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EXECUTIVE SUMMARY  

 

The highest object that human beings can set before themselves is not the 
pursuit of any such chimera as the annihilation of the unknown; it is sim-
ply the unwearied endeavor to remove its boundaries a little further from 
our little sphere of action. 

HUXLEY 

 
The McMurdo Sound region of Ant-

arctica has provided a fertile environment 
for science since the time of Robert F. 
Scott’s exploration in the early 1900’s. 
Research in the area began in earnest with 
the advent of the International Geophysi-
cal Year (IGY) in the late 1950’s. Most of 
the studies conducted as part of the IGY 
program were exploratory, describing the 
physical, chemical and biological aspects 
of the area. Research initiated during the 
IGY provided the seminal knowledge that 
spawned more quantitative studies over 
the past 40 years.  From a biological per-
spective, it is now clear that Antarctica 
poses one of the most extreme environ-
ments on Earth in terms of temperature 
and darkness.  It is a natural laboratory in 
which unique adaptations can be eluci-
dated and their origin and evolution 
understood. We now know that most or-
ganisms are not just “surviving the 
extremes” but are actively feeding, grow-
ing and reproducing.  Thus, it becomes an 
ecosystem in which we can identify and 
begin to understand evolutionary proc-
esses in the context of one of the most 
extreme environments on our planet.  

We also know that winter processes 
play a major role in polar stratospheric 
ozone depletion and the geophysical prop-
erties of both pack and fast ice. Study of 
Antarctic ecosystems, as end-members of 
globally important systems, are crucial 
subjects in the study of global change 

given the polar focusing that occurs at 
high latitudes. In addition to science, edu-
cation and outreach programs have 
become an integral component of the 
United States effort in Antarctica, particu-
larly the McMurdo area. These 
educational programs focus on the culture, 
natural history, and the unique science of 
the region. 

The current effort in the McMurdo 
area can be described as bimodal. Typi-
cally, most of the research, education and 
outreach in the McMurdo area occurs be-
tween late August and February when 
access to the area via fixed-wing aircraft 
and vessel is most easily accomplished. 
This period encompasses what has become 
known as “WINFLY” (late August to 
early October) and “MAINBODY” (early 
October through late February). Science 
support for field operations usually ends 
with the last fixed-wing flight to New Zea-
land in early March. Access to McMurdo 
Station from March through late August is 
non-existent, except for emergency search 
and rescue efforts. Activity at McMurdo 
Station during the period of inaccessibility 
has traditionally been relegated to station 
maintenance and upgrade with minimal 
scientific research.  

Although research during the present 
“bimodal” science and logistics paradigm 
has yielded a quantum increase in our un-
derstanding of physical, chemical and 
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biological dynamics in the McMurdo re-
gion, it has become apparent many 
compelling scientific questions remain that 
can only be addressed with year-round in-
formation. The data needed to address 
these opportunities cannot be deduced 
from studies in other habitats and ecosys-
tems, or from the present knowledge about 
the summer season. Expanding the re-
search scope beyond the current bimodal 
paradigm will yield new scientific discov-
eries and expand the educational 
possibilities currently present in the 
McMurdo area. 

A workshop entitled “Year-Round Ac-
cess to the McMurdo Region: 
Opportunities for Science and Education” 
was held from 7 to 9 September 1999 at 
the National Science Foundation’s (NSF) 
headquarters in Arlington, Virginia to ad-
dress the myriad issues surrounding a new 
paradigm for research in the McMurdo 
area. The workshop, sponsored by NSF, 
included 29 scientists from five countries, 
key members of NSF’s Office of Polar 
Programs, a representative from the Na-
tional Aeronautics and Space 
Administration (NASA) Exobiology Pro-
gram, and representatives from the 
Antarctic contractor support group (Ant-
arctic Support Associates) and Petroleum 
Helicopters Incorporated. The scientists 
represented a range of disciplines includ-
ing ecology, limnology, geochemistry, 
microbiology, physiology, biochemistry, 
molecular biology, atmospheric sciences, 
biological, physical and chemical ocean-
ography (both water column and sea ice), 
and education.   

Following plenary presentations by 
members of NSF, NASA and selected sci-
entists representing diverse fields, 
workshop participants broke up into three 
working groups, each tasked with address-
ing the following seven objectives.  

1. Identify scientific questions that can be 
addressed only by winter research. 

2. Identify alternatives to winter deploy-
ment. 

3. Define the additional logistic and sci-
entific support that will accompany a 
winter program. 

4. Describe the educational possibilities 
that higher-level winter deployment 
would offer, particularly in relation to 
the role of the Crary laboratory. 

5. Describe any environmental impacts 
that an elevated winter effort may 
cause. 

6. Define the safety issues surrounding 
winter research in the McMurdo re-
gion as far away as the dry valleys. 

7. Recommend strategies for funding ex-
tended season projects. 

These objectives were to be addressed 
within the context of the following work-
ing definition: 

Winter research is defined here as re-
search supported by transportation 
between New Zealand and McMurdo Sta-
tion from April through August, plus 
additional ground support to conduct re-
search as far away from McMurdo Station 
as the dry valleys. This definition is pro-
vided to distinguish the focus of this 
workshop from the more traditional 
"overwinter" work that presently occurs. 

The workshop participants discussed 
numerous scientific issues that can only be 
addressed through an extended research 
season. These issues included biological 
topics such as population dynamics of 
seals, penguins, benthic communities, sea 
ice microbes, and lake and marine plank-
ton. Abiotic topics focused on 
physical/chemical oceanography, sea ice 
dynamics, and ozone chemistry. It was 
also made clear that the biological, chemi-
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cal and physical studies must be integrated 
since biological processes are inextricably 
linked to physical and chemical forces. 
Although remote sensing and automated 
instrument deployment can address many 
of the scientific questions, experimental 
research associated with most of the bio-
logical needs could not be fulfilled by 
automation. Minimal effort would be re-
quired to support education and outreach, 
and artist and writers programs in concert 
with scientific initiatives. No obdurate im-
pediments to extending operations in the 
McMurdo area through winter could be 
identified with respect to logistics, safety, 
and environmental impacts.  

There was a general consensus that the 
Crary Laboratory is a world-class facility 
that is underutilized from late February to 
early August. Using the laboratory for sci-
ence and educational opportunities 
throughout the year will maximize NSF’s 
investment not only in this facility, but 
also in the Antarctic program. Every effort 
should be made to maximize international 
cooperation to optimize resources, and to 
incorporate global perspectives into the 
research to be conducted. 

The workshop participants proposed a 
two season “phased approach” for attain-
ing year-round access and conducting 
research in the McMurdo area. Temporal 
phasing would allow resources (both sci-
ence funding and logistical costs) and 
infrastructure to be developed in a logical 
step-wise fashion. The proposed frame-
work incorporates three time periods into 
the presently inaccessible period that ex-
ists from April through August: 
“FALLFLY”, “WINTER A” and 
“WINTER B”. FALLFLY would include 
helicopter and fixed-wing aircraft support 
from the end of “MAINBODY” operations 
until near the end of civil twilight (late 
April). FALLFLY would be followed by 
two inaccessible (i.e., no fixed-wing or 

vessel transportation to or from McMurdo 
Station) winter periods (WINTER A and 
WINTER B) separated by mid-June ice-
breaker support. The icebreaker would 
provide a platform for winter research ad-
dressing marine questions and allow an 
exchange of personnel at McMurdo Sta-
tion. Traditional WINFLY operations 
would commence in late August. This re-
vised operations plan will allow scientists 
to conduct research throughout the current 
period of inaccessibility without “overwin-
tering”.   

The following schedule was proposed. 
After this two-year phase-in period, sci-
ence and logistics should be reassessed to 
determine the future of research made pos-
sible by these year-round access 
opportunities.  

YEAR: 2001-2002 

• FALLFLY:  Helicopter support from 
March to until late April (near the end 
of civil twilight). Deploy and redeploy 
personnel via fixed-wing aircraft at the 
end of civil twilight.  

• WINTER A:  Support not requested. 

• WINTER B:  Support not requested. 

• WINFLY:  Normal Operations. Addi-
tional support not requested. 

• MAINBODY:  Normal Operations. 
Additional support not requested (pre-
pare for following year). 

YEAR: 2002-2003 

• FALLFLY:  Helicopter support from 
March to until late April (near the end 
of civil twilight).  

• WINTER A:  Operations using ground 
support to surrounding areas, including 
the dry valleys.  

• ICEBREAKER SUPPORT:  Mid-
June, to exchange personnel and mate-
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rials. A vessel based research program 
should be established to study topics 
such as the population dynamics of 
seals and penguins, and water column 
and sea-ice processes. 

• WINTER B:  Operations using ground 
support to surrounding areas, including 
the dry valleys.  

• WINFLY:  Operations as usual. Heli-
copter flights during this period to 

support research as far away as the dry 
valleys. 

• MAINBODY:  Operations as usual.   

The impacts on science and operations 
should be assessed following the first ex-
tended season to refine requirements for 
ensuing winter operations. 
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PREFACE 
 

This report is derived from a work-
shop sponsored by NSF and held at 
NSF’s headquarters in Arlington, Vir-
ginia. The purpose of the workshop was 
to bring together members of the scien-
tific, logistic, and funding components 
of the Antarctic community to discuss 
the need and potential to extend the time 
frame of the research season in the 
McMurdo area and include year-round 
access to McMurdo Station. The discus-
sions focused on important science that 
could be done by extending the research 
season, outlining the major unmet oppor-
tunities that cannot be addressed by the 
current McMurdo area operating para-
digm. Possible logistical scenarios were 
presented and their feasibility in terms of 
safety and costs were detailed. 

 The workshop participants repre-
sented diverse disciplines, experiences, 
and nationalities, ranging from those 
who work in Antarctica to those who 
work in ecosystems with similar charac-
teristics. The organizing committee for 
the workshop consisted of Sam Bowser, 
(Wadsworth Center, New York State 
Department of Health, USA), Clive 
Howard-Williams (National Institute for 
Water and Atmospheric Resources, New 
Zealand), John Priscu (Chair; Montana 
State University, USA), Donald Siniff 
(University of Minnesota, USA), and 
Warwick Vincent (Laval University, 
Canada).  

 Following a series of keynote 
presentations, participants of the 
workshop were divided into three 
groups, each consisting of members with 
diverse backgrounds. The groups 
addressed the same specific set of 
themes. Following individual working 

individual working group discussions, group 
leaders and reporters presented highlights to 
all workshop participants for further discus-
sion and synthesis. Discussion groups were 
led by Sam Bowser, Deneb Karentz, and 
Martin Jeffries; Clive Howard-Williams, 
Warwick Vincent and Johanna Laybourn-
Parry served as reporters for the respective 
groups. This document, which is a synthesis 
of the group reports, is intended to describe 
the unmet opportunities that can be ad-
dressed by year-round access to the 
McMurdo area. The document should also 
serve as a planning tool for scientists, opera-
tions personnel, program managers, and 
administrators concerned with research in 
the McMurdo region. 

 The workshop was made possible by a 
grant from the NSF Office of Polar Pro-
grams (OPP-9815998). I am grateful to the 
organizing committee and to those who pro-
vided encouragement and assistance with 
the workshop. In particular I thank Roberta 
Marinelli, Polly Penhale and Karl Erb for 
their encouragement. Craig Wolf, Steve 
Kottmeier and Marian Moyher assisted with 
workshop planning. Craig Wolf also pro-
duced the final “printer ready” copy of the 
report. Mahlon C. Kennicutt II kindly pre-
sented the ideas originating in this workshop 
to members of the Scientific Committee on 
Antarctic Research (SCAR) and the United 
States Polar Research Board (PRB). Finally, 
I wish to thank all of the participants (Ap-
pendix 12.1) and speakers for their input and 
ebullience throughout the workshop. Their 
many ideas fill the pages of this report. 

 
John C. Priscu, Chair 
Bozeman, Montana 
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1.   INTRODUCTION 
 

To me, and to every one who has remained here, the result of this effort is 
the appeal it makes to our imagination, as one of the most gallant stories 
in Polar History. That men should wander forth in the depth of a Polar 
night to face the most dismal cold and the fiercest gales in darkness is 
something new; that they should have persisted in this effort in spite of 
every adversity for five full weeks is heroic. It makes a tale for our genera-
tion, which I hope may not be lost in the telling. 

SCOTT’S DIARY AT CAPE EVANS IN REFERENCE TO THE WINTER 
JOURNEY TO STUDY THE EMPEROR PENGUIN COLONY AT CAPE 

CROZIER 

 
 Antarctica in winter is one of the most 
extreme low temperature, aphotic, biotic 
environments on earth. The ecosystems in 
the McMurdo region are end-member sys-
tems of significant global importance. 
They represent a natural laboratory in 
which unique adaptations can be eluci-
dated and their origin and evolution 
understood, because most organisms are 
not just “surviving the extremes” but are 
actively feeding, growing and reproduc-
ing. Study of Antarctic ecosystems in 
winter will yield new information that can 
be used to identify and begin to understand 
physiological and evolutionary processes 
under extreme conditions.  

Most scientific activities in the 
McMurdo Sound region are currently lim-
ited to the sunlit period of late August to 
late February. This is not a significant im-
pediment for some studies, but for others 
the lack of access and physical presence 
means that data sets are incomplete. All 
liquid water systems (e.g., in and beneath 
sea ice, lakes and brine ponds of the 
McMurdo Dry Valleys, subglacial lakes) 
in Antarctica support life. The behavioral 
and biogeochemical processes associated 
with this life occur year-round; these proc-
esses do not cease during winter darkness 
(Priscu 1999). Consequently, knowledge 

and understanding of the seasonal variabil-
ity of physical and biological processes 
and interactions in these systems is se-
verely limited by a lack of winter data 
collection, direct observation, and experi-
mentation. Previous experience has shown 
that extending the traditional research sea-
son even several weeks can yield new 
scientific insights into natural systems. For 
example, by extending the early compo-
nent of the research season in 1991 and 
1995 to include August and September, 
research conducted on the dry valley lakes 
allowed the first assessment of the initia-
tion of phytoplankton growth (e.g., Neale 
and Priscu 1995, Lizotte et al. 1996) and 
the first realization that the permanent ice 
cover provided an oasis for microbial life 
(Priscu et al. 1998). These findings and 
gaps in knowledge regarding the Antarctic 
demonstrate the need for increased access 
to Antarctica for research. To this end, 
McMurdo Station should remain open for 
research, and aircraft and boat resources 
should be available between the end of 
“MAINBODY” through “WINFLY”. In-
formation obtained during an extended 
season will produce a cascade of new sci-
ence opportunities and allow a more 
complete understanding of polar processes 
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over a time scale dictated by annual mete-
orological cycles. 

Annual datasets are necessary for the 
following reasons: 

• Meteorological conditions control bio-
geochemical rates and fluxes. 

• Without coverage of the annual cycle, 
physical, chemical and biological bal-
ances cannot be constructed for 
temporal comparisons with other 
global systems. 

• Overwintering strategies of animals 
and microorganisms are crucial for un-
derstanding the persistence and 
evolution of organisms in these cli-
mates. Their life history strategies 
cannot be deduced from studies in 
other habitats and ecosystems or from 
the summer season only.   

• Processes that occur during winter (at 
any latitude) are inextricably linked to 
summer processes and visa-versa. 
NSF’s Long Term Ecological Re-
search (LTER) initiative realized the 
significance of obtaining data on an-
nual scales and stressed the importance 
of annual material balances for cross-
site comparisons and for assessing 
long-term data trends. 

• Annual datasets allow an assessment 
of immediate ecosystem response to 
global change and provide information 
to understand how biodiversity/ bio-
complexity are related to climate 
changes. 

To address the important issues con-
cerning the constraints placed upon 
science under the present operating regime 
in the McMurdo area, NSF’s Office of Po-
lar Programs sponsored an international 
workshop in September 1999 at their 
headquarters in Arlington, Virginia. The 
workshop participants strongly recom-

mend that steps be taken as soon as 
possible to initiate the transition from 
“daylight only” to year-round access for 
McMurdo Station and vicinity. In addition 
to a myriad of new scientific and educa-
tional opportunities within the direct 
vicinity of McMurdo Station, year-round 
access will lengthen the science season at 
South Pole and provide additional time for 
logistic support of South Pole station. 
Longer access will also allow greater 
flexibility for senior scientists (many of 
whom have teaching commitments during 
the austral summer) to participate directly 
in field research and will encourage new 
participants to enter the field of polar re-
search. The increased number of scientists 
should produce new insights on Antarctic 
ecosystems through enhanced scientific 
interaction and synergy of ideas. 

To facilitate discussion and to distin-
guish the focus of this workshop from the 
more traditional "overwinter" work that 
presently occurs in the McMurdo area, 
workshop participants developed the fol-
lowing working definition for winter 
research: 

Winter research is defined here as re-
search supported by transportation 
between New Zealand and McMurdo Sta-
tion from March through August, plus 
additional ground support to conduct re-
search as far away from McMurdo Station 
as the dry valleys. This definition is pro-
vided to distinguish the focus of this 
workshop from the more traditional 
"overwinter" work that presently occurs. 

