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Preface

The 25" annual meeting of the Prairie Division, Canadian Association
of Geographers was hosted by University of Regina in Moose Jaw,
Saskatchewan between September 28 —30, 2001. Conferencefacilitiesand
accommodation were provided at the Temple Gardens Mineral Spa Resort
Hotel. The conference attracted a record of over one hundred delegates
including several from outside the Division. Fifty papers were presented
in aseries of four concurrent sessions spanning Saturday morning. Two
field trips were staged on Saturday afternoon. In the first of these Alec
Paul and Randy Widdis guided agroup of art connoisseurs, train spotters
and fellow imbibers on atour of Moose Jaw’smural district, rail yardsand
selected hostelries. A second field trip led by JanisDaleand David Sauchyn
set out to examine the Pleistocene geomorphology of The Dirt Hills.
Breakdown of the bustransportation resulted in apleasant sunny afternoon
hike along the gravel to the small community of Spring Valley. After a
couple of hours delay the arrival of replacement transportation enabled
completion of thefield tripwith avisit to the Claybank Brickworks Museum.
At the Saturday night banquet Professor John Warkentin of York University
delivered a warmly received keynote address on How Canada got its
Regions. Thiswas followed by the customary high spirits of the annual
dlide competition in which Brandon University presented the winning
dlide in most categories.

Of the fifty conference papers, twenty-one are presented in this
volume. In keeping with tradition in Prairie Perspectives they include
several authored in whole or in part by graduate students. As such they
represent their first contributionsto scholarly publication. Asawholethe
papersreflect thewide diversity of interest of prairie geographersand the
widerange of research tools and methods empl oyed in modern geography.
Beckey Hamilton uses evidence from personal correspondence to account
for the pattern of homestead choices among French-speaking settlersin
the Gravelbourg-Meyronnearea. William Rannietrawlsthe Hudson's Bay
Company archives to establish the relationship between historic floods
on the Red and Assiniboine Rivers. The perceptions of focus groups are
central to Doug Ramsey, Bob Annisand John Everitt’sstudy of community
and health care provision in southern Manitoba. Dendrochronology and
dendroclimatology featurein Irene Hanuta' sreconstruction of climate over
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thelast 120 years at asitein southern Manitoba. At amuch broader scale,
GeYu and Xiankun Keuse pollen analysisto reconstruct Canada's climate
during the last millennium. Remote sensing is employed by Xulin Guo to
delimit Saskatchewan's prairie ecosystem. The utility of geographic
information systems (GIS) is demonstrated by Greg Lewis, John Everitt
and Dion Wiseman in their analysisof crimein Brandon.

Thelarge number of papers precludes detail ed introduction of eachin
thissection. Instead, the reader’ sattention isdrawn to anumber of themes
around which the volumeisorganized. In the first of these several papers
focus on aspects of fluvial geomorphology and water management. For
example, Nathen Richea's study of streamflow characteristics in Duck
Mountain provides baselevel datathrough which water resource managers
can establish strategiesfor dealing with competing devel opment pressures
and climate change. A second theme focuses on the reconstruction of
past geographic environments. Roderick McGinn's interpretation of the
sedimentary sequenceinthe Glacial Lake Proven basin fitsthistheme. A
number of papers focus on environmental impacts stemming from
urbani zation processes or resource devel opment activities. Thisthemeis
evident in Eva Sadowski’s paper on the impact of road de-icing salts on
amphibian populations in Toronto’s Humber and Don River watersheds.
Several papers focus on regional identity or regional delimitation. Ben
Moffat, for example, providesacartographic and tabular synopsisto explain
theorigins of western Canadian identity and alienation. Rural restructuring
forms the basis of yet another theme. In this context Bob Walberg and
Doug Ramsey draw attention to the political process and socio-economic
issues attending the establishment of a large-scale hog processing plant
in Brandon. Last but not least the opening and closing papers in this
volume represent two of the last collaborative works of Paul Simpson-
Housley. Both papers focus on one of Paul’s major research interests,
namely the representation of geography in works of literature. In the
opening paper Paul combineswith Allison Williamsto examinethe concept
of sense of placeasconveyedin Grey Owl’s (Archie Belaney) Pilgrims of
the Wild. The volume closes with Paul and Elizabeth Scarborough
transporting the reader to Peru. Here in José Maria Arguedas' novel El
ZorrodeArribay El Zorro de Abajo they explore the use of the sierraand
costa as metaphors for contrasting aspects of the human condition.

The success of the Moose Jaw conference would not have been
possiblewithout the assi stance of many individuals. Alec Paul and Randy
Widdis are to be commended for their primary role in arranging the
conferencefacilitiesand designing the program. Marilyn Lewry and Linda
Paul did much to ensure arelaxed atmosphere for delegates by providing
a trouble free registration process. Mark Coté's management of the
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technical equipment enabled smooth running of the paper sessions. A
specia thanksisextended to the Prairie Adaptation Research Collaborative
(PARC) for providing funds to help defray the cost of the field trips and
banquet.

The editorial process has been alengthy one. | would like to thank
the many reviewers from Canada, the United Kingdom and Australia for
providing their critical assessments of the papers. | thank the authors for
their attention to scholarship and their patiencein responding to my many
emails. Special praise is reserved for Teri Rogoschewsky who worked
tirelessly in providing secretaria assistance both prior to the conference
and during the editorial process. Finally, publication of thisvolumewould
have been impossible without the technical and production assistance of
Weldon Hiebert at University of Winnipeg.

Bernard D. Thraves
University of Regina
August 2002
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Paul Simpson-Housley, who
passed away in March 2002, had been
a professor of geography at York
University in Toronto since 1984.

Paul’s academic career started
withaB.A. fromBristol University in
England in 1964 where our pathsfirst
crossed, and aDip. Ed. from Liverpool
in 1965. Hetaught school in Glasgow,
Scotland and in New Zealand. His
long association with the prairies
began around the end of the 1960s
when he spent a couple of years
teaching high school in Briercrest, a
small town about 40 km southeast of
Moose Jaw. In 1974 he became the
first student to complete a Master’s

. K in geography from the young
Paul Slmpson HOUSIey department at the University of
1943-2002 Regina. Hisrecord of completing the
programin sixteen monthsstill stands,
and following theimmortal advice of
Ed Dale, then professor and head at Regina, he decided to “go straight to
the Ph.D.” at University of Otagoin New Zealand.

Growing upinD.H. Lawrence country inthe Notts/Derbyshirecodfield
of England’sEast Midlands|eftitsmark. Paul devel oped an abiding interest
in geography and literature which stretched to environmental perception
and hazards and the psychology thereof. Although he had a series of
short-term appointments — mostly at University of Regina, but also at
Bishop’sand Concordia— between 1978 and 1984, it wasthe tenure-track
appointment at York which finally gave him the opportunity to pursue his
writing and research agenda and to work productively with a stream of
graduate students. Geography became hislife, and he became ageographer
of distinction.

Heloved conferences and cameto as many Prairie CAG meetingsas
he could. It wasfitting that his final PCAG meeting was the September
2001 25" Anniversary event in the Temple Gardens Mineral Spain Moose
Jaw, thefirst Canadian city that he had cometo know well thirty-odd years
earlier. Meetings of the Great Plains-Rocky Mountain Division of the
AAG heliked too. At hisfirst of these, in Boulder, Colorado in 1983, he
organized a special session on geography and literature which provided
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the seed for hisfirst book, co-edited with Bill Mallory and entitled simply
Geography and Literature—A Meeting of the Disciplines.

His sabbaticals and research leaves at Cambridge University were
especialy beloved. Heworked at The Scott Polar Research Institute and
wrote books on both Arctic and Antarctic explorations. He loved his
teaching too, and almost always brought one or two of hisgraduate students
to conferences. Those of us who were privileged to attend the Devil’s
Lake, North Dakota PCA G meeting in 2000 saw him giveamasterful after-
dinner speech —or wasit a poetry recital?—on polar exploration—or was
it environmental perception?

Paul had many friends on the prairies. One of his greatest pleasures
wasto visit with Elroy Trithardt in Kipling and enjoy the rural and small
town lifethat had been hisintroductionto Canada. He had telephoned me
afew days before his untimely death and shared another of his passions,
talking about the upcoming World Cup of soccer. Hewasafaithful friend
and avalued colleague. Wewill misshim very much.

Alec Paul
University of Regina
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Sense of place: the case of Canada’s provincial
norths

Paul Simpson-Housley, York University
Allison M. Williams, University of Saskatchewan

Abstract: Meaning, value and experience are found in those environments
that have a strong sense of place. Sense of place defines the identity,
significance, meaning, intention, and felt valuethat are given to places by
individuals (Pred 1983) as a result of experiencing it over time (Relph
1976; Tuan 1977). By making use of literary narratives, geographers are
ableto provide amore nuanced view of human-environment relationships,
such assenseof place. The sense of place experienced by Grey Owl (Archie
Belaney), who lived throughout Canada’s provincia norths, is explored
in this paper through hiswritings. Grey Owl’s writing provides a better
understanding of the spiritual, physical and emotional connection that
individuals have to northern regions.

Keywords: cultural geography, sense of place, Canada’s provincial norths,
Grey Owl

Canada’s northern region, divided asit isamong both provincial and
territorial jurisdictions, is often perceived asamarginalized space (Jordan
1994). It operatesfirst and foremost asarecognizable parcel of geography,
but has multiple meanings, as discussed by Riegel etal. (1997, ix) intheir
collection of essays on regionalism, entitled Sense of Place:

For most North Americans, identity is a complex mix of a
feeling of community, a shared cultural, ethnic and social
background, and an attachment to place —amix that is much
more localized than the feeling of being Canadian or being
American.
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In keeping with the idea of attachment as a localized phenomenon,
Bone (1992, 3) discusses regional consciousness as “an appreciation of
local natural features, cultural traits, and economic issues.... the basis of
commonality which provides a distinctive regional ‘personality’”. This
regional consciousnessis often best expressed in literature and is evident
in numerous collections found throughout the social sciences and
humanities (Riegel et al. 1997; Jordon, 1994; Simpson-Housley and
Norcliffe 1992).

This paper examines the literary work of Grey Owl to explore the
representation of Canada’s northern regions, and the particular sense of
place he experienced while residing in Canada's provincial norths. A
humanistic emphasis on the subjective perceptions of the regional
landscape, and specifically the sense of place experienced from the author/
novelist’s point of view will operate as the main thrust of the paper. To
best frame the paper, sense of placeisfirst discussed, followed by a brief
description of Canada'snorthern regions. A short biography of Grey Owl
precedes an examination of hisexperience of Canada snorth asillustrated
in his autobiography, Pilgrims of the Wild (Grey Owl 1935a).

Sense of Place

Sense of place has two meanings within the field of geography. Itis
sometimes understood as a characteristic of a place that is memorable or
distinctive, having ahigh‘imageability’ (Lynch 1960, 1972). Symbolic or
sacred locations such as M ecca and Stonehenge have this strong sense of
place since they have significant meaning for large numbers of people.
More commonly, senseof placeisviewed as* the consciousnessthat people
themselves have of placesthat possess a particular significance for them,
either personal or shared” (Gregory 1991, 425). It is a clear example of
thelink between place, theindividual and society, asit encompasses both
the connection with the physical landscape and those who share that
physical space. Geographers have described sense of place as operating
within threeintertwining dimensions:

...the perceptual realm of awareness, attitudes and memories;
the emotional realm of feelings preferences, and values; and
theexperiential realm of bodily and sensory contacts, insider/
outsider, andjourneys... Itisanindividually based, but group
informed, localized, personal means of relating to the world,
transforming mere spaceinto personal space (Hay 1988, 160).
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Many geographers, including Tuan (1974), Buttimer (1976, 1980,
1993), Relph (1976), Porteous (1990), Seamon (1979), and Hay (1988)
have researched life-worlds and place, describing insider/outsider
divisions, networksof concern, sacred space, home, homeland, habit fiel ds,
and avariety of other similarly abstract place-related phenomena (Raffan
1993).

Home is a good example of a conscious placefulnesss, as a strong
sense of being ‘in place’ isfelt; it exemplifiesthe “internal knowledge —
knowledge of emotion, knowledge of the heart —that comprises sense of
place” (Raffan 1993, 4). Home place a so establishes a source of reference
from which judgments may be made. Tuan (1974, 3) describesthis as:

...security...: we are attached to [it] ... Thereisno place like
home. What is home? It is the old homestead, the old
neighbourhood, hometown, or motherland.

Loveof place, or topophilia“can develop at agrand scale as national
identity and even asimperia patriotism, but it can also become manifest
at amuch morelocal scale asattachment to neighbourhood or hometown”
(Simpson-Housley and Norcliffe 1992, 5); this is evident in the local
patriotism voiced by Shakespeare (1964) in the play, Richard I1:

This happy breed of men, thislittle world,
This precious stone set in the silver sea,
Which servesit in the office of awall

Or amoat defensive to a house

Against the envy of less happier lands,
This blessed plot, this earth, thisrealm, this
England ... (Act 2, Scene 1)

Placeswith a personal history, where significant biographical events
have occurred, also have astrong sense of place. Humanistic geographers
have referred to this fusing of location and human life into centres of
human meaning (Gregory 1991, 425) asapersonal connection with place,
built-up over years of residence and involvement in the community (Hay
1988). This connection is also made through historical association, as
suggested by Lucas (1960, 176):

The first time | saw the cloud-topped mountain ridges of
Acrocerauniafrom the Adriatic, or the L eucadian Promontory
white with sun and storm, or Hymettus, purpled with the
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sunset, from the Saronic Sea, was something intenser
even than poetry. But the same shapesand colourswould
not have seemed the same in New Zealand or the
Rockies. Half their transfigured splendour came from
the poetry of two thousand yearsbefore, or the memory
of that other sunset on Hymettuswhen the hemlock was
brought to Socrates.

Getting at these meanings has proven to be a challenge for social
scientists.

Owing to the difficulty of transforming the concept of sense of place
into defined concepts subject to verifiable study (Daviesand Herbert 1993),
social scientists have sought out literary and visual art forms that express
this sense of belonging to place. Within geography, it hasgivenriseto the
examination of place sensibility and evocation by writers, painters and
poets, as they have been particularly skilled in providing perceptive
descriptionsof placesby defining their distinctive, idiosyncratic character.
This is summarized by Porteous (1990, 201) in his book entitled
Landscapes of the Mind: Worlds of Sense and Metaphor:

It is my contention that literary and artistic expression,
whether ours or that of others, is essential in helping us to
experience the world around us in a richer more authentic

way.

Geographers have most commonly used various forms of literature
to interpret and understand landscapes (Pocock 1981; Mallory and
Simpson-Housley 1987; Simpson-Housley and Norcliffe 1992). By
making use of literary narratives, geographers are able to provide amore
nuanced view of human-environment relationships, such astheterritorial
bases of human subjectivity — the sense of place (Lando 1996). Fewer
geographers have extended the boundaries of landscape interpretation
through the sole use of visual art (Carter-Park and Simpson-Hous ey 1994;
Simpson-Housley and Norcliffe 1992; Cosgrove and Daniels 1988; Prince
1984; Rees 1982). The use of visua art isin keeping with Ruskin, who
understands artists' quest to endlessly pursue knowledge about relations
between phenomena, in an attempt to understand their meaning, their
purpose, or in Ruskinian terms, their moral connections (Cosgrove 1979;
Cosgrove and Thornes 1981).



Prairie Perspectives 5

Canada’s Norths

A culture which isthe expression of a specific community is
in contrast to a mass culture which ends towards uniformity
rather than unity, and towards the obliterating of the specific
and distinctive...every part of Canada is shut off by its
geography. Everywhere...we find solitudes touching
solitudes: every part of Canada has strong separatist feelings,
because every part of itisin fact aseparation (Frye 1977, 7).

Canada’s provincial norths are, owing to their geography, ‘ solitudes
touching solitudes’. They are not only distinct from one another but, asa
group, are distinct from the southern regions upon which they, for the
most part, depend. They are described as long-ignored, politically weak
and economically unstable, and are characterized as containing many of
the country’s poorest and most disadvantaged citizens. They hold much
of Canada's resource wealth, and hence good portions of its economic
future (Coates and Morrsion 1992), but are highly susceptible to the rises
and falls of international demand.

Cold, ice and snow permeate depictions of Canada’s north by poets,
novelists, and artists. Canada yields its wealth only reluctantly, and
manifold difficulties and hazards are encountered in harnessing resources.
Indeed, stubbornnessisaprerequisiteto survive Canada’'selemental fury.
There are, however, pieces of hidden beauty among the hostile elements
and the opposing forces, giving scope to artists (Simpson-Housley and
Norcliffe 1992). Patrick Anderson’s poem touches upon Canada's image
asacold, hard and unforgiving land:

...And the North was. With winter the snow came. Whole
folios of it.

Yet nothing written except one thing, a bleak expectancy —
the possible

withitsstrenuous shade of whitenesswhere anintuition almost
without

equipment could trek into the faint wind of the future...

What areyou...?they ask, in wonder.
And sherepliesin the worst silence of all her woods:
| am Candida with the cane wind.

What are you...? they ask.



6 Prairie Perspectives

And shereplies: | am the wind that wants aflag. | am the
mirror of your

picture until you make me the marvel of your life. Yes, | am
one and none,

pinand pine, snow and slow, America sattic, an empty room,
asomething possible, a chance, adance that is not danced. A
cold kingdom (Anderson 1946, 35, 42, 43).

Many of Canada'sprovincial norths are Precambrian, containing bare
rocks, great forests, and numerous lakes, al of which provide much to
attract writers and artists, such as Canada's beloved Group of Seven. Itis
aland apart from the remainder of the country, with many isolated regions
having hinterland status. Given that Grey Owl spent most of histimein
northern Ontario, this province will be examined in most detail herein.

The culture of the vast landscape called northern Ontario, which
comprises approximately ten percent of the population while making up
approximately eighty-six percent of the province'stotal area(Beggs1991),
is distinct from that of the south. As suggested by Frye above, this has
engendered separatist feelings; within northern Ontario there has been
sporadic talk of secession since as early as 1891, and in 1906 a petition
requesting the establishment of anew province of Algomawas forwarded
to the Laurier government (Coates and Morrison 1992). These and other
movements have been based on dissatisfaction with the alleged
mistreatment of the north and its people by the provincial government,
which is understood by northerners as representing the needs of the
populated south. Residents of Sudbury proposed anew province of Huronia
in the early 1900s and, in the post-World War |1 years, a city councilor
agitated for the province of Aurora. The most sustained campaign for a
new province was headed by amotel owner and civic booster from North
Bay, who in 1977 registered his Northern Ontario Heritage Party as an
official party within the province (Coates and Morrison 1992). Many
southerners are perplexed asto what keeps people wanting to continue to
live in the north; in addition to the obvious reasons of work and family,
many people maintain their homein the north because of feeling astrong
‘sense of place.’

Likeall provincia norths, northern Ontario is made up of a series of
somewhat isolated places that have little contact with each other; as a
consequence, cultures are locally defined. In his novel Loon Plumstead
(1992, 76) explores thisisolation in the following passage:
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To be isolated by geography and race on an island Indian
reserve with twenty-seven students to teach in grades one
through eight, at the bottom of the pay scale (if you were new
at it), with little to do when winter darkness was ink black
soon after the school day ended, and transportation to the
mainland (which was milesfrom anywhere when you did get
there) was a matter of begging and luck such considerations
did not add up to an enticing prospect for young graduates of
teachers’ college.

Dueto theisolation experienced, many northern places have become
strong communities where residents have come to develop a strong
attachment that goes beyond mere economics. Asaresult, many struggle
to keep their communitiesalivein the face of inexorable pressuresto shut
them down (Coates and Morrison 1992). Thisisin keeping with one of
Bone's (1992, 2-3) two suggested visions of the North:

Canadians hold a number of visions of the North. Two
dominate current thinking: the northern frontier, and the
northern homeland. .. The northern frontier imageisof aplace
where people are pitted against a harsh environment that
contains great wealth.... Northerners, particularly Native
northerners, hold ahomeland image of the North ... By living,
working, and playing in a northern environment, they have
devel oped adeep and | asting attachment to their surroundings.

Strongly related to this attachment is the sense of place that many of
those living in these northern communitiesfeel.

The spirit of the land is a strong contributor to this attachment for
many, as illustrated by the pantheism assumed by some native writers.
Tomson Highway reveal sthisin the following passage from hisplay Dry
Lips Oughta Move to Kapuskasing:

| have my armsaround thisrock, thislarge black rock sticking
out of theground, right here on thisspot. Andthen | hear this
baby crying, frominsidethisrock. Thebaby iscrying out my
name. Asif | am responsible for it being caught inside that
rock (Highway 1989, 44).
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Plumstead also refers to this concept in his novel, Loon:

Protect the land and her spirits. Never let Shagunash take it
away. He may borrow piecesof it but it must never be traded
away. The gods arein the land as well asthe sky. You know
that (Plumstead 1992, 10).

Nature, wilderness and the natural landscape make up a large
component of northerner’s sense of place. The remainder of this paper
explores the northerner’s sense of place through an examination of Grey
Owl’s autobiography, Pilgrims of the Wild (Grey Owl 1935a). This is
preceded by a brief description of Grey Owl, hislife and hiswriting.

The Life of Grey Owl

Born in 1888, Grey Owl (Archie Belaney) upheld the myth that he
had Scottish and Indian parents. He spent timein England but returned to
Canada to participate in the 1905 Cobalt (Ontario) silver rush. He then
spent hislife as a trapper, canoe man and packer. The Ojibway Indians
adopted him and bestowed on him the name Grey Owl because he adored
nocturnal travel. They taught him their language and their forest lore, and
from them he derived his love of Canada’s provincia norths. As Eayrs
observed if the foreword to the Pilgrims of the Wid “ A canoeisto Grey
Owl what a horse isto a cow-puncher or agood vessel to asailor” (Grey
Owl 19353, ix). He was a guide and explorer of the north country. In
winter he trapped but was also an Ontario Government forest ranger for
some summers. His greatest contribution is, however, to conservation.
After falling in love with Anahareo, an Iroquois girl, Grey Owl moved to
northern Québec. Together, they gave up the trap lines to work towards
the protection of animalsand the conservation of theland they both loved.
Here he began hiswriting career, which continued in their adopted home
in Saskatchewan’s Prince Albert National Park, where Grey Owl worked
as a park ranger. The wilderness was his world. He died in 1938. In
addition to his autobiography, Pilgrims of the WId, Grey Owl wrote a
number of other books (many of them children’s), including The Men of
the Last Frontier, The Adventures of Sajo, Tales of an Empty Cabin and
(Grey Owl 1931, 1935bh, 1936).

Plumstead (1997) laments the fact that the Canadian academic
community has largely ignored Grey Owl. Criticisms of him are legion
and include the facts that he wrote for children and popular audiences,
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that he did not fit into established genres, that he was abigamist, and that
he lied in his books (Plumstead 1997). Thus, many academics distrust
him. Plumstead, however, advocates adifferent perspective, whereArchie
Belaney’s Pilgrims of the Wi d operates as a work of fiction wherein he
tellsthe truth of art —adifferent form of truth. Similar accusations could
be made at Daniel Defoe (1719) in his rendition of Robinson Crusoe,
where many details are fabricated. For example, Defoe's rendition did
not follow Alexander Selkirk’s stay on Juan Fernandez | sland accurately.
Rather than being located west of Chile, Crusoe was on an island that
seemsto have been in the Caribbean. Defoe was also denied the status of
an Augustan author since his book was deemed popular and lacking
sophistication, criticisms also attributed to Grey Owl. One would surely
not dismiss Defoe. Robinson Crusoe iswidely acclaimed as a prototype
of the English novel. Similarly, one could defend Pilgrims of the WiId if
itisviewed asawork of literature rather than pure autobiography. It has
been dramatized, fictionalized and heightened for effect. Even Mark Twain
admitted there were some things he stretched.

There are things in common with Bunyan's Pilgrim's Progress
(Plumstead 1997). Both are books where the hero is depicted as groping
for hope and love in aworld that is full of despair and death. Both are
fallen worlds. In Pilgrims of the Wd, the beavers as surrogate children
help redeem this lost world and help metamorphose Archie Belaney, the
trapper, into Grey Owl the conservationist. If we take off our masks we
can see Pilgrims of the Wi d asa creative work of fiction and naturewriting.
Itisaclassic text that sits on many Canadian bookshelves.

Grey Owl’s Sense of Place

Although much of what Grey Owl wrote took place in the boreal
forest of PrinceAlbert National Park, northern Saskatchewan, itisdifficult
to determine which ‘provincia north’ he alludesto in hiswork. Having
spent time in Manitoba, Québec, the Maritimes, Saskatchewan, and for
the most part, Ontario, hisrecollections of the past are placed throughout
much of the Canada’s vast northern region. In Pilgrims of the WiId, Grey
Owl describesthe strong sense of place he now hasin hisadopted land of
the early 20" century Canada:

The feel of a canoe gunnell at the thigh, the splash of flying
spray in the face, the rhythm of the snowshoe trail, the
beckoning of far-off hills and valleys, the majesty of the
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tempest, the calm and silent presence of thetreesthat seem to
muse and ponder in their silence; the trust and confidence of
small living creatures, the company of simple men; these have
been my inspiration and my guide. Without them | am nothing
(Grey Owl 1935a, xvi)

This strong sense of place results from the many years Grey Owl
lived in the North, together with the many intense experiences he had
whileliving there. Thetwo main themesthat make up his strong sense of
place, as depicted in Pilgrims of the Wild, are: the relationship with the
wilderness and the wildlife which resided there (specifically the beaver),
and the associational practice of animism.

Although once a trapper, Grey Owl had a close affinity with the
wilderness, and specifically thewildlifefound in the northern environments
he frequented. Even though the relationship he had with nature can be
defined as psychological, there is also a strong spiritual and social
component that is evident:

| had long ago invested the creatures of the forest with a
personality. This was the inevitable result of a life spent
wandering over thevast reaches of astill, silent land in which
they werethe only form of animatelife, and sprang from early
training and folklore (ibid., 24).

Once a strong supporter of wildlife conservation, he wrote about the
need for balance in his beloved wilderness, particularly when it came to
the species he most loved, the beaver:

These beasts [beaver] had feelings and could express them
very well; they could talk, they had affection, they knew what
it wasto be happy, to belonely —why, they werelittle people!
And they must be all like that. All this tallied with the
incredible stories | had heard in younger days, and perhaps
accounted for the veneration that our people, when savage,
had heldthemin, calling them ‘ Beaver People,” ‘LittleIndians
and ‘Talking Bothers' (ibid., 42-43).

Beaver stood for something vital, something essential in this
wilderness, were a component part of it; they were the wilderness. With
them gone it would be empty; without them it would be not awilderness
but awaste (ibid., 48).
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Anahareo was very proud of having al these creatures around the
house, and they somehow gavethe placealively appearance, and made us
feel that we had been accepted as friends and fellow citizens by this
company of furred and feathered folk (ibid., 133).

His growing affinity for the preservation of animals brought about a
different view of them:

And now | no longer wished to kill. | had beaten and abused
the North that now | found | loved, and could | but live without
this slaughter, this unnecessary brutalizing cruelty, | would
be forever glad (ibid., 140).

Some may agreethat thedistinctive gift of Belaney wasto seethelife
qualities inherent in every place he inhabited, but his writing shows a
clear northernbias. It waswhen Grey Owl wasaway from the north country
that he missed it most. Similar to his close travel companions, urban
places, whether towns, villages or cities, were understood as places to
frequent only if one had to—for supplies, services, financial opportunities,
or the odd evening of entertainment. When away from the north, whether
on business or pleasure, Grey Owl and his closest companions found
themselveswishing for it:

...weall began to pinefor our North country, and most of our
conversations drifted around to reminiscences of it and the
making of plans to get back there (ibid., 172).

...free to return to our harsh, untamed, beloved North with
itsromance, itswild freedom and itsgold; free at last to leave
this sad disfigured country with its tortured ravaged forests
and its memories and grief and tribulation (ibid., 178).

A temporal separation from hisbeloved north country isalso evident
in hiswriting, as he recalls the experiences of days past:

...and somehow the writing of that manuscript had partialy
appeased the feeling of loneliness and home-sicknessthat had
overcome mewhenever | saw, smelled or heard anything that
brought quick stabbing memories of the trails of yesterday.
For now the North was not so far away. It was| my hand,
ready at my call toleap into action... asl lived over again the
joys and the triumphs, the struggles and the hardships that
had made life so worth living, while my soul slipped back to
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wander once more, a will, in aland of wild romantic
beauty and adventure that would soon, by all the sings,
be gone beyond recall... Afeeling of kinship for al the
wild that had been growing on mefor years, at thistime
seemed to have reached its culmination (ibid., 139).

Hislovefor thewilderness of northern Ontario was particularly strong,
dueto hismany formative years spent there. Thisisevidentinthefollowing
description, written whileresiding in the northern region of Saskatchewan.
In keeping with a holistic understanding of the multi-sensory concept of
sense of place, thefollowing description includes experiencesthat proved
to satisfy many of his senses—sight, smell and hearing, among others:

And ever my mind turned back to Mississauga, roaring
between itslooming maple-crested mountains—thewild Forty
Mile rapids, the swift rush of the Three Mile, the flashing
mane of the White Horse, the Cheneaux with itstoll of human
lives, the heavy thunderous roar of Aubrey Falls over its
redstone cliffs, the Gros Cap with its sheer towering walls of
granite and gnarled distorted jack-pines jutting out from
precarious ledges, the dark, cavernous pine forests, the smell
of drying leaves of birch and ash and poplar, the rhythmic,
muffled thud of paddies on hardwood gunnels, blue smoke
trailing up from the embers of slow fires, quiet, observant
Indians camped beneath the red pines, besideitsracing flood
— (ibid., 210).

The rock-bound Mississauga roars on between its palisades
of pinetrees. The Elephant Mountain still stand sat the portals
of Touladi. Somewhere in the wild Laurentian uplands are
little mountain lakes on whose shores the ashes of my camp-
fires still remain.

Some day | hope to see them all again (ibid., 280).

Once again | must hear the Mississauga Dance and tread a
measure to the drum of Mato-gense, called Little Child, the
Conjuror. For the call of the River comes often upon me, in
theevenings, at dawn and when | amalone... All thesethings
will 1 do in the fullness of time, but it cannot be for very
long... My duty lies beneath these Western skies (ibid., 280).

The spiritual union that Grey Owl experienced with his beloved
Northland isevident in his practice of animism wherein inanimate objects
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are made animate. Thisisevident inthe way he described trees, streams
and, of course, beavers. The trees were understood to not only have a
mind, but amemory:

And the aged treeswhose great drooping crownsloomed high
above our heads, standing omniscient in the wisdom of the
ages, seemed to brood and to whisper, and look down upon
our useless vigil, in a mighty and compassionate
comprehension... For they were of the Wild as we were, the
Wild to which in our desolation we turned for a solace and a
refuge, that agel essWildernessthat had ever been and would,
somewhere, always be... (ibid., 162-163).

...the great pines till stood towering, mighty intheir silence;
and standing thereimmovableintheir impenetrablereticence,
they seemed to meditate, and brood upon the past (ibid., 201).

...followed the old disused lumber roads... There was never
anything but an old deserted camp surrounded by stumps and
stark dead trees, ghosts of aforest that wasgone. Therewere
small blocks of timber, and here and there a lone pine tree,
diseased perhaps and spared on that account. | always made
my dinner fire near one of these and tried to feel at home.
But it was beyond my imagination; they were destined for the
axeinany caseand | could only pity them. And onleaving |
would look back a dozen times at the moving smoke of my
lunch fire, as though it were something there that was alive
and kept the old tree company when | wasgone. All Northern
people loved the pine trees, perhaps because those of us of
any age at al, had lived the forepart of our lives amongst
them (ibid., 249).

The streamswere found to have the ability to make music, and thereby
hear:

...it muttersin the sound of sleepy streams, and murmursin
the rumour of the river, in the endless tolling of the waves
upon a lake-shore — each and everyone a note from the
composite of Nature'sharmony, chords struck at random from
that mighty Symphony of the Infinite that echoes forever on,
down the resounding halls of Time (ibid., 164).
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In Grey Owl’seyes, the beaver seemed to represent theinherent spirit
of the wilderness, most likely due to the time and energy invested in the
intimate relationship he had nurtured with them:

And here it was borne upon me why they had so much
impressed themselves upon us, these little beasts [beavers].
They had been likelittle Indiansin their ways, and had seemed
emblematic of therace, aliving link with our environment, a
living breathing manifestation of that elusive Something, that
spirit of the Waste Lands that so permeated our own lives,
that had existed always just in its entirety. In some tangible
way they and their kind typified the principle that isinherent
inall Nature. Theanimal supreme of all theforest, they were
the Wilderness personified, the Wild articul ate, the Wild that
was our home, and still lived embodied in the warp and woof
of it... | had lived with nature all my life, yet had never felt
so closeto it before, as| better understood the Spirit that had
fashioned it — nor yet so far a part from it, in the sudden
knowledge of my own unfitness to interpret or describe it
(ibid., 203).

Not a man of deep religious faith, the presence of the spiritual was
understood asresiding in nature:

He, who to us was not the awful unapproachable Presence of
more than one of their theologies, but was the Unseen
Musician whose melodies whispered in the singing of the
pine trees, or resounded in the mighty symphony of the
tempest; Whose purpose was made manifest in the falling of
the leaves and in their budding, and in the ceaseless running
of the waters, and in the rising and the setting of the sun —
Who could point a lesson in the actions of a lowly animal
(ibid., 258).

Another sign of hisbelief in animism wasthe solemn ritualsthat Grey
Owl upheld after killing animals on the hunt. Many of these rituals were
adopted from the Native Peoples who he came to know well:

No bear was killed without some portion of the carcass,
generally the skull or shoulder bones, being hung up in a
prominent place somewhere in his former range... All these
ceremonies are practised by semi-civilized, and even more
advanced Indians over a wide area; and should anyone be
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tactless enough to enquirethe reason why they do these things,
the answer if any, will be: ‘Ozaam tapskoche anicianabé,
mahween — because they are so much like Indians (ibid.,
25).

Thereisno question that Grey Owl wasat homein Canada sprovincia
Norths. Hisheart and soul were strongly attached to the wilderness, with
which he related beyond the mere physical — in social, spiritual, and
psychological ways.

Conclusions

Although the deep human connections that are characteristic of
peopl e sfunctional relationshipsto placesremain very much uncharted in
geographical research, literature is a medium which provides an
interpretation of theworld of emotions and peopl € srel ationship with place.
It is by further examining the felt sense of place experienced by authors
such as Grey Owl, who lived throughout Canada’s provincial norths, that
abetter understanding of how sense of place can inform the behaviour of
those who continue to reside there.
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A rating curve based on lake levels: evaluating
outlet flow for Clear Lake, Riding Mountain
National Park, Manitoba

Nathan J.J. Chubak and Roderick A. McGinn,
Brandon University

Abstract: The stage-discharge relationship or ‘rating curve’ represents the
integrated effect of stream geometry and hydraulic parameters, and is of
fundamental importance in hydrologic studies as a means to convert records of
water level to flow rates. At many hydrometric sites, the primary assumptions of
stream regime (equilibrium or grade) and uniform flow require several years of
measurement for validation. In 1993, record high water levels in Clear Lake,
Manitoba spilled over the outlet berm and eroded an outlet channel that flowed
into Clear Creek. The outlet channel has undergone significant geometric
adjustment during thefirst three years of operation. Thisobservation is supported
by periodic discharge measurements (1994-1996) indicating significant variation
in both channel geometry and stream flow. Attempts at developing arating curve
for Clear Creek in 1995 encountered problems associated with the measurement
of stage. Specifically, beaver dam flooding and backwater submergence. This
study employs recorded lake levels, channel staff gauged stage measurements
and discharge measurementsto devel op rating curvesfor the outlet of Clear Lake.
Resultsindicate that |ake levels can be used as an effective alternative to channel
stage in the construction of arating curve for lake outlet streams. In the case of
Clear Lakethiseliminatesthe problemsrelated to the measurement of stage caused
by beaver dam flooding and backwater effects. The resulting curve and
mathematical model can be employed to estimate daily outflow from the lake.

Keywords:. Clear Lake, lakelevels, outlet discharge, stage/discharge, rating curve

Introduction

TheClear Lakewatershed iscentrally located onthe Riding Mountain
Uplands in southwestern Manitoba (Figure 1). The watershed drains an
area of 142.18 km? of which over 65% is located in Riding Mountain
National Park (RMNP). Clear Lake represents approximately 20.7% of
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thewatershed area. Park managers have recognized the need to determine
the hydrol ogic water balance of Clear Lake and the associated watershed
(Dubois1997). Thisscientific knowledgeisfundamental to understanding
the physical, chemical and biological processes, which occur in the
watershed. Thecollection of baseline datawill ultimately provide asound
foundation for the development of both short-term and long-term park
management plansto preservethe natural stateinthe Clear Lakewatershed.

Clear Lake coversan areaof 29.37 km? and has amaximum recorded
depth of 34.2 m with a mean depth of 11.5 m (Figure 2). The lake is
oriented west-east, with a wider and shallower western portion and
narrower and deeper eastern end. It isapproximately 12,095 min length
along a mid-lake line and 4,524 m wide, and is estimated to hold
approximately 338,075 dm? of stored water (McGinn et al. 1998).

Surfacerunoff drainsinto Clear Lake by way of Octopus Creek, Pudge
Creek, Bogey Creek (Ministic Lake Creek), Picnic Creek (Glen Beag
Creek) and six intermittent streams located along the north shore of the
lake (Figurel). Threeof the most prominent of theseintermittent streams
have been named Spruces Creek, Aspen Creek and North Shore Creek
(McGinn et al. 1998). Although there s little information at this time,
groundwater is also believed to contribute to the storage volume of Clear
Lake.

Clear Creek, the outlet stream, islocated at the western end of Clear
Lake(Figurel). Clear Creek had not been gauged by the Water Survey of
Canadauntil recently, however, periodic observations suggest that the outlet
stream can flow year round and that the mean dischargevaluesarerelatively
small (0.0- 2.0 m3s?). Clear Creek drainsinto the Little Saskatchewan
River approximately six km upstream of Horod, Manitoba. Until 1993,
the stream channel was overgrown and the flow impeded by numerous
beaver dams and associ ated storage ponds. It issuspected that groundwater
discharge may represent asignificant outflow from Clear Lake particularly
when the outlet channel has a beaver dam stair-step profile and is
overgrown.

The Recent History of the Clear Lake Outlet

In the spring of 1993, record high lake levels spilled over asand and
gravel berm at the western end of Clear Lake and began to erode the
outlet channel towardsthe west. There had been no recorded flow along
this channel (Clear Creek) since the 1970s and the stream channel was
overgrown and clogged with sediment and debris. At first the new channel
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Figure 1: The Clear Lake watershed.
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Clear Lake Statistics

Length 12,095 m
Width 4,524 m
Mean Depth 11.51 m

Maximum Depth 34.20 m
Maximum Fetch 10,095 m
Surface Area 29.37 km®
Volume 338,075.015 dm’
Flushing Period 10.72 yrs

Figure 2: Clear Lake bathymetry.

waslessthan 1.0 min width and only afew centimetres deep (McGinn et
al. 1998). Over the next two years the channel widened and deepened
significantly working towards equilibrium (regime). By the spring of 1995,
the flood stage channel width was recorded to be in excess of 10 m and
the maximum channel depth exceeded 0.5 m.

In 1994, the Clear Lake Project wasinitiated to understand the water
balance of Clear Lake. This involved primary research regarding the
principal water balance parameters particularly, moisture inputs (rainfall
and snowmelt), inflows, evapotranspiration loss, annual and long-term
changes to lake storage volumes and outflow. As a consequence,
Environment Canadabegan monitoring water levelson Clear Lake. From
1994-1997, a Stevens stage recorder (A-71) charted the instantaneous
fluctuationsin lakelevel and Environment Canada provided cal culations
of themean daily lakelevel. Supplemental stage datawere obtained from
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astaff gauge, read by Park officials. On March 24 1997, the stage recorder
was converted to an automated A ccubar pressuretransducer. Water levels
were averaged every two minutesand sent to aVADAS environment data
acquisition system, housed in the pump house located in the town of
Wasagaming (Figure 1), from which Environment Canada cal cul ated the
mean daily water levels. The Stevens stage recorder was removed in the
spring of 1998. Park officials metered outlet discharge periodically
throughout the 1994 and 1995 open water season and occasionally in 1996.

Inthespring of 1995, at therequest of officialsfrom Riding Mountain
National Park, Environment Canada personnel attempted to develop a
rating curve (based on channel stage and metered discharge) for Clear
Creek near the outlet. The gauging station waslocated approximately 90
m downstream of the outlet sill, at a site with awalking bridge and easy
trail access. Upstream of the site, wetlands predominate and accessibility
to the stream channel was difficult. Downstream, the channel has been
modified by aseries of beaver damsand is characterized ashaving astair-
step profile. A stilling well, ‘doghouse,” Stevens stage recorder (A-71)
and staff gauge were installed at the selected site and the stage surveyed
to atemporary benchmark.

In 1995, Environment Canadawas successful in developing therating
curve for Clear Creek during the spring freshet conditions when outlet
discharges exceeded 0.8 m3st. At these discharges, the stream channel
was relatively straight and clean. Most beaver dams downstream of the
gauging site had failed and could not be repaired at flows exceeding 1.0
ms?®. Asoutlet discharges dropped below 0.8 m®s?, however, the beaver
began to re-establish storage dams and the resulting backwater flooding
generated significant problems in recording an accurate channel stage.
Levelers were inserted into the newly constructed dams and in extreme
cases the dams were removed. Levelers, based on the Clemson Leveler
model (Clemson University 1991) were8, 10 or 12 inch diameter drainage
pipes inserted through the beaver dam and extended several metres into
the storage pond. The upstream (pond) end was protected from beaver
access by awire basket approximately 1 m2. Levelerscould, moreor less,
control pond stage and backwater effects. Continual monitoring and
maintenance, however, was required to attain the desired effect. It is
important to note that stream discharge measurements during 1994 and
1995 were conducted approximately 75 m upstream of the stage recorder,
15 m from the lake outlet sill. This was necessary due to beaver dam
backflooding at the stage recorder. The metering site, however, was
considered unsuitable for the installation of a stage recorder.
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Environment Canada stopped gauging operationsin the fall of 1996
dueto continual problemswith the recording of channel stage (backwater
effects and icing conditions). The stilling well and gauging equipment
were removed in early 1997. As aresult daily outlet discharges are, at
best, informed estimates. By fal of 1997, lakelevelshad fallen significantly
(one standard deviation) below the long-term average of 615.275 m
elevation and during the low water months of October and November the
outlet sill was exposed. This (fall of 1997) was the only time since 1992
that there has been no recorded flow from the Clear Lake outlet down
Clear Creek.

Objective of the Study

The objective of this study is to explore the use of lake levels as an
alternative to channel stage in deriving the rating curve for alake outlet
stream.

Theoretical Considerations

Thetraditional rating curve:

A rating curve is a graphical representation of the stage-discharge
valuesfor aspecified stream section (Lo 1992) which is considered to be
‘inregime’ or at equilibrium. Thefundamental assumption for establishing
arating curveisthe principle of regime. Channels, which arein regime
tend to adjust themselves to average widths, depths, slopes and meander
lengths, depending on the sequence of discharges, sediment loads and the
conditions of the boundaries (Blench 1969).

The traditional rating curve based on channel stage and discharge
values usesthe channel stage or gauge height asafunction of thedischarge
(Herschy 1985). That is, the channel stageisassumed to be dependent on
the stream discharge. A sufficient number of discharge measurements
(approximately 25), suitably distributed throughout the rangein stage, are
required to establish this stage-discharge relationship. The observations
are plotted on arithmetic paper, with channel stage on the ordinate and
discharge on the abscissa. A trend line is fitted to the scatter plot. The
method of least squares has become the preferred procedure used to
computetheline of best fit. Generally alinear plotintheformS=mQ +
b is preferred; where, ‘m’ is the slope of the straight line and ‘b’ is the
intercept value (channel stage) when discharge (Q) iszero. Thestraight-
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line plot is described by a simple mathematical model, can be analysed
for uncertainties and easily extrapolated.

Thelogarithmicrating curve:

When theinitial scatter plot appears curvilinear, itiscommon to plot
thelogarithms of stage against thelogarithms of discharge. Alternatively,
the data can be plotted on logarithmic paper. In either plot the data are
fitted with astraight line using the method of |east squares. The equation
of thisplot, called apower function,isS=aQ™, where, ‘m’ isthearithmetic
dlope of theline and ‘& isthe intercept (channel stage) when discharge
(Q) equals unity. Asin the traditional plot, the power function (straight
line) is described by a simple mathematical model, can be analysed for
uncertaintiesand is easily extrapolated.

Thelake stagerating curve:

A lake stage-outlet discharge rating curve is fundamentally different
from the traditional rating curve. Inthiscase, discharge is dependent on
lake stage. Conseguently the plot requires, at least in theory, outlet
discharge to be plotted on the ordinate and channel stage on the abscissa.
As with a traditional rating curve, a sufficient number of discharge
measurements are required to establish this discharge-stage relationship.
Either an arithmetic or logarithmic plot is acceptable.

Procedures and Methodology

A hydrometric metering site was established 15 m downstream from
the lake outlet sill. At this site, the channel was well-formed, partly
armoured, with bank to bank flow and little evidence of seepage loss to
the surrounding wetlands. Thesitelay beyond theinfluence of lakewaves.
M easurements began on May 8, 2001 and continued weekly until October
10, 2001. Discharge measurements followed the mid-sectional method
(15-20 verticals) employed by Environment Canada as outlined by Terzi
(1981). Velocity was measured with acalibrated PriceAA meter at 0.6 m
depthin each vertica until mid-September. When the mean cross-sectional
flow depth waslessthan 0.15 m, acalibrated Pygmy meter was employed.
The hydrometric data were used to cal culate mean outlet discharge (m3s
1. Lake stage for the date of the discharge measurement was recorded, as
an elevation (m) above sealevel, at the Wasagaming |ake stage recording
site (Figure 1). The gauge height (staff gauge), located at the ‘old’
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Environment Canada gauging site was al so recorded. These measurements
were recorded as metres above a selected base elevation.

Results

Table 1 summarizes the hydrometric measurements recorded during
the 2001 study period. Outlet discharge during the study period ranged
fromahigh of 1.4846 m3s* on May 15, 2001 to the lowest val ue recorded
(0.0090 m®s?) on October 10, 2001. Calculation of the mean outlet
discharge for the open water season in 2001 was 0.7587 m3s?! + 0.52 m’s
. Qutlet discharge exceeded 1.0 m? s* throughout the spring and early
summer, falling below 1.0 m3s? on August 9 and below the annual mean
onAugust 24, 2001. Outflow discharges continued to declinein September
and by mid-October were near thelimit of meterable flows (0.0090 ms?).

Table 1. Hydrometric measurements at Clear Creek gauging site (2001 data).

Date Lake Site Trend Discharge Mean X-Area Top Mean
Stage Stage m’s’ Velocity m’ Width Depth

m m ms’ m m

5/08/01 615.601 0.2650 rising 1.3430 0.7299 1.8400 6.69 0.28
5/15/2001  615.623 0.2900 rising 1.4846 0.5637 2.6337 8.96 0.30
5/22/2001  615.613 0.2750 falling 1.3976 0.5337 2.6185 9.00 0.29
5/29/2001  615.582 0.2680 falling 1.2273 0.7671 1.5999 5.11 0.32
6/05/01 615.559 0.2460 falling 1.1012 0.6781 1.6240 526 0.31
6/12/2001  615.543 0.2240 falling 1.0405 0.6747 1.5426 527 0.29
6/19/2001  615.541 0.2140 falling 1.0195 0.6544 1.5579 537 0.31
6/28/2001  615.583 0.2650 rising 1.1920 0.6838 1.7432 528 0.32
7/06/01 615.541 0.2290 falling 1.1653 0.7342 1.5872 5.28 0.32
7/13/2001  615.513 0.1960 falling 1.0069 0.6811 1.4824 528 0.29
7/20/2001  615.532 0.2300 rising 1.1849 0.7628 1.5534 528 0.29
7/27/2001 615521 0.2060 falling 1.1554 0.7859 1.4701 5.27 0.29
8/03/01 615.489 0.1650 falling 1.0412 0.7728 1.3473 5.27 0.26
8/09/01 615.484 0.1420 falling 0.9195 0.7465 1.2318 5.26 0.24
8/17/2001  615.433 0.0840 falling 0.5367 0.6287 0.8536 4.88 0.19
8/24/2001  615.395 0.0420 falling 0.4610 0.5990 0.7696 4.80 0.23
8/30/2001  615.373 0.0170 falling 0.3215 0.5274 0.6096 4.55 0.21
9/06/01 615.331 0.2500 falling 0.1846 0.4062 0.4545 3.45 0.17
9/12/2001  615.329 0.3180 falling 0.1512 0.3296 0.4588 3.53 0.19
9/20/2001  615.306 0.2890 falling 0.1084 0.2800 0.3872 3.30 0.16
9/26/2001  615.291 0.2980 falling 0.0873 0.2732 0.3195 3.19 0.15
10/4/2001  615.275 0.2100 falling 0.0521 0.2365 0.2203 1.87 0.10
10/11/01  615.240 0.0360 falling 0.0157 0.1266 0.1240 1.65 0.09
10/18/01  615.228  -0.0860 falling 0.0090 0.1488 0.0605 1.05 0.07
Mean 615.455 0.2069 0.7586 0.5552 1.1704 4.79 0.24
Std. Dev. 0.128 0.0873 0.5165 0.2133 0.7342 1.89 0.08
Maximum  615.623 0.2980 1.4846 0.7859 2.6337 9.00 0.32
Minimum 615228  -0.0860 0.0090 0.1266 0.0605 1.05 0.07

Range 0.395 0.3840 1.4756 0.6593 2.5732 7.95 0.25
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There were no recorded lake outflows during November and December
2001.

With the exception of the October |ake stages, |ake levels, recorded
for the open water season, were above the long-term mean of 615.275 m
elevation (McGinn et al. 1998). Following the spring freshet in mid-May,
lake stages generally fell throughout the year with the exception of lake
stage responses to two periods of heavy rainfall on June 28 and July 20.

Two rating curves were constructed (Figures 3 and 4). Figure 3
illustrates the traditional plot of channel stage (staff gauge at the ‘old’
Environment Canadagauging site) and stream discharge for Clear Creek.
The plot clearly illustrates the influence of beaver dam flooding and
variable backwater submergence on the stage-discharge correlation at low
flows. Two trend lines have been constructed based on least squares
techniques. The linear equation S = 0.08 Q + 0.13, shown by the solid
black linein Figure 3, clearly is not representative of the stage-discharge
relationship. Correlation analysisindicates aweak positive correlation (r
= 0.4) and an explained variance (r?) of 16.4%. The ellipse highlights
those low water discharges and variable stages influenced by the
construction of beaver dams. The second trend lineS=0.25Q - 0.06, the
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Figure 3: Rating curves: Clear Creek near the outlet of Clear Lake (2001 data).
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Figure 4: Rating curve: Clear Lake outlet (2001 data).

dashed grey linein Figure 3, representstheleast squaresregression function
for the 2001 data excluding the highlighted low flow discharges and
associated staff gauge heights. Ther?valuefor thislinear equation (0.94)
indicates that a non-beaver-affected rating curve can be constructed for
Clear Creek.

Figure 4 illustrates the constructed rating curve for lake stage and
outlet discharge. The plot deviatesfromthetraditional model inthat stream
discharge is dependant on lake stage. Consequently, dischargeis plotted
on the ordinate and lake stage on the abscissa. A linear trend line hasbeen
constructed based on least squares techniques. The linear function Q =
3.97 S - 2444.44, best represents the lake stage-discharge relationship.
Regression analysis indicates a 0.99 positive correlation coefficient and
97.1 percent variance explained.

Discussion

Inthetraditional rating curvelinear model where S=m Q + b, gauge
height or stage is a function of stream discharge plus a constant. The
slope (M) representsthe rate of change in stage as aresponseto variation
inthe streamdischarge. But inthelake stage-outlet dischargelinear model,
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Q=mS+b, theslope(m) representstherate of changein outlet discharge
as afunction of changesin lake stage. Parameters that account for lake
stage variation are associated with the water balance of Clear Lake. These
factors include: precipitation (rain and snow) directly deposited on the
lake, rainfall and snowpack water equivalent depths over the watershed,
runoff volumes, net groundwater effects, and evapotranspiration |osses.

In the traditional rating curve, the intercept value (b) isindicative of
zero outlet flow. The correlativein the lake stage-outlet discharge model
is the intercept with the abscissa (b/m), which is representative of the
elevation of thelakeoutlet sill. For the 2001 datalake stage rating curve,
theintercept value representative of the Clear Lakeoutlet is615.26 metres
above sealevel (Figure 4). The lake stage must be at a higher elevation
for significant flow over the outlet sill. This critical elevation may be
affected by many factors such as lake-ice effects, channel armouring and
outlet scour, al of which havevaried over thefirst nine seasons of operation.
In 1994 and 1995, the mean elevation of the outlet sill was 615.39 m. +
0.01 m. During the 1996 open water season the sill was eroded 15 cm to
abase elevation of 615.24 m. In 1997, expanded lake-ice was observed
to shove quantities of sand, pebbles, large cobbles and the occasional
boulder on top of the outlet berm. This process raised the mean elevation
of the outlet sill 4 to 8 cm. Higher outflows associated with the 1997
spring freshet winnowed the fines from the channel near the lake outlet
and created a channel armour resistant to scour under normal flow
conditions.

A grain size analysis of the outlet channel armour using the Wolman
(1954) sampling methodology (N = 500 pebbles), indicated a median
pebble size of 30.0 mm and amean size of 33.2 £ 20.0 mm. TheD and
D, percentile values (b’ axis diameter of the 65th and 95th largest rock)
were 36 mm and 66 mm respectively. Galay (1971) suggests that bed
material in this size range requires a mean cross-sectional velocity
exceeding 1.13 m s? for entrainment (the critical erosion velocity). In
2001, the maximum recorded daily mean cross-sectional velocitiesduring
the spring freshet were calculated to be less than 0.8 m s?, avalue well
below the estimated critical erosion velocity of the bed armour. While
there were no outlet discharge measurements recorded from 1998-2000,
it appears that the Clear Lake outlet has been stable and has remained at
the elevation of 615.26 m + 0.02 m for the past five years (1997-2001).

The data set was expanded to include the discharge measurements
recorded in the channel regime adjustment years 1994, 1995 and 1996
and the corresponding lake stage measurements. Figure 5 illustrates the
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Figure 5: Rating curve: Clear Lake outlet (1994, 1995, 1996 and 2001 data).

constructed lake stage rating curve (the inclusive rating curve) and the
results of the correlation and regression analyses. The linear model Q =
4.83S-2970.50 best fitsthe plot. Ther?valueindicatesthat theregression
equation accountsfor 83% of the variation inthe dataset. The calculated
slope (4.83) is similar but steeper than the calculated slope (3.97) of the
2001 rating curve (the dashed line). The intercept value (615.291 m) is
2.8 cm higher than theintercept value cal culated for the 2001 rating curve.

Theinclusiverating curve, illustrated on Figure 5, has been influenced
significantly by the 1994 and 1995 data. The calculated rating curve
equation for these years (Q = 5.372 S - 3305.53) is similar in slope and
intercept values to the Figure 5 inclusive plot. The 1994-1995 rating
curve equation hasacalculated r2 value of 0.84, also similar tothe 0.83 r2
value for the inclusive rating curve. While these r? values (explained
variance) are acceptable and imply that the inclusive rating curve is a
reliable model for predicting outflow discharges, the fundamental
assumption for the construction of arating curve, that of channel regime,
appears to have been violated. From 1994-1995, Clear Creek was not in
regime, but degrading as it adjusted the stream channel geometry,
specifically the elevation of the outlet sill, to accommodate outlet flows
from Clear Lake. Consequently, theinclusiverating curvefor Clear Creek
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should not be used for the estimation of outflow discharges from Clear
Lake. In 1996 the rating curve intercept value was 615.24 m. The
comparativevalue, fiveyearslater, in 2001 was 615.26 m, suggesting that
the average outlet sill elevation had not changed significantly since 1996
and that Clear Creek had achieved regime. That being so, it is the 2001
rating curve (Figure 5) that should be used to estimate outflow discharges
from Clear Lake.

Conclusion

From 1993 to 1996, Clear Creek has adjusted its geometry (average
width, depth and slope) to the sequences of outlet discharges from Clear
Lake. Since 1997, the outlet stream has achieved regime, predominantly
by stabilizing the elevation of the outlet sill with achannel armour resistant
to normal spring outflow discharges.

