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EXECUTIVE SUMMARY 

The lakes of the McMurdo Dry Valleys 
(latitude 77-78.5° S; longitude 160-164.5° 

E) in southern Victoria Land, Antarctica 

represent a unique subset of lakes on Earth. 
The Dry Valley lakes are perennially ice 
covered, exist mostly in closed basins, and 

are biologically dominated by microorgan­
isms. Given the uniqueness and high sci­

entific profile of the Dry Valley lakes, there 

is great interest in preserving their pristine 
nature. In the process of conducting 

research on the lakes and their watersheds, 
significant and potentially irreversible 
impacts may be occurring. However, a 

quantifiable understanding of the impacts 
of camps, surface travel, and the various 
observational, experimental, and manipu­
lative approaches to studying the Dry 

Valley lakes is not available. 

In July 1998, a workshop sponsored by 
the National Science Foundation was held 
at the University of Illinois at Chicago to 

identify potential lake impacts from 
research activities and suggest possible 
management approaches designed to mini­

mize these impacts. The 35 participants 
came from five countries representing a 

variety of disciplines and Antarctic experi­

ences, as well as limnologists with global 
scale perspectives. 

The workshop participants suggested that 

individuals visiting and working in the 
McMurdo Dry Valleys recognize the extraor­
dinary value of the lakes. It is incumbent 

upon the NSF to provide training so that all 

1 

members of field parties and visitors recog­
nize potential environmental problems and 

impacts of their activities. The participants 
recommended numerous prevention and mit­

igation approaches to reduce the impact on 
the lakes from helicopter traffic, surface trav­
el, camping, and research activities specific to 
glaciers, streams, soils, and lakes. 

The workshop participants also identi­
fied a number of areas where additional 
scientific information is required to assess 
the effects of the various research activities 

on the lakes. These include: 

• Quantitative studies investigating the 

input of pollutants from helicopters, 
vehicles, and generators; 

• A comparison of these inputs against 
the natural background of various ele­

ments and chemicals; 

• Additional research on groundwater 

movement and the hydrological con­
nections among the glaciers, streams, 
and lakes, as well as circulation pat­
terns within the lakes; 

• Development of a soil map indicating 
areas near streams and lakes that are 
vulnerable to physical disruption; 

• Additional quantifiable evaluations of 
the impacts of ice removal, and water 
column and benthic sampling. 

Additionally, the participants identified 
approaches that need to be developed and 
implemented for documenting and manag-
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ing research activities impacting the lakes. 
In particular, the workshop participants 
strongly recommended that the data con­
cerning the scientific usage of the 
McMurdo Dry Valleys-past, present, and 
future-be incorporated into a database. 
For example, sampling locations need to be 
determined using a global positioning sys­
tem (OPS) and activity levels (e.g. heli­
copter takeoffs and landings, campsite 
usage, ice and water removal, etc.) should 
be measured. This information will be 
most beneficial if incorporated into a 
web accessible database and a geo­
graphic information system (GIS). 

Consideration needs to be given to 
approaches that allow incorporation of the 
recommendations within this report into an 
overall management plan for the McMurdo 

Dry Valleys. The Environmental Protocol 
of the Antarctic Treaty offers an ideal 
structure that would allow the development 
of a long-term management strategy for 
the Dry Valleys which could incorporate 
the recommendations in this report. In par­
ticular, the McMurdo Dry Valleys should 
be seriously considered for designation as -
an Antarctic Specially Managed Area 
(ASMA). This and previous international 
workshop reports provide much of the 
rationale and scientific basis for pursuing 
the establishment of a McMurdo Dry 
Valleys ASMA. The participants in the 
workshop recommend that the NSF take 
the lead in pursuing the ASMA designa­
tion for the McMurdo Dry Valleys in 
conjunction with Antarctica New 
Zealand and other interested parties. 



PREFACE 

The lakes of McMurdo Dry Valleys rep­

resent a significant scientific resource in that 

they are among the few natural waters on 

Earth to be minimally impacted by human 

activities. The Dry Valley lakes and their 

watersheds have been intensely studied since 

the late 1950's. The overall impact of these 

activities on the lakes is not known. 

Over the past forty years, the level of con­

cern about the impact of research activities on 

these lakes has increased as our knowledge of 

environmental impacts from human activities 

has become more sophisticated. Not surpris-
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ingly, the voices speaking out on behalf of 

these lakes have been the very scientists that 

have had the privilege of visiting and working 

on these remote lakes. Several previous 

workshops have discussed and addressed 

many of the concerns of scientists related to 

the impact of their research on the Dry Valley 

lakes (Parker 1972; Parker and Holliman 

1978; Whru.ton 1992; Vincent 1996). While 

these workshops covered a wide range of 

environments in the Dry Valleys, none have 

focused specifically upon the lakes. 

A remotely-operated vehicle (ROV) used to explore the under-ice environment 
of an ice-covered lake. This particular ROV had a range of 150 m. 
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In 1993, the National Science 
Foundation (NSF) funded the establish­

ment of a long-term ecological research 

(LTER) site in Taylor Valley. The estab­
lishment of the LTER site has dramatically 

increased the number of scientists conduct­

ing interdisciplinary research in the Dry 
Valleys. The many approaches and meth­

ods employed to conduct long-term stud­
ies on the glaciers, streams, soils, and lakes 
in the McMurdo Dry Valleys were deemed 

environmentally appropriate through 
review by NSF. However, many questions 
concerning the "real" impacts of the 

research on the Dry Valley lakes and their 
watersheds persist. 

In their role as stewards of this rela­

tively pristine environment, scientists 
have continued to question the impact of 
their activities on the landscape. For 

example, geologists have raised concerns 
about the impact of stream gauges on 

geological features, lirnnologists have 

raised concerns about the impacts of 
SCUBA diving on the water column, and 

geochemists have raised concerns about 

the use of tracer experiments and 
radioisotopes in the streams and lakes. A 

report from the 1996 workshop on the 
environmental management of the 
McMurdo Dry Valleys deems many of 

the activities associated with research on 
the lakes to be of high environmental 
impact and unacceptable in some cases 

(Vincent 1996). However, a quantifiable 
understanding of the impacts of camps, 
surface travel, and the various observa­

tional, experimental, and manipulative 

approaches to studying the Dry Valley 

lakes is not available. 

Thus, a workshop was convened in 
July 1998 at the University of Illinois, 
Chicago to further discuss and more rigor­

ously define the potential impacts from 
research activities on the lakes in the 

McMurdo Dry Valleys. The international 
workshop was funded by the National 
Science Foundation's Office of Polar 
Programs and included participants repre­

senting a diversity of disciplines and expe­
riences and most having substantial experi­
ence conducting research in the Antarctic. 

In recognition of the high scientific profile 
of these lakes, additional participants were 

selected to provide the broader global lim­

nological perspective. 

The Organizing Committee for the 

workshop consisted of Edward Adams, 
Peter T. Doran (co- chair) , William J. 

Green, Clive Howard-Williams, W. Berry 
Lyons, Warwick Vincent, and Robert A. 
Wharton, Jr. (co-chair). Discussions were 
facilitated by Warwick Vincent and Clive 

Howard-Williams who served as group 
discussion leaders. The discussion leaders 

were assisted by William Green and Cynan 

Ellis-Evans who served as group rappor­

teurs. 

The workshop was made possible by a 

grant from the NSF Office of Polar 
Programs (OPP-9732029). NSF Personnel 
Joyce Jatko, Roberta Marinelli, and Polly 
Penhale provided much encouragement 

and support. The beautiful campus and 

substantial institutional support at the 



University of Illinois at Chicago enhanced 
the productivity of the workshop. The 
workshop was a major success, in large 
part, because of the excellent support pro­
vided by UIC's Office of Continuing 
Education and Public Service and Ms. 
Galina Morozova. In preparing this report, 
editorial assistance was provided by Ray 
Kepner, Roger Kreidberg, Linda Piehl, and 
Annette Risley at the Desert Research 
Institute. A comprehensive review of the 
report was provided by Mahlon C. 
Kennicutt. 

The following report is a synthesis of 
the group reports and is intended to serve 
as a planning tool for scientists, program 
managers, and administrators concerned 
with the impact of scientific research activ­
ities on the Dry Valley lakes. The work­
shop participants identified a number of 
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areas where additional scientific informa­
tion is required to assess the effects of the 
various research activities on the lakes. 
Additionally, the participants identified 
approaches that need to be developed and 
implemented for documenting and manag­
ing the impact of research activities on the 
lakes. This report will serve as a catalyst to 
stimulate discussion, research, and the con­
tinuing evolution of protocols for minimiz­
ing the impact of research activities on the 
Dry Valley lakes. 

Robert A. Wharton, Jr. 

Reno, Nevada 

Peter T. Doran 

Chicago, Illinois 
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1. INTRODUCTION 

The lakes of the McMurdo Dry Valleys 
(latitude 77-78.5°S; longitude 160-164.5°E) 
in southern Victoria Land, Antarctica rep­
resent a unique subset of lakes on Earth. 
The Dry Valley lakes are perennially ice 
covered, exist in closed basins, and the bio­
logical community is dominated by 
microorganisms. Robert Falcon Scott first 
discovered the lakes in 1903. They have 
been intensely studied smce the 
International Geophysical Year (1957 /58), 
primarily by research teams from Japan, 
New Zealand, and the United States (Green 
and Friedmann 1993; Priscu 1998). An 

important milestone in the study of the Dry 
Valley lakes occurred in 1993 when the 
U.S. National Science Foundation (NSF) 
established the McMurdo Dry Valleys 
Long-Term Ecological Research 
(MCM-LTER) site in Taylor Valley. The 
MCM-LTER has provided a framework 
for comprehensive study of the Dry Valley 
lakes on timescales of decades (see the 
MCM-LTER web site at http://huey.col­
orado.edu). 

Given the uniqueness of the Dry Valley 
lakes, there is great interest in preserving 
their pristine nature to the maximum extent 
possible. In the process of studying the 
lakes and surrounding areas, however, sig­
nificant and potentially irreversible 
impacts may be occurring. In a previous 
workshop on the environmental manage­
ment of the McMurdo Dry Valleys 
(Vincent 1996), a framework was <level-

oped for the region that established man­
agement zones based on a matrix of sensi­
tivity to impact ·and the nature of distur­
bances (Table 1). Several of the activities 
associated with the study of the Dry Valley 
lakes were deemed to be of high environ­
mental impact and unacceptable in some 
cases. For example, activities involving 
the use of radioisotopes, diving using 
self-contained underwater breathing appa­
ratus (SCUBA), and coring for sediment 
samples were listed in the report (Vincent 
1996) as having a high level of environ­
mental impact. Furthermore, scientists 
conducting studies in the Dry Valleys have 
raised concerns about the possible impacts 
on lake environments of research methods 
involving isotopic tracers, multiple casts of 
sampling instruments, diving, and the use 
of remotely-operated vehicles (ROVs). 
These and other research activities, howev­
er, have been key to studying the ecology 
of the Dry Valley lakes. The actual impacts 
of these research activities on the lake 
environment are not quantitatively known. 

To address the concerns identified in the 
1996 workshop report regarding the poten­
tial impacts of research activities on the 
Dry Valley lakes, the NSF sponsored an 
international workshop in July of 1998 at 
the University of Illinois at Chicago. This 
report summarizes the results of the work­
shop. 



Table 1. Classification of environmental impacts in the Dry Valleys according to their 
spatial and temporal components (Vincent 1996). 

