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Fig 1 . Map of Taylor Valley (showing Bonney, Hoare, and Fryxell Basins) and 
Wright Valley indicating the distribution of monitoring and experiment locations. 

Fig 7. Abundance and diversity  of (A) major 
taxa and (B) eukaryotes in  MCM Dry Valley 
Soils

Fig 9. Changes in  invertebrates and microbial mats in  the Relict Channel 
Reactivation Experiment. (A) Habitat preferences of invertebrates in  MDV streams. 
(B) Variation in  abundance of invertebrates with distance from stream center. (C) 
Site map, site 1  is just below diversion. (D) Changes in  invertebrate abundance in  
cyanobacterial mats and sediments between low flow and high flow summers.

Fig. 4 . Conceptual model of climate driven presses and pulses in  the MDV 
ecosystem.
.

Fig 2. Schematic diagram of Dry Valleys contrasting cold to  sunny summers. 
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Biota, Abundance, and DiversityOverview

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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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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Field Guide to MCM Biota – Byron Adams 
 
Although the abundance and diversity MCM DV biota is low relative to most other ecosystems, recent and 
ongoing work reveals that representative taxa from most of the major lineages of the Tree of Life are present 
and functioning.  Diatoms in particular serve as excellent indicators of environmental change, and MCM DV 
diatoms showcase this utility via the Antarctic Freshwater Diatom Database 
(http://huey.colorado.edu/diatoms/about/index.php). 
Bacteria:  Although taxonomic diversity is lower than most ecosystems, functional diversity in the MCM can 
be as high as temperate forests.  Diversity and endemism is higher than previously thought, and highly 
structured by landscape unit. 

 
Archaea:  Present in Lake Mat samples (Lake Fryxell moat), Lake Fryxell 
deep anoxic water and lake sediments, and a minor component of soil. 
Viruses:  Lysogneic bacteria can make up to 89% of bacterioplankton 
Fungi & Yeasts:  7 endemic fungal species, one genus, 35 cosmopolitan 
genera; present in soils and lakes; 2 genera (5 species) of endemic yeasts. 
Protozoa (Ciliates, Cercozoa & Dinoflagellates):  restricted to moist soils, 
streams & lakes; no known endemic morphospecies. 
Diatoms (Stramenopiles):  62 species; distribution varies by 
environmental harshness:  endemic species are common. 
Bryophytes:  Dominant species (Bryum argenteum, B. pseudoturquetrum 
and Ceratodon purpureus) are widespread throughout Antarctica. 
Cyanobacteria, Algae & Lichens:  20 species of lichens, only 11 on the 
valley floor; the most common microbial mats in the streams and moats are black (Nostoc sp.), orange 
(Oscillatoria spp., Phormidium spp) and green (Prasiola calophylla, P. crispa). 
Metazoa:  Tardigrada (8 species), Rotifera (4 species) Nematoda (5 species), Collembola (one species), Acari 
(two species). 
 

 

Abundance & diversity of eukaryote 
18S rRNA from MCM Dry Valley soils 
(1000 amplicon gene reads) 

Benthic diatom: 
Luticola mutica 

Tardigrade: 
Milnesium sp. 

Acari: Stereotydeus 
mollis 

Cyanobacterial 
filament: Nostoc sp. Nematode: Scottnema 

lindsayae 
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The McMurdo Dry Valleys (MDV) is a polar desert on 
the coast of East Antarctica which has not yet 
experienced climate warming. The MCMLTER project 
has documented the ecological responses of the glacier, 
soil, stream and lake ecosystems in the MDV to a cooling 
trend (1986 to 2000), which was associated with the 
depletion of atmospheric ozone. Recently, high flows and 
strong katabatic winds have occurred during three 
summers and changed the landscape, enhancing 
ecological connections.

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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Fig 3. Lake Fryxell, Taylor Valley

Eventual warming in the MDV with the amelioration of the 
ozone hole is hypothesized to act as a slowly developing, long-
term press of warmer summers, interrupted by transient 
pulse events of high summer flows and strong katabatic 
winds.

The central hypothesis of current MCMLTER research 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. 
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Given our more than 20 years of accumulated limnological data and evidence of changing lake levels, we are 
integrating the long-term physical, chemical, and biological data from the lakes to understand the role that 
increased connectivity has on ecosystem function.  These closed-basin lakes are reservoirs of history, 
integrating many centuries of autochthonous and allochthonous inputs.  We have recently shown that there is a 
coincident change in lake heat contents and volumes (Fig. 3).  There was a general loss of volume during the 
cooling trend before 2001, and since then, a general increase in volume and heat content of all lakes.  Mean lake 
temperature trends through time suggest that the lakes are potentially receiving more water directly from 
glaciers (relative to streams) as mean water temperatures cool, but heat and water mass increase. 

