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FOOD
SECURITY

Aboriginal communities in the Canadian
North rely heavily on traditional food. Tradi-
tional food has been defined as locally ob-
tained food, either from plants or animals,
that is almost always culturally and geo-
graphically specific, is strongly linked to cul-
tural values and identity, and is harvested
sustainably. Traditional food has played an
imperative role in the health of aboriginal
people in Canada and remains a key compo-
nent of the modern lifestyle of many North-
ern aboriginal communities.

An abundance of literature empha-
sizes the local nutritional importance of
these foods at various levels of intake. Some
of the key studies were done over the last 15
years by researchers at the Centre for Indig-
enous People’s Nutrition and Environment
(CINE) of McGill University, who conducted
extensive dietary surveys in the Dene and
Métis communities along the Mackenzie
River in the Northwest Territories and in the
Yukon, and with Inuit in Nunavut and Lab-
rador. They found that the Dene and Métis
consumed 101 traditional food species, with
moose, caribou, whitefish, spruce hen and
jackfish eaten most frequently. Caribou and
moose meat were the main sources of ener-
gy and the essential nutrients protein, iron,
zinc, copper and magnesium. Smaller mam-
mals, fish, and birds were also shown to
provide a large quantity of vital nutrients.

CANADIAN

SAFETY AND

POLAR

FOOD
IN THE CANADIAN

ARCTIC
Laurie HM. Chan

Inuit consumed the highest quantities
of traditional foods among the indigenous
communities in Northern Canada. The Inuit
traditional food system includes over 300
species of marine and land mammals and
birds, including caribou, ringed seal, nar-
whal, beluga, arctic char, polar bear, and
berries. Traditional foods were the main
dietary contributors of many nutrients, such
as protein, omega 3, iron, zinc, copper, sele-
nium and vitamin A.

In all three studies, it was found that
a diet consisting of even small amounts of
traditional food would provide a better com-
position of nutrients than a diet of only non-
traditional (market) foods. The frequency of
traditional food consumption was influ-
enced by many different factors including
availability of traditional food in the geo-
graphical area and the cost of market foods
in the local store. Participants also reported
that they would eat more traditional food if
it were available.

An alarming trend is the general in-
crease of market food: younger generations
were found to be consuming less traditional
food than their elders. This shift from tradi-
tional to market foods has meant an in-
creased intake of carbohydrates and saturat-
ed fats, which could play a main role in an
eventual increase in chronic diseases.

Food insecurity, or the unavailability
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or inaccessibility of nutrient-dense and
high-quality foods, is a crisis for the Canadi-
an North. The Canadian Community Health
Survey (2000-2001) showed food insecurity
to be far more prevalent in all three territo-
ries than in any of the provinces, and signif-
icantly above the Canadian average. The
problem is particularly severe among low
and lower-middle income households in
Nunavut: two-thirds (68%) of people in such
households had at least one occasion in the
previous year when they had insufficient
food because of a lack of money. Barriers to
food security are strongly rooted in poverty,
inexperience with market food selection and
preparation, and the absence of someone in
the household capable of hunting. Food in
the North is more expensive — it can be over
three times the cost of food in the south —
due to high distribution costs and low sup-
ply. Poverty restricts or cuts off access to
nutritious but expensive market foods,
which include nutrient-dense perishables
shipped from the South, and also prevents
participation in hunting for nutritious coun-
try food.

Young people, women, and the elder-
ly have been identified as most vulnerable to
food insecurity. Moreover, women and chil-
dren consume the least traditional food
within the household and are at highest risk
of obesity and diabetes. In addition, the lack
of a male head of household and, to a lesser
extent, access to an income are significant in
determining the consumption of traditional
foods. Women and children are particularly
vulnerable to food insecurity as they gener-
ally neither hunt nor have enough money to
afford high quality market foods.

We conducted six focus group inter-
views in six Nunavut communities in 2003—
2004 on food security issues. These revealed
a high level of food insecurity and poor die-
tary quality. Income level, food choices and
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preferences, education, social structure and
lifestyle changes, and social problems and
traditional food accessibility and availability
constituted the major barriers to food securi-
ty. Those with the most difficulty obtaining
traditional foods were families with low cash
flow, families with no hunter, people with
substance abuse and gambling problems,
and elders who had to help support their
children and grandchildren. The partici-
pants suggested the situation could be
improved by providing resources for com-
munity hunts and community freezers; im-
proving access to traditional food, especially
for youth; developing programs that teach
young people land skills so they can hunt for
the community; and teaching youth and
parents food preparation, including market
and traditional foods. We have taken their
advice and are now developing an interven-
tion program with various communities in
the North to promote the use of traditional
foods to improve food security.

While it is important to promote tra-
ditional food, the quality or safety of the
food is another concern. Environmental
contaminants such as organochlorines and
heavy metals are found in the Arctic envi-
ronment as a result of long-range atmos-
pheric and oceanic transport and local min-
ing activities. Potential health effects on
indigenous peoples are a concern because
humans are at the top of the food chain.
Some of these pollutants are known to bio-
accumulate, and animals at high trophic
levels, such as fish and marine mammals,
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Community consultation meeting held in Repulse Bay,
Nunavut. Photo: courtesy Laurie Chan.

are important components of the traditional
diet in the Arctic.