Impact Level 1 Temporal Component Spatial Component 

Duration Criteria Extent 

Low (L) Reversible <l year Localized; no "down-
within a stream " effects; small 
season fraction of total habitat 

Moderate (M) Reversible 1-10 years Significant fraction of 
over several habitat affected 
seasons 

High (H) Several 10-50 years Entire habitat affected 
decades for 
full site 
recovery or 
restoration 

Unacceptable (X) Chronic >50 years Significant "downstream" 
long-term effects on other habitats 
effects 

JL =less than minor and transitory (e.g. , sampling small amounts of soil) 
M = minor or transitory (e.g., temporary stream weirs) 
H =greater than minor or transitory (e.g., installation of major camps) 
X = unacceptable 

ACTIVITIES TERRESTRIAL 

Moun- High Slopes Valley Moss 
tain tops plateau floor beds 

Helo landings MH* LM H LM HX 

Tent camp H LM M LM x 
Semiperrn. camp x HX x MHX x 
Fuel cache MH LM M LM x 
Walking MH MH LMH LM MH 

ATV's x x x x x 
SCUBA Diving 

Manipulation: plot M LM LM LM MHX 

Isotope addition: field HX HX HX HX HX 

Collections (small) L L L L LM 

Blasting HX HX HX MHX x 
Soil pits HX MHX MHX MHX MHX 

Coring: hand HX LMH LM LM MHX 

Coring: power LMH MHX MHX MHX HX 

AQUATIC 

Streams Lakes 

HX LM 

x MHX 

x x 
x HX 

MH L 

x LM 

MHX 

MHX H 

HX HX 

LM L 

x x 
MHX 

LMH LM 

HX HX 

Criteria 

<l m 

1-10 m 

10-500 m 

>500m 

GLACIAL 

Accumu- Abla-
lation ti on 

LM LM 

L M 

x x 
x x 
L L 

x x 

LM LM 

HX HX 

L L 

x x 

LM LM 

MHX MHX 

7 

*More than one symbol indicates that the classification would depend on the scale and exact location of the 
activity. 

Introduction 
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Importantly, the McMurdo Dry Valley 
lakes are already substantially protected by 
the Environmental Protocols to the 
Antarctic Treaty and the Environmental 
Code of Conduct for Field Work in the 
McMurdo Dry Valleys (Appendix 2) cur­
rently implemented by the United States 
and New Zealand Antarctic programs 
(Vincent 1996). The aim of the 1998 
workshop was to build on these protocols 
by identifying additional measures to 
ensure long-term conservation of these 
unique lakes. Specifically, workshop par­
ticipants identified the potential for 
impacts on the lakes from scientific activi­
ties and suggested possible management 
approaches to minimize the impact of these 
research activities. 

After a brief discussion of the Dry 
Valley lakes and their environmental set­
ting, the report is divided into three sec­
tions. First, it covers the impacts of 
research activities which occur throughout 

the Dry Valleys; second, it addresses 
impacts specific to lake basins; and finally, 
it focuses on research activities on and in 
the lakes themselves. Each section ends 
with suggested actions to prevent and mit­
igate potential adverse impacts on the 
lakes. The final chapter provides a sug­
gested approach for developing a manage- -
ment plan for the McMurdo Dry Valleys 
which would ensure that the allowable 
impacts from human activities on the lakes 

are minor and transitory. 

1.1 Dry Valley Lakes and Environment 

The Dry Valley lakes vary markedly in 
their physical, chemical, and biological 
characteristics (Table 2). The lakes display 
a wide range of smface area, depth, width, 
length, and shoreline development. Some 
of the lakes are relatively dilute with weak 
stratification (e.g., Lake Hoare), while oth­
ers are hypersaline and strongly stratified 
(e.g., Lake Bonney). 

Meteorological station on the sU1face of Canada Glacier 
in Taylor Valley. 
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Table 2. Characteristics of the Dry Valley lakes. 

Bonney Bonney Fryxell Hoare Joyce Miers Vanda Vida* 
East West 

Elevation 57 57 18 73 325 240 143 390 
(m) 
Latitude 77°431 s 77°43 1 s 77°371 s 77°381 s 77°431 s 78°061 S 77°321 s 77°231 s 
Longitude 162°261 E 162°171 E 163°091 E 162°551 E 161°371 E 163°58' E 161°341 E 161°561 E 
Maximum 
depth (m) 37 40 20 34 35 21 75 >19 
Surface 
area (km2) 3.32 0.99 7.08 1.94 0.83 1.3 5.2 6.75 
Volume 
(m3*106) 72.4 17.4 53.4 24.2 Unavailable Unavailable 190 >80.2 
Ice thick-
ness (m) 3-4.5 2.8-4.5 3.3-4.5 3.1-5.5 3.9-5.6 3.4-6 2.8-4.2 19 
Water 
temperature 
(OC) -2.8-+7.9 -5.3-+3.2 0-+3.5 0-+1.2 0-+2.5 0-+5.8 0-+25.0 >-11.6 
MaxTDS 
(gL-1 ) 239 149 6.2 0.7 3.5 0.3 123 >600 
pH (depth) 5.8(22m)- 5.4(22m)- 6.9(4.5m)- 7.0(18m)- 7.3(24m)- 7.8(16m)- 5.8(72m)- - -

9.05(5m) 8.8(5m) 8.2(7m) 9.0(5-6m) 9.8(5-lOm) 8.8(6-8m) 7.7(40m) 

*Lake Vida has a 19 mice cover over a brine layer of undetermined depth (unpublished data). 

The presence of perennial ice covers 

results in the supersaturation of atmospher­

ic gases in the water columns (Wharton et 
al. 1986, 1987; Andersen et al. 1998), 

reduction in light penetration (Goldman et 

al. 1967; McKay et al. 1994; 
Howard-Williams et al. 1998), and altered 

sedimentation (Squyres et al. 1991; Doran 

et al. 1994). Ice covers also reduce 
wind-driven circulation, although recent 

evidence from the study of anthropogeni­

cally-generated compounds (e.g., Miller 

andAiken 1996; Tyler et al. 1998) disputes 

the previously held notion that there is no 
vertical mixing occmring in these lakes. 

Most lakes have no outflow; and because 

they are the hydrologic catchment of the 
Dry Valleys, contaminants introduced else­

where in the valleys may end up in the 

lakes. During the summer, moats typically 

form around each lake due to the melting 

of the annual moat ice and inflow from 

streams. 

The upper water columns of the lakes 

contain low nutrient and phytoplankton 
concentrations (Priscu 1995). This, in 

combination with the low input of organic 

materials from the surrounding catch­
ments, means that some of the lakes repre­
sent global extremes in their transparency 

to visible and ultraviolet (UV) radiation 

(Howard-Williams et al. 1998; Vincent et 

al. 1998). These waters are therefore like­

ly to be sensitive to even minor catchment 

disturbances and nutrient enrichment. 

The biological components of the Dry 

Valley lakes are simple communities com­

pared to life in lakes that reside in more 

temperate regions (Vincent 1988). The 

Introduction 
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extreme cold, reduced insolation due to ice 

cover, long biogeographical isolation, and 
the brief growing season of the Antarctic 

continent have resulted in low planktonic 
biomass and species diversity in Antarctic 
lakes as well as a dominance by microbial 

food webs (James and Ivins 1998). The 
planktonic and benthic communities con­
sist of consortia of bacteria, cyanobacteria, 

algae, protozoa, fungi, rotifers, tardigrades, 
nematodes, and viruses (Parker et al. 1982; 
Wharton et al. 1983; Layboum-Parry et al. 

1997; Kepner et al. 1998). Many of the 
planktonic species occur in well-defined 
depth ranges within the water column of 

the lakes, indicating that stratification of 
food resources as well as environmental 
conditions exert control on the position of 

planktors in the water column (Vincent 
1981; Spaulding et al. 1994; 
Layboum-Parry et al. 1997). Motility or 

some means of buoyancy is an important 
prerequisite for planktonic organisms in 
these stable water columns. The range in 

physical and chemical attributes of the Dry 
Valley lakes results in differences in both 

planktonic and benthic microbial commu­

nities on a lake-by-lake basis. 

Benthic microbial mats form cohesive 

mucilaginous layers overlying alternating 

layers of organic and inorganic material on 
the lake bottoms. The mats are highly vari­

able in species composition, organic and 
inorganic components, pigmentation, and 
morphology (Wharton et al. 1983). These 
benthic communities can contain much high­

er biomass (e.g., chlorophyll-a) per unit sur­
face area than phytoplankton in the overlying 

water column and dominate ecosystem pro­

ductivity in some lakes (Hawes and Schwarz 

1999). Although most benthic communities 
are spatially fixed, changing lake levels cre­
ate new substrates for community develop­
ment and alter the environmental conditions 

(e.g., light and temperature regime, proximi-
ty to meltwater influences) that have allowed -
the establishment of biological communities. 

Since snowfall is minimal in the Dry 
Valleys, glacial melting and related runoff 

is the primary source of water to the 
streams and lakes (Fountain et al. 1998; 
Lyons et al. 1998). Several of the lakes are 
in direct contact with glaciers (e.g., lakes 

Hoare and Joyce) and receive water 
through the melting of glacial ice that 
extends into the water column. 

Ephemeral streams, and their wetted 
perimeters (hyporheic zones), are key links 
between the surrounding landforms and 

the Dry Valley glaciers and lakes. Streams 
and hyporheic zones constitute a single 
entity from the perspective of continuous 

hydrologic exchange (Conovitz et al. 
1998). A perpetual, shallow (30 to 60 cm) 

permafrost layer in Dry Valley soils does 

not allow for substantial shallow ground­
water inflow from the surrounding land­
forms. While the quantity of water con­

tributed to the lakes via groundwater is 
minimal, compared to input via streams, 

the saline groundwater may be an impor­

tant source of solutes to the lakes. 

Annual, seasonal, and daily ranges of 

strearnflow in the Dry Valleys vary signifi­

cantly depending on the dynamic interac-



tions of solar position and summer climate 
(Conovitz et al. 1998). Because of the 
magnitude and dynamics of the water and 
sediment fluxes from these streams relative 
to the size of the lakes, these fluxes have 

great potential impact on the lakes. 

In years when the moat ice melts, sig­
nificant exchange between the moat and 
the lake proper can occur (i.e., beneath the 
perennial ice cover). Several mechanisms 
can cause moat water and seasonal stream 
water to enter into the lakes. Moat water 
freezing at the end of the summer, for 
instance, will inject denser water into the 
lake at depth (Miller and Aiken 1996). 
Also, sh·eam water can flow onto the ice 
cover or underneath the ice and enter the 
lake at the ice-water interface. Mixing due 

11 

to wind action on an ice-free moat also 
occurs (McKnight and Andrews 1993). 
Wind-mixed moat water enters the lake at 
the ice-water interface. These influxes of 
water can move contaminants from the sur­

rounding streams and moats into the lake 
proper. 

Stream characteristics influence the 
ways in which activities in or near the 
streams may ultimately impact a lake. For 
example, streams with a stone pavement in 
their bed typically have abundant micro­
bial mats growing during the austral sum­
mer flows and persist in a freeze-dried 
state during the winter (Vincent and 
Howard-Williams 1989; Alger et al. 1997). 
Disturbance of these communities by phys­
ical or chemical impacts from human 

Benthic microbial mat in Lake Bonney. Gas buildup can cause mats to 
liftoff the bottom and sonietimes tear loose and float up to the bottom of 
the ice cover. 

Introduction 
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activities will certainly affect the stream 
environment and may impact the lake( s) 
into which the streams flow. 

The composition of the cold desert 
soils of the Dry Valleys is a result of the 
environment in which they are formed. 
Specifically, these are low temperature, 
low precipitation, low moisture availabili­
ty, and negligible biological activity envi­
ronments. Dry Valley soils are unique 
among desert soils in that they have large 
amounts of soluble salts, high pH, and 
permafrost at 10-30 cm depth (Bockheim 
1997). These soils are poorly developed, 
have coarse but variable texture, a lack of 
cohesion or structural development, very 
low organic matter content, and low soil 
moisture. Another feature of the soils is 
the frequent occurrence of a pebble or 
boulder surface. In very cold and dry 
areas (typically inland at higher eleva­
tion), soils may have thick salt horizons 
(Campbell and Claridge 1987; Campbell 
et al. 1998). In warmer and moister 
coastal areas, there is less salt accumula­
tion. Soil temperatures are consistently 
above freezing in December and January, 
allowing chemical and biological process­
es to become active. 

Biological activity in the Dry Valleys 
soils is considered to be the lowest for any 
soil ecosystem. The most complex soil 
communities are restricted to small, moist 
areas near glaciers, in snowmelt depres­
sions, or along lake moat edges or 
streams. These communities contain 
mosses, lichens, algae, microflora, an-d 
microscopic invertebrates such as proto­
zoa, rotifers, tardigrades, nematodes, 
collembola, and mites . The vast majority 
of Dry Valley soils are unfavorable habi­
tats and contain only microflora or just a 
few taxa- nematodes, rotifers, or tardi­
grades (Freckman and Virginia 1998). 
The Dry Valleys contain the only known 
soil ecosystem where nematodes are the 
top of the food chain (Freckman and 
Virginia 1998). 