This study indicates that lake levels can be used as an effective
alternative to channel stage in the construction of arating curve for lake
outlet streamswhich have achieved regime. Inthecaseof Clear Lakethis
eliminates the problems related to the measurement of stage caused by
beaver dam flooding and variable backwater effects. Theresulting curve
and mathematical model can be employed to estimate daily outflow from
thelake.
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Reconstructing the historical stream flow from
stream morphology in Duck Mountain, Manitoba

Nathen Richea, University of Regina

Abstract: Stream flow data have been collected in the Prairie Provincesfor nearly
100years. However, recordsareincompletein someregionsasaresult of budgetary
and voluntary cuts. OnesuchregionisDuck Mountain, Manitoba. The hydrology
of this upland is critical to its surrounding area because it houses headwaters for
alarge number of local streams. For anumber of these streams, channel features
such as width, depth, slope and bed material were measured. Using Manning's
equation these data were analyzed to reconstruct bank and scour flows. Flow
records for these streams were used to help establish inter-annual variability and
trends. Flood frequency graphs were created to assist flow predictions and to
augment records. The purposeisto create aregional anaysisthat can help define
natural conditions. Since commencement of water data collection in the region
there has been increased human development. This paper discusses the
methodology as well as some results of the research.

Key words: flood frequencies, stream morphology, flow probabilities, Manning's
equation, reconstructing streamflow, Duck Mountain

Introduction

Channel width, depth, slope and scour are adirect result of previous
stream flows. Leopold and Maddock (1953) recognized that asdischarge
changes, the channel adjusts to accommodate the flow by changing
morphology. Inthe Prairies, snowmelt events have particular influences
on stream dynamics and channel morphology (Newbury and Gaboury
1993). The proposed research uses channel features along with flow
records to reconstruct historical flow. By interpreting regiona stream
channel dynamicsand regional hydrologic records, the natural hydrology
for the associated area can be reconstructed (Thorne 1998).

As suggested by Thorne (1998), stream morphology can be used to
augment flow records and can provide more accurate analysis. By
combining flow records and stream morphology researchers can predict
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trends (Yang and Stall 1973). Predicting outputs from watersheds enables
thesimulation of impactsof land use and climate change on water resources.

Human activities such as engineering, agriculture and forestry have
altered the natural state of lands and rivers. In the Prairies, parks and
parkland make up most of the area having minimal human impact. The
hydrology of Duck Mountain, Manitoba is significantly different from
but very important to the surrounding plains. Because of flooding and
wet conditionsin Duck Mountain, local populations and water managers
divert streams and drain much of the land. Agricultural producers are
pressuring local authorities to divert and dam natural streams to better
suit their needs (Whitney et al. 1988). At the sametimeon the upland, the
forest industry may be altering natural watersheds.

There has been an increasing concern about the effects of possible
global warming on stream flow (Dvorak et al. 1997; Boorman and Sefton
1997; Whitfield and Cannon 2000). Nemec and Schaake (1982) noted
that climate change would make it even more difficult to predict future
flowswhen designing water resource structures. Yulianti and Burn (1998)
investigated climatic change impacts on stream flow conditions in the
Canadian Prairiesand noted that flow decreased astemperatureincreased.
Muzik (2001) concluded that there is a high probability of increased
frequency and magnitude of storm events. InBritain, Arnell (1996) studied
the impacts of warming trends on river flows and water demands
concluding that demand would probably exceed supply. Such effectscould
dramatically affect water management projects in the Duck Mountain
region.

Objective

The objective of thisresearch isto determine the natural stream flow
characteristics and to reconstruct the magnitude and frequency of historical
floods in the Duck Mountain region based on historical data and field
measurements. With the reconstruction of natural stream flow, impacts
from forest harvesting, agriculture and climate change can be assessed.
The goal is to contribute to the development of practices and strategies
for water resource managers that account for the natural variation in
geomorphic and hydrologic systems.
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Study Area

The Manitoba Escarpment, which separatesthe Saskatchewan Plains
from the Manitoba Plains, hasfour distinct physiographic units: Pembina
Hills, Riding Mountain, Duck Mountain and PorcupineHills. Thisresearch
concentrates on the Duck Mountain region. Duck Mountain has steep
slope gradients on the north and east sides, whereas the south and west
sides have gradual slopes. Total relief is approximately 500 m. The top
of the escarpment is topped by glacial drift, which can reach 300 m in
thickness (Chapman 1987).

Because the surficial geology consists of glacial till there are high
infiltration rates. The storage capacity of the hilly topography is evident
in the numerous bogs and springs throughout the upland region (Whitney
et al. 1988). Duck Mountain is strewn with numerouslakes and streams,
iscompletely forested and considered part of the Boreal Plains Ecoregion.
The escarpment islocated within the humid continental climate zonewith
generaly less than 60 cm of precipitation per year, of which one-third is
winter snowfall (Chapman 1987). It was not until the completion of the
Canadian National Railway to Swan River in 1899 that settlement occurred
and soon after agricultural and forestry activitiesbegan (ManitobaNatural
Resources 1997).

Methodology

Data used in the analysis include digital maps of topography, soils,
surficial geology, and forest cover. Environment Canada has supplied
hydrometric data dating back to the early 1900s for numerous stationsin
and around Duck Mountain. A digital elevation model (DEM) was used
to determine slopes, elevations and drainage basin areas. Field datawere
included such as stream slope, depth, width, velocity and channel shape.
As well, bedload size was measured to reconstruct scour and bankfull
flows.

Before any field data were collected, mean annual, mean monthly
and maximum monthly hydrographs were constructed for each gauged
river using data from Environment Canada (Environment Canada 1996).
Figure 1, shows the mean annual hydrograph for Swan River indicating
wet and dry periods and extreme years. Figure 2, shows the mean and
maximum monthly hydrograph for North Duck River indicating the
magnitude and length of spring runoff.
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Figure 1: Mean annual flow hydrograph for Svan River at Svan River, Manitoba, 1912-1994.
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Figure 2: Mean monthly flow hydrograph for North Duck River at Cowan,
Manitoba (05LG004).

Reference siteswerelocated for each stream according to thefollowing
criteria (Harrelson et al. 1994): 1) what do we want to know about the
stream or drainage; 2) what geographic variations (geology, elevation,
land use) exist in the area; 3) what isthe most useful comparison with the
fewest sites; 4) how can this site contribute in determining natural
hydrol ogic conditions; and, 5) how much can be accomplished with present
resources? Reference site selection also depended on the size of the stream,
accessihility, stability and hydraulic conditions (Herschy 1985). Siteswere
ruled out if there seemed to be disturbances from humansand wildlife. To
maximize reliability of these sample sites, the reach lengths were set at
100 m to include an entire meander with hydraulic evidence sufficient to
accurately characterize the streams (Herschy 1985). In al 12 streams
were selected and atotal of 42 reference siteswere established. The cross-
sections were then located where the best evidence exists for the channel
boundaries. The procedures and techniques for surveying stream cross-
sections are common (Herschy 1985; Harrelson et al. 1994; Thorne et al.
1996; Thorne 1998). Thefield manua compiled by Newbury and Gaboury
(1993) was followed.

Cross-sectionsrepresentative of the stream reachesand channelswere
created for all research streams. On larger streams, Environment Canada
has predetermined reference sitesand gauging stations. Wherever possible
these predetermined reference sites were used in the analysis. Figure 3,
showsthe cross-sectionsfor Roaring River. Cross-sectionswere surveyed
using a stadia rod and automatic level. Specia attention was paid to
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Figure 3: Cross sections at reference sites and hydrometric station on Roaring
River, Manitoba.

determining banks and locating scour marks. Cross-sections were then
overlain to compare channel shape and symmetry among reaches.

At each reference site depth, width, velocity, discharge, slope and
bed load were measured. Depth and width were measured using a
measuring tape, stadiaand automatic level. To determinedischarge, aPrice
1210 AA flow meter was used to measure velocity. Vel ocity was measured
at 6/10" the depth acrossthe streamin anumber of equally sized increments
based on uniform bed conditions. Discharge (Q = VA) was determined
for each reference site by summing the unit discharges across the stream
(Newbury and Gaboury 1993).

Slope was determined using the automatic level and stadia.
Measurementsweretaken at thewater’s surface from pool to poal or riffle
toriffle. Where possible the measurementsincluded at | east two compl ete
meandersin order to get atruereading of the lope. In some casestwo to
three slope measurements were averaged in order to determine true slope
in short river bends.

Bedload was sampled and measured by wading through the channel
and selecting clasts at random intervals (Newbury and Gaboury 1993).
Each sample consisted of thirty clasts of various sizes and shapes. For
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Figure 4: Bedload frequencies of Ste 1 for Fishing River, Manitoba (0391850/
5700010).

each sample the tri-axial mean was calculated. Figure 4 shows the
frequency distribution of bed materia at one site on the Fishing River.
Bed materials smaller than certain sizes are moved and deposited during
channel maintenance flow or bankfull flows (Hickin 1995; Baker 1973;
Newbury and Gaboury 1993).

Bank flow discharge was then estimated using Manning’s equation
(Herschy 1985; Newbury and Gaboury 1993; Harrelson et al. 1994;
Newson 1994; Petts and Amoros 1996):

v= R¥g? Vv =mean velocity
n R = hydraulic radius of flow
s = average reach slope
R=A/lp n = Manning's roughness factor

A = cross-sectional area of flow
p = wetted perimeter of flow
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When applying Manning's equation achannel resistance or roughness
factor ‘n" must be determined. Thisresistancefactor can bedirectly related
to bedload size using the empirical relationship derived by Strickler in
1923 (Newbury and Gaboury 1993). When the depth of flow isthree or
more times greater than median size of the bed material:

n=0.04xd," n = Manning’'s roughness factor
d,, = median bed paving material size

Bank flow discharge‘ Q,’ and scour discharge ‘' Q_’ can then be calculated
from the estimated bank flow velocity and cross-sectional area (Q =VA).
Annual flood frequency graphs were created for each stream by ranking
the highest flowsand assigning frequencies. The magnitude and frequency
were graphed to indicate probabilities. The flood frequency for Shell
River, Figure5, includesthe bankfull and scour discharges cal culated using
Manning's equation.

Results

The mean annual hydrographs show extended wet and dry periods
and extreme years of the past century. The mean monthly hydrographs
provide response times and duration of spring runoff while the maximum
values give an indication on the magnitude of runoff events. As noted,
this region receives a moderate amount of snow but the temperatures
usually do not increaseto abovefreezing until midto late April. Asshown
inthe monthly hydrographin Figure 2, the runoff response beginsin April
and inmost cases continuesuntil June. By analyzing the maximum monthly
flow values the severity of spring events can be compared to those of
summer months.

The cross-sections created indicate the symmetry of the channels
within each reach and can indicate deviations from the overall channel
shape. Thiscan signify stress on the system aswell aspossible aterations
by humans or wildlife. In Figure 3 the cross-section at Site 2 for the
Roaring River differs from the other surveyed channel shapes. Site2is
near afarmhouse the occupants of which may have altered the channel.

From the bedload plots one can determine the frequencies of bed
paving material and estimate the size of material moved during channel
maintenance flow. From the constructed bedload frequency graphs
material swithin the 50% to 70% frequencies correspondsto material being
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Figure 5: Annual flood frequency of Shell River at Asessippi/Inglis, Manitoba
(05MD001/05MD005).

moved during bankfull flow. Figure 4, indicates that these frequencies
correspond to mean bedload sizes ranging from 6 to 8 cm.

Using Manning'’s equation, the bank flow and scour discharges for
Shell River were 60.4 m*/sand 9.42 m®/s, corresponding to approximately
7% and 82% of historical flows. The bank and scour dischargesindicate
the historical magnitude of floodsin the Duck Mountain region. Table 1
shows the cal culated bankfull and scour discharges for al of the reaches
studied. The undetermined valuesfor the scour dischargesweretheresult
of absent or conflicting scour marks within the channel. Where possible
the scour and flood values were graphed with the flood frequencies to
help determine associated probabilities.
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Table 1: Hydrometric variables and calculated bank and scour flow values.

Scour Bank
Stream Location Site wm dm) A@) Vs) D@’) w(m) d(m) A(m) V(ms) D(m’s)
Pine River 0375200/5739750 1 undetermined 1210 102 1234 264 3258
0379250/5740300 2 undetermined 2193 089 1941 31 7337
0381850/5739600 3 undetermined 2139 122 2610 360 9396
0384950/5738990 4 undetermined 2129 158 3352 451 15118
0389350/5739600 5 undetermined 2037 164 3330 1.60 5328
0392300/5740100 6 1370 063 863 150 1295 20.01 110 2191 217 4154
Site # 0SLG001 0394350/5742100 7 undetermined 1500 1.50 2249 091 2046
Roaring River 0346100/5746850 1 970 095 922 298  27.50 1720 112 198 332 63.60
0344311/5751245 2 undetermined 2380 156 37.13 442 164.10
0343463/5753153 3 undetermined 1430 191 2731 268 T73.19
0343200/5756802 4 undetermined 1540 155 2387 225 537
0345250/5759700 5 undetermined 1503 143 2142 190 4059
0353850/5774250 6 1500 107 1605 468 7511 2195 252 5520 6.07 33506
Site # 0SLE00S 0359050/5779600 7 1650 112 1848 075 13.86 2200 172 3785 099 3747
Ruby Creek 0335500/5744200 1 55 039 217 3.18 6.90 825 060 497 422 2096
0335650/5744600 2 410 052 213 116 247 830 071 59 143 8.46
0334300/5747450 3 420 016 066 1.89 124 1002 063 631 478 3016
0340100/5753500 4 730 103 752 041 3.08 970 114 11.06 0.44 487
0343250/5760000 5 670 059 395 049 194 1623 164 2662 096 25.56

East Favel River  0362971/5758525 720 047 338 332 1122 1081 076 822 458 37.65

0360950/5765650 2 790 070 554 117 6.48 1363 117 1588 165 2620
0359500/5773650 3 920 093 852 179 1525 1393 189 2633 288 7583
West Favel River  0359950/5758450 1 1130 069 774 347 2686 2028 135 2728 543 14813
0357350/5763950 2 1160 103 1195 307 3693 1736 120 1983 342 6788
0358400/5775800 3 920 09 883 182 1607 1504 211 3173 308 9173
Favel River 0360600/5781500 1 1120 113 1266 132 1683 1323 248 3280 229 7511
Fishing River 0391850/5700010 1 310 026 082 287 234 1252 115 1440 562 8093
0393550/5797150 2 450 026 117 1.28 1.50 1875 067 1262 338 4266
0401750/5701950 3 560 069 384 202 776 995 084 836 622 519
0404950/5702550 4 460 060 277 087 237 1550 079 1220 266 3245
Sciater River 0381200/5753700 1 1020 069 704 460 3238 1611 122 1957 671 13131
0389850/5755050 2 1000 092 916 239 2190 1441 149 2147 331 7107
0385700/5755000 3 770 074 567 198 1123 1262 106 1331 252 3354
North Duck River 0377940/5764290 1 1680 127 2125 385 8180 1865 148 2751 427 1747
0384050/5764300 2 undetermined 2077 141 2929 287 84.06
Site # 0SLG004  0386850/5765670 3 1630 099 1617 052 8.40 1860 144 2678 067 1795
Garland River 0386800/5724250 1 570 047 270 202 5.45 2480 160 3968 388 15396
0391000/5724970 2 510 057 293 210 6.15 1310 149 1952 397 7749
0393990/5725250 3 680 070 477 1.05 5.01 885 151 1336 175 2338
Valley River 0360763/5685330 1 2050 081 1656 148 2451 2300 102 2340 173 4056
0360368/5681458 2 1420 082 11.60 3.67 4257 2320 144 3340 535 17869
0370800/5672500 3 1210 069 832 290 2413 2330 076 1770  3.10 5487
Fork River 0388210/5710750 1 710 054 383 326 1249 1252 115 1440 562 8093
0391010/5710700 2 580 041 236 242 57 1875 067 1262 338 4266
Shell River 0337280/5648090 1 1500 044 654 144 9.42 2700 094 2527 239 6040

South Duck River 0391200/5749850 1 570 052 29 L14 337 889 122 1085 201 2180
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Summary

The goal of this research was to determine the frequency and
significance of previous floods in Duck Mountain. Data on the cross-
sectional geometry of stream channels, and the distribution of flood
deposits enable the reconstruction of peak stream flows, thus augmenting
the existing hydrometric records. The results can be used to predict
thresholds associated with future runoff and storm events. Combining
geomorphological reconnaissance with historical records providesthe best
route in understanding and predicting natural streams (Thorne 1998).

Theresearch design suggeststhat aprogram of long-term monitoring
of runoff be devel oped in close consultation with forestry, agriculture and
water authorities such that they will inherit the program by using the
established reference sites and the sampling protocolsto analyze ongoing
human effects on the hydrology of theseregions. Long-term hydrometrical
and morphol ogical monitoring representsthe best way to understand fluvial
systems and study reaches (Downs and Thorne 1996).
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Meander migration rates and age of the lower
Assiniboine River

Christopher W. Bater, University of Winnipeg

Abstract: A 36-km reach of the lower Assiniboine River west of Winnipeg was
studied to determine the age of itsmodern channel and rates of meander migration.
The age of themodern channel was established by collecting samplesfrom alluvium
for radiometric or dendrochronological dating. Bison bison bison (Linnaeus)
bones, removed from a depth of 2.4 m in a 2.6-m thick section of overbank and
backswamp deposits, were dated at 2115 +/- 50 yrs BP (BGS-2318) and represent
a minimum age for the channel. To establish rates of meander migration, four
subfossil Quercus macrocarpa (Michx.) logswere collected from within two point
bar sequences for dating, and meanders shown on aeria photographs from 1948,
1959 and 1968 were measured. Two logs, 45 m apart, had outermost ring dates of
AD 1555 and 1622, indicating a lateral accretion rate of 0.61-0.67 m/yr. Two
logs, 104 m apart, had radiocarbon dates of 480 +/- 40 yrs BP (BGS-2317) and
305 +/- 40 yrs BP (BGS-2316) indicating alateral accretion rate of 0.41-1.09 m/
yr. Migration ratesfor six meanders between 1948 and 1968 ranged from 0to 1.0
m/yr, with mean and median rates of 0.4 and 0.3 m/yr respectively. Migration
rates vary with differencesin bank material on the concave sides of meanders, as
theriver ispartially confined by LakeAgassiz clays. Migration rates of meanders
eroding into glaciolacustrine clay ranged from 0 to 0.1 m/yr, while meanders
eroding into aluvium had rates ranging from 0.3 to 1.0 m/yr.

Key words: Assiniboine River, fluvial geomorhology, meander migration,
paleochannels, dendrochronology, radiocarbon dating

Introduction

Downstream of PortagelaPrairie, the Assiniboine River hasdeposited
an unusual floodplain fan (Rannie 1990) through a process of repeated
alluvia ridge development and abandonment. Asaresultit has, at different
times, flowed into either Lake Manitoba or the Red River (Rannie et al.
1989). A spatially dynamic history such as this brings into question the
exact age of the lower Assiniboine River's modern channel, as it has
implications for both the hydrological and sedimentological histories of
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Figure 1: The central and lower Assiniboine River.

L ake Manitobaand the Red River, and for the geomorphological history of
the landscape east of Portage laPrairie. Another aspect of theriver’s past
isitsrate of meander migration. Thisisof interest from ageomorphological
perspective because lateral accretion sedimentsare amajor component of
ariver’sfloodplain. However, rates of lateral migration may be of greater
concern from a human perspective, because many people living next to
the Assiniboine River havelost valuable land as aresult of erosion of the
concave banks of meanders (Riesen and Brown 1958). Thus, the goals of
this study were: 1) to determine the age of the lower Assiniboine River's
modern channel; and, 2) to measureitsrates of meander migration.

The Setting

The Assiniboine River is a 1,290-km long perennial, meandering,
suspended load stream with a gross drainage basin at Headingley,
Manitoba, of 153,000 km? in eastern Saskatchewan, northwestern North
Dakota and southwestern Manitoba (Rannie 1990) (Figure 1). However,
much of the basin is internally drained, reducing the river’s effective
drainage areato approximately 60,000 km? at Headingley (Ashmore 1990).
Theflow regime of the Assiniboine River isalmost entirely dependent on
prairie runoff during the spring snowmelt (Figure 2). The Qu’'Appelle
and Souris rivers account for 64% of the Assiniboine River’s effective
drainage area; however, because of therel ative dryness of theregion, these
tributaries accounted for only 38% of the mean annual discharge at Holland
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Figure 2: Mean monthly flows at Holland, Manitoba, 1961-1998 (Environment
Canada 2000).

between 1975 and 1984. Thus, the streamsdrai ning the moister uplands of
Manitobaare critical for maintaining flow (Ashmore 1990).

Between Brandon and Portage la Prairie, the Assiniboine River is
confined by the Pleistocene glaciodeltaic sediments of the Assiniboine
Delta, and it is probably in this reach that the river entrains most of its
sediment (Rannie 1990). Downstream of Portage la Prairie, theriver is
not confined and experiences a reduction in slope as it encounters the
LakeAgassiz clay plain, resulting in the deposition of an atypical aluvial
floodplain fan through a process of repeated aluvial ridge building and
avulsion. This process has left at |east seven Assiniboine River
paleochannels poised above the landscape east of Portage la Prairie and
south of Lake Manitoba (Rannie 1990).

The grain sizes of suspended and bed loads decrease downstream.
At Holland, bed material is approximately 20% gravel, but at Portage la
Prairie and Headingley it is amost entirely sand (Rannie 1990). On
average, the suspended load is more than 50% silt from Portagela Prairie
to Headingley, and the sand fraction decreases from about 25% at Holland,
to 15% at Portage la Prairie, to 3% at Headingley (Rannie 1990).

In 1970 the Portage Diversion and Reservoir began operation,
significantly altering the downstream hydrology and sedimentology of
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theriver. The Diversion and Reservoir have: 1) more than doubled the
river’sability to convey dischargeswithout overbank flooding; 2) reduced
averagedaily dischargeduring April and May; 3) augmented flowsduring
thesummer, fall, and winter; and, 4) intercepted approximately 40% of the
river’s sediment load (Ashmore 1990). Furthermore, the Diversion and
Reservoir haveresulted in the cessation of alluvial fan building by almost
eliminating the possibility of avulsion during low frequency discharges
(Rannie 1990).

History

Nielsen et al. (1993) believed that by 7490 +/- 80 yrs BP (GSC-
4839) (Table 1) the Assiniboine River occupied the same position as it
does today based on the radiocarbon dating of a wood sample found in
silty clay, in association with water-worn bison bones and freshwater
pelecypod shells, and overlying fluvial gravels. Followingthisinitial route
to the Red River, the Assiniboine River has what is essentially a two-
phase history.

Rannie et al. (1989) reconstructed a chronology of events based on
radiocarbon dates, channel cross-cutting relationships, and soil maturity
which showed the Assiniboine River draining into Lake Manitoba from
approximately 7000 BPto 4500 BP, and then into the Red River from 3000

Table 1: Selected radiocarbon dates from sites along the Assiniboine River and
blind channel.

Location Age Lab No. Depth  Material Reference
(years BP) (metres)

Assiniboine River in  7490+/-80  GSC-4839 10.7 Wood  Nielsen et al. 1993

Winnipeg Morlan et al. 2000
Blind Channel 4230+/-70  BGS-1851 Wood  Morlan et al. 2000
Assiniboine River 2450+/-80  BGS-1635 1.0 Paleosol  Morlan et al. 2000
South of Marquette

Site CWB-01-9 2115+/-50  BGS-2318 24 Bone This paper
Site CWB-00-3 1660+/-45  BGS-2267 0.7 Bone This paper
Site CWB-00-7 595+/-40 BGS-2304 5.0 ‘Wood This paper
Site CWB-00-4 520+/-50 BGS-2268 4.0 Wood This paper
Site CWB-00-2 310+/-40  BGS-2266 4.2 Wood This paper
Site CWB-00-5 125+/-40  BGS-2269 2.5 Wood This paper
Site CWB-00-5 110+/-40  BGS-2303 3.6 Wood This paper
Site CWB-00-8 480+/-40  BGS-2317 4.0 Wood This paper

Site CWB-00-8 305+/-40  BGS-2316 33 Wood This paper
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Figure3: Assiniboine River and paleochannels (redrawn fromRannieet al. 1989;
Morlan et al. 2000).

BPtothepresent (Figure 3). Theinitial drainageinto Lake Manitobawas
through the Willowbend and then Flee Island channels. This may have
been interrupted by a period of eastward drainage into the Red River via
the undated Long Lake and High Bluff channels, which may have had
their outletsat the Forksin Winnipeg where the modern Assiniboine River
joinsthe Red River. Drainage into Lake Manitoba had resumed by 4500
BP viathe Blind channel (Rannie 1989), and in 1995 Nielsen collected a
samplefrom that paleochannel, dating it at 4230 +/-70yrsBP (BGS-1851;
Morlan et al. 2000).

Rannieet al. (1989) determined that the Assiniboine River wasdraining
into the Red River through the La Salle channel at about 3000 BP, and
believed that the present channel on the lower portion of the floodplain
fan, with its outlet at the Forks in Winnipeg (and the reach that concerns
thisstudy), was established sometime before 1300 BP viathe Mill channel.
However, apaleosol, formed on Lake Agassiz varved clay on the bank of
themodern Assiniboine River (Figure 3), wasdated by Nielsen and suggests
that overbank sedimentation had begun by 2450 +/- 80 yrs BP (BGS-1635;
Morlan et al. 2000). Nielsen (2001) noted that this date may be old because
of the possible presence of old carbon, yet radiocarbon dates obtained
from archaeology sites at the Forks also suggest that the channel was
established prior to 1300 BP, and possibly soon after 3000 BP (Rannie
1999). By 700 BPtheriver wasflowing through the Curtis Ridge channel
immediately east of PortagelaPrairie, and the entiremodern channel of the
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Assiniboine River was established sometime after 700 BP (Rannie et al.
1989).

Thus, the history of the A ssiniboine River west of Winnipeg iscomplex.
However, it seems certain that its most recent channel wasin place by 1300
BP at the latest, and possibly soon after 3000 BP if the date obtained by
Rannieet al. (1989) for the La Salle channd representsthat phase’ smaximum
age (Rannie 1999).

Study Area

The study areais a 36-km reach of the Assiniboine River located 45
km upstream of Winnipeg onthe margin of theriver’sfloodplainfan (Figure
4). Thereachwaschosen becauseitiseasly ble, thereare numerous
sections that exhibit alluvial deposits, and it was utilized by all of the
paleochannels that followed the La Salle phase. As a result, samples
collected from the areaiindicate amaximum agefor the La Salle phase, and
aminimum date for the initiation of the modern junction at the Forksin
Winnipeg.

A
ﬁ = Names and directions
of measurements made
on aerial photographs
to determine meander
migration rates.

CWRB-00-5

, ) CWB-00-4 =
CWB-00-7 » D Site locations
@ CWB-00-4
CWB-01-8
CWB-01-9
N \ CWB-00-3
A CWB-00-2 T\
e 0 5 YO0 G
Km o

Figure 4: The study area, sitelocations, and positions and directions of meander
migration rate measurements.
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The reach has an unnaturally low sinuosity of 1.6 due to the large
number of artificial channel cutoffsthat have been constructed during the
20" Century to reduce flooding (Riesen and Brown 1958). In places, the
channel is bounded by Lake Agassiz clay, which impedes its ability to
meander freely (Figure 5). In many sections, glaciolacustrine sediments
arefound at the surface, whilein othersthey are capped by overbank silts
and clays. Channel deposits consisting of ripple cross-laminated sands
and silts are common throughout the study area. The presence of Lake
Agassiz sediments, coupled with the generally fine calibre of alluvium,
can present a challenge when determining the provenance of sediments.
A key indicator of fluvial deposition is the presence of fossil molluscs,
which as a rule do not occur in Lake Agassiz sediments in Manitoba
(Nielsen2001).

- Glaciolacustrine or alluvial clay
- Glaciolacustrine clay

| Alluvial clay
’—_ Alluvial silty clay loam-loam

Figure5: Surficial materials of the study area (modified from Michalyna et al.
1975).
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Methodology

Ageof theChannel:

Todeterminean agefor thelower Assiniboine River’smodern channel,
material was collected from alluvium for radiocarbon or
dendrochronological dating. The sections were then mapped and
interpreted to establish a depositional and chronological context for the
dates.

Meander Migration Rates:

The measurement of meander migration ratesisat best acrude affair,
as meanders may move laterally very rapidly over a short period of time
and then remain static for decades (Wolman and Leopold 1957; Hickin
1974). Thus, rates of lateral movement should be measured over along
period of time. Two methods were employed in this study to measure
meander migration.

The first involves dating subfossil bur oak (Quercus macrocarpa
Michx.) logs. At site CWB-00-5, two logs were found 45 m apart in
lateral accretion sediments of a point bar (Figure 6). The presence of
dipping lateral accretion surfaces indicated the direction of bar growth
(Mial 1992). The logs were dated using a combination of radiometric
and dendrochronological methods, and the distance between them was
measured so that an average rate of meander migration could be calculated.
In asecond point bar sequence (site CWB-01-8), two logs were collected
104 m apart and radiocarbon dated.

Direction of point bar accretion

Overbank deposits
] =
2 N
_—K\ Lateral accretion
R |(,"'} \[) deposits
_“"“--..
4 T

I I 1
10 20 _»(] 40 50

Depth (m)

Distance (m)

. = Quercus macrocarpa (bur oak) log

1622 AD = Outermost ring date

Figure 6: Relationship between two subfossil logs dated to determine meander
migration rate at site CWB-00-5.
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Figure 7: Methodology used to measure meander migration rates
from aerial photographs (after Hickin 1974).

The second approach involved measuring meanders from aerial
photographs taken in 1948, 1959 (scales = ~1:15,840) and 1968 (scales=
~1:20,000). Only photos predating 1970 were used to ensure that the
measured rateswere ‘ natural’ and not influenced by the Portage Diversion.
Because the photographs were not intended for this type of application,
scales were recalculated in the vicinity of the meanders from 1:50,000
topographic mapsor 1:20,000 township photographs. M eander migration
rates were calculated for six meanders, with one meander having two
determinations performed in different directions (Figure 4). Meanders
were selected for measurement based on three considerations (Figure 7).
First was the absence of any obvious human structures (such asroads) in
proximity to the channel that may have produced artificial confinement.
Second, meanderswere examined for the presence of scroll bars, indicating
that migration had occurred. The direction of these movements occurs
orthogonal to the surfaces of scroll barsand can be represented by erosion
pathlines (Hickin 1974). Thelongest orthogonal representsthe direction
of maximum erosion and istermed the‘erosion axis (Hickin 1974). Third,
meanderswere sel ected based on the presence of road intersectionsinthe
vicinity of the channel, which acted asfixed pointsfrom which to measure
theamount of lateral movement from photographsof different years. Thus,
the angle of measurement was based roughly on the direction of migration
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asindicated by scroll bars. All measurementswere made from the concave
banks of meandersasthesetend to bemore vertical than the convex banks,
facilitating the identification of the edge of the channel from the
photographs.

Results and Discussion

Age of the Channel:

Samples collected to determine the age of the channel had radiocarbon
datesof 2115 +/- 50 yrs BP(BGS-2318), 1660 +/- 45 yrs BP (BGS-2267),
595 +/- 40 yrs BP (BGS-2304), 520 +/- 50 yrs BP (BGS-2268), and 310
+/- 40 yrs BP (BGS-2266; Table 1). Two of these dates are older than
those obtained by Rannie et al. (1989) and will be discussed below.

Theoldest sample collected wasfrom site CWB-01-9, wherea3.5-m
section exposes 1.0 m of horizontally bedded overbank silts overlying a
1.6 m thick massive clay deposit. A paleosol occurs between 1.0 and 1.7
m, and the section is slumped below 2.6 m. Gastropod macrofossilswere
sampled from the paleosol at adepth of 1.25 m. The shellslacked spires
and so could only be identified as Physa spp, a genus found in a wide
variety of aquatic habitats (Clarke 1981). Numerous <0.01-m thick
charcoal seamswere present in the otherwise massive claysbelow 1.7 m.
A bone horizon (Bison bison bison Linnaeus), located at 2.4 m, was dated
at 2115 +/- 50 yrs BP (BGS-2318). The lack of diagnostic facies below
1.0mmakesclassifying thelower portion of the section difficult. However,
the presence of molluscs indicates that the deposits are alluvial in origin
(Nielsen 2001), while the fine texture of the sediments, the presence of
charcoal seams, and the substantial paleosol suggest that these sediments
were deposited by overbank flows (Miall 1992; Nielsen et al. 1993) and
probably accumulated in a backswamp environment (Miall 1992).

The second oldest sample was collected from site CWB-00-3. The
4.5-m section exposes 3.1 m of horizontally bedded overbank sediments
overlying 0.90 m of Lake Agassiz clay. A B. bison bison radius was
located at 0.70 m, between two paleosols at depths of 0.53-0.62 m and
1.00-1.40 m, and was radiocarbon dated at 1660 +/- 45 yrs BP (BGS-
2267). Four shellswere collected between 1.6 and 2.2 m and identified as
two Vallonia cyclophorella (Sterki), one Nesovitrea electrina (Gould),
and one Succinea sp., terrestrial gastropods whose presenceindicatesthat
thiswasamoist, low lying environment (Harrisand Pip 1973; Pip 2001).
The fine texture, horizontal bedding, presence of paleosols, and the
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occurrence of molluscsindicatethat the upper 3.1 m are overbank deposits
(Miall 1992; Nielsenet al. 1993).

The 2.4 m of aluvium below the bone does not necessarily imply a
long period of deposition prior to the emplacement of the bone, as these
sediments could have been deposited rapidly after theinitiation of fluvial
activity. However, the presence of a 0.40-m thick paleosol immediately
bel ow the bone suggeststhat alengthy hiatusinaluvial deposition occurred
prior to about 1700 BP. These lower sediments may have been deposited
during the Long Lake/High Bluff phases of the river’s history, in which
case the paleosol may have developed during the La Salle phase.
Alternatively, the paleosol may represent a reduction in sedimentation
ratesthat occurred during the current phase of the Assiniboine River. For
example, Nielsen et al. (1993) found comparable soil development within
sectionsalong the Red River, astream that has occupied the same channel
throughout its entire history.

The date of 2115 +/- 50 yrs BP (BGS-2318) implies that the present
channel of the Assiniboine River was initiated much earlier than the
minimum age of 1300 BP suggested by Rannie et al. (1989). This
modification fitswithin the chronol ogy established by Rannie et al. (1989)
for amaximum age, but suggeststhat the Mill phase had commenced and
the LaSalle phase had ended prior to about 2100 BP. An approximate age
of 2100 BP a so suggests that older radiocarbon dates, such as Nielsen's
2450 +/- 80 yrs BP (BGS-1635; Morlan et al. 2000), and those that were
obtained at the Forks (Rannie 1999; Morlan et al. 2000), may indicate
that the Assiniboine River occupied its present channel prior to 2100 BP.
Though younger than 2100 BP, the additional date of 1660 +/- 45 yrs BP
(BGS-2267) servesto strengthen the notion that the Assiniboine River’s
present channel is much older than 1300 BP.

Meander Migration Rates:

Logsfound inthepoint bar sequence at site CWB-00-5wereanayzed
dendrochronologically and have outermost ring dates of AD 1555 and
1622. As aresult of exposure to mechanical erosion, both logs lacked
their outer sapwood, so seven to fourteen years must be added to their
respective outermost ring dates (Nielsen 2001). The AD 1555 log was
alsoradiocarbon dated at 125 +/- 40 yrs BP(BGS-2269). Thisradiocarbon
date wasrej ected because it wastoo young to calibrate and does not agree
with thetree-ring analysis. A third bur oak log, collected 89 m upstream
of thefirst log in the same point bar section, was radiocarbon dated with
an uncalibrated age of 110 +/- 40 yrs BP (BGS-2303), but its tree-rings
could not be cross-dated. Based on the results of BGS-2269, this
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radiocarbon date was also rejected. Thetwo logs, 45 m apart and dated at
AD 1555 and AD 1622, indicate arate of lateral accretion of 0.61-0.67 m/
yr. Thelogsremoved from the point bar sequence at site CWB-01-8 were
104 m apart and had calibrated radiocarbon dates of 480 +/- 40 yrs BP
(BGS-2317) and 305 +/- 40 yrs BP (BGS-2316), both of which were
considered good age estimates. Their stratigraphic relationship and ages
indicate arate of lateral accretion of 0.41-1.09 m/yr.

Over atwenty-year period, meander migration rates measured from
aerial photographs had mean and median rates of 0.4 and 0.3 m/yr
respectively, and ranged from 0 to 1.0 m/yr. Amounts of movement were
variable, with one meander migrating 17 m between 1948 and 1959, and
another showing no appreciable movement intwenty years. Variationsin
migration ratesare probably the result of the different typesof bank material
on the concave sides of meanders, astheriver channel ispartially confined
by Lake Agassiz clays (Table 2). Between 1948 and 1968, migration
rates of meanders bounded by glaciolacustrine clay ranged from 0to0 0.1
m/yr and averaged 0.05 m/yr, while those meanders cutting into alluvium
had rates ranging from 0.3 to 1.0 m/yr and averaging 0.6 m/yr.

There is good agreement between the meander migration rates
established by the subfossil bur oak logs and the aerial photographs,
particularly with those modern meanders whose concave banks are
composed of aluvium. Thus, meander migration rates do not appear to
have changed appreciably over the last 450 years (at least prior to the
operation of the Portage Diversion).

Conclusion

Table 22 Meander migration rates and associated surficial materials of the
concave banks.

Measurement  Rate of migration, 1948-1968 Material of concave bank
metres per year

A 1.00 Alluvium
B 0.05 Glaciolacustrine clay
C 0.65 Alluvium
D 0.10 Glaciolacustrine clay
E 0.00 Glaciolacustrine clay
F 0.60 Alluvium
G 0.30 Alluvium
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The occupation of the modern lower Assiniboine River was dated at
2100 BP, an age that modifies that established by Rannie et al. (1989).
However, thisdate does not alter the overall structure of their chronology.
Rannie et al. (1989) determined that the Assiniboine River was using the
La Salle channel at about 3000 BP and had initiated the Mill channel by
1300 BP. Thus, asubstantial gap between dates existed, and exactly when
theriver switched positionswas unclear. The additional date of 2100 BP
indicatesthat the Mill channel wasin use approximately 800 yearsearlier
than was previously believed. A date of 2100 BP is aso in agreement
with other, older radiocarbon dates associated with an active Assiniboine
River (Rannie 1999; Morlan et al. 2000), and does not preclude the
possibility that the channel was initiated shortly after 3000 BP.

Prior to the 20" Century, two point bars accreted at rates of 0.61-0.67
m/yr and 0.41-1.09 m/yr respectively. Between 1948 and 1968, meander
migration ratesaveraged 0.4 m/yr. Modern rateswere heavily influenced
by the composition of the concave banks, with those meanders eroding
into glaciolacustrine clays averaging 0.05 m/yr, and those eroding into
alluvium averaging 0.6 m/yr. The similarity between all of the meander
migration rates suggeststhat they may not have changed appreciably over
the last 450 years.
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The role of the Assiniboine River in the 1826 and
1852 Red River floods

William F. Rannie, University of Winnipeg

Abstract: Hydrologic conditionsin the Assiniboine River basin during the extreme
Red River floods of 1826 and 1852 are eval uated from historical sources. Inboth
years, commentaries suggest that extreme floods also occurred in the Assiniboine,
with the dominant source of water being the Souris River; in 1852 (and possibly
1826), the Qu' Appelle River discharge was also very high. It is concluded that
the Assiniboine made large contributions to each of the epic historic floods, in
contrast to itsminor contribution to ‘ natural’ flow in 1997. |f reasonable allowance
is made for the Assiniboine’s contribution to the estimated total historical flows
of the Red, it islikely that the 1997 discharge of the Red alone (upstream of The
Forks) was larger than in 1852, but still much smaller than in 1826.

Key words: Assiniboine River, Red River, flood history, return period, 1826, 1852

Introduction

Thehistoric floods of 1826 and 1852 which devastated the Red River
Settlement are the benchmarks agai nst which modern floodsin Winnipeg
arejudged. Until 1997, thesefloods had dischargesfar beyond any inthe
period of gaugerecords (Table 1), and even thethird largest historic flood
(in 1861) paled in comparison.

The 1997 ‘natura’ (i.e., uncontrolled) discharge in Winnipeg almost
equalled the normally-accepted value for the 1852 flood and precipitated
planning to increase the level of Winnipeg's protection to encompass a
recurrence of 1826-magnitude or even larger floods. An improved
understanding of the historic floodswill add perspectiveto the 1997 event.
Becausethefocus of theincreased protectionison the Red River south of
thecity, the question of therelative contributions of the Red and Assiniboine
Riversto thetotal flowsin the historic floodsis especially relevant.

The 1997 flood was predominantly a Red River event, principally
theresult of an early April blizzard which blanketed the basin upstream of
Winnipeg. The Assiniboine basin largely escaped the blizzard and the
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Table 1: Discharges of the Red River at Winnipeg during the ‘Big Four’ floods.

Year m*/sec ft*/sec Comment

1826 6,372 225,000  Calculated (Red River Basin Investigation 1953c)
1852 4,673 165,000  Calculated (Red River Basin Investigation 1953c)

1997 4,58 162,000 Natural flow'
1861 3,540 125,000  Calculated (Red River Basin Investigation 1953c)

! Natural flow is the flow which would have occurred without the operation of the Red River Floodway,
Assiniboine Diversion or Shellmouth Dam

Assiniboine’s discharge, athough high, had peaked prior to that of the
Red. Itsnatural flow had been reduced by storagein the Shellmouth Dam
and as the Red's crest approached Winnipeg, the Assiniboine River was
essentially ‘shut down’ at Portage la Prairie by diverting almost itsentire
flow northward to Lake ManitobaviatheAssiniboine Diversion. Of the
peak ‘natural’ discharge of 4,588 m?¥sec (162,000 cfs) in Winnipeg, 3,908
m?/sec (138,000 cfs) arrived at the Floodway from the south and with
local additions between the Floodway and the Forks, the Red River
component was probably about 4,000 m¥/sec (141,000 cfs) or about 88%
of the total combined flow.

Effective evaluation of the 1997 flood, then, should take account of
this dominance of the Red River component. Ideally, the actual flows of
the two riversin each of the floods should be compared. The discharges
during the 1826 and 1852 events, however, are not measured values but
were calculated by the Red River Basin Investigation (1953a) using slope-
area procedures based on water surface profiles obtained by the CPR in
the 1870s. Thus they represent the combined flow of both rivers. The
Red River Basin Investigation did not attempt to partition the relative
contributions of the Assiniboine and Red and paid little attention to
conditions in the Assiniboine basin during the floods.

Warkentin (1999) argued against the possibility of coincident major
floods on the Red and Assiniboine Rivers, based on meteorological
considerations and the absence of such coincident events in the gauged
history of thetwo rivers.

Itis... unlikely that causal flood parameterswould be extreme
over both the Red River and Assiniboine River watersheds
for any given spring event. Weather systems simply are not
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large enough to produce very heavy precipitation over the
entire area. If extreme inputs are used for the Red River
Watershed south of Winnipeg, then it is very unlikely that
they will also beextremefor theAssiniboine River Watershed,
except perhaps for the downstream area from Brandon to
Winnipeg. There is no reliable record of coincident major
floods on the Red River and theAssiniboine River... The odds
of coincident major floods on the Red and Assiniboinerivers
are therefore very low based on observations as well as on
the meteorological considerations ... (Warkentin 1999, V,
19-20).

Warkentin made these commentsin the context of generating 2000 artificial
spring peaks on the Red River from randomized combinations of flood-
forming factors. Some assumption about the Assiniboine’s contribution
was necessary, and for this purpose his observations are reasonable. The
correlation between annual peak discharges on the two rivers is indeed
modest (r = 0.40 between the Assiniboine at Portage la Prairie and the
Red at Emerson) and the two basins exhibit considerable independence.
Low probability, however, does not preclude such an occurrence having
happened in the past, especially since the historic floods themselves had
low probabilities (the 1826 event had an exceedance probability of about
0.2%). Warkentin further argued that some evidencefor high Assiniboine
flows presented by Rannie (1999) do not necessarily suggest conditions
as extreme as were postul ated.

In this paper, historical observations of the state of the Assiniboine
River in 1826 and 1852 are reviewed and their implicationsfor therelative
magnitude of the 1997 flood in the Red River Valley are discussed.

Sources of Floodwater in the Assiniboine Basin

The Assiniboine River at Portage la Prairie drains 153,000 km? of
western Manitoba, south-central Saskatchewan and northwestern North
Dakota (Figure 1). The watershed can be divided into four principal
regions, namely: the upper basin above Kamsack, Saskatchewan, the
Riding/Duck Mountain uplands, the Qu’ Appelle River watershed, and the
SourisRiver watershed. Thesetogether account for morethan 85% of the
total basin areaand individually contribute to major Assiniboinefloodsin
varying proportions.
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Peak flows during eleven major events are given in Table 2. The
peaksin 1882, 1902 and 1904 are estimated values at Brandon, derived
by PFRA (1952) using the Manning Equation and water elevations. The
possibility that they overestimate discharge is offset by the fact that they
do not include contributions from the Souris which joins the Assiniboine
downstream of Brandon. Annual peak discharges of the Assiniboine (at
Brandon) and the Souris are strongly correlated (r = 0.90). It should
be noted that theindividual peaksaregiven only toillustrate the variability
in the contributions from each sector from flood to flood. Differencesin
the timing of the peaks on individual rivers and the routing of the flow
downstream would alter their actual contributions to the peaks along the
Assiniboine. In some years (e.g., 1913, 1922, 1923, 1927), the magjority
of theflood water originatesin the upper basin; in others, the Sourisisthe
dominant contributor (e.g., 1882, 1904, 1969, 1974, 1976). The Riding/
Duck Mountain and Qu’ Appelle contributions are normally the smallest
components, but in some years (asin 1955) they may account for alarge
part of the flood discharges at Brandon.

Discharges for a range of frequencies for each sector are given in
Table 3. Thepivotal role of the Sourisin the extreme floods on the lower
Assiniboineisclear from Tables2 and 3. Inthelargest recorded event, in
1976, the Souris peak was higher than any recorded discharge on the
Assiniboineitsalf prior to 1974 and transformed a25-year event at Brandon

Table 2: Sources of peak flows for selected floods of the Assiniboine River.

Peak Flow (m’/sec)
1882 1902 1904 1922 1923 1927 1955 1956 1969 1974 1976

Upper Assiniboine (Kamsack) - -- - 504 411 357 239 203 64 190 273
Qu'Appelle (Tantallon"/Hyde™) 56" - - 240" 157" 84 122" 206
Souris (Wawanesa) 646' - 340> 58 167 65 116 205 323 345 742
Riding/Duck Mountain tributaries* ---  --- - - .- - 88 116 139 155 188
Assiniboine at Brandon 1,218° 692° 904° 603 651 484 541 430 360 309 617
Assiniboine (Holland"/Portagela -~ -~ == 547" 626" 578" 629" 637" 626" 909" 1,460"
Prairie*/Headingly”)

* Riding/Duck Mountain tributaries = Little Saskatchewan + Birdtail + Shell
! estimated flow at Minot, ND (Long 1976)

2 measured flow at Minot, ND (Long 1976)

3 estimated flow at Brandon (PFRA 1952)
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Table 3: Discharge (m*sec) for selected return periods on the Assiniboine River
and its major tributaries.

Return Period (years)
10 25 50 100 150 200

Assiniboine at Kamsack 225 365 500 650 760 850
Qu’Appelle at Tantallon/Welby 87 128 160 195 220 235
Riding/Duck Mountain tributaries

Shell at Inglis 49 66 80 95 104 111

Little Saskatchewan near Rivers 75 100 119 136 148 155

Birdtail near Birtle 38 52 64 76 84 105
Souris at Wawanesa 225 400 570 800 960 1,150
Assiniboine at Brandon 470 660 830 1,010 1,130 1,220
Assiniboine at Portage la Prairie 620 840 1,010 1,210 1,350 1,420

Source: frequency curves provided by D. Kelln, Manitoba Surface Water Management

into a>200-year flood downstream. In 1882, the Sourisdischargeat Minot,
ND (far upstream of the junction with the Assiniboine with a drainage
areaonly about 45% of the full basin) was estimated to have been 646 m?/
sec and, in combination with the extraordinary discharge at Brandon, itis
likely that on the lower Assiniboine this event was even larger than the
record gauged flood of 1976. In 1904, the measured peak at Minot (340
m?¥/sec) and the estimated peak at Brandon also indicate a very large
discharge below the confluence. It should be noted that the large discharges
for the Souris in the 1955 to 1976 floods occurred despite increasing
regulation of the river from the 1930s onward.

Assiniboine in 1826

The only direct observations of the Assiniboine’s status during the
1826 flood come from the Red River Settlement at the river’s mouth and
from Fort Pelly in the upper basin. At the Red River Settlement, little
direct mention was made of the A ssiniboine but the use of theplural ‘rivers
in severa of the abundant descriptions of rising stages implies very late
breakup and high water in concert with the Red.

May 1: ...showers of snow, sleet and rain throughout the
day-Theiceinthe Riversbeginsto risein consequence of the
flush of waters pouring into them from the plains and
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mountains, caused by the melting of the snow... (Red River
Journal, HBCA [Hudson’'s Bay Company Archives] B.235/
al7 1825/26).

May 3: Theicein the Rivers has attained the height that the
floodsreached at the highest pitch last summer, and the water
in severa places has overflowed the banks and many houses
are surrounded thereby (Red River Journal, HBCA B.235/a/
7 1825/26).

May 4: Thewater inthe Riversrose about 5 feet perpendicul ar
during the last twenty-four hours, and the ice is now on a
level with the highest banks, but it is still so thick and strong
that even the present flush of waters have not sufficient force
to break it... (Red River Journal, HBCA B.235/a/7 1825/26).

May 7: About 4 A.M. theiceinthe Assiniboine River broke
up, and the waters therein rose as high as those of the Red
River. The immense discharge of ice poured in from the
former, into the latter mentioned rivers, made the scene as
destructive as terrific. The whole population were again in
motion, flying to such situations as might afford them a
temporary security, leaving in many instances their cattle to
perish, and most of their other effectsto be swept away; happy
in escaping with their lives... (Red River Journal, HBCA
B.235/a/7 1825/26).

May 8: The rivers have become almost clear of ice, but the
waters increase apace (Red River Journal, HBCA B.235/a/7
1825/26).

These comments cannot be taken at face value, however, because
observations of theAssiniboine from the Red River Settlement arewithin
the backwater zone of the Red River and, given the stages of the Red, the
Assiniboine would have been described as high regardless of its own
discharge. More definitive data, then, must be sought upstream of the
backwater zone.

The only direct upstream observations come from Fort Pelly in the
upper Assiniboine basin near the modern settlement of Kamsack,
Saskatchewan (Figure 1). There, breakup of the river was also very late
and initial water levelswere described as high.
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April 24: Rivers much Swollen the water running on the Ice
which has not moved yet (Fort Pelly Journal, HBCA B.159/
al9 1825-26).

April 29: ...the Ice in the Red [meaning Assiniboine] River
beginning to move the River much Swollen (Fort Pelly
Journal, HBCA B.159/a/9 1825-26).

May 1: thelce Still strongin Red [meaning Assiniboine] River
(Fort Pelly Journal, HBCA B.159/a/9 1825-26).

Astheflood on the Red River grew to epic proportions, however, the
Fort Pelly Journal made no mention of the state of theAssiniboine. Daily
entries after May 1 contain only brief and benign routine weather
observationswith no further attention to theriver until May 17 when water
levelswere still described as high.

May 17: Stormy weather thewind blew from all pointsof the
compass-some thunder and rain...[Buffalo are] now within
two Days march of us but the water is so high that it is
impossible to get to them some rain in the after noon (Fort
Pelly Journal, HBCA B.159/a/9 1825-26).

These referencesto “high” water are difficult to interpret in terms of
actual water levels but acomment made four years later suggests that the
level of the upper Assiniboinein thevicinity of Fort Pelly was not nearly
asextreme asin the Red River and indeed was possibly not even overbank.

May 14, 1830: Keen frost in the night...The country in our
vicinity all overflowed the Red River [meaning Assiniboine]
not known to be so Hi in this quarter for many years, it did
not overflow its banks Here the Year the Colony was
overflowed (Fort Pelly Journal, HBCA B.159/a/11 1829-30).

In the Red River watershed, the 1826 flood was caused by the
preconditions which typically lead to large floods. As Alexander Ross
wrotein his classic description of the flood:

The previous year had been usually wet; the country was
thoroughly saturated. The lakes, swamps, and rivers at the
fall of the year were full of water; and a large quantity of
snow had fallen in the proceeding winter (Ross 1856, 106).
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The Assiniboine basin also experienced spring flooding and heavy
late-summer rainfall in 1825, and by late September both the Red and
Assiniboine Riverswererising. Frequent rain (and snow) wasreported at
Fort Pelly in October and it is concluded that at freeze up, the basininthe
Fort Pelly region was in a saturated state. However, the daily weather
entries at Fort Pelly from November 1825 to April 1826 do not suggest
especially severeor abnormal winter weather conditionsin the upper basin.
Intense cold certainly occurred but was broken by periods of more moderate
temperatures. Snow or rain was reported on only 24 daysfrom November
1to March 31, amodest total, with about two-thirds of the observations
indicating light amounts (Rannie 2001). Several apparently heavy falsin
late February, mid-March, and on April 7 would have increased runoff
potential (especially given the moisture status of the basinin the autumn).
In summary, although the Fort Pelly data provide some support for
moderately high spring runoff, there islittlein the record from the upper
Assiniboine basin which would indicate spring conditions of the magnitude
experienced in the Red River Valley. Entries for Fort Pelly after May 17
are al so routine weather observations with no mention of the state of the
river, suggesting that it was not sufficiently high to warrant comment.

Thefirst mention of excessively high water in the region came from
reports received from Swan River House (approximately 90 km to the
northeast) on May 14.

May 14: ...the [Swan] River has overflowed its banks
and [the men there] are under great apprehension for
the safety of the property (Fort Pelly Journal, HBCA
B.159/a/9 1825-26).

On May 28, the Fort Pelly party left for Swan River House. They
encountered very difficult conditions along the route, and at Swan River
House (May 31) they observed first-hand the effects of severeflooding of
the Swan River.

May 28: rained much all day [en route to Swan River] (Fort
Pelly Journal, HBCA B.159/a/9 1825-26).

May 29: fine weather to day...the roads are impassable the
cartsare often aflote & thewater & mud continually up to the
knees [en route to Swan River] (Fort Pelly Journal, HBCA
B.159/a/9 1825-26).
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May 30: march very slow owing to the high state of the
water...Rained very much all Day the weather most stormy
[en route to Swan River] (Fort Pelly Journal, HBCA B.159/
a/9 1825-26).

May 31: [Swan] River...[was] a most dismal looking place
thewater having washed away all the [houses]...rained much

all Day (Fort Pelly Journal, HBCA B.159/a/9 1825-26).

The Swan River drains the Duck Mountain and it is reasonable to
assumethat similar conditions occurred in Riding Mountain immediately
to the south. Both of these regions make important contributions to the
Assiniboine downstream of Fort Pelly via such tributaries as the Shell,
Birdtail, and Little Saskatchewan which join the Assiniboine between Fort
Pelly and Brandon. Itisprobable, then, that whereasflow intheAssiniboine
inthevicinity of Fort Pelly may have beenrelatively high, it wasexcessively
so in the Riding/Duck Mountain tributaries and would have significantly
increased Assiniboine levels downstream.

Other second-hand reports also suggest conditionson theAssiniboine
which were as severe asthose on the Red, apparently as aconsequence of
very high flow from the Souris basin.

May 17: Thismorning | was conversing with an old Indian
whose tent joined ourswhen | asked him if he had seen such
aflood asthis before, he said “No my father, | once saw the
site of the Company’s Fort an island, but that was nothing to
this”...Intelligence has just arrived from Brandon House
which statesthat the country is all aseabetween the sources
of The Assiniboine and The Missouri; and that the waters of
thelatter are now passing by usto the Lake Winnipeg (David
Jones Journal, PAM [Provincia Archivesof Manitoba] CMS
18 A92 1825-26).