Both dietary exposure assessment and
biomonitoring studies have shown that Inuit
exposure to these pollutants is higher than
the Canadian average. Initial results from an
ongoing cohort study among the Inuit popu-
lation of Nunavik have shown a decrease in
birth size possibly related to increasing PCB
concentrations. Ongoing studies related to
this birth cohort study have also found a
possible link between contaminants and
immune deficits in Inuit infants.

With the implementation of the
Stockholm Convention on Organic Pollu-
tants and the active research and communi-
cation activities conducted under the federal
Northern Contaminants Program, there is
an increasing awareness of contaminant
issues in the Canadian Arctic. Key among
them is the balance of risks and benefits
associated with eating traditional food. The
current consensus appears to recognize the
importance of maintaining or even promot-
ing more use of traditional foods while
actively improving the characterization of
the health risk associated with contaminant
exposure, through research.

Another threat to the traditional food
system is the impact of climate change on
the availability of food species. Climate
change, with its potential for a variety of
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both negative and positive impacts on hu-
man health, has been described as one of
the most significant environmental chal-
lenges the world has ever faced. The Cana-
dian Climate Centre has participated in nu-
merous studies that investigate the potential
impacts of climate warming. Conclusions
from these studies identify the following
impacts of climate change on resource man-
agement in the North: a change in precipita-
tion, decrease in arctic sea ice, change in
boreal forest stability, species composition,

forest fires, and foraging difficulty for cari-
bou, causing decrease or relocation of herds.
Modelling studies have shown that climate
change will cause permafrost thaw which
creates the possibility of changes in land
and water. The potential effects of these
changes include a serious threat to food
security and possibly to the survival of some
of these cultures.

We conducted a participatory research
project with two communities in the Yukon
(Beaver Creek) and the Northwest Territo-
ries (Deh Gah Got’ie First Nation in Fort
Providence) with the objective of document-
ing observations of changes in the local
environment and their impacts on tradition-
al food systems. We asked both specific and
open-ended questions to gather information
about the traditional food harvest, and con-
ducted a qualitative analysis. The results
showed that people from both communities

Caribou is an essential part of the Inuit diet. Apart from
the meat, many other parts are edible, including the
stomach contents and even the hooves. Caribou-skin
clothing is unsurpassed for lightweight warmth in
extreme cold. Photo: courtesy Laurie Chan.

are witnessing changes in climate that are
affecting the traditional food harvest. To
maintain an adequate supply of traditional
food, community members have had to alter
their harvest mechanisms. It is clear that a
commitment to programs that will protect
traditional food systems is necessary.

Predicting how climate change will
alter contaminant transport to the Canadian
North in the global environment remains a
challenge. It requires detailed knowledge of
the physical and chemical properties of con-
taminants as well as understanding of envi-
ronmental pathways and how they might
respond to changes caused, for example, by
altered atmospheric greenhouse gas compo-
sition. We presently lack this depth of under-
standing. However, it is well established that
the dietary composition (e.g., marine vs.
terrestrial, fat s. protein, old fish 2s. young
fish) can determine the amounts and kinds
of contaminants ingested. Dietary changes
can occur because of fluctuations in the pop-
ulations of target species as discussed above
(e.g., beluga, bowhead whales, walrus,
seals, bears, birds, fish, caribou, muskox) or
by changes in access to the species. Shifting
from lake trout to whitefish, for example,
will decrease the intake of mercury whereas
eating more marine mammals than land
mammals will increase the intake of mer-
cury and organochlorines. We are currently
conducting various modelling exercises to
project such changes. The research activities
in this area require strong community sup-
port as well as collaboration with research-
ers from diverse disciplines. New paradigms
are often required to integrate the newly
generated information as well as translate
them into policy. It is hoped that the infor-
mation collected and the research results
will help the communities increase their
capability to develop adaptation plans and
health promotion programs.

Laurie HM. Chan is National Sciences
and Engineering Research Council of
Canada Northern Chair in the study of
environmental contaminants, food securi-
ty and their relation lo the indigenous peo-
Dles of the North. He is a Professor in the
Department of Community Health at the
University of Northern British Columbia.



UNDERSTANDING

PERMAFROST-CLIMATE RELATIONS

IN THE YUKON AND

NORTHWEST TERRITORIES

The National Sciences and Engineering
Research Council of Canada (NSERC) North-
ern Chair program at Carleton University
concerns permafrost in the Yukon and
Northwest Territories. The program collabo-
rates with several northern agencies. Formal
partnerships have been established in the
Yukon with the Village of Mayo, the First
Nation of Na Cho Nyak Dun, Yukon Parks,
and Yukon College, and in the Northwest
Territories with Water Resources Division of
the Department of Indian Affairs and North-
ern Development (DIAND), and Aurora
Research Institute. W also have ongoing
research with the Vuntut Gwitchin First Na-
tion, the Western Arctic Field Unit of Parks
Canada, and the City of Dawson. Our re-
search program has been generously sup-
ported by the Polar Continental Shelf Project
of Natural Resources Canada.

Alarge part of the program is devoted
to capacity building in the North towards
land and resource management, particular-
ly to recognize the role of research in sus-
tainable development. All our students en-
gage local assistants for their fieldwork, and
two of our present graduate students are
northern residents. An important element of
our program has been the residency of post-
doctoral fellows at our partner institutions.
Dr. Steve Kokelj spent his fellowship at Water
Resources Division, DIAND, Yellowknife, and
Dr. Jill Johnstone was at the Northern Re-
search Institute, Yukon College. Steve has
remained on the DIAND staff in Yellowknife
and is engaged in permafrost research both
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in the Mackenzie Delta area and near Yel-
lowknife. Jill has recently accepted a posi-
tion as Assistant Professor of Biology at the
University of Saskatchewan.