Workshop discussion was further fa-
cilitated by dividing participants into three 
individual groups each tasked with dis-
cussing the same set of objectives. 
Following discussion by individual 
groups, participants met collectively to 
develop a common strategy for science, 
education, logistics and funding that will
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result from and be required to implement a 
year-round research program in the 
McMurdo area. The specific objectives 
addressed during the workshop were: 

1. Identify scientific questions that can be 
addressed only by winter research. 

2. Identify alternatives (e.g., remote sens-
ing, contractor support) to winter 
deployment. 

3. Define the additional logistic and scien-
tific support that will accompany a 
winter program. 

4. Describe the educational possibilities 
that higher-level winter deployment 
would offer, particularly in relation to 
the role of the Crary laboratory. 

5. Describe any environmental impacts 
that an elevated winter effort may 
cause. 

6. Define the safety issues surrounding 
winter research in the McMurdo region 
as far away as the dry valleys. 

7. Recommend strategies for funding ex-
tended season projects. 
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2.   SCIENTIFIC QUESTIONS  
 

The ecosystems in the McMurdo re-
gion are end-member systems of 
significant global importance. For exam-
ple, McMurdo is the most southerly site 
for inshore marine studies on viruses, pro-
tists, bacteria, algae, benthos, zooplankton, 
penguins and seals as well as the most 
southerly site suitable for year round ter-
restrial/fresh water investigations. The 
McMurdo region also provides a unique 
location for the collection of atmospheric 
data and biological responses related to 
stratospheric ozone depletion. Collec-
tively, year-round data obtained from the 
McMurdo area address the cardinal issues 
of:    

• Persistence and evolution of life in ex-
treme environments 

• Biodiversity  

• Genomics 

• Biocomplexity 

• Global change 

• Earthly analogues for extraterrestrial 
life 

Environmental controls influence all of 
these ecosystem features. Year-round re-
search will enable the environmental 
controls to be addressed in an interdisci-
plinary context, allowing physical/ 
chemical processes to be linked with bio-
logical dynamics over the annual cycle. 
The Scientific Committee on Antarctic 
Research (SCAR) and the United States 
Polar Research Board (PRB) supports the 
concept of extended season research in the 
McMurdo area. Compelling scientific 
questions that can be addressed only in the 
context of year-round access are described 
in this section. 

2.1   Marine Environment 

2.1.1   Sea ice dynamics 

Large quantities of platelet ice have 
been reported in the water column of the 
Weddell Sea, Prydz Bay (East Antarctica), 
McMurdo Sound and elsewhere (e.g., Jef-
fries et al. 1994).  The platelet ice has been 
observed to accumulate at the base of the 
overlying sea ice, where it can consolidate 
completely and become an integral part of 
the ice cover. As this occurs, a distinct 
platelet ice microbial community devel-
ops, and the ice reaches greater thickness 
than would occur by columnar ice growth 
alone. At McMurdo Sound, the thick, 
platelet-laden landfast sea ice is both a 
blessing (as a stable platform for scientific 
studies and a runway for large aircraft) and 
a curse (an obstacle to the annual sealift 
and resupply of McMurdo and South Pole 
Stations). 

 

 

Sea ice diatoms from McMurdo Sound. 

 

Platelet ice is most commonly ob-
served close to the front of ice shelves, 
e.g., Filchner/Ronne, Amery, Ross/ 
McMurdo. Consequently, it has been hy-
pothesized that platelet ice owes its origin 
to melting at the base of the ice shelves 
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and the outflow of resultant cold, low sa-
linity seawater to the open ocean.  
However, this hypothesis has not been 
tested and the transport of heat and mass, 
as manifested by platelet ice formation, is 
poorly understood and remains to be fully 
quantified. 

Basic questions that need to be an-
swered include: 

• What triggers the formation of platelet 
ice? 

• What are the rates and amounts of 
platelet ice formation? 

• What is the spatial and temporal vari-
ability of these variables? 

 

 

Drilling holes to measure the thickness of 
a first-year sea ice floe in the Ross Sea, 

August 1995, R.V. Nathaniel B. Palmer in 
the background. 

McMurdo Station, where platelet ice 
appears to form for the first time between 
June and July each year, is an ideal loca-
tion for the year-round interdisciplinary 
studies that are necessary to understand 
the origin of platelet ice in Antarctic 
coastal waters. Year-round studies would 
also define the role of platelet ice in sea 
ice formation, thickness and ecology, its 
relationship to sub-ice shelf circulation 
and ice shelf mass balance, and the role in 
water mass modification and transforma-
tion. 

2.1.2   Sea ice biological community dy-
namics 

The sea ice contributes significantly to 
primary production in McMurdo Sound 
(Grossi et al. 1987), but estimates of its 
contribution are based on austral spring 
and early summer investigations alone. 
Fall blooms have been observed in pack 
ice (Garrison and Buck 1989, Gleitz and 
Thomas 1993, Fritsen et al. 1994, Mel-
nikov 1995), but have not been studied at 
the high latitude or fast ice sites in 
McMurdo Sound, which may be the best 
known sea ice system (Arrigo and Sullivan 
1994). There is a critical need for fall stud-
ies of sea ice biota in McMurdo Sound. 
These studies should focus on biodiversity 
and biocomplexity, the geophysical con-
trols on blooms, and exchanges of energy 
and materials (including nutrients and or-
ganisms) between the ice and the water 
column. There is little or no information 
available for the fall and winter periods 
when sea ice decays and is reformed. This 
is a period of active biological and geo-
chemical exchange between the ice and 
water column that has not been studied.  It 
is most likely an important time for ex-
change between the sea-ice/melt water and 
the atmosphere. Biological, chemical and 
geophysical parameters change rapidly in
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this highly seasonal environment and thus 
studies that address only a few temporal-
windows cannot be extrapolated to give a 
picture for the entire year. These tempo-
rally restricted studies almost certainly 
miss quantitatively important but transient 
biological and geochemical exchanges be-
tween the ice, water and atmosphere. 
Atmospheric exchange is particularly im-
portant for geochemical budgets, including 
understanding the annual and seasonal 
contributions of sea ice to local and global 
organic carbon and sulfur cycles (DiTullio 
et al. 1998, DiTullio et al. 2000). Sea ice is 
a source of dimethylsulfoniopropionate 
(DMSP) and its hydrolytic breakdown 
product dimethylsulfide (DMS). DMS, a 
gas that photochemically transforms to 
methyl sulfonic acid in the atmosphere, 
can influence the global radiative balance 
(Charlson et al. 1987). Sea ice may also be 
a source of halogenated organic com-
pounds that may be exchanged with the 
atmosphere (Sturges et al. 1993). 

Sea ice, particularly the upper sea ice, 
is one of the most extreme environments 
on earth in which active growth of eu-
karyotic cells (algae and protozoa) 
regularly occurs. During the austral winter, 
organisms in the upper sea ice can be ex-
posed to temperatures below -20 oC and 
salinities greater than four times that of 
seawater.  In early austral spring when the 
ozone hole is at its maximum and sea ice 
is most transparent, organisms, particu-
larly at snow free sites, may be exposed to 
high levels of ultraviolet radiation. Al-
though bacteria, algae and protozoa in the 
upper ice are exposed to these extremes 
during the winter, they start growing rap-
idly in the austral spring while temperature 
and salinity are still extreme in the upper 
ice (< -7 oC and salinities >100 parts per 
thousand). Sea ice biota have not been in-
vestigated experimentally during the 
period in which this environment is most 

extreme. The physiological adaptations of 
upper sea ice organisms, their winter rest-
ing stages, and their reinitiation of growth 
under extreme conditions are unknown. 
Succession and changes in the biodiversity 
and biocomplexity of sea ice communities 
during the period from late January to 
early October have not been studied, nor 
have changes in the ecophysiology, in-
cluding trophic biology, of the dominant 
species. In fact, many of the dominant spe-
cies have not even been described or 
identified, and controls on these popula-
tions are presently unknown. Recently, 
viruses have been reported in Ross Sea 
pack ice communities during both the win-
ter and summer (Gowing et al. 2000), but 
their dynamics are not yet known. Deter-
mining the role of viral control on sea ice 
populations will require data over an an-
nual cycle. Viruses have been described as 
“punishing the dominant organism” and 
thus have the potential for control of some 
organisms during each successional stage 
of an annual cycle. 

 

 

Virus from the water column of a 
dry valley lake. 

 

2.1.3   Water column plankton commu-
nity dynamics 

The annual cycle of the plankton com-
munity at high latitude sites such as 
McMurdo Sound is poorly known.  In par-
ticular, the biodiversity, biocomplexity 
and succession of organisms and their life 
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history adaptations to the extreme season-
ality have not been investigated except for 
a few groups such as krill, diatoms, and 
Phaeocystis. However, it is clear from lim-
ited observations in McMurdo Sound that 
there is a complex seasonal succession in 
the microbial plankton and a diversity of 
phytoflagellates, ciliates, heterotrophic 
dinoflagellates and bacteria. Even less is 
known about the succession and biodiver-
sity of non-krill crustaceans and “jelly” 
plankton (e.g., salps, pteropods) that are 
important in McMurdo Sound and the 
Ross Sea (Hopkins 1987). There have 
been studies of the over-wintering strate-
gies and nutritional biology of invertebrate 
larvae, but few investigations of the tro-
phic ecology and over-wintering strategies 
of the dominant metazoan and protistan 
plankton. In fact, plankton succession has 
been studied in the austral spring and 
summer only; data from the end of January 
until early October are lacking. Fall 
blooms and heterotrophic stages in plank-
ton succession may be completely missed 
with summer-only sampling. The role of 
viruses in terminating these blooms is cur-
rently unknown. Determining the 
dynamics of these blooms and successions 
is important if we are to understand 
McMurdo Sound and other high latitude 
sites, as both producers and consumers of 
carbon.  

2.1.4   Benthic communities 

Under the present support regime, 
most benthic community studies have been 
restricted to the interval from early Octo-
ber through late January when the 
McMurdo Sound sea ice becomes unsuit-
able for surface work (Laws 1985, Fisher 
et al. 1988). Researchers working under 
this restricted interval are aware that they 
are acquiring only part of the picture of the 
annual cycle of the marine benthic com-
munities. Essential information from late 
summer, fall and winter are needed for a 

complete understanding of marine benthic 
community structure and dynamics. 

One of the most striking annual events 
in McMurdo Sound is the high primary 
productivity beginning in November and 
the subsequent breakup of the sea ice to 
expose the water column. This period of 
productivity is the source of organic mat-
ter that fuels benthic communities for the 
entire year. How are species specialized to 
accommodate the strong seasonality in 
food production? Where does the organic 
matter accumulate? Benthic species are 
undoubtedly utilizing this abundant energy 
resource for growth, reproduction and 
storage for the onset of winter. The quality 
and quantity of productivity must control 
the dynamics and diversity of the benthic 
communities, and these must be observed 
and quantified before they can be effec-
tively modeled.  

 

 

Benthic community in McMurdo Sound. 

 

The dark winter period is a critical por-
tion of the annual ecological cycle. There 
is no primary production and benthic 
communities must survive for several 
months on metabolic reserves, or by feed-
ing on organic matter accumulated in the 
sediment or on other species. Numerous 
questions and hypotheses can be formu-
lated concerning this period: Do organisms 
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enter hibernation or otherwise reduce me-
tabolism and survive on stored nutrients? 
Do they switch from omnivory to carni-
vory? Does species abundance change 
relative to the summer productive period? 
One can hypothesize that like most pro-
ductive situations, there are opportunistic 
summer species that develop significant 
populations only to be grazed by the 
dominant winter species. Clearly, the au-
tumn transition between the productive 
summer and the unproductive winter states 
is an exceptionally important interval for 
understanding the dynamics of benthic 
communities. This period would be readily 
available to investigators if the proposed 
changes to McMurdo area operations were 
adopted. 

2.1.5   Marine mesozooplankton dynam-
ics 

Knowledge of marine mesozooplank-
ton in the Southern Ocean is relatively 
poor for organisms other than Euphausia 
superba. Other major zooplankton groups 
that are ecologically important (e.g., salps, 
copepods, pteropods, fish larvae) have also 
received little attention. The United States 
Antarctic Program’s research in this area 
has traditionally focused on studies in the 
Antarctic Peninsula region, where E. su-
perba dominates the mesozooplankton 
community. The Ross Sea region, includ-
ing McMurdo Sound, has a more diverse 
mesozooplankton community, and thus 
year-round studies of zooplankton based in 
McMurdo Sound has the potential for 
greatly expanding our understanding of 
zooplankton for the Southern Ocean. Stud-
ies of the seasonal aspects of life cycles 
and ecological roles of individual species 
are needed. This knowledge will be critical 
for modeling the possible ecosystem-level 
effects of global change. For example, in 
the Antarctic Peninsula region, decreased 
sea ice coverage has been correlated to a 
population shift from krill to salps (Loeb 

et al. 1997). Salps feed differently and 
may not be consumed to the same degree 
by predators, thus changes in zooplankton 
have implications for higher and lower 
trophic levels.  

2.1.6   Emperor penguin biology 

Wintering and breeding behavior by 
Emperor penguins is unique among Ant-
arctic birds. At the most southern colony 
on Cape Crozier it is as if there is a Mar-
tian in our midst, and the colony is in 
McMurdo Station’s backyard. Of the 
9,600 species of bird, only the Emperor 
has adapted to remaining year-round at 
such high latitude. Adaptations allowing 
this are complex, and only a few of the 
physiological ones are known. The behav-
ioral adaptations have never been studied 
because of the imposing conditions of the 
colony environment. Fall and winter ac- 
 

 

Emperor penguin. 
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cess to McMurdo Station offers the oppor-
tunity to obtain a greater understanding of 
this bird. Beginning in March, when the 
birds start to arrive at the colony, the 64 
km journey from McMurdo Station to 
Cape Crozier can be made overland by 
tracked vehicle or helicopter to establish a 
small camp. The camp will be used peri-
odically until August when the females 
return from their two month journey to 
unknown parts of Antarctica. They will 
have just returned from the longest con-
tinuous night experienced by any foraging 
bird. Where and how they have survived 
and prepared for relieving the male of his 
incubation duties could be determined by 
the continuous monitoring of their travels 
in real time with satellite transmitters. Ar-
chival recorders attached to the females 
would log several variables during the en-
tire journey. The August arrival of the 
penguins and the retrieval of the recorders 
back at the colony would allow the collec-
tion of one of the most important data sets 
that could be obtained for a higher verte-
brate. 

2.1.7   Seal Biology  

The Weddell seal population in the 
McMurdo Sound area has been studied 
almost exclusively during the austral 
summer period, particularly from the be-
ginning of pupping (mid-October) to late 
December. We know that some seals are 
present during the winter but the number 
in residence, their sex, and their age com-
position are unknown. Further, their 
foraging behavior and movement patterns 
during the winter have not been studied. 
The role of vocalizations in their behavior 
during the winter also needs to be docu-
mented. Logistical support and access to 
McMurdo Station during the winter would 
allow these topics to be investigated.  

Of particular interest is the role of vo-
calizations and habitat conditions in the 

establishment of colonies. During the early 
explorations in the McMurdo area seals 
were killed to feed dog teams. This harvest 
seems to have contributed to the demise of 
seal colonies close to McMurdo Station 
and Scott Base. Colonization of these ar-
eas has not occurred to any degree over 
the years, thus experimentation to recolo-
nize these areas seems appropriate. It has 
been hypothesized that the vocalizations of 
territorial male seals early in the pupping 
season attract other seals and facilitate the 
establishment of the seal colonies. Winter 
experiments could be conducted by play-
back of vocalizations and the manipulation 
of ice conditions to determine what would 
attract seals and facilitate the reestablish-
ment of historic seal colonies. 

Other studies that should be conducted 
include censuses, similar to the current 
summer census, to learn which segments 
of the population are present during the 
winter and how many seals actually winter 
there. Winter work on foraging behavior, 
prey selection, and diving physiology 
would also greatly increase our knowledge 
of this species and allow decisions about 
future environmental impacts that might 
influence the dynamics of the seals in the 
McMurdo Sound area. 

 

 

Weddell seals during pupping season in 
McMurdo Sound. 
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2.1.8   Transient events 

Identifying transient events in the an-
nual cycle and over longer time scales is 
important for understanding ecosystems 
and for modeling them. These unpredict-
able events of short duration can have a 
large impact on an ecosystem. For exam-
ple, a swarm of salps moves through a 
water mass, consuming a large number of 
micro- and nanoplankton and depositing a 
significant amount of carbon on the sea-
floor via fecal pellets. Such events are 
often serendipitously observed or re-
corded, and the chances of documenting 
one are increased if data are obtained rou-
tinely over annual time scales. No data 
(terrestrial or aquatic) exists on the type 
and magnitude of transient events in the 
McMurdo Sound area during winter. 