May 20: Some freemen arrived from the upper part of [the
Assiniboing] river, and report that the watersin that quarter
are as high as with us. The Missouri River it appears by
their accounts, has overflowed its banks, so asto drive part
of its waters this way. They also say that a number of the
natives of that quarter have been drowned in conseguence.
The waters continue rising... (Red River Journal, HBCA
B.235/a/7 1825/26).
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August 21: Since my last we have received further accounts
of the recent flood and | very much fear for the safety of the
American Settlements on the lower parts of the Missouri
and St. Peter’sRivers. Report saysthat someof their military
posts have been overwhelmed and many soldiers drowned.
Wearealso informed that several Indian villages havefallen
victims to these destructive waters. It is now clearly
ascertained that they flowed from the Rocky Mountains and
passing over the banks of the Missouri (their usual channel
to the Gulf of Mexico) overflowed the adjacent country; and
were conducted here by the Riviere aLa Souris which falls
into the Assiniboine River about one hundred miles from
thisplace. (extract from aletter by John Pritchard of the Red
River Settlement cited by his grandson [S.P. Matheson] in
Matheson, S.P, 1947 ‘Floods at Red River’ Transactions,
Manitoba Historical Society, Serieslll, No. 3, 5-13).

All three comments attributed the high flow of the Souristo overflow
from the Missouri, suggesting that the information may have comefroma
single source. A Missouri origin for the water can be dismissed on
topographic grounds but such an impression may have been created by
widespread flooding along the loop of the Souris closest to the Missouri
combined with extensive inundation of the land surface and filling of
depressions by overland runoff. For example, notes from an aerial
reconnai ssance during the epic 1976 flood described thisregion asfollows:

Fields adjacent to Plum Creek near Souriswere covered with
water... The Souris River upstream of Hartney appeared to be
one large lake area... The land east of the Souris River and
south of Coulter wasamyriad of lakeswith only small patches
of land showing. The Souris River by the International
Boundary appeared to be one long endless lake stretching
north and south. Road and railway crossings were barely
discernable (Long 1976, 17).

In summary, although the Assiniboine at Fort Pelly was described as
“swollen” in late April and “high” on May 17, the lack of mention of the
river during most of the severe flood period on the Red is striking and the
1830 comment suggests that the upper reach of the river may not have
exceeded bankfull stage. It seems likely, then, that runoff in the upper
basin was high but not at all comparable in severity to the conditionsin
the Red River Valley. Nevertheless the other reports from the Brandon



Prairie Perspectives 69

and downstream reaches indicate very high water and are explicit about
the extreme state of the Souris. Thusitisconcluded that the main sources
of the high waters on the Assiniboine were the Souris and Riding/Duck
Mountain sectors. The contribution of the Qu' Appelle is unknown but
the strong correlation between the Qu’ Appelle and Souris annual peak
discharges (r = 0.88) suggests that it may also have been significant.

Assiniboine in 1852

The 1852 flood in the Red River basin was caused by very heavy
snowfall in March with cool temperatures during much of April, alate
breakup (April 26-27), arapid transition to warm temperatures, and rain
during therising phase. Unfortunately, there are no weather observations
from the Assiniboine basin during the winter and thereisno way of knowing
whether similar conditions occurred there.

In the vicinity of the Red River Settlement, the great majority of
comments on river levels referred to the Red River but the Assiniboine
was included in anumber of observations.

April 24: ...river rose last night about 2 inches ice
unmoved...Ice hasmoved thisevening in bothrivers... (Diaries
of Dr. William Cowan, PAM MG2 C15 M154).

April 26: Ice unmoved on main river started about ¥ past 8,
and clear water as far as visible up and down. Assiniboine
fast... (Diariesof Dr. William Cowan, PAM MG2 C15M154).

April 27: both rivers pretty clear of ice. Small river hasfallen
alittle (Diariesof Dr. William Cowan, PAM MG2 C15M154).

April 28: River hasrisen morethan afoot during thenight...Ice
commenced to run about 10 o'clock in the Assiniboine &
till continues. river rising very fast... (Diaries of Dr. William
Cowan, PAM MG2 C15 M154).

May 19: ...The water gained upon us all day... arise in the
Assiniboine of 5 %2 inches during the night... (Anderson, D.,
1852. Notes of the Flood at Red River 1852 by the Bishop of
Rupert’'s Land. PAM MG7 B2 CMS A83).
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Again, because of the backwater effect of the very high stage of the
Red none of these comments positively indicate that the Assiniboineitsel f
washigh. Confirmationthat theriver wasextremely high, however, comes
from three comments by Abraham Cowley as he canoed down the lower
Assiniboine at the time the Red was reaching its peak and beginning to
fall.

May 22: Reached Portage la Prairie; Here the people have
been flooded out of their houses & we learn that the RR
Settlement isalso overflowed (Journal of Abraham Cowley,
PAM MG7 B2 CMSAS6).

May 24: Left Portage la Prairie & descended the river till
nearly sun set when finding afavourabl e place we encamped.
It has become difficult to land when one wishes the banks
being overflowed (Journal of Abraham Cowley, PAM MG7
B2 CMSAS6).

May 25: reached White Horse Plain much of it is overflowed
learned more particulars of R. River flood it is | fear very
extensiveand destructive (Journal of Abraham Cowley, PAM

MG7 B2 CMSASE).

When Henry Youle Hind explored theregion in 1858, he made several
comments on the severity of 1852 conditions in the Assiniboine basin.
Particularly interesting are his observations which indicate exceptional
flooding of both the Qu’ Appelle and Souris Rivers.

Leaving Prairie Portage ... we took the trail leading to the
Bad Woods, a name given to a wooded district about thirty
miles long, by the buffalo hunters in 1852, who, in
consequence of the floods of that year, could not passto their
crossing place at the Grand Rapids of the Assiniboine by the
Plain or Prairie Road... [and were] compelled to cut a road
through theforest of small aspenswhich formsthe Bad Woods,
to enable them to reach the high prairies (Hind 1860, 283-
84).

In1852... the Indiansrepresent the Qu’ Appelle Valley asfilled
with amighty river throughout itsentirelength... (Hind 1860,
329).
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The country [adjacent to the Souris River near the HBC Sand
Hills post] becomes very low after passing the last sand-
hills, and over alarge extent of prairie south of them,
drift timber is distributed, showing the extraordinary
risein the waters of the [Souris] river during the floods
of 1852 (Hind 1860, 295).

The region of the Souris described in the latter comment was
approximately the same as that noted above as being observed from the
airin 1976. Thefact that the effectswere till evident and noteworthy six
years after the flood suggests an extremely large event.

Clearly the discharge of the lower Assiniboine in the spring of 1852
was extraordinarily high with very large contributions from the Souris
and Qu’ Appellebasins. Although no informationisavailablefor the upper
basin or the Riding/Duck Mountain regions, high flows may also have
occurred there.

Discussion

Antecedent conditions are particul arly important for flood formation
on the Assiniboine where a large portion of the basin which is normally
non-contributing because of topography becomes contributing or ‘ effective’
area when saturated. The 1826 flood occurred after the basin had been
saturated by spring flooding and heavy late-summer rainfall in 1825.
Antecedent conditionsin the Assiniboine basinin 1851-52 are not known
but unusually abundant rainfall and alargeflood occurred in the Red River
basin in the summer of 1851. A comment by Provencher suggesting
flooding at White Horse Plain in July, 1851, impliesthat these conditions
may also have applied in theAssiniboine basin and it isconcluded that the
basin was probably in a saturated state prior to freeze up in 1851.

July 21, 1851: L'eau monte toujours et pourrait détruire la
recoltedanslesterres peu élevées; d§jac est lacasalaPrairie
du Cheval Blanc (Letter, J.N.Provencher, Evégue du Nord-
Ouest, to L’ Archevéque du Quebec, 21 Juillet, 1851, in
‘ Lettresde M onseigneur Joseph-Norbert Provencher, Premier
Evéque de Saint-Boniface’ Bulletin de la Société Historique
de Saint-Boniface (1913) I11, 279, Imprimerie du Manitoba,
Saint-Boniface, Manitoba).
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Table 4: Flow conditions in major sectors of the Assiniboine Basin in
1826 and 1852.

Sector 1826 1852

Upper basin (above Kamsack) moderate unknown
Qu’Appelle unknown very high
Riding/Duck Mountain high unknown
Souris very high very high

Thus, in the autumns preceding both floods, the Assiniboine basin
had been primed for maximum effective area and high runoff in the
following spring, conditions which were similar to those which led up to
the maximum recorded flood in 1976. Based on the historical evidence,
flow conditionsin the mgjor sectors of the Assiniboine watershed in 1826
and 1852 may be summarised asin Table 4.

Aswasnoted above, thelargest known floods on thelower Assiniboine
have been associated with very large flows from the Souris basin (Table
2) and the historic sources strongly implicate the Sourisin both the 1826
and 1852 floods. In 1826, the Riding/Duck Mountain region probably
also made a significant contribution; the state of the Qu' Appelle in that
year is unknown but the strong correlation (r = 0.88) between the peak
flows of the QuU’ Appelle and Souris makes alarge contribution likely. In
1852, both the Souris and the Qu’ Appelle were extremely high and the
conditions of the upper basin and Riding/Duck Mountain sectors are not
known.

Despite Warkentin's concern about the improbability of coincident
major floods on the Red and Assiniboine Rivers, the historical evidence
points to such an occurrence in both 1826 and 1852. Moreover, the
evidence suggests that the Assiniboine flows were of the same order of
severity asthose of the Red. Unfortunately, the historical commentaries
provide no physical basisfor estimating theactual dischargesand acautious
paper might end here without attempting to do so. Nevertheless, it is
difficult toresist speculating, particularly about the place of the 1997 flood
in the history of the Red River.

The historical descriptions seem compatible with aflood of perhaps
100-year Return Period magnitude which modern flood frequency curves
at Portage la Prairie indicate to be about 1,200 m*/sec (Table 3). This
value was exceeded in 1882 and 1976 by awide margin and possibly also
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in 1904. Given the apparently extreme state of the Souris in 1826 and
1852, and of the Qu' Appellein 1852 at least, this may be a conservative
figure and the 1882 and 1976 floods (>1,400 m®/sec) might provide better
models for the historic events. It is assumed then, that the Assiniboine
dischargeinthevicinity of PortagelaPrairiein each of the historic floods
wasin the range 1,200-1,500 m?/sec.

Assessment of theAssiniboine’sactual contributionsto the Red River
in 1826 and 1852 is further complicated by two additional factors. the
timing of the Assiniboine peak with respect to the Red and the fact that
under extreme conditions some Assiniboine water escapes to Lake
Manitoba.

Timing:

Thedatesfor the 1826 and 1852 flood peakswere very late compared
with modern floods, approximately May 22 and May 18-20 respectively
(Red River Basin Investigation 1953b). The historical evidence
(particularly in 1852) provides no basisfor inferring significantly different
datesfor theAssiniboine peaks. The Red River Basin Investigation (1953c,
102-103) concluded that “ Owing to the fairly flat peaks of both rivers at
high stages, alag of one week would not materially affect the magnitude
of the combined discharges at the Redwood Bridge... (and) the later the
peak on the Red River, the greater isthe discharge from the Assiniboine.”
It isassumed herethat the hydrographs of thetwo riverswere sufficiently
in-phase that timing differences can be ignored.

L ake M anitoba component:

At PortagelaPrairie and for about 60 km downstream, the Assiniboine
channel iselevated abovethe adjacent land onanalluvial ridge asit crosses
the Portage la Prairie aluvial fan. During high flows, overbank water
would travel away from the channel northward toward Lake Manitoba
along paleochannels and overland, and southward toward the La Salle
River (another paleochannel which flows into the Red at St. Norbert).
The southern overflow passing a ong the La Salle paleochannel routewould
have contributed to Red River flow moving toward the Forks but the Lake
Manitobacomponent would have ‘ escaped’ the Red River altogether. This
phenomenon was reported in 1882 (Upham 1890), in 1922 and 1923
(Morris 1955), and would have occurred in several other years without
dyking and/or the operation of theAssiniboine Diversion (most notably in
1974 and 1976). By both routes, asignificant proportion of the overbank



74 Prairie Perspectives

flow would have bypassed the lower Assiniboine along which Cochran
canoed in 1852. A part of this loss would have been made up by local
additionsfrom Sturgeon Creek, which joinsthe Assiniboine 11 km above
the Forks and perhaps other smaller downstream sources. Peak flow in
Sturgeon Creek in 1997 was 71 m?/sec, one week prior to the Red River
crest.

If the arguments presented above are even approximately correct,
what do they mean for the magnitude of the 1997 flood relative to the
historic events? Intermsof total natural discharge at Winnipeg, the 1997
flood was close to but slightly smaller (98%) than the conventionally
accepted value for 1852 and only 72% of 1826 (Table 1). Aswas noted
above, however, the 1997 flood was principally an event of the Red River
proper (i.e., upstream of the Forks) whereas in the historic floods the
Assiniboine appears to have made a very large contribution. Assuming
reasonably synchronous peaks and a (somewhat arbitrary) 20% net lossto
Lake Manitoba, the Red River components of the historic floods can be
approximated by subtracting the Assiniboine contributionsfrom thetotal.
Theresultsfor Assiniboine discharges at PortagelaPrairie of 1,000, 1,200,
1,350 and 1,500 m¥sec are given in Table 5, representing modern return
periods ranging from 50 to 250 years (to avoid any pretence of false
accuracy, most values have been expressed to the nearest 100 m?/sec).

Thedifferences between the historic floodsand 1997 on the Red River
for each assumed Assiniboine contribution are given in Line G. For all
assumptions, the 1826 Red River component remains substantially larger
than 1997, although the difference between thetwo is narrowed somewhat,
particularly for the longer return periods. However, the data suggest that
the 1997 Red River flow waslarger thanin 1852, making 1997 the second-
largest event in the more than 200 years of documented Red River flooding.
Thedifferencewasslight (and probably meaningless) at the 50-year return

Table 5: Implied Red River peak discharges (m?/sec) upstream of The Forks,
1826 and 1852 under various assumed Assiniboine River flows.

1826 1852
A. Assumed Assiniboine discharge (m”/sec) 1,000 1,200 1,350 1,500 1,000 1,200 1,350 1,500
Approximate Return Period at Portage 1a Prairie (yr) 50 100 150 250 50 100 150 250
B. Assumed net loss to Lake Manitoba 200 200 250 300 200 200 250 300
C. Net Assiniboine contribution to Red River (A-B) 800 1,000 1,100 1,200 800 1,000 1,100 1,200
D. Total ined Red/Assiniboine flood di 6,400 6,400 6,400 6,400 4,700 4,700 4,700 4,700
E. Red River upstream of The Forks (D-C) 5600 5400 5300 5,200 3,900 3,700 3,600 3,500

F. 1997 Red River natural flow upstream of The Forks 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000
G. 1997 vs historic floods on Red River (F-E) -1,600 -1,400 -1,300 -1,200 +100  +300 +400  +500
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period but rises to about 10 to 15% for the larger assumed Assiniboine
contributions.

A final cautionisin order. The only known valuein Table 5 isthe
1997 Red River natural flow upstream of the Forks. Any analysissuch as
thisis dependent not only on the perilous interpretation of conditions on
the Assiniboine and its contribution to the Red River peak attempted in
this paper, but ultimately on the accuracy of the discharge estimates of the
historic floods themselves. These were derived by the Red River Basin
Investigation (1953a) using modern (1951) channel dimensions and
roughness coefficients, and assuming the validity of the water surface
profilesreported by Fleming for the CPRin 1879. The historical estimates
are averages of slope-area calculations for multiple reaches on the lower
Red River. For the 1852 event, the estimates ranged from an anomalously
low value of 3,512 m3/sec to three values between 4,970 and 5,100 m3/
sec; if the anomalous low value is disregarded, the true discharge may
have been closer to 5,050 m¥sec. The value adopted for 1826 was the
approximate average of two estimates of 5,660 and 7,250 m*/sec. The
conventional Red River Basin Investigation values used in Table 5 have
been accepted in all subsequent studiesand it is certainly not the purpose
of this paper to critically evaluate them. Nevertheless, the range in
estimates should be borne in mind when the implications of Table 5 are
assessed.

Conclusions

Historical observationsfrom 1826 and 1852 suggest that large floods
occurred intheAssiniboine basin coincident with the better-known extreme
eventsin the Red River valley. In both years, the commentaries identify
the Souris as a major source of the water and in 1852 at least, the
Qu'Appelleis also implicated. The relatively large contribution of the
Assiniboine in these years is unusual in the modern record in which
simultaneous major floods in both the Red and Assiniboine Rivers have
not occurred, and are in sharp contrast to the 1997 flood which was
overwhelmingly a Red River event. If allowance is made for the
Assiniboine’s contribution in 1852, it is likely that the 1997 flood was
larger than the 1852 event in the Red River valley.
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Dendrochronology and dendroclimatology from
bur oak trees in Birds Hill Provincial Park,
Manitoba

Irene Hanuta, University of Manitoba

Abstract: Living bur oak (Quercus macrocarpa) trees were cored at two sitesin
BirdsHill Provincial Park, Manitobaand used in the construction of chronologies
and analysis of dendroclimatic relationships. Thefirst site was situated on a silty
calcareous substrate associated with poor water infiltration. Trees were stunted
with gnarled branches, generally reaching heights not much taller than 4 to 5 m.
A total of 15 trees were cored with the oldest dated tree being 93 years. At the
second sampling site, trees were growing on a sandy substrate with excellent
drainage. Trees sampled at this site had trunk diameters of 25 cm and larger, and
were taller than 10 m. The time interval covered by 13 core samples was 117
years, 1883 to 1999. Standardized ring widths for the entire period of each
chronology were correlated with monthly mean temperature and precipitation
data for the months of January to December of the current growing year and for
May to December of the previous growing season. While both sites produced
statistically significant correlations with temperature and precipitation, the
relationships did not always appear in the same months. It is hypothesized that
different site physical characteristics affect ring growth response to climate
variables.

Key words: dendrochronology, dendroclimatology, bur oak, Manitoba

Introduction

Annua growth rings occur in trees in the mid- and high latitudes
environmentswhere there are distinct wet and dry seasons or wherethere
is marked seasonality in temperature (Fritts 1976). Variations in ring
width are related to age and size of a tree, climate, individual tree and
stand di sturbance and unexplained variability unrelated to any of theabove
factors (Nowacki and Abrams 1997). When atree trunk is viewed in
Ccross-section, concentric bandsor ringsarevisible. Every ring corresponds
to a period of vegetative growth. The science of dendrochronology
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analysestreeringsto establish datesfor theserings (Fritts 1976). Samples
fromanumber of treesat asite are cross-dated and measured. This process
provides reliable, accurate and exact dating. Dendroclimatology is an
application of dendrochronology using dated tree rings to study
rel ationships between therings and climate and to reconstruct past climate.

Dendrochronology and Dendroclimatology in the Prairies

Commonly, in Canada, trees in mountainous or foothill areas and
northernlocationsare sampled for dendroclimatological studies (Luckman
1993, 1998; Case and MacDonald 1995; Szeicz and MacDonald 1995;
Feng and Epstein 1996; Watson and Luckman 2001). Tree growth in
theselocationsislimited by harsh environmental conditions making them
sensitive to climate changes (Bradley 1999). Tree-ring width, therefore,
frequently manifests some response to the environment.

In the Prairie ecozone, tree species sampled for dendroclimatic
research includewhite sprucein the CypressHills Saskatchewan (Sauchyn
and Beaudoin 1998), bur oak in Manitoba (St. George, personal
communication), Ponderosapinein South Dakota (Brown and Sieg 1999)
and bur oak, pineand juniper inthe U.S. northern plains (Sieg et al. 1996).

Bur oak samplesfrom North Dakota have provided atree-ring record
to 1676 AD (Sieg et al. 1996). This study correlated ring widths to total
annual precipitation and spring/summer precipitation of the current growing
season. Correlation coefficient (r) values ranged from 0.36 to 0.69 for
total annual precipitation and from 0.31 to 0.63 for spring/summer
precipitation.

In Manitoba, a flood history reconstruction for the Red River has
been completed using bur oak treering data collected from riparian forests
(St. George and Nielsen 2000). The Manitoba bur oak chronology spans
536 years, 1463 AD to 1999AD (St. Georgeet al. 1999). Living bur oaks
found adjacent to the river display sensitivity to variationsin river water
levels. Inasampleof 194 bur oaks, an anatomical ring anomaly, unusually
small earlywood vessels, was associated with high magnitude floods in
the 19" century. These*flood rings’ appeared in the high magnitude flood
events of 1852 and 1826 (Rannie 1998). Similarly formed ringsin 1747
and 1538 reveal ed the occurrence of previously unknown extreme floods
on the Red River for those years. The relationship between bur oak ring
development and flooding, however, is not smple. For the 1826 event,
24% of the samples showed flood rings and only 5.9% of the samplesin
1852 had visible flood rings. Flood ring development, therefore, may
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depend on atree’slocation in the Red River flood plain. Inaddition, only
trees at two sites displayed flood rings. It is, therefore, difficult at this
timeto conclude whether any characteristics of these sites or proximity to
theriver played rolesin flood ring development. |f additional sitesreveal
flood ring signatures, site characteristics can be analyzed to eval uate flood
impact on treering development. Flood ringshave not yet been discovered
for the 1997 flood, one with a discharge similar to 1852. This suggests
that flood ring devel opment may be dependent on time of inundation and
possibly duration of inundation.

Oxygen isotope analysis of tree rings from two bur oaks sampled
along the Red River in Manitobaisin progress (Buhay 2001). Thisresearch
has revealed a seasonal change in oxygen isotope composition (**20) in
the tree rings. Increased * 80 reflects increased moisture input (and
potential for spring flooding) and milder temperatures. Occurrence of
higher *180 valuesin winter months, just prior to earlywood growth or in
autumn months during latewood formation has been discovered in some
years. Itishypothesized that thelack of asignal at onesitefor somehigh
flow years in the Red River may reflect differing hydrologic regimes
betweenthetwo sites. Onesiteisat adightly higher elevation and receives
more input from groundwater recharge, especially at times of high water,
while the second site may receive a more homogenous input of moisture.
Further analysisisstill required to investigate rel ationshi ps between * 180
variations and different site characteristics.

Study Area and Site Descriptions

Birds Hill Provincial Park is located in south central Manitoba,
approximately 15 km north east of the city of Winnipeg (Figure 1). This
part of Manitobais characterized by a continental-type climate with long,
cold wintersand short, mild to hot summers. Theair temperaturerangeis
large and although highly variable, the mgjority of precipitation falls as
rain during the summer months. Limited instrumental climate data are
available for the park. Temperature, precipitation and wind were briefly
recorded between August and October 1969 and again from May 1988 to
November 1992. Climate normalsfor Winnipeg, the nearest climate station
with the longest record were, therefore, used to compare ring width
variations with temperature and precipitation data.

Pleistocene continental glaciation shaped the current landscape
depositing glacial sediments of clay, silt, sand and gravel. Terrain is
relatively flat with somerolling hillsand valleys. Gently rolling till capped
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Location of
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Figure 1. Location of the Bur Oak Trail (BOT) and Birds Hill Park Festival
(BHP) sitesin Birds Hill Provincial Park (Source: adapted from Manitoba Natural
Resources 2000).

with prominent glaciolacustrine sediments (an esker) comprises most of
thepark (Matileet al. 2001). Thesoil isablack chernozem (Scott 1998).

BirdsHill Park isinaTransitional Grassland ecoclimatic region (Scott
1998). Land cover includes patches of prairie grass interspersed with
Parkland vegetation dominated by aspen (Populus tremuloides) and bur
oak (Quercus macrocar pa) with shrub undergrowth. Broadleaf, deciduous
forestsarefound along streams and wetlandsin areas with poor drainage.
Patches of coniferous woodland are also found in the park. Tree ring
sampling occurred at two separate stands of treeswhere bur oak dominated.

Bur oak, adeciduous, hardwood tree common to Manitoba can grow
to 15 m high with a trunk diameter of 60 cm in areas of deep, rich soils
(Johnson et al. 1995). However, in sites with a shallow sail layer, trees
are shrubby when young and typically stunted asthey age (Farrar 1999).
Bur oak can grow for 200 years or longer. They are a drought-resistant
specieswith deep and wide-spreading roots. Because bur oak isalsofire-
resistant, thistreeiswell adapted to the Prairie and Parkland environment
where fire previously was a common occurrence.
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Living bur oak trees were sampled at two sites (Figure 1). The Bur
Oak Trail (BOT) site has a silty calcareous substrate with poor water
infiltration (Matile et al. 2001). Wetland areas were in proximity to this
site. Treeswere stunted with gnarled branches, generally reaching heights
not much taller than 4 to 5 m. Therewasalso adense distribution of trees
at this site with heavy shrub undergrowth. The Birds Hill Park Festival
(BHP) site has a sandy substrate with excellent drainage (Matile et al.
2001). Trees sampled at site BHP had trunk diameters of 25 cm and
greater, and were taller than 10 m. Trees were more widely separated
interspersed with grassy patches and only light shrub undergrowth.

Chronology Construction

A total of 13 trees were sampled at site BHP and 15 from site BOT.
Trees were cored with a 16-inch or 24-inch Swedish increment borer.
Coring involved inserting the boring tool into thetree at about breast height
and penetrating the tree through its centre pith to ensure growth rings for
thelife span of thetree were acquired. The coring procedure wasthe same
as used by St. George et al. (1999) to develop a bur oak chronology for
the Red River Basin. Core sampleswereinserted into straws, labeled, and
allowed to dry for approximately 10 weeks before being mounted in
wooden, grooved blocks. Sampleswere then sanded and polished to make
the rings more visible under amicroscope.

Generating atree-ring chronology for each site and measuring ring
width involved using aVelmex Tree Ring Measuring System. Each core
was placed on a moveable platform under a Nikon photomicroscope
connected to a television camera displaying an image of the tree rings.
Dating was accomplished by counting growth rings beginning at the bark
and proceeding inward. An ordinary ink pen was used to label reference
dates. On a core, the outermost ring, nearest the bark was known to be
2000, the year sampling was conducted. The start of each decade (i.e,,
1990, 1980, 1970, and so on) was shown by one dot on the core sample.
At the 50-year age of atree, two dots were drawn on the sample, and at
1900 and 2000, three dots indicated a new century. The time interval
covered by core samplesfrom the BHP sitewas 117 years, 1883 to 1999.
The BOT samples spanned 93 years from 1907 to 1999. Nine of the 13
trees from the BHP site started growing early in the 20" century, prior to
1911 (Table 1). No BOT sample was dated earlier than 1901; in fact the
oldest tree had a date of 1907 (Table 1). The BOT samples displayed a
larger range of decades when growth began for atree, with some samples
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Table 1: Number of trees in chronologies beginning in each decade.

Site Total ber of trees in chronology beginning---—---------seeeeeee.
number of
1900 or 1901-1910 1911-1920 1921-1930 1931-1940 1941-1950 1951 or
trees cored .
earlier later
BHP 13 2 7 2 1 1 0 0
BOT 15 0 2 2 3 2 4 2

starting in each decade. This may reflect a higher incidence of forest
canopy openings and increased opportunities for germination.

Thetreering measuring system included adigital counter connected
to acomputer enabling measurement and recording of ring widthsfor use
in cross dating. Cross dating was accomplished using the computer
program COFECHA developed by Grissino-Mayer et al. (1996). Trees
in a particular area can be expected to show similar patterns of growth
since they will be influenced by similar environmental factors (Nowacki
and Abrams 1997). Cross dating with the COFECHA program involved
comparing ring widths of each core sampleat asiteto find similar patterns
of growth among the trees. When similarities were identified among the
samples, dates of ring formation were confirmed and a chronology
established based on the synchronization of ring width patterns. Table 2
listsaselection of COFECHA program summary statisticsfor each sample.

For the 13 BHP samples, measured mean raw ring width was 1.75
mm with a standard deviation of 0.70 indicating moderate to fast growth
(St. George, personal communication). The smallest ring width
measurement was 0.32 mm in 1980; the largest was 5.21 mm in 1923,
Mean raw ring width for the 15 BOT sampleswas 1.0 mm with astandard
deviation of 0.40 mm. The lower mean signifies slower growth and less
wood added annually than the BHP trees (St. George 2001, personal
communication). BOT extreme measurements were smaller than BHP
values, ranging from aminimum of 0.22 in 1964 and amaximum of 3.17
mm in 1955.

The sensitivity statistic (Table 2) compares width values of two
successive years and expresses how reactive a tree species is to annual
growth stimuli based on ring width variability (Schweingruber 1988).
Values for sensitivity range from 0 to 2.0, lower values indicating less
responseto environmental stimuli (complacency) or fairly stablering width
sizes over the years. Larger values indicate a higher degree of annual
variability (sensitivity) to environmental conditionsor widely fluctuating
ring widths year to year (Fritts 1976). Mean sensitivity for trees at the
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Table 2: A selection of chronology statistics for samples at the BHP and BOT
Sites.

sample chronology meanring  standard mean auto
number width (mm) deviation  sensitivity correlation
BHPla 1883-1999 1.62 0.712 0.188 0.842
BHP2a 1901-1999 1.32 0.490 0.174 0.806
BHP3a 1888-1999 2.25 0.989 0.176 0.854
BHP4a 1901-1999 1.64 0.667 0.180 0.830
BHPSa 1919-1999 221 0.994 0.224 0.789
BHP6a 1906-1999 3.07 0.690 0.179 0.458
BHP7a 1901-1999 1.35 0.643 0.270 0.706
BHP8a 1923-1999 2.05 1.023 0.188 0.858
BHP9a 1911-1999 1.34 0.613 0.208 0.666
BHP10a 1934-1999 1.07 0.396 0.144 0.869
BHP11a 1901-1999 1.15 0.502 0.234 0.702
BHP12a 1908-1999 1.98 0.682 0.179 0.775
BHP13a 1904-1999 1.66 0.700 0.212 0.786
All samples 1.75 0.702 0.197 0.765
BOTla 1913-1999 0.70 0.212 0.241 0.391
BOT1b* 1922-1999 0.73 0.281 0.241 0.682
BOT2a 1942-1999 0.83 0.507 0.290 0.788
BOT3a 1945-1999 1.09 0.308 0.308 0.575
BOT4a 1922-1999 0.63 0.225 0.250 0.595
BOT5a 1929-1999 0.96 0.327 0.185 0.755
BOT6a 1907-1999 1.31 0.644 0.212 0.846
BOT7a 1943-1999 1.33 0.381 0.193 0.601
BOT8a 1935-1999 1.27 0.309 0.178 0.618
BOT9a 1919-1999 1.08 0.468 0.246 0.774
BOT10a 1910-1999 0.96 0.525 0.288 0.691
BOTl11a 1932-1999 0.81 0.430 0.213 0.739
BOTl1laa**  1973-1999 0.68 0.263 0.180 0.788
BOTI12a 1942-1999 1.49 0.501 0.219 0.702
BOT20a 1954-1999 1.12 0.472 0.217 0.838
BOT21a 1922-1999 0.99 0.452 0.233 0.755
BOT22 1964-1999 0.87 0.289 0.192 0.720
All samples 1.00 0.397 0.228 0.690

* A second core from the same tree ** A partial core broken from BOT11a
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BHPsitewas0.20 and slightly higher, 0.23, at the BOT site. Treesat both
sites were generally complacent not showing dramatic changes in ring
width related to environmental conditions athough site BOT is slightly
more sensitive to some growth forcing factor.

Thefirst-order autocorrel ation statistic (Table 2) quantifiesthe extent
towhich growthin oneyear wasinfluenced by the previousyear(s) (Fritts
1976). Higher values mean radial growth in one year was influenced by
conditions the previous year. For both sites, autocorrelation values were
fairly high, exhibiting amean of 0.765 for the BHP samplesand 0.690 for
the BOT samples.

Treering widthsaretypically influenced by avariety of non-climatic
factors and, therefore, show trends or patterns of growth related to such
thingsastreeaging, trunk diameter increase, competition and even micro-
scale site characteristics. The most common growth trend is a pattern of
decreasing ring width with age (Fritts 1976). Asatreegetsolder, it loses
vigour becauseincreasing trunk diameter presents more surfaceareafor a
ring to form (Foster and LeBlanc 1993). The computer program ARSTAN
(Grissino-Mayer et al. 1996) was applied to statistically standardize or
remove growth trends. Figure 2 illustrates the removal of this growth
trend from sample BHPOa. The growth of treesat the BHP siteisinfluenced
more by aging and decreasing ring width trends. Thisis probably related
to the more open site conditions allowing BHP trees to grow with less
competition for light and nutrients. BOT trees were all densely packed
with heavy shrub undergrowth.

Figure 3 shows the completed, compiled chronologies for site BHP
and site BOT. Generally, the BHP and BOT chronologies exhibited
common variability at both sites although some asynchronoustrendswere
visible.

While peaks and valleys were similar in each chronology, the BOT
trees showed a stronger response in ring width variation confirming the
dlightly higher sensitivity value shown in Table 2. An extended period of
below average ring widths appeared at both sites in the 1960s. Smaller
widths also prevailed between 1910 and 1920 and in the 1930s. In the
1930s, however, BOT treesappeared to show greater sensitivity than BHP
trees. Ring widths for BOT trees remained below average values for a
longer period of time. Larger ring widthswerevisibleinthe 1940s, 1950s
and 1970s.

For all the standardized widths, measurements were ranked listing
smallest to largest ringsand the year they occurred for each sample. Then,
years of occurrence of the three smallest and three largest detrended ring
widths were identified. The 1960s had the most trees, 28, with extremely
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Figure 3: Bur Oak Trail (BOT) and Birds Hill Park Festival (BHP) site
chronologies.

low widths followed by the 1930s with 13 (Figure 4). Drought in the
Prairies during the 1930s and 1960siswell documented (e.g., Dey 1982;
Bonsai et al. 1993). Environment Canada (2001) ranked 1960 and 1961
as the two driest years in the Canadian Prairies in the 20" century and
annual precipitation records at Winnipeg identify 1961 as the driest year
on record since 1872. The 1970s and 1980s both had 11 trees with some
of their lowest widths and the decade of 1910 to 1919 had 10 trees. The
1970s also recorded some of the largest ring widths (14 trees). With a
combination of some of the smallest and largest ring width chronologies,
the 1970s decade showed the most variability. Large ring widths were
found in the 1950s (13 trees) and 1940s (12 trees). Additional analysisis
required to compare dry and wet conditionswith the ring width variability
shownin Figures 3 and 4.

Tree Ring Width and Climate Correlations

Correlation analysis was employed to compare ring widths at each
sitewith temperature and precipitation parameters. Statistically significant
values of r suggest some control by the climate variable. Correlations
weretested using the one-tailed t-test. Significancelevelsranged between
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0.0005 and 0.1 for temperature correl ations and between 0.005 and 0.1 for
precipitation correlations. Becauser valueswererelatively small, ranging
from approximately 0.1to 0.4, other environmental factors, such assubstrate
composition, competition or biological agents also influenced growth
response and may play a more important role in determining ring width
sizefor bur oak at theBOT and BHP sites. These correlationswith climate
are, however, still relevant because they show if relationships exist and
the strength of those relationships.

Standardized ring widths for the entire period of each chronology
were correlated with monthly mean Winnipeg temperature data for the
current growing year and for May to December of the previous year.
Various studies have shown significant rel ationshi ps between tree growth
and climate of both the current growing season and previous years (e.g.,
Stockton and Meko 1983; Larsen and MacDonald 1995; Sieg et al. 1996;
Watson and Luckman 2001).

A total of five significant negative correl ations with temperature and
one positive correlation were derived for the BOT site (Figure 5). One-
tailed t-test significance levels for the correlations ranged between
p<0.0005 to p<0.1. Perhapsthe positive correlation in December isrelated
to acombination of temperature and preci pitation input, such that awarm
December is a wetter December. Six significant negative correlations
with temperature appeared at the BHP site (Figure 6). T-test significance
levels ranged between p<0.01 to p<0.1

Both sites showed relationships with temperatures of the previous
year, the BOT site with three months, May, June and July with negative
correlationsand the BHP site with only one significant negative correlation
(July). Negative correlations with the months of May and June in the
current growing year were al so demonstrated at both sites. Most significant
negativetemperature correlationswerefoundin May of the current growing
season at the BOT site and in the previous July at the BHP site. Negative
correlations signify higher temperatures produced smaller ring widths and
lower temperaturesresulted inlarger rings. Balling et al. (1992) proposed
significant correlationswith climate variablesin the previous growth year
resulted because of a‘feedforward effect’. That is, the preceding year’s
weather had an impact on growth during that year and in the following
year. Temperature and/or moisture stress during the previous season may,
therefore, weaken atree’sdevel opmental responsein thefollowing growth
year(s). With warm summer temperaturesincreasing evapotranspiration,
moisture stressin the previous year may have more impact on BHP trees
asshown by the higher correlation value (Figure6). Inthecurrent growing
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season, trees at the BHP site became sensitive to temperature sooner and
over alonger period than trees at the BOT site. Warmer temperaturesin
spring may melt snow more quickly but also increase evapotranspiration.
Evapotranspiration rates may be more important to BHP trees because
moisture from snowmelt or precipitation percolates more efficiently
through the sand and gravel substrate. For BOT trees, moisture remains
available to roots because infiltration is slower in silty substrate so
evapotranspiration does not become important until later in the spring.

Correlations of standardized ring widths to Winnipeg monthly
precipitation totals resulted in three significant positive correlations and
onenegative correlation at the BOT site. T-test significancelevelsranged
between t<0.005 to p<0.1. Three significant positive and one negative
correlation also occurred at the BHP site. Significance levels ranged
between p<0.01 to p<0.1. The highest significant (positive) correlation
was found in January at the BOT site (Figure 7) and in June at the BHP
site (Figure 8). Positive correlation values indicate higher precipitation
resulted inlarger ring width formation and lower precipitation resulted in
smaller ring widths. Common positive correlations at each site occurred
for the previous September and current growing season January. Both
siteslikely depend on stored moi sture from months of the previous growing
year and fromwinter snowmelt. TheBOT sitewasdlightly more respondent
to winter precipitation accumulation as amoisture source for its growing
season. Occurrence of positive correlations in the previous July at the
BOT sitecould alsoindicate morereliance of BOT treeson stored moisture
inthenext year. Sincethe BOT site had no significant correlations during
the current year, trees may be adapted to having less moisture available
through direct precipitation input during the growing year. Therefore,
moisture from the previous year and winter moisture are sufficient for
growth requirements of BOT trees. Sand and gravel substrate at the BHP
siteallowsbetter drainage so treesdo not only depend on stored subsurface
water but also require additional moisture from rain during the growth
season (positive June correlation).

Summary

Of the 11 significant correl ations between monthly mean temperature
and standardized tree ring widths, 10 were negative indicating warmer
temperatureswererelated to smaller rings. A total of six positive and two
negative significant correlationswere found between monthly precipitation
and ring widths. Positive correlations suggest higher precipitation
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generated larger rings, lower precipitation smaller rings. Atthe BHPsite,
there were positive correlations with precipitation in the previous autumn
and winter and during the current growing season. With the BOT trees,
positive correl ationswith preci pitation werefound only in autumn or winter
of the previous year. Timing of the correlations suggests that both sites
relied upon soil moisture storage from any autumn precipitation and from
snowmelt. With bur oaksat BirdsHill, astore of subsurface water appears
to supply sufficient moisturefor treesat theless permeable BOT siteduring
the growing season since significant positive relationships with
precipitation did not manifest during the current year growing season.
The BHP site, however, required additional water from rain during the
growing season because permeabl e substrate allowed moisture to percolate
deeper through the ground. In fact, the most significant relationship between
ring growth and precipitation at the BHP site occurred in June of the current
growing season, when most earlywood development occurs.

No study has yet definitively substantiated a relationship between
Manitoba bur oak growth and different surface conditions. St. George
and Nielsen (2000) have hypothesized that flood ring development in
Manitoba bur oak growing along the Red River may be dependent on a
tree’slocation in the Red River flood plain and local site characteristics.
After analyzing oxygen isotope concentrations in annual tree rings from
two trees at two sitesa ong the Red River, Buhay (2001) hasalso speculated
on the response of Manitoba bur oak trees to varying moisture supplies.
Because oxygen isotope concentrations measured in the rings were not
synchronized at thetwo sites, it was hypothesized that different hydrologic
regimes influenced moisture conditions at thetwo sites. Treesat onesite
sit at a slightly higher elevation and receive more moisture from
groundwater recharge when precipitation input isincreased. Thesetrees
appear to have agreater dependence on direct precipitation input. Trees
at the second site may receive a more homogenous input of moisture. In
Europe, Cufar and Levanic (1999) found oaks growing in dry sites were
morereliant on direct precipitation input asawater supply. Treesgrowing
in lowland sites with swampy conditions and sufficient soil water were
not as dependent on direct preci pitation input during their growing season.
Foster and Brooks (2001) produced chronologies for slash pine (Pinus
elliottii) sampled from dry and wet sitesin Florida. After correlating growth
rings with climate variables, they reported variationsin growth response
at the different sites. Pines growing on sites with shallow water tables
displayed negative correlations with increased water input and pines
growing on sites with deeper water tables displayed positive correlations
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with increased water input. Future analysis of the Birds Hill bur oak
sampleswill involve selecting case study years with small and large ring
widths to verify the correlation patterns at both sites and further
investigation of site characteristics.

Bur oak tree ring width variability in the Manitoba Prairie
environment is sensitive to moisture input and must be dependent on the
inter-relationships of temperature and precipitation input during the
growing season and in previousyears. Other variables (e.g., competition
for light and moisture and biological influences) also influence radial
growth of treerings. Substrate composition especially appears significant
in how bur oaks respond to precipitation input at different seasons. This
study has described climate-ring width rel ationships derived from bur oak
trees at Birds Hill Park. Initial resultsindicate that the same tree species
does not experience the same responses to the same climate forces. Bur
oak trees growing in different substrate environments may be showing
evidence of adaptahility to the differing physiographic conditions by their
water requirements. This preliminary research suggests that substrate
character may have to be considered when bur oak tree ring chronologies
aredeveloped inthe Canadian Prairiesand U.S. northern Plains. Additional
research at other sites and more detailed analysis of site characteristicsis
required to confirm the responses of bur oak to their environment.
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Pollen-based reconstruction of past millennium
temperature in Canada

GeYu, Nanjing I nstitute of Geography and Limnology
Xiankun Ke, University of Regina

Abstract: The climate of thelast 1,000 years setsthe background for 20th century
climate warming. Because of this, temperature records of up to 1,000 years in
length are required to better understand natural variability in the climate system.
Proxy data in the form of pollen records have been used for reconstructing
pal aeotemperatures based upon the rel ationshi ps between vegetation assemblages
and historical regional climate patterns. Instrumental records are only available
for the last 100 years. Since modern pollen assemblages in Canada have good
responses to temperature changes, the relationships between pollen records and
modern climate can be used as the basis for estimating the climate of the last
1,000 years. The present study uses the modern anal ogue technique to estimate
temperaturesfor thelast 1,000-year in Canada. It shows that there were four cold
phases, with from 0.4° to 1.1°C negative anomalies, in the earlier half of 12th and
15th centuries, most of the 17th century, and in the mid-19th century. Also, one
positive anomaly with a temperature increase of up to 1.0°C isidentified at the
end of 19th century. Results of the study are comparable generally to the patterns
of the averagetemperature of the Northern Hemisphere, and show dlightly greater
magnitudes in temperature change than that of the Northern Hemisphere as a
whole, during the last 1,000 years.

Key words: past climate, pollen data, annual temperature, past 1,000 years,
Canada

Introduction

Based upon climate modeling, 41 to 64% of pre-1850 temperature
variationsin decadal scaleare dueto changesininsolation and volcanism
(Crowley 2000), and more than 60% of land temperature variations in
20th century warming are due to the changesin external forcings (Stott et
al. 2000). Therefore, thereis arequirement for alonger-term perspective
and a better understanding of past climate. For northern North America
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where observed climate records only began in the mid-19th century, a
detailed pre-instrumental climate data set is needed in order to meet this
requirement. Various proxy climate sources can provide such data, and
the pollen record is one of them. So far, most pollen studies from North
America have provided reconstructions of climate on century-to-
millennium time scales (e.g., COHMAP 1988; Webb et al. 1993). Finer-
resolution pollen records have been used to estimate climate variability
over thepast 1,000 years on decade-to-century time scalesfor north-eastern
and central USA, southern Canada and the Arctic regions (e.g., Swain
1978; Bernabo 1981; Gajewski 1987, 1998; Overpeck et al. 1997), and to
reconstruct the climate changes in time-scales of 10 to 50 year intervals
(e.g., McAndrews 1988; Weninger and McAndrews 1989). But there have
been few attemptsto examinethe patterns of regiona climate change across
the continent, and climate variability throughout the past 1,000 years.
Therefore, the objective of this study is to fill this gap by quantitative
interpretation and modeling of the existing pollen records at the regional
scalefor al of Canada.

To transform pollen records into units of temperature, various
statistical transfer function methods have been devel oped (e.g., Webb and
Clark 1977; Bernabo 1981; Overpeck et al. 1985; Gajewski 1993 et al .;
Guiot et al. 1989, 1993; Yu and Qin 1997). The modern anal ogue approach,
amorerobust method with less noise, issuch an example (Cheddadi et al.
1997). The technique is based on the principal of multiple regressions
between climate variablesand the pollen taxa, principal component anaysis
within pollentaxa, and correl ation between multiple-year moving averages
of theobserved climate and the pollen-reconstructed climate. Thisapproach
has been successfully appliedin East Africa(Bonnefilleet al. 1990; Peyron
et al. 2000) and Europe (Guiot et al. 1993; Cheddadi et al. 1997; Tarasov
et al. 1999). This study attempts to apply the technique to transfer
guantitative pollen data into quantitative paleoclimatic estimates, and to
reconstruct the temperaturesin Canada over the past millennium.

Data and Methods

Pollen data and the taxa:

Pollen data for this study are taken from the North American Pollen
Database (NAPD) (COHMAP 1988; NAPD 1994). The database was
compiled by Eric Grimm and John Keltner at the lllinois State Museum,
starting with data originally assembled for the COHMAP project
(COHMAP 1988). Screening of each NAPD site established that there
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are 285 fossil pollen sites and 1,050 modern pollen samples in Canada.
Most fossil pollen datahave radiocarbon-dates. These datesare mostly in
the Holocene, and about 14% of the samples have dates within the past
1,000 years. Ages at each sample of pollen sequence have been linear-
interpolated according to known radiocarbon dates.

For the data set from the NAPD sites, there are 633 fossil pollen taxa
and 71 modern (surface sample) pollen taxa. To reconcilethe pollen taxa,
only those taxa that have occurred both in fossils and modern surface
samples have been used. In total, there are 62 taxa that have frequencies
higher than 95% in the total pollen counts (Table 1). The maximum and
minimum percentages of each taxon arelisted in Table 1 and show generaly
similar proportions between the past and the modern pollen percentage
values although higher and/or smaller percentage values of fossil pollens
do occur in comparison with those of modern pollens. Principal
components analysis is used to estimate various contributions within the
pollen taxa on all fossil pollen samples from 900 AD to 1900 AD. The
first principal component (PC1), showing 22.14% of the total variance,
was dominated by broadleaved trees (Acer, Carya Fraxinus, Quercus,
Populus, Tiliaand Ulmus) with positive loadings, and needleleaved trees
(Abies, Picea, Pinusand Tsuga) and nonthermophilous broadleaved trees
(Alnusand Betula) with negativeloadings. Thisreflectsthe main contrast
between the northern and the southern regionsand between relatively warm
and cold climates. The loading of this component (PC1)was used as a
distance weighting in the analogue analyses later in the study (Table 1).

Climate data and designation of regions:

The instrument-recorded data set used in reconstructing Canada's
historical air temperature is the result of several years of research at the
Climate Research Branch, Meteorological Service of Canada. It is a
database of homogenized, long-term time series of monthly mean
temperatures and has been specifically designed for climate change studies
in Canada (Vincent and Gullett 1999). Annual temperature records from
210 stations with the earliest record in 1895 AD and the latest recordsin
1998 are used. M ost stations have recording lengths greater than 30 years.

The locations of the pollen data and the stations with instrumental
records are distributed over most regions of Canada from approximately
54° to 140°W and 40° to 75°N (Figure 1). In order to obtain time slices
for applying the modern analogue technique, each pollen sequence is
subdivided into 20 time periods, or 50-year intervals beginning in 925+25
and ending in 1875+25 AD. The 50-year interval isarbitrary, but isset in
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Table1: Pollen taxa used in the palaeoclimate reconstruction.

No Pollen taxa Surface pollen Fossil pollen Weight
Max. (%) Min. (%) Max.(%) Min. (%) (PC1)
1 Ulmus 1274 0.29 20.14 0.12 0.36
2 Acer 9.62 0.37 23.58 0.10 0.34
3 Carya 427 0.05 6.30 0.10 0.32
4 Fagus 16.41 0.53 33.94 0.13 0.31
5 Quercus 34.88 0.83 42.52 0.12 0.30
6 Tilia 2.63 0.02 9.66 0.10 0.29
7 Fraxinus 9.28 023 16.18 0.10 0.26
8 Juglans 247 0.03 529 0.10 0.24
9 Platanus 1.44 0.01 6.14 0.10 0.22
10 Tsuga canadensis 12.84 0.06 39.00 0.10 0.20
1 Ambrosia-type 47.69 142 52.02 0.10 0.09
12 Castanea 0.98 0.01 1.24 0.10 0.08
13 Ostrya-type 9.17 0.16 9.03 0.16 0.07
14 Liquidambar 0.46 0 0.81 0.10 0.06
15 Pinus undiff. 86.86 12.75 87.89 0.13 0.05
16 Cerealia 1.10 0 39.56 0.10 0.04
17 Iva 1.04 0 258 0.13 0.04
18 Populus 34.43 0.24 37.67 0.10 0.04
19 Rumex 13.14 0.15 2.68 0.10 0.04
20 Celtis 0.53 0 1.63 0.16 0.02
21 Cephalanthus 1.56 0 2.88 0.10 0.02
22 Nyssa 0.19 0 2.60 0.10 0.02
23 Tsuga heterophylla 52.36 0.18 34.00 0.13 0.02
24 Ephedra 0.25 0 0.75 0.11 0.01
25 Pinus subg. Strobus 46.30 1.45 49.87 0.16 0.01
26 Poaceae undiff. 95.00 5.87 90.54 0.10 0.01
27 Brassicaceae 75.00 0.13 2.58 0.10 0
28 Corylus 6.48 0.10 231 0.10 0
29 Cupressaceae/Taxaceae undiff. 50.60 0.41 0 0 []
30 Larix/Pseudotsuga 10.38 0.16 8.54 0.10 0
31 Myricaceae 15.57 0.55 0.99 0.18 0
32 Aguifoliaceae 8.86 0.03 2.06 0.15 -0.01
33 Chenopodi A h undiff. 37.93 0.59 5.03 0.10 -0.01
34 Empetrum-type 3.04 0 1578 0.18 0.01
35 Rubiaceae undiff. 63.66 0.20 0.82 0.30 -0.01
36 Shepherdia canadensis 1.54 0.01 73.51 0.10 -0.01
37 Sphaeralcea 5.56 0.01 7.69 5.61 -0.01
38 Asteraceae subf. 14.73 0.27 18.10 0.10 -0.02
39 Fabaceae 65.63 0.16 63.57 0.10 -0.02
40 Rumex/Oxyria digyna undiff. 2.86 0.01 9.66 0.10 -0.02
41 Selaginella 15.56 0.06 1.54 0.10 -0.02
42 Apiaceae 0.57 0 4.53 0.10 -0.03
43 Asteraceae undiff. 13.21 0.17 10.71 0.11 -0.03
el Sarcobatus vermiculatus 10.00 0.05 6.14 0.10 -0.03
45 Saxifragaceae 13.73 0.11 9.73 0.16 -0.03
46 Thalictrum 3.81 0.04 16.81 0.10 -0.03
47 Tsuga undiff. 25.44 0.54 14.12 0.13 -0.03
48 Caryophyllaceae 5091 0.35 1.61 0.10 -0.04
49 Ericales undiff. 5.08 0.06 11.59 0.10 -0.04
50 Oxyria digyna 25.66 0.14 2028 0.10 0.04
51 Ranunculaceae undiff. 53.77 0.09 16.67 0.10 -0.04
52 Artemisia 90.74 1.09 77.87 0.10 -0.05
53 Pinus subg. Pinus 79.48 1.81 79.48 0.18 -0.05
54 Rosaceae undiff. 92.68 1.55 8.16 0.10 -0.06
55 Tsuga mertensiana 13.25 0.03 57.41 048 -0.06
56 Ericaceae 92.70 5.86 75.61 0.11 -0.07
57 Salix 97.34 3.79 1.94 0.11 -0.07
58 Betula 91.00 19.09 87.44 0.13 -0.08
59 Abies 20.27 115 32.32 0.10 -0.11
60 Cyperaceae 95.18 6.24 66.67 0.10 -0.11
61 Alnus 83.17 9.31 87.76 0.12 -0.18
62 Picea 90.98 20.58 86.29 0.11 -0.20
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Figure 1: Location of fossil and modern pollen data sites and meteorological
stations used in the study

consideration of the need tofit the pollen sampleresol ution with the current
database and the numbers of statistical samples. Additionally, samples
dated between 850 AD and 900 AD are a so analyzed in the same manner
to give the time slice of 87525 (or pre-1000), and samples after 1900
AD at the top of the cores of the pollen sites are all grouped into the last
time slice of 1925+25.

Considering that Canadian climate varies from region to region, this
study presentsinformation on climate change on aregional basis. Site-by-
site correlation technique is applied to find similarities between
meteorological stations and to define spatial patterns with coherent
temperature records (Yu 1996; Harrison et al. in press). Asaresult, Canada
is subdivided into four core-groups composed of 170 stations using the
30-year mean monthly temperature of 210 stations and a cut-off values of
correlation coefficient (r) €'0.98. They are the west coast (Region 1), the
western mountains (Region 2), central areas (Region 3) and eastern areas
(Region 4). These regions are consistent with modern climate patternsin
Canada based on temperature (e.g., Philips 1990). Fossil pollen sitesin
21 groups (850AD to 1900AD) were then assigned to each region for
purposes of plotting the regional temperature curves (i.e., 6, 25, 23, and
169 pollen sitesfor Regions 1, 2, 3 and 4, respectively).
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Analogue method for reconstruction of climate:

The analogue method uses pollen assemblages from the past
and systematically compares these with a large set of modern
assemblages derived from, aswide as possible, arange of climates
within the same biogeographic zones. Climate variables are then
estimated from the present climate associated with those
assemblages that are selected as analogues (Guiot et al. 1993).

First, to find a set of closest modern analogues of the fossil sample,
the Euclidean distance between the pollen assembl ages after square-root
transformation of the pollen percentages are calculated as follows:

m
-3 2_E U
D,2=&W? (M, "~ F, 12
D)

j=0

Where D, isthe distance between pollen samples, W, istheweightin
pollen taxon j (out of m taxa), M. and F, are the relative frequencies of
pollen taxon j in the modern pollen sample |, and fossil pollen samplet,
respectively. The taxon loading on the dominant principal components
listedin Table 1 are used to weight thetaxain the cal culation of the distances
between pollen samples (Wj ).

Thereconstructed climate valuefor each fossil sampleistheweighted
distance mean of climate values:

R= (é-sci ID2)1 @ D)
2

i=1 i

n
-

Where R isthereconstructed climate variable at pollen sitet, C, is
the observed climate variable (out of s stations), D, is the distance
calculated using Equation (1). s is numbers of observed climate sites
surrounding the pollen sitet in a certain radius range. After several tests
of different ranges, we found 9-degreesin latitude or longitudeis a good
radius range as it showed the best analogue.

All pollen samples at the 237 sitesin 22 groups (agesfalling into the
periods 850AD to 1950AD) are calculated to provide pal acotemperature
estimates following the above processes. Finaly, if morethan one sample
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occurswithinagroup at each site during the 50-year period, an average of
the calculated temperature is taken.