A primary focus of the research pro-
gram is to improve understanding of per-
mafrost—climate relations, so that we will be
better able to predict the impact of climate
change on permafrost terrain. There are few
climate-change skeptics in the western Arc-
tic and Yukon, where, since 1970, climate
warming has become an accepted part of
everyday life. At present, the noticeable ef-
fects in NWT include later openings and ear-
lier closures of winter roads, while in Yukon
northward range expansions of birds and
mammals are commonly noticed. We have
been working continuously in central Yukon
since 1982, when the Carleton permafrost
research group began fieldwork just outside
Mayo under the supervision of Michael
Smith. My wife and [ met in Mayo, and so it
has been a somewhat natural progression
for us to return to the community each sum-
mer as a family. We have been welcomed
warmly every year, and the students who
have conducted their field work there have
similarly enjoyed their sojourns in the
Yukon. Our field data collection concentrates
on monitoring changes in ground and lake-
water temperatures, and examining system-
atic variations in ground conditions along
natural gradients, such as hillslopes or fol-
lowing forest fires. Since 1987 we have con-
ducted research in the western Arctic, in col-
laboration with Dr. Ross Mackay. Several of
the field investigations we are involved with
in the Mackenzie Delta area are at Garry Is-
land, where Dr. Mackay established a re-
search station in 1964, and at Illisarvik, the
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lake that he experimentally drained in 1978.
At both sites we have obtained temperatures
from permafrost which indicate that the
ground in the Mackenzie Delta area has
warmed by over 1.5°C since 1970, and we
have collected similar data from Herschel
Island, although conditions there are about
2°C cooler than near the delta.

[ am particularly privileged to visit
Garry Island and Tllisarvik as well as Her-
schel Island on the Yukon coast. Garry Is-
land and llisarvik are near potential sites for
gas development. Each year I look out over
the ocean from these sites where, amidst the
summer icebergs, belugas may be playing,
and I listen to the croaking of the sandhill
cranes, the calling of the loons, the squawk-
ing of disturbed ducks, or the mewing of
a rough-legged hawk, and on Herschel I
watch caribou grazing or a grizzly digging
up ground squirrels. The northern wild
lands are such a precious resource, increas-
ingly altered by our activities — of which I
am part —and I hope that we will be able to
find ways to conserve our natural heritage
while developing our resources for the bene-
fit of all Canadians. That is the focus of our
research program.

Several of the graduate student pro-
jects concern the factors governing perma-
frost conditions in the study area. Michael
Palmer (M.Sc.) is looking at the variation in
near-surface ground temperatures across
tree line in the uplands between Inuvik and
the western Arctic coast. In this area, snow
conditions — ranging from the deep snow
packs in the taiga to the shallow snow cov-
ers on the wind-blown tundra — are con-
trolled by the vegetation structure. In winter
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there is little difference in air temperatures
between the tundra and the forest, but a
great variation in ground temperatures, per-
haps up to 10°C, due to the snow cover.
Therefore, the response of permafrost near
tree line to climate change will depend to a
significant extent on the development and
expansion of shrubs as the tree line ad-
vances northwards.

Similarly, Peter Morse (Ph.D.) is in-
vestigating the controls on permafrost con-
ditions, including temperature and ground
ice conditions, in the outer Mackenzie Delta.
His work focuses on the importance of vege-
tation and topography in controlling snow
depth, and their association with various
soil materials. Both Michael and Peter are
supported by Water Resources Division,
DIAND, and their work is part of the govern-
ment-sponsored science program in support
of Northern energy development. A similar
project to Peter’s is being conducted in the
Blackstone Uplands, at the southern end of
the Dempster Highway, by Pascale Roy-
Léveillee (M.Sc.). She is focusing on the
physical controls of snow accumulation,
in order to assist management of early
winter snowmobile access in the area, and
she is supported by the Yukon Department of
Environment.

Related projects, but somewhat less
directly applied to a specific pipeline propos-
al, are being conducted by Julian Kanigan
(M.Sc.) and Thai-Nguyen Nguyen (M.Sc.),
also in the Mackenzie Delta. Julian is creat-
ing an overview of the regional variations in
ground temperature throughout the
65,000km? delta, principally south of tree
line where there are few such data. Thai-
Nguyen is tackling the curious determina-
tion in the most recent National Atlas of
Canada (5th edition) that the permafrost in
the Mackenzie Delta is discontinuous. His

project involves substantial ground investi-
gations, at representative sites that will be
keyed to SPOT satellite images collected this
year. He hopes to be able to estimate quanti-
tatively the ground surface underlain by
permafrost. Both Thai and Julian have been
supported in the field by DIAND. In their
cases, the importance of the research is to
prepare for potential expansion of explo-
ration and development activities into more
of the Mackenzie Delta. In particular, a cur-
rent issue for developers and regulators is
the disposal of drilling waste in sumps (pits)
which use permafrost as the containment
medium. These research projects will help
determine whether long-term containment
of waste is likely in the relatively warm per-
mafrost of the delta.

