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Stream ecosystem responses and biomass and organism transport from cryoconites, 
stream microbial mats to lakes - Diane McKnight 
Microbial mats in Dry Valley streams persist through winter and are revived with summer streamflow (Fig. 
1A). Tyler Kohler, PhD student, evaluated controls on mat biomass of 3 mat types (orange, black, and green) to 
changing hydrology over 20 years by creating smoothed trends from generalized additive mixed models (Fig. 
1B) and comparing trends with Pearson Correlation Coefficients. Mat biomass collectively decreased during the 
middle of the record coinciding with a period of low flows and a “flood” summer (Fig. 1C). In-channel mats 
(orange and green) were more strongly correlated with hydrologic variables, such as zero days, than marginal 
mats (black) (Fig. 2). Season length and total discharge were important variables for all mat biomass models 
ranked by model selection using Akaike’s Information Criterion. We hypothesize that mats will be resilient to 
expected changes in hydrology in the MDV.  

    
 
 

 
 
 

 
These microbial mats are sources of organic material to the lakes. 
James Cullis, PhD student, studied transport of particulate organic 
matter (POM) during diel flow peaks and observed clockwise 
hysteresis effects, indicating that POM transport is supply limited 
(Fig. 3). Hysteresis effects were simulated using a model based on 
sediment transport in streams. Large variations in POM transport 
dynamics among diel flood pulses were found to be related to time 
since a resetting flood and regrowth of potentially mobile biomass.  

 

 
Lee Stanish, former PhD student, used the diatom distribution in 
POM to identify habitats which provide POM to lakes and 
streams (Fig. 4; Stanish et.al. submitted). She also documented 
strong co-occurrence patterns among diatoms and cyanobacteria 
and heterotrophic bacteria in these mats (Stanish et. al., 2013).   

Fig. 1. (A) Orange and black mats in Von 
Guerard Stream, variation in (B) hydrologic 
variables and  (C) chlorophyll-a by mat 
type. (Kohler et. al., submitted) 
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Fig. 2. Pearson Correlation Coefficients  for 
chlorophyll-a and biomass with different 
hydrologic variables (Kohler et. al., submitted) 

Fig. 4. Relative abundances of diatoms transported with 
POM (drift) compared to diatoms in orange and black mats 
 

Fig. 3. POM concentration in Von Guerard Stream compared with 
flow and simulated POM. (Cullis et. al. 2013) 
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Climate and Resource Legacies in Taylor Valley: The Influence of Paleolake Washburn 
on Soil Biogeochemistry and Biodiversity – Ross Virginia 
 
Climate driven variations in lake levels since the Last 
Glacial Maximum have created “resource legacies” 
seen today as gradients of biogeochemical properties in 
soils and lakes. Associated with these gradients in 
organic matter, limiting nutrients, and salts are 
contemporary organism abundances and biodiversity. 
 
Scottnema lindsayae is the dominant soil nematode in 
dry soils where its population distribution defines the 
limits of habitat suitability (function of organic matter, 
salinity, moisture) and its population variation is an 
indicator of environmental change. 
 

 
 
Long-term soil studies along an elevation transect 
(ET) in Taylor Valley (1994-) and newly established 
long term plots in Miers and Garwood Valleys 
(MCM3) allow assessment of changes in soil habitat 

suitability and soil biota associated with changing hydrologic connectivity in the dry valleys. Scottnema 
abundance has declined in the ET and in control plots from other multi-year experiments from 1993 to the 
present.  
 
An example of a soil legacy from lake level variation is the high spatial variation in soil salinity observed at 
lower elevations (25-100m elev.) near existing lakes. Soil invertebrate biodiversity and abundance are closely 
associated with salinity and soil water content, both of which are changing in response to recent pulse warming 
events in summer. 
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Wormherder Creek: Ecosystem connectivity 
and species distribution – Diana Wall 
 
Wormherder Creek is an ephemeral stream and wetland 
system that has had flow only three times in the past 20 
years. Located near Lake Bonney in Taylor Valley, in 
most years this hillside is bone-dry, making it an ideal 
site to investigate the long-term effects of extreme 
pulse/press events. The insert (right) shows an 
experiment that was flooded during the high flow of 
2001-02 and 2008-09. We hypothesized that climate 
driven increases in the frequency and magnitude of high-
flow events will lead to increased connectivity and 
subsequent redistribution of nutrients and biota across the 
landscape. 
 