Compared to the potential effects of 
human activities on streams and related 
lake impacts, human disturbances to soils 
are probably less likely to adversely affect 
the lake environment. Contamination and 
physical disturbance of soils in close prox­
imity to a stream or a lake, however, may 
directly or indirectly impact the lake. 
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2. IMPACTS COMMON THROUGHOUT 

THE VALLEYS 

Several activities in the Dry Valleys, 
applying to both lake basins and lakes 
proper, may impact lake environments. 
These include helicopter traffic and opera­
tions, surface travel, and camping. Each of 
these activities is addressed below, and 
suggestions are provided to prevent and 
mitigate adverse environmental impacts. 

2.1 Helicopter Traffic and Operations 

The McMurdo Dry Valleys region has 
the greatest amount of helicopter traffic in 
Antarctica. Helicopters based at McMurdo 
Station travel to the Dry Valleys six days 
per week (weather permitting) during the 
austral summer (October-February) field 

season to transport personnel and supplies. 
Prior to the 1996-97 field season, the U.S. 
Navy was contracted to operate Bell 
twin-engine Huey (UH-lN) helicopters 
for the U.S. Antarctic Program. Since 
October 1996, a private contractor has 
been operating three Eurocopter AS350 
A-Star helicopters and one Bell 208 (the 
civilian equivalent of a Huey) for the U.S. 
program. The U.S. Coast Guard also pro­
vides helicopter (HH-65A Dolphin) sup­

port for several weeks late in the austral 
summer. In addition, the New Zealand Air 
Force provides two single-engine Hueys 
for operations. More recently, helicopters 
(Russian Mil-8) from tourist ships have 
flown into the Dry Valleys. 

The potential impacts associated with 
helicopter traffic include chemical emis­
sions from overflights; chemicals or wastes 
from the dropping of cargo (e.g., sling 
loads); and exhaust, hydraulic fluid leak­
age, and soil disturbance upon takeoff and 
landing. Helicopter traffic follows patterns 
and tends to focus contaminants in specific 
areas. An analysis of helicopter landings 
and takeoffs during the 1995-96 austral 
summer field season (September 
1995-February 1996) shows that there 
were approximately 700 landings and take­
offs at the major camps within the Dry 
Valleys. By far the greatest traffic was cen­
tered at the Lake Hoare MCM-LTER 
Camp with 306 landings and takeoffs 
recorded. This was followed in decreasing 
volume by landings and takeoffs at lakes 
Bonney (142), Fryxell (106), and Vanda 
(87), F6 Camp at Lake Fryxell (30), and 
the Meserve Glacier Camp (22). 

While difficult to quantify, helicopters 
expel exhaust and leak hydraulic fluid 
within the Dry Valleys, especially during 
takeoff and landing. The impact of these 
contaminants (e.g., particulate organic car­
bon [POC], carbon dioxide, carbon 
monoxide, partially oxidized organics, 
assorted trace metals, and nitrogen oxides) 
is likely to be minor in light of the vastness 
of the Dry Valleys. However, the addition 
of non- indigenous organic material may 
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be significant in areas of concentrated heli­

copter traffic (e.g., the Lake Hoare Camp). 

Environmental accidents could occur 

in the Dry Valleys involving a helicopter 

crash or the accidental release of a heli­

copter sling load of chemicals or human 

wastes. Such an accident (albeit from a 

fixed wing aircraft) did occur in 1984 

when barrels of fuel were dropped onto the 

Lake Vanda ice cover. In assessing the var­

ious areas of the Dry Valleys where such an 

accident could occur, a spill directly on a 

lake's ice cover might have the least impact 

on any lake and surrounding environment 

(depending on the time of year) if the 

cleanup response (i.e., excavation of cont­

aminated ice) were quick. This would only 

be true when the ice covers are solidly 

frozen early in the field season (September 

through early November). From 

mid-November through the end of the aus­

tral summer, however, it is likely that a 

spill onto a lake cover would quickly pen­

etrate into the ice and would be difficult to 

contain or remove. If the accident 

occurred on land, the fluid would penetrate 

into the dry soil making cleanup difficult as 

well. If the fluid were released into a flow­

ing stream, the contaminant would rapidly 

mix with the streamwater before any 

cleanup could take place. Regarding the 

physical disturbance of smface materials 

(e.g., snow, soil), ce11ain locations, such as 

streambeds, are more susceptible to dam­

age. Established landing sites along 

streams (e.g., landing sites used for access­

ing gauging stations) are typically demar­

cated by a circle of rocks. For other travel 

to stream or soil research sites, however, 

helicopter landing sites are chosen by the 

pilot based on real-time observations and 

safety concerns. When the streams are not 

flowing, a pilot may inadvertently select a 

dry streambed as a desirable (flat) landing 

site. Helicopter landings in streambeds 

will blow loose surficial materials into the 

stream channel and potentially add exhaust 

and other chemical pollutants to the stream 

channel, which may then be carried down­

stream once the stream begins to flow. 

This situation may also apply to landings 

within 30 meters of streambeds. Landing 

directly in the stream channel may also dis­

rupt streambed microbial mats and 

increase biomass input to the lakes once 

the stream starts flowing. 

Disturbance of snow and soil by heli­

copter takeoffs and landings is particularly 

noticeable near the edges of lakes. 

Material blown from the rotor wash can be 

seen collecting on the moat ice. In the 

past, smoke bombs were deployed to 

assess wind direction prior to landing. The 

use of smoke bombs has ceased and there­

fore is no longer a concern. 

2.1.1 Prevention and Mitigation 

Recommendations 

Safety is obviously the primary con­

cern in helicopter traffic and operations. 

Within the appropriate safety margins, the 

following operating procedures and activi­

ties are recommended: 

• Stage emergency spill kits, specifically 

those for hydrocarbons, at all perma-
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nent camps. Train field personnel in 

the use of the kits. 

• Incorporate spill response into the 

Search and Rescue (SAR) response 

plan. A spill-response team should be 

on call as part of SAR teams in the 

event of a large-scale environmental 

accident, such as a helicopter crash or 

sling load dropped in the Dry Valleys. 

• Track helicopter flight paths using 

onboard Global Positioning System 

(GPS) data loggers so that potential 

concentration of contaminants in spe­

cific areas can be assessed. 

• Use portable "geotextile" landing pads 

to minimize disturbance and control 

fuel leakage contamination. 

• Minimize hydraulic fluid spill impacts 

by walk-around assessments and by 

conducting any necessary remediation 

subsequent to each takeoff or landing. 

Locate helicopter landing pads as far 

from the lakes and streams as practical. 

Create soil maps for areas within 30 m of 

streams and lakes emphasizing textural 

characteristics as a proxy for terrain sen­

sitivity (see Campbell et al. 1998). 

• Develop and distribute to helicopter 

personnel a map delineating areas 

where helicopters are not allowed to 

land, including stream channels and 

more sensitive soils. Wherever possi­

ble, helicopters should land on coarse 
deposits. 

This image shows snow and soil displacement caused by the rotor 
wash of a helicopter landing at Lake Hoare field camp. 
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• Do not relocate rocks or soils from one 

site to another (e.g., using rocks for 

ballast on sling loads). 

• Continue the ban on smoke bombs. 

2.2 Surface Travel 

The surficial deposits (glacial deposits, 

soils, paleolacustrine sediments) and rock 

outcrops in the Dry Valleys contain unique 

geomorphological evidence of past envi­

ronments, and many may be undisturbed 

for millions of years (Prentice et al. 1998). 

Desert pavements- which can be 

destroyed by people walking across 

them-protect many of these fragile sur­

faces from the wind. 

A wide range of soil types and textures 

exist in the Dry Valleys. Fine clay soils are 

susceptible to disturbance, whereas 

coarse- grained deposits are less likely to 

be disturbed. Because of the delicate 

nature of the surficial deposits and out­

crops in the Dry Valleys, foot travel is the 

only permitted mode of travel along the­

ice-free surface. Typically, researchers 

walk to study sites for sample and data col­

lection, as well as for instrument installa­

tion and maintenance. Alternative modes 

of travel restricted to the lake ice cover 

include snowmobiles and all- terrain vehi­

cles (ATVs). 

All-terrain vehicle (ATV) provides transport on Lake Bonney in 
Taylor Valley. 



Streambeds are also extremely suscep­

tible to damage from surface traffic. 
Walking in a stream channel can disrupt 

microbial mats and fine sediments. 
Streambed microbial mats and mosses are 
inconspicuous and easily trampled. 

Coarser sediments in the deltaic regions 
near the stream inflows to the lakes are also 
susceptible to disturbance by surface trav­

el. These impacts may change stream 
chemistry and biology, and possibly 

enhance the flux of sediment and biomass 

into the lakes. 

Many streams have steep banks com­
posed of unconsolidated alluvium at the 

angle of repose and are susceptible to 
slumping. Slumping could potentially 

cause a pulse of sediment to be transported 
into a stream. Walking in these areas may 
also cause compaction of hyporheic zones 
(wetted perimeters of streams), as well as 

disruption of the salt crusts or veneers that 
occur on the extreme margins of these wet­

ted zones. Both of these impacts could 

result in short-term water quality changes 
in the streams and the lakes they supply. 

Lakeshores often provide the path of 

least resistance when walking. 
Unfortunately, travel in these zones also 

tends to destabilize banks and cause 

slumping of sediment onto the lake ice or 
into the open moats. 

2.2.1 Prevention and Mitigation 
Recommendations 

Travel only on established paths (if 

available). 
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• If no established path exists, employ 
"leave no trace" concepts including 

walking on larger rocks and gravel. If 
disturbance is seen with one pass, walk 
in single file. If no disturbance is seen 

on first pass, it may be better to spread 
out. 

• Follow the "right angle" rule (cross at 
90Q to the channel) when travelling 

across or accessing a stream channel to 
minimize the area of the streambed that 

is disrupted. For travel along a stream, 
walk some distance (at least 3-5 m) 
away from the banks. 

• When walking along lakeshores, walk 

on the moat ice if possible. 

• Track personnel movements in the Dry 

Valleys so that potential impacts m 
heavily used areas can be assessed. 

• Provide "leave no trace" training to all 

personnel working in or visiting the 
Dry Valleys. 

2.3 Camping 

Camping in the Dry Valleys occurs at 
three general levels: temporary tent 

camps, seasonal camps, and perennial 
camps. Temporary tent camps are estab­
lished for only a few days or weeks of indi­

vidual field seasons. These camps are usu­

ally comprised of less than six individuals 
and, if managed properly, have very local­
ized impacts to the environment. 

Seasonal camps, which are established 
for many weeks during the austral summer, 
use tents as well as more substantial struc-



Common 
Impacts 18 

tures (e.g., "weather ports"). These camps 
tend to have larger populations (5-10 indi­
viduals) than the temporary tent camps. 
The expanded populations and longer 
duration of these camps potentially result 
in a greater impact on the environment. 

Perennial camps have been established 
mostly in support of lake and stream 
research and typically contain a variety of 

structures (e.g., tents, "Jamesways,'' wood­
en huts). Logistical considerations (e.g., 

flat ground, water supply) have dictated 
that the camps be located adjacent to lakes. 
Presently there are seven perennial camps 
in the Dry Valleys (Table 3). Camps with 
the heaviest seasonal personnel traffic 
(e.g., Lake Hoare Camp) are likely to be_ 
the sites of highest impact. 