In the Slave province Kumari Karu-
naratne (Ph.D.) is undertaking a regional-
scale project studying the variation in per-
mafrost conditions across tree line at a
spatial scale considerably greater than the
70-km transect of Michael Palmer. Kumari’s
project began at the Ekati diamond mine,
where she has been supported to character-
ize the near-surface ground thermal regime
in both natural and disturbed surfaces, and
has expanded through the logistical support
of DIAND to examine similar aspects at the
abandoned Colomac site, and in the vicinity
of Yellowknife. A principal objective is to
examine the thermal regime in peatlands,
which contain much of the ice-rich per-
mafrost in the area, and compare this with
conditions in mineral soil. The practical
application of her work is in prediction of
long-term freezing rates for containment
structures, such as tailings ponds.

Over the years, most of our research
has been based at Mayo. Early on in the
Chair program several undergraduate pro-
jects were completed there, with the stu-
dents living in the community for the sum-

mer. J.V. Clark School and the community
campus of Yukon College have given us ac-
cess to a workshop and the internet, thereby
providing the critical infrastructure for aca-
demic fieldwork. The student projects fo-
cused on the thermal (Laurie MacGregor)
and microclimatic (Aileen Profir) regime of
Mayo Lake, the ground ice content of peat-
lands (Dan Shugar), and the relative rates
of erosion by Stewart River of its banks at
sites with and without permafrost (Karen
Rowan). In addition to these investigations,
Sheri Burke (M.Sc.) completed a study of the
water balance of the Village sewage lagoon.
The sewage lagoon was built in the early
1990s, but has never filled up. Instead, it has
become a wetland which is one of the best
local spots for bird watching! Sheri’s re-
search established that water was infiltrat-
ing out through the bottom of lagoon at
close to the design rate, but the input to the
structure was insufficient to fill it. Waste
water was therefore not remaining in the
lagoon as long as expected. The Village
authorized the research, and the Council
has subsequently begun to consider if and
how the residence time of fluids in the infil-
tration cells might be increased.

In 2001, the community held a Cen-
tral Yukon Climate Change Workshop to
learn how climate change may affect the
region and what might be done to prepare
for potential impacts. As a result of the dis-
cussions, the community monitors a series
of natural indicators in the changing envi-
ronment, all of which are designed to build
up a record of climate-change effects over
the years, and may be cited as the commu-
nity plan and regional land-use plans are
updated. These research activities involve
recording several annual events, such as the
date of river break-up, but also include a
monthly ground temperature monitoring
program. When this program was estab-
lished, we used the Village backhoe to exca-
vate pits in dry gravel near the airport and



in the flood plain of the Mayo River, and in
each we installed ground temperature sen-
sors. Village staff read the sensors every
month. As with many research projects, the
data collected have served a purpose unfore-
seen when the program was established.
The flood plain of Mayo River, in its
delta at the confluence with Stewart River,
was altered in the early 1950s when a power
dam was built on the Mayo River. The sea-
sonal flooding regime has been changed,
and several back channels are no longer
flooded. These channels may have been
over-wintering habitat for salmon yearlings
during the year before they travel out to sea.
The First Nation of Na Cho Nyak Dun has
initiated a salmon habitat enhancement
project in the flood plain to help conserva-
tion efforts for the Yukon salmon popula-
tion. The intention was to excavate a back
channel and lower it to the water table,
thereby flooding it. The Yukon Water Board
required assurance that the normally dry
channel would be flooded, before the project
could be approved. Ground temperature data
that had been collected from near the site

indicated that the heat flow in the gravel at
the site was by convection due to flowing
water, and so we were able to suggest that
the necessary water source was available.
Sure enough, as the channel was excavated,
the water table was reached and the back-
water filled to provide a suitable habitat.

The community-based research has
also led to production of Heart of the Yukon.
a natural and cultural history of central
Yukon, a collaborative book published in
full colour by the Village of Mayo. Conceiv-
ed as a contribution to Mayo’s centenary,
the book is a collaboration between Mark
0’Donoghue, the regional biologist for the
Northern Tuchone region, Lyn Bleiler, Presi-
dent of the Mayo Historical Society, and me.
Mark has written on the fauna and flora of
the region, Lyn has written and coordinated
the contributions about the cultural environ-
ment, and [ have supplied material about
the physical environment. We have several
contributing authors, including the Lands
Department of Na Cho Nyak Dun. The book
is written for a general readership. Curious-
ly, it is regional geography, a subdiscipline

that is unfashionable in the academy, but of
critical contemporary value as a back-
ground to environmental impact assess-
ments. It is a principal part of our Northern
Chair dedicated to assisting northerners to
understand and appreciate the contribution
that science may make towards understand-
ing the local environment.

The four legs of the Northern Chair
program are high-quality research, training
of highly-qualified personnel, the develop-
ment of partnerships, and the communica-
tion and promotion of northern research. I
am grateful to NSERC for the vision of this
broadly based program, and the support
and collaboration of our northern partners.
It is a great privilege to be welcomed, as if
we were coming home, each time we travel
North.

Chris Burn holds a National Sciences and
Engineering Research Council of Canada
Northern Research Chair at the Depart-
ment of Geography and Environmental
Studies, Carleton Universily.

NEW

The Forgotien Labrador: Kegashka
to Blanc-Sablon, by Cleophas Belvin.
McGill-Queens University Press. 0773531513.

An intimate look at the lifestyle, living con-
ditions, and activities of a people whose lives
were shaped by the uncertainties of the seal,
salmon, and cod fisheries.