Lake Integrative Connectivity Experiment (Lake 
ICE) 
Lakes represent the most biologically productive 
landscape unit in the MDV and respond to processes 
occurring valley wide.  We conducted the lake 
experiment described in the proposal to address our 
overarching hypothesis that climate warming in the 
MDV will amplify connectivity among landscape 
units leading to enhanced coupling of nutrient cycles, 
increased productivity, and biodiversity (Takacs-
Vesbach et al. in prep).  The Lake Integrative 
Connectivity Experiment (LakeICE) was designed 
specifically to quantify the effect of increased MDV 
connectivity on lake autotrophic and heterotrophic 
productivity and community composition 
(hypotheses 1-3).  We expect lakes to experience 
increased input from streams, cryoconites, aeolian 
sediments, and fluvially deposited 
algal/cyanobacterial mats, and an overall increase in 
nutrient input.  Surface water (1 m below the bottom 
of the ice cover) from East Lobe Lake Bonney was 

amended experimentally with material from the surrounding basin (aeolian sediment collected from the surface 
of Lake Bonney, wetted sediments from the surrounding soils, Nostoc mats from ponds in the basin, cryoconite 
material collected from the Canada Glacier, and stream water) to simulate increased material transport resulting 
from potentially increased melt within the MDV ecosystem.  These materials were encased in 12,000 Dalton 
dialysis tubing and incubated in 10 L microcosms of lakewater for 2 days to approximate a pulsed event.  The 
dialysis tubing ensured that only macromolecules or exudates from the materials would be leached into the lake 
water microcosms. Biological productivity, biological diversity and selected chemical parameters were then 
monitored in microcosms incubated over 6 days under simulated temperature and light. Primary productivity 
increased in the microcosms in response to the cryoconite and aeolian treatments only, whereas bacterial 
productivity responded to all treatments, and was accompanied by enhanced uptake of inorganic N and P.  At 
the same time, bacterial 16S rRNA gene richness initially increased in all treatments relative to the controls, but 
then decreased in nearly every treatment by the end of the experiment.  Changes in community composition 
were largely attributed to variations in the relative abundance of members of the Bacteroidetes, Proteobacteria, 
and Cyanobacteria.  Data from the LakeICE experiment show that lake productivity, diversity, and community 
composition can respond rapidly to increased nutrients input resulting from climate induced connectivity in the 
MDV. 

Fig. 3.  Decadal changes in lake volume, heat content, ice thickness 
(gray fill), and volume-weighted mean temperature for (a) lake 
Frxyell and (b) East Lobe of Lake Bonney.   
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Fig 6. Decadal changes in  lake 
volume, heat content, ice thickness 
(gray fill), and volume-weighted 
mean temperature for (a) lake 
Frxyell and (b) East Lobe of Lake 
Bonney. B 

New monitoring and Lake, Stream, and Soil Research – Byron Adams and Berry Lyons 
 
One of the most ambitious expansions of MCM4 is the establishment of monitoring stations beyond Taylor and 
Wright Valleys, into Miers and Garwood Valleys.  The addition of these two unique valley systems is a natural 
complement to investigating the role that topological variation plays in biogeochemical processes (H3), and 
provides insight into the potential future conditions in Taylor Valley. 
 
Prior to this proposal the aquatic studies of MCM-LTER were focused on the closed basin lakes in Taylor 
Valley. Because these lakes have no outlets, the high solute concentration influences many in-lake processes. 
Lake Miers is the major flow-through lake in the MCM system and by monitoring both the inflow and outflow 
streams, we will be able to determine to what extent the lake is a biogeochemical reactor under more dilute 
conditions and at what rate various solutes are removed.  The Garwood system is also much different than the 
Taylor Valley ones as the valley itself is underlain by large amounts of buried ice that can impact both the 
geochemistry and the hydrology of the system. In addition, Garwood Stream flows directly into the ocean, and 
provides an assessment of direct terrestrial-marine connectivity in the MCM region. 
 

(A) Changes in connectivity mediated by 
geographic variation among valleys:1) 
aeolian (gray arrow) and freshwater 
fluxes interact with flow-through lake, 2) 
aeolian and freshwater fluxes from distal 
sources carried by a large stream, 3) 
aeolian and freshwater fluxes from near-
coast sources with closed basin lakes, and 
4) piedmont glacier blocks all but aeolian 
sources.  
(B) Location map of MDV  
(C) Thermokarst erosion of Garwood 
Stream after a warm summer 
hydrological pulse event. 
 