2.1.9   Sediment biogeochemistry 

We are hampered in understanding the 
global carbon cycle by a paucity of data on 
the fate of materials sedimenting from the 
surface layer of the ocean. Sedimentation 
of carbonaceous materials in the ocean is 
one of the few means by which carbon is 
sequestered from the atmosphere for long 
periods. Research projects on the ocean 
carbon cycle have not provided adequate 
understanding of the sediment processes 
that decompose, transform or bury carbon 
in the ocean. Such studies must include the 
annual cycle to be meaningful. The South-
ern Ocean is important in the global 
carbon cycle (e.g., Arrigo et al., 1999; Di-
Tullio et al., 2000), and there are good 
reasons why extrapolations from other re-
gions will not be valid. For example, the 
continental shelf of Antarctica is much 
deeper than other continents and the bio-
genic sediments of the Southern Ocean are 
rich in siliceous material with respect to 
other marine systems.  

2.2   Terrestrial and Lake Processes 

2.2.1   Terrestrial and shallow aquatic 
systems 

Terrestrial and shallow aquatic sys-
tems are among the most extreme habitats 
within the McMurdo region. Organisms in 
these habitats may be exposed to a range 
of temperatures exceeding 70 °C over an 
annual cycle and to frequent wet/dry and 
freeze/thaw cycles. It is important that we 
understand the behavioral, physiological 
and life history mechanisms employed to 
tolerate these environmental conditions. 
Knowledge of the forcing effects that ex-
treme physical conditions have on 
organism performance, and community 
structure and function is essential to un-
derstanding the biodiversity/biocomplexity 
of communities and their sensitivity to any 
man-made or natural change. Liquid wa-
ter, ambient temperature, and light are 
known to be important constraints on 
growth and reproduction in these commu-
nities. Most studies to date have focused 
on the early portion of the summer period, 
when all of these variables are in their 
most benign states. Summer represents the 
“growth-compatible” phase. The winter 
period when light and liquid water are ab-
sent and temperatures are lowest is the 
period incompatible with growth, i.e., 
physical stress is at its highest. Several 
investigations of spring thaw have been in 

 

 

Collecting microbial samples from highly 
saline Don Juan Pond, Wright Valley. 
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streams and terrestrial communities, but to 
date there are no data covering two impor-
tant periods, the autumnal freeze-up and 
the winter-frozen period. In addition, the 
transition from winter freeze to summer is 
poorly understood.  

The period normally available for re-
search does not cover the full extent of the 
“growth-compatible” period for most of 
these habitats. Increasing the duration of 
fieldwork into March and April will 
encompass this period and allow a more 
complete understanding of annual growth 
to be developed. In addition, there are 
many unanswered questions regarding the 
transitions from summer to winter and the 
consequences to organisms. It is likely that 
this transition is fundamental to survival. 
Physiological adjustments are required to 
survive freezing. For example, nematodes 
must enter a freeze-tolerant state, involv-
ing accumulation of compatible solutes, 
voiding of gut contents and ultimately en-
tering anhydrobiosis. The cues and 
molecular basis for these preparative 
changes are not yet known. Protists too 
must prepare for low temperatures and 
osmotic stresses by accumulating appro-
priate osmoprotectants, but again there is a 
dearth of data on the transition.  

Physical conditions within the late 
summer/early winter period have been par-
tially described in some habitats using 
data-logging arrays. For example, in the 
shallow ponds of the McMurdo Ice Shelf it 
is known that ice-cover is complete by 
mid-late February and that the ice front 
descends through the water column pro-
gressively, reaching the deepest parts by 
June. An increase in solute concentration 
accompanies the final stages of freezing 
(Hawes et al. 1999). Of potential signifi-
cance is the observation that shallow parts 
of the ponds freeze before the onset of 
darkness, while deeper parts freeze after 
prolonged darkness. The consequences of 

this difference to biogeochemical proc-
esses may be profound both for pond 
chemistry and biology because reduc-
tion/oxidation conditions may change 
dramatically during darkness. Understand-
ing such issues requires an experimental 
approach that is not currently amenable to 
remote instrumentation.  

2.2.2   The McMurdo Dry Valley LTER- 
Taylor Valley 

A number of important questions in 
the McMurdo Dry Valleys can only be ad-
dressed by physical access across an 
annual cycle. Documenting full annual 
input of stream flow is the only way to 
elucidate the hydrology of these systems. 
Photosynthetic and heterotrophic proc-
esses continue throughout the year, and 
presumably involve significant trophic 
switching. Trophic switching, a reversal of 
the ratio of autotrophic to heterotrophic 
processes, has been observed in alpine 
lakes under winter ice cover and should be 
a dominant factor influencing the 
composition and recovery of plankton 
communities in the dry valley lakes. 

 

 

Chlamydomonas sp., a common phyto-
plankter in dry valley lakes. Note the 

bacteria attached to the outer 
surface of the cell.
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There are important geochemical ques-
tions, e.g., the changing nature of the 
dissolved organic carbon (DOC) pool, that 
require continuous seasonal monitoring. 
The biological impacts on biogeochemical 
cycles in soils, streams and lakes cannot 
be determined without annual “hands-on” 
investigation. 

Preliminary evidence from the water 
column of the Taylor Valley lakes points 
to significant interannual variation in spe-
cies composition and biomass (Spaulding 
et al.1994, Lizotte and Priscu 1998). De-
tailed information on species succession 
and its driving forces is necessary if we 
are to fully understand these unique eco-
systems. The temporal extent and fate of 
organic matter produced by phytoplankton 
photosynthesis has been modeled (Fritsen 
and Priscu 1999, Priscu et al.1999a, 
Moorhead et al. 1999) but never verified. 
Model results reveal that photosynthesis to 
respiration ratios are less than one for 
Lake Bonney indicating that the biological 
system oxidizes organic carbon faster than 
it is produced. If modeled predictions are 
true, eventually the dominance of hetero-
trophic processes could yield a 
biologically “dead” system. Data during 
the FALLFLY and winter periods are re-
quired to corroborate model results and 
allow dry valley lake data sets to be com-
pared accurately to similar data being 
collected at other latitudes as part of the 
NSF LTER program.  

Benthic microbial mats are a ubiqui-
tous component of lake ecosystems. 
Process-related research on these mats has 
begun only recently and lags behind re-
search on lake plankton. However, enough 
data now exist to show that benthic mats 
may contribute a higher biomass and pro-
ductivity than plankton. Evaluating the 
importance of these communities to bio-
geochemical cycling of materials requires 
construction of budgets for carbon and nu-

trients, including the extent to which these 
are sequestered as organic or inorganic 
material or are returned to the overlying 
water column. Current models are based 
on data obtained from a two-month sum-
mer period only. During this summer 
period, growth conditions are optimal, and 
net organic matter accumulation is ob-
served. During winter darkness, however, 
photoautotrophic growth is impossible and 
heterotrophic processes dominate. This is 
the likely period when organic matter is 
released from the benthos to the water col-
umn. It is essential to understand this 
period to produce realistic models of the 
contribution of benthic organisms to lake 
budgets. In addition, understanding the 
mechanisms employed to survive the win-
ter period and the degree of stress that 
darkness imposes will provide insights 
into the controls on community structure, 
functioning and biodiversity. 

 

 

Lake Bonney and the Taylor Valley, with 
the Taylor and Calkin Glaciers 

in the foreground.
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Lake ice sediment/microbial aggregates in 
a frozen state during late winter. 

 

Benthic mat communities in dry valley 
lakes represent end-members in the photo-
trophic spectrum. These communities are 
dominated by phototrophs, yet experience 
one of the lowest annual light doses 
known. This may reflect the virtual ab-
sence of biotic and abiotic loss processes 
that allows them to reach the maximum 
extent of their physiological niche. Models 
based on summer-only data suggest that 
further acclimation is required to enable 
mats to survive over winter, and laboratory 
experiments suggest that this involves a 
reduction of respiration during low light 
conditions. Understanding how they ac-
climate to the lowered light in autumn and 

the prolonged period of darkness in winter 
will provide insight into low light adapta-
tion and the limits to photosynthetic life on 
earth. 

Benthic mats are perhaps the only in-
land biological system in the Ross Sea 
sector to offer the possibility of short-term 
(up to 100 years) hind casting of growth 
conditions. These mats are laminated on a 
fine scale, and recent research has pro-
vided circumstantial evidence to suggest 
that these laminations may be annual 
growth layers. Confirmation of this result 
will require further research. Current data 
suggest that the laminations are due to 
highly seasonal growth accompanied by a 
pulse of sedimentation of fine suspensoids 
some time during late summer or winter. If 
this proves to be true, interpretation of the 
features of laminations, in terms of condi-
tions at the time of formation, will require 
winter access to enable that part of the 
lamination cycle to be described. 

2.3 Atmospheric and Meteorological 
Processes 

2.3.1 Linking meteorological events to 
processes in the McMurdo Dry Valleys 

The transport of organic matter in de-
sert environments is important to the 
biogeographical distribution and survival 
of organisms. The McMurdo Dry Valley 
environment is considered a polar desert 
(Priscu 1998) characterized by low fluvial 
transport of materials. Consequently, the 
geomorphic landscape is extraordinarily 
stable on a long temporal scale (Denton et 
al. 1993, Prentice et al. 1998, Lyons et al. 
2000). Owing to the low fluvial transport, 
aeolian transport becomes a relatively im-
portant process controlling the distribution 
of particulate organic matter (Fountain et 
al., 1999, Moorhead and Priscu 1998). The 
most intense winds occur during the win-
ter months (Clow et al. 1988) and coincide
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with catabatic flows from the Polar Pla-
teau. Fritsen et al. (2000) have shown that 
most of the organic matter in the Taylor 
Valley occurs in its eastern extent, which 
may be partially related to aeolian deposi-
tion. The current research emphasis of the 
McMurdo LTER program is the role of 
past climatological events on contempo-
rary ecosystem structure and function. 
Clearly, the present distribution of organ-
isms and organic matter are inextricably 
linked to both their sites of active growth 
and to their physical movement by the ex-
treme winds in the area (Wall and Virginia 
1998, Fountain et al. 1999). To date, no 
research has been conducted to determine 
the temporal scales for aeolian flux of or-
ganic matter in the dry valleys, particularly 
in the winter. Winter field deployment, in 
concert with automated instrumentation, 
are required to determine the flux of or-
ganic matter in this oligotrophic desert 
ecosystem. 

 

 

Nacreous clouds above McMurdo Station 
in August. 

 

2.3.2  Particle composition and phase in 
polar stratospheric clouds during the 
winter 

The Antarctic stratosphere during July 
and August is ideal for particle composi-
tion and phase measurements of polar 

stratospheric clouds (PSC's) because tem-
peratures above McMurdo are conducive 
to PSC production. Thus PSC's are assured 
to be present for reasonably long periods 
of time. PSC’s are critical for ozone deple-
tion since they provide the surface on 
which chlorine is converted from a benign 
to an active form. Measurements such as 
these are not yet available, and are impor-
tant because the composition and phase of 
PSC’s determines their formation tempera-
ture and the rate at which they process 
chlorine. The formation temperature de-
termines the threshold temperature at 
which heterogeneous processing begins. 
The reaction rates determine the amount of 
chlorine processed over the lifetime of a 
cloud. There is a critical need to make de-
tailed seasonal measurements of the 
composition and phase of PSC’s through 
simultaneous measurements of particle 
size distribution, aerosol scattering and 
depolarization, aerosol composition, and 
gas phase concentrations of water vapor.  

2.3.3  Stratospheric ClO/BrO before and 
during formation of the polar vortex 

There is a need to determine the extent 
of ClO/BrO available in the Antarctic win-
ter stratosphere. The important periods for 
data collection include: April/May before 
the formation of the polar vortex; 
May/June as the vortex is established; 
July/August during the coldest period and 
before light returns to the stratosphere; 
August/September during the ozone loss 
period. Data collected during these times 
are important for accurate models of the 
rates at which chlorine is processed in the 
stratosphere. This full set of measurements 
will require winter access over a three to 
four year period owing to insufficient in-
strumentation to do all the measurements 
in one year. 
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2.3.4   Surface halogens during late fall 
and late winter light transitions 

BrO is effective at destroying surface 
ozone when it is present. Measurements 
have been made of surface ozone destruc-
tion at McMurdo, but the cause of the 
ozone loss can currently only be specu-
lated upon. There are no measurements of 
surface halogens, which may attack ozone. 
There is a need to determine sources and 
sinks of reactive surface halogens and re-
late these dynamics to sunlight transitions 
and the presence of open water. Such re-
search requires on-site work during austral 
fall and late winter. 

 

 

Launching a radiosonde off the helicopter 
deck of the R.V. Nathaniel B. Palmer, Ross 

Sea, August 1995. 

 

2.4   Modeling 

Models, both conceptual and numeri-
cal, have been proposed for biological and 
physical processes in Antarctic lakes 
(Priscu et al.1999, Fritsen and Priscu 1999, 
Vincent et al. 1997), seas (Baines and 
Condie 1998, Arrigo et al. 1998), sea ice 
(Arrigo and Sullivan 1994, Arrigo et al. 
1997, Fritsen et al. 1998, Arrigo et al. 
1998) and animal populations (Boveng 
and Bengston 1997). Despite the seminal 
role these models have in our understand-
ing of climatological and ecological 

processes in the Antarctic environment, 
they lack verification for key parts of the 
annual cycle. For example, Baines and 
Condie (1998) found that “smoking gun” 
observations from summer programs im-
ply that downslope flow of seawater 
around Antarctica (an important driver for 
global ocean circulation) might occur dur-
ing the off season via several mechanisms 
that can be modeled but not verified. 
Priscu et al. (1999) proposed a conceptual 
model to define food web dynamics in 
Lake Bonney, a permanently ice-covered 
lake within the Taylor Valley. Priscu et 
al.’s heuristic model revealed that without 
knowledge of winter trophic transforma-
tions, the organic carbon budget will never 
be understood. A numerical model based 
on summer phytoplankton production data 
in Lake Bonney (Fritsen and Priscu 1999) 
predicted that primary productivity should 
increase significantly in March due to in-
creased ice transparency, and that nutrient 
deficiency should begin to exert a major 
control on production rates. Again, with-
out verification, the accuracy of this 
prediction will not be known. It is impor-
tant to note that the biological and related 
biogeochemical processes in permanently 
liquid water environments such as 
McMurdo Sound and the dry valley lakes 
continue throughout the year. Seasonal 
kinetics of these processes represent a 
temporal continuum that can produce os-
cillations or other dynamic changes in 
response to environmental forcing. Annual 
data collection is needed before we can 
understand the biological dynamics of 
these systems and their role in the global 
ecosystem. 

2.5   Astrobiology 

Terrestrial life, thought to have 
evolved from a common ancestor, is the 
only form of life currently known. Recent 
data from Mars and Europa, two other 
worlds in our solar system, strongly sug-
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gest that liquid water is (or was) present. 
On Mars, there is evidence for stable flow-
ing water early in that planet's history and 
recent groundwater flow. Data from Eu-
ropa indicates that a chaotic ice cover 
several kilometers thick covers a relatively 
deep ocean of liquid water. These exciting 
discoveries have initiated intensive re-
search on life in extreme environments on 
Earth to provide important background 
information on evolution and physiology 
that can be applied to the extraterrestrial 
search for life. The closest Earthly analog 
to Mars and Europa lies in Antarctica, par-
ticularly in areas such as the McMurdo 
Dry Valleys (McKay et al. 1992, Wharton 
et al. 1993) and subglacial lakes like Lake 
Vostok (Seigert et al. 1996, Priscu et 
al.1999b, Karl et al. 1999). Microbial life 
in the permanently ice-covered lakes in the 
dry valleys and presumably in Lake Vos-
tok persists throughout the year. It is 
important to obtain annual data sets from 
these systems if we are to use them as 
models for other worldly bodies. Year-
round research in Antarctica may also 
identify additional sites of biological po-
tential in our solar system. Issues central 
to NASA’s search for extraterrestrial life 
and their interest in year-round research in 
Antarctica follow: 

Central Issues and Related Goals 

How does life begin and evolve? 

Goals 

• How life arose on the Earth. 

• Organization of matter into living sys-
tems. 

• How life evolves. 

• Co-evolution of biosphere and Earth. 

• Microbial ecology. 

• Sources of organics on Earth. 

• Origin of life’s cellular components. 

• Models for life. 

• Genomic clues to evolution. 

• Linking planetary and biological evolu-
tion. 

Is there life elsewhere in the universe? 

Goals 

• Limits for life. 

• Character and frequency of habitable 
planets. 

• Signatures of life on other worlds. 

• Past or present life in the solar system. 

What is life’s future on Earth and beyond? 

Goals 

• Environmental change on Earth. 

• Terrestrial life beyond Earth. 

NASA’s Interest in Winter Data From 
Antarctica 

Research in Extreme Environments 

• Limits for life. 

• Microbial ecology. 

• Seasonal cycles of extreme environ-
ments. 

• Limits of detection. 

• Overwinter physiological adaptations. 