The Forgotten Labrador recounts
the history of a remarkable area of Canada
— the Quebec part of the Labrador coast that
extends eastward from Kegashka to Blanc
Sablon.

BOOKS

Heart of the Yukon: a Natural and
Cultural History of the Mayo Area,
edited by Lyn Bleiler, Chris Burn and Mark
0’Donoghue. Village of Mayo, 2006. ISBN 0-
9780263-0-6.

Conceived as a contribution to Mayo’s cente-
nary, this collaborative book written for a
general readership contains sections on the
fauna and flora of the region, the cultural
environment, and the physical environment.

Order from: Village of Mayo, Box 160,
Mayo, Yukon YOB IMO (mayo@northwestel.
net).

NEW
WEB SITE

The Labrador Inuit

through Moravian Eyes

This site provides information on the
250-year relationship between Moravian
missionaries and the Inuit of Labrador.
This interaction led to the establishment
of settlements for a formerly nomadic
people, their conversion to Christianity
and exposure to aspects of North Ameri-
can culture.

(/Nlink. library.utoronto.cafinuitmoravian/)
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ASSESSING THE

STATUS OF

THE PEACE-ATHABASCA DELTA ECOSYSTEM:

CHALLENGING THE

PARADIGM

FROM

A PALEOENVIRONMENTAL PERSPECTIVE
Brent B. Wolfe, Roland I. Hall, and Thomas W.D. Edwards

An array of multidisciplinary studies

have probed the hydrology and ecology of

the Peace-Athabasca Delta (Alberta, Can-
ada) over the past 35 years in efforts to
identify and quantify the perceived nega-
tive effects of Peace River flow regulation.
This includes paleoenvironmental inves-
tigations conducted over the past five
years using state-ofthe-art paleolimnolog-
ical techniques. Contrary to expectations,
reconstructions of hydrological and eco-
logical conditions spanning the past ~300
years provide no compelling evidence o
suggest that river flow regulation has had
any discernable lasting effects on the
della. Rather, changes in the overall stale
of the northern Peace sector appear to be
driven predominantly by local and re-
gional climalologic variabilily at inter-
annual to decadal time-scales, and by
ongoing warming, drying and naturally
declining Peace River discharge over the
past century.

INTRODUCTI ON
We are conducting extensive multidiscipli-
nary research to gain better understanding
of past and present climate, hydrology, and
ecology of the Peace-Athabasca Delta (PAD),
Alberta, Canada, a highly productive north-
ern boreal ecosystem of significant natural
heritage (fig. 1). The aim of this research is
to assess the impacts of both natural and
anthropogenic factors, ranging from climat-
ic variability and change to the influence of
river flow regulation resulting from hydro-
electric power generation at the headwaters
of the Peace River since 1968. The latter is of
particular interest because of the widespread
belief that alteration of Peace River discharge
has affected the frequency and magnitude of

spring ice-jam flooding, which is considered
to play an important role in the water bal-
ance of many basins that are perched above
and disconnected from the complex channel
network in the PAD (e.g., see Prowse and
Lalonde, 1996; Prowse and Conly, 1998,
2000). These basins and their extensive shore-
lines provide critical habitat for a variety of
wildlife, including migratory waterfowl that
utilize the delta as a critical stopover.
Concerns over potential linkages be-
tween regulation of the Peace River and the
ecological integrity of the PAD developed
many years ago, beginning with low levels
on Lake Athabasca that occurred coincident
with the 1968-1971 filling of the hydroelec-
tric reservoir. This sparked the 1971, 18-
month long Peace-Athabasca Delta Project
Group study (PADPG, 1973) supported by
the governments of Canada, Alberta and
Saskatchewan, a $1.5 million environmental
impact assessment of Peace River regulation
on the PAD ecosystem. Results from this
study led to the proposal of several structures
to modify flow, and included construction of
permanent rock-filled weirs on the Riviere
des Rochers and Revillon Coupé channels to
maintain the level of Lake Athabasca and
promote flooding of perched basins. Al-
though subsequent appraisals of these struc-
tures indicated that they failed to recharge
the perched basins, major ice jam floods in
1972 and 1974 did replenish the higher ele-
vated regions of the PAD. An extended dry
period ensued from 1975 to 1995 in which
there was no major flooding. Corresponding
low water levels in perched basins during
this period again led to another series of
environmental studies, the Peace-Athabas-
ca Delta Technical Studies (PADTS, 1996),
which were also aimed, in part, at restoring