Results

Relationship between modern pollen assemblages and instrument-
recorded temperature:

The relationship between pollen taxa and climate was explored by
multiple regressions between 30-year means of monthly temperature and
the log-transformed frequencies of the pollen taxa in the modern pollen
sites, as measured by the correlation coefficients between the climate
variables and the pollentaxaat 1,050 modern pollen samples. The best fit
of the pollen data is annual temperature (r = 0.82). The fit is relatively
high for January, July, summer (June, July and August) and winter
(December, January and February) (with r from 0.69 to 0.65) in the same
samples of the series. The good correlation of the 1,050 surface samples
suggeststhat pollen datado reflect the regional vegetation and climate for
a catchment size ranging from 10?°km? to 10° km2,

Validation of pollen-based reconstruction is accomplished by
comparison with theinstrumental temperature records of the past 100 years.
Two pollen sites, namely No. 102 (Humber Pond 3, Ontario (Weninger
and McAndrews 1989)) and No. 48 (Crawford Lake, Ontario, data
provided by McAndrews (NAPD 1994)), have broad-scale records at 10
to 30-year intervals covering the past 100 years (Figure 2aand 2b). Pollen
siteNo. 185 (Pasgua L ake, Saskatchewan (M cAndrews 1988)) isaunique
site with high-resolution records for every 2 yearsin the last 100 years
(Figure 2c). Three meteorological stations (a. M-6137287: 43.02N,
79.17W, 98 m adl., b. M-6139445: 43.00N, 79.27W, 175madl. and c. M-
4016560: 50.43N, 104.67W, 577 m adl.) with annual temperature dataare
selected to compare the reconstructed temperatures. Station locations have
a maximum distance of 0.7° (ca 80 km) radius range around the pollen
sites. The relationships between actual temperatures and estimated
temperatures are measured by correlation between the two series (Figure
2). Correlation coefficients (r) for the three sitesare 0.77, 0.50 and 0.53,
respectively, and are significant at the 0.95 confidence level. The good
statistical fit of multiple-year moving averages suggeststhat the multiple-
annual reconstruction ismorereliablethan asingle-annual reconstruction
in using pollen data to reconstruct temperature.
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Figure 2: Comparison of pollen-based temperature estimates and instrumental
temperature data.

Although the pollen records of the three sites have 2 to 30-year
intervals, they are still low resolutions compared with 1-year intervals of
instrumental records. Therefore, evenif the correlationsare significant at
the 95% confidence level, they are still rather low as some temperatures
may be inversely proportional to the pollen records. It is possible that a
lower pollen resolution record may give ahigher correlation with recorded
temperature just because there are fewer chances of being ‘wrong’. These
problems can be solved by the adoption of a high-resolution sampling
schemein future pollen studies

Temporal sequence of reconstructed climate during the past 1,000
years:

Reconstructed temperatures during the past 1,000 years are plotted
in time sequence curves (Figure 3). Using each 50-year interval, the
temperature anomalies are expressed by the reconstructed temperature
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Figure3: Reconstruction of average annual temperature (°C) anomaly in Canada
during the past 1,000 years.

means minus that of the 1,000-year mean. The year at the X-axisis the
central age of each 50-year group. The barsin the lower part represent the
number of pollen sites in each interval. Vertical lines are error bars
computed at the 0.95 confidence level of the data spatial series.

Figure 3 shows that the reconstructed temperature during 925-1075
AD was about 0.3-0.5°C warmer than normal. The temperature anomaly
decreased 0.3°C around 1125 AD. A warm phase occurred during 1175-
1425 AD with adlightly small fluctuation around 1325 AD. Afterwards, a
few cold phases occurred in 1475 AD, 1575-1675 AD and 1775-1875
AD, with temperatures 0.5°C, 1.1°C and 0.5 colder than normal,
respectively. The temperature increased and became much warmer after
1875AD. Thiscurve suggestsfour cold phasesduring the past 1,000 years
with the coldest period during the 17th century and three secondary cold
phases during the earlier half of the 12th and 15th centuries and the mid-
19th century, and an increase in temperature at the end of the 19th century
until present.

Figure 4 shows the four regional temperature anomaly curves for
Canada. Vertical linesare error bars computed at the 0.95 confidencelevel
of the data spatial series. Dash lines are for the cases with samples less
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than 2 and could be unreliable reconstructions. The maximum and
minimum of the temperature anomalies in each region are shown in 4e.
The sample sizes in each region are not equal, particularly in Region 1
(with only 6 sites, not analyzed). Three common cold phases occurred in
the three regions of Canada (Figure 4b, 4c and 4d). The first was centred
inthe period 1075-1225AD in Region 2, 1075-1275AD in Region 3, and
about 1125 AD in Region 4. The second occurred during 1425-1675 AD
in Region 2, 1475-1575AD in Region 3 and 1475-1674 AD in Region 4.
The third cold phase was more synchronous and occurred in the three
regions around 1825-1875 AD.

Discussion and Conclusions

The reconstructed temperature curve of the present study can be
compared with the curve of Northern Hemisphere average surface
temperature (Mann et al. 1999) showing ageneral decreasing temperature
from about 1200 AD to 1900 AD. A few cold phases with negative
temperature anomalies of lessthan -0.2°C occurred around 1340AD, 1460
AD, 1590 AD, 1660-1700 AD and 1820-1900 AD. These have been
captured by the present study with slight discrepancies in timing. The
anomaliesare aso slightly larger (-0.4 to -1.1°C) than those for Northern
Hemisphere average (-0.2 to -0.4°C). This can be explained by the fact
that the hemispheric averageistheresult of inter-regional averagesaround
the hemisphere. Therefore it can be expected to be much smoother than
that of aregion of Canada.

Theregional sequences between 900AD and 1900A D show different
temperature amplitudes (Figure 4€), with positive temperature anomaly
ranges between +0.51°C and +1.79°C, and negative temperature anomaly
between —1.22°C and —1.46°C. A pollen-based reconstruction of the
temperature sequences (Gajewski 1988) indicated asimilar timing in the
eastern North Americawhere this warm phase occurred pre-10th century
and a cold phase occurred afterwards. For the regions of eastern North
America (Gajewski 1998) and Canada (the present study), temperatures
at the end of the 19th century are higher than at any previous time within
the last millennium; this shows clearly the start of the global warming
event. In comparison, however, the European Mediaeval Warm Period ca.
1000-1300 AD was not found in al regions of Canada based upon the
present study, although Region 3 shows astrong warming signal pre-1000
AD.
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Studies of regional temperature reconstruction based on pollen data
can provide independent regional records for inter-regional comparison.
The general temperature anomaly sequence from the 16th to 19th century
in Region 2 (Figure 4c) is consistent with areconstruction of ground surface
temperature based upon borehol e datafrom Northwest Territories, Alberta,
Saskatchewan and Manitoba (Majorowicz and Skinner 2001), and both
show a trend of decreasing temperature pre-1600 AD, dlightly higher
temperatures at about 1650 AD, lower temperatures during 1750-1850
AD, and higher than normal temperature after 1900 AD. However, the
two curves have discrepanciesin magnitudes; thiscould be dueto thefact
that thework of Majorowicz and Skinner (2001) was based on groundwater
temperature records.

Monitoring of the climate system for evidence of change has a
fundamental requirement of long-term homogeneous datasets. Instrumental
records in Canada are only about 100 years in length. Therefore, long-
term data sets will largely rely on the proxy data from sediments. This
study has presented a pal acotemperature reconstruction back to 900 AD
based on a pollen data set. There are still geographical gaps in the
reconstruction, for examplein northern Canada. The NAPD database only
provided 71 modern pollen taxa; thislimitsthe analogueto thefossil pollen
taxa. Moreover, refinement of the climate reconstruction will be possible
only after improvement of fine-palynological analysisand high-resolution
pollen datasets, and multiple proxy datasynthesis acrossthewhole Canada.
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A sedimentary sequence in the Glacial Lake
Proven basin: the Rolling River section, Riding
Mountain, Manitoba

Roderick A. McGinn, Brandon University

Abstract: The Glacial Lake Proven basin covers an area of approximately 340
km? on the Riding Mountain Uplandsin Manitoba. Four sub-stagesin the history
of theglacial lake have beenidentified based on depositional units, different outlets
and associated lake levels. Near the southern margin of the basin, the Rolling
River has incised into the Glacial Lake Proven sediments and exposed an 8 m
section of the supraglacial lacustrine deposits. A supraglacial melting-ice facies
(Zelena Formation; an ablation till) is exposed at the base of the sequence.
Depositional evidence suggests that there was a rich sediment supply into Early
Glacia Lake Proven depositing asupraglacial lacustrine complex that conveysan
impression of alternating layers of sands. These deposits are overlain by athick
sequence of supraglacial lacustrine bottomsets consisting of sand and silt
rhythmites. Inthe upper part of the section, the deposits exhibit the characteristics
of a supraglacial lake-margin deposit. There is some regular lamination of the
finer sand and silt, evidence of coarse intercalations and material supplied by
mass movements or wash off, together with numerous dropstones.

Key words: Riding Mountain Uplands, Glacial Lake Proven, facies, lacustrine
deposits, stratigraphic section, supraglacial lake

Introduction

The Lake Proven basin covers an area of approximately 340 km?2 on
the Riding Mountain Uplands in Manitoba (Figure 1). The basin
topography is less than 625 m in elevation and includes the present day
Clear Lake, Bottle Lake, Proven Lake, Jackfish Lake and Otter Lake.
Higher elevations, in excess of 670 m, are located to the north and east of
the Lake Proven Basin. The Rolling River drains the southern portion of
the basin to the south; the northern portion of the basin drainstowardsthe
west by way of Clear Creek. Both drainage routes join the Little
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Figure 1. The Lake Proven Basin.
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Saskatchewan River and eventually drain into the Assiniboine River to
the south.

Klassen initially mapped the western third of the Lake Proven area
(Figure 1) as“silt, deposited in part in asuperglacial (supraglacial) lake’
and later referred to this supraglacial lake as “Glacia Lake Proven”
(Klassen 1966, 117). The associated 1:250,000 map published in 1965,
however, makes no reference to the name*“ Glacial Lake Proven” or to the
mode of origin of thedeposits. Inlater work Klassen (1979) describesthe
supraglacial lacustrine deposits as “a gently irregular to hummocky
glaciol acustrine complex composed of mainly silt and sand.”* Associated
lacustrine deposits are described as silt and clay or organic deposits on
poorly drained flats. Thereisno mention of Glacial Lake Proven in the
1979 memoir. TheQuaternary surficial map of Riding Mountain (Manitoba
Energy and Mines 1980), based on Klassen's 1979 map, describes the
deposits as lacustrine silt and clay deposited in basins peripheral to the
main LakeAgassizbasin. Itisinterestingto notethat thismap wascompiled
with no additional field mapping or sediment sampling. In these small-
scal e surficial mapping studiesthere are virtually no detailsregarding the
environmental conditions, depositional mechanisms and lithologic
characteristicsthat are associated with the Glacial Lake Proven” deposits.
Furthermore, the actual extent of the deposit is poorly mapped dueto its
relatively small size and the fact that some of the sediments have been
subsequently buried.

Objective of the Study

This paper reviewsthe sedimentary sequencefound in the previously
undescribed Rolling River stratigraphic section and relates the facies to
the history of Glacial Lake Proven.

Glacigenic Sediments

Ashley (1989) reviewed the sedimentary processes and lithofacies
unitsin glacier-fed lakes and established lithofacies groups with commonly
occurring lithofacies units. Jurgaitis and Juozapavicius (1989) outlined
theimportance of the geomorphic and lithol ogic parametersrecommended
for study when investigating glaciofluvia depositsand developed agenetic
classification of glaciofluvial deposits. Thelithologic criteriaoutlined in
thispublication will be used inthisresearch. Brodzikowski and Van Loon
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(1991) presented a synthesis of glacigenic sediments and established a
systematic classification based on the depositional subenvironment,
associated faciesand the characteristics of the deposits. The Brodzikowski
and Van Loon nomenclature is al'so employed in thisresearch.

Surficial Deposits in the Glacial Lake Proven Basin

Detailed surficial mapping (Klassen 1965, 1966, 1979; Groom 1980;
McGinn 1991a, 1991b, 1997, 2000) has determined that early Glacial
L ake Proven deposits (Proven | Complex) occur at elevations above 625
min theregion to the west and southwest of the topographic basin (Figure
2). These rhythmite deposits represent a supraglacia lacustrine facies.
Thedepositsof thelater phase of Glacia LakeProven (Proven || Complex),
found at lower elevations, are believed to represent a topographically
controlled terminoglacial lacustrinefacies, perhaps supraglacial, but with
only athin ice base (Figure 2).

Tothewest arethe deposits of the eastern ridge of the Horod Moraine.
The Horod Moraine was originally mapped as a kame-esker complex by
Klassenin 1965 and later an end moraine on the Quaternary surficial map
of the Riding Mountain region (Manitoba Energy and Mines 1980). The
Horod Moraine Complex is classified as an ice margina ridge (Jurgaitis
and Juozapavicius 1989) deposited between the neutral ice to the west
and the stagnating ice of the eastern uplands (McGinn 1997). This
supraglacial melt-out complex iscomposed of stratified sandsand gravels
which frequently exhibit deformation structures and large till inclusions
(McGinn 1997). To the north a glaciofluvial facies, interpreted as
proglacial outwash, mergeswith constructional glaciotectonic features (ice-
shoved hillsand acomposite linear ridge) in the east (McGinn 2000), the
latter being surrounded by Glacial Lake Proven deposits.

In addition to the significant inflow of meltwatersfrom the surrounding
ice during the Incipient and Early Glacial Lake Proven supraglacial lake
sub-stages, there appearsto have been three prominent inflowing streams
operating at different timesduring the later supraglacial and terminoglacial
lake sub-stages. Initially therewasinflow from the west through abreach
in the Horod Moraine (McGinn 1997). Later in the history of the lake a
subglacial river entered from the east near the town of Wasagaming (Figure
2). There is also evidence that there was a Jokulhlaup inflow along the
Upper Rolling River outlet during theterminoglacial lake phase (McGinn
1991a).
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Figure 2: Surficial depositsin the Glacial Lake Proven Basin.

Drainage of Early Glacial Lake Proven occurred through an ice
marginal channel into the Otter Lake sub-basin (Figure 2) and theninto a
prominent spillway system draining east and south (not shown in Figure
2). Asthelakeenlarged, theicemarginal channel was abandoned in favour
of the Upper Rolling River outlet (Figure 2), which drained into the same
eastern spillway system (McGinn 1991b). Drainageduring thefinal stages
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of Glacial Lake Proven took placethrough the Lower Rolling River outlet
towards the south (Figure 2). Thereis no evidence that the lake drained
towards the west along the present day Clear Creek.

The Rolling River Section

Near the southern margin of the Lake Proven basin, the Rolling River
has incised into the Glacial Lake Proven sediments and exposed an 8 m
section of the supraglacial lacustrine deposits and underlying till. The
Rolling River section (Figure 1) is on the northwestern cutbank of the
Rolling River inthe South Quill’s Ojibway Peoples Rolling River Reserve
Number 67: NTS 62 J5, Clanwilliam, Manitoba: UTM 43090 E; 55935
N.

Four subsections (W-1, W-2, W-3, and W-4) were logged along the
Rolling River cutbank (Figure 3). A gully eroded at right angles to the
cutbank section provides a three-dimensional view of the upper part of
the section. Four subsections (N-1, N-2, SW-1 and SW-2) have been
logged in thisgully (Figure 3).
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Figure 3: Schematic diagram: the Rolling River section.
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Description of the Composite Section

The composite section, illustrated in Figure 4, has been constructed
from sections N-2, W-1, W-2, W-3 and W-4 (Figure 3). Figure 4 shows
the depth of each stratigraphic unit from the surface (m), thickness of
each sub-unit (cm) and a description of the sedimentary facies (texture,
structure and other unique characteristics).

A diamict (Sections W-3 and W-4, Unit X1) underlies the lacustrine
sediments attributed to Glacial Lake Proven. Fresh exposures are
moderately compact and olive grey brown in colour (Munsell Colour
Chart). Carbonates and shal e represent the most common clasts, although
igneous and metasedi mentary shield pebblesare also found. Thisdiamict
isoverlain by 0.73 m of rhythmites consisting of three layers of a silty
diamict alternating with clast supported coarse sand, granules and small
pebbles (Section W-3, Unit X). There are no pebble size clastspresent in
thesilty diamict. Unit X (W-3) isoverlain by a0.56 m sequence of deposits,
which exhibit five laminae of massive very fine sand and silt interspaced
by laminae of coarse sandsand granules. Unit V111 in SectionsW-1, W-2
and W-3isa2.14 mthick unit of laminated fine sandsand silt interbedded
with at least 10 ironstained laminae (Iess than 1.0 cm thick) composed of
fine to medium sands and overlies Unit IX. An 8.0 cm thick traceable
marker bed (VI11t) consisting of coarse sands and granulesisfound 0.77
m from the base of Unit VIII. Unit VIl (W-1) isa0.65 m thick sequence
of rhythmitic deposits consisting of asimple aternation of fine sand and
siltlaminaeinterspaced by coarser sand beds. Theupper 2.22 m of section
N-2 hasbeen divided into six unitsfor convenience of description. These
units could be combined into one unit of rhythmites consisting of seven
relatively thick laminae of massivefine sand and silt alternating with coarser
beds consisting of sandsand gravels. Calcium carbonate precipitate gives
the four upper fine laminae (Units|, I1, I11 and IV, section N-2) awhitish
grey colour.

Interpretation of the Composite Section

A supraglacial melting-icefacies (Unit X1, ZelenaFormation; amelt-
out complex) is exposed at the base of the sequence (Figure 4). Klassen
(1979) suggests that the Zelena formation was deposited during the final
stages of glacial stagnation during the Late Wisconsinan. Consequently,
the Zelenaformation representsthe uppermost tillsand intertill sediments
ontheRiding Mountain Uplands. Oxidized Zelenatill isusually yellowish
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brown or very dark grey brown in colour (Munsell Colour Chart). Fresh
(unoxidized) exposures are dark olive grey or very dark grey (Klassen
1979). Thetill is massive and of moderate compaction. The prominent
clastsinthetill aretypically the moreresistant I nterlake region carbonates
and shield metasedimentaries asthelocally incorporated and softer Odanah
Shale clasts have been quickly crushed or abraded to matrix size or terminal
grade during glacia transport. Some larger shale clasts are evident but
difficult to remove without fracture, so it is difficult to determine a
percentage composition of shales. Carbonates constitute approximately
26% - 36% of the clasts (Klassen 1979).

Depositional evidence suggeststhat there was arich sediment supply
into Early Glacial Lake Proven depositing a 1 m thick supraglacial
lacustrine complex that conveys an impression of alternating layers of
coarse sands and gravelsand silty-clay diamict (Unit X, Figure4). These
relatively coarse deposits (interpreted as Incipient Glacial Lake Proven
deposits) are overlain by a thick sequence of supraglacial lacustrine
bottomsets consisting of sandsand granulesand silty-clay rhythmites (Unit
IX, Figure 4), which fine upwardsto a unit of fine-medium sands and silt
rhythmites (Unit V111, Figure 4). These supraglacial lacustrine bottomsets
(UnitsIX and VI1I1) areinterpreted as Early Glacial Lake Proven deposits
and mapped asthe ‘ Proven | Complex.” Unit VI, asupraglacia lacustrine
complex consisting of alternating laminae of fine sand and silt and coarser
sands, represents the transitional phase from a supraglacial lacustrine
environment to theterminoglacial lacustrine environment astheice-walled
lake expanded to the north and east.

Inthe upper part of the section, the deposits depict the characteristics
of asupraglacial lake-margin deposit (Unitsl, 11, 111, 1V,V and VI, section
N-2, Figure4). Thereissomeregular lamination of the finer sand and silt,
evidenceof coarseintercalationsand material supplied by massmovements
(for example, between Unit Il and 111 in section SW-2, Figure 3) or wash
off, and numerous dropstones. The presence of CaCO, particulatein Units
[, I, Il and 1V suggests declining lake levels associated with periodic
drought or cold periods of reduced melt.

The History of Glacial Lake Proven

Early Glacial Lake Proven: Incipient Supraglacial L ake Sub-Sage:
Glacial ice covered the entire Riding Mountain area during the late

Wisconsinan (20,000 - 12,000 B.P) with ice flow generally towards the

southeast (Klassen 1966). Waning and downmelting of thelast ice advance,
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named the Falconer Ice Advance (Fenton et al. 1983), resulted in the
stagnation of glacial ice on the Riding Mountain Uplands, first on the
higher Eastern Uplands and later on the Western Uplands. The Horod
Moraineisbelieved to be the hinge point for thistwo-stageice stagnation
model first postulated by (Klassen (1966). Meltwaters ponded over the
stagnant ice, creating small thermokarst supraglacial lakes (Ashley 1989)
and later an integrated network of ice-walled supraglacial lakes (McGinn
19914). Klassen (1966) named thelargest of theseice-walled lakes Glacial
Lake Proven.

Glacial Lake Proven wasinitiated as an elongated ice marginal lake
formed in a transition zone between the stagnating ice of the Eastern
Uplandsand the neutral ice of the Assiniboine Lobeto the southwest (Figure
5a). Incipient Glacial Lake Proven drained towards the east paralleling
the eastern extension of the stagnating ice - Assiniboine Lobe transition
zone. The eastern ridge of the Horod Moraine was deposited at the
northwestern extension of this transition zone. Stratigraphic sectionsin
the moraine indicate that this feature is an ice marginal ridge (Jurgaitis
and Juozapavicius 1988) characterized by stratified and unstratified sands
and gravels, till inclusions and slump features.

Early Glacial Lake Proven: Supraglacial L ake Sub-Stage:

Early Glacia Lake Proven appears to be associated with the Horod
Morainein that both features formed between the neutral iceto the south
and west (Assiniboine L obe) and the stagnating ice of the Eastern Uplands
(Figures5aand Figure 5b). Depositional evidence suggeststhat therewas
arich sediment supply with 5to 8 m of silt to coarse sands exposed in two
stratigraphi ¢ sections east and southeast of the Eastern Ridge of the Horod
Moraine (Figure 2). The lithofacies and textural characteristics of the
sediments suggest that they were deposited and remained in asubaqueous
position. Some of the lacustrine deposits depict the characteristics of a
supraglacial lacustrine complex (Brodzikowski and Van Loon 1991), with
alternating layers of sands and silt. There is some regular lamination of
the finer sand and silt, evidence of coarse intercalations and dropstones.
Most of the sequence, however, can be classified as supraglacial lacustrine
bottomsets. Early Glacial Lake Proven drained over the stagnant ice into
the Otter Lake sub-basin and then eastward into the Upper Rolling River
- McFadden Valley - Polonia Trench spillway system (only the inlet to
this system is illustrated in Figure 5b). This spillway system was in
operation for along period of time, probably throughout the history of
Glacial Lake Proven. At first the supraglacial meltwaters flowed east up
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the regional slope to the edge of the Manitoba Escarpment and then
paralleled the crest of the escarpment draining south. The meltwater
channel rapidly entrenched into the substratum and asubagueous fan was
deposited as the discharge entered a small supraglacial lake southeast of
Glacial Lake Proven. The entrenched Upper Rolling River - McFadden
Valley - Polonia Trench spillway is 53 m deep and over 1 km wide at
Polonia, Manitoba.

Glacial Lake Proven: Terminoglacial Lake Sub-Stage — the Upper
Rolling River Outlet:

The Early Glacial Lake Proven deposits (mapped as Glacial Lake
Proven | Complex, Figure 2) formed asteep bluff astheice-wall northern
and eastern shore of the supraglacial |ake retreated towards the north and
east (Figure 5¢). Fluctuating water levels dropped by approximately 8 m,
but these Early Glacial Lake Proven supraglacial |ake deposits remained
submerged beneath the waters of the enlarging lake. Glacial Lake Proven
was now twice as large as the early thermokarst 1ake, which reduced the
sediment per unit lake arearatio. Consequently, the lacustrine sediments
of the Glacial Lake Proven || Complex (Figure 2) are relatively thin and
in several placesthe underlying ZelenaTill is exposed. To the north and
east the sediments are fine to medium sands of varying thickness, with
some regular lamination but more typically appear massive. To the west
and south, the deposits are characteristic of lake-margin deposits
(Brodzikowski and Van Loon 1991). Thereissomeregular lamination of
thefiner sand and silt layers, evidence of coarseintercalationsand material
supplied by mass movement or wash-off, and numerous dropstones or
consolidated sand and silt balls.

The expanded Glacial Lake Proven was now topographically
controlled and draining through the Upper Ralling River into the M cFadden
Valley - PoloniaTrench spillway system (Figure 5¢). A sandur plain formed
along the northern shoreline of Glacial Lake Proven. This proglacial
outwash merges with a glaciotectonic composite linear ridge and a series
of ice-shoved hillstowards the east (Figure 5c).

LateGlacial LakeProven: Terminoglacial L ake Sub-Sage—theL ower
Rolling River Outlet:

Asdownwasting of theice continued, Glacial Lake Proven expanded
northward into the present day Clear Lake basin (Figure 5d). A major
subglacial inlet channel isevident inthe Clear Lake areanear the town of
Wasagaming (W, Figure 5d) and sheetflood depositional evidence near
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the Otter Lake sub-basin suggests that there was a flow reversal in the
Upper Rolling River outlet channel; perhaps associated with ajokul hlaup
discharge from a large ice-dammed supraglacial lake to the northeast
(Figure 5d). Consequently, Glacial Lake Proven could not drain eastward
into the Upper Rolling River - McFadden Valley - PoloniaTrench system.
Aslakelevelsrose, Glacial Lake Proven spilled over the debris covered
stagnant ice to the south. The overflow discharge rapidly cut a straight
channel through the stagnant ice and into the underlying till. Lakewaters
could now drain southward down the freshly cut Lower Rolling River
Outlet (Figure 5d) into the ice marginal meltwater channel which had
formed along the northern flank of the Assiniboine Lobe (not shown on
themaps). Sediment supply increased during thistime and approximately
2.25 metres of lake-margin sedimentswere deposited over the Early Lake
Proven sediments at the entrance to the Lower Rolling River Spillway.
Winter ice cover resulted in the sedimentation of thick laminae of fine
sand and silt, while coarser materials, dropstones and mass transported
diamicts characterize the sediments deposited under ice free conditions.
Within five years the lake level had dropped below the 625 m elevation,
exposing the Early Glacial Lake Proven deposits. It isbelieved that the
lake drained to the present day suite of sub-basin lakesrelatively quickly
after the entrenchment of the Lower Rolling River Spillway, whichis 20
m deep and 375 m wide.

Evidence of a topographically controlled eastern shoreline and an
undisturbed lake plain suggest that during the latter stages, the lake was
terminoglacial, formed over very thin stagnant ice based on glacial deposits.
WEell-sorted terminoglacial |ake-margin depositshavealimited areal extent
and arerelatively thin. Thereissomeregular lamination of the finer sand
and only occasional silt deposits. A meltingicefacies(ablationtill; Zelena
Formation) is exposed in other areas of the lake plain.

Summary

Four sub-stages in the history of Glacial Lake Proven have been
identified based on depositional units, correlation of outlets and associated
lake levels. The Rolling River section provides supportive evidence for
thistemporal interpretation.

Early Glacial Lake Proven has two sub-stages. The Incipient
Supraglacial Lake Sub-Stageis characterized by asupraglacial lacustrine
complex that consists of alternating layers of sands and silt-clay (Unit X,
Figures 3 and 4). The Supraglacia Lake Sub-Stage is represented in the
Rolling River section by a thick sequence of supraglacial lacustrine
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bottomsets consisting of sand and silt rhythmites (Units IX and VIII
(Figures3and 4). A third sub-stage, identified asthe Glacial Lake Proven
Terminoglacial Lake Sub-Stage draining through the Upper Rolling River
Outlet, isrepresented by Unit VII (Figures 3 and 4). Thisunit consists of
asupraglacial lacustrine complex of alternating laminae of fine sand and
silt and coarser sands. The final sub-stage, the Terminoglacial Lake Sub-
Stage of Late Glacial Lake Proven draining through the Lower Rolling
River Outlet, is represented by Units VI - | (Figures 3 and 4). These
supraglacial lake-margin deposits are characterized by regular lamination
of the finer sand and silt, evidence of coarse intercalations and material
supplied by mass movement or wash-off, and numerous dropstones.

Note

! This description isfrom Klassen's 1979 memoir where it appears on
map 1469a
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Factors affecting nutrient content in the winter
snowfall over the Clear Lake watershed

S.E. Belke, R.A. McGinn and M.E. Thompson,
Brandon University

Abstract: A snowfall nutrient content sampling survey was conducted at five
established sampling sitesin the Clear Lake watershed throughout the winters of
1999-2000 and 2000-2001. Snowfall datawere collected from the Environment
CanadaWasagaming climate station located in Riding Mountain National Park. A
high concentration of airborne phosphate is being deposited in early winter
snowfalls on the Clear Lake watershed. Most of this particulate phosphate is
soluble and bonded to colloidal particles. By mid-winter the accumulated
snowpack has covered potential source regions for airborne nutrients and both
total ammoniaand phosphate ion concentrationsin the snowfallsare significantly
reduced. As temperatures warm, and the prairie snowpack melts, nitrogen and
phosphorus concentrationsincrease substantially in the late winter snowfalls. The
concentrations of other macronutrients (nitrate nitrogen and nitrite nitrogen) do
not exceed the recommended standards.

Keywords: airbornenutrients, Clear Lake water shed, phosphorus, snowfall, snow
cover, total ammonia

Introduction

TheClear Lakewatershed iscentrally located on the Riding Mountain
Uplandsin southwestern Manitoba. Thewatershed drainsan areaof 142.18
km? of which over 65% is located in Riding Mountain National Park.
Clear Lake represents approximately 20.7% of the watershed area (Figure
1).

Clear Lake is the focus of summer recreational activity in Riding
Mountain National Park. Consequently water quality in Clear Lakeisa
fundamental concern identified in both the Park Management Plan and
the Ecosystem Conservation Plan (Dubois 1997). Parks Canadaregulates
human activities within Riding Mountain National Park in order to
minimize pollution of the natural environment. Snowmelt accountsfor an
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average runoff inflow of approximately 4,400 - 6,800 dm? or amean annual
rise of 18.0 cm in the lake level (McGinn et al. 1998). This value is
estimated to represent 23% of the estimated average annual runoff into
Clear Lake. For the park staff, monitoring thewater quality of the snowpack
over the Clear Lake watershed is seen as necessary in order to determine
whether airborne pollutants are entering the Clear Lake system.

Objectives

Two objectiveswereidentified at the onset of thisstudy: 1) to estimate
the nitrogen and phosphorus concentrationsin the annual winter snowfall
over the Clear Lake watershed; and, 2) to examine factors that appear to
influence the concentrations of airborne phosphatein snowfalsover Riding
Mountain National Park.

Theoretical Considerations

Carbon, potassium, nitrogen, and phosphorus are the common
macronutrients for aguatic plant life. In most lakes either nitrogen or
phosphorusisthelimiting factor in plant growth (Hammer and MacKichan
1981). Nitrogen and phosphorus nutrient loading of surface runoff
accelerates natural eutrophication in streams, lakes and other aquatic
systems (Reid and Wood 1976). Allochthonous or outside sources of
these nutrients include atmospheric concentrations of ammonia,
ammonium, nitrates, nitrites, and phosphates, which can be directly
deposited (dry deposition) onto water surfaces. Furthermore, these nutrient
aerosols can form nuclei of condensation and wash out as precipitation,
some falling onto lakes and wetlands.

Ammonia:

Ammoniaisacolourless gaseous akaline compound of nitrogen and
hydrogen. Itisaninorganicform of nitrogen that isvery solublein water
and can be used directly by plants. Natural sourcesof ammoniain surface
waters include the decomposition of plant material and animal waste,
weathering of clays, nitrogen fixation by claysand gas exchange with the
atmosphere (pure ammoniabeing agaspresentin air). Ammoniaisfound
in water as NH, (free ammonia or dissolved un-ionized ammonia gas),
and asNH,* (ammonium ions). In water the two forms (NH, and NH,")
exist in equilibrium and their combined concentration is referred to as
total ammonia. Analytical methods are not readily available for the
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measurement of free ammonia. Consequently, measures of ammonium
ion concentration and equilibrium rel ationships are used to determine total
ammonia(NH, +NH,*) concentration. Ammoniumisamajor component
infertilizersand significant amounts can enter water bodiesin runoff from
cultivated fields. During application and post application, under theright
conditions, volatilization significantly increasesthe ammoniaconcentration
in the atmosphere.

Thetoxicity to aguatic organisms of anmoniain an agueous solution
is attributed to the un-ionized NH, component of total ammonia
(Williamson 1988). Since it is difficult to measure free (un-ionized)
ammonia concentrationsin a solution, equilibrium relationships are used
to estimate the free ammonia concentration from total ammonia
measurements. Water temperature and pH regulate this equilibrium. As
temperature and/or pH increase the percentage of free ammoniain total
ammoniaincreases.

In unpolluted waters free ammonia and ammonium occur in small
quantities usually less than 1.0 mg L (Reid and Wood 1976) and pose
little or norisk to aquatic organisms. Health Canadahasno guidelinesfor
a maximum allowable concentration (MAC) of ammonia for drinking
water. However, ‘Guidelines for Evaluating Quality for Aquatic Life' in
the Water Encyclopedia recommend that free ammonia (NH,) should not
exceed 0.5 mg L (Van der Leeden et al. 1990, 472). Manitoba
Environment has set the free (un-ionized) ammonia concentration in
unpolluted water objective an order of magnitude lower, at 0.020 mg L™
(Williamson 1988).

Emerson et al. (1975), employ aformulato calculate the percentage
of free (un-ionized) ammoniain atotal ammoniasolution. Usingamelting
temperaturefor snow of 0°C and the mean recorded pH of the snowfallsin
the Riding Mountain area of 6.4 pH units, the maximum allowable
concentration of freeammoniain snowfall should not exceed 0.03 percent
of the total ammonia concentration. If the concentration of toxic free
ammoniain snowfall should not be greater than 0.03 percent of the total
ammonia concentration, the maximum total ammonia concentration in
snowfall allowable by Manitoba Environment iscal culated to be 0.67 mg
L1, Thisstandard will be used as the benchmark for this study.

Nitratesand Nitrites:

Nitrate (NO,") and nitrite (NO,’) are two inorganic forms of nitrogen
found in water. Along with ammonia they are an important source of
nitrogen for aquatic plants. Nitratesare used extensively asaningredient
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innitrogen fertilizers; thusrunoff from cultivated land isacommon source
of anthropogenic nitrate. Nitrates can aso form from sewage, animal
waste, plant and animal decay, aswell as |eachate from igneous rock.

Nitrate ion concentrations in water bodies in western Canadararely
exceed 5.0 mg Lt of nitrogeninnitrate form and are usually below 1.0 mg
L1 of nitrate nitrogen (Williamson 1988 and Van der Leeden et al. 1990,
422-423). Nitrate nitrogen (NO, -N) refersto the mass of nitrogen in the
nitrate form. According to Health Canada the maximum allowable
concentration (MAC) for nitrates should not exceed 45.0 mg L~ (Health
Canada 1996). This correspondsto maximum allowable nitrate nitrogen
(NO, -N) concentration of 10.0 mg L™ (Williamson 1988 and Van der
Leeden et al. 1990, 443). Thenitrate nitrogen concentration in unpolluted
waters rarely exceeds 0.300 mg L (Reid and Wood 1976).

Nitrite nitrogen (NO, -N) isfound at |ower concentrationsthan nitrate
nitrogen, approximately 0.001 mg Lin unpolluted waters(Reid and Wood
1976). Sourcesfor nitriteinclude industrial effluent, sewage and animal
waste. TheMAC for nitriteis3.2mgL"of NO, or 1.0mg L for nitrite
nitrogen (Williamson 1988 and Van der Leeden et al. 1990, 443).

Phosphorus:

Phosphorusisan essential mineral nutrient for plant and animal life.
In afreshwater aquatic setting it is considered to be the most important
nutrient in determining the overall productivity in an ecosystem.
Phosphorus in natural waters commonly occurs as phosphate, which is
classified as orthophosphate (P0,~), polyphosphates, and organically
bound phosphates (Hammer and MacKichan 1981). These phosphate
formsexist asfilterable (dissolved) and non-filterable (particul ate) forms.
Filterable orthophosphate concentrations tend to be low in natural water
bodies because living organisms assimilate phosphorus.

Total mean phosphorus content of most lakes ranges from 0.010 -
0.030mg L* (Reid and Wood 1976). Total phosphorus (soluble phosphate
phosphorus) content should not exceed 0.025 mg Ltin any reservair, lake
or pond, or in any tributary at the point where it enters such bodies of
water (Williamson 1988).

Airborne phosphate (PO, ™):

Atmospheric contributions of phosphorus can be very significant in
lakes with small drainage basins (Schindler et al. 1976). In the
Experimental Lakes Area near Kenora, Ontario, Schindler et al. (1978)
estimate an atmospheric phosphorus loading of 24.0 - 53.0 mg m2 yr™,
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Bennett (1985) provides an estimate of aeolian phosphate concentrations
in the Brandon, Manitoba area ranging from 0.01 - 0.04 mg nr® with a
geometric mean value 0.2 mg m=3, and suggests an atmospheric loading
rate of 82.0 mg m? yrt. The distribution of airborne phosphate is
lognormal; therefore a geometric mean is appropriate. Beck (1985)
rationalizes aslightly more conservative atmospheric contribution rate of
41.0mg m2yrtinhisstudy of twelvelakesin the south Riding Mountain
Planning District.

Methodology

Sampling sites:

In the Clear Lake watershed, five snowfall sampling sites were
established. Four sitesarelocated in Riding Mountain National Park and
afifth sasmpling siteis situated outside the park over an agricultural field
(Figure 1). The Clear Lake sites (Aspen, Wishing Well and Townsite) are
representative of the lake surface and lowest elevation (615 m) in the
Clear Lakewatershed. The Aspen Fen siteislocated in awetland area, 39
m above lake level. The site is described as standing water, with rushes,
sedges, dwarf birch, willows and alder. The Whaley site is a cultivated
agricultural field of uncut alfalfa, 640 minelevation. Both the Aspen Fen
and Whaley sites represent highland areas located near the watershed
divide, the former in the north and the | atter in the south.

Sampling procedur e and implements:

A one metre square wooden platform was employed at each of the
sitesasasnow collection surface. The platform was constructed from 34’
plywood mounted on a two-by-four frame. A hole was drilled in one
corner of each platform for the placement of alocation indicator dowel,
which extended one m above the surface.

The depth of fresh snow (fall and drift) on the platform surface
constituted asample. Nutrient content sampling occurred within 24 hours
of snowfall. Samples were collected using a rectangular funneling
instrument measuring 9.0 cm square at the mouth by 25.0 cm in length
and tapering to 5.0 cm square at therear. Thefunnel was swept acrossthe
snow collection platform, collecting snow into alarge plastic bag attached
to the rear end of the instrument. Depending on snow depth, multiple
sweepswererequired to collect thetotal sample. Following the collection
of a sample, the platform was swept clear and placed on a level snow
surface adjacent to the sampling site in preparation for the next snowfall
event. Each snowfall samplewas melted at room temperatureinto a1,000
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ml glassbeaker. Themelted samplewassplitintoA, B, and C sub-samples.
Each of the A, B, and C sub-samples were analyzed for ammonia
(ammonium), nitrate, nitrite, and phosphate ion concentration, pH and
electrical conductivity.

Water quality instruments:

The nutrient testing employed portable lon Specific Meters (with
LCD screen) made by Hanna Instruments (1999). These instruments
employ a colormetric analysis based on the principle that the specific
components react with others and form a colour. The colour intensity is
proportional to the concentration of the substance being measured. A
light emitting diode emitsradiation at asingle wavelength intensity and a
photoelectric cell collectstheradiation, converting it to an electrical current.
A microprocessor employing the Lambert-Beer Law equality convertsthe
electrical potential to concentration. The specific instruments employed
in this study have aresolution of 0.01 mg L. Samples were tested for
total ammonium, nitrate and nitrite ion concentrations and soluble
phosphateion concentration. Electrical conductivity was estimated using
a Hach Sension 5 portable conductivity meter. Recorded electrical
conductivity values are in micro-Seimens per centimetre (mS cm?). A
Fisher pH meter, model Acumet 600, measured pH in each sample.

Airborne Nutrients in the Winter Snowfalls over the Clear Lake
Watershed

Snowfalls:

Snowfall data were collected from the Environment Canada
Wasagaming climate station located in Riding Mountain National Park at
the Warden Stores Compound (Figure 1). Thirteen snowfall events were
recorded from December 1, 1999 to March 31, 2000 (Figure 2a). There
werefour rainfall eventsinlate February and March. Six of the snowfalls
were considered to be significant and four of these snowfallswere sampled
(Figure 2a). Twenty-three snowfall eventswere recorded from November
1, 2000 to March 31, 2001 (Figure 2b). Seven of the snowfalls were
considered to besignificant and six of these snowfallswere sampled (Figure
2b). A significant snowfall isoperationally defined asaprecipitation event
depositing at least 3.0 mm water equival ent depth during a24-hour period,
or amultiple day event in which the water equival ent depth of the snowfall
exceeds 5.0 mm. Using the 10:1 snowfall/water ratio, that would be a
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snowfall exceeding 3.0 cm and 5.0 cm in depth, respectively. The final
snowfall nutrient content survey was conducted on March 17, 2000 and
April 5, 2001, respectively.

Total ammonia (NH, and NH,*):

The watershed mean total ammonia concentration (NH, + NH,*)
detected in the 1999-2000 snowfalls was 0.278 mg L1, + 0.057 mg L
(McGinnand Thompson 2001). By comparison, thewatershed mean total
ammoniaconcentration in the snowfalls sampled in 2000-2001 was 0.159
mg L with a standard deviation of 0.089 mg L. The total ammonia
nitrogen concentration recorded for al snowfall samples (1999-2001) was
less than Reid and Wood's (1976) observation for total ammonia
concentration of 1.0 mg L, but often exceeded the Health Canada (1996)
reference for ammonia and ammonia compounds of 0.100 mg L. No
site was consistently higher or lower than any other site (Figures 3a and
3b). Employing the Emerson et al. (1975) formula for calculating
percentage of free ammonia (NH,), the maximum concentration of free
ammonia in winter snowfalls was less than the Manitoba Environment
standard of 0.020 mg L* (Williamson 1988).

Itisdifficult to establish apatternto thetotal ammoniaconcentrations
in snowfallsby comparing the 1999-2000 and 2000-2001 winter seasons.
Winter drought appears to have occurred in both sampling seasons; late
January to early March in 1999-2000 and January to mid-February and
March, 2001 (Figures 2aand 2b). Consequently, the snowfall sampling
results only can be compared on a general temporal continuum: early
snowfalls (the first two or three), mid-season snowfalls and late season
snowfalls (the last two). During both sampling periods, total ammonia
concentrations appear to decline following the early season snowfalls
(Figures 3aand 3b). Inthe 2000-2001 study, this decline wasto virtually
undetectable levels by late December (Figure 3b). In the late season
snowfalls, total ammoniaconcentrationswerefound to increaseto values
approximating the seasonal overall mean concentration. It is speculated
that this increase in total anmonia concentration could be attributed to
volatilization from uncovered soil during late season thaws (Paton 2000:
personal communication).

Soluble phosphate phosphorus (PO, P):

In the 2000-2001 study, the mean sol uble phosphateion concentration
inthe snowfall sampleswas0.191 mg L, + 0.130 mg L. Thisrecorded
valueissignificantly lessthan the mean soluble phosphateion concentration
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inthe 1999-2000 snowfallsof 1.280mg L™, £ 0.634 mg L* (McGinnand
Thompson 2001). The mean soluble phosphate ion concentration in the
1999-2000 winter snowfallsonthe Clear L akewatershed was significantly
greater than expected and at least two orders of magnitude greater than
the Manitoba Environment objective of 0.025 mg L .

McGinn and Thompson (2001) hypothesized that the unusually high
phosphate ion concentrations in the 1999-2000 snowfalls could be
attributed to phosphate bonded to large (0.2 mm - 1.0 mm) diameter
tropospheric aerosols. The researchers employed a two-step filtration
procedure in their study to remove particulate phosphate and the soluble
phosphate bonded to colloidal particles. In the 1999-2000 study, the
phosphate ion concentrations were not significantly reduced following a
0.45 mm filtration to remove particulate insoluble phosphate. Mean
concentrationsin the snowfall samples remained greater than 1.0 mg L.
The 0.25 mm filter, however, successfully removed the particulate
phosphate reducing mean sampl e valuesto expected val ues; approximately
0.015 mg L. This suggested that the unusually high phosphate
concentrationsfound in the 1999-2000 Riding Mountain Uplands snowfalls
were being deposited in association with colloidal size particles.

During both the 1999-2000 and 2000-2001 sampling periods, soluble
phosphate phosphorus concentrations appear to decline following early
season snowfal (Figures4aand 4b). Inthelate season snowfalls, however,
soluble phosphateion concentrationswere found to rise above the seasonal
watershed mean concentration.

Nitrateion (NO,):

Nitrate ion (NO,” N) concentrations were less than the accuracy
specifications of the instrument employed (0.01 mg L) and considered
undetectable. During the winter, nitrate and nitrite concentrations are not
expected to be significant since nitrification is dependent on temperature
(Paton 2000, personal communication).

Nitriteion (NO,):

Nitrite ion (NO, N) concentrations were generally less than the
accuracy specifications of the Hannalon specific meter employed and are
considered to be undetectablein thewinter snowfalls 1999-2000 and 2000
2001.



138 Prairie Perspectives

DECEMBER 1999 - MARCH 2000

2,50
I AspenFen || Whaley

= 2.00 |:| Clear Lake . Watershed Mean
4
o
£
~ 1.50
c
2
= - -
S
T 1.00
[+]
(3]
c
o
© 050

0
December 22 January 4 January 18  February 29 March 17
Nutrient Sampling Dates

Figure 4a
1.00
= NOVEMBER 2000 - APRIL 2001
0.90
Aspen Aspen Fen

- [ ] I
= [ ] wishingwell [ | Whaley
070
2 [ ] Townsite . Watershed Mean
= 0.60
p _ _
2 050
o
T 04011
/]
Q
S 030
o

0.20

0.10

0.00 1

Nov. 10 Nov. 23 Nov. 30 Dec. 11 Dec. 22 Feb. 19 Apr. 5
Figure 4b Nutrient Sampling Dates

Figure4: Phosphate (PO4—P) concentrationin snowfall: Clear Lakewater shed.



Prairie Perspectives 139

Factors Affecting Airborne Nutrient Loading

Thewinter precipitation regimes. 1999-2000 and 2000-2001.:

Thewinter precipitation regimesfor thetwo sampling seasons (1999-
2000 and 2000-2001) were different (Figures 2aand 2b). Total snowfall
accumulation for the 2000-2001 winter season was three times the 1999-
2000 accumulation (168.7 mm versus 54.1 mm water equivalent depth).
The 1999-2000 winter precipitation regime began a month later than in
the 2000-2001 season; December 2, 1999 versus November 1, 2000 and
concluded almost a month earlier, March 17, 2000 versus April 5, 2001,
respectively (Figures 2a and 2b). Four of the six significant snowfalls
that occurred during the 1999-2000 winter period were sampled for
nitrogen and phosphorus content (Figure 2a): the first sampling in mid-
December, two samplingsin January and the last sampling on March 17,
2000. By comparison, six of the seven significant snowfallswhich occurred
during the 2000-2001 winter were sampled for nitrogen and phosphorus
content: twicein November, twice in December, in mid-February and on
April 5, 2001 (Figure 2b).

Theantecedent precipitation index:

Rainfall totalsprior to the winter accumulation season (May-October)
for thetwo sampling periods also were different. The monthly Antecedent
Precipitation Index (API) for 1999-2000 was cal cul ated to be 1.23 or 23
percent above normal (Ryder et al. 2000). For the 2000-2001 winter
season the APl was estimated be 0.98 or approximately normal. However
it was necessary to adjust the 2000-2001 API to include a62.2 mm early
November rainfall (November 1-6, Figure 2b). The 2000-2001 API,
adjusted for the November rainfall, is cal culated to be 1.68 or 68% above
normal (Chubak et al. 2001).

The monthly antecedent precipitation index for Riding Mountain
National Park is calculated using the form APl = SA/SB, where:

SA = the sum of the monthly precipitation (P) times an
empirically derived constant “a’

SB = the sum of the normal monthly precipitation (1969-1999)
times the same empirically derived constant “a”

“a =0.07,0.08, 0.12, 0.18, 0.25 and 0.3 for May to October ,
respectively.
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When there is a recorded November rainfall, the constant “a’ is
0.5 and the API isreferred to asthe Adjusted API.

The heavy rainfall received in the first five days of November was
followed by 21.7 millimetres water equivalent depth of wet snow on
November 6 and 7 (Figure 2b). Thewet snowfall continued intermittently
for the next nine days, depositing an additional 12.4 millimetres water
equivalent depth on the Clear Lake watershed. By the end of November
approximately 45.3 millimetres (water equivalent depth) of snowfall had
accumul ated on the watershed as amean 24.9 centimetres deep snowpack
(Chubak et al. 2001). By contrast, meteorological recordsfor the watershed
(Wasagaming, Manitoba) indicate that November and December 1999
weredrier than normal, recording no significant snowfallsor accumulated
snow cover until late December (Figures 2aand 5).

Snow cover:

Figures 5aand 5b comparetheregional extent of early seasonal snow
cover for the two sampling periods. Figure 5aindicatesthat the southern
prairieshad little or no snow cover by mid-December 1999. Consequently,
alarge source region for airborne nutrients was exposed to the wind. By
mid-December 2000, however, southeastern Saskatchewan and Manitoba
were covered by at least 10 cm of snow and the nearest source region for
airborne nutrients was limited to southwestern Saskatchewan, aregion at
least 300 km from the study area (Figure 5b).

Discussion

The difference in total ammonia and soluble phosphate ion
concentrationsin the snowfalls of the two study periods can be attributed
to differences in antecedent rainfall and snow cover. The heavy rainfall
received inthefirst five daysof November 2000 isbelieved to havewashed
nitrogen compounds and colloidal phosphate out of the troposphere.
Consequently the 21.7 millimetres water equivalent depth of wet snow
that fell on November 6 and 7 contained smaller concentrations of both
ammonia nitrogen and phosphate phosphorus than those measured in the
November 1999 snowfalls. Furthermore, thisearly November wet snowfall
covered the local nutrient source regions with approximately 20 cm of
snow. Asaconsequence, therewasarelative paucity of airborne nutrients
following this event and it was not surprising to measure undetectable
concentrations of total ammonia and significantly lower concentrations
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of soluble phosphate in the 2000-2001 mid-winter snowfallsover the Clear
L ake watershed.

Conclusions

High concentrations of airborne phosphate are being deposited in
early winter snowfallsonthe Clear Lake watershed. Approximately 75%
of this particul ate phosphate is soluble and bonded to colloidal particles.
The remaining 25% is insoluble particulate phosphate. While the
concentrations of soluble phosphate are recorded to be significantly higher
than the recommended standard, they are variable over the winter season
and from winter to winter. The autumn antecedent precipitation, thewinter
snowfall regime and snow cover appear to account for much of this
variability.

By mid-winter the accumulated snowpack has covered potential
source regions for airborne nutrients and total ammonia and phosphate
ion concentrations in the snowfalls are significantly reduced. As
temperatureswarm and the prairie snowpack melts, potential sourceregions
for airborne nutrients become exposed to the wind and nitrogen and
phosphorus concentrations are found to increase in the late winter and
early spring snowfalls. The concentrations of other macronutrients (nitrate
nitrogen and nitrite nitrogen) do not exceed the recommended standards.
Further studiesare required to eval uate the phosphate depositional |oading
during thewinter onthelake surface. Dataarerequired regarding airborne
distribution patterns and potential source regions.
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The impacts of chloride concentrations on
wetlands and amphibian distribution in the
Toronto region

Eva Sadowski, Brandon University

Abstract: Declinesin amphibian populations on global, national and local scales
have been widely observed. Factors that influence amphibian decline include
increased UV radiation, bacterial and fungal infections, and habitat loss. In Canada,
habitat loss is the dominant factor in decline yet very few investigations have
considered the effects of chloride concentrations on such habitats. In the past, it
has been assumed that salts wash out of watersheds with spring runoff and have
minimal impact on waterways. This paper reports on an intensive study of three
wetlandsin the Humber River watershed and a one-time sampling of 22 wetlands
across the Don River watershed. Patterns of chloride concentration over the
amphibian-calling season were assessed. Amphibian call monitoring was used to
explore possible links between chloride concentrations in wetlands and the
distribution of amphibians. Chloride concentrationsin the Humber River wetlands
increased throughout the spring and summer. Higher chloride concentrations
were found with increased proximity to roads that received de-icing salts. When
amphibian-monitoring results were correlated with chloride concentrations,
amphibian abundance and diversity were consistently low in all wetlands where
chloridelevelsexceeded 200 mg/l. Resultsindicate that chlorides may accumul ate
in wetlands from year to year and that the seasonal increase in chloride
concentrations in wetlands may adversely affect the distribution of mid to late-
breeding amphibian species.

Key words: amphibian decline, de-icing salts, metapopulations, call monitoring,
wetland chloride concentrations

Introduction

Road de-icing salts are major contaminants in runoff from road
surfaces. Of the pollutants found in roadway runoff, salts are the most
cost-effective to monitor and, thanks to current de-icing technology, the
most realistic to reduce. The diversion or collection of roadway runoff
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and the careful location of new highways has long been recommended
(Pollock and Toler 1973), and models are available to predict the
environmental effects of chemical pollution (Chandler and Luoto 1973).
Although some of these recommendations have been incorporated into
current de-icing practices, the cost of environmental effects are still not
sufficiently considered. In the metropolitan area of Toronto alone, an
annual average of 100,000 tonnes of de-icing salts are used to maintain
bare pavement conditions during winter months (Howard and Haynes
1991). The majority of de-icing salts are transported by highway runoff
into roadside soils and adjacent streams. This results in elevated
concentrations of sodium and chloride in the Humber and Don River
watershedsthroughout the spring runoff season and summer months (Scott
1979). Initialy, it was believed that most de-icing salts were washed out
of watersheds during spring runoff. However studies by Howard and
Haynes (1991) and Howard and Beck (1993) have revealed that
approximately 55% of de-icing saltsapplied to roadwaysisretained within
drainage basins. Moreover, salt concentrations in Toronto region
waterways tend to increase with urban density (Scott 1976). Despitethis
knowledge, little is known about the extent of wetland contamination by
road de-icing salts and the effects of salt levels on amphibian populations
in the Toronto region.

Salts are released to groundwater in pulses after each rain event and
fluctuations are seasonally cyclic, increasing in chloride until a balance
between salt recharge and the continuous flushing and dilution by
groundwater is reached (Weigle 1967). Sodium chloride de-icer is
composed of 39.3% sodium and 60.7% chloride, while calcium chloride
is made up of 36.1% calcium and 63.9% chloride (Schraufnagel 1967).
Chlorideisan essential micronutrient for plantsbut it istoxicin excessive
amounts (Schraufnegel 1967; Prior and Berthouex 1967). Plants absorb
de-icing salt elements and suffer from leaf burn, premature defoliation
and terminal growth dieback (Hanes et al. 1970; Pedersen et al. 2000;
Bryson and Barker 2002). In solution, the elements of de-icing salts
become associated with the soil through adsorption or ion exchange (Prior
and Berthouex 1967; Pollock and Toler 1973). Dissolved salt also actsas
aweak e ectrolite and affectsthe conductivity of the aquatic system (Adams
1973). Excessivelevelsof sodium can result in reduced drainage of soils
(Hutchinson and Olson 1967; Howard and Beck 1993; L ofgren 2001).

Amphibians are particularly sensitive to habitat destruction and
fragmentation due to the reliance of most species on metapopulation
structures. Networks of ponds and wetlands allow amphibiansto migrate
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for breeding purposes, thus helping to maintain genetic diversity in
amphibian populations, and also to survive during times of drought.
Fragmented habitats, especially those near urban centres and surrounding
rural areas, are often affected by contamination from rural and urban
highway runoff that renders these habitats inhospitable for amphibians.

The effects of salt concentrations on the development of amphibians
are reasonably understood. Anderson and Zotterman (1950) found that
exposing some frog speciesto bathing solutions of aslittle as0.05% NaCl
initiated achangein osmoregulation. Exposureto high salt concentrations
stresses the osmoregulatory systems of amphibians since their ability to
maintainion baanceislimited. Skin resistanceand concentration potential
lower with the exchanges of sodium and chlorideions being independent
of each other (Taylor and Barker 1965; West and Van Vlict 1992). Christy
and Dickman (2002) reported significant increasesin larval mortality and
decreasing growth rates with increasing salt concentrations in one
amphibian species. Unlike adult amphibians, larvae and embryos are
incapable of activeion transport to maintain a positiveion balance. Other
studies have investigated the effects of salt on embryonic developmentin
water with low pH (Freda and Dunson 1985; Gascon and Planas 1986).
Thereis also evidence that some amphibian species avoid breeding sites
with high salt and chloride concentrations (Viertel 1999).