• Human stresses of extreme environ-
ments and close quarters. 

Exploration of Planetary Analogs 

• Instrument development. 

• Research directed robotic / human ex-
ploration. 

• Sampling and Power technology. 

• Autonomous operations. 

• Reduction of environmental impacts 
through recycling and energy usage. 

• Safety. 
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3.   ALTERNATIVES TO WINTER DEPLOYMENT  
 

The alternatives to year-round de-
ployment of principal investigator (PI) 
level scientists to the McMurdo Sound 
area fall into three categories:  

• Highly trained winterover technical 
personnel 

• Use of automated instrumentation 

• Home laboratory-based research 

Each of these approaches serves a specific 
purpose and can often be used to study 
winter activities, but they are limited in 
application. It is important to understand 
that these are not alternatives to “hands-
on” science, but are a means of comple-
menting and extending many programs. 

The use of technicians has been part of 
many winter research programs for years. 
Most of these studies have a set list of 
measurements that are taken by the techni-
cians and then analyzed by researchers 
remotely back at their institutions. The 
limit of this type of research is a function 
of the technician’s training and the com-
plexity of the investigations. Relatively 
few principal investigators have partici-
pated in traditional overwinter research 
programs because their institutional posi-
tions do not allow them to be off-campus 
for an extended period. Antarctic science 
will be advanced at a faster rate if experi-
enced personnel are present in the field to 
both conduct research and guide graduate 
students and technicians.  

There are a number of automated in-
struments that measure physical conditions 
year-round.  Examples include meteoro-
logical stations, UV monitoring stations, 
tide gauges, stratospheric constituent in-
struments, and solar, stellar and inter-
stellar instrumentation. Most of these in-

struments are very expensive or have 
limited information output. Also under this 
category are satellite instruments, which 
are used as auxiliary data for many studies 
but are seldom used alone. Many satellites 
only have limited coverage during the po-
lar night, particularly those measuring 
parameters related to atmospheric proc-
esses. For example, the very low spatial 
and vertical resolution of this type of satel-
lite data is a strong limiting factor in the 
remote study of polar stratospheric cloud 
phenomena. Satellite observations can be 
complementary to in situ observation but 
not substitutive. 

Samples have been taken back to home 
research facilities for studies since the be-
ginning of research in Antarctica. Many 
isolated studies can be accomplished this 
way. In fact, controlled environments are 
often needed to reduce the number of dy-
namic variables. However, controlling the 
conditions often compromises the science. 
Also of concern are transportation arti-
facts, particularly of living organisms. 
There is no substitute to conducting “on-
site” manipulations when entire ecosys-
tems are being studied.  

While alternatives to PI deployment 
does allow the collection of useful infor-
mation, they are no substitute for the 
presence of a PI. The work of technicians 
is always subject to the interpretation of 
the PI. Automated instrumentation and 
“state-side” analysis does not allow for 
flexibility in the face of novel observa-
tions. PI’s and advanced graduate students 
are the most capable individuals to make 
novel observations and synthesize infor-
mation in real-time. Field research often 
needs “on the fly” decisions and interpre-
tation while the research is being done. 



  23 
  Alternatives 

 
 

Research that can only be done with 
scientific personnel directly involved in 
the research includes: 

• Behavioral studies 

• Experiments (complex manipulations)  

• Tagging of fish, birds and seals 

• Process measurements (e.g., primary 
productivity, trophic interactions) 

 

• Environmentally-sensitive experiments 

• Time-sensitive samples and analyses 
(e.g., tissues, photochemical transients, 
some taxonomy)  

• Serendipitous observation of a unique 
phenomenon that requires immediate 
modification of a research plan 
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4.   EDUCATIONAL POSSIBILITES  
 

Increased access to the McMurdo area 
would allow for an extension of the cur-
rent educational opportunities already in 
place. Due to scheduling conflicts associ-
ated with the academic calendar, an 
extended schedule would better facilitate 
participants in the Teachers Experiencing 
Antarctica (TEA) and Research Education 
for Undergraduates (REU) programs. 
More complex, formal educational activi-
ties could be phased in once the logistics 
associated with the science have been 
established. 

4.1 Advantages 

• Currently coordinated education efforts 
occur from September to late February; 
year-round science offers the opportu-
nity for year-round coordinated edu-
cational efforts. 

• May through August science operations 
coincide with school breaks for many 
Northern Hemisphere faculty, graduate 
students, undergraduates, and teachers, 
thus allowing access by on-site research 
team members previously excluded 
from participation. 

• The Crary Laboratory is a world-class 
research facility that is underutilized 
from late February to early August, yet 
the existing investment in facilities, 
technology, and supplies occurs across 
the year.  Using the laboratory for sci-
ence and educational opportunities 
throughout the year maximizes NSF’s 
investment in this facility. 

• Interacting with scientists in winter 
showcases the extremes of Antarctica: 

¾�Social aspects of how individuals 
deal with the cold and darkness. 

¾�Illustrating the extreme environment 
itself. 

¾�Showing how marine and terrestrial 
organisms deal with extremes. 

¾�Highlighting processes that occur 
only during winter (e.g., strato-
spheric cloud formation and 
influence on ozone levels). 

4.2 Challenges 

• Incentives for participation. Educa-
tional efforts require a time investment 
by research teams, often when time is 
at a premium. Consider:  

¾�Making funding available for an 
educational liaison (e.g., graduate 
students; thus introducing graduate 
students to educational issues).  

¾�An increase in proposal ranking for 
projects that include strongly inte-
grated educational projects. 

• The K-12 school year currently ex-
tends from August to May/June; winter 
research projects would occur during 
summer break for elementary and sec-
ondary school students. However the 
opportunity exists to connect with this 
segment of the audience through home 
schooling, museum programs, Internet 
programs (e.g., Discovery Online), 
schools with year-round schedules, and 
school summer programs. 

4.3 Recommendations 

• Winter (year-round) educational pro-
grams should be designed to: 

¾�Integrate with all aspects of research. 

¾�Integrate with existing educational 
programs (including international ef-
forts) where possible. 
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¾�Be multi-level (elementary, secon-
dary, general public). 

¾�Utilize existing technological and 
human resources where possible. 

¾�Coordinate with science projects to 
leverage new technology. 

 

 

Graduate students and journalists assist 
with sediment trap deployment in a dry 

valley lake. 

 

4.3.1 K-12 Programs 

• TEA:  Expand program to year-round, 
taking advantage of period when 
teachers are not in school. Teachers 
can accompany research projects as 
members of research teams and serve 
as educational liaisons.  

• Teacher Professional Development: 
Create online courses for teachers that 
investigate topics aligned with re-
search projects. Exploit video-
teleconferencing connections with re-
searchers in the field when possible.  

• Curriculum Development: Integrate 
with ongoing curriculum efforts such 
as GLACIER, LTER School yard pro-
jects, and ASPIRE.  

4.3.2 K-12 and General Public 

• Investigate ongoing efforts of Antarc-
tic staff and researchers who are 
communicating with classrooms and 
developing Web pages. 

• Develop concise Web sites for research 
projects targeting the general public. 
The site should offer information about 
the science, the people involved, why 
the science is important and a weekly 
update and images from the field.  

• Live video links in the field in associa-
tion with research needs sending real-
time video to research Web sites. 

4.3.3 Undergraduate/Graduate 

• Incorporate Research Experiences for 
Undergraduates into winter research 
efforts; winter timeframe coincides 
with student break. Consider having an 
REU participant meeting at the close 
of each research phase in which stu-
dents present their research results.  

• Create a winter field course using 
Crary Laboratory, analogous to the ex-
isting course.  Consider expanding to 
include/encompass: 

¾�An undergraduate version. 

¾�Different topics (e.g., physics and 
chemistry of sea ice, winter adapta-
tions). 

¾�Online/distance-learning component. 

• Develop weekly/monthly distance-
education sessions in which research 
staff present their science and interests 
and respond to questions. Consider: 

¾�broad topics (e.g., adaptations of po-
lar organisms, polar marine biology, 
Antarctic geology, history of explo-
ration, international cooperation, 
politics). 

¾�different courses for undergraduates, 
graduate students, general public. 
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5.   ADDITIONAL LOGISTIC AND SCIENTIFIC 
SUPPORT 
 
5.1 Transportation 

Enhanced year-round access to 
McMurdo Station and vicinity will require 
additional transportation to and from the 
continent as well as within local areas. The 
extent of these operations will depend 
upon the level of science activities.  

Helicopter operations will be needed to 
support field activities at many remote 
sites. Helicopter operations must include 
full pilot and mechanical backup, modified 
search and rescue (SAR) capability, and 
knowledgeable weather interpretation 
staff. It was strongly suggested that two of 
the existing Astar's be replaced with Bell 
212’s. Helicopter operations during “un-
conventional” periods can safely be 
conducted by using certain restraints and 
establishing some new procedures as out-
lined below: 

• Make inter-continental support avail-
able. 

• Establish a more comprehensive SAR 
plan for immediate response. 

• Increase heli-pad size at certain loca-
tions. 

• Light heli-pads for periods of dark-
ness. 

• Enhance the storage hangar space at 
McMurdo.Require stricter communica-
tion and route controls. 

These logistic constraints and ap-
proaches to overcoming them vary with 
specific and definable periods of time.  For 
purposes of discussion, and as a means to 
evaluate options to overcome these con-

straints, specific logistic periods are 
defined as follows: 

1) Logistic Period I (FALLFLY): From 
historical station closure in early 
March to the end of civil twilight (late 
April) (see Appendices 12.2, 12.3 and 
12.4 for description of civil twilight, 
sunset, and related flight times).  

2) Logistic Period II (WINTER A and B): 
From the end of civil twilight to the re-
turn of civil twilight (~13 August).  

3) Logistic Period III: The short time 
from the return of civil twilight to the 
beginning of traditional WINFLY. 

Logistic Period I—characterized as the 
period most readily supportable with exist-
ing intra- and inter-continental assets. 
Helicopters can continue to operate with 
few changes to summer operations proce-
dures and minimal infrastructure 
enhancements. Fixed-wing operations into 
and out of McMurdo are most feasible af-
ter existing infrastructure deficiencies are 
remedied. Additionally, essential support 
functions to both rotary and fixed-wing 
operations are already positioned for Pe-
riod I.  Period I is the most favorable 
period for proof-of-concept. 

Logistic Period II—most infrastructure 
and procedural changes would be required; 
greatest impediment to fixed-wing opera-
tions with current assets; most favorable 
for vessel support. Helicopter support 
would be limited to established camps if at 
all. 

Logistic Period III—Poses similar con-
straints for resumption of helicopter 
support as Period I with possible higher
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“No-Go” rate due to low temperatures and 
other weather limitations. 

Intercontinental fixed-wing flights would 
need to be extended into the autumn pe-
riod to allow autumn access. Such access 
would necessitate: 

• Enhanced local (New Zealand) emer-
gency flight capability. 

• More comprehensive SAR plan to al-
low for immediate response. 

• Increased medical expertise and fire 
fighting support. 

 

 

September Helicopter put-in at Lake Vida. 
Note contrail behind helicopter. 

 

The R.V. Nathaniel B. Palmer or 
equivalent may be used in certain condi-
tions as a helicopter support unit (from 
April to June) and could facilitate the 
transport of personnel and materials to and 
from Antarctica.  

Small boats will be required for winter 
work in marine systems. Safety issues will 
need reanalysis but problems are sur-
mountable. Regulations and restrictions in 
force at Palmer Station should be adopted 
for the McMurdo area. 

 

5.2 Crary Laboratory 

The Crary Laboratory is already 
staffed during winter and science logistics 
for field camp research programs could be 
accommodated with few extra resources. 
No new or unusual laboratory support 
functions in the Crary Laboratory are an-
ticipated. The Crary Laboratory would be 
staffed at a reduced level compared to the 
austral summer, although additional per-
sonnel such as an analytical chemist and a 
research diving support specialist would 
be needed. 

5.3 Communications 

Improved winter communications for 
field, flight and science operations will be 
needed. Ideally, science operations require 
reliable communications within at least a 
300 km radius of McMurdo Station. The 
system should be minimally configured as 
follows (adapted from “The Dry Valleys 
Communications Project” currently being 
implemented by NSF). Specific system 
parameters are listed in Appendix 12.5. 

5.3.1 Services Provided 

• Extension of the McMurdo local area 
network throughout the dry valleys re-
gion. 

• Connectivity to the continental United 
States and the global Internet. 

• Standard TCP/IP services (i.e., FTP, 
Telnet). 

• Remote data collection. 

• E-mail. 

• PSTN voice communications linked 
through McMurdo Telco. 

• Voice Mail. 

• Fax service. 

• Extension of VHF/HF voice commu-
nications. 
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5.4 Field Logistics 

Two primary types of levels of field 
activities were identified: (i) McMurdo 
based day trips and (ii) permanent or semi-
permanent field camps. Day trips are by 
science groups based at McMurdo Station 
making excursions of less than 24 hours 
into the field for work.  The infrastructure 
capable of supporting this level of field 
activity during the winter currently exists. 
Additional logistics for the support of 
these activities is not anticipated to in-
crease substantially. Field camps occupied 
for periods longer than 24 hours will re-
quire additional resources and logistics 
support.  

It is anticipated that the logistics in 
support of both mobile camps and occu-
pancy of permanent structures (e.g., dry 
valley camps) will require standard re-
sources already used to support these 
camps during the normal field operations. 
Additional requirements for support of 
field camps during enhanced year round 
activities of longer duration without re-
supply or transport to McMurdo Station 
include: 

• Increased Fuel storage. 

• Increased Food storage. 

• Modification of camps for sleeping.  

• Field camp survival caches will need 
to be enhanced and placed at key loca-
tions.  These caches should be outfitted 
with extreme cold-weather clothing, 
sleeping bags, tents, fuel and food suf-
ficient to support the entire remote 
camp populace (including transients) 
for at least two times the nominal ex-
pected SAR response time in view of 
weather variation. 

• Increased storage of waste materials. 

• Provision of alternative power sources.  

• Provision of redundant/back-up for 
key instrumentation and machinery. 

• Enhanced mechanical, medical and 
search and rescue training and supplies 
for field teams. 

• Expanded codes of conduct for safe 
field operations to include winter ac-
tivities. 

 

 

Helicopter with contrail departing Lake Bonney Camp in late 
August 1995. Ambient air temperature -50°. 
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6.   PROPOSED OPERATIONS PLAN 
 

The current effort in the McMurdo 
area can be described as bimodal. Typi-
cally, most of the research, education and 
outreach in the McMurdo area occur be-
tween late August and late February when 
accessibility to the area via fixed-wing air-
craft and/or vessel are optimal. This period 
encompasses what has become known as 
“WINFLY” and “MAINBODY”. Al-

though flight support at McMurdo Station 
can occur until the end of civil twilight, 
science support for field operations usually 
ends with the last fixed-wing flight north 
in late February. Access to McMurdo Sta-
tion from early March to the beginning of 
WINFLY is non-existent, except for 
emergency search and rescue efforts. 

 

 

Current operating paradigm in the McMurdo area. 

 



 30  
 Operations 
 Plan 

 
 

The workshop participants proposed 
that the expansion of the McMurdo Station 
scientific season could take place in two 
distinct phases in consecutive years. 
Phase-in would allow resources (both sci-
ence funding and logistical costs) and 
infrastructure to be expanded in a logical 
fashion. This framework incorporates 
three time periods into the presently inac-
cessible period that exists from April 
through August: “FALLFLY”, “WINTER 
A” and “WINTER B”. FALLFLY in-
cludes local helicopter operations and 
fixed-wing aircraft support (between New 
Zealand and McMurdo Station) from the 
end of “MAINBODY” operations until the 
end of civil twilight. Current helicopter 
regulations confine flights in the 

McMurdo region to periods of sufficient 
illumination bounded by civil twilight 
while still allowing adequate flight time to 
complete a particular mission. For exam-
ple, if six hours are allowed for helicopter 
support on any particular day, then heli-
copter operations at McMurdo Station can 
occur as early as 13 August and as late as 
29 April (Appendix 12.2). These dates are 
for a smooth spherical Earth under clear 
skies; they do not account for topographi-
cal conditions that will be encountered in 
mountainous areas like the dry valleys. 
Two inaccessible (i.e., no fixed-wing or 
vessel transportation to or from McMurdo 
Station) winter periods (WINTER A and 
WINTER B) separated by mid-June ice-
breaker support will follow FALLFLY. 

 

 

Proposed operating paradigm for the McMurdo area
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The icebreaker will provide a platform 
for winter research addressing marine-
based questions and allow an exchange of 
personnel at McMurdo Station. Traditional 
WINFLY operations, with the addition of 
helicopter support, will commence as 
usual in late August. This revised opera-
tions plan will allow scientists to conduct 
research throughout the current period of 
inaccessibility, without “overwintering”. 

The following phase-in approach was 
proposed. After this two-year phase-in pe-
riod, science and logistics should be 
reassessed to determine the future of ex-
tended season research.  