perched basin water levels in the PAD. Inves-
tigations, however, suggested that increased
temperatures during the ice-cover season,
reduced snowpack depths, and changes in
the intensity and duration of the pre-melt
period may have also contributed to the
apparent decline in flood frequency during
the post-regulation period (Prowse and
Conly, 1998; Prowse e/ al., 2002). Thus, in
these recent assessments, both reduced
spring ice-jam flooding due to regulation on
the Peace River and climate variability have
been identified as drivers to what have been
perceived to be unusually dry conditions and
low lake levels in the PAD during much of
the past 35 years. Rigorous scientific evalua-
tions of these hypotheses have been ham-
pered, however, because of the brevity of in-
strumental climatic and hydrologic records.
To address this shortcoming, we have
performed a broad range of physical, bio-
logical and geochemical measurements on
lake sediment cores retrieved from many
basins in the PAD to reconstruct hydroeco-
logical conditions over the past several hun-
dred years (fig. 1). These records were used
to answer the following research questions:
1) What is the range of natural variability of
hydroecological conditions in the delta, and
how is that related to climatic variability,
flood frequency and geomorphic change?
2) Does natural variability include multi-
decadal periods without major flooding and
low lake levels? 3) Has flow regulation had
any perceptible (z.¢., directional) influence
on hydroecological conditions in the delta?
This research recently culminated in
a comprehensive technical report that de-
tailed findings based on widespread sam-
pling of surface waters from lakes, wetlands
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The Peace-Athabasca Delta (PAD), a World Heritage Site,
is located in northern Alberta mostly within Wood
Buffalo National Park. The WAC Bennett Dam was
constructed in 1968 near the headwaters of the Peace
River for hydroelectric production. Sediment cores have
been obtained from several basins in the PAD to
reconstruct hydroecological conditions over the past
several centuries. Photo: Brent Wolfe.
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and rivers for analysis of chemistry, nutri-
ents, biota and water isotopes to character-
ize the range of modern hydrological and
ecological conditions, in addition to the lake
sediment stratigraphic analyses (Hall ez al,
2004). The multi-proxy lake sediment re-
cords, in particular, provided an unparal-
leled window into the recent natural history
of the PAD and insight into its ongoing evo-
lution. Highlights, as further described
below, included exceptionally detailed re-
construction of local Peace River high-water
flood frequency over the past ~300 years
from analysis of laminated sediments of
oxbow lakes (Wolfe et al., 2006), while
paleolimnological analyses at a more elevat-
ed site provided evidence for seasonal to
periodic desiccation in response to drier cli-
matic conditions and reduced flooding dur-
ing the peak of the Little Ice Age in the 1700s
(Wolfe et al., 2005).

HIGHLIGHTS O0F

FINDINGS FROM

LAKE SEDIMENT
RECORDS

Peace River Flood Frequency: Evaluating
the significance of extended periods without
major ice-jam floods, such as the 19751995
interval, requires a long-term perspective on
flood frequency. Although prior studies had
generated a 180-year historical flood record
from compilation of traditional knowledge
and written documents (Timoney e/ al.,
1997) as part of the PADTS, the significance
and magnitude of many of the flood events
were questioned due to the high spatial vari-
ability of flooding and possible observer bias
(Prowse and Conly, 2002).

Analyses of laminated sediments from
two ~4m-deep oxbow lakes in the northern
part of the PAD have provided the basis for
additional and longer reconstructions of
paleo-flood frequency (Wolfe ez al., 2006).
These basins are located adjacent to major
flood distributaries of the Peace River and

are highly susceptible to the influx of river
water and suspended sediment during high-
water stages. Sediment core magnetic sus-
ceptibility measurements, supported by
results from several other physical and geo-
chemical analyses as well as stratigraphic
correspondence with recently recorded high
water events on the Peace River, provide
proxy records of flood history spanning the
past ~180 and ~300 years in these two
basins. Results are in close agreement with
the historical Peace River ice-jam flood
record over the period of overlap (Timoney
et al., 1997, Wolfe ef al., 2006) and, further-
more, indicate that flood frequency has been
highly variable over the past ~300 years but
in decline for many decades beginning as
early as the late 1800s based on the longer
record from “Pete’s Creek” (fig. 2). While the
1980s through to the early 1990s stands out
as an interval absent of flooding, detailed
multi-proxy analyses spanning the past ~50
and ~70 years on both oxbow lake sediment
sequences fail to show substantial direction-
al changes post-1968 that can be attribut-
ed to Peace River regulation (Wolfe e al,
20006). In addition, the extended record from
Pete’s Creek indicates a much longer inter-
val without major flooding occurred in the
1700s during the peak of the Little Ice Age
(fig. 2), which also corresponds with an
interval of low streamflow on the North
Saskatchewan River (Case and MacDonald,
2003) as regional glacial advances in the
Rocky Mountains led to increased storage
and reduced meltwater supply to western
Prairie rivers (Luckman, 2000).

Perched Basin Paleohydrology: In sharp
contrast to the hydrological setting of Pete’s
Creek, “Spruce Island Lake” is an elevated,
shallow (~1m), perched basin distant from
major flood distributaries of the Peace River
and outside the effect of all but the most
extreme floods (fig. 2). Hence, water levels
in Spruce Island Lake were expected to be
very sensitive to former arid climatic condi-

tions, and whose sediment record could be
used to assess the significance of widespread
low water levels observed in many perched
basins during the 1980s and early 1990s.
Multi-proxy analyses of a sediment
core from Spruce Island Lake have indeed
been especially informative in placing the
past 35 years of historical observation into a
longer-term context. For example, results
from oxygen isotope analyses of aquatic cel-
lulose preserved in the sediment record,
which provides insight into changes in the
importance of lake evaporation, illustrate
that intervals of both lesser and greater
evaporation have occurred over the past
~300 years when compared to recent dec-
ades (Wolfe et al., 2005; fig. 2). This in-
cluded evidence for a period of prominent
drought when the lake may have dried up at
times during the 1700s, and is in strong
agreement with the flood record from Pete’s
Creek (fig. 2) and other studies mentioned
above. On the other hand, conditions of
generally lesser evaporation dominated the
1800s prior to a long-term decline to more
intermediate status that has characterized
recent decades. Hence, average hydrological
conditions since 1968 are well within the
broad range of natural variability observed
over the past ~300 years and no perceptible
directional change is evident that can be
associated with Peace River regulation.
Notably, multiple lines of evidence
from our sediment core study indicate stand-
ing water has persisted in Spruce Island
Lake for at least the past ~200 years, follow-
ing the peak of the Little Ice Age during the
1700s (Wolfe et al,, 2005). This period spans
several multi-decadal intervals without a
major Peace River ice-jam flood, including
the recent 21-year period (1975-1995) that
post-dates Peace River regulation. Evidently,
Spruce Island Lake has received sufficient
direct precipitation and catchment runoff to
offset evaporative loss at times of infrequent