Despite these findings, few studies have examined the effects of de-
icing saltson the distribution of amphibians (Brinkman 1999; Turtle 2000).
Itispossiblethat high salt concentrations from road salt runoff could bea
factor in the absence of amphibians in some potential wetland habitats
around the Toronto region. Thisstudy set two main objectives:. 1) to assess
patterns of chloride concentrationsin Toronto region wetlandsin relation
to the use of road de-icing salts; and, 2) to examine the distribution of
amphibians in Toronto region wetlands in relation to chloride
concentrations.

Site description

The study was based primarily on intensive observation of three
wetland sites (A, B and C) located north of Toronto near King City inthe
Humber River watershed at 43° 55' North and 79° 31" West (Figures 1 and
2). Criteriaused to choose the wetlandsincluded size, low urban density
and proximity to main or secondary roads. The rationale behind the use
of these criteriawas asfollows: larger wetlands would be more likely to
support greater numbersand diversity of amphibiansfor study; low urban
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Figure 1: Location of the intensively studies wetlands in the Humber River
watershed (Source: TRCA in press).

density would reduce the occurrence of other sources of chloridessuch as
combined storm sewer outlets; and, proximity to main roads was needed
to evaluate the impact of road de-icing salts as a source of chloridesin
wetlands. Physiographically, thewetlandsfall within the South Sloperegion
of the Oak Ridges Moraine at el evationsthat range from 246 to 308 metres.
The soils are largely composed of clay covered by athin organic layer.
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Figure2: Detail of theintensively studieswetlandsin the Humber River watershed
indicating wetlands A, B and C (Source: TRCA data base).

Dueto the high clay content in the soils, the areahas alow susceptibility
to groundwater contamination (Environment Canada 1979). The land-
use history of theareaisrural, with littleresidential development. A larger
set of 22 wetlands |ocated throughout the Don River watershed was also
visited, but only once (Figure 3). The latter sites were consistent with
those used for the Amphibian Monitoring Program of the Toronto and
Region Conservation Authority (TRCA).

Methodology

Thelink between road salt contamination of wetlands and amphibian
distribution was explored in two ways. First, thre wetlandslocated in the
headwaters of the Humber River watershed (Figure 1), were investigated
to establish seasonal patterns of salt contamination and amphibian
occurrence. The second part of the study was based on aone-time sampling
of wetlandsinthe Don River watershed. Thisincluded sitesinrural areas
of the greater Toronto region aswell sitesinthecity core (Figure 3). This
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Figure 3: Location of the 22 wetlands sampled in the Don River watershed
(Source: TRCA in press).

portion of the study examined salt contamination and amphibian
distribution at the watershed level and incorporated data from TRCA's
community-based Amphibian Monitoring Program.

Both components of the study used data on call monitoring of
amphibians collected by TRCA from 1997 to 1999 aswell as monitoring
by the author during each site visit. These data were used to determine
the species richness at each study site. Call monitoring by TRCA was
conducted in the evenings when calling species tend to be most active.
Call monitoring volunteers were encouraged by TRCA to visit their sites
at least three timesin a season. The first visit was made to record early
breeding species and took place between mid-April and mid-May when
the average daily temperature was greater than 5°C. The second visit was
made between mid-May and mid-June when the temperature was above
10°C and when mid-season breeders could be monitored. Thefinal visit
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Figure 4. Approximate breeding seasons for amphibian species of the Great
Lakes Region (Source: Long Point Bird Observatory 1996).

was made between mid-June and late-July when it waswarmer than 17°C
and when only late breeding specieswould be active. Figure 4 showsthe
approximate breeding periodsfor frogsand toads of the Great L akesregion.
Weather and preci pitation datafor the three wetlandswere purchased from
Environment Canada.

Thebreeding callsof amphibiansare very species specific. With some
practise using tape-recorded calls, species can be easily identified.
Following TRCA call monitoring methods, callswere assigned arating of
approximate abundance. Code 1 was used to indicate that only a few
amphibianswere present and that the number of calling individualscould
beidentified. Maleswill usually try not to call at the sametimeor call in
close proximity to one another so that the females can hear them
individually. Because of this, afew calling males of the same species can
be located as well as accurately counted. Code 2 was used when several
males were calling and their calls overlapped but the individuals could
still be distinguished from each other. Usually calls can be distinguished
and counted for up to 12 individual s depending on the species. Oncethe
observer could no longer distinguish when one call began and another
ended the calls were classified as a Code 3. Monitoring stations were
established at each of the Humber River wetlands during each site visit.
Call monitoring was conducted in the evenings at each site visit before
water sampling. All non-calling frogs observed were aso recorded as
present to establish species presence and absence at the study sites.
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During the first visits to the Humber River wetlands a water level
mark was erected at each of the three sites so that changesin water level
could berecorded throughout the spring and summer. At eachvisit, changes
in water level from the previous visit were recorded and water samples
were collected for chloride analysis. Sampleswere taken along transects
so that the patterns of chloride movement over time could be established.
Distances between transects were dependent on the size and shape of the
wetlands. A piezometer nest wasinstalled in each of thethree wetlandsto
sample subsurface water. These piezometers consisted of 1.25 cm PVC
pipeswith a20 cm slot zone covered with nitex mesh to prevent siltation
at depthsof 0.5and 1.5 m. Shallow groundwater was sampled in August
from the piezometer using apolypropylene syringe. Amphibian presence,
as recorded through call monitoring and observation, was a so recorded
and mapped at each visit.

In mid-July 1999 a one-time sampling of the 22 wetlandsin the Don
River watershed was conducted from the headwaters north of the city,
where urban density is very low, to the city core. Each sample site
corresponded with a TRCA call monitoring station used between 1997
and 1999. Water samples were collected at one to three locations per
wetland depending on the size and number of TRCA monitoring sites per
wetland. The purpose of this was to determine if higher chloride levels
were present in parts of the same wetland where amphibians were absent.
Samples were transported to the laboratory and analyzed for chloride
concentration using standard techniques on a Technicon Autoanalyser
System (Environment Canada 1979). Distance from each of the 22
sampling stations to the nearest upstream road was measured on a
topographical map.

Amphibian call counts, codesand the numbers of speciesweretotalled
for the monitoring period from 1997-1999 since not all wetland siteswere
monitored each year. The highest individual count and call codefor each
species during the three-year period was used to represent the amphibian
abundance for each site. It was assumed that amphibian populations did
not experience any severe fluctuations in population size over the time
period. The highest call code is indicative of the highest potential
abundance of amphibians. Whereacall code was 3, the maximum number
of identifiable individuals, a count of 12 was recorded. At notimewasa
chorus so loud as to imply that there were many more than 12 calling
individuals.

The relationship between the amphibian data and chloride levelsin
the wetlands was analyzed using three variables, namely, amphibian
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abundance, the diversity of species and the sums of the call codes. For
each site, the highest number of calls and sightings over the three-year
period was used to represent the maximum-recorded number of individuals
of each species. The highest recorded number for each species was then
added in order to give the most optimistic representation of the quantity
of amphibians present. The highest numbers of individuals were
consistently recorded in the early breeding species Pseudacris crucifer
and Bufo americanus (American toad). Four wetland sites (10, 12, 17
and 20) were found to have no amphibians.

Results and discussion

The 1999 spring and summer season was dryer and hotter than average.
From March to July precipitation was 8% below average while
temperatures were 1.5°C above average. Between April and July
temperatureswere 2.0°C above average. Thisresulted inthe evaporation
of water at many of the wetland sampling sites throughout the season and
theintensified concentration of the chloridesthat remained in thewetlands.
Relatively dry conditions meant that rain eventsdid little to influence the
results.

Humber River watershed sites:

All threeintensively studied wetlands showed spatial trendsin chloride
concentrations. The highest concentrationswere consistently found closest
to the nearest upstream road implying that road de-icing salt runoff was
the main source of the chlorides. Thevariability of thechloride levelswas
high in early spring in the three wetlands with values ranging from 9.1
mg/l to 910 mg/l. Before seasona snowmelt, the wetlands had average
chloride values of 146 mg/l (wetland A), 44 mg/l (wetland B) and 32 mg/
| (wetland C). By May, when surface waterswere at amaximum and most
of the strong seasonal runoff had occurred, the average chloride
concentrationswere 179 mg/l (wetland A), 108 mg/I (wetland B) and 301
mg/l (wetland C). By the end of the season the averagesfor wetlandsA, B
and C were 517 mg/l, 118 mg/l and 311 mg/I respectively. Thisindicated
that chlorides did indeed remain in the wetlands from one season to the
next and did not wash out with seasonal runoff (Figure 5).
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Figure5: Averagechloride concentrationsfor wetlandsA, B and C inthe Humber
River watershed for March, May and July.

It is likely that a wetter season would result in lower chloride
concentrations in the summer, however, the presence of chloridesin the
wetlands in early spring and the high chloride levels after spring runoff
indicate that even during a wet season, it is unlikely that the mgjority of
the chlorides would be washed out of the wetlands. At the last sampling
date in August, de-icing salt residue was till visible at the roadsides and
likely continued to rel ease chloridesinto the wetlands with each rain event
as elevated concentrations were observed after rain events.

Early breeding species such as Rana sylvatica (Wood frog) and
Pseudacris crucifer (Spring peeper) would not be as susceptible to the
increase in concentrations throughout the season since they tend to finish
breeding and leave the wetlands by the end of the spring. The most
abundant species heard and observed at all three wetlands were Rana
sylvatica and Pseudacris crucifer with a few Rana pipiens (Northern
leopard frog) seen across the wetlands.

Chlorideswerefoundin high concentrationsin subsurface water to a
depth of 1.5 m in the Humber River wetlands in August 1999 (Table 1).
The clay-rich soilsunderlying the wetlandsinhibit the flushing of the system
resulting inthe prolonged retention of chlorides. The higher concentrations
of chloridesat shall ower depths suggest that the chlorides are entering the
wetlands in surface runoff and are infiltrating downwards in the wetland
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Table 1: Chloride concentrations at groundwater sampling sites.

Depth = 0.5 m Depth =1.5m
Cl concentration Water level Cl concentration Water level
(mg/l) (cm) (mg/l) (cm)
wetland A 194 40 132 90
wetland B 185 45 131 100
wetland C 132 45 110 90

soils. This is further supported by the fact that the water levels were
consistently deeper in the 1.5 m piezometers as compared to 0.5 m
piezometers. Evidence of elevated chloridelevelsto depthsof at least 1.5
m suggests that even if the use of de-icing saltsisreduced, water in these
wetlands will continue to show high chloride level for many years.

TRCA call monitoring data from 1997 indicated that both Rana
sylvatica and Pseudacris crucifer were present on the eastern edge of the
wetland A. Monitoring results from 1999 show that both species were
absent from that portion of the wetland and present only in very small
numbersin thewestern part of the wetland. Adult Rana sylvatica at wetland
A appeared to be tolerant to chloride concentrations as high as 171 mg/1
whilethe one Pseudacris crucifer heard wasin an areawherethe chloride
concentration was 118 mg/I.

At wetland B frog calling was very localized and only one species
was heard. Pseudacris crucifer begins breeding early in the season and
calling was most active before the occurrence of high chloride
concentrationsin the wetland. These chlorides may have originated from
upstream. Breeding likely finished before concentrations exceeded 120
mg/l. Theoneleopard frog observed indicated the presence of the species
at wetland B, however there was no calling evidence of breeding activity.

Rana sylvatica were heard and observed at wetland C over the spring
breeding season. All calls recorded were at a Code 1 level with more
adult frogs observed than heard. Rana sylvatica appeared to tolerate
chloride concentration ashigh as 219 mg/l. Asat wetland B, Rana pipiens
were seen but not heard during the spring breeding season. When found,
they were only on the south side of the road intersecting the wetland,
where chloride concentrations were lower.

In early spring wetland areas that are still frozen inhibit water flow
and contribute to variable chloride concentrations. Because of thisit is
possible that early breeding species are able to conduct breeding activity
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before higher concentrations of chlorides spread throughout the wetlands.
The absence of calling evidence of breeding for mid and late-season
breeding species indicates that these species possibly do not use these
wetlands for breeding even though some individuals of mid and late-
breeding species were observed.

Don River watershed sites:

In general, chloride concentrationswerelower inthe wetlands|ocated
inthe northern upstream areas of the Don River watershed (Table 2). The
wetland at sampling site 1 was an anomaly with avery high value of 700
mg/l. Atthissite only one samplewastaken. Themain sourceof chlorides
at the sitewas likely alandfill located across the road from the wetland.
Another anomaly was recorded at wetland site 16 where one sampling
point indicated a chloride concentration of 505 mg/l while two other
sampling points at the same wetland had chloride levels of 172 and 140

Table 2: Don River watershed site data for riparian wetlands (RW) and ponds
(P).

Site Wetland Chloride  Distance upstream to Amphibian Species Sum of call
type concentration nearest major road abundance diversity codes

(metres)
1* P 700 5 0 0 0
2 RW 72 340 2 2 2
3 RW 72 400 1 1 1
4 RW 45 500 23 4 6
5 P 40 1,480 20 4 7
6 RW 37 2,300 26 6 9
7 RW 24 2,800 5 3 3
8 RW 25 3,600 4 3 3
9 P 51 750 3 1 1
10 RW 284 10 0 0 0
11 RW 74 810 4 1 2
12 RW 200 380 0 0 0
13 RW 262 500 1 1 1
14 RW 92 1,000 9 3 4
15 RW 91 1,150 9 5 5
16* RW 272 1,330 4 1 2
17 RW 203 190 0 0 0
18 RW 146 350 18 3 5
19 RW 147 1,840 6 1 2
20 RW 148 840 0 0 0
21 P 134 900 24 2 5
22 RW 143 250 17 3 6

* not included in statistical analysis
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mg/l. The high value at this site was very localized and likely not the
result of contamination from de-icing salt runoff.

Two wetlands sites (13 and 14) were joined by a stream that was
crossed by a mgjor roadway. One sample was taken upstream (site 14)
and one downstream (site 13) of theroad at equal distancesfromtheroad.
The results were similar to those observed in the Humber River wetlands
where the downstream side of the road had much higher chloride
concentrations. One-time sampling at site 13 provided aconcentration of
262 mg/l, while site 14 had a chloride concentration of 92 mg/I.

With regardsto frog call monitoring, one disadvantage of the use of a
community-based monitoring program is that the same sites are not
monitored consistently from year toyear. For thisreason, species presence
or absence was used to record abundance. Only long-term monitoring of
urban wetland sites will determine accurate species richness of the
amphibians present. Since many of the urban siteswerevisited only once
and monitored through the TRCA Amphibian Monitoring Program for
only one or two seasons, it is possible that more species were present at
these sites but were not recorded.

Following log transformation of the data, a significant inverse
relationship (r = -0.71, £ = 0.001) was established between chloride
concentration and distance to the nearest upstream road. In related
regression analysis 50.6% of the variation in chloride was accounted for
by variation in distance (Figure 6a). This strong relationship may be
explained by: 1) the accumulated salt residue on roadways (visible aslate
asAugust) being flushed into nearby wetlands with each rain event; or, 2)
the relative lack of rain during the 1999 sampling season which would
reduce the propensity of chlorides to be carried further into the wetland.
Clearly distance is likely the single most important factor explaining
variation in chloride concentrations. Nevertheless, since nearly 50% of
thevariation in chloride concentrations remains unexplained, factors other
than distance should be considered in future research.

The relationship between the amphibian data and chloride levelsin
the wetlands was analyzed using three variables, namely, amphibian
abundance, the diversity of species and the sums of the call codes. For
each site, the highest number of calls and sightings over the three-year
period was used to represent the maximum-recorded number of individuals
of each species. The highest recorded number for each species was then
added in order to give the most optimistic representation of the quantity
of amphibians present. The highest numbers of individuals were
consistently recorded in the early breeding species Pseudacris crucifer
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and Bufo americanus (American toad). Four wetland siteswere found to
have no amphibians.

Regression analysis was not performed on the amphibian data as
regression requires the independent variable (x) to be free from sampling
error. Astherewasapossibility of sampling error when measuring chloride
concentrations, correlation analysis alone was used. The relationships
between chloride concentration and both amphibian abundance and
diversity were analyzed using Pearson’s product moment correlation. Due
to the ordinal nature of the data on the sums of call codes, Spearman’s
rank correlation was used for that part of the analysis.

In general, amphibians were most abundant in wetlands located in
the northern headwater areas of the Don River watershed where salt
concentrations were lower. A significant negative relationship was
established between amphibian abundance and chloride concentration (r
=-0.38, £ = 0.05) (Figure 6b). There was no apparent link between the
type of wetland and species diversity. However, alarge wetland (site 5)
and wetlandslinked to greenway corridors(sites6, 7, 8, 14 and 15) tended
to have greatest species diversity. A strong negative relationship was
established between amphibian diversity and chloride concentration (r = -
0.63,+=0.01) (Figure6c¢). Inthe analysis of call code sums both species
abundance and diversity wereincorporated into the call code classification.
A significant negative relationship (r_ =-0.59, + = 0.01) was established
between call code sums and chloride concentration (Figure 6d).

Collectively the preceding resultsimply that road de-icing salt runoff
has an impact on amphibian distribution. The linear correlation between
amphibian abundance and chlorides was weaker than that between
amphibian diversity and chlorides. Thismay be dueto the highest numbers
of amphibians being consistently found in early breeding species which
tend to complete breeding activity before chloride levelsrise. Although
the numbers of amphibians heard or observed in 1999 were small, some
results of individual species were consistent with trends observed at the
Humber River sites. Pseudacriscrucifer wasonly found in wetlandswhere
chloride concentrations were less than 120 mg/l and Rana sylvatica was
only found in wetlands with concentrations of less than 200 mg/l. The
distribution and chloride tolerances of each species would have to be
investigated in more detail before any conclusions could be made on
individual species’ tolerances to chlorides. All three measures of
amphibians showed considerable scatter for chloride concentrations of
lessthan 150 mg/l. However, these amphibian measureswere consistently
low in al wetlandswhere chloride level s exceeded 200 mg/l.



160 Prairie Perspectives

Many of the siteswith high chloride levelswerelocated in urbanized
areas. In such settings there are numerous factors other than chloride
pollution that can influence amphibian distribution via habitat
fragmentation and loss. Consequently, whilst the relationships between
wetland salt concentration and amphibian distribution are strong, it is
possiblethat at |east in urban areas other factors are equally important in
explaining amphibian distribution.

Conclusions

Although the scope of this study was limited, some impacts of road
de-icing salt runoff were apparent and were supported with statistical
evidence. Atthe Humber River sites, water sampleswerefound to contain
higher chloride concentrations with increased proximity to roads. The
patterns observed indicated that road de-icing salt runoff isamajor source
of chloridesin these wetlands. Groundwater chloridelevelstaken latein
the summer indicated that chlorides do not wash out of the wetlands with
spring runoff. The persistence of high chloride concentrations throughout
the amphibian-breeding period appeared to affect the distribution of some
amphibian species.

Results of correlation and regression analysesfor the Don River sites
pointed to significant rel ationships between road salting and chloridelevels,
and between chloride levels and amphibian distribution. The study
indicated that some species of amphibians have higher tolerancesto high
chloride concentrations than other species. Specifically, Rana sylvatica
and Pseudacris crucifer were found only in areas where chloride levels
were below 250 mg/l. Both species are early breeding amphibians and
finished using the wetlands for breeding before chloride concentrations
exceeded this level. Intolerance of high chloride concentrations (over
250 mg/l) is undoubtedly one reason why other, later breeding species
were rare or absent in wetlands large enough to support substantial
amphibian populations.

The study represents one step in determining the full environmental
impacts of road de-icing salts on the contamination of wetlands and the
distribution of amphibians in the Toronto region. Results of the study
suggest a need for comparative research in areas with different levels of
urbanization and for assessment of salt contamination in the context of
other roadway pollutants and environmental stress factors. The effect of
environmental degradation on individual species and the relationship
between specific environmental events (e.g., a severe rainstorm) and
wetland contamination also need to be addressed. Finally, the study reveals



Prairie Perspectives 161

that much still needs to be accomplished in protecting the Humber River
and Don River watersheds from pollution by road de-icing salt.
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Rock-outcrop ecosystems as influenced by point-
source pollution from a base-metal smelter, Flin
Flon, Manitoba

Geoffrey A. J. Scott, University of Winnipeg
Rosa |. Orlandini, McGill University

Abstract: Some impacts of atmospheric pollutants emanating from the Hudson
Bay Mining and Smelting Company base metal (copper and zinc) smelter in Flin
Flon were examined. Ten ridge-crest study sites were selected on PreCambrian
rock outcropsalong a37.5 km southeast transect downwind to Cranberry Portage
to reflect decreasing alteration of thejack pine/cryptogam cover. In addition, two
control sites were selected at 33.2 and 47.3 km east-northeast of Flin Flon at
locations where no detectable modifications to ridge-crest ecosystems were
observed. At each study site tree and cryptogam covers were evaluated, and the
thin organic layers (Folisols) and mineral soilswere sampled to determine pollution
impactsand Cu and Zn contents. Mean valuesfor mineral-soil Cuwere 32.8 ppm
at 37.5 km from the smelter and increased exponentially to 3,683 ppm at 4.7 km.
Equivalent mineral-soil Zn values were 273 ppm at 37.5 km and 6,088 ppm at
1.65 km. For organic soils Cu increased from 43 ppm at 37.5 km to 4,833 ppm at
4.7 km, while Zn valueswere 352 ppm at 37.5 kmincreasing to 11,464 ppm at 4.7
km. Paralleling this base-metal gradient are measurable impactsto the jack pine/
cryptogam/Folisol ridge-crest ecosystems which range from little impact near
Cranberry Portage to the almost complete | oss of both the organic soil and vascular
plants, and the total demise of cryptogams, close to the smelter.

Key words: pollution, cryptogams, ridge-crests, Folisols, base metals

Introduction

The impacts of point-source atmospheric pollutants from smelters
operating in the boreal forest on the Canadian Shield have been the focus
of numerous studies. These include, for the Sudbury, Ontario region,
Gignac and Beckett (1986), Amiro and Courtin (1981), and Whitby et al.
(1976). For Thompson, Manitoba; Hocking and Blauel (1977), and for
Flin Flon; Henderson et al. (1998), McMartin et al. (1999), Henderson
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and McMartin (1995), Zoltai (1988), Hogan and Wotton (1984), Orlandini
(1998), Scott (2000), and Wright et al. (1996). Whilethese studiesreport
evidence of damage and soil pollutant level increases, their conclusions
vary as to direct impacts on soil-vegetation systems. There is, however,
general agreement that cryptogams (lichens and mosses) aswell asconifers
are highly impacted, and that SO, fumigation and base metals often reach
phytotoxic levelsin soils close to smelters and contribute significantly to
cover demise. Thegreat majority of these studies concentrate on forested
cover changes on lower elevation minerals soils and wetlands/peatlands,
while few deal specifically with impacts to the upper portions of shield
outcrops with their cryptogams, Folisols (thin organic soils overlying
bedrock) and open pine/spruce cover (Whitby et al. 1976; Scott 2000).
The present study addresses impacts to ridge-crest ecosystems in the
vicinity of the Hudson Bay Mining and Smelting Company (HBMS) Cu-
Znsmelter in Flin Flon. Thethree objectivesare: 1) to estimate the degree
to which Folisols have been altered; 2) to estimate changesin cryptogam
and tree cover with distance from the smelter; and, 3) to seeif ridge-crest
soils show phytotoxic levels of Cu and Zn asthe smelter is approached.

The Study Region

Flin Flonislocated on the Saskatchewan/Manitoba boundary at 54°
45' N (Figure 1) on PreCambrian granitic and metavolcanic rocks
containing sulphide ore bodies rich in non-ferrous metals. HBM S began
smelting in 1930, with atmospheric emissions of gaseous and particul ate
pollutants being released from asingle 30 mtall stack. Thiswas replaced
in 1974 by a251 m stack. In additionto SO,, Zn, Cu and Cd, emissions
include As, Ni, Fe, Pb, Al-oxide and Hg, with dry and wet base metal
fallout taking theform of metal particul ate, metal oxide and metal sulfates
(Franzin et al. 1979). Emissions levels for SO, have always been high,
but the addition of electrostatic precipitatorsin 1982 has reduced particulate
emissions considerably. Between 1981 and 1985 particulate pollution
ranged between 11.5 and 43.4 tonnes per day, whilein the 1996, 202,032
tonnes of SO, were released (Krawchuk 1998). The overall history of
pollution has lead to tree and groundcover mortality on ridges, and to
some extent on lowlands around the smelter. In addition, studiesby Zoltai
(1988) show an oval pattern of decreasing base metal contaminated lowland
organic soils centred on Flin Flon, with a general northwest to southeast
axis.
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Shield-bedrock outcropsform low rolling hillswith glacially scoured
creststhat have been scratched relatively clean of any regolith. Intervening
depressionsarefilled with discontinuous Quaternary tills, glaciolacustrine
sediments, peats, aluvia depositsand numerouslakes. South of Cranberry
Portage bedrock consists of Ordovician carbonate rocks completely buried
by till and outwash. Undisturbed ridge crestsinclude soil-free areas (with
terricolous cryptogam cover) and thin Folisol-like organic profiles
developed from accumulations of dead cryptogams together with some
conifer and herbaceousresidues. These Folisolsare protected from erosion
by the living cryptogam cover and provide an acidic substrate sufficient
to support scattered jack pine (Pinus banksiana), and occasionally black
spruce (Piceamariana). While soil acidity might be expected to increase
asthe smelter is approached, Hogan and Wotton (1984) found this not to
be the case for lowland mineral soilsand Scott (2000) found the same for
ridge-crests.

Non-impacted lower slope and lowland forests are typical of the
mixed-woods section of the Sub-humid Mid-Boreal Ecoclimatic Region
(Scott 1995). Lowland peat cover consists of Sohagnum moss, tamarack
(Larix laricina) and black spruce on Mesisols and Fibrisols. Where the
landscape is gently rolling mineral soils such as Dystric Brunisols and
Gleysolsare found with covers of white spruce (P. glauca), birch (Betula
paparifera), aspen (Populus tremuloides) and black poplar (P.
balsamifera), and with aterricolous cover of lichens, especially Cladina
stellaris, C. mitis and C. rangiferina, in open areas and feather mosses
(Pleuroziumspp.) under shade. In both theseforest types epiphyticlichens
on trunks and branches (Usnea hirta, Evernia mesomorpha and Bryoria
sp.) and basal skirts of moss (Pylaisiella polyaritha) are the norm, while
close to Flin Flon, al of these epiphytic species are missing, even in
otherwise apparently healthy tree cover. Longton (1985) reportsthat the
feathermoss Pleurozium schreberi is missing on shaded forest floors up
to 15 km southeast of the smelter. On ridge crests not disturbed by
pollution, cover consists of cryptogams overlying bedrock, and scattered
jack pine, shrubs, herbaceous plantsand cryptogamson thin acidic Folisols
overlying bedrock. Such sitesare particularly susceptibleto soil moisture
stress so aridity and windthrow take their toll on maturing pine.
Occasionally theseridge-crest communities are burned off by lightning or
human-induced fire, but immediately initiate the regeneration of aFolisol
through ageneral crustose, foliose and fruticose lichen succession. Closer
to the smelter all of these components are missing or severely damaged as
the death of the cryptogams|eadsto the drying-out and erosion of thethin
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Folisols, and regeneration of alichen succession/Folisol isproblematic. It
is important to note that McMartin et al. (1999) have determined
background soil base metal contents at >50 km from the smelter to be 21
ppm for Cu and 106 ppm for zinc. Phytotoxic levels for soil Cu and Zn
were determined elsewhere by Linzon (1978) to be 100 ppm for Cu and
400 ppm for Zn.

Methods and Materials

Sudy site selection:

Following a preliminary reconnaissance between Flin Flon and
Cranberry Portage, ten ridge-crest study sites were selected where
conditions were considered similar in all respects except for pollution
impacts (Figure 1). Crest-site selection was limited to five criteria: 1)
conformity to the downwind pollution fallout pattern; 2) acidic bedrock;
3) past or present domination by cryptogams and open jack pine; 4)
accessibility; and, 5) lack of disturbance by fire or other non-pollution
anthropogenic impacts. No sites were selected southeast of Cranberry
Portage dueto carbonate bedrock and absence of outcrops. Asthe control
site (# 10) at Cranberry Portage was later considered to exhibit minor
pollutionimpacts, two additional control sites, #11 and #14, were selected
33.2 and 47.3 km respectively northeast of Flin Flon aong the Sherridon
Road. Here no pollution impacts were noted, and soil base metal contents
approach background levels (Zoltai 1988). In addition, it was later
determined that Site #4 was unsuitable due to human impacts so was not
considered further. Study sites were surveyed in the summers of 1989,
1995 and 1996, with one additional visit in February, 1996.

Soil sampling:

At each ridge-crest study site the area covered by soil and non-soil
was determined. While the Canadian System of Soil Classification (Soil
Classification Working Group 1998) requires an organic layer (LF)
overlying bedrock to be at least 10 cm thick to qualify as a Folisal, this
study used a value of only one centimetre because here such alayer was
not only capable of supporting fruticose lichen but often contained many
living jack pinerootsaswell. Areaswith either crustose or foliose lichen
rarely were underlain by soil so were generally classified as non-soil
together with truly bare rock. Often Folisols were much deeper than 1 cm
and if jack pineis present these Folisols were completely permeated by a
thick root mass. Some Folisolsin depressions had shallow mineral regolith
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below them, and closer to the smelter most Folisols were missing so the
only ‘soils’ available were mineral depositsin small depressions or rock
fissures. At each site eight sampleswere collected randomly ina10x10m
quadrat (excluding non-soil areas), however, at the almost-bare sitesnearer
the smelter sampling was subjective. Because of these conditions most
ridge-crest soil samplescloseto the smelter weremineral, while at distances
of over 6 km, most were organic.

Soil chemical and statistical analyses:

Soil samples were immediately air dried, and on return to the
laboratory the organic samples had particles such as needles, wood and
living lichen pieces removed before being ground, and then all samples
were sieved through a 2 mm mesh sieve. Sub-samples were tested for
organic matter content using the‘lossonignition’ technique (Carter 1993)
and were classified as organic if they contained more than 30% organic
matter. Sub-samples were leached of their base metals using EDTA-
Extraction (Carter 1993) and Cu and Zn contentsin ppm determined using
Atomic Absorption Spectrophotometry (Model 11151, Instrumentation
Laboratory Inc., Wilmington, Mass.). Base metal data were analyzed by
the Pearson Product Correlation Coefficient Analysis to determine the
presence of positive or negative relationships. In addition, linear regression
was used to determine the relation between Cu and Zn with distance, and
an exponential regression analysis was performed using log,, metal
concentration versus distance.

Vegetation sampling:

Each sitewas surveyed using three nested quadrats. Cover tree canopy,
tree deadfall, shrubs and herbaceous species, were determined using the
Braun-Blanquet Cover Scalein 20x20 m quadrats (M ueller-Domboisand
Ellenberg 1974). For total cryptogam cover (both lichen and moss), the
same 10x10 m quadrats used for soil studieswere surveyed and cryptogams
mapped using a grid layout, and percent cover determined from these
maps. To differentiate between moss and crustose, foliose and fruticose
lichen cover, five 2x2 m quadrats were sel ected randomly within the 10x10
m quadrat and mapped for each of these cryptogam groups.
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Results

Soil and vegetation cover:

It isevident that closeto the smelter thereis an almost total absence
of soil cover, and that the only remaining soil isregolith in rock fissures
and the occasional small depression filled with eroded organic matter
(Figure2 and Table 1). At Site#5, 6.3 km from the smelter, destruction
of Folisolsisless complete but >80% of outcropsare still without any soil
cover. What pockets of Folisols remain support the occasional jack pine,
and soil and non-soil areas have somelichen cover. By 10.4 km (Site# 7)
pockets of eroded organic matter and intact Folisols cover some 30% of
ridge crests, with only the occasional surface mineral layer. Here soil and
non-soil areasare better covered by crustoselichens, and they shareridge-
crests with some foliose and fruticose forms. By Site # 9 (23.9 km) a
more typical boreal outcrop community isin place with 45% soil cover
(primarily Folisols), 90% plant cover (mostly cryptogams), and a 30%
tree canopy cover. Thesignificant increasein plant cover isnot dueto tree
canopy but to the presence of cryptogams on Folisols, and on bedrock.
Differences between cover at Site # 10, and the two controls (# 11 and #
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Figure 2: Changes in soil and plant cover with distance southeast of the Flin
Flon smelter.
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Table 1: Mean values for Cu and Zn for organic and mineral ridge-crest soils.

Copper ppm (means) Zinc ppm (means)

Site# km to all organic  mineral all organic  mineral

smelter samples samples samples samples samples samples
1 1.65 1126 (8) ! -(0) 1126 (8) 6089 - 6089
2 2.45 627 (8) 724(1) 614(7) 770 720 777
3 3.00 833(7) 1156(4) 644 (4) 992 1072 637
5 4.70 1689 (8) 4833 (2) 3683 (6) 3833 11465 1290
[ 6.35 1963 (8) 2145(7) 687(1) 6670 7157 3264
7 10.40 1172(8) 1247(7) 686 (1) 5808 6292 2414
8 15.70 356 (8) 462 (6) 39(2) 1502 1939 190
9 23.90 163 (8) 162 (7) 170 (1) 1135 1139 1104
10 37.50 40 (8) 43 (6) 33(2) 332 352 273
11 33.20 21(8) 12 (4) 29 (4) 139 121 157
14 47.30 19(7) 19 (8) -(0) 130 130 -

! Number of soil samples used is given in parentheses

14), are modest except that Folisols cover a larger percentage of the
outcrops.

Figure 3 summarizes variations in cover within the cryptogam
communities on those portions of ridge-crests that have no soil cover.
Mosses only become asignificant component of the cover by 23 km, and
even at the controls they constitute less than 10% cover and are found
under partial shade. Within the lichen community adistinct trend is seen
where all types are absent close to the smelter but with crustose forms
taking on a significant component beyond 5 km. Of interest isthat up to
10km, only crustoselichens such as Candelariella vitellina, Rhizocarpon
geographicum and Aspicilia cinerea are detected in any numbers, and
they are found more frequently overlying bedrock than on Folisols.
Between 10.4 and 15.7 km (Sites # 7 and # 8) the trend is for crustose
lichen cover to show amodest decline asfoliose, and fruticose typestake
on significance. On little or non-impacted ridge-crests (Sites# 9 and # 10)
typical foliose speciesinclude Peltigera aphthosa, Umbilicariatorrefacta
and Arctopar melia centrifuga, whilefruti cose speciesinclude Serocaulon
alpinum, Cladoniabacillaris, C. carneola, C. squamosa, Cetrarianivalis,
and thethree caribou lichen, Cladina stellaris, C. mitisand C. rangiferina.
The only mgjor difference between Site #10 and the two controls, Sites#
11 and # 14, isthat fruticoselichens, especially the Cladina spp., increase
significantly in cover, primarily at the expense of crustose types.
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Figure 3: Changesin cryptogam cover with distance southeast of the Flin Flon
smelter.

Soil copper and zinc levels:

Table 1 reports values for al soil-sample base metal contents from
Site #10 to the smelter with maximum values being generally found at 4.7
t0 6.35 km (Sites#5 and #6). The Pearson Product Correlation Coefficient
Analysis for all soils between Sites #1 and #10 shows a significant
correlation between Cu and distance, Zn and distance and between Cu
and Zn with distance. For both Cu with distance and for Zn with distance,
the relationship is shown to be negative log-linear (exponential) and
significant at the 0.005 level. Analysis al so showed a positive correlation
between organic content and distance. Regressions were performed to
determine the effects of differences in cation exchange capacity (CEC)
that result from soilsbeing either organic (higher CEC) or mineral (lower
CEC). Figure 4 showsalog linear analysisfor Cu from all soil samples
with line of best fit for log,, copper (ppm) against distance (Table 2).
Looking only at the organic-soil copper values against distance the Pearson
Correlation Coefficient was significant at the 0.01 level, while linear
analysisof Cu against distance showsastrong negativetrend (at the 0.005
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Table 2:  Linear regression analyses for log,, Cu and log,, Zn concentrations
(ppm) against distance (km) from smelter to show exponential relationships
between Stes# 1 and # 10.

variable base  r-value r-square t-test t-value confidence significant
metal sample level
All soil samples, Cu 0.7375 0.5439  -9.072 -2.576 0.005 yes
sites #1 - #10 Zn 03976 0.1581  -3.599 -2.576 0.005 yes
Organic soils only, Cu 0.9554 0.9128 -21.216 -2.576 0.005 yes
sites #1 - #10 Zn 0.8572  0.7348 -10.916 -2.576 0.005 yes
Mineral soils only, Cu 0.6968 0.4855  -5231 -2.576 0.005 yes
sites #1 - #10 Zn 0.4015 0.1612  -2.360 -2.576 0.005 no

significance level). Likewise for organic soils, Zn with distance and the
association between Cu and Zu with distance were also significant. For
mineral soils the Pearson Product Correlation with distance showed that
the only significant relationship was between Cu and Zn.

Discussion and Conclusions

Itisclear that together with the known influences of SO, fumigation
(Longton 1985), phytotoxic levels from Cu and Zn may also play a
significant role in ecosystem changes on ridge-crest sites downwind of
the HBM S smelter in Flin Flon. Mean data from all soil samples at Site
#10 are close to the upper background level s specified by McMartin et al.
(1999). While Zn and Cu values are not above the phytotoxic threshold
levels specified by Linzon (1978), it is possible that at Site #10 local
variationsin Cuand Zn, the possibility of toxicity by other pollutants, and
other unknown variables, may account for thedightly lower fruticoselichen
and Folisol cover herethan at controls #11 and #14. At Site #9 the toxic
threshold for Cu is barely exceeded while for Zn it is greatly exceeded,
and for both Cu and Zn toxic levels are exceeded at al sites closer to the
smelter.

Major differences are seen between the trends for Cu and Zn when
organic and mineral soils are compared. For organic soils the strong
correl ation between distance and concentration is somewhat lessdramatic
than with previouslowland studies, but thisisattributed to the fact that in
the present study many siteswere selected very closeto the smelter while
peak concentrations are found at approximately 5 km. Most mineral soils
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arequite closeto the smelter with only afew at greater distances, and they
too show peak concentrations at about 5 km. They do not, however, show
the exponential characteristics shown by Folisols.

Impactsto ridge-crest ecosystems support the conclusion that pollution
has given rise to Folisol destruction as their protecting cover of living
cryptogamsiskilled off, and that thisisfollowed by their desiccation and
removal by erosion. Itisprobablethat much of thejack pine death between
the smelter and Site #1 results from SO, fumigation, and direct heavy
metal toxicity to trees and their symbiotic root mycorrhizae. However,
occasional pine are till found in remnant pockets of organic material as
close as Site # 5, and even closer to the smelter near Sites #3 and #2.
Therefore, pine death beyond Site#1 ismorelikely theresult of desiccation
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as they lose their water and nutrient-supplying Folisol. The fact that
surviving pines have established extremely dense rooting systems to
maximize use of the shrinking Folisol patches lends support to this
conclusion. Oneintriguing observation isthat following theloss of ridge
Folisols some of the denuded rock at distances greater than 6 km regains
some crustose lichen cover. While being speculative, it is possible that
pollutant levelsin the high CEC Folisols under well-devel oped fruticose
lichens become very phytotoxic and can no longer support cryptogams,
while levels from rainfall on bare rock are insufficient to prevent
colonization by crustose lichens. Alterationsto fallout patternsfollowing
stack elevation in 1974 would complicate this interpretation.
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Discrimination of Saskatchewan prairie ecoregions
using multitemporal 10-day composite NDVI
data

Xulin Guo, University of Saskatchewan

Abstract: Ecosystems processes include the exchange of water, energy, and
greenhouse gases between the soil, vegetation, and the atmosphere. Seasonal
characteristics of plants are closely related to characteristics of the annual cycle
of weather patterns, therefore, changes in plant phenological events may signal
important year-to-year climatic variations or even global environmental change
that should bereflected in the differentiation of ecosystems. Monitoring ecosystems
that are sensitive to climate change can improve our understanding of the
relationships between climate and ecosystem dynamics. This improved
understanding is critical for future land-use planning purposes. The objectives of
this paper were to characterize the temporal Normalized Difference Vegetation
Index (NDVI) values of the four prairie ecoregions and to test the possibility of
discriminating these ecoregions using NDV | data. Ten-day composite Advanced
Very High Resolution Radiometer (AVHRR) data for Saskatchewan were
downloaded from Natural Resources Canada Geogratiswebsitefor 1993 to 1998.
NDVI channels were subset from each image. Results showed that the NDVI
valueswere unique for different ecoregionsaswell asdifferent times of year. The
NDV | differences among these ecoregionswere significant. The resultsindicated
discriminating ecoregions using NDVI data with an overall accuracy of up to
73.5%.

Key words: Saskatchewan, prairie ecosystems, AVHRR, NDVI, MANOVA,
discriminant analysis

Introduction

Ecosystems processes include the exchange of water, energy, and
greenhouse gases between the soil, vegetation, and the atmosphere. The
ability to detect changesin ecosystem processes such as carbon fixation,
nutrient cycling, net primary production, and litter decomposition is an
important part of defining global biogeochemical cycles. Seasonal
characteristics of plantsare closely related to characteristics of theannual
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cycle of weather patterns, therefore changesin plant phenological events
may signal important year-to-year climatic variations or even global
environmental change. Researchers have been focusing on large-scale
changes in terrestrial ecosystems (e.g., Dixon et al. 1994; Ojima et al.
1994; Lambin and Ehrlich 1997). It is accepted that at the global scale
rapid environmental changesare mainly aresult of climatic variationsand
anthropogenic activities. Environmental degradation isalso associated with
declines in primary productivity that alter biogeochemical exchanges
between the earth and atmosphere (Running et al. 1994). Monitoring
ecosystems that are sensitive to climate change can improve our
understanding of the relationships between climate and ecosystem
dynamics. This improved understanding is critical for future land-use
planning purposes.

Recent advances in remote sensing technology and theory have
expanded opportunities to characterize the seasonal and inter-annual
dynamicsof vegetation communities. Time seriesanalysis of the National
Oceanic and AtmosphericAdministration’s (NOAA) Advanced Very High
Resolution Radiometer (AVHRR) 1-km multispectral imagery hasallowed
scientiststo examinelarger-scale phenol ogical phenomenasuch asgreenup,
duration of green period, and onset of senescence (Reed et al. 1994), as
well aschangein seasonally-dependent biophysical variables such asleaf
area index (LALI), biomass, and net primary productivity (Roller and
Colwell 1986; Gallo and Eidenshink 1988; Achard and Brisco 1990; Teng
1990). Using time-integrated normalized difference vegetation index
(NDVI) data, Yang et al. (1998) revealed that spatial and temporal
variability in growing season precipitation, potential evapotranspiration,
and growing degree days are the most important controls on grassland
performance and productivity in the central and northern Great Plains.

Temperature increases over the last century within the mixed prairie
ecosystem have been among the most dramatic in the world and have
resulted in the droughts of the 1930s, 1961, the 1980s, and several others
(Wheaton 2000). In southern Saskatchewan, 2001 was one of the driest
yearsin decades, causing severe crop damage (Hayward 2002). Anderson
et al. (2001) concluded that the temperature in the prairie ecozone of
Saskatchewan is expected to increase 3.5°C to 4.0°C in the next 50 years.
Water availability will decrease because of increasing potential
evapotranspiration even with increasing preci pitation. Climate change will
markedly alter the vegetation regime. Global warming may result in an
advance of the northern boundary of C* species (Davidson and Csillag
2001) in the mixed prairie ecosystem. From astudy conducted by Mitchell
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and Csillag (2001), precipitation isthe primary control factor for vegetation
annual productivity in the mixed prairie ecosystem.

However, research into the rel ationship between vegetation phenol ogy
and climate variability hasnot been fully investigated. This paper set three
objectives: 1) to identify theNDV | changes of prairie ecoregionsover the
growing seasons of six consecutiveyears; 2) totest the NDV | differences
among different ecoregions; and, 3) to investigate the overall accuracy
for discriminating ecoregions using time series NDVI data. The paper
representsthefirst part in aseries of studiesaimed at morefully identifying
the rel ationshi ps between vegetation phenology and climate variables.

Study Area

The study areais southern Saskatchewan. Thisisbounded by 49°N
latitude in the south, the Boreal forest ecozone in the north, and extends
between longitudes 101.5° to 110°W (Fung 1999). The area falls within
the prairie ecozone according to the ecological land classification
developed in 1991 by the Ecological Stratification Working Group of the
federal, provincial and territorial governments. The framework, primarily
based on soil, climate and vegetation, comprises three levels of
stratification, namely ecozone, ecoregion, and ecodistrict. Ecozone“lies
at the top of the ecological hierarchy, and as such, it defines, on a
subcontinental scale, the major physiographic features of the country”,
while ecoregion isdefined as*“ subdivisions of the ecozone, characterized
by distinctive climatic zones or regional landforms, and constitute the
major bridge between the subcontinental scale ecozones and the more
localized ecodistricts’ (Acton et al. 1998, 3).

The prairie ecozone encompasses four ecoregions extending from
the southwest corner of Cypress Upland northward to Mixed Grassland,
Moist Mixed Grassland, and Aspen Parkland (Figure 1). The region is
dominated by a temperate climate with 1,800 growing degree-days and
annual precipitation of less than 300 mm. These dry conditions subside
moving northward and eastward to the Aspen Parkland. Prior to European
settlement, southern Saskatchewan was covered with natural vegetation,
mixed prairie ecosystem. The natural grasslands are fragmented by
settlement and agriculture. However, even inthe most altered areas, there
are pockets of native vegetation which allow visualization of thelandscape
as it was. Recently, human settlement and, in particular, agricultural
development have been the predominant forces in the evolution of the
Saskatchewan landscape (Fung 1999).
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Figure 1: Sudy area: the prairie ecozone of Saskatchewan showing its four
ecoregions.

Methodology

Canada-wide 1-km AVHRR 10-day composite maps were derived
from NOAA AVHRR data by the Canadian Centre of Remote Sensing
(CCRS) for the CCRS Northern Biosphere Observation and Modelling
Experiment (NBIOME) project. The original AVHRR data are available
each day. Themainideafor 10-day composite mapsisthat after replacing
noisy linesusing asimple heuristic algorithm, the cloud detection algorithm
was used and one image with cloud free or the least cloud cover was
selected to represent each 10-day period (Adair et al. 2002). Based on the
image processing procedure mentioned in the metadata associated with
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the data downloading, the NDVI layers were computed from the
bidirectional reflectance distribution function (BRDF)-corrected surface
reflectance for channels 1 and 2. After contaminated pixelswere replaced
by temporal interpolation of seasonal data, a 5-point smoothing filter was
appliedto the seasonal NDV I curve. NDV 1 valuesfrom-1to 1 were scaled
to arange between 0 and 20,000.

NDVI, as a vegetation index, is a ratio of the difference between
channel 2 (near-infrared wavelength region) and 1 (red wavel ength region)
to the sum of these two channels. It has the advantages of enhancing
vegetation signals, reducing the effects of soil and other non-vegetation
features, and standardizing the values. NDV | has been used asagreenness
index for vegetation. Thus, the higher the NDVI value, the greater isthe
greenness of vegetation and the amount of green cover on the ground.
Thisis because green vegetation has higher near-infrared reflectance and
lower red reflectance. Bare soil or areas with low vegetation cover have
low or negative NDV1 values. During the vegetation growing cycle the
NDV I value actsasan indicator of thedensity of chlorophyll ontheground,
increases asthe vegetation startsto green up, reaches the maximum number
at the highest productivity level, and starts to decrease as vegetation
becomes senescent. According to Acton et al. (1998), ecoregions were
classified based on vegetation, climate, and soil, NDV|I has the potential
ability to signal the vegetation features of different ecoregionsand provides
valuable information as a remote sensing tool in studying vegetation
phenology cyclesat aregional scale.

Themultitemporal 10-day compositeAVHRR data cover the growing
seasons (April 11 to October 21) of six years from 1993 to 1998. After
downloading the dataset from Geogratis (http: //mww.geogratis.gc.cal) of
Natural Resources Canada (Canadian Centre for Remote Sensing), NDV |
layers were subset to the Saskatchewan boundary. Among 2,225 weather
stationsin Saskatchewan, 141 active weather stationsin the prairie ecozone
during the 1993 to 1998 period were selected for analysis. Due to the
uneven distribution of weather stations, only twowere availablefor Cypress
Upland, so an additional six pointswere selected randomly inthisecoregion
to make atotal of 147 pointsfor the study area. Pixel valuesfor each date
for a 5x5 window surrounding each weather station were extracted from
theNDVI imagefor thefour ecoregionsusing PCl GeomaticaV8.1. Points
bel onging to the same ecoregion were then combined. NDV I valueswere
rescaled back to between -1 and 1.

The median and standard deviation were calculated for each point.
Some point locations were observed to be close to water bodies and
subsequently were adjusted (shifted away from the water body). This
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adjustment was made because of the significantly different spectral
characteristics of vegetation and water. Clear water has no near-infrared
reflectance and higher red reflectance. The purpose of this study was to
investigate the vegetation phenol ogy. Thisprocesswasaided by overlaying
the water body coverage for Saskatchewan and visually inspecting each
point site. The mean and standard deviation were also calculated for each
ecoregion. NDVI curves were plotted for all ecoregions for these six
consecutive years. The NDVI layer from April 11 of 1997 was excluded
from the dataset due to a georeferencing problem of the downloaded file.
Multivariate analysis of variance (MANOVA) was performed to test the
NDV I differencesamong the ecoregions. The best time period(s) to acquire
images for separating different ecoregions was/were estimated from the
MANOVA test results.

Discriminant analysiswas al so performed to predict the classification
accuracy for different ecoregions. The user and producer classification
accuracieswere cal culated using the methods described by Congalton and
Green (1998). Classification accuracy using aJack-Knife Cross Validation
(JCV) approach was also performed. This approach was implemented by
withholding the spectral datafor one point, and building the discriminant
functions using the datafrom the remaining points. The prediction accuracy
of the discriminant functions was tested by comparing the predicted
ecoregion against the actual ecoregion for the one point that was withheld
from the analysis. The process of removing one point from the dataset
wasrepeated 146 timesuntil all pointshad been withheld and the accuracy
of the 146 discriminant functions was tested.

Results

NDVI Variationsamong Ecoregionsand Time of Year:

The NDVI values were plotted along time series for each ecoregion
(Figure 2). The graph visually showed that the maximum NDVI values
changed from one year to another. The lowest maximum NDVI values
were found in 1993 and 1995 and the highest maximum NDVI value
occurred in 1996. Among the four ecoregions, Mixed Grassland had the
lowest maximum NDV | va uesthroughout the six years. From ageographic
perspective, Cypress Upland isat the same latitude with Mixed Grassland
but isat ahigher elevation, so the vegetation type is more closely related
to the Moist Mixed Grassland, which isnorthward of the Mixed Grassland
(Figure 1). The NDVI curves for Cypress Upland and Moist Mixed
Grassland were close to each other. Aspen Parkland, an area of mixed
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grassesand trees, islocated in the northern part of the region. The spectral
near-infrared reflectance of treesis higher than that of grasses. NDVI is
the difference between reflectance of near-infrared and red wavelengths
over the sum of these two values; therefore, it was not surprising that the
NDV I valuesfor Aspen Parkland werethe highest. It should be noted that
the mgjority of the prairie ecozone has been converted to cropland. The
NDVI values are normally higher in cropland than that in grassiand.
However, theNDV I valuefor each pixel istheresult of mixed featuresin
that pixel. Based on the lower spatial resolution dataset (1 km x 1 km),
each NDVI value might include both cropland and grassland features.
Furthermore, theregional climate affectscropsinthe sameway asit affects
native grasses.

MANOVA test results:

Overall, the MANOVA test showed the difference among these
ecoregionswas significant. Subsequently, NDV 1 differences of each pair
of ecoregions were compared using the Tukey Post Hoc test. Results
revealed that different pairs of ecoregionshad different optimal time periods
to be separated. For pairs of Cypress Upland versus Mixed Grassland,
Mixed Grassland versus Aspen Parkland, and Moist Mixed Grassland
versusAspen Parkland, the NDV | differences were significant from May
to October. To separate Cypress Upland from Moist Mixed Grassland
using NDVI data, images from May to middle June were the best. Hot
summer (July-August) isthe best for separating Cypress Upland and Aspen
Parkland. Fall (July-October) images best capture the significant
differences between Mixed Grassland and Moist Mixed Grassland. If the
Cypress Upland ecoregion was excluded because of its small area and
different habitat, the optimal imagery acquisition period to distinguish
between the remaining three ecoregions would be hot summer and fall
(July-early October). To reducethelength of thetable, only the MANOVA
test results from 1997 (anormal year) are listed in Table 1.

Discriminant analysisand classification accuracy:

Theability to discriminate among the four ecoregionswastested using
NDVI values from these six years. The in-sample validation results
indicated that it could discriminate among these ecoregions with 100%
accuracy. When validated using the JCV approach, the accuracy level
dropped to 73.5%. Table 2 lists classification accuracy results based on
the in-sample and JV C approach. From these results, it is clear that the
Canonical Discriminant Functionswere successful inidentifying 108 out
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Table 1: Subset (1997) of MANOVA Tukey Post Hoc test results showing the
differences between each pair of ecoregions.

------------------- pairs of ecoregions ------------——-—————.

Month Day 1with2 1with3 1 with4 2with3 2with4 3 with4

April 21 0.008 0.001 0.128 0.808 0.220 0.020
May 1 0.002 0 0.138 0.890 0.039 0.003
11 0.003 0.001 0.465 0.908 0.001 0
21 0.003 0.002 0.955 0.999 0 0
June 1 0 0.002 0.993 0.823 0 0
11 0 0.001 0.508 0.025 0 0
21 0 0.131 0.054 0 0 0
July 1 0 0.897 0 0 0 0
11 0 1 0 0 0 0
21 0 0.982 0 0 0 0
August 1 0 1 0 0 0 0
11 0 0.451 0 0 0 0
21 0 0.177 0.027 0 0 0
September 1 0 0.140 0.119 0.001 0 0
11 0 0.184 0.238 0 0 0
21 0 0.311 0.212 0 0 0
October 1 0 0.431 0.271 0 0 0
11 0.001 0.667 0.457 0 0 0
21 0.012 0.910 0.626 0.001 0 0.006

Notes: Ecoregions are 1-Cypress Upland; 2-Mixed Grassland; 3-Moist Mixed Grassland; 4-Aspen Parkland
Differences significant at 0.05-level are in bold faces and shaded.

of 147 sites for atotal of 73.5% overall accuracy. Both user’s accuracy
and producer’s accuracy showed that the Moist Mixed Grassland wasthe
ecoregion with the lowest discrimination accuracies (Table 2). Figure 3
showsthe classification scatter plot for the four ecoregions. The Canonial
Discriminant Function 1 adequately separated Mixed Grassland, Moist
Mixed Grassland, and Aspen Parkland, while the second function
discriminated Cypress Upland from the other ecoregions.
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Table2: Anerror matrix showing the classification resultsaccording to ecoregion.

Predicted Group Membership

Groups count User’s
o 1 2 3 4 Total  pecuracy (%)
Original
1 9/100 0 0 0 9 100
2 0 39/100 0 0 39 100
3 0 0 38/100 0 38 100
4 0 0 0 61/100 61 100
Producer’s 100 100 100 100 100
accuracy (%)
Cross-Validated
1 7177.8 1/11.1 0 1/11.1 9 77.8
2 0 31/79.5 4/10.3 3/7.7 39 79.5
3 0 5/13.2 24/63.2 9/23.7 38 63.2
4 0 2/3.3 13/21.3 46/75.4 61 75.4
Producer’s 87.5 79.5 58.5 78 73.5

accuracy (%)

Notes: Ecoregions are 1-Cypress Upland; 2-Mixed Grassland; 3-Moist Mixed Grassland; 4-Aspen Parkland
Cells highlighted running diagonally through the table show the number of points correctly and
their corrresponding percent accuracy.

Discussion and Conclusion

The study has shown that the NDV | values of vegetation varied among
ecoregionsand time of year. Thismay be caused by climate variations but
was not tested in this study. The NDVI differences between ecoregions
weresignificant. To capturethe maximum NDV | differencesamong Mixed
Grassland, Moist Mixed Grassland, and Aspen Parkland ecoregions, the
imagery acquisition date should be between hot summer and fall (July-
early October). To spectrally separate Cypress Upland from the other
ecoregions an acquisition date in spring (April-early June) or summer
(July-August) would be more appropriate. Ecoregions could potentially
beclassified at 73.5% accuracy overall. Accuracy levelsvaried depending
upon the ecoregions. Moist Mixed Grassland wasthe one most difficult to
discriminate.