Study design: In 2008-2009, we used GPS to record the 
wetted zone, conducted a tracer study to explore the 
hydrology of the watershed and we analyzed soil samples 
within the wetted zone to determine how the flow of 
water influenced soil chemistry and soil fauna 
communities. Soil communities within the wetted zone 
were related to soil properties and aboveground water 
flow within the watershed (Nielsen et. al., 2012). We 
continued and expanded the sampling of this watershed 
in the field season of 2009-10 (see map below, and 
http://mcmsitereview.lternet.edu/sites/default/files/Click%20Here%20to%20Play%20Movie.m4v for a fly-over 
animation of the site). 
 

 
 
Blue lines – main streams: both drain into 
Lake Bonney 
Red lines represent the wetted zone  
Black dots inside the red line represent the 
39 samples analyzed in 2008-09  
 
In 2009-10 we resampled these sites and 
established 3 transects (green lines, 51 
sampling points) across the watershed to 
compare the fauna in the dry and the wet 
areas and monitor the development of soil 
communities as dry, depauperate soils 
become colonized over time. This setup 
encompassed 61 samples inside the wetted 
area and 29 samples outside of the wetted 
area.  
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Results to date: The flow of water increases soil water availability and drastically decreases salinity within the 
wetted zone compared with the surrounding dry soils. Soil fauna distribution graphs (below) show the 
abundance of the three nematode genera, tardigrades and rotifers in samples collected along the three transects 
(green x axis) overlain over a photograph of the study site during flood (darker soils indicate wetting). Transect 
1 was located furthest uphill and transect 3 furthest downhill. In the middle of transect 1 are a series of samples 
without soil fauna that coincides with the presence of a small, dry hill.  Soils here were most similar to the dry 
soils outside the wetted zone.  
 

 
 
The effect of the pulse event (flood) was twofold:  
1. Periodic leaching of salts from flooding reduces soil osmotic stress to levels that are more favorable for soil 
organisms.  The increased hydrological connectivity within the landscape unit led to improved habitat 
suitability, leaving a strong positive effect on soil animal abundance and diversity. 
2. The hydrological pulse created increased connectivity within the watershed, providing increased reactivation 
and dispersal opportunities for soil fauna. 
 
This study clearly demonstrates a lasting carry-over effect of extreme events on the distribution of soil fauna. It 
seems that any particularly extreme event or an increase in the frequency of less severe extreme events will 
change the biogeochemistry thus influencing the habitat suitability and colonization success of soil biota.  
 
This study also provides insight into diatom community 
composition. Stanish et. al. (2012) showed that the relative 
importance of diatoms from the two genera with many 
endemic species varied along a gradient of flow frequency, 
with species of Luticola becoming dominant in Wormherder 
Creek.  
  
Conclusions: The colonization of soil fauna within this 
landscape is limited by ‘thresholds,’ meaning that soil 
conditions have to reach a favorable state before successful 
colonization can occur.  After this, environmental gradients, 
and in this system, soil moisture in particular, will influence 
community assembly greatly by determining which species will be able to survive in a particular spot. As 
models forecast extreme events to become more pronounced in the dry valleys, over time we predict an increase 
in habitable areas, greater productivity and more complex soil food webs.  Thus, the Wormherder Creek study 
site serves as an excellent natural experiment for monitoring the effects of predicted increases in the magnitude 
and frequency of pulse events and increased connectivity in this ecosystem. 
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The soil legacy is seen in the high variation in soil salinity at lower 
elevations near existing lakes. Soil invertebrate biodiversity and 
abundance are related to salinity and soil water content, which are 
changing in response to recent pulse events.
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Long-term soil studies along an elevation transect (ET) in Taylor 
Valley (1994-) show changes in soil habitat suitability and soil 
biota associated with changing hydrologic connectivity. 
Scottnema abundance has declined in the elevational transect 
and in control plots from other multi-year experiments. 