flooding during the past ~200 years. This
clearly underscores the important roles of
local climate and catchment attributes in
maintaining lake water levels and hydroe-
cology. Based on our analyses, only during
the exceptionally dry climate that prevailed
during the peak of the Little Ice Age has
Spruce Island Lake undergone seasonal to
periodic desiccation.

Figure 2

Examples of 300-year sediment records from lakes in the
northern Peace sector of the PAD (left graph). Peace
River flood frequency reconstructed from magnetic
susceptibility measurements on a sediment core from
“Pete’s Creek”, an oxbow lake adjacent to the Revillon
Coupé (Wolfe et al,, 2006). The degree of river flooding
increases to the right (vight graph). Evaporation
reconstructed from analysis of aquatic cellulose oxygen
isotope composition on a sediment core from “Spruce
Island Lake”, an elevated perched basin (Wolfe et al.,
2005). The importance of evaporation increases to the
left. Reconstructions are shown relative to 1968—2000
mean values. Photo: Brent Wolfe.
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IMPLICATIONS AND
FUTURE RESEARCH

The extended temporal perspective offered
by proxy indicators in lacustrine sediments
provides unique access into the range, vari-
ability and evolution of hydroecological
conditions in the PAD. Our findings, some of
which are highlighted above, have clear
implications for ecosystem stewardship. Per-
haps most fundamental is recognition that
the PAD is a highly dynamic, northern, ri-
parian ecosystem that responds sensitively
to variability in climate and hydrology. Con-
sequently, we recommend that the delta
should not (and likely cannot) be managed
to maintain it as a static system but rather
within the context of ongoing and future cli-
matic and hydrologic variability. While few
would contest the observational evidence
that environmental changes have recently
occurred, our results indicate that these are
not unprecedented and a trend towards dri-
er conditions began several decades before
onset of river regulation. Interestingly, it
appears that the dominant human percep-
tion of ‘normal’ conditions in the PAD likely
formed during the late 1800s and early 1900s
when flood frequency and water levels
(including Lake Athabasca) were anom-
alously high in response to elevated dis-
charge of glacial meltwater in the Peace and
Athabasca rivers at the conclusion of the Lit-
tle Ice Age — a factor that may have con-
tributed to the long-held paradigm that
the delta is drying and dying by unnatural
causes. Research efforts are now focused
on extending our lake sediment histories
beyond 1000 years to more fully capture the
range of complex interactions between cli-
mate, hydrology, and ecology in the PAD, as
well as in the Slave River Delta ecosystem
downstream.
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EARLY FIEL

FOR NO

The vast majority of Canadians have little
knowledge of the North despite the fact that
it comprises 60% of Canadian territory. Ster-
eotypes from media and popular culture
dominate a southern Canadian perception of
the North. Canadian students in all disci-
plines must be made aware of the realities of

POLAR

RTHERN

EXPERIENCE
A FOUNDATION

Peter Johnson

the North because in many careers in gov-
ernment, industry or commerce northern
issues may become part of their portfolios.
While school age students can learn about
the North from motivated teachers and spe-
cialized teaching tools (such as the proposed
Royal Canadian Geographical Society—Stu-

coMMISSION

IN THE NORTH:

SCIENCE CAREERS

dents on Ice learning module, an Interna-
tional Polar Year project), for university stu-
dents embarking on a northern science ca-
reer an early introduction to the North 77
the North is essential.

For a long time in most southern fed-
eral bureaucracies a large proportion of staff
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assigned to northern files had no northern
experience. Land claims settlements and the
devolution process have started to improve
northern community representation in fed-
eral processes, but mid to senior levels of
departments and agencies still have little
northern experience and people with north-
ern experience are frequently promoted
out of a direct role in order to further their
careers.

Most university administrations have
no appreciation of the realities for the small
percentage of their faculty members and
graduate students who work in the North.
We went through an exercise at the Uni-
versity of Ottawa a few years ago (which
thankfully died quickly and painlessly) of
drafting a manual for professors taking stu-
dents into the field. This was done without
consulting professors who actually went
into the field. It included a recommendation
to count the students before heading out into
the field and to count them on return at the
end of the day. It did not however give in-
structions as to what to do if there was a dis-
crepancy. It also advised us to tell students to
be careful where they put their feet when in
mountainous terrain.

What is the value of a field experience
in a student’s training? Field work demon-
strates to students that the Arctic is a home-
land for people who have a different but
equally valid (perhaps more valid) way of
looking at society, culture and the environ-
ment. Talking about traditional knowledge
may be valuable in raising awareness but
living in the context of traditional knowl-
edge’ is far more important. Field work in
general and northern field work in particu-
lar starts to develop an appreciation that not
everything can be modelled in a computer,
that real data is needed to validate models
and provide input to development and plan-
ning policy, and that the rigidity of manage-
ment models does not create the basis for
decision making. It also demonstrates that
obtaining real data is challenging.