Table 3. Perennial camps in the Dry Valleys (see map that follows for locations). 
Existing Camps (circles) 

Map# Name Nation Latitude Longitude Built 

1 Vanda Camp N.Z. 77°31.4' s 161°40.3' E 1994/95 
2 Lower Wright Hut N.Z. 77°26'S 162°031 E 1984/85 

3 New Harbor Camp U.S. 77°34.5' s 163°29.91 E 1982/83 
4 F-6 Camp U.S. 77°36.51 s 163°15.21 E 1994/95 
5 Fryxell Camp U.S. 77°36.41 s 163°07.31 E 1987/88 

6 Hoare Camp U.S. 77°37.41 s 162°54.31 E 1979/80 

7 Bonney Camp U.S. 77°42.91 s 162°33.31 E 1989/90 

8 Bull Pass Camp U.S. 77°311 s 161°541 E Uncertain 

Past Camps (triangles) 

Map# Name Nation Latitude Longitude Existence 

1 Vanda Camp N.Z. 77°31.61 s 161°40.1 1 E 68/69 to 94/95 
2 Brownworth Hut N.Z. 77°271 s 162°531 E 68/69 to 84/85 

3 Fryxell SSSI Hut N.Z 77°371 s 163°031 E 77 /78 to 94/95 
4 Lake Bonney Hut U.S. 77°42.21 s 162°30.61 E 62 to 77/78 

5 Meserve Camp U.S. 77°30.81 s 162°17.01 E 68/69 to 82/83 
6 Asgaard Hut N.Z. 77°351 s 161°361 E 68/69 to 94/95 
NS2 Miers Hut N.Z. 78°081 s 163°501 E 79 to 95/96 

!Activity key: 
Low = used sporadically, less than 10 overnight occupations per year, groups <5 
Medium = occupied only for 10 to 60 days during the field season by groups of <10 
High= occupied for more than 60 days but not all season by groups of <10 
Very High = occupied for the entire field season with groups of <20 

2Not shown on map. 
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Location of field camps in McMurdo Dry Valleys. See Table 3 for information 
concerning the camps. 

When streams are a research focus, it is 

convenient to set up camps (e.g., F6 Camp 

at Lake Fryxell) close to stream channels. 
It may be difficult, however, to identify a 

stream channel prior to stream flow with­
out consulting a map. Camping in a stream 
channel would most certainly disrupt the 

biota in the channel for the same reasons 
outlined in the section on surface travel. In 

addition, streamwater chemistry could be 

altered by unintended contamination from 
materials used in camp (e.g., fuels, waste­
water, reagents). 

The following impacts are common to 
all camp types, with the severity increasing 

with proximity to the lake and magnitude 

of the camping activities (i.e., number of 
people, duration, etc.): 

• Emissions including gaseous hydrocar­

bons and POC from generators and 
diesel heaters. 

• Deposition of camp-generated debris 

from high winds or helicopter landings 
and takeoffs. 

• Physical rearrangements of the landscape 
(e.g., moving rocks for tent sites). 

• Chemical and waste spills (e.g., battery 

acids, fuels, oils, gray water, human waste). 

• Shedding of human microbiota and 

transport of contaminating microbiota 
on boots and research equipment. 
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• Wind erosion of paints from structures, 
equipment, and fuel drums. 

2.3.1 Prevention and Mitigation 
Recommendations 

Both the United States and New 
Zealand programs already take great care 
to minimize impacts from camping. All 
wastes are collected and flown back to 
McMurdo Station for subsequent disposal. 
Field personnel are trained prior to deploy-

ment on various aspects of environmental 
protection. In order to meet the require­
ments of the newly promulgated 
Environmental Protocols to the Antarctic 
Treaty, the New Zealand Program recently 
removed the old Lake Vanda camp which 
had been in place for many years and put 
considerable effort into the remediation of -
gray-water contamination and general site 

cleanup. 

Tents provide sleeping quarters at Lake Hoare field camp in Taylor Valley. 



The following suggestions will augment 

the procedures already followed by the 

United States and New Zealand programs. 

• Limit and appropriately justify the 

establishment of new camps. 

• Reoccupy existing camps and tent sites 
whenever possible. 

• Determine the GPS coordinates of all 

campsites for inclusion in a McMurdo 
Dry Valleys geographic information 

system (GIS). 

• Locate camps a minimum of 30 m from 
all ephemeral and permanent water 
bodies (streams and lakes). 
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Avoid camping on glacier surfaces 

whenever possible. If glacier camping 
is absolutely necessary, provide for the 
proper containment of materials and 

wastes (similar to any campsite in the 
Dry Valleys). 

• Avoid camping on lake ice especially 
after spring thaw. 

• Provide all camps with drip pans for 

leak and spill containment as well as 

patch kits for repairing metal drums. 

• Periodically (e.g., every 3-5 years) 

assess camp structures for usefulness 
and potential removal. 

Perennial field camp at Lake Hoare in Taylor Valley. 
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3. IMPACTS UNIQUE To BASIN ACTIVITIES 

Basin-specific activities include those 
in support of research on climate, glaciers, 
streams, soils, and local geology and geo­
morphology. 

3.1 Glaciers 

Glaciological research activities 
include measurements of the movement, 
mass, and energy balance of glaciers and 
often employ remote sensing techniques. 
Study of glaciers typically requires travel 
using skis or crampons and ice axes, the 
use of generators, sampling of snow and 
ice, and occasionally necessitates camping 
on glacial surfaces. The activity likely to 
have the greatest impact is the use of power 
equipment (e.g., generators, ice drills, 
chainsaws) which results in carbon emis­
sions and may lead to spills of fuel and 

' 

hydraulic fluids. Carbon emissions, and 
contaminants in general, may enhance 
ablation and melt on the glaciers, depend­
ing on the amount incorporated into snow 
and ice. Minor contamination may occur 
from metal crampons and metal snow 
shovels used to dig snow pits. Activities 
associated with camping on glacial ice will 
have impacts similar to those previously 

described. 

Mass-balance studies often include the 
installation of bamboo measurement poles 
and the digging of snow pits. In addition to 
possible leakage of fuels and oils from 
power equipment, organic matter contami­
nation from the bamboo poles may also 
occur. 

Snow pit on the surface of Howard Glacier. 



The establishment of meteorological 
stations on glaciers requires drilling holes 

with power drills and installing 4" x 4" 
timbers to support semipermanent, battery 
powered instrumentation. Significant 

potential impacts include leakage of drill 

fuels and chemical contamination from the 
timbers. 

Studies of glaciers occasionally require 

tunneling into the base for significant dis­
tances (e.g. , 30 m) using gas-powered 

chainsaws as well as the installation of 
metal screws and instrumentation into the 
ice. These activities could potentially 
influence chemical and isotopic signatures 

of the ice and, in tum, the streams and 
lakes fed by any particular glacier. 
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3.1.1 Prevention and Mitigation 
Recommendations 

• 

• 

• 

Provide spill kits on-site where power 
tools are being used. Always refuel 
using drip pans. 

Properly tune generators to minimize 
emissions and use only when neces­
sary. Always place generators and fuel 

cans in drip pans. 

Use electric chainsaws powered by a 

four-stroke generator whenever possi­

ble for large- scale sawing operations 
(less contamination than from 

two-stroke engines). Avoid the use of 

chainsaw blade lubricants when cutting 
cold ice. 

Tunnel on the bottom of the Seuss Glacier. 
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• Upon completion of a research project, 

remove all materials-wood, metal, 

and sensors-embedded in the ice to 

minimize contamination. 

• Use gel cell or other nonspillable bat­

teries. 

3.2 Streams and Stream Margins 

Human activities associated with con­

ducting stream research have substantial 

potential for impacting Dry Valley lakes. 

These activities have both temporal and 

spatial components, which are largely 

dete1mined by the proximity of stream 
activities to the lakes. 

The following discussion is organized 

as four different categories of research 

activities: stream gauging, tracer experi­

ments, stream manipulations, and biomass 

removal. Included are recommendations to 

minimize or eliminate impacts on streams 

and lakes where possible. 

The measurement of stream flow is criti­

cal to understanding the input of water and 

nutrients to the Dry Valley lakes. In order to 

measure stream flow, a gauging station is 

typically set up at a site in which the flow is 

constrained either by a natural feature of the 
channel or by a structure such as a weir or 

flume. Weirs trap sediment in pools which 

develop behind them, and these pools may 

eventually fill-in. A flume, on the other 

hand, allows for transport of sediment at its 

base, which mimics the natural movement of 

sediments in stream flow. Flumes are typi­

cally used to measure flow at stream sites in 

the Dry Valleys. Flume construction results 

in substantial localized site disturbance, 

including the filling and placement of sand­

bags. There are also effects from the disrup­

tion of soils associated with data retrieval in 

subsequent years. 

Scientist measures the spectral reflec­
tance of microbial mat in a stream. 

In order to quantify the rates of hydro­

logic and biogeochemical processes for 

longer streams, tracer expe1irnents have 

been conducted using conservative and 

reactive solutes. For example, two tracer 

experiments were conducted in the Lake 
Fryxell basin, one in Huey Creek in 1992 

and another in Green Creek in 1995. The 

solutes that were used as conservative trac­
ers·included inorganic anions (Cl-, Br) or 

cations (Na+, Li+), which are naturally pre-



sent in the streamwater. Tracer solutions 
were pumped into the streams for a given 
time period, and then the tracer concentra­
tions were monitored as a function of time 
at downstream sites. Similarly, reactive 
species (such as N and P) have been added 
to the streams, and the loss of these nutri­
ents at downstream sites is used to quanti­
fy nutrient uptake by stream biota. 

The design parameters for tracer exper­
iments include target solute concentrations 
in the stream as well as the duration of the 
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injection and sampling period. Potential 
impacts from tracer experiments include 
the increased flux of conservative or reac­
tive solutes to the lakes and the effects of 
increased streamside trampling during the 
period of the experiment. In addition to 
potential increases in solute concentrations 
in the receiving lake, the use of tracers 
could change the isotopic ratios of the 
solute in the lake, limiting the use of the 
solute for geochemical isotopic studies. 
Additionally, nutrient additions (e.g., N 

Sandbags are used to direct water into a relic stream channel. 
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and P) have the potential to stimulate 
microbial growth in both streams and 
receiving lakes. 

The Dry Valley streams typically flow 
through unconsolidated alluvium, and 
episodes of significant sediment deposition 
are associated with high stream flows. 
These episodes may change the relative 
distribution of flow in the stream network. 
In order to better understand the response 
of stream ecosystems to longer periods of 
drying and wetting, the MCM-LTER pro­
ject initiated a long-term experiment to 
study the distribution of flow at a location 
where a channel splits (one stream site in 
the Lake Fryxell Basin). For the first years 
of the experiment, the reach with the 
renewed flow had higher solute concentra­
tions because salts, such as marine 
aerosols, that had accumulated in the dry 
channel dissolved into the stream water. 
Thus, a potential short-term impact of 
stream manipulations may be an increase 
in solute flux to the lake. 

To study the biota of the streams, sam­
ples of microbial mats and mosses are 
taken from different habitats within the 
stream channels. The typical sample size 
is on the order of 1-10 cm2 of algal mat or 
1- 10 g of sediment material. On the scale 
of a stream, which has established micro­
bial mats for several kilometers, this bio­
mass removal is likely to be relatively 
insignificant in terms of overall ecosystem 
function. There are some streams, howev­
er, where the biota is very sparse (e.g., 

streams flowing along the base of a glacier 
in which microbial mats occur only in the 
delta near the outlet to the lake). 

3.2.1 Prevention and Mitigation 
Recommendations 

Use flumes rather than weirs. 

Use local sand or soil in sandbags 
when constructing flumes or control 
structures. 

• Document the location of all stream 
control structures, biological transects, 
and instrumentation with a GPS and 
incorporate into a GIS . 

• Periodically (every 3-5 years) evaluate 
in-stream structures (e.g., flumes) for 
deterioration, usefulness, and potential 
removal. 

• Limit the number of tracer and manip­
ulative experiments. Whenever possi­
ble, use modeling approaches to extend 
the application of experimental results 
to other streams and lake basins. 

• Use only naturally occurring tracers 
and document tracer use. 

Soil pit in Taylor Valley shows organic 
and carbonate layers deposited in 
Lake Washburn - a paleolake. 



• Design tracer experiments to limit the 
movement of tracers into the lake. The 
incremental flux from the experiment 
should be appropriately small in pro­
portion to the average annual total flux 
for that solute from streams. Choose 
an experimental stream site with a long 
enough reach such that reactions will 
be completed by the end of the reach. 

• Establish specific sites for biomass 
sampling and document locations 
(using a GPS), sampling extent, and 
frequency. 

• Limit biomass sample size to that 
required for the planned analyses and 
archiving. 

• Develop and apply methods (e.g. , spec­
tral analysis) that do not rely on 
removal of samples for quantifying 
changes in biomass in streams. 

3.3 Soils and Surficial Deposits 

· Compared to the potential impacts on 
Dry Valley lakes from glacier and stream 
research activities, the potential impacts of 
geological and soil research activities on 
the lakes are likely to be minor. Lake level 
fluctuations are an important considera­
tion, however, as many lakebeds are former 
soil sites and vice versa. When planning 
geological and soil research activities, 
impact assessment should include a tempo­
ral component if there is potential for the 
site to be submerged. 