YEAR: 2001-2002 

• FALLFLY: Helicopter support until 
the end of civil twilight. Deploy and 
redeploy personnel via fixed-wing air-
craft at the end of civil twilight.  

• WINTER A: Support not requested. 

• WINTER B: Support not requested. 

• WINFLY: Normal operations. Addi-
tional support not requested. 

•  MAINBODY:  Normal operations. 
Additional support not requested (pre-
pare for following year). 

YEAR: 2002-2003 

• FALLFLY: Operations with helicopter 
support until the end of civil twilight. 

• WINTER A: Operations using ground 
support to surrounding areas, including 
the dry valleys.  

• ICEBREAKER SUPPORT: Mid-June, 
to exchange personnel and materials. 
A vessel based research program 
should be established to study the 
population dynamics of seals and pen-
guins, and water column and sea-ice 
processes. 

• WINTER B: Operations using ground 
support to surrounding areas, including 
the dry valleys.  

• WINFLY: Operations as usual. Heli-
copter flights during this period to 
support research as far away as the dry 
valleys. 

• MAINBODY: Operations as usual.   

The impacts on science and operations 
should be assessed following the first ex-
tended season to refine requirements for 
ensuing winter operations. 

 

 
Late February icebreaker support near McMurdo Station.
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7.   ENVIRONMENTAL ISSUES 
 
7.1 Benefits 

While there are important issues to be 
considered when extending Antarctic re-
search to year-round activities there are 
also important positive benefits that will 
be derived from these activities. Year-
round access provides an opportunity to 
test and showcase how humans can both 
live and carry out important activities un-
der extreme conditions while at the same 
time minimizing impacts on this relatively 
pristine environment. For example, winter 
work in the dry valleys could make use of, 
and provide a strenuous test of, alternative 
energy sources (e.g., combined solar, wind 
and cold temperature storage batteries) for 
human habitation in remote areas. 

Another important plus for year-round 
research is the opportunity to carry out en-
vironmental monitoring throughout the 
full seasonal cycle, thus providing a base-
line for the full range of environmental 
variability. At present, station specific 
monitoring programs are primarily limited 
to the summer. It is crucial to develop a 
better understanding of the range of natu-
ral variability within the system to 
unambiguously recognize human-induced 
perturbations. Wintertime processes may 
be important in understanding the distribu-
tion, intensity, and persistence of human 
impacts. Important processes may include 
redistribution of contaminants, sequestra-
tion of contaminants, and decline or 
cessation of natural redemptive processes 
(i.e., microbial degradation). As in many 
other locations, natural variability may be 
closely linked to seasonal or annual cycles. 
Physical/chemical processes active during 
the winter that may not be readily recog-
nized based on summer only observations 
can identify variations in overall system 

attributes. For example, change initiated 
by climatic events during the winter may 
set the stage for community responses ex-
pressed during the summer season.  

 

 

Late February “small boat” based 
research near Tent Island, McMurdo 

Sound. USCG Polar Sea 
 in the background. 

 

7.2 Specific Issues for Concern  

The environmental aspects of winter 
research in the McMurdo region will re-
quire early attention during the planning 
phase to identify potential impacts and to 
develop protocols and approaches to avoid 
or minimize such effects. The environ-
mental impacts identified were: 

• The potential for increased person-
days, which will increase human im-
pact; e.g., increased use of fuel, larger 
storage caches, added winter safety-
related logistics.  The key issue here 
may not be year-round activity but 
rather the number and duration of per-
son-days activity. 

• Severity of winter weather combined 
with darkness may increase the risk of 
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accident and subsequent environmental 
damage. 

• Additional required logistics and/or 
construction (e.g., ice breaker distur-
bance of fast ice, need for larger 
helicopter landing pads, additional 
safety huts) might have attendant envi-
ronmental impacts. 

• Year-around access holds the potential 
for increased tourist activity with the 
attendant potential adverse impacts. 

• Increased research activities in the dry 
valleys may increase the level of 
disturbance to soils, particularly in the 
vicinity of the field camps. However, 
the hard, frozen characteristics of the 
soils at this time of year suggest that 
they may be relatively resistant to 
these physical effects. 

• Winter activities will increase the re-
lease of materials to the environment, 
for example by the emission of exhaust 
gases from aircraft and from field 
camps. 

• Existing field camps will need to be 
modified for winter conditions.  How-
ever, there is no apparent need for 
additional camps or expanding the size 
of the current laboratories and accom-
modations.  

• Special attention will need to be given 
to landing sites (helicopter and fixed-
wing) for civil twilight and possibly 
winter operations. This will entail sub-
stantial modification of existing 
structures or the possibility of using 
the lake ice in the dry valleys as a 
landing site.  The latter will require 
additional environmental protection 
such as the use of a protective surface 
layer. Concern was expressed that 
landing lights installed on the lake 
might have effects on the biota. 

• The ecological consequences of unsea-
sonable disruption of the sea ice by 
icebreaker movement should be as-
sessed. For example, this will increase 
the opportunity for seal migration 
along the icebreaker channels. The po-
tential effects of noise disturbance on 
marine mammals should also be con-
sidered. 

• Docking, fueling and hauling-out fa-
cilities will be required for marine 
science boats. Hovercrafts should be 
considered as an alternative to boats.  

7.3 Cumulative Impacts  

International concern has been ex-
pressed about the long-term cumulative 
effects of science activities in the 
McMurdo Dry Valleys (e.g., Vincent 
1996, Wharton and Doran 1999). Winter 
research in this region will increase access. 
That in turn may result in an increased 
number of person-days and accelerated 
rates of long-term degradation. A funda-
mental issue in assessing such effects is 
the total person-day carrying capacity at 
specific locations in the dry valleys, and in 
the overall system.  This and other envi-
ronmental issues will be best addressed by 
developing an integrated, system-wide 
management plan for the entire McMurdo 
Dry Valleys. The foundation of such a 
plan has now been laid by two NSF 
funded workshops that have brought to-
gether specialists from a broad range of 
disciplines and from many Scientific 
Committee on Antarctic Research (SCAR) 
member nations (Vincent 1996, Wharton 
and Doran 1999). The winter research ini-
tiative has now heightened the need and 
urgency for further development and com-
pletion of the management plan. A similar 
approach should also be taken for the 
McMurdo Sound region. 
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7.4 Environmental Emergencies 

The combination of darkness, wind, 
and cold temperatures in winter could in-
crease the risk of environmental accidents 
as well as exacerbate the difficulty of re-
sponding to such accidents in a timely and 
effective manner. Contingency plans, as 
well as appropriate training, are required 
for a variety of environmental scenarios.  

In summary, a year-round research ef-
fort in the McMurdo area will have many 
potential benefits. There are also signifi-
cant concerns about the effect of the 
projected increased activities. These bene-
fits and effects must be considered in the 
planning stage. A carefully planned and 
executed extended season will minimize or 
mitigate the impacts of increase occupa-
tion, although it is unlikely to eliminate 
them entirely. 

 



  35  

 
 

8.   SAFETY ISSUES 
 

As with logistical and environmental 
concerns, extending the season to support 
active research in the McMurdo area poses 
increased safety concerns for field parties, 
air support operations, and McMurdo-
based operations. All safety concerns 
could be addressed if the following safety 
guidelines are considered: 

8.1 Medical/Physical Qualifying Proc-
ess 

• It is recommended that NSF research 
the need to modify current medical 
standards, considering that increased 
access to the continent would occur 
should year-round operations be sup-
ported. 

¾�While it is acknowledged that the 
medical qualifying process is more 
stringent for winter personnel, could 
there be a relaxation of current win-
ter criteria because of increased 
access? 

¾�Could FALLFLY participants be 
qualified under current summer stan-
dards because of regular access?  
Participants working during the win-
ter periods of inaccessibility should 
have a more rigid medical qualifying 
process. 

8.2 Field Safety Training 

• Modifications to current field safety 
training will have to occur to cover ad-
ditional risks of extreme cold and 
darkness. 

8.3 Field Safety 

• Modifications of existing safety proce-
dures and evacuation protocols are 
recommended. 

¾�The size of the field safety caches 
should be increased commensurate 
with rescue/relief scenarios.  The dis-
tance of caches from camps should 
be increased to provide additional 
safety in the event of fire. 

¾�Current inventory of equipment 
should be reviewed to ensure that 
adequate spares and back-up materi-
als/equipment are available in the 
event of an emergency (e.g., amount 
and variety of food, number of 
generators, radios, heaters, batteries). 

¾�Clothing issue may need to be en-
hanced, particularly during winter 
and WINFLY. 

¾�Current evacuation protocols should 
be revised to accommodate the ex-
treme conditions that occur during 
winter and WINFLY periods. 

¾�Experienced mountaineers with 
medical response capabilities should 
be included at field camps.  

¾�Field camps should include person-
nel versed in radio communications 
and basic electronics. These person-
nel should have a working 
knowledge of the McMurdo commu-
nications system. 

8.4 Search and Rescue Capabilities 

• To support increased year-round activ-
ity, it is recommended that the existing 
winter-over search and rescue (SAR) 
capability be enhanced. 

¾�Staffing one or more existing winter-
over staff positions with personnel 
who have a strong SAR background 
may mitigate the impact of increas-
ing the size of the SAR team. 
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¾�Some proposed research locations 
(e.g., sea-ice camps within a few 
kilometers of McMurdo) will have 
essentially unlimited access to 
McMurdo Station and would not 
pose significantly higher safety risks 
during the winter than the summer. 
However, sea ice conditions must be 
regularly monitored to ensure that its 
stability is appropriate for surface 
transport. 

¾�Other proposed field projects loca-
tions, such as the dry valleys, would 
require additional safety measures 
during winter owing to restricted 
helicopter and sea ice traverse ac-
cess. These additional safety 
measures would include, for exam-
ple, staffing the camp with an 
emergency medical technician with 
mountaineering skills, limiting high-
risk activities such as SCUBA div-
ing, and including more stringent 
radio operations. 

8.5 Helicopter Operations 

NSF should work closely with the 
helicopter contractor and support staff to 
develop a safety program that ensures safe 
helicopter operations. Items that should be 
considered when developing this program 
include: 

• Increase communications in the 
McMurdo area, particularly the dry 
valleys. 

• Establish flight routes accessible by 
ground support vehicles. 

• Implement more frequent radio check-
in points.  

• Establish/Maintain emergency and 
general support facilities at Marble 
Point and Explorer’s Cove. 

• Provide improved landing facilities at 
established field camps with lighting 
(30m x 30m heliports). 

• Make real-time weather data accessi-
ble from the automated stations 
maintained by the McMurdo LTER 
project in the dry valleys. 

8.6 Fixed-Wing Operations 

Limitations to fixed-wing aircraft op-
erations arise with darkness and inclement 
weather, particularly low temperatures and 
blowing snow. To a large extent improved 
runway lighting, weather forecasting, and 
air traffic control can address these limita-
tions. A New Zealand based search and 
rescue capability must be firmly in place. 
Fuel considerations should include the ca-
pability to extend the point of safe return, 
allowing aircraft to safely return to New 
Zealand should a flight be aborted due to 
weather. Additional landing areas should 
be identified in case of emergency situa-
tions or bad weather. 

8.7 McMurdo-Based Support Opera-
tions 

McMurdo-based operations face some 
increased risk attributable to possible in-
creased vehicular activity, involvement in 
SAR missions, and by mere increase in the 
number of people. These risks can be 
managed through development and adher-
ence to winter-specific procedures that 
include an increased awareness of the risks 
involved by extended season research sup-
port.
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9.   STRATEGIES FOR FUNDING 
 

For extended season research the in-
creased costs for both science and logistics 
must be addressed. While logistics are de-
rived from the science, scientists must also 
realize the limitations of logistics and 
available funding. There is a need for NSF 
to reconsider their present modus operandi 
for research supported out of the 
McMurdo area. Research over the past 40 
years in the vicinity of McMurdo Station 
has reached a point where scientific results 
now play a key role elucidating how 
Earth’s and possible extraterrestrial eco-
systems function. For example, the 
McMurdo LTER program and various 
programs in aeronomy and atmospheric 
chemistry can be considered as “canaries” 
of global change given the polar focusing 
that occurs at high latitudes. The time has 
now come to reevaluate the present operat-
ing paradigm for research supported from 
McMurdo Station to include year-round 
access. Though logistically intensive, new 
scientific discoveries will result. The in-
formation gained from the expanded 
season research will enhance the current 
state of knowledge regarding natural proc-
esses. In addition to the new science that 
will result, extended season research can 
also lead to an overall more efficient oper-
ating program. Year-round access may 
have the following selling points: 

• More efficient use of contract labor 
allowing workers to deploy and rede-
ploy as needed. 

• An upgrade of the Pegasus landing site 
for year round access may be a one-off 
cost that would have the following 
benefits: 

¾�Enhance accessibility to South Pole 
and other remote camps. 

 

Late February LC-130 operations. 

 

¾�Allow construction projects to pro-
ceed more efficiently. 

¾�Decrease the “heroic” efforts in mid-
winter emergencies. 

¾�Provide more efficient flight sched-
uling to decrease fixed-wing aircraft 
turnaround problems.   

• A higher level of international collabo-
ration for both science and educational 
initiatives.  

Funds to support extended season re-
search can be made available through a 
“leveling” concept where existing funds 
are reallocated to include the unmet oppor-
tunities afforded by winter research. 
Alternatives to reallocating current funds 
would be a “line-item” request for in-
creased funding to NSF, or through the 
development of interagency (e.g., NASA) 
and international collaborations. Ideally, a 
combination of elevated funding to NSF 
and enhanced collaboration should be pur-
sued. The phased-in approach to extended 
season research would have the smallest 
impact on funding and allow funding 
agencies to reassess scientific and finan-
cial commitments over time. 
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10.   CONCLUSIONS AND RECOMMENDATIONS 
 

1. Ecosystems in the McMurdo area 
provide sentinels for environmentally 
driven change on our planet. Year-round 
research will allow the issues of environ-
mental processes to be addressed in an 
interdisciplinary context, enabling scien-
tists to link physical/chemical processes to 
biological processes in the annual cycle. 
This document clearly defines the need for 
year-round data on the ecosystems in the 
McMurdo area to address the cardinal is-
sues of: 

• Persistence and evolution of life in ex-
treme environments 

• Biodiversity and genomics 

• Biocomplexity 

• Global change 

• Potential habitats for extraterrestrial 
life 

2. The alternatives to year-round 
deployment of scientists to the McMurdo 
Sound area fall into three categories:  

• Highly-trained technical personnel 
wintering over 

• Use of automated instrumentation 

• Home laboratory-based research 

Each of these approaches serves a specific 
purpose and can often be used to study 
winter activities, but they are often limited 
in scope. A number of research questions 
cannot be answered by these techniques. 
Furthermore, these are not alternatives to 
hands-on science, but are a means of com-
plementing and extending many programs; 
they are not substitutive. 

Research that can only be done with 
scientific personnel directly involved in 

the research (e.g., PI’s and graduate stu-
dents) at McMurdo includes: 

• Behavioral studies 

• Experiments (complex manipulations)  

• Tagging of fish, birds and seals 

• Process measurements (e.g., primary 
productivity, trophic interactions) 

• Environmentally-sensitive experiments 

• Time-sensitive samples and analyses 
(e.g., tissues, photochemical transients, 
some taxonomy)  

• Serendipitous observation of a unique 
phenomenon that requires immediate 
modification of a research plan 

3. Increased access to the McMurdo 
area would allow for an extension of the 
current educational opportunities already 
in place. Many of these activities currently 
go unrecognized and would be better 
served through a coordinated effort to dis-
seminate this information to the public. 
Numerous incentives, advantages and 
challenges were identified by the imple-
mentation of educational programs 
throughout the year in the McMurdo area. 
It is important that year-round educational 
programs be designed to integrate with all 
aspects of research, integrate with existing 
educational programs (including interna-
tional efforts) where possible, be multi-
level (elementary, secondary, general pub-
lic), utilize existing technological and 
human resources where possible, and co-
ordinate with science projects to leverage 
new technology. These programs should 
include K-12 (e.g., TEA, teacher profes-
sional development programs), the general 
public, and undergraduate/graduate com-
ponents.
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4. Logistic and scientific support will 
have to be enhanced in the areas of trans-
portation (intercontinental fixed-wing, 
helicopter, ground), Crary Laboratory 
staffing, communications, and field logis-
tics. These enhancements should be 
viewed as an upgrade in the overall operat-
ing procedures in the McMurdo area that 
will provide a more efficient environment 
for science and education.  

5. A phased-in approach to extended 
season research is proposed. This ap-
proach will extend the typical research 
season and helicopter support until civil 
twilight in late April during year one. The 
following year will support winter re-
search with an exchange of scientists and 
supplies in June via icebreaker. Scientists 
on the vessel should have a scientific 
agenda including studies on birds, mam-
mals, sea ice and biological/physical 
oceanography. Helicopter support would 
begin again at civil twilight in August ex-
tending and enhancing research during the 
WINFLY season. Typical operations 
would occur during the summer season. 
Scientific and logistical aspects of ex-
tended season scenario should be reviewed 
after this two-year period to determine the 
future of such operations. 