On many occasions [ have heard that
a post-graduate student’s first year of field
work in the North has not achieved its ob-
jectives because the student was unfamiliar
with field conditions. Occasionally students
have not been able to function at all, result-
ing in delays for research programs. I still
hear of cases of students arriving in the
North with no introduction and no prepara-
tion. All too often problems derive from the
field season being the first experience of the
North. Unless a student is working with a
large support team, such as is typical on the
research icebreaker CCGS Amundsen, it can
be a stressful situation.

Tam convinced, after running a north-
ern field course for over three decades, that
an introduction to northern research through
a field experience at the undergraduate level
can be critical to a successful post-graduate
career. Top grades are not in themselves an
indicator of whether a student will develop
into an excellent northern researcher. A
northern researcher has to develop a num-
ber of skills in communication and consulta-
tion as well as in science.

Opportunities for exposure to north-
ern research as an undergraduate student
are limited. Over the years many students
have gained crucial, focussed training by
working as an assistant to a scientist or
graduate student. An expanded ArcticNet as
well as long term projects in biology, botany,
and zoology have meant the continuation of
this kind of opportunity. Another form of
training, summer assistantships at Natural
Resources Canada, has been seriously re-
duced, and many summer positions, espe-
cially under co-op programs, take place in
an office or laboratory rather than in the
field.

The reduction in opportunities for
gaining field experience has usually been
attributed to high costs in an era of static or

shrinking budgets. Field work in the North is
expensive, difficult logistically and can be
disrupted or even cancelled for a season by
inclement weather. While it is understand-
able that scientists should make the most of
their research dollars by supporting gradu-
ate students, undergraduates and northern
students must be attracted to, and given
more opportunities to participate in, science
training in the North.

There are few formal undergraduate
field courses given regularly in the Canadian
North. The Churchill Northern Studies
Centre and the Kluane Lake Research Sta-
tion of the Arctic Institute of North America
have been used on a regular basis for acade-
mic field programs. Field schools have also
been organized from other Canadian uni-
versities, such as the University of Guelph,
and by a few American institutions. This
contrasts with the wide range of regular
course offerings at the University Centre in
Svalbard, a unique partnership of Norwe-
gian universities.

For 33 years I have organized an an-
nual full-year credit geomorphology under-
graduate field course in the North, some-
times in conjunction with research projects.
For the last five years this has been supple-
mented by a half-year credit glaciology
course at the ecotourism camp “Icefield Dis-
covery”, in the St. Elias Mountains. These
courses provide not just academic training
but also the experience of the environment,
the necessity of teamwork, and exposure to
other research conducted at the Kluane Lake
Research Station. I might say that the last
three may be as important as the first — for it
is ultimately the enthusiasm of students
which carries them forward in their careers.

Students who take northern field
courses usually have to finance themselves.
We have spoken for years about the difficul-
ties of financing research in the North but it
is even more difficult to support students on



courses. Universities provide little in the way
of financial support despite the fact that
there is minimal demand on registration
fees apart from the keyboard work of enter-
ing the registration. Northern courses use no
university space and no campus electricity.
For a typical course at Kluane the cost to a
University of Ottawa student would be $990
for registration and $1500 for logistics, plus
the cost of transport to Whitehorse.

The support of courses has never been
part of the mandate of the Northern Scientif-
ic Training Program (NSTP). NSTP has been
fundamental to northern research by paying
basic costs for post graduate students.

One of the problems has been that
northern field courses, and actually even
field courses in general, do not fit the model
of the modern business-oriented university
system. Standard minimum enrollment lev-
els and class thresholds for assigning teach-
ing assistants do not work in a field environ-
ment. Liability issues seem to have far more
weight than the academic merit of a pro-
gram. The risk of encountering a grizzly

For many students the exhilaration of a
northern research northern field course
inspires a career in polar research.
Photo: Peter Johnson.
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bear causes more concern than pedestrian
crossings of busy streets on campus. Parents
even seem happier to let their children go to
Paris and London rather than to the “wilder-
ness” of Yukon.

Stories abound about the incompre-
hension of realities of teaching in the field. I
was once asked to state my contact hours
for my course. As I feel fully responsible for
the students for the duration of a field course

KLUANE LAKE

FIELD COURSE

The summer of 2006 was the 33rd successive
year of the University of Ottawa Department
of Geography Field Course in the Kluane
Region. Thirteen students, nine who had al-
ready been on a Glaciology course at Icefield
Discovery in the St. Elias Mountains, and
four others, spent four weeks at the Kluane
Lake Research Station of the Arctic Insti-
tute of North America. The objectives of
the course are to introduce students to the
North, to provide experience of northern
research, and to provide a learning experi-
ence in one of the most beautiful regions of
the world. Students worked as a team on the
environment of Jenny Lake, a closed basin
marl lake, and the hydrology of Silver Creek,

IN 2006

a nival/glacierized basin. Small groups of
students then developed their own mini-pro-
jects ranging from comparison of lake and
pond environments along the Alaska High-
way, to groundwater discharge and the for-
mation of cemented beach materials, to
surface water changes from spring source
through a marsh into a swamp. Transects
were taken south to Alaska across the Coast
Ranges, demonstrating the dramatic vegeta-
tion zones of the region, and north to the
thermokarst environments near the Donjek
River. The latter also served as the opportu-
nity for the group to get their “french fry fix”
at Scully’s Saloon in Kluane Wilderness
Village.
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