Climate driven variations in lake levels since the Last Glacial 
Maximum (26,000-20,000 years ago) have created “resource 
legacies” seen today as gradients of biogeochemical properties in 
soils and lakes. 

Lake Level: Ecological Legacies

A) Physics-based ice-cover model predicts future ice thickness based 
on weather conditions from 2002-2012. Red points are observations, 
black line is model prediction. B) Taylor Valley at LGM

A) POM concentration in Von Guerard Stream compared with flow 
and simulated POM (Cullis et.  al.  2013) B) Driftnet in stream

Stream ecosystem responses and biomass and organism transport from cryoconites, 
stream microbial mats to lakes - Diane McKnight 
Microbial mats in Dry Valley streams persist through winter and are revived with summer streamflow (Fig. 
1A). Tyler Kohler, PhD student, evaluated controls on mat biomass of 3 mat types (orange, black, and green) to 
changing hydrology over 20 years by creating smoothed trends from generalized additive mixed models (Fig. 
1B) and comparing trends with Pearson Correlation Coefficients. Mat biomass collectively decreased during the 
middle of the record coinciding with a period of low flows and a “flood” summer (Fig. 1C). In-channel mats 
(orange and green) were more strongly correlated with hydrologic variables, such as zero days, than marginal 
mats (black) (Fig. 2). Season length and total discharge were important variables for all mat biomass models 
ranked by model selection using Akaike’s Information Criterion. We hypothesize that mats will be resilient to 
expected changes in hydrology in the MDV.  

    
 
 

 
 
 

 
These microbial mats are sources of organic material to the lakes. 
James Cullis, PhD student, studied transport of particulate organic 
matter (POM) during diel flow peaks and observed clockwise 
hysteresis effects, indicating that POM transport is supply limited 
(Fig. 3). Hysteresis effects were simulated using a model based on 
sediment transport in streams. Large variations in POM transport 
dynamics among diel flood pulses were found to be related to time 
since a resetting flood and regrowth of potentially mobile biomass.  

 

 
Lee Stanish, former PhD student, used the diatom distribution in 
POM to identify habitats which provide POM to lakes and 
streams (Fig. 4; Stanish et.al. submitted). She also documented 
strong co-occurrence patterns among diatoms and cyanobacteria 
and heterotrophic bacteria in these mats (Stanish et. al., 2013).   

Fig. 1. (A) Orange and black mats in Von 
Guerard Stream, variation in (B) hydrologic 
variables and  (C) chlorophyll-a by mat 
type. (Kohler et. al., submitted) 

A 

C 

Fig. 2. Pearson Correlation Coefficients  for 
chlorophyll-a and biomass with different 
hydrologic variables (Kohler et. al., submitted) 

Fig. 4. Relative abundances of diatoms transported with 
POM (drift) compared to diatoms in orange and black mats 
 

Fig. 3. POM concentration in Von Guerard Stream compared with 
flow and simulated POM. (Cullis et. al. 2013) 

Orange    Black        Green 

B 
A 

4

Aquatic ecosystems are expected to respond rapidly to flood events. 
Monitoring of flow characteristics and algal mat biomass for 16 long 
term sites in Taylor Valley show that sustained low stream flows in 1990-
2001 followed by an extreme flood caused a large decrease in mat 
biomass. And with recovery occurring under subsequent higher flows. 

Lake and Stream Ecosystem Response Soil Ecosystem Connectivity

Blue lines – main streams: both drain into Lake Bonney. Red 
lines represent the wetted zone. Black dots inside the red line 
represent the 39 samples analyzed in 2008-09. In 2009-10 we 
resampled these sites and established 3 transects (Green lines, 
51 sampling points) across the watershed to compare the fauna 
in the dry and the wet areas and monitor the development of soil 
communities as dry, depauperate soils become colonized over 
time. This setup encompassed 61 samples inside the wetted area 
and 29 samples outside of the wetted area.