There are severd limitationsin the analysis. First, climate datawere
not integrated into the analysis, limiting the explanation of the results.
Second, the comparison was based on ecoregions, which wastoo broad a
spatial scale to investigate the relationships between plants' temporal
characteristicsand climate variability. Further analysisis planned that will
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Figure 3: Canonical discriminant classification scatter plot showing the
separability of the four ecoregions using two discriminant functions.

focus on different land cover types. Third, a six-year time frame is not
long enough to conduct climate change analysis, therefore additional NDV |
data are needed. These limitations aside, the results provide the basis for
conducting further examination of the relationships between vegetation
phenology and climate variables. Future research will investigate the
relationshipsbetween NDV | datathat are derived from each weather station
and climate variables (e.g., temperature and precipitation). The next step
will focus on how climate variables influence vegetation phonological
cycles, such astheonset of greenness, the offset of greenness, the maximum
NDVI, aswell aswhat climate variable will be most important, and how
long thelag will be between vegetation phenology and climate conditions.
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Definitions and boundaries of community: the
case of rural health focus group analysis in
southwestern Manitoba

Doug Ramsey, Bob Annisand John Everitt,
Brandon University

Abstract: Rural areas - like urban areas - are sources of community. However,
communities and community life in rural areas such as southwestern Manitoba
face many unique challenges, including agricultural restructuring, rural
depopulation, and the resultant loss of local services (e.g., health, education,
business). This paper reports on two exercises undertaken in a series of focus
groups held in communities throughout southwestern Manitobain the winter and
early spring of 2001. First, the paper highlights some of the descriptions and
definitions of ‘rural’ and ‘community’ that were discussed by focus group
participants. Second, the results of a mapping exercise, which had participants
draw the boundary of their respective communities on topographic map copies,
are described. These results indicate a variety of definitions and boundary
structures. In particular, there is arecognition that arange of communities exists
within which respondents interact. The paper concludes that regardless of
definition or perceived boundary, rural residentsin southwestern Manitobaappear
resilient in the face of change, adjusting their expectations and desiresin order to
face the new realities of the twenty-first century.

Key words: rural, prairies, community, community-definition, mental maps

Introduction

Defining notions of ‘rural” and ‘ community’ has dominated both the
conceptual and empirical dimensions of the social sciences for decades.
In fact, the very relevance of ‘rural’ has been challenged in recent years
(Hoggart 1990; Halfacree 1993). Goldschmidt (1946), in hisclassic study
of the differences in community quality of life in Arvin and Dinuba,
Cdlifornia based on the structure of agriculture, made the distinction
between ‘ communities of interest’ and the * geographic community’. Hillery
(1955) noted more than 90 definitions of community, before settling on a



190 Prairie Perspectives

distinction similar to Goldschmidt’'s description of ‘social ties' and
‘geographic area’. More recently, geographers have explored the notions
of spatial and qualitative dimensionsto rural and community (Leckie 1989;
Kearns and Joseph 1995; Ramsey and Smit 2001, 2002 in press). They
have also concluded that communities are essentially made up of people
with some common identity or character, who are located in such away
that they can communicate. This communication can take a variety of
forms, including face-to-face or telephone conversations, and increasingly,
e-mail and chat linesviathelnternet. The affordability and ease of access
of the latter two have influenced perceptual constructions of community.

Traditionally, it was believed that most communities were locality-
based, with socia interactions limited primarily to the immediate local
areasinwhich peoplelived. For example, Hillery’s (1955) review showed
an amost one-for-one congruence between social tiesand geographic area.
Others have suggested that this situation has changed, and that people
increasingly operate within non-local communities, or what M cClenahan
(1929, 1946) has termed ‘communalities’, and Webber (1964a, 1964b)
has called ‘ communities without propinquity’. Thus the individual, it is
suggested, is no longer restricted to the boundaries of the ‘traditional’
community but can choose, or isimpelled by changing social and economic
conditionsto choose, from a much wider range and area of opportunities.
Both Webber and M cClenahan, and their disciples, however, wereworking
inlarge-urban contextswherethe‘ range’ and ‘intensity’ of contactschanged
at an earlier date, with consequent effects upon community (Wilson and
Wilson 1945). Although spatial studiesof rural communitiesare not legion,
interpretation of theliterature suggeststhat, in the past, most peopleviewed
their communities as more-or-less contiguous spatial units that enclosed
‘communitieswith propinquity’ (Everitt 1980). The exceptionstothisrule
were, by definition, remarkable. The amount of investment in the local
area has always, of course, varied from person to person and from group
to group. An individual or group does tend to belong to a community or
communities of ‘limited liability’ from which individuals may demand
more than they invest — although they will demand and invest something
(Janowitz 1952).

People haveavariety of rural experiences- including those associated
with ‘community’. This paper sought to investigate the spatial
(‘geographical’) extent of the communitiesthat people lived and worked
in within their activity spaces. It has been demonstrated elsewhere that
activity spaces of people can give interesting insights into their spatial
communities, and that these activity spaces can be mapped (Everitt 1976,
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1980; Everitt and Cadwallader 1981). It has also, however, been clearly
demonstrated that a person’s mapping abilities are, at times, less than
perfect, and that working with the end results of their effortshasto include
some interpretive work on the part of the researcher (Everitt 1998). That
is, therearedistinctions between the ' official’ and ‘ perceptual’ communities
- or, as argued by many others (e.g., Hillery 1955; Kearns and Joseph
1995), the ‘geographic’ (officia) community and the ‘community of
interest’ (perceptual). As noted by Ramsey and Smit (2002, in press),
community isviewed by many as*an aggregation of people, usually inan
area where the residents have some common ties and or interactions’.
I nteractions within communities are based on important sets of functions
(e.g. production and exchange) and structures (e.g., ingtitutional and social)
that are dynamic and interrel ated.

For the focus group research reported on in this paper, it was felt to
be particularly useful to try to capture people’s mental images of their
communities on maps, and to interpret these maps with a series of follow-
up questions. To use the terminology pioneered by Rushton (1969), an
attempt wasmadeto gaininsight into both ‘behaviour in space’ (the actual
choicesmade) and ‘ spatial behaviour’ (therulesthat governthe evaluation
and choice of location). These images and perceptions were sought to
balance the Statistics Canada definitions of urban and rura within the
study area of southwestern Manitoba. Urban is officially defined as
geographic areasthat “ have attained a popul ation concentration of at |east
1,000, and apopulation density of at least 400 people per square kilometre’
(Statistics Canada 1991, 278). All elseis “considered rural” (Statistics
Canada 1991, 278). One of the purposes of the focus group research was
to examine how people’s perceptions of urban and rural compared to the
‘official’ definitions.

Given the changes taking place in the ‘official’ rural Canada,
particularly with respect to those regions facing depopulation, concerns
about serviceddlivery (e.g., health, education, elder care) have been raised
(e.g., Chappell et al. 1996; Smithers and Joseph 2000). The purpose of a
multi-year study at Brandon University was to identify determinants of
the health of rural populationsand communitiesin southwestern Manitoba
(hereafter referred to asWestman). The notion of ‘ determinants’ of health
refersto theidentification of appropriate indicatorsfor assessing levels of
health of rural populations and communities. The study is structured on a
number of premises and stages:

1. to examine determinants of health frameworks as they relate to the
rural population of Canada;
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2. to develop acomprehensive framework for the determinants of health
of rural populations;

3. toanalyze secondary datain order to examinethe determinants of health
asthey relate to the rural populations of Canada;

4. to conduct focus group sessions with residents of rural communities;
and,

5. to compile and pilot an assessment workbook with selected rural
communities.

Thispaper reportson the fourth section of that project, namely sessions
of 15 focus groups that were held throughout Westman between January
and April 2001. While the ultimate purpose of the focus groups was to
ascertain measurable determinants of rural health, in order to provide
context to such indicators, participants were first asked to describe their
views and perceptions of what ‘rural’ and ‘community’ entailed. This
involved two steps: 1) group discussion; and, 2) a ‘mental mapping’
exercise whereby participants were asked to draw the boundaries of their
particular communities.

Methodology

Quialitative research methodol ogies and techniques are gaining favour
in the socia sciences (Berg 1998; Kitchin and Tate 2000). Focus group
analysis, defined simply as“aninterview style designed for small groups’
(Berg 1998, 100), is one of many qualitative techniques which can be
employed to obtain detailed descriptions of arange of phenomenain small
group settings, particularly at the exploratory stage of research projects
(Stewart and Shamdasani 1990). The history of focus group analysis,
originally referredto as‘focused interviews' datesback to the early 1940s.
It was originally used to obtain views on military morale, and thenin the
post-World War 11 erait functioned as a marketing tool. However, social
scientists began employing the methodology much later (Berg 1998).
Given the acceptance of focus groups as an analytical technique and the
uncertainty about what constitutes‘ rural’, ‘ community’ and ‘ health’, focus
groupswere deemed an appropriate first step to ascertaining determinants
of therural health of populations and communities.

Intheliterature, the suggested size rangefor the number of participants
variesfrom fewer than 7 (Berg 1998), to between 6 and 10 (M organ 1997)
or 12 (Stewart and Shamdasani 1990). While it is argued that too few
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Table 1: Rural health focus groups, Manitoba, 2001.

Community Date Held Number of RM Settlement

Name Participants Population Population

1996 1996
Strathclair Jan. 23 4 1,030 377"
Miniota Jan. 29 6 1,025 217
Minnedosa Feb. 5 15 665 2,440
Virden Feb. 7 10 1,840 2,955
Russell Feb. 15 16 550 1,605
Carberry Feb. 27 12 1,900 1,490
Hutterite Colony ~ Feb. 28 16 na 100*
Rivers March 1 13 895 1,120
Deloraine March 5§ 11 620 1,040
Treherne March 7 9 1,275 670
Glenella March 12 15 555 130"
Souris March 14 8 710 1,615
Killarney March 20 10 1,175 2,210
Melita April 17 5 530 1,155
Glenboro April 19 9 860 665
11991 data

2 estimate for each colony
Source: Focus Groups, 2001

(under 6) makes sustained discussion difficult, and more than 10 or 12
makes discussion difficult to manage, Morgan makes the case that
successful discussion can be facilitated with groups of 15t0 20if they are
managed in an orderly manner. As noted in Table 1, the size of the focus
groups held in Westman in 2001 ranged from 4 to 16. Consistent with
concernsexpressed by others (Berg 1998; Stewart and Shamdasani 1990),
thefocusgroupswith 4, 5, and 6 participantswere moredifficult to sustain
discussion within than those of between 8 and 15. Similarly, it was more
difficult to ensure all voiceswere adequately heard in thelarger groups of
15 and 16. Nevertheless, all meetings met the stated goal of having the
participants define and describe what rural, community, and health meant
to them. Each focus group wasfacilitated by at |east two researchers, one
of whom asked questions and guided discussion, while the other wrote
comments on ‘flip charts' that were displayed in the meeting rooms. A
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research assistant was also present to record discussion. As Figure 1
illustrates, the focus groups were conducted in locations to provide
coverage across the Westman region of Manitoba.

Participants were identified through a local public health nurse in
each community. Thisproved to beacrucial element of the methodology
as it led to a higher participation rate than has been found elsewhere.
Attempts were made to include health professionals, clergy, farmers,
seniors, youth, and business people; a gender balance was also sought.
Each focus group was structured based on seven questions:

1. How would you, asarural resident, describe community?

2. What do you consider to be your community?

3. What is unique about your rural community?

4. How would you, asarural resident, describe rural?

5. How would you describe health?

6. How would you describe a healthy rural community?

7. How do you know when you livein ahealthy rural community and
how do we measure that?

After participantsin each group had the opportunity to describetheir
own community and how it was unique, participantswere handed aletter-
sized photocopy taken from a 1:50,000 topographic map that included
their region. They were then asked to draw the boundary (or boundaries)
of their community. The only prompt given to them was that they did not
have to use administrative boundaries to draw their boundary.

Descriptive Definitions of Rural and Community

Asnotedin Table 2, focus group discussion regarding what constitutes
both rural and community was wide-ranging. Interms of community, the
rural structure and agricultural nature of the study area are evidenced by
the mention of ‘ connectiontoland’ and ‘ lower population density’. More
germaneto the spatial nature of community were such notionsas* patterns
of interaction’, ‘population diversity’, ‘trading area’, and ‘layered
communities . Nevertheless, throughout the focus group sessions, it was
evident that the spatial community was much larger than the municipal
entity (e.g., Strathclair proper). The community of interest is much more
complex to describe as it transcends all aspects of social networks as
defined by individuals. Much of the discussion was consistent with the
sociological literature of community representing a sense of belonging,
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Figure 1: Focus group study regions in southwestern Manitoba.
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Table 2: Focus group descriptions of rural and community.

Term Geographic/Spatial Interest
Rural « Anything outside of the city « “other people know your business before you do”
* “rural is country to me, kinda small town” * Being isolated
« “Brandon is like a rural city” * People are friendly
 Farm life; agriculture * Higher quality of life
* Less population density * People volunteering their time freely
« Open space * Slower pace of life
* Anything outside the perimeter * You don’t have to lock your doors

« “people who are scattered are more rural”
* Measured based on distance to obtain services
* Low population over a large land mass

Community Some connection to land « Sense of belonging, common beliefs, and security
« Based on pattern of interactions * People experiencing things together
« Less population diversity * Place to raise a family
* Trading area * “working, living, and sharing together”
« Area of people with similar interests * “it’s what you make it” (work, play, communications)
 Layers of overlapping communities + Based on relationships
« “geographic closeness” « “a place I feel commitment to”

« “it doesn’t have to be geographically small” * “it’s the social fabric of the area”
* “community is really, mostly people”
 People living in close proximity
* People know each other (and each other’s business)
 Loyalty and roots
 Lack of privacy
 People coming together in crisis (and good times)

Source: Focus Groups, 2001

common beliefs, and based on relationships (e.g., Hillery 1955).
Furthermore, notions of loyalty and roots, as well as closeness to those
with similar valueswere mentioned. It isimportant to note that definitions
of community included both positive (e.g., people knowing each other)
and negative (e.g., people knowing each other’s business) aspects.

In addition, much of the discussion seemed to il lustrate that boundaries
of people’'s communities (both ‘activity’ and ‘ perceptual’ spaces) were
expanding as rural populations and communities declined. That is, as
population numbers decline, individuals, families, farmers, and business
people need to travel farther to obtain services and to network socially
and economically. This dynamic results in both a larger activity space
and perceptual community. For example, in the Strathclair area, schools
havejoined together to field acommon sportsteam. In other communities,
local newspapers have become more regional. As small grain elevators
close, and arereplaced by inland terminals, farmers must travel farther to
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sell their products. Additionally, participantswho were either in school or
who had children or grandchildren in school noted the importance of the
local school and the school board in defining and redefining their
community. A recent announcement by the provincial government
concerning the amalgamation of school boards in the province, the first
such change sincethe 1950s, could signal even more expanded boundaries
of rural citizens' communities of interest (Dalla-Vicenza 2001).

In terms of rural (Table 2), similar discussion prevailed in that
differences between space- and place-based descriptions of rura were
revealed. In terms of the spatial community, participants noted generic
(anywhere outside of cities and lower population density) and socio-
economic (farming and rural) descriptions. Others provided comments
linking rural to their context in southern Manitoba, specifically mentioning
Winnipeg and Brandon. While there was no disagreement that Winnipeg
was urban, there were divisions within and between group meetings
regarding the classification of Brandon. Some classified Brandon as a
‘rural city’, othersfelt it was urban, and still othersfelt it had both urban
and rural qualities, particularly as they related to Brandon's role as an
agricultural service centre. Brandon also servesasapoint for higher order
health services (e.g., surgery).

A number of points, albeit fewer than those related to geographic
community, were made regarding the socia construct of rural. While
some of these commentswere similar to those for community (e.g., “ other
people know your business beforeyou do”), otherswere unique, including
feelings of isolation, a higher quality of life, aslower pace of life, and a
feeling that one need not lock one’shome or vehicle doors. With reference
to thelast point, others noted that such feelings are changing. Still others
indicated that rural “was a state of mind” inthat if one“feelsrural”, they
are. Related to these types of descriptions were a number of statements
that weredifficult to classify. Becausethey are neither directly geographic/
spatial or based on some type or level of interest, these comments were
not included in Table 2. These comments included such statements as
“rural isrural”, “it's astate of mind”, and it is “quiet and dark at night”.
Taken together, 159 participantsin 15 focus groupsillustrate the need to
recognize broader definitions of rural and community than those that are
utilized by official agencies such as Statistics Canada.
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Spatial Descriptions of Rural Community

Although some of the results obtained from the mental mapping
exercise can only be said to have offered self-evident responses, most,
when coupled with follow-up questions, did giveinsightsinto how people
now view ‘rural community’. In general, the respondentsindicated that to
some extent they live in different ‘psycho-communities’, with the
differences being adirect result of their different life spaces, particularly
interms of mobility, workplace, and leisure-time activities, and with these
variations exhibiting ‘site recalcitrance’ (Orleans 1973, 126). Site
recalcitranceisaresult of physical and sociocultural factorsacting together
to restrict an individual’s image of their surroundings, and thus their
behaviour withinit. Thisrestriction is demonstrated both by the shape of
the area designated and by the distances involved, where role variations
result in different levels of environmental apprehension, despite the fact
that the same basic opportunity sets are open to everybody. Site
recal citrance may be strongly related to the physical and socioeconomic
patterns of the area, but distance is influential identifying those places
that are frequented most often.

Of the 159 focus group participants, 138 provided acompleted map.
Five chose not to participate, and mapswere not distributed to the Hutterite
focus group (n=16), as individuals came from three different coloniesto
attend. The structure of the delineations of the focus group maps varied
insizeand shape. In order to classify these depictions, the mapswerefirst
categorized based on percentage cover. As indicated in Table 3, most
respondents drew boundariesthat included lessthan half of the map area,
indicating that they were taking a considered approach to this question.
Thetotal number of map typeslistedin Table 3is132. Theremaining six
maps did not include spatial delineations, but rather written comments
that their particular community waslarger than the map areaor represented
an areanot included on the sheet provided. Of particular noteistherole
of technology and communications in this regard. One individual, for
example, commented that he was closer to people overseas through
€l ectronic communications than the areain which he resided.

The maps were then classified by shape. Six general shapes were
identified: extended, amoeba, nodal, multi-nodal, linear, and wagon wheel
(Figure 2). First, many of the respondents mapped what appear to be
‘traditional’ representations of community. For some small town dwellers
this amounted to the area of the settlement in which they lived (nodal).
For farm-dwellers this constituted a larger area that surrounded and
enclosed thelocal central place (extended). These respondents designated
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Table 3: Focus group participants’ community boundary delineations.

Percent Coverage of Total Map
Community  0-24 25-49 50-74 75+ Total'

Strathclair 2 2 - - 4
Miniota 6 - - - 6
Minnedosa 7 3 2 3 15
Virden 6 3 1 - 10
Russell 3 4 3 3 13
Carberry 4 7 - - 11
Hutterites® na na na na na
Rivers 3 10 - - 13
Deloraine 3 6 2 - 11
Treherne 3 3 - 3 9
Glenella® 5 5 5 0 15
Souris - 4 3 - 7
Killarney 2 5 3 - 10
Melita - 1 - 4 5
Glenboro 3 6 - - 9
Total 47 59 19 13 138

!5 participants did not complete the mapping exercise
2Maps not distributed at these meetings

*Maps were copied on 11"x17" stock

Source: Focus Groups, 2001

areassimilar to thosefound for rural dwellersaquarter century ago (Everitt
1980), which wereless propinquitousthan those of the small town dwellers,
but at the sametime still exhibited evidence of siterecalcitrance.

Second, some respondents mapped untraditional representations of
community, with many being significantly larger than expected (extended).
One person even mapped alarge area as his/her “immediate community”
with afootnotethat referred to ahuge“ extended community” that included
most of Westman. One extreme included people who mapped a series of
unconnected community nodes (multi-nodal). Interestingly, these maps
were similar to those of Hutterites who mapped their social spacesin the
mid-1970s (Everitt 1980). The Hutterites spaces were restricted by a
philosophy that discouraged contact with the ‘ outside world’. The spaces
of respondentsin the current study appear to belimited more by individual
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Extended Amoebic
N=72 N=29
Nodal Multi-nodal
N=3 N=17
Linear Wagon Wheel
N=7 N=4

Figure 2: Composites of community boundaries by focus group participants.
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choice and circumstance than by group ideology. There are suggestions,
however, that different-sized areas may be found in different parts of
Westman, perhaps reflecting population density and socioeconomic
opportunities. As such, they reflect the changing range and intensity of
social and economic interactions within rural communities in Westman
over the past few decades.

Third, there were numerous examples of site recalcitrance. One of
thetypica examplesincludes participantswho indicated ‘ shapes’ that were
clearly drawn to include nodes (e.g., villages and towns) that were joined
together by wide pathways (linear and wagon wheel). These pathways
were based upon roads and/or railways— although in someinstancesthe
rail linewasno longer operational. In anumber of instances, the pathways
extended beyond the map area.

Fourth, the boundaries of many areas mapped included social,
political, and physica boundaries. Thus, traditional social barriersbetween
competing/conflicting communities can be determined, but municipal or
provincia boundaries can also be isolated, as can the effects of rivers,
lakesand other environmental features (amoeba, extended, wagon wheel).
The right-angled depictions of some of the extended, nodal, and amoebic
shapeswere bounded along road and township lines (Figure 2). Similarly,
the level of detail in the amoebic shaped delineations varied.

Conclusions

Whiletheresults of thefocusgroup analysisareillustrative of changes
that have taken place within Westman communities in recent years, they
are, if anything, probably understating the extent of the change that has
taken place. In part, thisreflected the concentration on‘local actions' within
the focus group sessions; in part, it reflects the fact that when individuals
were supplied maps upon which it was hoped the respondents could draw
their communities, in some casesthe size of these areaswas underestimated.
Consequently these respondents simply indicated the whole of the area
supplied (extended), while othersindicated that their communities extended
a significant distance off of these maps. As often is the case, the results
have proven to be both intriguing summaries of what is there, aswell as
providing clear indications of how the methodology could be adjusted in
order to obtain amore accurate picture of this‘reality’. Thisisparticularly
true as rural depopulation continues, school boards amalgamate, grain
elevatorsarereplaced with in-land terminal's, and rumours of rural health
service restructuring abound. As Christaller noted more than 30 years
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ago, asnodes disappear, area districtsexpand (in Johnston 1994). Having
a better understanding of the spatial and perceptual definitions of rural
and community ensures that response to restructuring is both appropriate
and relevant.
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Geographic antecedents of discontent: power and
western Canadian regions 1870 to 1935

Ben Moffat, Medicine Hat College

Abstract: Regions are the manifestation of power in the landscape. This study
maintains that changes in the alocation and exercise of state power are both
reflected and actively advanced by Western Canada’s regional geography. This
power has resulted in discontent among Westerners that has been expressed
politically and socialy. Traditional approaches to human geography neglect this
socio-political aspect of region. To that end, a focus on landscape patterns of
incoming immigrants, land all ocation and popul ation characteristicswill emphasize
an alternative approach, onethat stressesthe creation and the character of the new
regions that undermined — even destroyed — the indigenous regions that predated
them. Western discontent resulted and has continued to influence Canadian politics,
social life, economics and culture.

Key words: state power, regional geography, regional consciousness, landscape,
Western Canadian discontent

Introduction

Inthe early yearsof the 20" Century the Government of Canadacarved
the North-West Territories into two provinces. In 1905, provincehood
arrived but in aform that did not lead to immediate tangible benefits for
the North-West. However, it did mark theformal integration (co-option?)
of the North-West into Confederation. In absorbing the west, and
expanding its ecumene Ottawa exerted economic, palitical, and social
power. Western landscapes were thereby indelibly marked by the force
and power of Canadian ideology.t

A power-oriented regional geography, one that emphasizes processes
of land division, land distribution, provincial boundary creation and the
dissemination of power to provincial governmentscontributesagreat deal
to understanding the discourse that continues to influence much of the
political discontent in contemporary Western Canada. It clarifies how
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accessto and control of natural resources has cometo influence and direct
Western Canada’s perceived position in Confederation.

Canadian Territorial Expansion and Treaties

Rupert’s Land, an enormous area of more than 10% of Canada was
granted to “ The Governor and Company of Adventurersof England trading
into Hudson’sBay” by Charles|l of England on May 2, 1670. Despitethe
Hudson Bay Company’s (HBC) subsequent dominance of Western Canada,
it was not until scientific expeditions of the mid 1800sthat most Canadian
(and British) attitudes towards the southern plains of the west began to
develop. Reportswritten by the membersof the Palliser and Hind-Dawson
expeditions may have laid the basic conceptual framework for
contemporary views of some physiographic aspects Western Canada.
These beliefsensured that arid areas of thewest were avoided while others,
especially the Parklands, were considered sites for agricultural
communities.

Territorial expansion, scientific research and the fur trade were not
the only means whereby Canadians began to impose their vision of the
west. The 1870s saw the onset of the imposition of many treaties that
relegated Native peopl e to reserves, sometimes far away from traditional
areas of lifeand, at times, against the peoples’ will. Through treaties and
the provisions that the government had in enforcing them (Harris 1992),
the political and cultural boundaries of the west wereredrawn (Figure 1).

Adapted from Ross and Moore 1887, Desy and Castel 1993

Figure 1: Indian treaties and locations.
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Figure 2: The township and range system.

By the time of Canadian Confederation in 1867, the North-West
Territories were known, land was claimed through contemporary
international legal meansand the‘ Indian problem’ wasin process of being
solved. Thewest had become, inthe eyesof the European world, Canadian.
It remained for Ottawa to exert complete control over the shape,
dissemination and regulation of land. Through the drawing of non-existent,
yet powerful lines, Canadawould exert its power over thisvast area.
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The Land Survey

By 1874, surveyors had completed their survey of the 49" parallél.
Canadianswerethereby enabled to begin the process of surveying western
lands as a precondition of distributing them to agricultural immigrants.
Thetownship and range system, much likethat of the U.S.A., was applied.
It enabled the division of western lands among the HBC, the Canadian
Pacific Railway (CPR) and homesteaders, and set aside two sections in
each township for the future of local education (Figure 2).

By 1881, many parts of the North-West Territories well-suited to
settlement had already been surveyed (Figure 3). Even so, one particular
group, the Métis of St. Laurent, felt insecure in their tenure. Their
insecuritieswere undoubtedly linked to previous experiencesin Red River.
Requests of both Qu’ Appelle and St. Laurent groups to have their long
lotssurveyedintheir original, traditional shapefell onthe deaf ears of the
federal government. Such grievances became one focal point of the
Northwest Rebellion. Obvioudly, land, especially its manner of division
and ownership, was a powerful motivator in the actions of the Métis
leadership and peoplein 1885.

Lands near settlementslike Prince Albert, Edmonton, Battleford, and
Qu’' Appelle had been divided and primed for settlement. All that was
needed to make this * settled’ were immigrants; however, people did not
arrivein the numbersthat had been optimistically forecast (Table 1). Rail
construction delays, scandal's, world-wide economic problems, European

Table 1: Immigration to North-West Territories, 1866-
1905.

period Saskatchewan Alberta

before 1866 1,146 594
1866-70 369 313
1871-75 1,147 519
1876-80 981 559
1881-85 3,060 1,550
1886-90 4,756 2,980
1891-95 6,093 5,747
1896-00 18,099 15,930
1901-05 71,150 55,883

Source: Canada 1912



208 Prairie Perspectives

| l:I - ‘-I‘ % /*f
A HPe=EH E YA
A i Nl e e L
sy
e i u I L
L] e T !
Hiie s
A T
- NLW N AN " A s
=T | L o A
i RISy A ;MF
1 ¥ 4
N . o
13 ] T Y
1 A I | g 11 H L T
i - - ,:E:
] .
P " By
T
L T pz,
- o |
i e S
] . b / =n H
P i i Ly
T T ENEAEEEERS
d 1 2 T i
‘_:E':t_’_ ) ) s
3 . e
T ERRNE S unEnmaR N
T 4
] L AN —i L
BOR ] )| =}
o b L =
s - i - | IIL l; '_‘” 'q
T T
AN SN 1 N Es A NAsaEs N EyEEE
q:' 4 [ ) N L [
- I T e
- I LT T~ IHII‘L
.y I 1 L I
HH2H 4 7 R
Ty At L
EN | 7 A 11 I L L B
—- - [T I O e T
0 I O
Awi I-’I' 1 miﬂﬁ—i— H
m Before 1379 _|1ss0 :l Surveyed afler 1831
Bl ss e srs | e Data from Canada 1886b

Figure 3: Lands surveyed by 1881.

political troubles, the aftermath of the American Civil War (and subsequent
Indian Wars of the U.S. west) and the Rebellion of 1885 inthe North-West
Territories all prevented large numbers of homesteaders from coming to
the newly opened regions of Canada.

Simply drawing imaginary lines did not create aland rush. But the
legacy of the surveyors' influence, both in directly readable landscape
manifestations (e.g., road patterns, town distances and field sizes) and in
indirect social influences(e.g., self-sufficiency, isolation, and even mental
illness attributed to isolation) helped lay the foundations of Western
political discontent. The imposition of a strict, true grid system on any
landscape can be seen as the overlay of a human-constructed and scaled
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model. Straight lines, intersecting at right angles, ending at particular
graticule points and jogging at correction lines are not part of the natural
environment. That they then guide agricultural settlement, an activity
whereby peopletry to earn aliving working on and with the land, can only
be seen as ironic. By trying to force the grasslands, wetlands, lakes,
rivers, boreal forestsand coulees of thewest into aconveniently distributed
and divided map, Canada tried to impose rationalist ideas of order and
organization onto the landscape. Simply by drawing lines on maps,
surveyors and land agents alike made their attempts to subjugate and
impose order on the land. Humans could conquer nature?.

Domestic Boundaries and the Rise of Regional Consciousness

While the 1870s saw the delineation of the international boundary
and the onset of surveying of property lines, internal division of the North-
West Territories into land registration districts and other regional units
took place throughout the 1880s.

By 1880, the North-West Territories’ population warranted the creation
of three Electoral Districts. These met the Canadian standard for
representation in the Territorial Assembly. The standard declared:

Assoon asdistricts of onethousand square milescontain
a population of one thousand, exclusive of aliens and
Indians, they are to be constituted Electoral Districts
and return amember (quoted in Robertson 1887, 97)

However, within a year, the Province of Manitoba was enlarged by
Ottawa to include significant portions of what were once the Electoral
Districtsof Wallace and Moosimin. Asaresult, the odd situation resulted
wherethe North-West was|eft with only one representativein the Territorial
Assembly. However, by 1883, there were six Electoral Districts and as
settlers arrived, the number of elected representatives increased.

In 1881, the Census of Canada divided the North-West Territories
into eighteen separate census districts. Unfortunately, the boundaries of
these regions cannot be established®. However, the names and presumed
locations show that up to 1881 a northerly population distribution, one
that till reflected the settlement pattern of the fur trade, wasfound on the
prairies (Table 2). When compared to the Special Census districts of
1885 and the districts of the Canada Census 1891, it becomes clear that
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Table 2: Canada census of 1881: Populations.

Census Districts Total Families Males Females Married

Cumberland(s) 1,255 278 596 659 506
Qu'Appelle 5,241 959 2,670 2,571 1,953
Wood Mountain 4,552 901 2,350 2,202 1,843
Prince Albert 3,236 667 1,705 1,531 1,170
Battleford 4,830 926 2,400 2,430 1,884
Edmonton 3,126 602 1,602 1,524 1,109
Bow River 3,275 667 1,662 1,613 1,340
Totals 25,515 5,000 12,985 12,530 9,805

Source: Canada 1882a

the south, especially areas along the mainline of the CPR, was where the
majority of new census districts were located.

According to the 1881 Census in Canada, the southern part of the
North-West Territorieswas aregion of about 26,000 people. Therewasa
near balance between males and females. People were rather evenly
distributed between the census districts, with a slight emphasis on more
northern, parkland zones.

Birthplaces and origins of the people reveals the dominance of
‘country-born’ folk, with every district showing a clear mgjority of its
population asborninthe North-West or of Indian origin (Table 3). Prince
Albert, Qu' Appelle, Battleford and Wood Mountain have a number of
people bornin Manitobawhich, along with significant numbers of persons
of Québec origin, reflectsameasure of the M étisdiasporaof the 1870s. All

Table 3: Canada census of 1881: Birthplaces.

Cumberland(s) Qu'Appelle Wood Mountain Prince Albert Battleford

England 9 7 11 46 13
Ireland 0 8 15 25 10
Scotland 12 10 5 51 6
Prince Edward Island 0 0 1 2 3
Nova Scotia 1 2 4 4 5
New Brunswick 0 4 1 1 0
Québec 6 18 16 23 26
Ontario 24 58 98 274 44
Manitoba 34 182 143 924 151
British Columbia 0 0 0 1 4

North-West Territories 1,168 4,919 4,234 1,813 4,550
Source: Canada 1882a
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other groups have only minor representation although Ontario as a
birthplace and English and Scottish as places of origin arein evidence.

The Census of 1881 categorized the religions of the North-West
Territories. ‘Not Given’ is the dominant group. Presumably, given the
dominance of ‘country-born’, this reflects the preconceptions of
contemporary census takers. Roman Catholic, Church of England,
Methodist and Presbyterian are also quite numerous in some locations
(Table 4).

Major crops grown show that wheat and other small grains had not
yet become the most important agricultural products. Oats and barley
dominate, especialy in the two areas with the most acresin crop, Prince
Albert and Bow River (Table 5). All reporting districts (excluding
Cumberland) had barley, oatsand hay, but Wood M ountain and Qu’ Appelle
did not report any wheat growing. The foothills areas of Bow River had
yet to develop asapredominant livestock region which therelatively few
acresin hay would suggest.

This census shows that the North-West Territories was not yet
integrated into methods of land usethat would later characterizetheregion.
Wheat, asacrop, and ranching, asan activity, did not yet dominate. Large
numbers of agricultural immigrants and stockmen had yet to transform
theland. Theregionwasnot a‘wild frontier’ either —abal anced sex ratio,
even population distribution among the census districts, a locally born
and bred population and an emphasis on mixed agriculture all attest to
this.

InMay of 1882, four Provisiona Districtswere created. Later,in 1886,
Assiniboia was split into East and West districts. Provisional Districts
werenot legally defined Canadian provinces, nor werethey legd territories,

Table 5: Crops grown in 1881.

spring wheat  barley oats hay
Cumberland(s) 0 10 10 0
Qu'Appelle 153 2,202 4,600 1,474
Wood Mountain 20 50 253 482
Prince Albert 2,949 17,260 18,269 3,998
Battleford 154 4,219 3,108 0
Edmonton 1,000 2,500 12,000 300
Bow River 481 3,798 18,034 735
Totals 4,757 30,039 56,274 6,989

Source: Canada 1882a
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Table 6: Canada census of 1885: Populations.

total male female families
population
Alberta 15,533 8,342 7,191
Calgary and Red Deer 5,467 3,030 2,437 1,527
Edmonton 5,616 2,890 2,726 1,285
Mcleod 4,450 2,422 2,028 1,153
Assiniboia 22,083 13,324 8,759
Broadview 8,367 4,971 3,396 3,028
Qu'Appelle and Regina 9,540 5,575 3,965 2,768
Moose Jaw 2,616 1,745 871 854
Swift Current 363 237 126 124
Maple Creek 465 301 164 145
Medicine Hat 732 495 237 239
Saskatchewan 10,746 5,447 5,299
Battleford 3,603 1,728 1,875 967
Carrot River 1,770 888 882 446
Prince Albert 5,373 2,831 2,542 1,160

Source: Canada 1886a

but before 1905, and the creation of Albertaand Saskatchewan, they were
the North-West's clearest internal boundaries. They had the potential to
become western provinces. They were strong vernacular regions for the
local inhabitants since they had existed for more than 20 years before
provincia status arrived on the prairies (Figure 4).

By 1885, the population character of Canada’s North-West had
changed. The population had increased, the sex ratio had changed and
new areas were being settled. Growing numbers of people in the south
and west are shown by the large number of new census districtsin these
areas (Table 6). While the populations of Edmonton, Broadview,
Qu’ Appelle and Regina, Battleford and Prince Albert grew, their share of
western people clearly declined. Most regions show a majority of men.
Northern districts, however, do display less of aclear majority.

The Special Census of 1885 did not assess hirthplaces (or major
crops) but much can beinferred from the originsand religion of the people
(Table 7). While Indian and “Pagan” were evident, neither constituted a
majority of the population, ashad been the casein 1881. English, Scottish,
Irish and, to alesser degree, French origins were there in much greater
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proportions (and numbers), especially acrossthe south. Religionsbecame
more varied and evenly spread (Table 8). Districts where origins were
shown as Indian showed large proportions of “ Pagans’, but other religions
were evenly divided among Roman Catholic, Church of England,
Presbyterian and Methodist.

The once dominant fur trade had declined in importance in the
parklands and the boreal forest. Censusinformation showstheimportance
of the Provisional Districts as statistical regionsand illustrates the rise of
agricultureasaway of life. The CPRisclearly animportant influence on
many facets of day-to-day living (Figure 5). Southern townswererising
in both population and in political power much more quickly than those
areasfurther north. Populationswere growing around Red Deer, Edmonton
and Calgary. Therailway had influenced, perhaps forced, homesteaders
to locate in southern areas, opening lands adjacent to their mainline and
thereby making settlersfarm the drylands that had once been thought too
arid for agriculture.

The North-West, especially the railway dominated south, seemed on
the verge of aboom in population and economic growth. Onereason was
bountiful crops. Large grain harvests were reaped because both climate
and technology allowed whesat to becomethe crop-of-choice. Asthedecade
neared its end, Canadian, American, British and continental Europeans
began to arrive; the cosmopolitan migration had begun.

Regional consciousnessisformed in many different ways. Formation
may occur through processes of communication or through resource use
and employment patterns. In the North-West Territories aspects of
communication and economy were beginning to draw many seemingly
disparate groups together into regional entities. For example, the late
1870sand 1880s saw the creation of no lessthan fourteen local newspapers.
Another manifestation of theincreased interaction among westernerswas
their shared experience with the CPR.

Spanning the south rather than the parklands of the North-West, the
CPR played an essential rolein the existence of many new towns. Within
these communities, therailway was also amajor landowner, meaning that
the manner inwhich they grew wasinfluenced by theinterests of the CPR.
By the time the CPR was completed, the railway was many things to the
west: urban devel oper, communications‘ provider’, land and immigration
agent, transportation system and employer. It was the major means
whereby goods, services, people and ideas diffused to the North-West.
Therailway allowed for the communication so essential to the creation of
aregional consciousness. Despitethispositivefeature, therailway became
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Table 9: Canada census of 1901: Populations.

males females total
Alberta 36,886 28,990 65,876
Assiniboia East 27,682 22,611 50,293
Assiniboia West 10,220 7,472 17,692
Saskatchewan 13,250 12,429 25,679

North-west Territories 87,438 71,502 158,940

Source: Canada 1902

a focal point for western discontent. Its creation, maintenance and
continuing growth at the expense of farmers was one manner in which a
western regional consciousness was formed.

The long-anticipated immigration boom period eventually arrived.
From 1881 to 1891, the population of the southern regions of the North-
West Territories increased 25,815 to 66,799 (Table 9). By 1901, it had
grown to 158,940, a 138% increase from 1891 and a 516% increase from
1881. Peoplestreamedin.

Homesteaders lived within the sguare land survey grid. On their
cultivated lands, they were more likely to grow wheat than ever before.
The number of acres planted in wheat had expanded rapidly as methods,
means and transportation faculties devoted to its production were
developed. Barley and oats declined in importance as subsistence
agriculturewaned and was replaced by grain asacash crop. Not only had
immigrants arrived on the CPR, they now, as a group, depended on its
existence to transport their produce to markets outside the North-West
Territories. They were united as users of therail line. More and more,
these different people had begun to live like one another as citizens of the
North-West. While they were still a heterogeneous émigré population
(Table 10), representing many nationalitiesand religions (Table 11), common
interests in North-West development were creating more local pride and
cohesiveness.

The 1901 Census of Canada shows how the west’s population
increased tremendously. Towns and cities had begun to develop and
grow while branch lines of the CPR and other railways reached into
developing areas. Onthe brink of provincehood, the North-West Territories
had matured into a popul ated region capabl e of taking itsplacein Canadian
Confederation, but the political and economic powers associated with
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Table 10: Canada census of 1901: Birthplaces.

Alberta Assiniboia Assiniboia  Saskatchewan
East West
Manitoba 1,097 1,536 540 2,653
Ontario 11,420 9,928 5,313 1,568
Québec 2,506 916 331 322
North-west Territories 18,683 13,908 5,134 12,713
England 4,479 4,154 1,728 391
Scotland 1,532 1,800 642 252
Ireland 998 708 324 128

Source: Canada 1902

Table 11: Canada census of 1901: Religions.

Roman Church of Presbyterian Methodist Baptist Pagan No religion
Catholic  England

Alberta 12,957 8,888 10,655 9,623 2,722 2,488 132
Assiniboia 10,663 10,086 15,015 11,559 2,506 1,696 58
Saskatchewan 6,453 6,392 2,136 969 112 1,091 12

Source: Canada 1902

that place remained to be negotiated between the Canadian Parliament
andtheTerritorial Legidlature.

The Drive to Provincehood

Theideathat the North-West would eventually join Canadaad mare
usgua ad mare had been germinating at least as far back as 1864. At that
timethe purchase of the Hudson’s Bay Company’slands becamethefocal
point of discussion at conferencesin both Charlottetown and Québec City
as well as in London, England that eventually led to Confederation in
1867. The new Dominion of Canada bought Rupert’s Land and the
Northwestern Territory from the British government in 1870. Later, in
1870, the Province of Manitobawas created and, in 1871, the Province of
British Columbiajoined Confederation. By the 1890s, the politicians of
the North-West Territories, most of whom had been born in Ontario,
reasoned that the time had finally come for provincehood to be realized.

Asearly as1872, J.S. Dennis, then Minister of the Interior, had advanced
proposals that would have divided the west into provincial areas (Figure
6; Owram 1979, 51). Such plans were reiterated in 1882 and thereafter
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Adapted from Owram 1979, 51

Figure 6: The J.S Dennis proposal of 1872.

regularly put forward to the government in Ottawa. The Dominion
government felt that the west was past due for full responsible,
representative government and a place in Confederation. Thomas (1978,
96) states:

By 1895 the federal government finally accepted the
need to negotiate western demands. In one sense the
ensuing decade may be seen as atime of territorial and
legal wrangling, but, in addition, many issues of region,
place, and self-determination were also at the core of
decision-making processes.

People of the west wanted to control their destiny, especialy their
purse strings. With provincehood looming, many of the feelings, ideas
and visions of the future held in the west would become apparent. What
followed was a process fraught with frustration. For while the west had
been colonized by the East, local initiative and vision would not die.

Thewest seemed caught between two distinct visions of what it should
and could be. As Morton (1985, 25) notes:

The settlement of the West by the Ontario migration,
then, had brought the institutions of civilization to the
prairies, law, police, agriculture, commerce, and
education. It had incorporated the West into the political
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structure of Canada. Yet it had failed either to people
the plains or to create a civilization adapted to the
character of the plains.

Part of the maturation of local character was the development of
regional identity. Thismaturity wasreflected in the emotionsand feelings
for the three districts of Assiniboia, Saskatchewan and Alberta. Thomas
(1978, 98) observes that [these] “became centres of sectional feeling or
what may be termed * district consciousness'”.

Assiniboia, Saskatchewan and Alberta became focal points of both
regional consciousnessand agitation for provincial status. Their existence
provided a focus for western solidarity and consciousness. They gave
legitimacy to feelings of self-definition and provided justification for the
drive toward recognition by eastern power brokers. However, western
agitation for provincial statuswasnot smply anidealistic desiretojoinin
Canadian Confederation. Of more immediate necessity was the need for
tax revenues. Money was needed to build the transportation and economic
infrastructure and to operate the day-to-day processes of government. While
alocal, elected Territorial government was established in 1888 and many
elementsof quasi-provincial status had been attained, budgetary shortfalls
weretherule. Typically the Canadian government passed annual grantsto
the Territorial Council but these too “proved insufficient to meet the
Territorial requirement” (Brennan 1985, 365). Nicholson (1979, 129)
observesthat thisshortage of revenue, coupled with increasesin population,
created problems for the government of the North-West Territories:

[in the early 1880s] population began to spread
westward at an unprecedented rate. Immigration was
under the control of thefederal government, but the task
of providing for the immigrants by the construction of
local works and improvements was the responsibility
of the territorial government. The problems (mainly
financial) created as aresult of this gradually became
almost insurmountabl e and, consequently, theterritories
began to look forward to provincial status.

Several scenarios were evident by the time western provincehood
was being seriously considered. Schemesto dividethe Territoriesincluded
the creation of four provinces, three provinces (one northern; one southern:
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one eastern; one western), two provinces, and one province (Figure 7).
But the Dominion government only considered those which would result
in one or two provinces.

As the 20th century opened, debate over western provincehood
crystallized between the two levels of government and around two
powerful, charismatic political leaders; Laurier, Prime Minister of Canada
and Haultain, Premier of the North-West Territories. Haultain would
submit:

a draft bill creating a single province which would
comprise al territory between Manitoba and B.C. and
between the 49th and 57th parallels of north latitude.
This province was to have full provincial rights,
including control of all public lands and natural
resources. Laurier rejected these proposals...claiming
that the demand for provincia autonomy was premature
and that therewas no general agreement inthe Territories
or elsewhere on the number of provincesto be created
(Brennan 1985, 365).

AsLingard (1946, 203) notes, Haultain believed that the North-West
Territories should not be divided

because the people of the Territories have acquired a
political individuality and identity as distinct asthat of
the people of any Province...There does not seem to be
any reason...they should be suddenly divided in two,
separated by a purely arbitrary line and obliged to do
with two sets of machinery and institutionswhat they to
agreat extent have been doing quite satisfactorily and
efficiently with one.

Despite the popularity of the proposa for one government for the
entire North-West Territories, there were dissenting voi ces over Haultain's
proposals. Notable among these were a Calgary Herald editorialist who
was a strong advocate for capital status for Calgary’s new province
(whatever that may have been), Edmonton’s city fathers (strong advocates
for capital status for Edmonton’s new province), and the few Liberal
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members (both Senate, House and L egislature) of government serving the
west who saw fit to obey Laurier’sLiberal party line (Owram 1979).

Contrary to Haultain's stance, Laurier would side with those who
believed the North-West Territories should be divided. Eventually two
provinces were created. The Liberal government (and most vociferously
Laurier) publicly cited two reasonsfor dividing the North-West Territories.
Thefirstinvolved therelative sizes of then contemporary provinces (Table
12). To Laurier, it was obviousthat a North-West Territories of 1,112,527
square miles (as advocated by Haultain) was much too large compared to
other provinces. Second, Laurier argued there was a certain economic
raisond’ érefor separateness: Albertawas ranching country; Saskatchewan
wasfarming. Provinceswould thereby simply be based on land-use patterns
and similaritiesinlife-styles. Each, in retrospect, seemsrather spurious, if
not willfully misleading.

Laurier’s concerns about provincial size were dashed in 1912 when
Québec was enlarged to 594,534 square miles. That year Ontario grew to
412,582 square miles as land claimed by Manitoba became part of it.
Clearly for the Laurier government, or the Borden regime that followed,
there were no firm guidelines on provincial size (at least for central
Canadian provinces). Similar to Laurier’s concerns regarding provincial
size were the ‘misconceptions’ about productivity of the land, land use
and the character of western regions.

The Foothillsand CypressHillsregionsof the North-West, had, since
the 1870s, been the site of cattle ranches. In the two areas, grazing and
riparian rights had already been established before homesteaders arrived
inany great numbers (Evans 1976; Breen 1983). By the mid 1880s, it was
evident that some parts of western Assiniboia and Alberta had become
different from eastern Assiniboia, Saskatchewan and Athabasca.

Table 12: The sizes of the provinces, 1871-1931.

1871 1881 1891 1901 1911 1921 1931
Ontario 101,715 101,733 219,650 260,862 260,862 365,880 363,282
Québec 187,530 188,688 227,500 351,873 351,873 690,865 523,534
New Brunswick 27,177 27,174 28,100 27,985 27,985 27,911 27,710
Nova Scotia 20,909 20,907 20,550 21,428 21,427 21,068 20,743
Prince Edward Island 2,133 2,000 2,184 2,184 2,184 2,184
British Columbia 341,305 382,300 372,630 355,855 353,416 359,279
Manitoba 123,200 64,066 73,732 73,731 231,926 219,723
Northwest Territory 2,665,252 2,371,481 2,437,904 1,921,685 1,207,926 1,258,217
Saskatchewan 251,700 243,381 237,975
Alberta 255,285 252,925 248,800
Yukon Territory 207,076 206,427 205,346

All figures in square miles
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Data from Laurier’s Department of the Interior repudiated the view
that Saskatchewanwas'‘ farming’ and Alberta‘ ranching’ country. Evidence
suggests that Laurier was well informed of the reality of western life
(Lingard 1946, 205) but he“ played upon” what wasthought to be“common
knowledge” of the west. Department of the Interior records show that
during 1901, Alberta had 80,000 acres of potential grain-growing lands,
Saskatchewan 86,000; Alberta had 113,559 acres of ranching land,
Saskatchewan 106,887; and Alberta contained 41,000 acres of potentially
irrigated landswhile Saskatchewan only had 32,000. Werethese differences
great enough to create aninternal provincial boundary comparableto that
which existed along the Ottawa River? Given the fallacious nature of
Laurier’spublic arguments, the subsequent enlargement of central Canadian
provinces after the fact, and the seeming lack of concern regarding the
decision, there must have been other motivesin estranging Haultain who
was apopular, albeit Conservative, elected leader of the west.

Ottawa rejected Haultain’s one province. The Laurier government
preferred two smaller provinces. Perhaps Laurier was concerned that a
single North-West province could, in time, disrupt the delicate balance
between Ottawa and the powerful provinces of Ontario and Québec. To
that end, the creation of two relatively low population, politically weak
provinces rather than a single potentially powerful entity that could not
(and would never?) forceitsview of Confederation onto central Canadians,
or Ottawa, satisfied the agenda of the Laurier government.

Other reasonsfor division of the North-West Territoriesinclude overt
‘party politics' and personality clashes. Lingard (1946, 205), for example,
saw a humber of different purposes served by the division.

That the territories were divided may be attributed to
theunfortunate development of local personal ambitions
centred in two or three communities, the willingness of
the federal authorities to give more weight to the
representations of the North-West Liberal membersthan
to those of the Territorial government, who alone were
elected on the autonomy platform, and the fear in the
older provincesthat the onelarge province would assert
a preponderant influence in the Dominion Parliament.
Thedividing linewas purely an arbitrary one. No natural
division existed along which the boundary between the
two provinces could be drawn.
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The actions of Laurier’'s government to create two provinces were
entirely consistent with those of John A. Macdonald, who wrote
“Canada...is the paramount power and has a distinct interest in the size,
population and limits of every Provincewithin her bounds.” (Thomas 1978,
96). This centralist view suggests that Ottawa preferred a divided,
peripheral North-West Territories. From thisfailureto create aplace suited
toits local cultural ecology would rise frustration, anger, mistrust, and
antagonism. In short, all those attributesthat havetypified western federal -
provincial relationsto this day.

In 1905, Alberta and Saskatchewan were created. Having ensured
that these provinceswould not challenge eastern dominance through mere
size, the federal government also ensured that they could not challenge
through economic success. To further hamstring their development, all
relevant aspects of provincehood were granted the new provinces but one:
control of natural resources, hence land. These would remain in the
Dominion’s control until 1930:

[for] the federal government...had no wish to create
another large, strong province which might well
challenge its policies. Hence two provinces were
created...neither of which wasgiven control of itsnatural
resources...a serious departure from the principle of
federalism as then understood (Thomas 1978, 265).

This manipulation was, perhaps, an even greater abuse of power
relationships in a geographical sense than that perpetrated by boundary
manipulation. The inhabitants of the old North-West Territories were
deprived by the federal government of control of their region for another
25 years.

Conclusion

The geography of the North-West was transformed as surveyors and
settlers made their way west. Through the process of territorial expansion
and the rigorous application of a geometric land division pattern, the
Dominion of Canada exerted both its power to colonize and its power to
impose a modernistic landscape on the west.

Canada, the nation, was made by political deeds. Confederation was
achieved by central Canada convincing Maritimers, British Columbians,
and, later, Newfoundlanders to join in their vision. On the other hand,
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Ottawa did not have to convince westerners of the merits of their state;
they bought them. Because the North-Western Territory was purchased
(and renamed the North-West Territories in 1870), Ottawa's power was
seen as total. Ottawa exercised this power, in arather firm manner well
into the 20th century.

A regional geography focused onissues of power and the creation of
two, western Canadian provincesin thelate 19th century isonethat shows
Saskatchewaners and Albertans were admitted to Confederation under
different conditionsfrom other provinces. Both lands and resources were
controlled by Ottawauntil 1930. Thetwo new provinces, therefore, could
not realize the potentials of their environment and the natural wealth within
their boundaries.

Through the application of a newly formulated regional geography,
relationships of power between different levels of government, between
indigenouswesterners and incoming Eastern Canadians, between ranchers
and farmers, between urbanites and country folk and between Albertans
and Saskatchewaners can be seen. By emphasizing proceduresand patterns
of land division and processes of provincia creation, evidence of the effects
of power on the landscape becomes clear.

Notes

1 Local alegiancesand emotionsare strong in Canadaand continueto challenge
the existence of the nation. Québec separatism, western alienation, northern
land claims, and the movement to create Cascadiaare all contemporary issues.
However, the dominance of Canada by its populous‘ heartland’ continuesasa
national trait.

2 AsGregory (1996) and Blaut (1993), among others, have discussed, modernism
can be seen as the ideology that was a push toward colonization of ‘new’
worlds for Europeans. Modernism directs an agenda of organization and
determines aspects of economies and politics. Modernism created systems of
trade, dominance and patterns of minority marginalization. It is inexorably
linked to capitalism and created a European realm that has dominated the
earth. Gregory (1996) cites four important aspects of the modernist agenda.
The first of these is the intellectual “abstract spaces of rationality” that
“absolutize time and space”. In Canada, the Dominion Land Survey system
and the imposition of human derived rationality on nature exemplify these.
The second aspect refers to “exhibiting the world” where European social
elements are compared to foreign elements and usually found superior. In
western North America, the famed portrait photographer Edward Curtis may
be seen asexemplary. Thethird aspect visualizes* normalizing the subject” by
creating poles of differences between the above-mentioned societies, the
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imposition of a“ continuum of development”. The existence of concepts such
as“orient” and “occident” are results or, in the Canadian example, ‘west’ and
‘east’. The fourth aspect refers to the exclusive and non-integrated aspect of
humansand nature. Through modernism comesthe*environmental otherness’
and detached view of nature that many contemporary societies apply.

3 Boundariesof the Canada Census of 1881 cannot be established. Mapsoutlining
the census districtswerelost in aParliamentary Library fire of 1916 (personal
correspondence 12/16/92).
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Francophone land settlement in southwestern
Saskatchewan: homestead choices of French
speaking settlers in the Gravelbourg-Meyronne
area

Beckey Hamilton, University of Regina

Abstract: During the late 1800s and early 1900s, several thousand Francophones
migrated to Western Canada. Whilethere are several studieson the history of this
migration, few have considered their land settlement pattern, especialy the
settlement choices of individual homesteaders. This paper presents some
preliminary results in a study of Francophone land settlement in southwestern
Saskatchewan. While early French speaking homesteaders in the Gravelbourg-
Meyronne areafrequently chose the best availableland, several factorsinfluenced
homestead selection including proximity to water, access to a limited amount of
bush, proximity to relatives, friends, acquaintances, countrymen and previous
neighbours. The land chosen and the factors considered varied for each settler.
Theroleof the priest, Father Gravel, complicated any evaluation of land selection.
He advised and reserved land for an unknown number of settlers, and suggested
that othersfile ‘blind'.

Key words: Saskatchewan, Francophone, Gravelbourg, land settlement,
homesteaders

Introduction

Several thousand Francophones migrated to western Canada during
thelate 1800s and early 1900s. Most settled together, inrural areas, where
they established Catholic parishes. Schlichtmann (1977) has argued that
ethnic groups often displayed characteristics which distinguished them
from their neighbours and which contributed to spatial differentiation of
theearth’ssurface. Thisuniquenesswas expressedin locationa behaviour
such as preference for specific types of settlement areas, or in individual
and group distributions. Schlichtmann (1977, 10) further remarked that
“ Geographic research seeksto show why, to what extent, and how spatial
concentrations of people of shared ethnicity developed just where they
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did, ...research is concerned with location at the individual and group
levels” Othershaveresearched the land settlement decisions of members
of various ethnic groups on the Canadian prairiesincluding Anglophones
(Richtik 1985), Icelanders (Richtik 1986), Germans and Scandinavians
(Boyd 1989), Scots (Lewry 1986) and Ukrainians (Lehr 1985). By contrast,
Francophone land settlement has not been considered. One objective of
this paper isto determineif Francophone settlerswithin the Gravel bourg-
Meyronne bloc settlement displayed unique locational behaviour and to
suggest some factors that contributed to any unique settlement patterns.