Geological and soil research may entail 
blasting on a small scale, digging soil pits, 
scraping natural exposures, and coring. 
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Blasting currently requires strict adherence 
to environmental assessment guidelines. 
Digging soil pits (usually performed with 
hand tools) is generally restricted to a max­
imum area of 1 m2 and a maximum depth 
of 1 m. Sampling natural exposures may 
require scraping surfaces with a tool (e.g., 
rock hammer, ice axe). Mechanical coring 
devices may also be used for sampling 
ground ice. 

Investigations of soil biota reqmre 
removing surface soil samples. This is 
generally considered a low impact activity, 
especially with regard to lake impacts 
(Vincent 1996). Foot travel in the area of 
research probably has more of an environ­
mental impact than sample removal. 

Some long-term experiments manipu­
late surface soil conditions and record bio­
logical responses. These experiments are 
generally confined to 1 m2 plots and artifi­
cially augment the soil with known 
amounts of carbon, water, and heat. There 
is very little data available on the impact of 
these experiments on surface or groundwa­
ter flow. 

3.3.1 Prevention and Mitigation 
Recommendations 

• Restore disturbed surfaces as close as 
possible to their natural state upon 
completion of the work. For 
larger- scale excavations (greater than 1 
m2), take photographs prior to breaking 
ground to provide a basis for restora­
tion. Record the location of the reme­
diated site. 
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• Backfill all excavations to approximate 
original contour and replace desert 
pavement where possible. The desert 
pavement can be skimmed from the 
surface prior to digging and kept aside 
for replacement. 

Document the location of all soil sam­
pling sites (even if they have been 
back-filled) using a GPS and include 
in a GIS. 

• Conduct thorough environmental 
assessment of proposed exogenous 
amendment experiments. 

• Limit use of mechanical equipment 
(e.g., Cobra drills, soil augers). 

• Employ proper fuel management as 
well as careful waste handling and con­
tainment. 

Experimental enclosures are used to study the soil environment. 
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4. IMPACTS FROM LAKE RESEARCH 

This section explores lake research 

activities in the Dry Valleys and is divided 

into four components: (1) ice covers, (2) 

water column, (3) benthos, and (4) diving 

and remotely-operated vehicles. The 

potential impacts of research activities and 

recommendations for preventing or mini­

mizing future impacts are discussed for 

each component. 

4.1 Ice Covers 

During the austral summer field sea­

son, the ice covers of the Dry Valley lakes 

are directly impacted by human activities. 

The covers provide a platform for trans-

p01tation and research activities. Ice cov­

ers consist of two elements: (1) the peren­

nial ice that is of long-term duration and 

varies from 2.8-19 m in thickness depend­

ing on the lake, and (2) the 1- 2 m thick 

moat ice which typically melts and 

refreezes annually. Puring the course of 

the summer season, the temperature of the 

perennial ice rises to 0°C, and the perme­

ability of the ice barrier increases. During 

most summers, the moat ice will melt out 

and expose the littoral water to the atmos­

phere. Therefore, the impact of research 

activities on the ice covers can vary 

depending on the location and timing of 

Crossing the nioat at Lake Hoare, Taylor Valley. 
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the disturbance relative to the seasonal and 

interannual progression of ice properties. 

Importantly, impacts to the ice can also 
affect the water column and benthos. 
When the lake ice is isothermal, for exam­

ple, a fuel spill on the ice surface might 

readily penetrate the ice and mix with the 
water column below. 

Activities that can potentially impact 
lake ice include: (1) walking or driving 

across the ice, (2) placing structures on the 

ice, (3) operating power equipment, (4) 
excavating, and (5) sampling through the 

ice cover. Surface transport (flying, dri­
ving, and walking) across ice covers 

increases the potential for dropping debris 
on the ice. Driving ATVs or snowmobiles 

across lake ice can destroy surface fea­
tures, especially in late summer when sur-

face melt features (e.g., ablation ridges) 

appear. Motorized vehicles also introduce 

exhaust and the potential for fluid spills 

and leakage. Aircraft landing on or near 
the ice locally alter surface characteristics 

and redistribute debris and particulates. 

Aircraft also increase the potential for 
contamination by hydrocarbons (e.g., -

hydraulic fluids , exhaust, fuel) . 

Structures (e.g. , "weather ports," stor­

age and instrument boxes) placed on the 

ice cover impact the lake by shading and 
changing the physical structure of the ice. 
Specific impacts include changing albe­

do, sublimation, precipitation, and aeo­

lian deposition processes. Structures 
may also contribute contaminants to the 

ice. 

Temporary structure on the swjace of Lake Hoare, Taylor Valley. 



Operating powered equipment on the 

lake ice increases the potential for contam­

inating the ice with debris and chemicals 

(e.g., glycol, metals, oil, fuel, and exhaust). 

Fueling equipment on the ice increases the 

probability of a substantial introduction of 

chemicals on the ice covers and possibly 
into the lake water as well. 

Ice excavation activities include 

removing moat ice for camp water use, 

obtaining ice cores for scientific purposes, 

creating observation holes, and drilling or 

melting holes to access the lake. 
Removing ice alters the ice morphology 
and locally changes processes including 

radiative transfer, particulate and debris 
deposition, sediment transport into the 
lake, and gas exchange. The process of 

excavating ice also potentially introduces 
debris and metal contaminants into the ice 
itself. Thus on a scale of several meters, 

ice excavation changes the ice chemistry, 
physical stratigraphy, and the distribution 

of resident microbial consortia. 

The ice cover is the physical platform 
from which the water column and benthos 
are accessed for sampling purposes. 

Activities (e.g., drilling, melting) associated 

with accessing these environments affect the 

ice by first compromising the natural physi­

cal structure as described above. Further, 

sampling the water column and benthos can 

lead to the introduction of foreign materials 

onto or into the ice (e.g., contaminants intro­

duced from drills and hole-melting equip­

ment, saline bottom water, and sediment 

from cores brought to the surface). 
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4.1.1 Prevention and Mitigation 
Recommendations 

• Minimize the duration and extent to 

which structures are placed on the ice. 
When placing structures on the ice near 

shore, place them on the perennial ice 

rather than the moat (the moat is high­
ly susceptible to rapid melting). 

Document the location (using a GPS) 

and map (using a GIS) the placement 
of structures on the ice. 

• Minimize the use of fossil-fuel-pow­

ered equipment; use solar-powered 
and hand devices when possible. 

Utilize barriers (e.g., drip pans) 

between equipment (e.g., motors, 
tools) and ice to minimize the potential 
for hydrocarbon introduction into the 

ice as well as the physical melting of 
the ice surface. Always have appropri­

ate spill kits available. 

• Document by incorporation into a GIS 
the location (using a GPS), area, and 

the extent to which lake ice has been 

excavated. Areas that have been used 
for sampling or accessing the lake 

should be reused to the extent possible. 

• Minimize the use of motorized vehi­

cles. All terrain vehicles with 

four-stroke engines are preferable to 
snowmobiles with two-stroke engines 

(less efficient combustion m 

two-stroke engines causes an increase 
in the release of hydrocarbons and par­

ticulates). 
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• Use extreme caution when driving 

motorized vehicles to avoid rolling the 

vehicle or breaking through the ice 
cover. 

• Remove materials brought up from 

beneath the ice. Do not dump or 
deposit water and sediment samples on 
the lake ice. 

Reduce helicopter overflights after the 
ice smfaces begin to melt and keep 
landings on lakes to a minimum. 

• Avoid storage of materials on the lake 
ice surface. 

4.2 Water Column 

Research activities that currently take 
place on the lakes include the following: 
(1) moat associated activities, (2) use of 

monitoring equipment in the water col­
umn, (3) water and sediment collection, 

and ( 4) in situ profiling measurements of 
conductivity, oxygen, and underwater 
light. These activities will have varying 

levels of impact on the biological, chemi­
cal, and physical properties of the lakes. 

Research-related activities on lake 
moats (either when the moat is frozen or 
thawed) can impact (e.g., fuel spills, chem­
ically imprinted dust deposition) the moat 

water that forms after ice melt. As men­
tioned previously, there are mechanisms 

resulting in hydrological interchange 

between the moat water and the lake water 
proper. Thus, impacts to the moats also 

have the potential of affecting the lake 

water. For example, a fuel spill in the moat 
may eventually make its way beneath the 

perennial lake ice cover impacting the 

water column and sediments of the lake. 

Use of monitoring equipment (e.g., 
light sensors, thermistor strings, sediment 

traps, automated primary production sys­
tems, current meters) provides coloniza­

tion surfaces and potential metal contami­

nation of lake water. Sediment traps may 
contain chemically toxic fixatives . 
Disturbance to hydrodynamic stability 

caused by motion produced by diving, 
deployment of instruments (e.g., profiling 

instruments, sampling bottles, ROV s, 
drilling rigs, enclosures) can disrupt the 
strongly stratified (e.g., salinity, oxygen 

and other gas concentrations, temperature) 

character of some water columns. 

A Jiffy drill is used to make a collec­
tion hole in an ice-covered lake. 



Routine sampling which requires the 
use of drills and melting devices has the 
potential to cause metal contamination. 

Glycol leaks and spills can occur during 
the melting process. Metal contamination 
may also result from the use of cables and 

sampling devices. Excess water from sam­
pling should not be returned to the water 
column or deposited on the ice surface, but 

instead should be added to gray water 
waste collection at a permanent camp. 

During routine lirnnological sampling of 
the Dry Valley lakes, biological cross-con­
tamination between lakes may occur 
because the same monitoring equipment 

(e.g., CTD, light meter) is used for all 

lakes. 

At present, the only radioisotope used 
in situ is 14C-sodium bicarbonate for 

assessing primary productivity. All other 

radiochemical assays are conducted in 

field laboratories or at McMurdo Station. 
A number of other radioisotopes and stable 

isotopes have been used in the past includ­
ing 3H, 341, 15N, 33P, and 35S. The acciden­

tal release of 14C has been documented in 
lakes Bonney and Fryxell and is believed 
to have occurred in Lake Vanda as well. 

The spatial extent of localized water 

column disturbances and their dispersion 

time scales need to be considered. Little is 
known about the propagation of water col­
umn disturbances and their potential for 

persistence. Beginning with the 1996-97 
austral summer season, sampling site loca­

tions utilized by the MCM-LTER have 
been documented using a GPS. The level 
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of seasonal sampling activity on a given 
lake, however, is not available in a central­

ized or easily accessible form. 

4.2.1 Prevention and Mitigation 
Recommendations 

• Use separate samplers (e.g., water col­
lectors, plankton nets) and instruments, 
if feasible, for each lake to avoid cross 
contamination. Samplers or instru­

ments used in more than one lake 
should be thoroughly cleaned (sterilize 

if possible) prior to reuse in a different 
lake. 

• Carefully manage chemical waste, gly­

col, and all other liquid wastes (includ­
ing gray water from the lakes them­
selves) to avoid spills. 

• Consider laboratory-based alternatives 
to in situ experiments involving any 
radioisotope, stable isotope, or other 

tracer in view of the future integrity of 
the biological and chemical properties 
of the lakes. Complete preliminary 

calculations to ascertain the potential 
impact of isotope experiments. 

Document and record any introduc­
tions. 

• Incorporate metal free haul lines and 

sampling containers such as "go-flow" 

bottles into sampling protocols to min­
imize metal contamination of the lakes. 

• Seek development and use of an envi­

ronmentally friendly substitute for gly­
col for use in melting access holes 
(e.g., a biodegradable antifreeze). 
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• Minimize the amount of gray water 
waste by collecting the least volume of 
water and sediment needed for research 
purposes. 

4.3 Benthos 

Activities associated with research on 
the benthos of Dry Valley lakes include the 
following : (1) making access holes 
through ice covers, (2) sample collection 
from the ice surface, and (3) sample col­
lection by divers. Experiments are also 
deployed on the lake bottoms, usually by 
divers. 