Wormherder Creek is an ephemeral wetland system that has 
carried flow only three times in the past 20 years, making it an ideal 
site to investigate the long-term effects of extreme pulse/press 
events. The insert shows an experiment that was flooded during the 
high flows of 2001-02 and 2008-09. We hypothesize that climate 
driven increases in the frequency of flood events will lead to 
increased connectivity and redistribution of nutrients and biota 
across the landscape.

The effect of the pulse event (flood) was twofold:
1. Periodic leaching of salts from flooding reduces soil osmotic 
stress to levels that are more favorable for soil organisms. The 
increased hydrological connectivity within the landscape unit led to 
improved habitat suitability, leaving a strong positive effect on soil 
animal abundance and diversity.
2. The hydrological pulse created increased connectivity within the 
watershed, providing increased reactivation and dispersal 
opportunities for soil fauna.

Overview:  Hypotheses of  hydrologic and aeolian drivers of ecological connectivity 
The McMurdo Dry Valleys (MDV) is a polar desert on the coast of East Antarctica, a region that has not yet 
experienced the climate warming that is now occurring elsewhere. The MCMLTER project has documented the 
ecological responses of the glacier, soil, stream and lake ecosystems in the MDV to a cooling trend that 
occurred from 1986 to 2000, which was associated with the depletion of atmospheric ozone. In anticipation of 
the eventual amelioration of the ozone hole in the next 50 years, our overarching hypothesis is:  
Climate warming in the McMurdo Dry Valley ecosystem will amplify connectivity among landscape units 
leading to enhanced coupling of nutrient cycles across landscapes, and increased biodiversity and 
productivity within the ecosystem.  

 
In MCM 4, we are examining contemporary patterns in ecological 
connectivity in the MDV as a basis for predicting future changes and 
hypothesize that warming will act as a slowly developing, long-term press 
of warmer summers, upon which transient pulse events of high summer 
flows and strong katabatic winds will be overprinted (Fig. 1). 
 
In the past decade, we have observed the end of the cooling trend and three 
summer climate events which have caused high streamflows and strong 
winds (Fig. 2). These events are not correlated with increased summer 
temperatures, but rather are associated with the persistence of the ozone 
hole over the MDV into mid-summer, when the sun is directly overhead 
(Jaros et. al., submitted). These high streamflows and sediment deposition 
have dramatically changed many aspects of the Dry Valley landscape.  

 
Our specific hypotheses (see inside 
cover) address the ways in which 
pulses of water and wind will 
influence contemporary and future 
ecosystem structure and function.  
 
If increased ultraviolet radiation in mid-summer is indeed the primary driver, then these events may represent 
millennial extremes, exceeding in magnitude conditions that may occur with the sealing of the ozone hole (Fig. 
3).  

Fig. 2. Revised conceptual diagram of presses and pulses. 

Fig. 3. Revised hypothetical projection based on positive influence of ozone hole 
persistence on glacial meltwater generation. 

Fig. 1. Schematic diagram of Dry Valleys 
contrasting cold to sunny summers. 
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Revised conceptual diagram of presses and pulses.

Revised hypothetical projection based on positive influence of 
ozone hole persistence on glacial meltwater generation. With the 
amelioration of the ozone hole, global warming is expected to drive 
regular high flows and lake level rise. 
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Orange and black mats in Von GuerardStream

Fig. 5 Map showing the bathymetry of Lake Fryxell (available
from the McMurdo Long-Term Ecological Research website at:
http://www.mcmlter.org/images/maps/fryxell.html). Location
of core LZ1021 is shown with an X, and relative inflow of
streams flowing into Lake Fryxell is shown schematically by
arrow thickness. Inset map (available from the Antarctic Fresh-
water Diatoms website at: http://huey.colorado.edu/diatoms/

about/maps.php) places Lake Fryxell in the context of the basin,
with drainage areas of each stream indicated by ovals. Plot of
peak stream flow rates from 1990 to 2000 for streams flowing
into Lake Fryxell. Data were collected by the LTER and are
available at: http://huey.colorado.edu/LTER/datasets/streams/
hydrology/strmfms.html
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transport of sediment and diatom frustules to the

deepest part of the basin.