6. The expansion of the science effort 
in the McMurdo area into other seasons 
will have an impact on the environment. 
The number of person-days will increase 
and this may potentially cause a cascade of 
effects due to increased routine emissions, 
waste and disturbance. The probability of 
accidents may increase during the winter 
period and the response to such accidents 
may be more difficult. While these impor-
tant environmental issues must be 
considered when extending Antarctic re-
search to include year-round activities, 
there are also important positive benefits 
from these activities. Year-round access 
provides an opportunity to test and show-

case how humans can both live and carry 
out important activities under extreme 
conditions while at the same time mini-
mizing impacts on this relatively pristine 
environment. Environmental monitoring 
throughout the year will also provide a 
baseline for the full range of environ-
mental variability that occurs in the area. 
A better understanding of the range of 
natural variability within the system is 
crucial for unambiguous recognition of 
human-induced perturbations. The cumu-
lative impacts of increased presence on the 
environment should be addressed within 
the context of long-term degradation. A 
carefully planned and executed extended 
season will minimize or attempt to miti-
gate the effects of increased occupation, 
however it is unlikely to eliminate these 
effects entirely.  

7. Extending the season to support re-
search in the McMurdo area poses 
increased safety concerns for field parties, 
air support operations and McMurdo-
based operations. All safety concerns can 
be addressed with modifications to the 
medical/physical qualifying process, field 
safety training, search and rescue capabili-
ties, and helicopter and fixed-wing aircraft 
operations.  A carefully planned year- 

 

 

Tracked vehicle working near White Is-
land during winter.
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round safety program will provide an 
overall positive benefit to the current 
safety program now implemented in the 
McMurdo area. 

8. When considering funding to sup-
port extended season research, the 
increased costs for both science and logis-
tics must be addressed. Within this 
funding scenario, it is imperative to main-
tain the idea that logistics are derived 
from the science. There is a need for NSF 
to reconsider their present science strategy 
for funding research in the McMurdo area. 
Forty years of research in the area has 
brought many scientific disciplines to the 
point where year-round access to the area 
is the only avenue to address many com-

pelling scientific issues. Although 
logistically intensive, new scientific dis-
coveries and initiatives will result. In 
addition to new science, extended season 
research can also lead to an overall more 
efficient operating program. Funds to sup-
port extended season research could be 
made available through a reallocation of 
existing funds, a line-item request for in-
creased funding for the unmet 
opportunities afforded by extended season 
Antarctic research, or through develop-
ment of interagency and international 
collaborations. Ideally, a combination of 
elevated funding to NSF and enhanced 
collaboration should be pursued. 

 

 

 

Sunset over Lake Bonney, Taylor Valley, August 1991. 



  41  

 
 

11. REFERENCES 
 

Arrigo, K.R. and C.W. Sullivan.  1994.  A high-resolution bio-optical model of microal-
gal growth: Tests using sea-ice algal community time-series data. Limnology and 
Oceanography 39: 609-631. 

Arrigo, K.R., M.P. Lizotte, D.L. Worthen, P. Dixon and G. Dieckmann.  1997.  Primary 
production in Antarctic sea ice. Science 276: 394-397. 

Arrigo, K.R., D.L. Worthen, A. Schnell and M.P. Lizotte.  1998.  Primary production in 
Southern Ocean waters. Journal of Geophysical Research 103C:15,587-15,600. 

Arrigo, K.R., D.H. Robinson, D.L. Worthen, R.B. Dunbar and G.R. DiTullio. 1999. Phy-
toplankton community structure and the drawdown of nutrients and CO2 in the 
Southern Ocean. Science 283:365-367. 

Baines, P.G. and S. Condie.  1998. Observations and modeling of Antarctic downslope 
flows: a review.  pp. 29-49, In S. Jacobs and R.F. Weiss (eds.), Ocean, Ice and Atmos-
phere: Interactions at the Antarctic Continental Margin. Antarctic Research Series 
Volume 75, American Geophysical Union. 

Boveng, P.L. and J.L. Bengston. 1997. Crabeater seal cohort variation: demographic signal 
or statistical noise? pp. 241-247, In B. Battaglia, J. Valencia and D.W.H. Walton (eds.), 
Antarctic Communities: Species, Structure and Survival. Cambridge University Press. 

Charlson, C.D., J.E. Lovelock and M.O. Andreae. 1987. Oceanic production, atmospheric 
sulfur, cloud albedo and climate. Nature 326:655-661. 

Clow, G.D., C.P. McKay, G.M. Simmons Jr. and R.A. Wharton, Jr. 1988. Climatological 
observations and predicted sublimation rates at Lake Hoare, Antarctica. Journal of Cli-
mate 1:715-728. 

Denton, G.H., D.E. Sugden, D.R. Marchant, B.L. Hall and T.I. Wilch. 1993. East Antarc-
tic ice sheet sensitivity to Pliocene climate change from a Dry Valleys perspective. 
Geografiska Annaler 75A:155-204. 

Ditullio, G.R., D.L. Garrison and S. Mathot.  1998. Dimethylsulfoniopropionate in sea 
ice algae from the Ross Sea Polynya.  pp. 139-146, In M.P. Lizotte and K.R. Arrigo 
(eds.), Antarctic Sea Ice: Biological Processes, Interactions and Variability. Antarctic 
Research Series Volume 73, American Geophysical Union. 

DiTullio, G.R., J.M. Grebmeier, K.R. Arrigo, M.P. Lizotte, D.H. Robinson, A. Leventer, 
J.P. Barry, M.L. VanWoert and R.B. Dunbar. 2000. Rapid and early export of Phaeo-
cystis blooms in the Ross Sea, Antarctica. Nature 404:595-598. 

Fischer, G., D. Fuetterer, R. Gersonde, S. Honjo, D. Ostermann and G. Wefer. 1988. Sea-
sonal variability of particle flux in the Weddell Sea and its relation to ice cover. Nature 
335:426-428. 

Fountain, A.G., W.B. Lyons, M.B. Burkins, G.L. Dana, P. T. Doran, K.J. Lewis, D.M. 
McKnight, D. Moorhead, A.N. Parsons, J.C. Priscu, D.H. Wall, R.W. Wharton and 
R.A. Virginia. 1999. Physical controls on the Taylor Valley Ecosystem, Antarctica. Bi-
oscience 49:961-971.



 42 
 References 

 
 

Fritsen, C. H., V. I. Lytle, S. F. Ackley and C. W. Sullivan. 1994. Autumn bloom of Ant-
arctic pack-ice algae. Science 266:782-784 

Fritsen, C.H., S.F. Ackley, J.N. Kremer and C.W. Sullivan. 1998. Flood-freeze cycles 
and microalgal dynamics in Antarctic pack ice. pp. 1-22, In M.P. Lizotte and K.R. Ar-
rigo (eds.), Antarctic Sea Ice: Biological Processes, Interactions and Variability. 
Antarctic Research Series Volume 73, American Geophysical Union. 

Fritsen, C.H. and J.C. Priscu. 1999. Seasonal change in the optical properties of the per-
manent ice cover on Lake Bonney, Antarctica: Consequences for lake productivity and 
dynamics. Limnology and Oceanography 44:447-454. 

Fritsen, C.H., A. Grue and J.C. Priscu. 2000. Distribution of organic carbon and nitrogen 
in surface soils in the McMurdo Dry Valleys, Antarctica. Polar Biology 23:121-128. 

Garrison, D.L. and K.R. Buck.  1989.  The biota of Antarctic pack ice in the Weddell Sea 
and Antarctic Peninsula regions. Polar Biology 10:211-219. 

Gleitz, M., and D. N. Thomas. 1993. Variation in phytoplankton standing stock, chemical 
composition and physiology during sea ice formation in the southeastern Weddell Sea, 
Antarctica. Journal of Experimental Marine Biology and Ecology 173: 211-230. 

Gowing, M.M., D.L. Garrison, A. Gibson and M. Jeffries. 2000. Viruses of algae and 
protozoans in Ross Sea winter and summer pack ice communities. ASLO Aquatic Sci-
ences Meeting, June 5-9, Copenhagen, Denmark, Abstract CS05-p02. 

Grossi, S.M., S.T. Kottmeier, R.L. Moe, G.T. Taylor and C.W. Sullivan.  1987.  Sea ice 
microbial communities. VI. Growth and primary production in bottom ice under graded 
snow cover. Marine Ecology Progress Series 35:153-164.    

Hawes, I., R. Smith, C. Howard-Williams and A-M Schwarz. 1999. Environmental con-
ditions during freezing and response of microbial mats in ponds of the McMurdo Ice 
Shelf, Antarctica. Antarctic Science 11:198-208. 

Hopkins, T.L. 1987.  Midwater food web in McMurdo Sound, Ross Sea, Antarctica.  Ma-
rine Biology 96:93-106. 

Jeffries, M.O., S. Ki, R. Jana. H.R. Krouse and B. Hurst-Cushing. 1994. Crystal structure, 
VWDEOH�LVRWRSHV��/

18O), and development of sea ice in the Ross, Amundsen, and Belling-
hausen Seas, Antarctica. Journal of Geophysical Research 99:985-995. 

Karl, D.M., D.F. Bird, K. Bjorkman, T. Houlihan, R. Shackelford and L. Tupas. 1999. 
Microorganisms in the accreted ice of Lake Vostok, Antarctica. Science 286:2144-
2147. 

Laws, R.M. 1985. The Ecology of the Southern Ocean. American Scientist 73:26-40. 

Lizotte, M.L., T.R. Sharp and J.C. Priscu. 1996. Phytoplankton dynamics in the stratified 
water column of Lake Bonney, Antarctica: I. Biomass and productivity during the win-
ter-spring transition. Polar Biology 16:155-162. 

Lizotte, M.P. and J.C. Priscu. 1998. Distribution, succession and fate of phytoplankton in 
the dry valley lakes of Antarctica, based on pigment analysis. pp. 229-240, In J.C. 
Priscu (ed.), Ecosystem Dynamics in a Polar Desert: The McMurdo Dry Valleys. Ant-
arctic Research Series, Vol. 72, American Geophysical Union. 



  43  
  References 

 
 

Loeb, V., V. Siegel, O. Holm-Hansen, R. Hewitt and others. 1997. Effects of sea-ice ex-
tent and krill or salp dominance on the Antarctic food web. Nature 387:897-900. 

Lyons, W.B., A. Fountain, P. Doran, J.C. Priscu and K. Neumann. 2000. The importance 
of landscape position and legacy: The evolution of the Taylor Valley Lake District, 
Antarctica. Freshwater Biology 43:355-367. 

McKay, C. P., I. Friedmann, E., Wharton, R. A., Davies, W. L. 1992. History of water on 
Mars: a biological perspective. Advances in Space Research 12:231-238. 

Melnikov, I. 1995.  An in situ experimental study of young sea ice formation on an Ant-
arctic lead. Journal of Geophysical Research 100C:4673-4680. 

Moorhead, D. and J.C. Priscu. 1998. Linkages among ecosystem components within the 
McMurdo Dry valleys: A synthesis. 1998. pp. 351-364, In J.C. Priscu (ed.), Ecosystem 
Dynamics in a Polar Desert: The McMurdo Dry Valleys. Antarctic Research Series, 
Vol. 72, American Geophysical Union.  

Moorhead,  D.L., P. Doran, A.G. Fountain, W.B. Lyons,  D.M. McKnight, J.C. Priscu, 
R.A. Virginia and D.H. Wall. 1999. Ecological Legacies: Impacts on Ecosystems of the 
McMurdo Dry Valleys. Bioscience 49:1009-1019. 

Neale, P.J. and J.C. Priscu. 1995. The photosynthetic apparatus of phytoplankton from an 
ice-covered Antarctic lake: Acclimation to an extreme shade environment. Plant and 
Cell Physiology 36:253-263. 

Prentice, M.L., J. Kleman and A.P. Stroeven. 1998. The composite glacial erosional land-
scape of the northern McMurdo Dry Valleys: Implications for Antarctic tertiary glacial 
history. pp. 1-38, In J.C. Priscu (ed.), Ecosystem Dynamics in a Polar Desert: The 
McMurdo Dry Valleys. Antarctic Research Series, Vol. 72, American Geophysical Un-
ion.  

Priscu, J.C. 1998. Editor, Ecosystem Dynamics in a Polar Desert: The McMurdo Dry 
Valleys, Antarctica. Antarctic Research Series Vol 72, American Geophysical Union. 
369 p. 

Priscu, J.C., C.H. Fritsen, E.E. Adams, S.J. Giovannoni, H.W. Paerl, C.P. McKay, P.T. 
Doran, D.A. Gordon, B.D. Lanoil and J.L. Pinckney. 1998. Perennial Antarctic Lake 
Ice: An Oasis for Life in a Polar Desert. Science 280:2095-2098. 

Priscu, J.C. 1999. Life in the valley of the “dead”. Bioscience 49:959. 

Priscu, J.C., C. F. Wolf, C.D. Takacs, C.H. Fritsen, J. Laybourn-Parry, E.C. Roberts and 
W. B. Lyons. 1999a. Carbon transformations in the water column of a perennially ice-
covered Antarctic Lake. Bioscience 49:997-1008. 

Priscu, J.C., E.E. Adams, W.B. Lyons, M.A. Voytek, D.W. Mogk, R.L. Brown, C.P. 
McKay, C.D. Takacs, K.A. Welch, C.F. Wolf, J.D. Kirstein and R. Avci. 1999b. Geo-
microbiology of subglacial ice above Vostok Station. Science 286:2141-2144. 

Seigert, M.J., J.A. Dowdeswell, M.R. Gorman and N.F. McIntyre. 1996. An inventory of 
Antarctic sub-glacial lakes. Antarctic Science 8:281-286.

 



 44 
 Appen- 
 dices 

 
 

Spaulding, S.A., D.M. McKnight, R.L. Smith and R. Dufford. 1994. Phytoplankton popu-
lation dynamics in perennially ice-covered Lake Fryxell, Antarctica. Journal of 
Plankton Research 16:527-541. 

Sturges, W.T., C.W. Sullivan, R.C. Schnell, L.E. Heidt and W.H. Pollock.  1993.  Bro-
moalkane production by Antarctic ice algae. Tellus Series B: Chemical and Physical 
Meteorology 45: 120-126. 

Vincent, W.F. (ed.) 1996. Environmental Management of a Cold Desert Ecosystem: the 
McMurdo Dry Valleys. Desert Research Institute, University of Nevada, USA, special 
publication. 57 pp. 

Vincent, W.F., R. Rae, I. Laurion, C.Howard-Williams and J.C. Priscu. 1997. Transpar-
ency of Antarctic ice-covered lakes to solar UV radiation. Limnology and 
Oceanography 43:618-624. 

Wall-Freckman, D. and R.A. Virginia. 1998. Soil biodiversity and community structure 
in the McMurdo Dry Valleys, Antarctica. pp. 323-336, In J.C. Priscu (ed.), Ecosystem 
Dynamics in a Polar Desert: The McMurdo Dry Valleys. Antarctic Research Series, 
Vol. 72, American Geophysical Union.  

Wharton, R.A., C.P. McKay, C.P., G.D. Clow, and D.T. Anderson. 1993. Perennial ice 
covers and their influence on Antarctic lake ecosystems.  pp. 53-70, In W.Green and 
E.I. Friedmann (eds.), Physical and Biogeochemical Processes in Antarctic Lakes. Ant-
arctic Research Series, American Geophysical Union, Washington, D.C.  

Wharton, R.A. and P. Doran (eds.). 1999. McMurdo Dry Valley Lakes: Impacts of Re-
search Activities. Desert Research Institute, University of Nevada, USA, special 
publication, 54 pp. 

 

 

Scientists traversing between McMurdo Station and  
White Island during winter. 



  45 
  Appen- 
  dices 

 
 

12. APPENDICES 
Appendix 12.1.  Participant List  

 

 
 
Participants: Back row left to right (standing): Steve Kottmeier, Mahlon Kennicutt II, Donald Siniff, 
Arthur DeVries, Polly Penhale, Chad Marshall, Bill Haals, Stephanie Shipp, Roland Psenner, Diane 
Stocker, Sam Bowser, Marcia Gowing, William Baker, Johanna Laybourn-Parry, Martin Jeffries, Berry 
Lyons, Ian Hawes, Max Tilzer. Middle row: Jill Ferris, Marian Moyher, Jack Hawkins, Alberto Adriani, 
William Stockton, Eric Juergens, Terry Deschler, Raymond Smith, Chris Sheperd, Randall Davis, Dean 
Peterson, Mike Lizotte. Front row: Warwick Vincent, John Priscu, Clive Howard-Williams, 
Deneb Karentz, Christine Foreman, Gerald Kooyman, Christian Fritsen. 
 