In order to conduct research activities 
associated with the benthos, access holes 
with various sized openings must be made 
in the perennial ice. Potential impacts 
from these holes include: (1) changes in 
the optical properties of the ice affecting 

the quality and quantity of light reaching 
the water column and benthos, (2) burial of 
underlying benthos by ice cover sediment 
released during hole making, (3) warming 
of surface water during the hole melting 
process, ( 4) disruption of water column 
surface during hydrologic connection, and 
(5) atmospheric exchange during the peri­
od that the hole is kept open. 

Current benthic research activities 
involve a range of techniques including use 
of a variety of remotely-operated sediment 
coring devices and ROV s as well as direct 
collection of samples by SCUBA divers. 
Remotely-operated sediment coring 
devices include Ekman grab samplers and 

piston corers. These require a hole up to 
0.5 m diameter to be made through the ice. 
Impacts on the physical stmcture of the 
water column are likely to be small due to 

SCUBA diver collecting sediment cores from Lake Hoare in 
Taylor Valley. 



the low profile of the instruments. 

Localized physical disturbances by sam­
pling equipment, divers, and ROVs may 

disrupt, at least temporarily, the stable ben­

thlc bound;u-y layers. Disturbance of ben­

thic communities can affect fluxes of 

organic and inorganic nutrients from sedi­

ments to the water column. 

Coring often results in the disruption of 

benthic communities, extending to diame­

ters considerably larger than the sampler 

size as a result of sampling device impact 

and extraction from the sediments. In 
addition, contamination of water columns 

and the ice surface may also occur during 

retrieval of the core since most corers leak 

fine sediments. 

Research plots on the bottom of Lake, 
Hoare, Taylor Valley. 

4.3.l Prevention and Mitigation 
Recommendations 

• Apply the avoidance and mitigation pro­
tocols for environmental accidents 

(addressed in the ice and water column 

sections) to the protection of the benthos. 

Train individuals working on the lake 

ice to take steps to reduce the loss of 

equipment through ice holes. 
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• Thoroughly evaluate the environmental 

impact of any sediment sampling activ­

ity in the Dry Valley lakes prior to 

research project approval. 

4.4 Diving and Remotely-Operated 
Vehicles (ROV) 

Research diving and the use of ROV s 

potentially impact lake ice covers, water 
columns, and benthos and so warrant a sep­

arate discussion. Diving is performed in 

the Dry Valley lakes mostly in support of 

benthic research, but some water column 

research has also been performed this way. 

Certain research (e.g., sample collection 

and experimentation away from the access 

hole) would be extremely difficult without 

diving. Remotely-operated vehicles have 

the capability to stay submerged for 

extended time periods and can travel much 

greater distances than tethered divers . 

These vehicles have only been used in 

Lake Hoare during two field seasons 

(1986-87 and 1992-93). 

Both diving and ROV use require the 

creation of relatively large (~ 1.5 m diame­

ter) holes in the ice cover. The impacts of 

creating these holes should be similar to 

those for other water column and benthic 
sampling as previously mentioned, but on a 

slightly larger scale. Additional concerns 

associated with research diving include 

physical disruption of the water column by 

diver motion and rising bubble plumes, 

introduction of diver-exhaled gases to the 

ice cover and water column, physical dis­

ruption of the benthos, and biological 

cross-contamination between the lakes. 
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The use of ROV s has greater potential 

for disturbing the water column and the 

benthos than surface-deployed samplers or 

divers. These vehicles use mechanical 

propulsion systems which stir up the water 
column. Further, ROV s can be in the water 

for long periods of time, use umbilical 

cords which can disturb the benthos, and 

are difficult to control, thereby creating the 

probability of benthos destruction if oper­

ated near the bottom. 

The most thorough consideration to 

date of environmental in1pacts of research 

activities on Dry Valley lakes focused on 

the potential effects of diving (Kepner et al. 

1999). Within the constraints of this study, 

Preparations for SCUBA diving. 

no significant changes in the water column 

properties of Lake Fryxell were found as a 

result of diving activity. Restrictions on 

diving may limit, or even prevent, some 

types of investigations within the lakes. 

Based upon the study of Kepner et al. 

(1999), the restriction of SCUBA diving as 

a bona fide research tool in the lakes is in 

most cases not justified. Whereas diving in 

the Dry Valley lakes has been classified 

(Vincent 1996) as having a relatively mod­

erate to unacceptably . high level of envi­

ronmental in1pact, Kepner et al. (1999) 

proposed that diving is best classified, both 

spatially and temporally, as a low to mod­

erate impact activity. 

Deploying a remotely-operated 
vehicle (ROV). 



4.4.1 Prevention and Mitigation 

Recommendations 

Provide adequate training for research 
divers and support teams so that 
impacts to the lake environment are 
minimized. 

• Prior to conducting diving or ROV 
operations in a particular lake, consider 
previous diving history at the proposed 
research site, the proximity to other 
areas of interest, and the vulnerability 
of the water column and benthos to dis­
turbance. These considerations should 
also be applied to other sampling and 
measuring activities. 
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• Consider setting aside certain lakes that 
have not been subjected to diving, ROV 
activity, or extensive water column and 
benthic sampling as reference, undis­
turbed sites. 

• Assemble and maintain records of div­
ing and ROV activities, including tim­
ing, intensity, and duration. 

Utilize technological developments 
(e.g., rebreather apparatus, push-pull 
systems) that mitigate the environmen­
tal impacts of diving. 

SCUBA diving operation at Lake Hoare, Taylor Valley. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

The McMurdo Dry Valleys are a large­
ly pristine environment and have enormous 
scientific value for regional and global sci­
entific studies. The Dry Valley lakes repre­
sent a significant scientific resource in that 

they are among the few natural waters on 
Earth that are only minimally impacted by 
human activities. It is important that all 

people visiting and working in the 
McMurdo Dry Valleys recognize the extra­
ordinary value of these lakes. Human 
actions in the field should be in concert 
with the recognized value. Thus, it is 
incumbent upon the NSF to provide train­
ing so that all members of field parties and 
visitors recognize and minimize the poten­
tial environmental impact caused by 
research activities. 

It is recommended that all individuals 
(scientists, support personnel, visitors, and 
tourists) entering the Dry Valleys be 
required to take an orientation course 
emphasizing the uniqueness and the signif­
icance of the lakes and highlighting strate­
gies for reducing human impacts on them. 
At a minimum, this course should include: 
(1) a narrated video on the geological and 
environmental setting; (2) an overview of 
the physics, chemistry, and biology of the 
lakes; (3) an orientation lecture at 
McMurdo Station emphasizing environ­
mental awareness; and (4) review of the 
code of conduct providing guidelines for 
fieldwork on the lakes and for living and 
traveling in lake basins. 

Within this report are numerous recom­
mendations related to the prevention and 
mitigation of potentially adverse environ­
mental impacts to the Dry Valley lakes. 
The prevention of negative impacts to the 
lakes is obviously the preferred alternative. 
To this end, the recommendations concern­
ing helicopter traffic and operations, sur­
face travel, camping, and research activi­
ties specific to glaciers, stream, soils, and 
lakes should be adopted and implemented 

by the NSF. 

The workshop participants recognized 
that there are also a number of areas where 
additional scientific information is 
required to assess the impacts of human 
activity on the Dry Valley lakes. Further 
evaluation of the impacts of ice removal, 
water column and benthic sampling, and 
SCUBA diving would be useful. To assess 
the impact of a chemical spill at some dis­
tance from a lake, it is necessary to know 
whether there is shallow groundwater 
movement in the area. Systematic studies 
of groundwater in the Dry Valleys could 
prove valuable in determining the potential 
for pollutant transport to the lakes. 
Additional research is necessary to better 
understand the hydrological connections 
among the streams, moats and lakes, as 
well as the circulation patterns within the 
lakes. Development of a soil map indicat­
ing areas near streams and lakes that are 
es_eecially vulnerable to physical disrup­
tion (e.g., due to helicopter landings and 
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surface travel) is recommended. 
Quantitative studies documenting the input 
of pollutants from helicopters, vehicles, 
and generators to the Dry Valley environ­
ment would be useful in comparing 
human-induced change with the natural 

background levels. 

Current reporting of research activities 
in the Dry Valleys is inadequate. As indi­
cated several times in this report, it is 
strongly recommended that sampling loca­
tions be determined (using a GPS), that 
activity levels be measured, and that loca­
tions be adequately documented. This 

information should be recorded using a 
GIS and made available to those visiting 
and working in the region. Further, these 
records should be maintained into the 
future. The scientific activities in the 
McMurdo Dry Valleys-past, present, and 
planned for the future-should be made 
available on a website database similar to 
the one developed for the current 
MCM- LTER project with linkages to other 
relevant sites (e.g., Scientific Committee 
on Antarctic Research [SCAR] and British 
Antarctic Survey [BAS]). 

Helicopter transporting a sling load. 

Recommen­
dations 
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Recommen-
dations 

Another issue for present and future 
scientific activities in the Dry Valley lakes 
involves "incompatible science," or con­
flicting scientific activities of different dis­
ciplines. With the advent of the 
MCM-LTER program, many different 
activities are simultaneously occun-ing on 
and around the lakes. Although this inter­
disciplinary approach to the study of 
ecosystem dynamics is fundamental to 
understanding these systems, incompatible 
scientific activities are a potential problem. 
The review of proposals for research in the 
Dry Valleys should consider the impact of 
the proposed research (e.g., stream 
research) on other types of research (e.g., 
geological studies). 

Finally, serious consideration should 
be given to incorporating the recommenda­
tions of this report into a management plan 
for the Dry Valleys. The Environmental 
Protocols of the Antarctic Treaty, which 
came into force in 1998, are an important 
mandate to give international protection to 
the Dry Valleys and other regions in 
Antarctica. The Protocols offer an ideal 
forum to develop a long-term management 
strategy for the Dry Valleys incorporating 
this report 's recommendations. In particu-

lar, Article 4 of the Environmental Protocol 
describes Antarctic Specially Managed 
Areas (ASMA) as "any area, including any 
marine area, where activities are being 
conducted or in the future may be conduct­
ed, may be designated as an Antarctic 
Specially Managed Area to assist in the 
planning and coordination of activities, 
avoid possible conflicts, improve coopera­
tion between Parties or minimize environ­
mental impacts." 

Designation of the entire McMurdo 
Dry Valley region as an ASMA would 
require that a formal management plan be 
developed. An ASMA is the logical next 
step in the ongoing international discus­
sions concerning the impacts of human 
activities in the Dry Valleys. This and pre­
vious international workshop reports 
(Wharton 1992; Vincent 1996) provide 
much of the rationale and scientific basis 
for pursuing the establishment of a 
McMurdo Dry Valleys ASMA. It is rec­
ommended that NSF take the lead in devel­
oping an ASMA designation for the 
McMurdo Dry Valleys in cooperation with 
Antarctica New Zealand and other interest­
ed parties. 



Snowmobiles provide quick and convenient transport. Here, a researcher is driving 
a snowmobile on the frozen moat of Lake Fryxell in Taylor Valley. 

Conclusions 
41 and 

Recommen­
dations 



42 

6. REFERENCES 

Alger, A.S., Knight, D.M., Spaulding, S.A., Shupe, G.H., Welch, A., Edwards, R., 

Andrews, E.D., and House, H.R. 1997. Ecological processes in cold desert ecosys­

tem; the abundance and species distribution of algal mats in glacial meltwater streams 
in Taylor Valley, Antarctica. Occasional Paper - Colorado University, Institute of 

Arctic and Alpine Research 51: 108. 

Andersen, D.T., McKay, C.P., and Wharton, R.A. , Jr. 1998. Dissolved gases in perenni­
ally ice-covered lakes of the McMurdo Dry Valleys, Antarctica. Antarctic Science 

10(2): 124-133. 

Bockheim, J.G. 1997. Properties and classification of cold desert soils from Antarctica. 
Soil Science Society of America Journal 61(1): 224-231. 

Campbell, LB. and Claridge, G.G.C. 1987. Antarctica: soils, weathering processes and 

environment. Elsevier, Amsterdam, 368 pp. 

Campbell, LB. , Claridge, G.G.C., Campbell, D.I., and Balks, M.R. 1998. The soil envi­
ronments of the McMurdo Dry Valleys, Antarctica. In: J.C. Priscu (Editor), Ecosystem 

dynamics in a polar desert: the McMurdo Dry Valleys, Antarctica. Antarctic Research 

Series, Vol. 72, pp. 297-322. American Geophysical Union, Washington, D.C. 

