationships, there is approximately a 10%
extension of the surface hydrologic margin beyond the estimated
water table distance around LE, and 17% extension around the
ELB. In the ELB hydrologic margins, greater vertical extension
of the wetted edge was observed, in part because the ELB shore-
lines were generally steeper than those of LF; however, the aver-
age Ly, of the ELB transects was 3.56 m, whereas the average
Ly, of the LF transects was 8.93 m. The relationships between
hydrologic margin dimensions and slope were best correlated
around LE while around the steeper shore of the ELB weaker
relationships were found. One potential cause of this variability
is the difference in soil salinity between the two lake basins and
its potential for influencing water movement in the subsurface.

The differences in the spatial dimensions of the hydrologic
margins between the ELB and LF may be due to differences in
basinwide soil salinity and the hygroscopic properties of salt
minerals that occur in the two lake locations (Campbell and
Claridge, 1987; Bockheim, 1997; Barrett et al., 2004). Shoreline
soil salinities are generally greater than those found in the adja-
cent surface waters near shore, supporting the notion that these
soil waters are wicked from the adjacent water bodies. The ELB
has generally high soil salinities (1000 pS cm™! in upland soils
is typical), whereas LF generally has much lower soil salinities
(500 puS cm™! typical). In both basins, soil salinities typically
increase near the evaporative zones adjacent to streams and lakes
(Treonis et al., 1999; Barrett et al., 2002; Ayres et al., 2007).
Thus, pore water in the ELB shores is more likely to be enriched
in dissolved salts than pore waters around LE This may suggest
that more water is wicked through the ELB shoreline soils than
those around LF; however, the soils of the Lake Bonney basin are

generally higher in salinity overall, so we cannot conclude that
the difference in surface soil salinity is due solely to differences in
flux. The differences do suggest that pore water movement and
extent across the ELB hydrologic margins are likely to be differ-
ent than across the LF hydrologic margins. Salinity differences
may also, of course, affect biological activity differences between
these basins and across these hydrologic margins. While water is
a potentially important pore-scale environmental mediator and
transport medium that may enhance biological or biogeochemi-
cal activity, it is also possible that salinity may counteract some
of this potential.

On average, neither lakeshore displayed >10% proportion
of the finest size fraction of soil. Thus, it is not surprising that
soil texture is not a more important control on Hyy; however,
the very fine size fractions (<10 pum) that most strongly influence
capillary flow are probably present in very low concentrations
given that the entire <75-um fraction represented only 4% of
the soil by weight. Regressions between soil texture and Hy; (not
shown) were not significant, with the exception of a relation-
ship between the coarse fraction and Hyy, which improved the
multiple regression analysis around the ELB, where soils were
typically coarser than soils from LF (Fig. 7). This, too, could
be due to influences of salts, which often coat the undersides
of gravel- and cobble-sized particles and have been shown to
have a disproportionate effect on soil moisture in very dry soils
(Campbell, 2003).

The strong regression of My, from the combined data
with shore slope (Fig. 8) suggests that one could, with reason-
able information about local slope (e.g., digital elevation model,
topographic maps, etc.), predict the dimensions of the hydro-
logic margin surrounding lakes in polar deserts for which such
detailed data is not available. This is a potentially important pre-
dictive tool because these zones of enhanced moisture in very dry
settings are likely to be locations of enhanced biological and bio-
geochemical activity (Bobb, 2006; Treonis et al., 1999). When
combined with the findings of Fig. 9, however, it seems that a
single model of Hyy; as a function of S is not really appropriate.
We propose that the explanation for this is that Hyy is the most
important control on Hyy. That is, if LF had steeper slopes, that
is, more sediment overlying the developed water table (Hy,),
the observed Zy, would probably be greater, similar to those
observed around the ELB (Fig. 10). The difference in slopes of
the two lakes is related because the steeper slopes of the ELB pro-
vide more overlying sediment in which hydrologic margins can
develop, with deeper Zy; values observed. Thus, shorelines are
limited by the extent to which Hyy 1 develops, which is depen-
dent on the surface energy balance and heat exchange within the
shore sediments.

Our findings show that the spatial dimensions of hydro-
logic margins around polar deserts are controlled by a suite of
physical parameters that may be easily obtained from remotely
sensed data and limited sample collection. Prediction of soil
moisture from remote sensing products is a burgeoning area
of both hydrology and remote sensing (Schmugge et al., 1974;
Njoku and Entekhabi, 1996; Kerr, 2007). Similarly, the prod-
ucts of remotely sensed surface topography from aerial platforms
have also become common tools in hydrology (Ritchie, 1996;
Tenenbaum et al., 2006). While we did not use remote sens-
ing products, our findings may be useful to other projects that
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may wish to incorporate such tools or resources. Furthermore,
our findings are useful for constraining landscape-scale (tens of
square kilometers or greater) models of nutrient redistribution
since intermittently saturated sediments along lake margins are
zones of enhanced biogeochemical transformation and transport
in this polar desert ecosystem.
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