Adriani, Alberto , CNR-IFA, Via del Fosso del Cavaliere, 100, 00133 - Roma, Italy 
Phone: +39 06 4 993 4348 
FAX:  +39 06 2 066 0291 
Email: alberto@sung3.ifsi.rm.cnr.it  
 
Baker, Bill, Chemistry Department, Florida Institute of Technology, 150 W. University Blvd., Melbourne, 
Florida 32901, USA 
Phone: (321) 674-7376 
FAX:  (321) 674-8951   
Email: bbaker@fit.edu  
 
Bowser, Sam, Wadsworth Center, New York State Department of Health, P.O. Box 509, Albany, New 
York 12201-0509, USA 
Phone: (518) 473-3856  
FAX: (518) 402-5381  
Email: bowser@wadsworth.org  
 
Bresnahan, Dave, Systems Manager, Operations & Logistics, Polar Research Support Section, Office of 
Polar Programs, National Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA 
Phone: (703) 292-8032 
 



 46 
 Appen- 
 dices 

 
 

FAX: (703) 292-9080  
Email: dbresnah@nsf.gov  
 
Chiang, Erick, Section Head, Polar Research Support Section, Office of Polar Programs, National Science 
Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA 
Phone: (703) 292-8032 
FAX: (703) 292-9080   
Email: echiang@nsf.gov  
 
Davis, Randall, Department of Marine Biology, Texas A&M University at Galveston, 5007 Avenue U, 
Galveston, Texas 77551, USA 
Phone: (409) 740-4712 
FAX: (409) 740-5002 
Email: davisr@tamug.tamu.edu  
 
Deshler, Terry, Department of Atmospheric Science, University of Wyoming, Laramie, Wyoming 82071, 
USA 
Phone: (307) 766-2006 
FAX:  (307) 766-2635 
Email: deshler@grizzly.uwyo.edu  
 
DeVries, Arthur , Molecular and Integrative Physiology, University of Illinois at Urbana-Champaign,  524 
BH, 407 South Goodwin, Urbana, Illinois 61801, USA 
Phone: (217) 333-4245  
FAX: (217) 333-1133 
Email: adevries@uiuc.edu  
 
Erb, Karl , Director, Office of Polar Programs, National Science Foundation, 4201 Wilson Boulevard, Ar-
lington, Virginia 22230, USA 
Phone: (703) 292-8030 
FAX:  (703) 292-9081 
Email:  kerb@nsf.gov  
 
Ferris, Jill , Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colorado 
80112, USA 
Phone: (303) 790-8606, extension 3007 
FAX:  (303) 792-9006 
Email: ferrisji@asa.org 
 
Foreman, Christine, Land Resources and Environmental Sciences, Montana State University, Bozeman, 
Montana 59717, USA 
Phone: (406) 994-2883 
FAX:  (406) 994-5863 
Email: cforema@montana.edu  
 
Fritsen, Christian, Division of Earth and Ecosystem Sciences, Desert Research Institute, 2215 Raggio 
Parkway, Reno, Nevada 89512, USA  
Phone: (775) 673-7487 
FAX: (775) 673-7485 
Email: cfritsen@dri.edu  
 
Gowing, Marcia, Institute of Marine Sciences, University of California, Santa Cruz, California 95064, 
USA  
Phone: (831) 459-4789; (831)-459-4752 
FAX: (831) 459-4882 
Email:  gowing@cats.ucsc.edu  



  47 
  Appen- 
  dices 

 
 

Haals, Bill1, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colorado 
80112, USA 
Phone: (303) 790-8606, extension 3393 
Fax:  (303) 792-9006  
Email:  hallsbi@polar.org  
 
Hawes, Ian, National Institute for Water and Atmospheric Research (Ltd.), 10 Kyle Street, Christchurch, 
New Zealand  
Phone: +64 3 348 8987 
FAX: +64 3 348 5548 
Email: i.hawes@niwa.cri.nz 
 
Hawkins, Jack, Petroleum Helicopters, Inc., P.O. Box 90808, Lafayette, Louisiana 70509, USA 
Phone: (337) 235-3452, extension 4470 
FAX: (337) 235-3424 
Email:  jackhawkins@compuserve.com  
 
Howard-Williams, Clive , National Institute for Water and Atmospheric Research (Ltd.), 10 Kyle Street, 
Christchurch, New Zealand  
Phone: +64 3 348 8987  
FAX: +64 3 348 5548 
Email: c.howard-williams@niwa.cri.nz  
 
Jatko, Joyce, Environmental Officer, Polar Research Support Section, Office of Polar Programs, National 
Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8032 
FAX: (703) 292-9080  
Email:  jjatko@nsf.gov  
 
Jeffries, Martin , University of Alaska Fairbanks, Geophysical Institute, 903 Koyukuk Drive, Fairbanks, 
Alaska 99775-7320, USA 
Phone: (907) 474-5257 
FAX: (907) 474-7290 
Email:  martin.jeffries@gi.alaska.edu  
 
Juergens, Eric, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colorado 
80112, USA 
Phone: (303) 790-8606 
Fax:  (303) 792-9006  
Email: juergeer@asa.org  
 
Karentz, Deneb, Department of Biology, HRN342, University of San Francisco, 2130 Fulton Street, San 
Francisco, California 94117-1080, USA 
Phone: (415) 422-2831 
FAX:  (415) 422-6363 
Email:  karentzd@usfca.edu  
 
Kennicutt II, Mahlon, C. , Director, Geochemical & Environmental Research Group, Texas A&M Univer-
sity, 833 Graham Road, College Station, Texas 77845, USA 
Phone: (979) 862-2323, extension 111   
FAX: (979)-862-2361 
Email:  mck2@gerg.tamu.edu  
 
Kooyman, Gerald, Scholander Hall, 0204, Scripps Institution of Oceanography, University of California, 
San Diego, La Jolla, California 92093, USA 
Phone: (858) 534-2091 



 48 
 Appen- 
 dices 

 
 

FAX:  (858) 534-1305 
Email:  gkooyman@ucsd.edu  
 
Kottmeier, Steve1, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colo-
rado 80112, USA 
Phone: (303) 790-8606, extension 3108 
Fax:  (303) 792-9006 
Email: kottmest@polar.org 
 
Labourn-Parry, Johanna, Division of 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 
Email:  sbzjlp@sbn2.phes.nottingham.ac.uk  
 
Lizotte, Michael, Bigelow Laboratory for Ocean Sciences, 180 McKown Point Road, P.O. Box 475, West 
Boothbay Harbor, Maine 04575, USA 
Phone: (207) 633-9600  
FAX: (207) 633-9641  
Email:  mlizotte@bigelow.org  
 
Lyons, W. Berry, Director, Byrd Polar Research Center, Ohio State University, 1090 Carmack Road, Scott 
Hall, Columbus, Ohio 43210-1002, USA 
Phone: (614) 688-3241 
FAX:  (614) 292-4697 
Email:  lyons.142@osu.edu  
 
Mahar, Harry , Safety and Health Officer, Polar Research Support Section, Office of Polar Programs, Na-
tional Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8032 
FAX: (703) 292-9080  
Email: hmahar@nsf.gov  
 
Marinelli, Roberta , Chesapeake Biological Laboratory, P.O. Box 38, One Williams Street Solomons, 
Maryland 20688, USA 
Phone: (410) 326-7201 
Fax: (410) 326-7378 
Email: marinelli@cbl.umces.edu   
 
Marshall, Chad, Division of Environmental Science, School of Biological Sciences, University of Not-
tingham, Sutton Bonington, Loughborough, Leics. LE12 5RD, United Kingdom 
Phone: +44 115 951 6262 
FAX: +44 115 951 6261 
Email: chad.marshall@nottingham.ac.uk  
 
Meyers, Michael, Program Manager, Exobiology Program, Code SR, 300 East Street, SW, National Aero-
nautics and Space Administration, NASA Headquarters, Washington, D.C. 20546-0001, USA 
Phone: (202) 358-0307  
FAX: (202) 358-3097  
Email: mmeyer@mail.hq.nasa.gov  
 
Moyher, Marian 1, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colo-
rado 80112, USA 
Phone: (303) 790-8606, X3473 
FAX:  (303) 792-9006      
Email: moyherma@polar.org 



  49 
  Appen- 
  dices 

 
 

Peacock, Dennis, Section Head, Office of Polar Programs, Antarctic Sciences Section, National Science 
Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8033 
FAX:  (703) 292-9079 
Email: dpeacock@nsf.gov  
 
Penhale, Polly, Program Manager, Antarctic Biology and Medicine, Office of Polar Programs, National 
Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8033 
FAX:   (703) 292-9079   
Email: ppenhale@nsf.gov  
 
Peterson, Dean, Science Strategy Manager, Antarctica New Zealand, Private Bag 4745, Christchurch, 
New Zealand 
Phone: +64 3 358 0200 
FAX: +64 3 358 0211 
Email:  d.peterson@antarcticanz.govt.nz  
 
Priscu, John, Department of Land Resources and Environmental Sciences, Montana State University, 
Bozeman, Montana 59717, USA  
Phone: (406) 994-3250 
FAX: (406) 994-5863 
Email:  jpriscu@montana.edu  
 
Psenner, Roland, University of Innsbruck, Institute of Zoology and Limnology, Technikerstrasse 25, A-
6020 Innsbruck, Austria 
Phone: +43 512 507-6130 
FAX:  +43 512 507-2930 
Email: roland.psenner@uibk.ac.at 
 
Shepherd, Chris, Antarctic Support Associates, 61 Inverness Drive East, Suite 300, Englewood, Colorado 
80112, USA 
Phone: (303) 790-8606 
FAX:   (303) 792-9006   
Email:  shephech@asa.org  
 
Shipp, Stephanie, Department of Geology and Geophysics, MS126, Rice University, P.O. Box 1892, 6100 
South Main, Houston, Texas 77005, USA 
Phone: (713) 527-8750  
FAX: (713) 285-5214  
Email: shippst@ruf.rice.edu  
 
Siniff, Donald, Department of Ecology, Evolution and Behavior, Room 100 Ecology, 6098, 1987 Upper 
Buford Circle, University of Minnesota, St. Paul, Minnesota 55108, USA 
Phone: (612) 625-5732 
FAX: (612) 624-6777 
Email:  siniff@ecology.umn.edu  
 
Smith, Patrick, Technology Development Officer, Polar Research Support Section, Office of Polar Pro-
grams, National Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8032 
FAX: (703) 292-9080  
Email: pdsmith@nsf.gov 
 
Smith, Raymond, Institute for Computational Earth System Science (ICESS), University of California, 
Santa Barbara, Santa Barbara, California 93106, USA 



 50 
 Appen- 
 dices 

 
 

Phone: (805) 893-4709 
FAX: (805) 893-2578 
Email: ray@icess.ucsb.edu   
 
Sutherland, Alexander, Oceans Project Manager, Polar Research Support Section, Office of Polar Pro-
grams, National Science Foundation, 4201 Wilson Boulevard, Arlington, Virginia 22230, USA  
Phone: (703) 292-8032 
FAX: (703) 292-9080  
Email: alsuther@nsf.gov 
 
Stockton, William, Wadsworth Center, New York State Department of Health, P.O. Box 509, Albany, 
New York 12201-0509, USA  
Phone: (858) 551-0351 
FAX:  (518) 402-5381 
Email: wstockt1@san.rr.com  
 
Stoecker, Diane, University of Maryland Center for Environmental Science, Horn 
Point Laboratory, P.O. Box 775, Cambridge, Maryland 21613-0775, USA 
Phone: (410) 221-8407 
FAX: (410) 221-8490  
Email: stoecker@hpl.umces.edu 
 
Tilzer, Max , University of Constance, D-78457 Constance, Germany  
Phone: +49 7531 884194 
FAX:  +49 7531 883688 
Email:  max.tilzer@uni-konstanz.de  
 
Vincent, Warwick , Dept de biologie & Centre d'etudes nordiques, Laval University, Sainte-Foy, Quebec 
G1K 7P4, Canada  
Phone: (418) 656-5644 
FAX: (418) 656-2043 
Email: warwick.vincent@bio.ulaval.ca 
 
 
1Current address: Raytheon Polar Services, 61 Inverness Drive East, Suite 300, Englewood, Colorado 
80112. Operator: 303-790-8606. 
 



  51 
  Appen- 
  dices 

 
 

Appendix 12.2. Times of civil twilight for ideal horizon and meteorological conditions at McMurdo Sta-
tion (Latitude = 77 52 S; Longitude = 166 58 E) for year 2000. Times listed are for daylight savings time 
(i.e., austral summer or 13 hours east of Greenwich. + Sun above the horizon all day; - Sun below the hori-
zon all day. See appendix 12.4 for definition of civil twilight. Source, U.S. Naval Observatory. Note: 
subtract 1 h for standard time. 

DAY January February March April May June 
  RISE SET RISE SET RISE SET RISE SET RISE SET RISE SET 
1 + + + + + + 0726 2025 1100 1638 - - 
2 + + + + + + 0733 2018 1108 1629 - - 
3 + + + + + + 0740 2010 1118 1620 - - 
4 + + + + + + 0747 2003 1127 1610 - - 
5 + + + + 0234 0133 0754 1955 1137 1600 - - 
6 + + + + 0309 0157 0801 1948 1147 1550 - - 
7 + + + + 0331 0135 0807 1941 1159 1538 - - 
8 + + + + 0349 0117 0814 1933 1211 1526 - - 
9 + + + + 0404 0101 0821 1926 1225 1512 - - 
10 + + + + 0418 2347 0827 1919 1241 1456 - - 
11 + + + + 0430 2334 0834 1912 1302 1435 - - 
12 + + + + 0442 2322 0841 1904 - - - - 
13 + + + + 0453 2310 0848 1857 - - - - 
14 + + + + 0503 2259 0854 1850 - - - - 
15 + + + + 0513 2249 0901 1843 - - - - 
16 + + + + 0522 2239 0908 1835 - - - - 
17 + + + + 0531 2229 0915 1828 - - - - 
18 + + + + 0540 2220 0922 1821 - - - - 
19 + + + + 0549 2211 0929 1813 - - - - 
20 + + + + 0557 2202 0936 1806 - - - - 
21 + + + + 0605 2153 0943 1758 - - - - 
22 + + + + 0613 2144 0950 1751 - - - - 
23 + + + + 0621 2136 0957 1743 - - - - 
24 + + + + 0629 2128 1004 1736 - - - - 
25 + + + + 0636 2119 1012 1728 - - - - 
26 + + + + 0644 2111 1019 1720 - - - - 
27 + + + + 0651 2104 1027 1712 - - - - 
28 + + + + 0658 2056 1035 1704 - - - - 
29 + + + + 0705 2048 1043 1655 - - - - 
30 + +     0712 2040 1051 1647 - - - - 

31 + +     0719 2033     - -     
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Appendix 12.2, continued. Times of civil twilight for ideal horizon and meteorological conditions at 
McMurdo Station (Latitude = 77 52 S; Longitude = 166 58 E) for year 2000. Times listed are for daylight 
savings time (i.e., austral summer or 13 hours east of Greenwich. + Sun above the horizon all day; - Sun 
below the horizon all day. See appendix 12.4 for definition of civil twilight. Source, U.S. Naval Observa-
tory. Note: subtract 1 h for standard time. 
Day July August September October November December 

  RISE SET RISE SET RISE SET RISE SET RISE SET RISE SET 
1 - - 1323 1433 0832 1912 0424 2259 + + + + 
2 - - 1259 1458 0824 1919 0412 2310 + + + + 
3 - - 1241 1515 0817 1925 0400 2322 + + + + 
4 - - 1226 1529 0810 1932 0346 2335 + + + + 
5 - - 1213 1542 0803 1938 0331 2350 + + + + 
6 - - 1202 1554 0755 1945 0314 0006 + + + + 
7 - - 1151 1604 0748 1952 0253 0026 + + + + 
8 - - 1141 1614 0741 1958 0224 0055 + + + + 
9 - - 1131 1624 0734 2005 + + + + + + 
10 - - 1121 1633 0726 2012 + + + + + + 
11 - - 1112 1642 0719 2018 + + + + + + 
12 - - 1104 1650 0711 2025 + + + + + + 
13 - - 1055 1658 0704 2032 + + + + + + 
14 - - 1047 1706 0656 2039 + + + + + + 
15 - - 1038 1714 0648 2046 + + + + + + 
16 - - 1030 1722 0641 2053 + + + + + + 
17 - - 1023 1729 0633 2100 + + + + + + 
18 - - 1015 1737 0625 2107 + + + + + + 
19 - - 1007 1744 0617 2115 + + + + + + 
20 - - 0959 1751 0608 2122 + + + + + + 
21 - - 0952 1758 0600 2130 + + + + + + 
22 - - 0944 1805 0552 2138 + + + + + + 
23 - - 0937 1812 0543 2146 + + + + + + 
24 - - 0930 1819 0534 2154 + + + + + + 
25 - - 0922 1826 0525 2202 + + + + + + 
26 - - 0915 1832 0516 2211 + + + + + + 
27 - - 0908 1839 0506 2220 + + + + + + 
28 - - 0900 1846 0456 2229 + + + + + + 
29 - - 0853 1852 0446 2238 + + + + + + 
30 - - 0846 1859 0435 2248 + + + + + + 

31 - - 0839 1906     + +     + + 
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Appendix 12.3. Times of sunrise and sunset for ideal horizon and meteorological conditions at McMurdo 
Station (Latitude = 77 52 S; Longitude = 166 58 E) for year 2000. Times listed are for daylight savings 
time (i.e., austral summer or 13 hours east of Greenwich). + Sun above the horizon all day; - Sun below the 
horizon all day. See Appendix 12.4 for definition of sunrise and sunset. Source, U.S. Naval Observatory. 
Note: subtract 1 h for standard time.  