Conovitz, P.A., McKnight, D.M., MacDonald, L.H., Fountain, A.G., and House, H.R. 
1998. Hydrologic processes influencing streamflow variation in Fryxell Basin, 

Antarctica. In: J.C. Priscu (Editor), Ecosystem dynamics in a polar desert: the 

McMurdo Dry Valleys, Antarctica. Antarctic Research Series, Vol. 72, pp. 93-108. 
American Geophysical Union, Washington, D.C. 

Doran, P.T. , Wharton, R.A., Jr., and Lyons, W.B. 1994. Paleolimnology of the McMurdo 

Dry Valleys, Antarctica. Journal of Paleolimnology 10(2): 85-114. 

Fountain, A.G., Dana, G.L., Lewis, K.J. , Vaughn, B.H., and McKnight, D. 1998. 
Glaciers of the McMurdo dry valleys, southern Victoria Land, Antarctica. In: J.C. 

Priscu (Editor), Ecosystem dynamics in a polar desert; the McMurdo Dry Valleys, 
Antarctica. Antarctic Research Series, Vol. 72, pp. 65-75. American Geophysical 

Union, Washington, D.C. 

Freckman, D.W. and Virginia, R.A. 1998. Soil biodiversity and community structure in 
the McMurdo Dry Valleys, Antarctica. In: J.C. Priscu (Editor), Ecosystem dynamics 

in a polar desert; the McMurdo Dry Valleys, Antarctica. Antarctic Research Se1ies, 
Vol. 72, pp. 323-335. American Geophysical Union, Washington, D.C. 



43 

Goldman, C.R., Mason, D.T. , and Hobbie, J.E. 1967. Two Antarctic desert lakes. 
Limnology and Oceanography 12: 295-310. 

Green, W.J. and Friedmann, E.I. (Editors) 1993. Physical and biogeochemical processes 
in Antarctic lakes. Antarctic Research Series, Vol. 59. American Geophysical Union, 
Washington, D.C., xi, 216 pp. 

Hawes, I. and Schwarz, A.-M. 1999. Photosynthesis in an extreme shade environment: 
benthic microbial mats from Lake Hoare, a permanently ice-covered Antarctic lake. 
Journal of Phycology 35: 448-459. 

Howard-Williams, C., Schwarz, A.-M., Hawes, I., and Priscu, J.C. 1998. Optical proper­
ties of the McMurdo Dry Valley lakes. In: J.C. Priscu (Editor), Ecosystem dynamics 

in a polar desert; the McMurdo Dry Valleys, Antarctica. Antarctic Research Series, 
Vol. 72, pp. 153-188. American Geophysical Union, Washington, D.C. 

James, T.S. and Ivins, E.R. 1998. Predictions of Antarctic crustal motions driven by pre­

sent-day ice sheet evolution and by isostatic memory of the Last Glacial Maximum. 
Journal of Geophysical Research-Solid Earth 103(B3): 4993-5017. 

Kepner, R., Kortyna, A., Wharton, R., Doran, P., Andersen, D., and E. Roberts. 1999. 
Effects of research diving on a stratified antarctic lake. Water Research, in press. 

Kepner, R.L., Wharton, R.A., and Suttle, C.A. 1998. Viruses in Antarctic lakes. 
Limnology and Oceanography 43(7): 1754-1761. 

Laybourn-Parry, J., James, M.R., McKnight, D., Priscu, J., Spaulding, S., and Shiel, R. 
1997. The microbial plankton of Lake Fryxell, southern Victoria Land, Antarctica. 
Polar Biology 17(1): 54-61. 

Lyons, W.B, Welch, K.A., Neumann, K. , Toxey, J.K. , McArthur, R., McKnight, D.M., and 

Moorhead, D. 1998. Geochemical linkages among glaciers, streams and lakes within 
the Taylor Valley, Antarctica. In: J.C. Priscu (Editor), Ecosystem dynamics in a polar 

desert: the McMurdo Dry Valleys, Antarctica. Antarctic Research Series, Vol. 72, pp. 

77-92. American Geophysical Union, Washington, D.C. 

McKay, C.P., Clow, G.D., Andersen, D.T., and Wharton, R.A. 1994. Light Transmission 
and Reflection in Perennially Ice-Covered Lake Hoare, Antarctica. Journal of 
Geophysical Research-Oceans 99(C10): 20427-20444. 

McKnight, D.M. and Andrews, E.D. 1993. Hydrologic and geochemical processes at the 

stream-lake interface in a permanently ice-covered lake in the McMurdo Dry Valleys, 
Antarctica. Verhandlungen - Internationale Vereinigung fuer Theoretische und 

References 



References 
44 

Angewandte Limnologie - Proceedings - International Association of Theoretical and 

Applied Limnology 25(2): 957-959. 

Miller, L.G. and Aiken, G.R. 1996. Effects of glacial meltwater inflows and moat freez­

ing on mixing in an ice-covered antarctic lake as interpreted from stable isotope and 
tritium distributions. Limnology and Oceanography 41(5): 966-976. 

Parker, B.C. (Editor) 1972. Conservation Problems in Antarctica. Virginia Polytechnic 

Institute and State University, Blacksburg, Virginia. 356 pp. 

Parker, B.C. and Holliman, M.C. (Editors) 1978. Environmental Impact in Antarctica. 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia. 390 pp. 

Parker, B.C., Seaburg, K.G. , Cathey, D.D., and Allnutt, F.T.C. 1982. Comparative ecolo­
gy of plankton communities in seven Antarctic oasis lakes. Journal of Plankton 
Research, 4: 271-286. 

Prentice, M.L., Kleman, J ., and Stroeven, A.P. 1998. The composite glacial erosional 
landscape of the northern McMurdo dry valleys; implications for Antarctic Tertiary 
glacial history. In: J.C. Priscu (Editor), Ecosystem dynamics in a polar desert; the 

McMurdo Dry Valleys, Antarctica. Antarctic Research Series, Vol. 72, pp. 1-38. 
American Geophysical Union, Washington, D.C. 

Priscu, J .C. 1995. Phytoplankton Nutrient Deficiency in Lakes of the McMurdo Dry 

Valleys, Antarctica. Freshwater Biology 34(2): 215-227. 

Priscu, J .C. (Editor) 1998. Ecosystem dynamics in a polar desert; the McMurdo Dry 

Valleys, Antarctica. Antarctic Research Series, Vol. 72. American Geophysical Union, 

Washington, D.C. 369 pp. 

Spaulding, S.A., McKnight, D.M., Smith, R.L., and Dufford, R. 1994. Phytoplankton 

Population-Dynamics in Perennially Ice-Covered Lake Fryxell, Antarctica. Journal of 

Plankton Research 16(5): 527-541. 

Squyres, S.W., Andersen, D.W., Nedell, S.S., and R.A. Wharton, Jr. 1991. Lake Hoare, 
Antarctica: Sedimentation through thick perennial ice cover. Sedimentology 38: 363-

379. 

Tyler, S.W., Cook, P.G. , Butt, A.Z., Thomas, J.M., Doran, P.T., and Lyons, W.B. 1998. 

Evidence of deep circulation in two perennially ice-covered Antarctic lakes. 
Limnology and Oceanography 43(4): 625-635. 

Vincent, W.F. 1981. Production strategies in Antarctic inland waters: Phytoplankton 

ecophysiology in a permanently ice-covered lake. Ecology 62(5): 1215-1224. 



Vincent, W.F. 1988. Microbial ecosystems of Antarctica. Cambridge University Press, 

291 pp. 

Vincent, W.F. and Howard-Williams, C. 1989. Microbial Communities in Southern 
Victoria Land Streams (Antarctica). 2. The Effects of Low-Temperature. 

Hydrobiologia 172: 39-49. 

Vincent, W.F. (Editor) 1996. Environmental Management of a Cold Desert Ecosystem: 
the McMurdo Dry Valleys. Desert Research Institute, Special Publication, 57 pp. 

Vincent, W.F., Rae, R. , Laurion, I., Howard-Williams, C., and Priscu, J.C. 1998. 

Transparency of Antarctic ice-covered lakes to solar UV radiation. Lirnnology and 
Oceanography 43(4): 618-624. 

45 

Wharton, R.A., Jr., Parker, B.C., and Simmons, G.M., Jr. 1983. Distribution, species 
composition and morphology of algal mats in Antarctic dry valley lakes. Phycologia 
22(4): 355. 

Wharton, R.A., Jr., McKay, C.P., Parker, B.C., and Simmons, G.M., Jr. 1986. Oxygen 
budget of a perennially ice-covered Antarctic dry valley lake. Lirnnology and 
Oceanography 31: 437-443. 

Wharton, R.A., Jr., McKay, C.P., Mancinelli, R.L. , and Simmons, G.M., Jr. 1987. 

Perennial N2 supersaturation in an Antarctic lake. Nature 325: 343-345. 

Wharton, R.A. (Editor) 1992. The McMurdo Dry Valleys: A cold desert ecosystem. 

Desert Research Institute, Special Publication, 51 pp. 

Wharton, R.A., McKay, C.P., Clow, G.D., and Andersen, D.T. 1993. Perennial ice covers 
and their influence on Antarctic lake ecosystems. In: W. Green and E.I. Friedmann 

(Editors), Physical and Biogeochemical Processes in Antarctic Lakes. Antarctic 
Research Series, American Geophysical Union, Washington, D.C., pp. 53-70. 

References 



46 

Appendix 1 
WORKSHOP PARTICIPANTS 

Edward E. Adams, Civil Engineering, Montana State University, 205 Cobleigh Hall, 
Bozeman, MT 59717, USA. Phone: (406) 994-6122, Fax: (406) 994-6105. 

E-mail: eda@ce.montana.edu 

Carl J. Bowser, Geology and Geophysics, University of Wisconsin, 1215 W. Dayton St. , 
Madison, WI 53706, USA. Phone: (608) 262-8955, Fax: (608) 262-0693. 

E-mail: bowser@geology.wisc.edu 

Susan Brantley, Geosciences, Pennsylvania State University, 239 Deike Bldg., 

University Park, PA 16802, USA. Phone: (814) 863-1739, Fax: (814) 863-1395. 
E-mail: brantley@geosc.psu.edu 

Melody B. Burkins, Environmental Studies, Dartmouth College, 6182 Steel Hall, 

Hanover, NH 03755, USA. Phone: (603) 646-1612, Fax: (603) 646-1682. 
E-mail: melody.burkins@dartmouth.edu 

R. Richard Costello, Desert Research Institute, 1729 Glenview Dr., Las Vegas, NV 

89134, USA. Phone: (702) 876-2258, Fax: (702) 876-8806. 
E-mail: costello@dri.edu 

Gayle L. Dana, Division of Hydrologic Sciences, Desert Research Institute, 2215 Raggio 

Pkwy., Reno, NV 89512, USA. Phone: (775) 674-7538, Fax: (775) 673-7485. 
E-mail: gdana@dri.edu 

Peter Doran, Earth and Environmental Sciences (MC 186), University of Illinois at 

Chicago, 845 W. Taylor, Room 2460, Chicago, IL 60607, USA. 
Phone: (312) 413-7275, Fax: (312) 413-2279. 
E-mail: pdoran@uic.edu 

Cynan Ellis-Evans, Terrestrial and Freshwater Life Sciences Division, British Antarctic 
Survey, High Cross Site, Madingley Road, Cambridge, CB3 OET, United Kingdom. 
Phone: 0044-1223-221555,Fax: 0044-1223-362616. 

E-mail: jcel@pcmail.nerc-bas.ac.uk 



Christian H. Fritsen, Division of Earth and Ecosystem Sciences, Desert Research 
Institute, 2215 Raggio Pkwy., Reno, NV 89512, USA. 

Phone: (775) 673-7487, Fax: (775) 673-7485. 

E-mail: cfritsen@dri.edu 

Charles Goldman, Division of Environmental Studies, University of California, Davis, 
3104D Wickson Hall, Davis, CA 95616, USA. 

Phone: (530) 752-1557, Fax: (530) 752-3350. 
E-mail: crgoldman@ucdavis.edu 

William Green, School of Interdisciplinary Studies, Miami University (Ohio), Oxford, 
OH 45056, USA. Phone: (513) 523-3401. 
E-mail: greenwj@muohio.edu 

47 

Brenda L. Hall, Institute for Quaternary Studies and Department of Geological Sciences, 
University of Maine, 5790 Bryand Global Science Center, Orono, ME 04469-5790, USA. 
Phone: (207) 581-2191 , Fax: (207) 581-1203. 