Literature Review

Many have researched the history of Francophonemigration to western
Canada; fewer have investigated this group’s pattern of land settlement.
Atacontinental scale Trudel (1961) mapped the expansion and contraction
of French Canadians in North America until Confederation in 1867.
Frémont (1959), Bédard (1979) and Old (1980) mapped the location of
historical French townsand villagesin Saskatchewan. Fung's (1999) maps
outlined thelocation of Francophone and other ethnic bloc settlementsin
the province, but did not show the distribution of members of this group
with in these settlements. Morisette (1970) mapped the locations of
individual French-origin settlerswho had patent land in colonies established
by Monsignor Jean Gaire in southeastern Saskatchewan. He focused on
the efforts of Monsignor Gaire to establish the settlements and on the
surrounding of the colonies by those of other backgrounds, rather than on
factors influencing the locations of individual homesteads. In contrast,
this paper presents some preliminary findingsin a study of Francophone
land settlement in southwestern Saskatchewan and focuses on settlement
in the Gravelbourg, Lafleche and Meyronne area.

Study Area

The chosen area (Figure 1) approximates that of the Gravelbourg-
Meyronne settlement bloc identified in the Atlas of Saskatchewan (Fung
1999). Four Francophone settlements were planned within this bloc.
Gravelbourg was initially to cover townships ten and eleven, ranges four
and five, Lafleche, townships eight and nine, ranges four and five. West
Gravel bourg was|ocated on township nine, range six. Le Pinto, later named
Meyronne, was originally planned for township eight ranges six, seven
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Figure 1: Location of the Gravelbourg-Meyronne area.

and eight, but was soon reduced to township eight, range seven, all west
of the third meridian (NAC 1908, 1909). A few townships surrounding
the bloc settlement were included if there was a significant number of
French-speaking homesteaders, and if the township was not better included
in another Francophone bloc settlement?.

Sources and Method

Homesteaders were identified using the Department of the Interior’s
Township Registers and Homestead files?. Several sourceswere used to
identify Francophone settlers. Family names served as aguideline?, but
they proved insufficient for mapping individual settlers. Some settlers
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whose last names appeared to be French in fact had other backgrounds,
such as George Marquis, the son of an Englishman, John Marquis (SAS
Homestead files 1772232 and 1782862). A few lists were available: one
compiled by Father Gravel, another of Francophones at Lafleche. Both
wereincomplete and inaccuracieswerefound in Father Gravel’slist (SHSB
€.1910; Anonymousn.d., 14-15). Birthplaces of settlers, determined from
homestead filesand local historiesalso served asaguide. However, severa
non-Francophones were born in French areas, such as Québec-born John
McDonald who settled south of Lafleche, or Harvey Gibson who
homesteaded southwest of Gravelbourg (SAS Homestead files 1772628,
1778300, 2240007 and 3021447). Atthe sametime, many Francophones
wereborn outside of French areasin the United States, Ontario or Manitoba.
However, they were often sons of Québec-born homesteaders who also
took up land in the settlement. This alowed their origins to be traced
back to Québec. A few settlers of non-French origin and with family names
reflecting other ethnic backgrounds were identified as Francophone by
secondary sources. LiketheRossfamily that settled at Gravelbourg, Arthur
Smith’sfamily had likely beenin Québec for so long that it had assimilated
into French Canadian culture!. Additional problems arosein identifying
French-origin settlers from the United States as Francophone. Taped
interviews and letters demonstrated that there had been different degrees
of assimilation, especially among those born in the United States®.
Furthermore, some Francophones in the United States anglicised their
names, making it difficult to identify them®.

Birthplaces and last residences of Francophone settlers were
determined using homestead filesand local histories’. Taped interviews,
genealogies, church papers and letters sent to Father Gravel provided
additional information on the pre-settlement locations of alimited number
and added information about the context of this settlement.

Physical Geography

The Gravelbourg-Meyronne area lies within the Old Wives Plain.
Soils in this region are among the best in southwestern Saskatchewan.
The heavy clay |oam of the Sceptre A ssociation, found near Gravel bourg,
isthemost productive soil typein thebrown soil zone. Topography changes
fromrelatively flat at Gravelbourg, to rolling heading south to Lafleche.
Haverhill soils predominatein the northern part of the L afl eche settlement.
Although inferior on rolling land, when found on level land, such as that
south of Lafleche, Haverhill soilsare second to Sceptre soilsin productivity.
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However, they lack the moisture holding capacity of Sceptre soils, are
susceptible to leaching, and are often stony. Sandy loam of the Hatton
Association is found further west in the Meyronne area, especially south
of thetown. Thissoil’ssandy nature limitsits moisture holding capacity,
resultinginlittle resistance to drought and drifting. Itispossibleto obtain
good cropson such soilsin yearswith above average preci pitation; however
poor crops or even total failures occur when precipitation is insufficient
(Loveridge and Potyondi 1983, 42; Mitchell et al.1987, 54-58, 67-71, 73-
76).

Using Kdppen’sclassification, climatein southwestern Saskatchewan
is classified as moist mid-latitude steppe. Moisture, rather than
temperature, limits agriculture. Mean monthly temperatures peak in July
at 18° to 19 °C, and drop to their minimum in January at -13° to -15°C.
Although precipitation is greatest during the summer, high temperatures
and frequent winds from the southwest result in excessive potential
evapotranspiration compared to precipitation, and large water deficits
(Longley 1972, 24, 72; Fung 1999, 18, 99-100).

The natural vegetation of southwestern Saskatchewan has been
described asmixed grassprairie. Wheatgrass and speargrass are the most
common speciesfound. Bluegramagrassislesscommon except onvery
droughty soil. Sages and common cacti are also frequently found (Watts
1959, 34-35; Padbury and Acton 1994). Surveyors' field notes indicate
that prior to settlement prairie dominated in all townships in the
Gravelbourg-Meyronne area. A very limited amount of bush, including
willow, maple, cherry and thorn wasfound along theWood River. Although
insufficient for building, this provided fuel for settlersin the Gravelbourg
area. Elsewhere, they had to travel to Wood Mountain for coa (ISCR
Surveyors' Field Notebooks). Surveyors also mentioned the presence of
antelope, jackrabbits, ducks, chickens and deer within the study area.
However, some of them stated that game was not plentiful (ISCR Surveyors
Field Notebooks).

Historical Background: Francophone Settlement in
Southwestern Saskatchewan

Early Francophone settlersin southwestern Saskatchewan were French
and Michif-speaking Métis, mostly from the Red River areain Manitoba
(Lalondeand Lapointe 2000, 16). They came, beginning in 1856, because
of a decline in the bi-annual Red River buffalo hunt coincident with
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increased tradefor buffalo robes. Many morearrivedin 1869-1870 pushed
by near annual drought, declining crop yields, failure of the Red River
hunt and concern with repercussions from the Red River Resistance
(Rondeau 1923, 29; Ens 1989, 107-108, 220). Temporary wintering
settlements were established at Wood M ountain/Willow Bunch, and | ater
at CypressHills, Lac Pelletier and along the Frenchman River, near what
isnow Va Marie (Lalonde and L apointe 2000, 16).

At this time, still clouded by its negative image as the northern
extension of the Great American Desert, southwestern Saskatchewan
remained largely uninhabited by those of European descent (Ennis 1977,
17). However, by the late 1870s, ranchers were attracted to the area as
they participated in the expansion of the ‘ranching empire’ from Texas
across the American plains and into the southern prairies of Alberta and
Saskatchewan (Breen 1983, 4). Severewintersin 1903-1904 and in 1906-
1907, declining cattle prices, aworld-widerecession, afinal endto closed
leases in 1896, and an amendment to the Dominion Lands Act in 1908
allowing a160 acre pre-emption in addition to ahomestead led to adecline
in ranching (Lambrecht 1991, 39; Potyondi 1995, 56-57). A wet cycle
persisting through most of the first decade of the twentieth century
promoted grain farming in areas which were previously considered
marginal for agriculture and led to a southwesterly direction in the
expansion of settlement (McCormick 1977, 163).

Until this time, few had chosen to homestead in southwestern
Saskatchewan. Therewerefew positive referencesto the region and most
intending settlers headed to other, apparently more fertile areas (Ennis
1977, 22). Yet, for the French Catholic clergy in western Canada, thelimited
settlement was ideal. Although initially preferring bloc settlements, by
the early 1900s they were attempting to form a chain of smaller, though
solid, group settlements. They hoped that with high birth rates, further
immigration and subsequent acquisition of land owned by other groups,
the small settlements would eventually be linked (Painchaud 1976, 3;
Laonde 1983, 493).

However, fewer came than the clergy had hoped. Although farms
were small in Quebec, France and Belgium, many opted for opportunities
inurban centreswithintheir own, or in nearby countries, or chose migration
to the United States rather than to western Canada. Those promoting
immigration to the prairiesfaced opposition from the government, various
societies and local Catholic clergy, particularly in France and in Québec.
Also, they had to counteract theimage of western Canadaas acold place
of hardship where one would not likely succeed®.
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The Gravelbourg-Meyronne Area

In September 1906, Archbishop Adelard Langevin authorised Father
Louis Pierre Gravel to establish a parish at a location of his choosing,
though he recommended the Gravelbourg area (SAR 1906; Hébert 1965,
17). Earlier, afew colonists had followed the advice of Willow Bunch
priest, Alphonse Lemieux, and Métis living in the area, that they would
find fertile, flat land, and some bush, at ‘LaVieill€' rather than hilly land
like at Willow Bunch. They soon squatted at what would become
Gravelbourg. When Father Gravel first came to the area, he found these
colonists settled and Monsignor MarieAlbert Royer recruiting for acolony.
Thewealthy Gravel family’sinfluence and instructions from Archbishop
Adelard Langevin forced Albert Royer to relocate. He eventually founded
Notre Dame d' Auvergne, today Ponteix, while Gravel began sending
colonists to ‘La Vieille’, for land in four townships reserved for
Francophone settlers (Royer c¢. 1918/1919, 8; ‘Un Ancien’ 1920, 36-37;
Auclair n.d., 45, 51; Lapointe 1987, 38-39; Wilhelm 1990, 129).

In 1907, Father Louis Pierre Gravel was appointed repatriation agent
for thefederal government. Hewasto encourage French Canadiansliving
in the United States to return to Canada (NAC 1907). To this end he
advertised in newspapers in Québec and in the New England States. Le
Canada, La Presse, La Patrie, L'Etoile, Le Witness, L’ Avenir de
Manchester, and Le Record (NAC Parks Canada; SAR 1909a). He gave
speechesin Québec and in Franco-American centres, (NAC n.d., Weekly
Reports) and published two brochures promoting colonisation: Le Pays
des Bles d'Or (The Land of Golden Wheat) and La Saskatchewan
(Saskatchewan) (Tessier 1974, 18). Although his numbers may be
questioned, Reverend Gravel claimed to have attracted over 10,000 French
Canadians, many from the United States, to southwestern Saskatchewan®.

Two other colonies were established in the Gravelbourg-Meyronne
bloc settlement®©. After leaving Gravelbourg, Albert Royer explored the
area around the confluence of Pinto Horse Creek and Wood River. He
noted that while the land was rolling, hillswere only steep near theriver,
and theland was cultivable. Monsignor Royer directed agroup of settlers
who were not satisfied at Gravelbourg to this area where they formed a
settlement known as ‘Buffalo Head', the precursor of Lafleche (Royer
1908, 6).

In 1908, pioneers Benjamin Soury-Lavergne and Marcel Dugas | eft
Gravelbourg to look for homesteads adjacent to aprojected railway. They
searched for two weeks but saw nothing to their liking until they found
good land two to three miles north of Pinto Horse Creek. The new residents
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of the area later attracted Reverend Jules Bois from France; he became
their parish priest at Meyronne (SAR 1934, 57-59; Soury Lavergne n.d.,
n.p.).

Land Settlement

Other homesteaders soon followed theinitial settlersat Gravelbourg,
Lafleche and Meyronne. Many Francophones squatted before the land
was surveyed, at Gravelbourg, and to a lesser extent at Lafleche (Figure
2). Chi-square tests (Table 1) show that Francophone squatters at
Gravelbourg chose the best quality, class 2 land, more frequently than
expected, while they avoided class 3 and class 4 land. Squatters at
Gravelbourg, especialy those from France, clustered around the group
initially brought by Reverend Albert Royer. Thisgroup gathered near his
proposed church on section 14-10-5-3. Another group formed near the
initial settlement in the areaknown as Gauthierville on section NE32-10-
4-32, Others settled throughout the four townships of the Gravelbourg
colony, although they avoided therolling land in the southwest corner of
the settlement.

Although too few quarterswere claimed by Francophone squatters at
L afleche to conduct chi-square analysis, early Francophone settlers here
too displayed apreferencefor the best land: 85.71% of the quarterschosen
were class 3 land, 7.14% class 4 land and 4.14% class 6 land; no class 5
land was selected. They avoided rolling land north of Lafleche and class
5land east of thetown. Francophone squatters did not specifically locate
near the proposed railway®®. On the contrary, there was a tendency to

Table 1: Land claimed by Francophone settlers at
Gravelbourg.

Soil class Observed Expected Deviaition
number of number of %
quarters quarters
claimed clamed

2 90 48.1 +53.44
64 81.7 -27.01
4 0 5.2 -100.00

w
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Figure 2: Francophone squatters at Lafleche and Gravelbourg.

settle near family members, acquaintances or those who had previously
resided in acommon location.

Land intheareawas surveyed in 1908. Most squattersfiled for their
claimed homestead quarter, though many selected anew pre-emption. Like
those who had sguatted, and as shown in Table 2, Francophone settlers
frequently selected the best availableland. Rolling land in the
southwest corner of the Gravel bourg settlement and North of Lafleche, as
well as sandy land south of Meyronnewas avoided. Clustering was most
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Table 2: Land entered by Francophone settlersin 1908:

Settlement Soil class Observed Expected Deviation
number of number of %
quarters quarters
claimed claimed

Gravelbourg 2 135 95.2 +41.84
3 144 173.5 -17.00

4 1 10.3 -90.32

Lafleche 3 51 385 +32.51
4 2 17.6 -88.61

S5or6 7 4.0 +77.06

Meyronne 3 12 6.2 +93.50
4 1 1.9 -46.25

5 7 11.9 -41.36

evident at Gravel bourg; non-Francophone settlerstook only afew quarters
around the edge of the settlement. Smaller groupswere present at L afleche
and Meyronne.

Difference in the size of the settlements may be partially explained
by the reservation of thefour townships, yet specificsrelatingtothisreserve
are unknown and a few non-Francophones filed as early as 1908. Also,
requests to Father Gravel for information about settling in southwestern
Saskatchewan suggest that Gravelbourg soon acquired areputation: many
asked about settling in Gravelbourg rather than elsewhere (SAR 1908b,
1908c). Asanimmigration officer at Moose Jaw, Alphonse Gravel directed
Francophones to Mortlach, then south to French colonies (SAR 1909b).
L ettersinthe Fonds Famille Gravel tell of some settlerswho were attracted
by advertising, while othersfollowed friends, acquaintancesand rel atives.

Itisalso difficult to assess how well the results of the chi-square test
reflect any ability of these settlers to select good land. The earliest
homesteaders in all three settlements chose homesteads generally
surrounded by good land: othersmay have simply settled near them. Written
evidence suggests that other physical features, especially access to the
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limited amount of wood and water were desired, and influenced the choices
of some settlers. For example, Mr. Beaubien selected land by theriver to
havewood and water (SAR ¢.1966). J.B. Delbrouck wroteto Father Gravel
requesting assistance in finding land that was near wood and water; being
near arailway apparently did not matter so long as he could hope that one
would soon be built:

Je vous serais infiniment reconnaissant de bien vouloir me
dire ou je pourrais trouver un bon homestead ainsi qu’une
préemption; cela ne me ferait pas trop d' étre quelque peu
éloigné des lignes de chemin de fer actuelles, si je pouvais
espérer qu'il s'en constuirait de nouvelles assez proches des
terres a prendre. J aimerais assez ne pas €tre trop éloigné
du bois et que I’eau ne soit pas trop difficile a trouver. S
possible (SAR 1909c, 910).

| would be infinitely thankful if you would tell me where |
could find agood homestead and pre-emption; it isfine with
me if | am somewhat away from current railways, if | can
hope that new oneswill be built closeto the availableland. |
would like to be not far from wood, and would likeit if water
were not difficult to find. If possible.

Surprisingly, land near the river, and land with some bush was not
alwaysthefirst to be taken. Families and acquaintances often chose land
within the same colony and at times settled on adjacent quarters (Figure
3). For example, Zenon Desrosiersasked Father Gravel to reserve adjacent
quarters for himself and a friend (SAR 1908d). Raoul Bourgeois later
wrote that his uncle, Ulric Bourgeois, had arrived at Gravelbourg with a
group of friends. They subsequently chose land within the same region.
Raoul’s brother followed the next year and al so selected anearby quarter:

Quelques-uns de ses amis étaient Hormidas Boutin, Alex
Samoisette, Amedée Lorrain, Sylva Bourgeois et Hector
Pinsonneault qui étaient arrivés avec lui. Tous ses amis
prenaient du terrain dansles mémes environs et sont toujours
demeurés bons amis. Son frére, Aimé, arrivait en 1909 pour
se situer sur une terre pres d’ Ulric (Gravel bourg Historical
Society 1987, 262).

Hormidas Boutin, Alex Samoisette, Amedee Lorrain, Sylva
Bourgeois and Hector Pinsonneault were among the friends
who arrived with him. All of his friends took land in the
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same area and always remained good friends. His brother,
Aime, arrived in 1909 and took land near Ulric's.

Some settled adjacent to their countrymen or near those who had
previously resided in the same location (Figures 4 and 5). In both cases,
proximity to family, friendsor countrymen at times outweighed land quality,
provided poor quality land was recognised. However, the mobility of the
Francophones meant that maps of settlement by birthplace or by last
residence sometimes obscured links between family members and
acquaintances.

The unknown number of Francophones who had requested Father
Gravel’'sassistancein choosing land further complicated analysis of land
sdection™. For example, Joseph Cormier wroteto Father Gravel on August
7th, 1907:

J ai appris par plusieurs que vous aviez du terrain en main
pour former un settlement canadien je m’ adresse a vous pour
m' en garder un morceau soit que vous choi ssissez vous-méme
leterrain ou que vousfaitesvisiter quelqu’ un je vous paierez
ce que ¢a vaudra. \euillez m'écrire aussitot que possible
j'iral moi méme voir cela (SAR 1907a).

I"ve heard from many that you have land to form a Canadien
settlement I’ m writing you to have land saved for me, either
that you choose the land or that you have someone visit it |
will pay what it isworth. Please write as soon as possible |
will go and seeit.

Another prospective colonist, Louis Tessier, wrote on September 30th,
1907:

voudrier vous avoir la bonté de voir me prendre une
homestead. jevien devoyage et j’ai entendu parler que vous
en arrier an main voyez s'il vous plair enprendre un pour
moi sur lerang 4 et je consen a payer votre commision comme
lesautresfaite moi reponse au plustot possible (SAR 1907b).

would you be good enough to take a homestead for me. i
returned from atrip and | heard that you had some in hand
would you take one for me on range 4 | will pay you
commission as the others are please respond as soon as
possible.
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Family Links Between Francophones in the Lafleche
Settlement who Received Patent
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Figure 3: Family links between Francophone homesteaders in the Lafleche
Settlement.
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Birthplaces of Initial
Francophone Settlers
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Figure 4: Birth places of initial Francophone settlers.
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Figure 5: Last residences of initial Francophone settlers.
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Later accounts also indicate that Father Gravel was involved in
selecting land with the col onists. For example, Raymond Bourgeoiswrote
that Louis Pierre Gravel had assisted his father, Tancrede,

En 1906, papa se rendit a Moose Jaw, ou avec |’ aide du bon
Pere Gravel, il choisit une bonneterretout présdu sitedela
future ville de Gravelbourg (Gravelbourg Historical Society
1987, 261).

In 1906, father went to M oose Jaw, where, aided by the good
Father Gravel, he chose good land close to the future site of
the town of Gravelbourg.

Father Gravel was involved in selecting land for another group. In
1909 Arsene Bouvier, hisbrother, Alcime, hisfather Pierre, afriend Moise
Douvilleand hissister Marie Roseinvestigated settlement possibilitiesin
the Meyronne area, then,

The following year, 1910, Arsene returned to Saskatchewan
with hisfather, Alcime and Honore and Moise Douville. On
Father Gravel’s recommendation, they homesteaded each a
quarter section together eight miles north of Meyronnein a
part of the country later known as‘Bouvierville' (Gravelbourg
Historical Society 1987, 268).

Other Francophonesfiled ‘blind’. Choosing good land inthissituation
may have been luck as much as anything. For instance, Irene Himbeault
later wrote that her father, Joseph Chouinard, arrived at Moose Jaw and
selected a quarter on alarge map in the Dominion Lands office. After a
trip to this sandy quarter section south of Lafleche, he returned to Moose
Jaw intending to exchangeit. Enroute, hemet Mr. Rosswho directed him
to file for an available quarter two to three miles south of his own place
(Gravelbourg Historical Society 1987, 307). In fact, Father Gravel
counselled some Francophonesto file‘ blind” with littleinformation about
theland. For example, J.B. Delbrouck wrote Father Gravel that he was
concerned about Gravel’s suggestion of filing without first seeing the land.
However, he trusted Gravel to select good land for him:

J ai bien recu votre lettre du 21 janvier dernier ainsi que la
carte que vous avez bien voulu m’ envoyer. Vousme conseillez
de faire application de suite sans aller voir les terres, mais
c'est que déja une foisjel’ai fait et j"ai eu a m'en repentir:
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un individu avait pris une grande quantité de homesteads -
on pouvait faire application pour d’autres en ce temps - et
sur sa parole je suis parti avec tout un stock et j’ avais une
terre inhabitable; resultat cing cents dollars perdus. Vous ne
me dites pas quelles especes de terres sont ces homesteads.
Sont-cedesterresablé? Y a-t-il dufoin? Je suppose puisque
vous m' envoyez la que vous devez connaitre cela. Comme
j’ai d&jaeuun homestead et quej’ai un permi d’ entreprendre
un, ne pensez vous pas que vous pourriez faire application
sur deux quarts pour moi? Cela m’ exempterais le voyage a
Moose Jaw; Je vous enverrais ce permis et tous les
renseignements voulus ainsi que I’ argent (SAR 1909d, 902-
903).

| received the letter and the map you sent on January 21st.
You advised me to apply immediately without going to see
theland, but | have already done thisonce and lived to regret
it: someone took a large number of homesteads - we could
apply for others at that time - and on his word | left with
much stock and | had uninhabitable land; result the loss of
five hundred dollars. You do not tell me what kind of land
thesehomesteadsare. Isit wheat land? Istherehay? | assume
that since you are sending me there you know this. Asl’ve
already had a homestead and have a permit to take another,
do you not think that you could apply for two quarters for
me? Thiswould save me the trip to Moose Jaw; | will send
you the permit and all information needed as well as the
money.

Finally, not al could apply for the land they desired; for example
Zenon Desrosierswaslikely told that hewould have to apply in atownship
adjacent to that which he preferred. On July 9th, 1908, he wrote,

Je désire de prendre un homestead a lariviére la vieille S'il
vous plait je vous demande de entrer mon nom sur le Town
10, r4 sec. 24 3iéme méridien la %2 sec. du Sud Ouest et Sud
Est, veille s'il vous plait de mettre mon nom pour le quart
Sud Ouest, et le Sud Est pour mon ami Rudol phe Hardor [?]
et si par lors cette demi section est demandé avant nous bien
jevous prie de me réserve deux quarts sur la section la plus
proche et naturellement on désire que vous nous réserve du
bon terrain ... nous désirons beaucoup de nous établir ici
dans [?] dans une Colonie Canadiens et Catholique, et
autrement Si NOUS reussissons pas a prendre du terrain dans
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votre coloniealariviérelavieillequevousétreal’ oeuvre de
fonder, et bien nous nous retour neront dansla P Quebec notre
place natale (SAR 1908d).

| would liketo take ahomestead at Old WivesRiver | ask you
to please enter my name on the south half of township 10,
range4, section 24 west of the 3rd meridian, would you please
enter my name for the southwest quarter and the southeast is
for my friend Rudolphe Hardor [?] and if by chance this half
section has already been requested | ask you to reserve two
quarters for me on the closest section and naturally we ask
you to reserve good land ... we would really like to establish
ourselves herein aCanadien, Catholic Colony, and otherwise
if we do not manage to take land in your colony, the one
which you are founding, at Old Wives River, then we will
return to Quebec, our birthplace.

A note scribbled on this|etter indicated that land was to be reserved
intownship 11, range 5, rather than in township 10, range 4, asrequested.
However, homestead recordsindicate that Zenon Desrosiers never patented
land in western Canada (SAR Township Registers; http://www.archives.ca).

Conclusions

Severa intertwined factors influenced Francophone land settlement
decisions. French-speaking, Catholic priests sought to establish solid,
stable bloc settlementswhere the French language, culture, and the Catholic
religion might be preserved. They selected areas with few other settlers,
wherethey believed the land was good (Royer 1908, 6). They recognized
the importance of locating where farmers might prosper in order to build
stable settlements and preserve culture. However, they avoided good
farming areasif others were already there. Asaresult, colonieswere not
always optimally located. In contrast, individual settlers who chose
homesteads at |ocations where colonies later developed made decisions
on economic bases: they attempted to select good farmland, relatively
closeto existing or projected railways. Presence of other settlerswas not
influential.

Colonising missionary priestsrecruited in Québec, inthe United States
and in French speaking areas in Europe. They were challenged by the
decisions of those who saw better opportunitiesin urban centres or in the
United States. Also, particularly in Québec and in France, governments,
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the church, newspapers and other members of the elite discouraged
migration. Frequently, they promoted anegativeimage of western Canada.
Also, concern over atreelessenvironment, and the limited amount of water
available deterred potential migrants, particularly those who were
considering southwestern Saskatchewan. Some Catholic clergy in Québec,
such as curé Labelle, suggested that Québecois who wanted to move to
the United States, because of the difficulty involved in clearing land to
start farming in Québec, consider migrating to the western prairieswhere
treeswould not be an obstacle (Lalonde 1979, 168). Nevertheless, priests
in southwestern Saskatchewan had to promote the idea of farming in a
treelessarea. In particular, they mentioned that theland, although treeless,
wasfertile and that other sources of fuel were available (Anonymous 1903,
269-270). Areaswith some bush, like Gravelbourg, were attractive.

Thenumerousl|etterswritten to Father Louis Pierre Gravel requesting
information about homesteading in western Canada are indicative of the
influence of this priest in attracting settlers. However, like several other
groups, processes of chain migration influenced Gravelbourg’s
development®®. Examples such as that of Ulric Bourgeois demonstrate
how communi cation between those settled and others till inthe homeland
led to chain migration and growth of Francophone colonies. Many were
attracted to these colonies where they understood that institutions had
been developed that would enable them to retain their culture, and settle
alongside other Francophones, friends and family.

Many factors influenced individual homestead selection within the
colonies. Lettersto Father Gravel, such as those by J.B. Delbrouck and
by Zenon Desrosiers, demonstrated interest in obtaining good land. Most
Francophone homesteaders chose good land. Often, homesteads were
selected near othersborn or last resident in similar areas, or near family or
acquai ntances. However, family members did not always choose adjacent
quarter sections. Groups based on common origins and last residence
remained small. Therole of Father Gravel inreserving land and advising
settlers in homestead selection, especially in the Gravelbourg area,
complicates eval uation of homestead choices. Theextent of hisinfluence
in land selection is unknown, particularly outside the Gravelbourg
settlement, though evidence suggeststhat hedid play arolein establishing
several other Francophone coloniesin southwestern Saskatchewan.
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Notes

1 Thismethod for establishing boundariesfor an ethnic block settlement has been
used by Wonders (1980).

2 Township registers and homestead files have frequently been used in studies of
land settlement on the Canadian prairies (e.g., Lewry 1986 or Boyd 1989).

8 French family nameswereidentified using Dauzat and Marlet (1987) and Dionne
(1914). Family names have been used before for identifying Francophone
migrants and settlers (Vicero 1968).

4The English-origin Ross family had settled at Rimouski after William Rosswas
granted land for service in the 78" regiment during the taking of Louisbourg
and Quebec in 1759 and in the American Revolution (Gravelbourg Historical
Society 1987, 593-594). Both Joseph and Pierre Ross appeared on a list of
Francophones whom Father Gravel claimed to have enticed to settle in
Saskatchewan (SHSB ¢.1910). Father Royer later described Mr. Ross as a
good Francophone in spite of his name (Royer ¢.1918/1919, n.p.). In ataped
interview with Rene Smith, Arthur Smith is described as Francophone (SAR
19734). He also appears as ‘French’ on alist of Meyronne settlers classified
according to nationality (Therens 1955, n.p.).

> Most prospective settlers living in the United States but of French origin who
requested information from Reverend Louis Pierre Gravel wrote in French.
But, a Mr. Beauchamp in Devil’s Lake, North Dakota wrote that while Father
Gravel had sent his father, Emile Beauchamp information on settling in
southwestern Saskatchewan, he, Emile’s son, needed information in English
since he did not read French (SAR 1908a). A Mr. Bourassa who settled at
L aflechetold of speaking mainly Englishin St John, North Dakota (SAR 1973b).

& Francophone names were sometimes changed by record-keepersin the United
States (Poteet 1987, 318). |n other, but less frequent, cases, Francophonesin
the United States anglicised their own names in an attempt to integrate into
American society. These voluntary name changes may be viewed as evidence
of assimilation (Lambert 1987, 319; Poteet 1987, 318). For example,
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“Durocher” was changed to “Stone”, while “Lamontagne” was sometimes
changed to “Lamountain”, “Longtagne” or “Mountaine” (Forget 1987).

"Homestead filesand local historieshave been used to identify previousresidences
of English Canadians who settled in Saskatchewan (Widdis 1992).

8 Ennis(1977) for example, summarises variousfactorsinfluencing Francophone
migrationtowestern Canada. Silver (1969) and La onde (1979) haveresearched
attitudes of the Québecois €lite regarding migration to western Canada.

A list of settlerswhom Reverend Louis Pierre Gravel claimed to have attracted
to southwestern Saskatchewan was found in the Fonds Langevin. However, a
letter from Archbishop Langevin indicated that other priests, Reverends
Lemieux, Magnan, Bois, Royer, Dufresne, Jayet and Woodcutter claimed to
have attracted the same settlers. Further verification of this list showed that
some settlers were not of French origin, while later accounts by some of the
settlers suggested that they had come independently, and had never been in
contact with Louis Pierre Gravel (SHSB ¢.1910, 1911a, 1911b).

1 Thecolony at West Gravelbourg would remain small and was eventually known
as Woodrow (Barry 1998, 394).

1 Land classes are based on the Canada Land Inventory Soil Capability for
Agriculture maps (1967).

2 Both of these sites were proposed for the centre and church in the colony. The
decision to locate the church and the town on NE36-10-5-3 and SE1-11-5-3
was controversia and influenced by the Gravel family: Father Gravel’sbrother,
Emile owned SE1-11-5-3. Asaresult, the town was unusually located: away
from the river and on marshy land. Later accounts suggest that in the early
years at times there were two to three foot deep sloughsin the town during the
spring (Royer ¢.1918/1919, n.p.; Auclair n.d., 63; SAR 1977, 1980).

B Thereisnoindication that arailway was planned at Gravelbourg. Father Gravel
made great effortsto attract both the CNR and the CPR to the town, appearing
before the Railways Commission in 1910, writing to William White of the
CPR and to Mr. Burns, locating engineer of the CNR on several occasions, and
touring Mr. Burns through the area. In spite of his efforts, only the Canadian
Nationa built through Gravelbourg; the Canadian Pacific followed itspreviously
planned route arriving in both Lafleche and Meyronnein 1913. However, Father
Gravel wascredited with bringing the CNR to Gravel bourg (SHSB 1910, 1911c;
NAC 1911, Drake 1950; Anonymous 1979, n.p.).

14 Onelater account suggeststhat all land within the French colony at Gravelbourg
had to betaken through Father Gravel, rather than the Department of the Interior.
Although this was not confirmed, some prospective settlers wrote Gravel
requesting, and at times offering payment, for his assistance in selecting land
(SAR 1980). Also, several quarters were listed in the Township Register as
claimed and there was some regularity in the distribution of homesteads and
pre-emptions suggesting the possibility of planning: four homesteads were
frequently all located on the same section, while all pre-emptions were on the
adjacent and alternating sections.
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5 Others have shown the influence of chain migration in the development of
various ethnic communities, for example, Lehr (1985), Ostergren (1998) and
Richtik (1985, 1986).
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A spatial analysis of crime in Brandon, Manitoba

Greg L ewis, Assiniboine Community College
John Everitt and Dion Wiseman, Brandon University

Abstract: Crimeanalysishashbecome aprominent subject within social geography.
This study involves the analysis of crime data as well as socioeconomic data
gathered for Brandon, Manitoba. Crimeis broken down into personal crimesand
property crimes. It was hypothesized that thereis asignificant correl ation between
the socioeconomic indicators of education and income levels with crime levels.
Crime statistics were received from the Brandon Police Service for 1996 in order
to allow comparison with the 1996 census data, the most recent data available at
the time of the study. Through the use of a correlation analysisit was determined
that correlations did in fact exist between education levels, income levels and
personal and property crimelevels. Inaddition, surveysof respondents’ perceptions
of crime within Brandon were shown to closely parallel those of the actual crime
occurrencesin the city. As aresult of thisresearch it is hoped to raise awareness
and understanding among thoseinterested in Brandon and in crimein small cities.

Key words: GIS, geography of crime, cognitive mapping, small cities, Brandon

Introduction

Crimeanaysisstudiesare not new to geography (Albaum 1973; Evans
1980; Georges 1978; Harries and Brunn 1978). In the mid-1960s Keith
Harries used mapping techniquesto determinethat there werelarge spatial
variations in the rates of crime committed in the United States, thereby
establishing the foundation for modern geographic crime analysis (Harries
1974). Crime analysis has since become a common field of study within
socia geography, in both Canadaand the USA, reflecting the significance
of crime analysis and crime reduction in contemporary society (Getis et
al. 2000; Sharpe 2000).

Crime analysisinvolves an analysis of past and present crimes, and
the deduction of possible futuretrends based on detailed reports compiled
by police departments. However, only in the past decade or so have these
reports been available in digital format. This technical development,
coupled with the improvement of specialized crime databases has meant
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that very specific and detailed information has been kept on criminal
incidents and offenders. These databasesinclude information on the type
of crime committed, the location of the crime, personsinvolved, time of
day and day of week. Also associated with each incident reported is a
unique identifier or incident number. The incident number allowsfor the
easy retrieval of all information relevant to a specific crime and, along
with itsassociated address, allowsthe policeincident databaseto belinked
to a map. Although there are still problems with the data sources, the
ability to digitally record the geographic location of a crime and the
associated attributes of that sameincident haslead to ashift from traditional
methods of crime analysis toward the application of geographical
information systems (GIS).

Despite the fact that law enforcement agencies are very diligent in
their data collection, historically they have had little, if any, training in
geography or GIStoaidin performing crimeanaysis. Traditionally, crime
analysisby law enforcement officialsinvolved the time consuming activity
of plotting thelocation of crimeswith pinson paper maps. It wasthenthe
task of detectives to determine possible patterns or trouble areas based
upon their ability to visually interpret patterns produced by the pins. As
such, crime analysis was a potentially biased and subjective process that
relied heavily on theintuition of the detectivesinvolved. Although useful
results could be obtained, they typically varied with the personnel involved
in each case.

Since the introduction and implementation of GIS, crime analysis
has become an increasingly objective and analytical science. This more
scientific approach has resulted in police forces becoming more proactive
intheir methods of community policing. With the coupling of current and
historical data, police forces are able to forecast the contexts of criminal
activity and react accordingly. Thus, computerized GI S provideincreased
efficiency and allow law enforcement agencies to address previously
unanswered questions.

The following crime analysis study focuses on Brandon, Manitoba
(Figure 1). Urban areas typically have higher rates of crimes than rural
areas (Carter and Hill 1979; Sharpe 2000, 422). In addition, urban areas
have demonstrated a significant spatial variation in the occurrences of
crimes (Macionis and Spates 1982). Brandon is a small city with a
population of approximately 40,000 people. Its small size meansthat the
number of crimes committed, the volume of data collected by the Brandon
Police Service, and the number of enumeration areas are manageable for
purposes of this study. A number of problems do, of course, exist with
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Figure 1: Enumeration areas and neighbourhoods in Brandon.

police datathat can limit the analysis and even mask important patterns—
as Harries pointed out many years ago “crime statistics are at best an
approximation of the true crime situation” (1974, 4). For example
unreported crimes, repeat victimization, multiple crimes and policing
variations can cause distortions in the information available, and mean
that the utmost caution is necessary in interpreting and explaining the
resulting spatial patterns.

This study addresses two aspects of crime in Brandon. The first
involves a comparison of 1996 census data, and crime data collected for
the same period by the Brandon Police Service. Two hypotheses were
formulated. Thefirst was suggested by thework of Stahuraand Huff (1979)
who found that the higher the low-income population of a suburb, the
greater the incidence of both violent and property crimes. Thisled to the
generation of ahypothesisthat “ crimeratesof Brandon will have a negative
correlation with income levels’. That is, as the income level of an area
decreases the corresponding crime rate for that areawill increase.

The second hypothesis is related to levels of education, which
Macionis and Spates (1982) have related to occurrence of crime. They
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suggest that many poor or near-poor peopl e, having restricted educational
backgrounds and thus more limited job-training opportunities, may seek
to supplement their incomes by turning to crime. Following this line of
reasoning it was hypothesized that “crime rates of Brandon will have a
negative correlation with education levels’. That is, the crime rate will
increase as the level of education decreases. Although these hypotheses
were based upon literature that refers to large metropolitan areas, prior
knowledge of the urban geography of Brandon, as well as discussions
with members of the Brandon Police Service suggested that they would
also be applicable to the smaller urban context of Brandon.

The second aspect of this study involves an evaluation of the way
that peopl e perceive the occurrence of crimein Brandon and comparesit
to the actual occurrence of criminal activity. Perceptions of crime, as
obtained from survey results, were used to develop cognitive maps that
might aid in the understanding of crime and how it relates to other forms
of spatial behaviour in Brandon. One hypothesiswasformulated, namely,
that the “residents of Brandon will indicate the downtown core area of
the city as having the highest rates of crime”.

A survey was used to collect dataon respondents’ perceptionsof areas
of high and low rates of crime, as well as background socio-economic
data including income levels, and education levels. Perceived areas of
high and low rates of crime, as indicated by the survey results, were
digitized in order to allow their incorporation into a GIS. From these
maps ‘hot areas’, or areas of perceived high crimerates, and ‘ cool areas’,
or areas of perceived low rates of crime were indicated.

Methodology

Five main areas of theresearch are discussed. First, the study areaof
Brandon and the enumeration areas that constitute the study area, are
examined. The second section is concerned with the process of devel oping
soci0-economi c maps based upon income and education levels, using data
taken from the 1996 Canada Census data (Statistics Canada 1997). The
third section discusses the design of crime maps and the construction of
an appropriate crime index. The fourth section examines the processes
involved inthe production of cognitive maps of crime based on the survey
responses. Lastly, a correlation analysis comparing average income,
education levels, and property and personal crimesis presented.
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Study Area

Brandon consists of sixty-two enumeration areas [EAS] (Figure 1)
that constitute one Census Area (CA). However, not all EAsareequal in
size, shape or socio-economic composition. An evaluation of the EAs
enabled four categories to be developed based upon the relationship
between each EA, and the neighbourhood-typethat it was hoped to depict.
The categories that were constructed included: 1) EAs consisting of
institutions such as Brandon University, the Brandon Regiona Health
Authority hospital, and elderly persons’ housing (EPH) complexes; 2) EAs
that crossthe boundaries of at least two of thetraditional neighbourhoods;
3) EAs that have very irregular boundaries resulting in the inclusion of
pieces of several neighbourhoods; and, 4) EAs that include sections of
only one neighbourhood. Thefinal category includesareasthat arelikely
to be more homogeneous in terms of income and education levels— the
two socio-economic variables used in this study. Consequently, only
category four EAswere used for the sampling frame of this study.

The Development of Socio-economic Maps

One of the primary objectives of this study was to determine the
validity of a hypothesized relationship between income and education
levels, and the corresponding rates of crime at the EA level in Brandon.
Tofacilitatethisanalysis, income and education levels, and the occurrence
of crime were reduced to standardized indices. Once these indices had
been determined it was possi bl e to make an unbiased comparison between
enumeration areas. The need for acompari son between enumeration areas
resulted in maps of averageincome and education levelsand the associated
crimeindicesfor each enumeration area. Figure 2 shows average household
income in Brandon, and Figure 3 shows the percentage of people with
post-secondary education. Although these two maps show largely similar
distributions, there are some differences. For example, thelower household
incomes are concentrated to a greater extent in Brandon's core area than
arethelower educational levels. It wasthus expected that the correl ations
between these variables and the crime data would differ to some degree.
Thesetwo sets of datawere derived from the 1996 census (Statistics Canada
1997).
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The Development of Crime Maps

In order to compare the income and education levels across Brandon
with the crimerate, acrime index was determined. The crime index used
was designed to take into account the number of crimes committed as a
function of the popul ation of the enumeration area. Asit was not practical
to compare every category of crime with income and education levels,
two broad categories of crimewere used that reflected traditional usagein
theliterature (Carter and Hill 1979), and within the Brandon Police Service.

Thefirst of these broad categorieswastermed ‘ personal crimes', and
included assaults, sexual assaultsand robberies. The second category used
was called ‘ property crimes' and included arson, business and residential
break and enter, fraud, theft of motor vehicles, theft under and over $5,000,
theft from vehicles, possession of stolen goodsand mischief under $5,000
(Brandon Police Service 2000). Data problems could, of course, result
from the use of such broad categoriesof crimewherethe severity of crimes
within these categories can be seen to vary considerably. However, it was
felt that for this preliminary study of the geography of crime in Brandon,
where comparisonswith other jurisdictionswerenot critical to conclusions
of the study, and where within-category distinctionswere not being made,
that the use of the traditional categories was appropriate for the type of
analysisundertaken.

In the development of the crime index, two key components were
used, namely the number of crimes committed, and thetotal population of
the enumeration area. A crude comparison of the total number of crimes
for each enumeration area would have led to results, particularly in the
correlation analysis, that would have been difficult to interpret. Therefore,
it was determined that a standardized crime index was more appropriate,
even though thismight exaggerate theincidence of crimeinthecorearea,
and understate the crime situation in the suburbs. This crime index (Ci)
was defined as the total number of crimes per 100 of the population. Two
unique crime indices, one for personal crimes (Ci (person aJ)) and one for
property crimes (Ci (oro perly)), were then calculated for each enumeration
area, producing two maps (Figures 4 and 5).

The Development of Cognitive Maps

Within the survey there were two questionsthat specifically pertained
to peoples’ perception of crimein Brandon. First, respondentswere asked
to “outline the one area that you feel has the highest rate of crime in
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Figure5: Property crimeindex.
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Brandon”, and second, to “outline the areawhich you feel has the lowest
rate of crime”. Once all the surveys had been compiled they were entered
into aGl Sto devel op cognitive crime maps for Brandon (Figures6 and 7)

Correlation Analysis

Oncethe survey datahad been collected and eval uated, four Pearson’s
Product Moment correl ation coefficientswere cal culated using the derived
crime index. The first two correlation analyses incorporated forty-six
observations (N), and compared average household income with the
property crimeindex (Ci (oro perty))’ and average household incomewith the
personal crime index (Ci (person aj)). The other two correlation coefficients
incorporated forty-eight observations, and compared the percentage of
the popul ation with post-secondary education and the property crimeindex
(Ci (oro perly)), and the percentage of the population with post-secondary

education and the personal crimeindex (Ci (person aj)).

Results

Theresults section isdivided into three major parts. Thefirst section
documents the responses of the surveys sent to 200 residents of Brandon.
The second section deals with the correlation analyses, which analyzed
thefour major variablesincluded in this study. The final section discusses
the results that led to the construction of the cognitive crime maps.

Survey Responses:

A survey was mailed to 200 residents of Brandon chosen at random
from acrossthe city. Of the 200 surveysthat were sent, 100 werereturned.
In addition to identifying hot and cold areas, respondents provided
additional information through two additional questions, concerning their
opinions about crime in Brandon. The first of these questions was “Do
you feel that personal crimes or property crimes are the most prevalent
crimesin Brandon?’ It was included in order to assess the respondents’
knowledge of crimein Brandon. Of the 100 respondents to this question,
86% correctly judged that property crimes were the most prevalent, 12%
felt that personal crimes were most common, and 2% did not respond.
The second question was, “ Do you feel that most criminalscommit crimes
intheir own neighbourhoodsor others?’ It wasincluded inorder to further
assess the perceptions of respondents. Of the 100 respondents to this
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question, 36% felt that criminals committed crimes in their own
neighbourhoods, 47% felt the mgjority of crimeswere committedin others
neighbourhoods and 17% failed to respond. These resultswill be discussed
later in the paper.

Correlation Analysis Results:

It should be noted that the identification of a relationship through
correlation analysis does not necessarily mean that a causal relationship
exists. That is to say, one variable is not necessarily dependent on the
other variable. Any relationship identified by the correl ation analysissimply
indicates that the two variables react in the same fashion and determines
whether therelationshipis positive (anincreasein onevariableisassociated
withinanincreaseinthe second variable€), or negative (anincreasein one
variableis associated with in adecrease in the second variable).

Thefirst two variables analyzed were the average household income
and the property crime index. The calculated correlation coefficient for
these variables was found to be -0.541, significant at the 0.01 level. This
indicatesthat thereisastrong inverse rel ationship betweenincomelevels
and the derived property crime index. The next correlation evaluated the
relationship between average household income and the personal crime
index. A stronger inverse correlation was found with the resulting
coefficient being -0.691, also significant at the 0.01 level. Thus, both the
personal and property crime indices were found to have an inverse
relationship with average household income. This supports the first
hypothesisthat “crime rates of Brandon will have a negative correlation
with income levels’.

Thethird correlation analysis eval uated the rel ationship between the
percentage of the population with post-secondary education and the
property crimeindex. Once more, aninverse correlation wasfound, with
a correlation coefficient of -0.481. The last correlation evaluated the
relationship between the percentage of the population with post-secondary
education and the personal crimeindex. Again, aninverse correlation was
found (-0.442). Thelatter two correlation coefficientswere significant at
the 0.01 level. This confirmed the second hypothesis of this study that
“crime rates of Brandon will have a negative correlation with education
levels’. The weaker relationships involving education level are no doubt
related to the differences in the distributions of income and educational
levels within the city, and in particular, the more concentrated nature of
the low income households in the core area.
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Cognitive maps of crimer ates:

It had been hypothesized that the “ residents of Brandon will indicate
the downtown core area of the city as having the highest rates of crime”.
A qualitative analysis of the resulting cognitive maps appears to support
this assertion. As can be seen in Figure 6, respondents identified the
downtown core as having the highest rate of crime, with over two thirds of
the respondents selecting this area. 1n addition, the second highest area
indicated, with 42% to 55% responserates, was a so found in the downtown
core.

As Figure 7 shows, there are three mgjor areas with perceived low
crimeratesin Brandon. Thefirst can be found within the neighbourhood
known as Riverheightsin thewest end of Brandon; the other two arefound
in the neighbourhoods of Hamilton Heights, on the north hill, and the
Waverly Park subdivisioninthewest end. Thelarger number of cool areas
identified accounts for the lower frequency of responses (with a high of
about 17% compared to 55% for hot areas).

Cool areas were more widely distributed across the city, and some
explanatory characteristics can be found when comparing them with the
two socio-economic factors identified earlier. All of the cool areas are
located in more affluent areas, with average annual incomes of $24,597
and over, and high rates of post-secondary education. Conversely, thearea
identified as having the highest rate of crime, fell into both the lowest
categories of income ($17,573 or less) and post-secondary education (less
than 42% of the population). Thus, the expected relationships between
income and education levels, and crime rates, were observed in the
cognitive maps of crime.

Conclusion

This study determined that there are statistically significant negative
correl ations between crime rates and both income and education levels. It
was also demonstrated that the majority of Brandon residents identified
the downtown core as the area with the highest rates of crime. Although
this is a correct perception, the results of the survey indicated that the
Brandon Shoppers (sic) Mall (Figure 1), also an area of high (property)
crime, is not perceived as such by Brandon residents. This conclusion
warrants further investigation, but it islikely areflection of information
received by therespondents— crime at the mall receivesless‘ press’ than
crime downtown. It may also reflect the fact that the mall islocated in an
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areawith ahigher socio-economic status, and such areas are, astheresearch
found, not usually associated in the public mind with high levelsof crime.

A more varied response was given to the question regarding areas of
Brandon that have the lowest rates of crime. In this case, a number of
areaswereidentified. All were affluent, suburban areaswherecrimerates
might be low, but where the number of crimes might be much higher.
Once again this response deserves further research, but also reflects the
information availableto therespondentsfrom the press. It might a so reflect
the desire of some respondents to visualize their own neighbourhoods as
safer and more crime free than other areas of the city.

Lastly, doubts remain concerning the validity of the results of such a
preliminary study, and thus the insights that can be derived from these
findings. For example, what exactly doesacorrelation between the crime
rate and the soci o-economic status of an areamean? 1t could mean that the
areas of lower status harbour more criminals — and this would appear to
be the belief of many of respondents in this study. On the other hand, it
could mean that the residents of (for instance) the central area of the city
aremoreeasily victimized - by peoplewho might livein (for instance) the
suburbs of the city.

Consequently, thisfirst geography of crimein Brandon must be seen
for what it is— an attempt to begin to identify the challenges and prospects
associated with the spatial analysisof crime datacollected by the Brandon
Police Service. Theresultsindicate that from acrime perspective Brandon
is similar to other Canadian and Anglo-American urban areas, and that
generalizations made elsewhere can be used to interpret the general
situationinthe‘Wheat City’. At thesametimeitisclear that further research
hasto take place at afiner scale in order to distinguish the characteristics
that are particular to Brandon and to begin to provide solutions to the
challenges of crime in the twenty-first century. It is hoped that studies
such asthiswill encourage the use of geographical information systemsin
therecording and analysisof crime, and will contribute to improved crime
detection and management practices within the Brandon Police Service.
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Notes

1. Using data provided from the Uniform Crime Reports of the F.B.I., Harries
produced crude maps to show the rates of eight common crimes committed
throughout the United States.

2. ltisinteresting to note that arelatively new crime serieson CBSTV, “The
District” usesthe ability to combine crime datawith aGIS as a centre point of
the shows.

3. Brandon has always been treated as one Census Area by Statistics Canada,
even though its population of some 40,000 might justify its subdivisioninto a
number of census tracts.

4. Enumeration Areas were designed to “be as compact as possible to minimize
travel and optimize census representative work. EAsare delineated so that the
census representative may locate them with aslittle difficulty as possible.
Therefore, wherever possible, EAsfollow easily recognizable physical features
(such asthe road network and rivers)” (Statistics Canada 1992, 191). That is
to say, EAswere not defined with nei ghbourhood boundaries or socio-economic
divisionsin mind.

5. These neighbourhoods are based upon the socio-economic development and
physical growth of Brandon over time. They are generally recognised by the
long-term residents of Brandon, and were once mapped by the Real Estate
Board. This map has since been updated by the Department of Geography at
Brandon University as urban growth has extended Brandon’s built up area,
and the latest version of this figure was used as a base map in this study.

6. Although thisprocessof selection eliminated some problemsfrom the sampling
frame, it may have introduced others. For example, the exclusion of EPHs | eft
out concentrations of elderly peoplewho might experience, and perceive, crime
differently to other age groups. However, the authors are confident that the
sampling process that was used eliminated more problems than it created.

7. Although it is recognized that a map showing the absolute number of crimes
might be quite different from one of crime rates - reflecting the different
populations of the enumeration areas — the data available for this study was
not in aform that could provide an accurate dot density map of crime counts.
For thisreason, aswell as othersdiscussed in thetext, crime rates were mapped
using a choropleth mapping technique.

8. Although there are sixty-two enumeration areas in Brandon, usable data are
not available for all of these. Some areas have no permanent population, and
others have numbersthat are small enough to cause difficulties with respect to



Prairie Perspectives 271

confidentiality regulations. Forty-six or forty-eight EAsyielded usable data,
depending upon the variable in question.

9. A 50% response rate was felt to be good for thiskind of survey. The rate was
probably improved by a story about the study that appeared in the local
newspaper the Brandon Sun concurrently with theimplementation of the survey.

10.Significant issues with thiskind of analysis can arise from scal e effects and
the modifiable areal unit problem. These are not issues in this paper as both
scale and areal units are constant in the present research design. It would,
however, become anissueif comparisonsto other studiesand caseswereto be
made.

11. This conclusion is based upon the personal experiences and judgments of the
authors. It was confirmed in conversations with media reporters.
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Approving intensive livestock operations: conflict
in the countryside in southwestern Manitoba

Bob Walber g, Assiniboine Community College
Doug Ramsey, Brandon University

Abstract: Confinement agricultureisfast becoming the dominant livestock raising
system in North American agriculture. In southwestern Manitoba, thistransition
is partially led by the recent construction of a large-scale Maple Leaf Pork
Processing Plant in Brandon, Manitoba. The current production capacity of the
Brandon operationis2.5 million hogs per year. Thiscapacity will riseto 5 million
hogs per year when the plant adds a second shift in 2003. One of the more
alarming results of this production facility has been the contentious nature of
locating intensive livestock operations (ILOs)* in therural municipalities adjacent
to, and beyond the boundaries of Brandon. Theselocal conflicts are reminiscent
of the‘Not In My Back Yard Syndrome’ (NIMBY') notion that became household
language in the 1980s in, and adjacent to, larger cities in North America. This
paper examinesthe existing decision-making process aswell asrecommendations
of two studies of the industry, one independent of government and the other
commissioned by the Government of Manitoba. The issues of locating ILOs are
further described through content analysis of local media coverage of municipal
decision-making. Thisis followed by an analysis of governance issues that have
arisen with respect to hog production and processing in Manitoba. The findings
are discussed based upon a force-impact-response model. The paper concludes
with recommendations for further research.

Key words: intensive livestock operations, governance, land-use conflicts,
agricultural restructuring

Introduction

In recent years there has been a shift in the meat packing industry
fromlocationsin urban centresto rural communities. Corresponding with
this shift isamovement toward large-scal e producer operations, referred
tointheliterature as confinement agriculture. Most often cited examples
include hog production in North Carolina (Furuseth 1997) and the meat
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packing industriesin lowa (Leistritz 1997) and Alberta(Broadway 1998,
1999, 2000, 2001). More recently, the subject of both hog production
and processing has been criticized in Alberta and elsewhere (Epp and
Whitson 2001). Furuseth (1997) describes the concentration of hog
production on fewer operations and the contraction of these operations
into asmaller number of confinement agriculture friendly counties. The
work of Broadway (1998, 1999, 2000) and L eistritz (1997) examinesthe
socioeconomic impacts of large meat packing plantsin rural communities.
Work such as this provides a framework for examining the changes
currently taking placein southwestern Manitoba.

The province of Manitobais experiencing intensification in the hog
sector. Since 1995, hog production hasincreased faster than at any other
time (Figure 1). In addition to a proposal from Schneider’sin Winnipeg
to add a second shift, the 1999 opening of the Maple L eaf hog processing
plant in Brandon, Manitoba has created ademand for hogsto be produced
locally. Asaresult, the construction of 1L Os has both proliferated across
southern Manitoba? and become a contentiousissue within municipalities
where ILO proposals are being brought forward. The provincial
government recognizes both the economic importance of the hog sector
to agricultural communitiesin financial crisis and the potential negative
impacts of such operations on the environment, the health of citizensand
the communitiesin the vicinity of hog barns.