DAY January February March April May June 
  RISE SET RISE SET RISE SET RISE SET RISE SET RISE SET 
1 + + + + 0508 2254 0905 1844 - - - - 
2 + + + + 0518 2244 0913 1836 - - - - 
3 + + + + 0527 2235 0920 1828 - - - - 
4 + + + + 0536 2225 0928 1820 - - - - 
5 + + + + 0545 2216 0935 1812 - - - - 
6 + + + + 0553 2208 0943 1803 - - - - 
7 + + + + 0602 2159 0951 1755 - - - - 
8 + + + + 0610 2151 0959 1747 - - - - 
9 + + + + 0618 2142 1007 1738 - - - - 
10 + + + + 0626 2134 1015 1729 - - - - 
11 + + + + 0634 2126 1024 1720 - - - - 
12 + + + + 0641 2118 1032 1711 - - - - 
13 + + + + 0649 2110 1041 1702 - - - - 
14 + + + + 0656 2102 1051 1652 - - - - 
15 + + + + 0704 2054 1100 1642 - - - - 
16 + + + + 0711 2046 1110 1631 - - - - 
17 + + + + 0718 2039 1121 1620 - - - - 
18 + + + + 0726 2031 1132 1609 - - - - 
19 + + + + 0733 2023 1144 1556 - - - - 
20 + + + + 0740 2015 1157 1543 - - - - 
21 + + 0254 0120 0747 2008 1212 1528 - - - - 
22 + + 0321 0053 0754 2000 1229 1510 - - - - 
23 + + 0340 0033 0801 1953 1250 1448 - - - - 
24 + + 0356 0017 0808 1945 1327 1412 - - - - 
25 + + 0411 0002 0815 1938 - - - - - - 
26 + + 0424 2337 0822 1930 - - - - - - 
27 + + 0436 2325 0829 1922 - - - - - - 
28 + + 0447 2314 0837 1915 - - - - - - 
29 + + 0458 2304 0844 1907 - - - - - - 
30 + +     0851 1859 - - - - - - 

31 + +     0858 1851 - - - -     
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Appendix 12.3, continued. Times of sunrise and sunset for ideal horizon and meteorological conditions at 
McMurdo Station (Latitude = 77 52 S; Longitude = 166 58 E) for year 2000. Times listed are for daylight 
savings time (i.e., austral summer or 13 hours east of Greenwich). + Sun above the horizon all day; - Sun 
below the horizon all day. See Appendix 12.4 for definition of sunrise and sunset. Source, U.S. Naval Ob-
servatory. Note: subtract 1 h for standard time. 
Day July August September October November December 

  RISE SET RISE SET RISE SET RISE SET RISE SET RISE SET 
1 - - - - 1022 1725 0627 2102 + + + + 
2 - - - - 1013 1733 0619 2109 + + + + 
3 - - - - 1005 1741 0611 2117 + + + + 
4 - - - - 0956 1749 0603 2124 + + + + 
5 - - - - 0948 1757 0554 2132 + + + + 
6 - - - - 0939 1804 0546 2140 + + + + 
7 - - - - 0931 1812 0537 2148 + + + + 
8 - - - - 0923 1819 0529 2157 + + + + 
9 - - - - 0915 1826 0520 2205 + + + + 
10 - - - - 0907 1834 0511 2214 + + + + 
11 - - - - 0900 1841 0501 2223 + + + + 
12 - - - - 0852 1848 0452 2233 + + + + 
13 - - - - 0844 1855 0442 2242 + + + + 
14 - - - - 0837 1902 0432 2253 + + + + 
15 - - - - 0829 1909 0421 2304 + + + + 
16 - - - - 0821 1916 0410 2315 + + + + 
17 - - - - 0814 1923 0358 2328 + + + + 
18 - - - - 0806 1930 0345 2341 + + + + 
19 - - 1312 1442 0759 1937 0331 2356 + + + + 
20 - - 1246 1507 0751 1944 0315 0000 + + + + 
21 - - 1227 1526 0744 1951 0257 0014 + + + + 
22 - - 1211 1541 0736 1957 0234 0037 + + + + 
23 - - 1157 1555 0728 2004 + + + + + + 
24 - - 1144 1607 0721 2011 + + + + + + 
25 - - 1132 1619 0713 2018 + + + + + + 
26 - - 1121 1630 0706 2025 + + + + + + 
27 - - 1110 1640 0658 2033 + + + + + + 
28 - - 1100 1649 0650 2040 + + + + + + 
29 - - 1050 1659 0642 2047 + + + + + + 
30 - - 1040 1708 0635 2054 + + + + + + 

31 - - 1030 1716             + + 
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Appendix 12.4. Rise, Set, and Twilight Definitions.  Source, U.S. Naval Observatory 
 
General Definitions 

Horizon: Wherever one is located on or near the Earth's surface, the Earth is perceived as 
essentially flat and, therefore, as a plane. The sky resembles one-half of a sphere or dome 
centered at the observer. If there are no visual obstructions, the apparent intersection of 
the sky with the Earth's (plane) surface is the horizon, which appears as a circle centered 
at the observer. For rise/set computations, the observer's eye is considered to be on the 
surface of the Earth, so that the horizon is geometrically exactly 90 degrees from the local 
vertical direction.  

Rise, Set: During the course of a day the Earth rotates once on its axis causing the phe-
nomena of rising and setting. All celestial bodies, stars and planets included, seem to 
appear in the sky at the horizon to the East of any particular place, then to cross the sky 
and again disappear at the horizon to the West. The most noticeable of these events, and 
the most significant in regard to ordinary affairs, are the rising and setting of the Sun and 
Moon. Because the Sun and Moon appear as circular disks and not as points of light, a 
definition of rise or set must be very specific, for not all of either body is seen to rise or 
set at once.  

Sunrise and sunset conventionally refer to the times when the upper edge of the disk 
of the Sun is on the horizon, considered unobstructed relative to the location of inter-
est. Atmospheric conditions are assumed to be average, and the location is in a level 
region on the Earth's surface.  

Moonrise and moonset times are computed for exactly the same circumstances as 
for sunrise and sunset. However, moonrise and moonset may occur at any time during 
a 24 hour period and, consequently, it is often possible for the Moon to be seen during 
daylight, and to have moonless nights. It is also possible that a moonrise or moonset 
does not occur relative to a specific place on a given date.  

Transit : The transit time of a celestial body refers to the instant that its center crosses an 
imaginary line in the sky - the observer's meridian - running from north to south. For ob-
servers in low to middle latitudes, transit is approximately midway between rise and set, 
and represents the time at which the body is highest in the sky on any given day. At high 
latitudes, neither of these statements may be true - for example, there may be several 
transits between rise and set. The transit of the Sun is local solar (sundial) noon. The dif-
ference between the transit times of the Sun and Moon is closely related to the Moon's 
phase. The New Moon transits at about the same time as the Sun; the First Quarter Moon 
transits about 6 hours after the Sun; the Full Moon transits about 12 hours after/before the 
Sun; and the Last Quarter Moon transits about 6 hours before the Sun.  
 
Twilight : Before sunrise and again after sunset there are intervals of time, twilight, dur-
ing which there is natural light provided by the upper atmosphere, which does receive 
direct sunlight and reflects part of it toward the Earth's surface. Some outdoor activities 
may be conducted without artificial illumination during these intervals, and it is useful to 
have some means to set limits beyond which a certain activity should be assisted by arti-
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ficial lighting. The major determinants of the amount of natural light during twilight are 
the state of the atmosphere generally and local weather conditions in particular. Atmos-
pheric conditions are best determined at the actual time and place of events. Nevertheless, 
it is possible to establish useful, though necessarily approximate, limits applicable to 
large classes of activities by considering only the position of the Sun below the local ho-
rizon. Reasonable and convenient definitions have evolved.  

 
Civil twilight  is defined to begin in the morning, and to end in the evening when the 
center of the Sun is geometrically 6 degrees below the horizon. This is the limit at 
which twilight illumination is sufficient, under good weather conditions, for terrestrial 
objects to be clearly distinguished; at the beginning of morning civil twilight, or end 
of evening civil twilight, the horizon is clearly defined and the brightest stars are visi-
ble under good atmospheric conditions in the absence of moonlight or other 
illumination. In the morning before the beginning of civil twilight and in the evening 
after the end of civil twilight, artificial illumination is normally required to carry on 
ordinary outdoor activities. Complete darkness, however, ends sometime prior to the 
beginning of morning civil twilight and begins sometime after the end of evening 
civil twilight.  
 
Nautical twilight  is defined to begin in the morning, and to end in the evening, when 
the center of the sun is geometrically 12 degrees below the horizon. At the beginning 
or end of nautical twilight, under good atmospheric conditions and in the absence of 
other illumination, general outlines of ground objects may be distinguishable, but de-
tailed outdoor operations are not possible, and the horizon is indistinct.  
 
Astronomical twilight  is defined to begin in the morning, and to end in the evening 
when the center of the Sun is geometrically 18 degrees below the horizon. Before the 
beginning of astronomical twilight in the morning and after the end of astronomical 
twilight in the evening the Sun does not contribute to sky illumination; for a consider-
able interval after the beginning of morning twilight and before the end of evening 
twilight, sky illumination is so faint that it is practically imperceptible.  

 
Technical Definitions and Computational Details 

Sunrise and sunset. For computational purposes, sunrise or sunset is defined to occur 
when the geometric zenith distance of center of the Sun is 90.8333 degrees. That is, the 
center of the Sun is geometrically 50 arcminutes below a horizontal plane. For an ob-
server at sea level with a level, unobstructed horizon, under average atmospheric 
conditions, the upper limb of the Sun will then appear to be tangent to the horizon. The 
50-arcminute geometric depression of the Sun's center used for the computations is ob-
tained by adding the average apparent radius of the Sun (16 arcminutes) to the average 
amount of atmospheric refraction at the horizon (34 arcminutes). 
 
Moonrise and moonset. Moonrise and moonset are defined similarly, but the situation is 
computationally more complex because of the nearness of the Moon and the eccentricity 
of its orbit. If the computations are carried out using coordinates of the Moon with re-
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spect to the Earth's center (the usual method), then moonrise or moonset is defined to oc-
cur when the geometric zenith distance of the center of the Moon is: 
 

90.5666 degrees + Moon's apparent angular radius - Moon's horizontal parallax 

 
Under normal atmospheric conditions at sea level, the upper limb of the Moon will then 
appear to be tangent with a level, unobstructed horizon. No account is taken of the 
Moon's phase; that is, the Moon is always regarded as a disk in the sky and the upper 
limb might be dark. Here again, a constant of 34 arcminutes (0.5666 degree) is used to 
account for atmospheric refraction. The Moon's apparent radius varies from 15 to 17 
arcminutes and its horizontal parallax varies from 54 to 61 arcminutes. Adding all the 
terms above together, the center of the Moon at rise or set is geometrically 5 to 10 
arcminutes above the observer's "geocentric horizon" - the horizontal plane that passes 
through the Earth's center, orthogonal to the observer's local vertical. 
 
Accuracy of rise/set computations. The times of rise and set phenomena cannot be pre-
cisely computed, because, in practice, the actual times depend on unpredictable 
atmospheric conditions that affect the amount of refraction at the horizon. Thus, even un-
der ideal conditions (e.g., a clear sky at sea) the times computed for rise or set may be in 
error by a minute or more. Local topography (e.g., mountains on the horizon) and the 
height of the observer can affect the times of rise or set even more. It is not practical to 
attempt to include such effects in routine rise/set computations. 
 
The accuracy of rise and set computations decreases at high latitudes. There, small varia-
tions in atmospheric refraction can change the time of rise or set by many minutes, since 
the Sun and Moon intersect the horizon at a very shallow angle. For the same reason, at 
high latitudes, the effects of observer height and local topography are magnified and can 
substantially change the times of the phenomena actually observed, or even whether the 
phenomena are observed to occur at all. 
 
Twilight.  There are three kinds of twilight defined: civil twilight, nautical twilight, and 
astronomical twilight. For computational purposes, civil twilight begins before sunrise 
and ends after sunset when the geometric zenith distance of the center of the Sun is 96 
degrees - 6 degrees below a horizontal plane. The corresponding solar zenith distances 
for nautical and astronomical twilight are 102 and 108 degrees, respectively. That is, at 
the dark limit of nautical twilight, the center of the Sun is geometrically 12 degrees below 
a horizontal plane; and at the dark limit of astronomical twilight, the center of the Sun is 
geometrically 18 degrees below a horizontal plane. 
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Appendix 12.5.   Specific Communication System Parameters 

 

• System Requirements 

¾�The communications system shall provide wireless data communications zone cov-
erage to field camps established in the dry valleys, Cape Roberts, and Marble Point 

¾�The system shall provide wireless VHF and HF telecommunications services to the 
greater McMurdo region 

• Functional Requirements 

¾�The system shall provide high speed LAN connectivity in the field camps in the 
McMurdo region 

¾�The system shall provide high speed connectivity from the camps to the McMurdo 
Station LAN and CONUS WANs 

¾�The system shall provide reliable service connections at the camps. 

¾�The system shall provide communications services for transferring data from re-
mote sites 

¾�The system shall provide communications services for telephone and voice mail 
services 

¾�The system shall provide communications services for receiving pages 

¾�The system shall provide communications services for teleconferencing sessions 

¾�The system shall provide communications services for send and receive fax capabil-
ity from the camps 

¾�The system shall provide communications services for year-round remote monitor-
ing and collection of data utilizing TCP/IP protocols 

¾�The system shall provide wide-area transmission of differential GPS data 

¾�The system shall provide wide area transmission of VHF and HF communications 

• Operational Requirements 

¾�The system shall provide a network infrastructure with a minimum lifespan of 10 
years 

¾�The system shall provide expansion capability for other remote sites to be con-
nected as required 

¾�The system shall provide an architecture that can be duplicated and is transportable 
 

¾�The system shall provide redundancy such that any single failure of equipment 
and/or software would only affect individual work areas 

¾�The system shall support access to enterprise resource planning tools (ERP) and lo-
gistical support 
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¾�The system shall support the use of standard network management tools for routine 
operations support 

¾�The system shall utilize open standards protocols in the design, implementation, and 
operation of the network such that the continued operation of the network is not de-
pendent on a single or small consortium of vendors 

¾�The system shall support all current USAP clients as well as possible future clients 

¾�The system shall provide support for TCP/IP standards such as IPv6, RSVP, Multi-
cast, Voice-over-IP, and Mobile IP 

¾�The system shall provide for frequency spectrum issues 

¾�The system shall provide a growth path for future requirements 

• Performance Requirements 

¾�The system trunk shall have a minimum data transfer capability of 2 Mbps 

¾�The system shall transfer data from the McMurdo Station LAN to the field camp 
LANs with an average BER of 10-8 in any 5 minute period at 2 Mbps 

¾�The system shall transfer data from the field camps to McMurdo Station with a data 
latency equal to real-time 

¾�The system shall transfer data from the field camps to CONUS with a data latency 
equal to typical satellite systems 

• Interface Requirements 

¾�The system shall interface to the McMurdo Station LAN for data communications 

¾�The system shall interface to the McMurdo Station telephony system for telecom-
munications 

¾�The system shall interface to the VHF and HF radio communications systems for 
disseminated radio communications 

• Environmental Requirements 

¾�All equipment located inside the communications structures shall operate under the 
following environmental conditions: 

��Ambient temperature:  -20°C to +30°C 

��Relative humidity:  0 to 100% with condensation 

¾�All equipment located outside shelters and radomes shall operate under the follow-
ing environmental conditions: 

��Wind survival up to 300 km/hour  (185 mph) 

��Wind survival up to 265 km/hour (165 mph) with 1" radial icing 

��Ambient temperature:  -55°C to 0°C 

��Relative humidity:  0 to 100% with precipitation 

��Precipitation:  variable 
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��Solar radiation:  zero to full sunlight 

• Power Requirements 

¾�Solar powered microwave repeaters will have to include alternative power supplies 
such as diesel and wind generation 

• Reliability Requirements 

¾�System equipment shall have no single points of failure 

¾�System equipment will be automated for nominal operations 

¾�System equipment shall have the capability for remote cold start from the operators 
position at the McMurdo Station Network Operations Center 

¾�System equipment shall have the capability to be remotely switched to redundant 
equipment from the operators position at the McMurdo Station Network Operations 
Center 

¾�The system shall have a reliability of 99.95% 

 



 