A PCA analysis was performed to understand the
relationship between diatom communities in Taylor

Valley streams and Lake Fryxell (Fig. 6). Figure 6

shows the stream samples well distributed in the
diagram, with some coherency of samples from

individual streams. The LZ1021 samples are distrib-

uted in the space between positive axes 1 and 2, and
the distribution appears most strongly influenced by

the low abundance of Hantzschia species and high

abundance of Diadesmis species. With a few excep-
tions, the same diatom species occur in Lake Fryxell

and in the streams, although with different relative

abundances of individual species. The most consis-
tent and abundant species in LZ1021, N. deltaica, is

relatively rare in streams, as are M. atomus f. permitis

and N. lineola var. perlepida, which are episodically

dominant in the core and partially explain the poor

correlation. Diatom assemblages in LZ1021 show the
greatest similarity to those in Canada Stream and

Green Creek, and no overlap with the other streams.

The pattern of overlap between Canada Stream,
Green Creek and Lake Fryxell diatom assemblages is

consistent with autochthonous deposition within the

lake, with environmental conditions similar to those
found in the streams emanating from Canada Glacier,

i.e. Canada Stream and Green Creek.

Biodiversity (S–W) and Antarctic diatom

index (ADI)

Diatom diversity in LZ1021, calculated using the

Shannon–Wiener Index (S–W), was plotted against

Fig. 6 PCA plot of LZ1021 diatom distribution compared to
modern streams of Fryxell basin. BC Bowels Creek, CS Canada
Stream (solid line), DS Delta Stream, GC Green Creek (dashed

line), VG Von Guerard Stream and HCT Hamish Creek
Tributary. Samples from LZ1021 are present in the shaded
area and are separated out by diatom zone
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A) Bathymetric map of Lake Fryxell showing location of sediment cores 
(X) and inflow of streams. B) PCA of benthic diatom communities 
showing that those from sediment core (grey) are similar to those in mats 
from Canada Stream and Green Creek at the western end of the lake. 

Limnological sampling of Lake Fryxell (G. Rue)
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Lake Fryxell level changes documented by the MCM LTER.
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Experiments collecting Particulate Organic Matter (POM) material in 
nets showed that daily flow pulses caused pulses in POM transport, 
which can be modeled assuming supply limitation. This POM 
contains diatoms that will be eventually deposited in the lake.

Lake level rise in the last half century is well correlated 
with the flow record from the Onyx River, which at 32 
km in length is the longest river in Antarctica.  

Future Scenarios -  Peter Doran 
 
The future of Taylor Valley under projected warming is one of reduced lake ice cover, increased lake volume 
and reduced soil habitat in the lower valleys. A new model as part of a Maciek Obryk’s PhD thesis is near 
completion and predicts that under current climate trends (last 10 years), the lakes will start to seasonally ice-
out within the next few decades (Fig. 1). This will dramatically increase summer light levels and wind driven 
mixing, and alter many chemical and biological processes. In the longer term, as lake levels rise, Lake Hoare 
and Fryxell will merge into one lake which flows into McMurdo Sound (Fig. 2). That lake will be at 80 m asl. 
Lake Bonney will grow until it spills into the Hoare/Fryxell Basin. The height of the greater Lake Bonney will 
be ~125 m asl (interpolated bedrock sill is currently under the Suess Glacier). The lakes may quickly become 
joined depending on the resistance of that sill. At current rates of lake level increase, the joining of the lakes 
may occur in 400 to 500 years. 

 
Fig. 1. The simple physics based ice cover model is solved using a one-dimensional heat equation dynamically 
coupled with atmosphere and the underlying water column. Future ice thickness prediction is based on daily 
averages calculated using 10-years of data (2002-2012). Red points are observations, black line is model 
prediction. 

 
Fig. 2. Projected future of Taylor Valley based 
largely on a digital elevation model and 
knowledge of critical sill points. Sea level is 
depicted at 10 meters above present, which is 
viewed as a worst case scenario with WAIS 
collapse 
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