 
 
 
 
 

New monitoring experiments established here include meteorological stations, stream gauges, algal transect 
sites, lake stations, elevational transects (soil), aeolian material fluxes, focused sampling along environmental 
gradients, soil active layer monitoring, mass flux quantification and metagenomic analyses of samples 
associated with nearly all of these activities.  
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Fig 10. (A) 1) aeolian (gray arrow) and freshwater fluxes interact with flow-­‐ through 
lake, 2) aeolian and freshwater fluxes from distal sources carried by a large stream, 
3) aeolian and freshwater fluxes from near-­‐ coast sources with closed basin lakes, 
and 4) piedmont glacier blocks all but aeolian sources.(B) Location map of MDV. 
(C) Thermokarst erosion of Garwood Stream after a warm summer hydrological 
pulse event.

Cen tral Hypoth esis

Fig 8. Flow frequency variability  in  Lake Fryxell streams (high – flows every season, 
for most of the season, low – flows most seasons, for part of the season) and diatom 
abundance response. 

Fig 5. (A) Ground based and sa te ll it e 
measurem ents of ozone  concen trat ions 
over Antarct ica . ( B) Taylor Val ley lake  
leve ls ch anged inverse ly wi th ozone 
concentra tion from 1970 to  1990. (C) 
Total annual f low of Onyx River from 
1970 to  2009. 

Response to Change
Contemporary patterns in distribution of biota in the MDV are used to 
understand underlying ecological connectivity. Although the abundance 
and diversity MCM DV biota is low relative to most other ecosystems, 
recent and ongoing work reveals that representative taxa from most of 
the major lineages of the Tree of Life are present and functioning. 
Diatoms in particular serve as excellent indicators of environmental 
change, and MCM DV diatoms showcase this utility via the Antarctic 
Freshwater Diatom Database
Bacteria:	
   Although	
   taxonomic	
   divers ity	
  is 	
  lower	
   than	
   most	
  
ecosystems,	
  functional	
   divers ity	
   in	
  the	
   MCM	
   can	
  be	
  as 	
  high	
  
as 	
  temperate	
   forests .	
   Divers ity	
   and	
  endemism	
   is 	
  higher	
  than	
  
previous ly	
   thought,	
   and	
  highly	
  s tructured	
   by	
   landscape	
  unit.	
  
Archaea:	
   Present	
   in	
  Lake	
  Mat	
   samples 	
  (Lake	
  Fryxell moat),	
  
Lake	
  Fryxell deep	
   anoxic	
  water	
   and	
  lake	
  sediments ,	
   and	
   a	
  
minor	
   component	
   of	
   soil.	
  
Viruses:	
   Lysogneic bacteria	
   can	
  make	
  up	
   to	
  89%	
   of	
  
bacterioplankton
Fungi	
   &	
  Yeasts :	
  7	
  endemic	
   fungal	
  species ,	
  one	
   genus ,	
  35	
  
cosmopolitan	
   genera;	
   present	
   in	
  soils 	
  and	
  lakes ;	
  2	
  genera	
   (5	
  
species )	
  of	
  endemic	
   yeasts .
Protozoa	
   (Ciliates,	
   Cercozoa &	
  D inoflagellates):	
   restricted	
   to	
  
mois t	
   soils , s treams	
  &	
  lakes ;	
  no	
  known	
   endemic	
  
morphospecies .
Diatoms	
   (Stramenopiles):	
   62	
  species ;	
  dis tribution	
   varies 	
  by
environmental	
   harshness :	
   endemic	
   species 	
  are	
  common.
Bryophytes:	
   Dominant	
   species 	
  (Bryum argenteum,	
   B.	
  
pseudoturquetrum
and	
   Ceratodon purpureus )	
   are	
   widespread	
   throughout	
  
Antarctica.
Cyanobacteria,	
   Algae	
   &	
  Lichens :	
  20	
   species 	
  of	
  lichens ,	
  only	
  
11	
  on	
   thevalley floor;	
   the	
   most	
  common	
   microbial	
   mats 	
  in	
  
the	
   s treams	
   and	
  moats 	
   are	
  black	
  (Nostoc sp.),	
   orange	
  
(Oscillatoria spp.,	
  Phormidium spp)	
  and	
   green	
   (Pras iola
calophylla,	
  P.	
   crispa).	
  
Metazoa:	
   Tardigrada (8	
  species ),	
  Rotifera (4	
  species )	
  
Nematoda (5	
   species ),	
  Collembola (one	
   species ),	
  Acari

Cyanobacterial filament: Nostoc sp. Nematode: ScottnemalindsayaeTardigrade: Milnesiumsp.

High flows were found to suppress invertebrate abundance
in algal mats despite similar chlorophyll-a content.

Changes in connectivity are hypothesized to be mediated 
by geographic variation among valleys. 

Endemic diatom abundance in streams
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