E-mail: brendah@maine.edu 

Ian Hawes, National Institute for Water and Atmospheric Research (Ltd.), 10 Kyle St. , 
Christchurch, New Zealand. Phone: +64 3 348 8987, Fax: +64 3 348 5548. 

E-mail: i.hawes@niwa.cri.nz 

Clive Howard-Williams, National Institute for Water and Atmospheric Research (Ltd.), 

10 Kyle St., Christchurch, New Zealand. Phone: +64 3 348 8987, Fax: +64 3 348 5548. 
E-mail: c.howard-williams@niwa.cri.nz 

Raymond Kepner, School of Science, Marist College, 101 Donnelly Hall, 290 North 
Road, Poughkeepsie, NY 12601-1387, USA. Phone: (914) 575-3000 (ext. 2285), 

Fax: (914) 575-3180. 
E-mail: ray.kepner@marist.edu 

Andrew Kortyna, Physics, Bates College, 44 Campus Ave., Lewiston, ME 04282, USA. 

Phone: (207) 786-6324. 
E-mail: akortyna@abacus.bates.edu 

Steven T. Kottmeier, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, 
Englewood, CO 80112, USA. Phone: (303) 643-0108, Fax: (303) 790-9130. 
E-mail: kottmest.asa@asa.org 

Workshop 
Participants 



Workshop 
Participants 48 

Johanna Laybourn-Parry, Division Environmental Science, School of Biological 
Sciences, University of Nottingham, Sutton Bonington, Loughborough, Leics. LE12 5RD, 

United Kingdom. Phone:+ 44 115 951 6262, Fax: +44 115 951 6261. 
E-mail: j.laybourn-parry@nottingham.ac. uk 

W. Berry Lyons, Geology, University of Alabama, Tuscaloosa, AL 35487-0338, USA. 

Phone: (205) 348-0583, Fax: (205) 348-0818. 
E-mail: blyons@ualvm.ua.edu 

David R. Marchant, Earth Sciences, Boston University, 685 Commonwealth Ave., 

Boston, MA 02215, USA. Phone: (617) 353-3236, Fax: (617) 353-3290. 
E-mail: marchant@bu.edu 

Roberta L. Marinelli, Antarctic Biology and Medicine, National Science Foundation, 

Office of Polar Programs, 4201 Wilson Blvd., Arlington, VA 22230, USA. 
Phone: (703) 306-1033, Fax: (703) 306-0139. 

E-mail: rmarinel@nsf.gov 

Diane M. McKnight, Civil, Environmental, and Architectural Engineering, Institute of 
Arctic and Alpine Research, 1560 30th St., Boulder, CO 80309, USA. 
Phone: (303) 492-4687, Fax: (303) 492-6388. 

E-mail: diane.mcknight@colorado.edu 

Heidi M. Nepf, Civil and Environmental Engineering, Massachusetts Institute of 
Technology, 48-425 MIT, Camb1idge, MA 02139, USA. Phone: (617) 253-8622, 

Fax: (617) 258-7009. 
E-mail: hmnepf@rnit.edu 

Andy Parsons, Natural Resource Ecology Laboratory (NREL), Colorado State 
University, Fort Collins, CO 80523-1499, USA. Phone: (970) 491-1098, 
Fax: (970) 491-1965. 

E-mail: andy@nrel.colostate.edu 

Wayne H. Pollard, Department of Geography, McGill University, 805 Sherbrooke St. W., 
Montreal, QC H3A 2K6, Canada. Phone: (514) 398-4454, Fax: (514) 398-7437. 

E-mail: pollard@felix.geog.mcgill.ca 

John Priscu, Biological Sciences, Montana State University, 310 Lewis Hall, Bozeman, 

MT 59714, USA. Phone: (406) 994-2360 or 3250, Fax: (406) 994-5863. 

E-mail: ubijp@terra.oscs.montana.edu 



Robert H. Spigel, Civil Engineering, University of Canterbury, Private Bag 4800, 
Christchurch, New Zealand. Phone: ++64 3 3642 234, Fax: ++64 3 3642 758. 
E-mail: spigel@cad.canterbury.ac.nz 

Amy M. Treonis, Natural Resource Ecology Lab, Colorado State University, Fort 
Collins, CO 80521, USA. Phone: (970) 491-5262, Fax: (970) 491-1965. 
E-mail: amy@nrel.colostate.edu 

Sergey Verkulich, Polar Geography, Russian Arctic and Antarctic Research Institute, 
Bering St., 38, St. Petersburg, 199397, Russia. Phone: (812) 352-2246, 
Fax: (812) 352-2930. 

E-mail: aaricoop@aari.nw.ru 

49 

Warwick F. Vincent, Biologie, Universite Laval, Ste-Foy, QC G lK 7P4, Canada. Phone: 
(418) 656-5644, Fax: (418) 656-2043. 

E-mail: warwick. vincent@bio.ulaval.ca 

Mary A. Voytek, WRD, U.S. Geological Survey, MS 430, 12202 Sunrise Valley Dr., 

Reston, VA 20192, USA. Phone: (703) 648-6894, Fax: (703) 648-5484. 
E-mail: mavoytek@usgs.gov 

Amy K. Ward, Biological Sciences, University of Alabama, PO Box 870206, A122 

Bevill, Hackberry Lane, Tuscaloosa, AL 35487, USA. Phone: (205) 348-1796, 

Fax: (205) 348-1403. 
E-mail: award@biology.as.ua.edu 

Kathy A. Welch, Geology, University of Alabama, 202 Bevill Building, Tuscaloosa, AL 

35487-0338, USA. Phone: (205) 348-6427, Fax: (205) 348-0818. 
E-mail: kwelch@wgs.geo.ua.edu 

Robert A. Wharton, Jr., Division of Earth and Ecosystem Sciences, Desert Research 

Institute, 2215 Raggio Pkwy., Reno, NV 89512, USA. Phone: (775) 673-7469, 
Fax: (775) 673-7485. 

E-mail: wharton@dri.edu 

Craig F. Wolf, Biology, Montana State University, 310 Lewis Hall, Bozeman, MT 59717, 
USA. Phone: (406) 994-2360, Fax: (406) 994-5863. 

E-mail: cwolf@montana.edu 

Workshop 
Participants 



50 

Appendix 2 
E NVIRONMENTAL CODE OF CONDUCT FOR 

FIELD WORK IN THE MCMURDO DRY 

VALLEYS 

Why are the Dry Valleys considered so important by the scientific community? The Dry 

Valleys ecosystem contains geological and biological f eatures that date back thousands to 

millions of years. Many of these ancient f eatures could be easily and irreversibly dam­

aged by inadvertent human actions. Unusual communities of microscopic lifeforms, low 

biodiversity, simple f ood webs with limited trophic competition, severe temperature stress, 

aridity, and nutrient limitations are other characteristics which make the Dry Valleys 

unique. Research in such systems must always aim to minimize impacts on land, water, 

and ice to protect them for future generations. This code suggests how you can help to 

ensure this. 

General: 

This ancient desert landscape and its biological communities have very little natural abili­
ty to recover from disturbance. In your visit to the valleys, strive for "zero impact." 

Everything taken into the valleys must be taken out. This also means avoiding the use or 
dispersal of foreign materials that are difficult to collect and remove; e.g., do not use spray 
paint to mark rocks; where possible, perform all cutting, sawing, and unpacking inside a hut 
or tent. 

Field camps: 

- arrival and setting up 

• Campsites should be located as far away as practicable from lakeshores and 
streambeds to avoid contamination. 

• Campsites should be re-used if at all possible (a management plan will eventually 
specify allowable sites). 

• Ensure that equipment and stores are properly secured at all times to avoid dispersion 

by high winds. High velocity katabatic winds can arrive suddenly and with little 

warnmg. 
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Conduct for 
Field Work 
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• Tents pitched on ice should be secured by looping guys through holes in the ice, with- McMurdo 
Dry Valleys out the use of ice screws or deadmen. If the use of ice screws is unavoidable they 

should be retightened every two days during summer as they melt out very rapidly. 

• Maximize the use of fixed helicopter pads so that the site can be cleaned up when the 

camp is removed. 

• Use markers clearly visible from the air to mark helicopter pads. Avoid building 
cairns. 

- water, fuel and chemicals 

• Water used for any hun1an purpose should be removed and not poured on the soil or 
into a lake or stream. 

• Use solar or wind power as much as possible to minimize fuel usage. 

• Only refuel generators and vehicles over trays with absorbent spill pads. 

• Only use fuel cans with spouts when refueling generators. 

• Never change vehicle oil except over a drip tray. 

• Chemicals of all kinds should be dispensed over drip trays. 

Sampling and experimental sites: 

• Do not collect specimens of any kind except for scientific and educational purposes; 

in SSSis or SPAs the sample size will be specified in your collecting permit. 

• Avoid leaving markers (e.g., flags) and other equipment for more than one season 
without marking them clearly with your event number and duration of deployment. 

• Ensure that you record the position and usage for all sites in your field report for 

transfer to the management GIS. 

• Backfill soil pits to prevent wind erosion and dispersal of deeper sediments; record 
the GPS coordinates so that others can exactly locate the disturbed area. 

• When permitted to use radio-isotopes, precisely follow all instructions provided by 

the environmental officer. 

Take steps to prevent the accidental release of chemicals such as antibiotics, laborato­
ry reagents, and stable isotopes. 

Travel: 

• Restrict vehicle usage to snow and ice surfaces. 
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D1y Valleys 
• Only use vehicles on lake ice when essential; park the vehicle on permanent ice rather 

than moat ice during the period of summer melt. 

• Stay on established trails wherever possible. 

• Ensure that you remove all feces and urine. 

• Avoid trampling on vegetated areas and delicate rock formations. 

Lakes: 

• Scrupulously clean all sampling equipment to avoid cross-contamination between 
lakes. 

Pouring any unwanted water or sediment onto the ice surface contaminates it; it 

should be collected and shipped out. 

• Never use explosives on a lake. 

• When handling chemicals on a lake, ensure you have materials with you to catch and 

absorb spills. 

• Once you have drilled a sampling hole, keep it clean and make sure all your sampling 
equipment is securely tethered. 

Try to ensure that you leave nothing frozen into the lake ice which may ablate out and 

cause later contamination. 

• Avoid swimming or diving in the lakes if at all possible. These activities could conta­
minate the water body and physically disturb the water column, delicate microbial 

communities, and sediments. 

Streams: 

• Do not camp in dry stream beds; you may leave contaminants behind that pollute the 
stream when flow begins. 

• Avoid walking in the streambed at any time; you may disturb the stream biota which 
maintain a large freeze-dried inoculum over winter and which represents .several 

decades of slow growth. 

• Avoid walking too close to stream sides as this may affect bank stability and flow pat­
terns. 

• Use designated crossing points whenever possible. 

Valley floor and sides: 

• Do not displace or collect ventifacts or fossils except for scientific or educational purposes. 
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• Avoid disturbing mummified seals or penguins, apart from the importance of leaving 
them in place; they may contain skin pathogens. 

• Avoid sliding down screes or sand dunes; these features have taken many thousands 

of years to fom1 and may also contain surface deposits of major scientific importance. 

• Soil sampling sites should be mapped and their exact locations measured and record­
ed. 

• Soils should be sampled with clean equipment to avoid contamination. 

High desert: 

• Some of the rock formations are especially fragile to trampling - beware of causing 

damage, especially when the rocks are concealed by snow. Some of the biological 

communities in the rocks (most commonly in Beacon Sandstone) have taken several 
thousand years to develop. 

• Collect only the minimum sample of endolithic community required for scientific 

analysis. 

• Record the location of all sampling activities for transfer to the management GIS. 

Glaciers: 

Minimize the use and extent of stake networks to the extent practicable; where possi­

ble, label these with event number and duration of deployment. Record their exact 
position so that they can be later found and removed. 

• Minimize the use of liquid water (e.g., with hot water drills) which could contaminate 

the isotopic and chemical record within the glacier ice. Avoid the use of 
chemical-based fluids on the ice. 

• Take care not to leave travel equipment behind; e.g., ice screws, pitons. 

McMurdo 
Dry Valleys 
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