The purpose of this paper isto analyze the impacts of restructuring
the hog industry in Manitoba on farms and in communities, and the
responses of farmersand communitiesto theseimpacts. First, aconceptual
framework, based on political economy, is presented for the analysis.
Second, the context of the hog-raising and processing sectorsis outlined
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Figurel: Hog productioninManitoba, 1960-2000 (Source: Manitoba Agriculture
and Food 2001a).
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beginning with a description of the Maple Leaf operation in Brandon.
Thisleadsto the main focus of the paper, namely assessing theimpacts of,
and responsesto, |LOsin southern Manitoba. Four sources of information
areexamined for thisassessment, namely: two reportson public hearings;
content analysis of local media coverage on the issue; and, the recent
provincia convention debate on resolutions put forward regarding the
hog industry in Manitoba. The implementation of large-scale, confined
modes of hog production and processing and the restructuring of the hog
sale system were the domain of a Conservative government in Manitoba,
particularly between 1988 and 1999. However, achange in government
to the New Democratic Party (NDP) in 1999 left the party with difficult
guestions about the raising, selling, and processing of hogsin Manitoba,
particularly given the uncertainties facing farmersin the post-Crow Rate
era(Ramsey and Everitt 2001).

Conceptual Framework

Troughton and Leckie (2000) have explored the nature and impacts
of confinement agriculture, and in doing so, offered it as subject matter
ripe for study in contemporary agricultural geography. Among the seven
concluding points Troughton and Leckie made about confinement
agriculture was the suggestion that models of political economy need to
be adopted in amore central way if modern agricultureisto be described
and explained in any substantiveway. One potential model, not uncommon
in agricultural geography, is the force-impact-response model (Ramsey
and Smit 2002; Bradshaw and Smit 1997; Smit et al. 1996)

The model applied in this study (Figure 2) has been modified from
past force-impact-response models. It adoptstheforce-impact framework
put forth by Ramsey and Smit (2002) by recognizing a range of external
forces (economic conditions, policies, and three environments—
production, biophysical, and social), as well asimpacts on both farmers
(individual and family condition) and communities (economic functions,
institutional and informal structures, conditions). Themodel also includes
responsesin asimilar fashion to that developed by Ramsey et al. (2002).
That is, faced with changes and the impacts brought on by these changes,
farmers can respond by continuing asis, modifying existing operations,
re-specializing to another agricultural product, diversifying into other
agricultural products, or exiting agriculture altogether. Likewise, a
community’s response is a matter of degree asit is driven by the impact
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the forces have on the community. This paper adopts this force-impact-
response approach to theorize about confinement hog production.

Analysis of the Hog Industry in Manitoba

Background:

Manitobaisthelatest Canadian provinceto develop its hog industry.
Its contribution to the national hog production is growing rapidly. While
accounting for only about 3 percent of the total human populationin 2000,
Manitoba accounted for 22.7% of the total hog production in Canada
making it the third largest producer behind Québec (28.8%) and Ontario
(24.0%) (Manitoba Agriculture and Food 2001b). In 1990, total hog
production in Manitoba was 2 million—a decade later that figure was
5.35 million. Over the same period the number of hog farms declined by
55% from 3,150 to 1,430. Whereas hog production was once the domain
of thefamily farm, the decade of the 1990s saw hog production accelerate
along with the number of large-scale operations and in particular,
confinement raising systems. The average number of hogs per farm has
more than tripled over 1990 levels.

Prior to mid-1999, hog processing in Manitoba took place in
Schneider’s plants in Winnipeg and the Springhill plant in Neepawa. In
July 1999, the first shift at the Maple Leaf hog processing plant began.
Soon after, an average of 45,000 hogs were being processed each week.
Thisissimilar to the processing rates at Schneider’s hog processing plant
(Springhill processed 20,000 hogs per week under contract from Maple
Leaf Foods). Both plantsare proposing adoubling with additions of second
shifts.® Maple L eaf isexpecting to introduceits second shift in either 2002
or 2003 with an expected production average of 90,000 hogs processed at
the Brandon plant each week.

The demand created by the Maple L eaf processing plant also created
opportunities for local producers to increase their hog production. The
developing relationship between processor and local producers
notwithstanding, Table 1 lists additional reasonswhy hog production and
processing is on the rise in Manitoba (Fallding 2001).*

While many of these conditions have existed long before the recent
spike in hog production, it could be that the unique combination of these
factors at this point in the history of the hog industry has produced the
spike. Furthermore, acase could be made that some of the reasons are not
reasons but rather the consequences of the growth in hog production.
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Table 1: Reasonsfor theincrease in hog production and processing in Manitoba.

Factor

Reasoning

Availability of feed grains

Diversification of risk

Increasing world demand
for agricultural products

Crow Benefit

Technology

Investment and profit
potential

Synergy

Government policy

* Southern Manitoba is primarily agricultural land used to grow grains
for market.

o The feed grain market provides the opportunity for farmers to diversify.

® Local markets also mean reduced transportation costs for farmers.

e Commodity prices have been fluctuating at or below current levels
limiting farm net income.

* By diversifying activities farmers can, in theory, reduce the fluctuations
in their net income by being less reliant on one commodity.

© An agricultural economy is in a prime position to meet this growing
world demand and in particular pork products.

o The Crow Rate for grain was eliminated in 1996.
© As aresult farmers need to seek new economic opportunities.

e Improvements in environmental controls, management systems,
computerized feeding, climate control, animal husbandry and genetics
have improved efficiency and productivity regardless of location.

e Input costs are low and the return on investment is between 10 and 15
percent. Rural areas are a source of cheaper labour than urban centres.

e As it takes few people to run a a high tech ILO, concerns of farm
labourers organizing is reduced.

o Large-scale hog processing provides economies of scale, corporate
ownership, and control over inputs throughout the production chain
(vertical integration).

o Production and processing grow in concert.

o The Government of Manitoba and the City of Brandon provided huge
incentives to Maple Leaf in exchange for them locating in Manitoba
and in particular, Brandon.

o For example, incentives included relaxing environmental laws - Clean
Environment Commission hearings were never held despite public
requests for hearings - and a promise to Maple Leaf not to return to
single-desk selling.

Source: Fallding 2001

Finally, with the exception of the availability of feed grains and the
willingness of the provincial government to make concessions, thesefactors
arenot uniqueto Manitoba, yet itisManitoba shog industry that isgrowing;
or perhaps circumstancesin other jurisdictionsplay aroleinthe Manitoba
situation. All of these pointsare outside the scope of this paper and would
best be addressed by further research.

Onelast background factor needsto be mentioned, namely the manner
inwhich decisionsregarding thelocation of ILOsare made. In Manitoba
the decision-making process can proceed along one of two paths, depending
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upon whether or not the proposed site of the ILO isin an area where a
land-use plan exists. If a land-use plan does not exist then the local
government has no direct involvement in the decision-making process.
Their roleisrestricted to making presentationsto senior government. Itis
the province that makes the decisions at each step. Alternatively, with a
land-use plan in place the project proponent consults with staff from the
Rural Municipality (RM) office, Manitobadepartments of Agricultureand
Food, Intergovernmental Affairs, and Conservation. Application for a
development permit is made to the RM/Planning District which then
consults a provincial Technical Review committee. Where livestock
production is a permitted use (subject to zoning by-laws) a devel opment
permit is issued. At this point the provincial government (Manitoba
Conservation) grants permits for manure storage and water rights. The
RM/Planning District works alongside the government throughout the
project. Itisworth noting that despite the decision-making powers of the
province's Planning Districts, the province retains the right, under the
Planning Act, to approve or disapprove of land use.

Citizens hearing on hog production and the environment:

Oncethe announcement was madethat Brandon was being considered
as asite for alarge-scale hog processing plant concerned citizens began
talking about the potential negative impact it would have on the
environmental, economic, social, and public health aspects of theregion.
When Maple L eaf Meats (ML M) was granted the appropriate permitsand
licenceswithout holding Clean Environment Commission hearings, these
local citizens held their own hearing (Canadian Centre for Policy
Alternatives-Manitoba 2000). In addition, the hearing commissioners
examined articles describing | arge-scal e meatpacking operationsin other
jurisdictions. The subsequent report is organized around the five major
categories that emerged from the hearings—public health, general
demographic aspects, social aspects, economic aspects, and environmental
aspects. Table 1 identifies the scope of each category and highlights the
conclusions drawn by the commissioners. No single category was
identified as being more important than the others. On the contrary, the
categories are described as mutually interdependent. This characteristic
isevidentin Table 1.

The Government of Manitoba endorses the concept of ‘population
health’ thefoundations of which are nine determinants of health (Manitoba
Health 1997). Theinformation received during the hearingswasrelevant
to three of these determinants—income and social status, employment
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Table2: Summary of potential impactsidentified at the public hearingin Brandon.

Category Scope Highlights/Conclusions

Public health Applicable determinants of health: "Human health, as defined by the World
income and social status; Health Organization and the governments
employment and working conditions; of Canada and Manitoba, is also clearly
safe and clean physical compromized..." (Canadian Centre for
environments. Policy Alternatives-Manitoba 2000, 13).

General demographic ~ Hog production; processing plants. A decrease in the number of stable family

aspects units and an increase in transient, single

Social aspects

Large-sacle hog production;
large-scale meat processing.

workers resulting in a change in age
composition, family structure and ethnic
composition.

o Associated problems include: h
crime, domestic violence, child abuse,
employee turnover, reduced wages, lack of
adequate low-cost housing, health problems
(associated with high-speed worker lines),
and stress on the education, social services
and communication infrastructure.

e Corporation becomes more powerful than
local government

Economic aspects Private benefit and public cost; o Unclear who is liable for the costs of
public good; sustaining individual future remedial work and liability - fear is
producers and rural communities; that the public will bear the costs.
economics of regulation; future of o Vertical integration forces individual
agriculture; future costs: who producers out of business and contributes
should pay? Who will pay? to a decrease in rural population.

Envirc | aspects  Production - waste and e Reduced volume of water available for

waste disposal, water consumption.

other uses.

Processing - water demand, odour, e Health problems related to emissions.
liquid waste, solid waste, Odour a problem for people living
downstream concerns. downwind.
o Contamination and pollution of ground
and water.

Source: Canadian Centre for Policy Alternatives-Manitoba 2000

and working conditions, and safe and clean physical environments. While
it was recogni zed that new jobswould be created by the growthinthe hog
industry, wages are known to be consistently lower than average per capita
income and there is a high rate of employee turnover (averages 100%
annually). Under these income and social conditions the health of the
populationiscompromised with increasesin homel essness, crime, domestic
violence and demandsfor social assistance. Thereisahighrateof injuries
and illness, especially chronic respiratory illnesses such as asthma and
bronchitis resulting from an unsafe and dirty working environment.

The rural landscape changes as family operations are forced out in
favour of corporate owned, industrial production. High turnover rates
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and a depleted local 1abour force changes the age-composition, family
structure and ethnic composition of communities. Small communitiesare
particularly affected.

Overlapping the shift in demographicsisaseries of additional social
changes identified at the hearings. These include aloss of local control
over decisions affecting the community resulting in local strife among
residents and a decrease in public confidence as large corporations
negotiate incentives with senior governments. Large-scale corporations
tend tointegrateall functions of the hog industry forcing smaller suppliers,
usually locally owned, out of businessin favour of cheaper inputs. Loss
of local business results in a decrease in a community’s population.
Furthermoretheincreased demand on the health, social, and justice systems
requires a shift in the corresponding infrastructure.

The report recognizesthe fact that the industry brings the promise of
new jobs, increases in population, increases in the tax base, and the
establishment of new businesses; however, the report al so pointsout there
are significant public costs, too. In addition to having a social impact,
therewould be an economicimpact. First, thesocial infrastructurewould
need to be increased. Second, money that would normally multiply by
staying in a community would now leave the community and go to
corporate headquarters. Finally, concern was raised about who would
end up paying the future costs of upgrading the water treatment facility,
liability for downstream damage, decommissioning and clean-up costs
and monitoring costs for compliance with licence and secondary
environmental impacts. Thegeneral fear wasthat because of gapsinfederal
and provincial legislation it would become a public cost.

Concern over the environmental impact included air quality,
contamination and pollution of surface and ground water as well as the
ground itself, and the increased demand for water. All of these aspects
werefeared to affect human health and the surrounding ecosystems. Again,
government legislation was seen as being inadequate.

Thereport made el even recommendationswith four themesemerging.
Four recommendations targeted legislative changes at both the federal
and provincia levelsincluding provisionsto help governmentsresist the
temptation to provide large subsidies for corporationsto locate in certain
areas. The recommendations point out the need for greater public
participation and accessto documents. Finally, theroleof governmentin
areas such as cooperating with municipalitiesand reviewing and supporting
research into the impact if ILOs on water and human health is described
in four of the recommendations.
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Livestock stewardship panel:

Four months after the Citizens' Hearing on Hog Production and the
Environment the Government of Manitoba formally announced its
Livestock Stewardship Initiative with theaim of “ensuring the sustainable
development of Manitoba'slivestock industry” (Tyrchniewcz et al. 2000,
1). The public hearing process began with the rel ease of adiscussion paper
in June 2000, followed one month later by ten days of hearings beforethe
Stewardship Panel in six southern communities—two urban (Winnipeg
and Brandon) and four rural (Morden, Arborg, Dauphin and Steinbach).
To clarify points raised in the submissions the Panel also met with key
industry, government, and public interest stakehol ders.

Table 3 indicates that environmental monitoring and evaluating
proposals were the topics most often raised at the hearings. The other
popular issues were property values and property taxes and the overall
economic impact. These four items represent 82% of the total. Further
analysis of the topics reveals that presentations were predominantly in
favour of expanding the hog industry and were more inclined to make
suggestions for improvements rather than condemning theinitiative. For
example, most presentations indicated that current regulations (i.e.,
assessment and environmental) were acceptabl e; however, monitoring and
enforcement of these regulations was inadequate.

Lack of enforcement of environmental regulationswasraised at each
hearing. Presentationson thetopic of theenvironment repeatedly identified
concerns about air and water quality and manure management.
Performance bonds and educating producers were often cited as being
necessary. Common themeswithin the eval uating proposal topic included

Table 3: Summary of topics livestock stewardship public meetings.

Topic Morden Arborg Brandon Dauphin Winnipeg Steinbach Total
Environmental monitoring 8 16 12 3 14 8 61
Evaluating proposals 5 7 9 3 9 6 39
Property values and property taxes 3 2 4 1 4 5 19
Overall economic impact 3 4 2 3 3 15
Other issues 3 2 3 2 10
Labour 2 2 2 7
Farm ownership 2 1 1 5
Public health 1 2 2 5
Animal welfare 2 1 3
Totals 19 32 33 11 40 29 164

Source: Tyrchniewcz et al. 2000, 14-21
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(in no particular order): (1) encouraging public input; (2) decisionsbased
on science; (3) providing written reasonsfor rejection; (4) theAU (animal
units) limit; and, (5) making available an appeal process.

Presentations were more likely to cite the tax base advantages than
any disadvantages. However, to put it into context there were just as
many voices recommending further studies of the impact of ILOs on
property values. Urbanization of farmland and zoning by-laws were
frequently mentioned as areas of concern with respect to property. A
positive outlook about the overall economicimpact was ubiquitous. Only
in Brandon was concern raised about large barns creating few jobs and
the fact that they do not buy locally. The concept of new generation
cooperatives® versus vertically integrated operations was mentioned a
number of times under the topic of farm ownership. Overall, research
was mentioned as necessary in order to better evaluate proposals and
monitor environmental impacts. Research was also recommended to better
understand the effects of the location of ILOs on property values and to
comparetheillnessand injury rate in the hog industry to other industries.

The Panel concluded that a number of key issues required further
analysis. Four research roundtables were convened to further explore
issues of water quality, air quality, manure management, and monitoring
and information systems. Scientists and practitioners knowledgeable in
these matters were invited. The final report, released in December 2000,
included 40 or so recommendations in four key areas. First, the role of
the provincial government in sustainable livestock development was the
focus of about two-thirds of the recommendations. The overarching
recommendation called for acommitment of human and financial resources
to: (a) examine the hog industry in the overall context of agriculturein
Manitoba; and, (b) provide aregulatory framework and amonitoring and
enforcement effort. The second recommendation called for reliable
information to be made available to the concerned public. The role of
ILOs in sustainable rural development was the focus of the third
recommendation. Intensive livestock operationswere viewed asonly an
option. Farmers not wishing to go the ILO route should be assisted. The
final recommendation supported provincial and municipal participation
in the decision process for siting IL Os, with the province responsible for
the environmental impact before construction begins. As of September
2001 the province has yet to respond to these recommendations.

Media coverage:
The rate at which the media covers an issue can be considered an
indication of its public interest, at least in the mind of the media—the
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greater the public interest the greater the coverage. A total of 40 articles
on the hog industry appeared in the six newspapers surveyed.® It should
be noted that the high number of articles found in the Brandon Sun may
be explainedin part because of itsregional coverage, that is, articleswould
be written about other communitiesaswell asthe Brandon situation. The
Panel included two public meetingsin Winnipeg as part of the consultation
process. Inspiteof thisfact, the urban media- Winnipeg Sun and Winnipeg
Free Press - reported little on the issues.

Most of the articlesrelating to the hog sector focused on the debatein
and around municipal council meetingsover thelocation of 1LOs, and the
effects such debates have had on familiesand communities. For example,
Arbor Mayor Bert Kindzierski told the Panel “previous mega-livestock
projects have created internal family conflicts as well as made enemies
out of neighbours’ (Spring 2000, 1). However, collectively, the issues
that were raised were not mutually exclusive. For example, the debate
over the cost of ILOs asaform of economic devel opment was discussed
intermsof air quality, water quality (especialy drinking water), and manure
management to name afew.

Governance:

The Sustainable Livestock in Manitoba report and the NDP
government’s continued support for both the hog processing and industrial
hog production sectorswarrantsadiscussion of ‘ party’ versus‘ government’
policy. The provincial party has longstanding policies that support the
family farm, single-desk selling and labour rights. However, the
agricultural resolutions debated at the provincial convention in Winnipeg
in February 2001 rai se questions about whether implementing such policies
will take place. Only three of the nine hog-related resol utions submitted
to convention were debated (M anitobaNew Democratic Party 2001). The
first motion, which was distributed to Convention delegates as an
emergency resolution, called on the federal government to recognize the
farmcrisis(TurtleMountain NDP Riding Association 2001). The delegates
gave unanimous consent to this resolution. The provincial government
followed up this consent with a motion in the legislature calling upon
Ottawato recognize the scale of the agricultural crisisin Manitoba, and to
provide $500 million in immediate emergency assistance. Following
unanimous consent in the Legislature, an all-party standing committee on
agriculture conducted public meetingsacrossthe provinceto hear thevoices
of concerned citizens. The results of these meetings and the unanimous
resol ution have been presented to thefederal government. Asof September
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2001 the Federal Government had not responded. However, it should be
noted that in thefall of 2001, aLiberal Caucus Committee held anumber
of meetings across Canadaallowing citizensto voicetheir concerns about
the future of farming in Canada. These meetingsincluded two Manitoba
stops, in Winnipeg.

A second motion called for areturn to single-desk selling’of hogsand
was also distributed to Convention del egates as an emergency resolution
(Interlake NDPRiding Association 2001). The Conservative Government
eliminated single-desk selling in 1996. While not receiving unanimous
support, thismotion was al so supported by alarge majority. Thismotion,
however, sparked the longest debate of the convention (Fallding 2001)
including ashouting match that resulted in one delegate being called upon
to apologize to another. While the amended motion passed, it appearsitis
moot for two reasons. First, Rosann Wowchuk, Minister of Agriculture,
supports the motion only if the farmerswant it, although it remainsto be
seen whether those hog farmers displaced by the elimination of single-
desk selling and the movetoward confinement production systemswill be
included in such a discussion. Second, media reports have quoted the
Premier as promising Maple Leaf Meats that there will be no return to
single-desk selling. In amediainterview following the debated motion,
the Premier stated, “the majority of producers don’t want to return to
[single-desk selling]” (Fallding 2001, Al). A key informant interview
conducted with an individual within the agricultural ministry stated that
the comments by the agricultural ministry and the Premier could be based
on discussionswith both agricultural representatives and discussionswith
farmersthat took place during aseriesof ‘rural tours'. It appearsthat this
outreach is an attempt of a largely urban and northern based governing
party to better understand the issues facing Manitoba farmers.

The third motion called for an immediate moratorium on further
construction of ILOsuntil theissue could be assessed. The debateincluded
contributions by two cabinet ministers, including the agricultural minister,
expressing concernsthat such amoratorium would have negative impacts
on farmers and hog industry. A vote was called by the moderator, while
delegateswere still lined up at both the‘ pro’ and ‘ con’” microphones. The
motion was defeated. Based on participant observation it was clear that
those voting for the motion represented primarily the two Brandon riding
associations and southern agro-Manitoba riding associations. While this
may not reflect aformal “ split’ in the party between the northern and urban
centres (less Brandon) and agro-Manitoba, there did appear be alack of
understanding of theimpacts L Os could have on therural landscape and



Prairie Perspectives 285

in rural communities. The complexities of the issues regarding ILOs in
rural Manitoba have been illustrated in the media prior to and following
the NDP convention. Examples include a fire chief in Lowe Farm,
Manitoba resigning over concerns related to ILOs not having to follow
the same building code requirements (e.g., sprinkler systems) as other
commercial operations (Friesen 2001), and more recently resident concerns
about water quality issues (Dalla-Vicenza 2002).

Discussion

Force:

Forces affecting, or causing the movement towards confinement hog
production are complex and interrelated. Economic conditions include
the demand for hogs established by the location of the Maple Leaf hog
processing plant in Brandon. This has followed with the proliferation of
corporateinterests(e.g., Elite Swine, asubsidiary of Maple Leaf) who are
aggressively seeking out locations and interested individuals willing to
enter into an ILO contract. Also, thecrisisinthe grain sector hasresulted
in farmers seeking alternative farming venturesin which to engage. The
policy environment affectsthe hog sector intwo ways. First, theprovincial
government is supportive of the hog industry asit is perceived to provide
skilled labour both in processing and hog raising and thereby scores
political points in addressing the farm crisis in southern Manitoba. In
fact, Assiniboine Community Collegein Brandon recently began offering
programs designed to provide skills to ILO workers. Second, while
municipal governments facing declining popul ations are often concerned
with negative impacts, they equally welcome the economic devel opment
ILOs provide through increasing the tax base and maintaining the
population base.

While the growth in the hog industry may be viewed as an economic
blessing for rural and small towns, there are also environmental, public
health and social issues related to the production and processing of hogs
that impact farmers and communities. Restructuring of hog production
and processing arerel atively new to Manitoba, but their reputations precede
them (Broadway 1998; Qualman 2001). In other jurisdictionsthere have
been serious environmental, public health and social impacts wherever
ILOs or large-scale processing plants have located.

Impact:
Theimpact on Brandon could be seen shortly after it was announced
that Brandon wasto bethe site of anew and modern hog processing plant.
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Supported by the experiences of other jurisdictionsin asimilar situation,
arearesidents began expressing concerns about the environmental, public
health and socia impacts of the Maple Leaf operation. Concerned citizens
demanded their government hold Clean Environment Commission
hearings, but the government refused. Under acloud of suspicion, Maple
L eaf Meatswas eventually granted the necessary devel opment permits by
the Brandon and Area Planning District and the provincial government.
Opening of the business then set the stage for a series of debates in
municipal chambers in southern Manitoba regarding ILO location and
development.

The less than open communication surrounding the granting of the
development permitsto MLM fuel ed speculation concerning the secrecy.
Why, for example, would the government not hold public hearings on the
issuewhen the public clearly sought such hearings? It ispossiblethat the
government firmly believed that there was no basis for concern, that is,
the public was overreacting and therefore there was no need to waste
taxpayers' dollarson Clean Environment Commission hearings.

If thiswere the case then why would the provincial government be so
reluctant to make public the government-MLM agreement? Refusing to
hold public hearings combined with secrecy around the agreement with
MLM leadsoneto cometo at | east three possible conclusions. First, making
information public either through public hearings or documents, would,
in the eyes of the government, jeopardize MLM settling in Manitoba.
After al, Manitoba was only one of many players vying for MLM’s
business. Without disclosing the terms of the agreement the public will
never know how much MLM was offered inincentivesto choose Manitoba
for their operation

The second possible conclusion feeds off of this last point. With
different jurisdictionsbidding for their business, MLM isinaclear position
of power. They are certainly more powerful than local governments, and
some would argue even more powerful than the provincial government
(Qualman 2001). The lack of clear federal and provincial government
responsibilities leaves the public, not the industry, vulnerable for future
costs associated with everything from monitoring the environmental impact
tocleaning up if MLM decidesto leave. Infact, following thisargument
astep further, MLM, or any other industry that pits onejurisdiction against
another, is committed to their present location only to the extent that the
current location begins to turn a profit and a better incentive package
comes their way.® While these conclusions are speculative, they are
consistent with the recommendations of the government’sown Livestock
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Stewardship Panel (LSP) which calls for greater public access to
information and participation in the decision-making processin thefuture.

A third conclusion could have to do with nothing more than political
timing. The Progressive Conservative Government was in power in
Manitoba from 1988 to 1999.  With a stronghold in southern, agro-
Manitoba, this government eliminated single-desk selling in the hog sector
and constructed the deal to develop the Maple Leaf plant in Brandon. As
the plant opened the political |andscape changed. Not only did the NDP
return to power, they did so by electing Members of the Legislative
Assembly (MLAS) intwo agricultural ridingsand in both Brandon ridings.
Giventheagricultural crisisand the perception that the ManitobaNDPis
urban and northern based, the new government faced a great deal of
pressure to not only honour existing agreements but also to endorse and
further devel op the hog sector.

Both the Citizens' Hearings on Hog Production and the Environment
and the Livestock Stewardship Panel agreed that the growth in the hog
industry poses serious environmental, public health and social risks to
Manitobanswith the effects on the quality of air, water and land being the
areas of most concern. The fact that changes in the hog industry in
Manitoba can stimulate both government and non-government debate and
attract the media coverage that it did is testament to the impact thisissue
has had on the citizens of Manitobafor whatever reason. Perhapsitisthe
shock of the shear magnitude and swiftness of the changes, or thereputation
of theindustry that people arereacting to. Itisanissueworthy of further
research asthe government considersthe Panel’srecommendations. This
point is discussed below under ‘ Response’.

While the two public hearings agreed on many issues there was one
clear difference. Public opinion in the Panel hearings tended to view the
growth inthe hog industry as supplying new jobs, reversing the decreasing
population trend in small townsthereby increasing thelocal tax base, and
attracting new businesses. That is, the Panel viewed properly managed
ILOs as having apositive economic impact. Thiscould be construed asa
ray of light in an otherwise dark and gloomy picture (i.e., environmental
damage, lack of public participation, threatsto the family farm and threats
to public health). However, while job creation is a given, there was no
mention of the quality of the jobs created.

Industrialization of the hog industry has been around since the mid-
nineteenth century, but recent restructuring has meant even more
specialized assembly line operations and subsequently agreater division
of labour. Thework isrepetitive, requireslittleskill, and isboring for the
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workers. Thisis evident in high turnover rates at non-unionized plants
where wages have been reduced (Broadway 1999; Novek 1992). While
more jobs are created, there was no mention in either of the reports of
other jobs that would be threatened or even lost as a result of this
restructuring. For example, meat cuttersat onetimewereahighly regarded
and valued trade because of their skill in cutting thewholeanimal. Today,
modern meat processing facilities have reduced the demand for thistrade
and replaced it with value-added processing and a series of single tasks
requiring less overall skill.® Furthermore, the vertical integration of the
industry meanstheindustry controlsthe majority of theinputs. By virtue
of economies of scale, large corporations purchase their inputs more
centrally thus putting local suppliers out of business.

Thisraisesthe further question of how much of the corporate profits
stay in the community and how much leaves? For example, owners of
family farmsresiding in theareawould normally buy locally. In contrast,
the corporate owners of MLM do not live in Brandon and are likely to
spend very little in the city. Ashog production aso goes the way of the
corporation it is safeto assumetheir owners do not live and spend money
in the community where the ILO is located. Presently, one can only
speculateon theoverall economicimpact. Some shift inthelocal economy
isdefinite. Thequestionis, whenthe‘new’ economy stabilizeswill there
be more, or less, money in the community? It isacomplex question that
can only be answered with further research.

Before leaving this last point there is one more detail brought out in
the analysis worth discussing in this context. The sudden and massive
increasein demand for hog production appearsto have put added pressure
on the family farm and the families themselves. The trend amongst hog
farmersisnot unlikethetrend in agriculturein general towards fewer, but
larger farms. When thedemand isfor over 5 million hogs per year farmers
with small operations are faced with questionsthat are not easily resolved,
for example: do | join the trend and diversify into livestock? and, can |
afford to grow that much, that fast? Economies of scalefavour thelargest
operatorswhile smaller ones may succumb to working under contract for
larger operations, or be squeezed out of farming altogether. Thissituation
islikely toresult in fewer family owned farms and more corporate owned
farms. Stories reported in the news cite how this decision is dividing
families (Spring 2000).

After two years of operating with one shift, a number of socio-
economic issues have surfaced: absenteeism (particularly the day after
payday), alcoholism, and high turnover rates. Brandon faces housing
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shortages that will be exacerbated by the addition of the second shift and
the expansion of the Shilo military base just west of the city. Based ona
survey of first shift employees at MLM, Rounds (2000) predicted the
impact of MLM on transportation, housing, daycare, education, and
employment in Brandon. Rounds predicted that each of these areaswould
impact the city in the future irrespective of a second shift being added.

A number of environmental mishaps have occurred with respect to
effluent from the plant. Of particular concern were two occasionsin the
summer of 2000 when breakdownsin the ultraviolet system for disinfecting
waste water occurred and resulted in a breach of the agreement Maple
Leaf haswith the City of Brandon. On the subject of water, the City and
Province provided the $12 million for the plant that isexclusively used by
Maple Leaf Meats, thus all results relate directly to the operation. City
engineers operate the water treatment plant and the City plansto convert
its chlorine system to the ultraviolet system in question (Nickel 2000).

While it is the purpose of this paper to examine the impacts and
responses of large-scale meat packing and ILOs on rura life, it is worth
stepping back, if only for a moment, and look at the bigger picture.
Decisions to locate ILOs have been controversial mainly because of the
negative impacts they could have on the quality of life in communities
and on the pristine countryside (even urban dwellers, wishing to escape
the stress and pollution of the city, will retreat to the countryside from
timetotime). Inthelarger context there seemsto be agrowing trend for
rural communitiesto be faced with decisionsthat threaten their quality of
life. In addition to decisions about locating ILOs, rural municipalities
have recently been faced with big decisions regarding the intake of solid
or hazardous waste from urban centres whose landfill sites have reached
capacity or are unsuitable. Historically, rura residents did not have to
face such ‘unpleasant’ decisions.

Response:

Datasuggest that farmersare responding by getting out of hog farming
(i.e., the decrease in the number of hog farms from 3,150 to 1,430) or
trying to compete by diversifying their farm operation to include ILOs
(i.e., increasein the average size of hog farms). Thisconclusionisbased
on secondary data. A moreaccurate picturewould comefrominterviewing
farmersto see how much effect the changein the hog industry had on their
decisions, especially those that choseto leave hog farming or even farming
altogether. Furthermore, as the force-impact-response model indicatesit
would be necessary to examinefarmers’ responsesover time. Theamount
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of time would depend on how long it would take the hog industry to
‘normalize’ in the province and thereby give farmers adequate time to
respond.

Similarly, itistoo early to get afull picture of how communities are
responding. Theimmediateimpact appearsto have divided communities,
but it is too soon to examine how communities will change as a result.
Thework of Rounds (2000) suggeststhat many of theformal structuresin
Brandon will have to adjust in order to accommodate the impact of the
first shift of MLM workers (i.e., transportation, housing, education and
daycare). Informal conversations indicate that MLM has forced lower-
end wages upward. This would be logical since the Brandon and area
labour market has been exhausted and ML M isbeginning to import labour
from other parts of Canada. Recently, they returned from a recruiting
mission to eastern Canadawere they reported recruited 100 new employees
(Nickel 2001a). Morerecently, MLM hasrecruited workersfrom Mexico
(Nickel 2001b; Bird 2001).

A logical timeto do primary research on the impacts and responses
of thehogindustry on southern Manitoba, and in particular Brandon, would
be just before MLM introduces their second shift, currently projected to
be 2002. Thiswould establish abenchmark to compare the responsesand
impacts of the second shift.

Finally a broader analysis of the newspapers could enhance
understanding of theimpacts and responses of the hog industry by providing
more datato draw from. This paper analyzed only newspaperswithinthe
same timeframe as the hearings and within the readership of the local
papers. A wider, longer timeframe of analysis would yield more data
because in reality such impacts and responses reach beyond a one-month
time period and the six communities. Inaddition, newspaper coverage of
the hog issue could be compared to other issues (e.g., Minnesota's water
diversion project and itsimplicationsfor Manitoba) for frequency, amount
and scope of coverage asindicators of the public’s concerns. Thiswould
put the hog issue into perspective relative to other major issues facing
Manitobans.

Conclusion

With the support of the provincial government, both Progressive
Conservative and New Democrat, M anitoba has become amajor producer
of hogsin Canada. From 1990 to 2000 the number of hogs produced in



Prairie Perspectives 291

Manitobaincreased from 2 million to morethan 5 million and that number
could increase still further if local production can match demand when
the Maple Leaf hog processing plant adds a second shift in 2002.

This paper analyzed secondary data within the context of a force-
impact-response model to ascertain the impact of large-scale corporate
owned hog processing in Manitobaon farmersand communitiesand their
subsequent responses. The impact was felt immediately after it became
known that Brandon would be the site of a new, state-of the-art hog
processing plant owned by Maple Leaf Meats. After being denied Clean
Environment Commission hearings local citizens organized their own
hearings. Subsequent to those hearings, but after Maple Leaf Meatswas
granted a development permit, the provincial government initiated a
Livestock Stewardship Panel. These two documents formed the basis of
the analysis in the paper. Local newspaper coverage and pertinent
resolutions at the NDP convention rounded out the data for analysis.

It would appear that the province limited public accessto information
aswell aspublicinvolvement intheinitial decision. Thedirect impact of
this unilateral decision hasforced local municipalities to make decisions
about the location of ILOs when ILOs are neither clearly desirable, nor
undesirable. The ensuing debates have divided community membersand
communities, pitting proponents of economic development against
proponents of protecting the environment and their quality of life as
expressed in property values, labour issues, farm ownership and public
health. Thusfar it appearsthat proponents of economic development are
prevailing.

Documented responses are few at this point. Discussion with
community members and continued monitoring of the hog sector, both
production and processing, is needed to establish a full picture of how
farmers will react and communities change. There are implications for
the smaller farm operations and community infrastructure such as
transportation, schools, daycare, and social network. Early indications
suggest that hog farming is mirroring the agriculture industry in general
insofar asit is exhibiting atrend towards fewer but larger farms.

Thetopic of restructuring of the hog industry isnot new but continues
to be a controversial one (Hart and Mayda 1997). As the hog industry
continues to grow rapidly in Manitoba it is important to continue
researching the impacts on farmers and communities and their responses.
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Notes

! Intensive Livestock Operations, or ILOs is a term used in Manitoba and
Saskatchewan. InAlbertathey arereferred to as Confined Feeding Operations,
or CFOs. Bothtermsrefer to anindoor, confined mode of production ascompared
to the age-old method of raising hogs outdoors where the animals can roam
freely.

2“Between 1990 and 2000...the average number of hogs per farm has more than
tripled—increasing from 388 head to 1,290 head” (Manitoba Agriculture and
Food 2000, 7). Coinciding with ILOs is fewer hog farms with more capital
investment per farm. This point is discussed below under * Analysis of the Hog
Industry in Manitoba’ .

8 Since completing the research for this paper Maple Leaf Foods purchased
Schneider’s. The future expansion of the Winnipeg plant isin doubt.

4Thefull extent of the incentives has never been established. Repeated effortsto
have access to the agreement with Maple Leaf Meats by interested parties was
denied; and, when information wasforthcoming, it was edited with large sections
blacked out casting further suspicion as to whether they acted within the
boundaries of their own legidlation.

5InaNew Generation Cooperative, or NGC, selected or closed membership gives
the holder the right to vote and the right to purchase equity shares, which are
attached to delivery rights. NGCs are organized to add value to an agricultural
commodity. In the traditional cooperative membership is open and members
receive patronage payments that are unconditional.

6 Because the inventory was conducted long after the hearings were completed
surveying electronic mediawould be difficult and not as accurate as newspaper.

" A single agency markets the hogs on behalf of all producers assuring equitable
payment for comparable hogs. Without single-desk selling, companies such as
Maple Leaf Meats dictate the price producers receive for their hogs.

8 Two examples are worthy of note. First, the Carnation plant threatened to leave
Carberry, Manitobawhen the parent company did not like the workers' demands
and threat of strike. A second example would be MLM closing their aging
Edmonton plant prior to opening the Brandon plant using a labour dispute as a
reason. The latter warrants further discussion in analyzing future linkages
between the hog raising and processing industriesin Manitoba, particularly the
role of MLM in both sectors.

9 Additional support for this point isthe fact that Safeway hasrecently eliminated
its meat cuttersin favour of buying their meats already packaged.
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Western Australian sandalwood and Winnipeg's
mosquito wars: a secret weapon?

John Selwood, University of Winnipeg
Matthew Tonts, University of Western Australia

Abstract: During the summer of 2001 Winnipeg was hit by one of the worst
invasions of mosquitoes in recent years, capturing news headlines on several
occasions. Proposal sfor fighting back the mosquito onslaught varied widely. One
possible deterrent is the use of sandalwood mosquito sticks, a new product now
being manufactured in Western Australiain response to global trends in product
specialization, agricultural diversification, niche marketing and other influences.
Western Australia is now the world's largest exporter of sandalwood, with the
industry actively pursuing research into production and management of theresource
and undertaking inventive ways of developing new products and markets. The
mosquito stick is just one of these initiatives: oils, balms, unguents and other
health spa related items are also promising therapeutic benefits. This paper
examines Western Australia’s sandalwood industry in the light of these trends.

Key words: sandalwood, mosquito repellent, agricultural diversification, tree
products, health products, regional tourism

Introduction

During the summer of 2001 Winnipeg experienced one of its worst
mosquito outbreaks for many years. Indeed, so bad wasthisinvasion that
local newspapers carried numerous articles on the extent of the problem
and what should be doneabout it. These* solutions' ranged from pretending
that the pests did not exist for fear of discouraging tourists, to alarmist
calls for wholesale chemical warfare to prevent the threatened spread of
the dreaded West Nile disease, now being carried northwards by birds
and mosquito vectorsfrom the southern United States. Whilethere appear
to be arange of chemical solutions to the problem, it is probably fair to
say that most residentswould prefer amore ' clean and green’ approach to
the problem. According to anumber of entrepreneursin Western Australia,
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thereisanatural product available that may help to deal with Winnipeg's
mosquito invasion — sandalwood — which in a powdered form is used to
manufacture mosquito sticks (Figure 1). Sandalwood grows naturally in
Western Australia, and while the state has along history of exporting the
unprocessed timber to Southeast Asia, it isnow being used to manufacture
arange of pharmaceutical and medical products, flavoured boutiquewines
and, of particular relevance to Winnipeg, mosquito repellents.

While the capacity of sandalwood to solve Winnipeg's mosquito
plague is highly contestable, the resurgence of interest in the species
provides a valuable case study through which to consider a number of
themes that are of interest to geographers. Indeed, sandalwood provides
opportunitiesto examinefar reaching adjustments being madein theworld
economy as a result of globalization, post-Fordism, the emergence of a
‘post-productivist countryside’, and a host of new attitudes, values and
approaches being pursued in the industrialized world, such as ecological
sustainability, the search for alternative medicines and natural products,
and agrowing demand for ‘exotica’ onthe part of consumers. Rather than
dwelling on the prospects of the sandalwood mosquito stick becoming the
final solution to Winnipeg's mosquito plagues, this paper will examine
Western Australia’s sandalwood industry in the light of these much wider
trends.

About Sandalwood

Humansfor millenniahave expl oited aromatic sandalwood (Santalum
spp.), whichisasmall, slow growing hemi-parasitic tree requiring a host
plant for itssurvival (Figure 2). There are sixteen different species of the
genus of which only two: Santalum album and Santal um spicatum are of
major commercial importance. These speciesare highly valued in Southeast
Asiafor their aromatic wood, which is burnt asincense in Buddhist and
Hindu religious ceremonies. Thewood isalso carved into jewellery boxes,
fansand fan handles, letter openers, card cases, pen holders and a host of
other items. In addition to these uses, sandalwood isprized for its santalol
oil, whichisdistilled from the heartwood of the plant and hastraditionally
been used as a fixative in soaps and perfumes. Its medicinal properties
arevalued aswell. Theail isused in embrocations and, beforethe discovery
of penicillin, it wasatreatment for venereal disease. ThenorthernAustraian
Aborigines have also long valued the wood and its aroma as elementsin
their ‘sex magic’ (Statham 1988).
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Figure 1: The mosquito stick — Australia’s secret weapon .(Photo courtesy
Westcorp Inc.)
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(Photo courtesy CALM)

Santalum album is widely distributed through tropical Southeast
Asiaand, inacommercial sense, isfar superior to S. spicatum. It isfaster
growing and produces a higher yielding oil product. S. spicatum is a
native of Australiaand isdistributed over 42 million hectares of which the
majority isin the state of Western Australia (Sheaet al. 1998) (Figure 3).
Although it isslower growing and less productive than S. album, itisnow
estimated to be the largest reserve of sandalwood in the world, with an
approximate resource of 200,000 tonnes (CALM 2001). Whilethe species
occursinarangeof climatic zones, the optimum conditionsfor growth are
withinthe 300-600mm rainfall isohyets (Brand 2000). Extensive clearing of
thisregion for agriculture from the 1820s reduced the sandalwood’ srange
considerably, and it is now concentrated in the lower rainfall parts of the
state. It grows on a variety of soil types, preferably loamy soils, but the
treewill produceinrelatively infertile environments. Moreimportant isthe
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Figure 3: Thedistribution of Santalum spicatum. (Source: Shea et a. 1998, 11)

presence of host plants (particularly Acacia spp., Allocasurina spp. and
Ermophila spp.), which supply the parasitic sandalwood with its essential
nutrients (Brand et al. 2000). However, even in optimum conditions S
spicatummaturesvery slowly, taking several decadesto reach harvestable
size. Sandalwood’s value lies in the woody parts of the plant’s
superstructure and roots, especially the heartwood, which contains the
sandalwood oil. Both green and deadwood are harvested. Older treestend
to have amuch higher oil content than younger plants (L oneragan 1990).
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Background to the Western Australian Sandalwood Industry

Commercia exploitation of Western Australian sandalwood dates back
almost to thefirst days of European settlement in 1829. For ashort whileit
was almost theinfant state’s most val uable export product, second only to
wool (Statham 1988). The wood was exported to China, Singapore, and
other Asian ports, and sold to Chinese merchants for manufacture into
incense. Even in the mid-1800s, demand for the product in the Orient
exceeded that region’s local supplies, providing a growing market for
Australian sandalwood. This caused a boom in Western Australia where
there were bountiful supplies of thewood within relatively easy accessto
the coast. Despite avolatile market, the demand for sandalwood continued
well into the twentieth century, resulting in asevere reduction in supplies
of wood available from the more productive portions of the southwest
areaof the state. Stockswerefurther reduced by agricultural land clearing,
demand for firewood and fence posts, and grazing by introduced animals,
such as goats, sheep and rabbits. As a result, the state government
introduced measures to conserve stocks as early as the 1880s. However,
these efforts were largely unsuccessful because of an inability to police
the regulations.

The discovery of gold near Kalgoorlie in the early 1890s, and the
subsequent opening of the Eastern Railway in 1896, led to another boom
as new suppliesbecame accessible. However, the bubble eventually burst
when widespread recession in farming and the mining industry encouraged
many to turn their hand to sandalwood gathering. This generated a huge
over-supply of sandalwood, especially in 1920 when in excess of 14,000
tons were cut, the largest annual harvest ever produced (Statham 1988).
Over-harvesting continued over the next few years, creating massive
stockpiles of sandalwood that littered railway sidings and the wharves at
Fremantle, the state’s major port (Figure 4). Consequently, in 1923, more
stringent regulations were implemented that effectively put control of the
sandalwood industry almost entirely into the state government’s hands.
Total output was limited to 9,000 tons annually, sandalwood pullers had
to obtain alicense, strict quotaswereintroduced, and pricesfixed (Kealley
1989). In 1929 the state government passed the Sandalwood Control Act,
which closed a number of loopholesin the earlier legislation and, in the
following year, established the Australian Sandalwood Company, an
amalgam of four pre-existing companies, to be the sole agent for Western
Australian sandalwood. Most of this was exported as unprocessed logs
merely stripped of their bark, with only about 20 per cent of output being
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Figure 4: Sandalwood stockpiles at Fremantle harbour ¢1920. (Photo courtesy
CALM)

absorbed by local oil distilleries. However, the last of these ceased
operationsin 1971, since far higher prices could be obtained for the raw
logsoverseasthan thedistillers could afford to pay for thelow yielding S
spicatum. For example, in 1968 raw logsfor the export market wereworth
AS$731 per ton, while local distillers were paying A$76 per ton (Statham
1988).

Despite Western Australia being the world’s largest exporter of
sandalwood, production has been limited to collection of the plant growing
naturally in thewild. Virtually no trees were planted to replace those that
wereripped out. Any replenishment of the resource wastherefore limited
to natural regeneration —and that, in turn, was minimized by disease and,
moreimportantly, by overgrazing by mostly feral animals, especially goats
(Brand 1999). Although overseas demand was reasonably steady, the
industry was small and not a particularly important contributor to the
Western Australian economy. Its participants were limited in numbers,
generally part-timers who frequently lived on the periphery of the
mainstream economy and on the geographic margins of settlement.
Sandalwood collection provided auseful supplement to farm income and
hel ped support afew fossickersor prospectorsin their search for minerals.
For the most part, the collectors' lifestyle was seen to be colourful and
romantic in the eyes of the larger population, but of little consequence.
These conditions still prevail, athough there are now interesting new
developmentsin theindustry.
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Current Production in Western Australia

Asinmany other parts of theworld, Western Australiahas undergone
quite massive economic restructuring over the past few years, particularly
inrural regions (Haslam-McKenzie 2000; Tonts 2000; Curry et al. 2001).
Farmers have become increasingly exposed to international competition
as commodity markets have been freed from domestic support prices,
import restrictionsand various statutory marketing arrangements. For some
commentatorsthese trends can be conceptualized asashift from aFordist
to apost-Fordist agriculture (Lawrence 1996). This perspective holdsthat
there has been a general shift away from Fordist mass production and
consumption in favour of specialized ‘flexible' production methods and
niche markets. According to Harvey (1989), Fordist standardization and
modernism have given way to consumption patterns that celebrate
difference, ephemerality, fashion and the commodification of culture (see
also Lash and Urry 1994). For Australian farmers engaged in the mass
production of commodities such aswheat and wool, this has necessitated
ashift towards more diverse and flexible production that meets the needs
of these new consumption patterns. Initiativesincludefarm diversification,
the identification and exploitation of niche markets and the search for
new ‘value added’ products that bring in higher returns than the more
traditional sales of raw materials. Indeed, many Australian farmers have
been only too willing to diversify their operations and move away from
the narrow ‘factory farming’ model, and are now engaged in growing
organic foods, hemp, seafood, essential ails, timber, goats, emus and
kangaroos (Hyde 1998). There is also a growing interest in planting
sandalwood as aform of farm diversification.

Despite the potential for the production of sandalwood on farms as
part of an integrated form of agroforestry, much of Western Australia’s
sandalwood is harvested from natural reserves. There are, however,
concerns about the sustainability of this resource. Although some
conservation and research measureswereinitiated in the 1920sand 1930s,
it was not until the 1980s that the Department of Conservation and Land
Management (CALM) began a thorough assessment of the sandalwood
resource (Loneragan 1990). Serious efforts were made to establish how
much remained and whereit waslocated. More detail ed management plans
were put into place and experimental plantations established. The agency
has also established share-farming arrangements with farmers. This
involves CALM providing financial assistance and expertise to farmers
interested in establishing sandalwood plantations. In effect, thisisaland
rental agreement, with CALM taking the mgority of therisk and thefarmer
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receiving areturn on investment upon harvest. CALM has estimated that
most farmers can expect to receive around 30 per cent of net revenue. For
example, one farmer in the southwest of the state has planted 20 hectares
of his 4,000-hectare property with 16,000 sandalwood seedlings. Since
CALM have provided the seed, expertise and will market the product, the
farmer’s estimated return will be around A$100,000, or A$5,000 per
hectare (Henschke 2000).

In addition to providing a valuable economic return, planting
sandalwood and the associated host species has the capacity to provide
farmerswith important environmental benefits. In many parts of Western
Australiaagricultural regions are suffering severeland degradation inthe
form of soil salinization, erosion, soil structure decline and diminishing
levelsof biodiversity (Conacher and Conacher 2000). One of the strategies
of farmers in response to these problems has been to engage in various
forms of revegetation. A benefit of planting sandalwood isthat it not only
helpsto arrest environmental degradation, but also provides the prospect
of afinancial return from otherwise unproductive land. In addition to
planting degraded agricultural land to sandalwood, farmerscan also utilize
remnant bushland to grow the tree. Since sandalwood is a native of the
region, itiswell adapted to the climatic and soil types, aswell astherange
of potential host species indigenous to the southern parts of Western
Australia. Inanumber of agricultural regions, remnant bushland isanon-
commercial resource. That is, it does not generate income, despite
providing some environmental services, such as soil salinity and erosion
control. Planting sandalwood in stands of remnant vegetation providesan
opportunity to derive afinancial return from what might otherwise have
been aresource that did not generateincome. Assuch, it hasthe potential
to increase farmers’ financial security by providing a source of future
income as well as adding to both economic and biological diversity.

Another important initiative has been the establishment of faster
growing Indian Sandalwood (S. album) plantations in the Ord River
Irrigation Area (ORIA), in the far north of Western Australia. The ORIA
was established inthelate 1960s and early 1970sfollowing the construction
of two dams on the Ord River. Initialy, the ORIA was planned as an
extensive agricultural region for the production of crops such as cotton
and sugar. However, problemswith insecti cide resistant pests undermined
the establishment of these crops, and for a number of years the project
was viewed as a failure. More recently, however, experiments with
alternative crops, particularly in horticulture, have helped to revitalize the
region. Similarly, growing certain speciesof treesunder irrigationis seen
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as an important future industry. Experiments by CALM suggest that the
growing conditionsin the ORIA are particularly well suited to S. album.
In addition, there appears to be some potentia to grow S. album with
other commercially valuable species as hosts, such as East African ebony
(Dalbergia melanoxylon). The production of these trees has the added
benefit of ameliorating the imminent problem of a rising groundwater
table and the associated process of soil salinization. Thiswill helpto ensure
the longer-term sustainability of the region’s horticultural and other
agricultural industries. Thus, sandalwood not only has the potential to
diversify the economy of the Ord River region, but to also provide
important environmental benefits (Radomiljac and Clews 1996).

The Changing Use of Sandalwood

Until the mid-1990s, the Australian Sandalwood Company held a
contract with the state government to export all sandalwood harvested in
Western Australia. While the company provided a degree of stability in
theindustry, it waswidely criticized for simply exporting raw sandalwood
rather than adding any value to the product. In 1995, however, the state
government abolished the monopoly held by the company and, through a
competitive tendering process, awarded the contract to export the
sandalwood quotaderived from natural suppliesto anew player, Westcorp
Sandalwood Inc.. This new entrant has brought considerable changes to
the industry. Unlike the Australian Sandalwood Company, Westcorp has
attempted to diversify sandalwood exportsthrough aseries of value-adding
ventures. While the main export is still raw logs, the firm is marketing
increasing quantities of sandalwood as chips and powder for the
manufacture of joss sticks. In 1999, Westcorp established a sister firm,
The New Mountain Company, which produces 15,000 joss sticks a day.
In 2001 the sticks are expected to generate A$2.5 million in revenue and
A$10 million in 2002. This is a significant contribution to the export
economy, with potential for massive expansion throughout Southeast Asia.
The company also markets the sticks in Australia as New Mountain
Mosquito Sticks, and has plans to export the product to North America
and Europe. Thisproduct, like other fumigantsthat rapidly disperseinthe
air, has questionable va ue asadeterrent. However, it isneverthel essfinding
amarket among those searching for something more ‘ natural’ because it
is presumed to be healthier than the synthetic, chemical-based mosquito
repellents. So successful has the New Mountain venture been that the
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workforcewill increasefrom 11 to 25 during 2002 with numbersexpected to
reach 50in 2003 (Trott 2001).

Westcorp are also investigating other marketing opportunities for
sandalwood based products. For example, the seeds or nuts from S.
spicatum presently command premium prices of around A$75 per kilogram
from those looking to establish plantations. Although stockmen once used
the nuts to control diarrhoea (Statham 1990, 27), they are now being
promoted as a specialty food, similar to ‘pine nuts'. With ‘bush foods
becoming an increasingly profitable niche market in Australia and, to a
lesser extent, overseas, sandalwood seeds have the potential to generate
incomefrom apart of thetreethat had previously been awaste product. In
some respects, the expansion of thismarket in bush foodsreflects changing
consumer tastes in favour of specialized and often exotic commodities
(Fox 1997).

Another recent development, which also reflects these trends, was
the establishment of Mt Romance Australia in 1999. Mt Romance is a
new sandalwood oil distillery and factory located near Albany, a small
port and servicetown in the southwest of Western Australia. The company
has a contract with CALM to take up to 1,000 tonnes of sandalwood a
year, estimated to be worth at least A$40 million over the contract’s ten
year term (CALM 1999). One tonne of sandalwood produces around 50
litres of sandalwood oil, worth around A$500 per litre on the world market
(Henschke 2000). In addition to extracting the oil for export, Mt Romance
is producing a wide range of “...bodycare and therapeutic products;
specialy created to lift your spirits, heighten your senses, pamper your
body and appeal to all that is masculine and feminine within us’ (Mt
Romance 2001). While sandalwood products have not been approved for
ingestion, the oil’s supposed curative powers when employed externally
are being enthusi astically propagandized. Table 1 provides some examples
of Mt Romance sandalwood based products and their claimed benefits.

Quite obviously, the company is seeking to capitalize on the huge
and lucrative cosmeticsindustry market. However, thereisalso an active
and high profile program of research into new uses for the product,
especially by the pharmaceutical industry. There is, for example,
widespread research into the capacity of sandalwood oil (and its
components) to treat skin and other cancers, Herpes simplex, Candida
spp, and the highly antibiotic resistant Golden Staph (Saphylococcus
aureus) (e.g., Dwivedi and Zhang 1999; Benencia and Courréges 1999;
Hammer et al. 1998). The il isalso being tested for its antiseptic properties
and as a base for hospital cleaning products.
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Table 1: Examples of Mt Romance sandalwood products.

Product Claim

Body Splash  “...refresh[es] your soul and touch[es] your heart ...This superbly
fragranced, versatile splash has unisex appeal...”

Slick Shave  “...creates a rich, lasting lather to promote smooth, irritation-free
shaving.”
Bath Oil “...oil bathing, an ancient, sensual practice reputed to focus the

spirit and provide healthy vitality.”

Massage Oil ~ “...a sensual balm with a rich aromatic base to relax muscles,
delight the senses and promote a feeling of well being.”

Deodorant “...Sandalwood oil, Farnesol and Irgasan will inhibit the growth
of odour-causing bacteria while preserving natural body flora.”

In addition to its production of sandalwood oil and arange of exotic
productsfor niche markets, the Mt Romance factory isbeing promoted as
atourist attraction in the southwest of the state, already a major tourist
destination for domestic and, to alesser extent, international tourists. While
thedistrict’smajor attractionsinclude the beaches, forests, historic towns,
vineyards and arange of craft industries, the sandalwood factory addsto
theseresources, and its products are seen asan important form of ‘ regional
marketing'. Thefactory isquitelavishly appointed, with agarden restaurant
and a spacious retailing outlet featuring its output. These include those
products described above, aswell as some more unusual items, such asa
sandalwood flavoured ‘boutique’ wine selection. These initiatives are
strongly endorsed by the state government, whose Environment Minister,
Cheryl Edwardes sees the operation as bringing “long-term benefits not
only for the State's sandalwood industry, but also for regional economies
such as Albany” (CALM 1999). Certainly the factory has added to the
diversity of the Albany economy. In an erawhen many regional cities
and towns are facing considerable hardship in the face of economic
restructuring, such niche industries have the capacity to make a small,
though valuable, contribution to local and regional economies.
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Conclusion

The sandalwood industry is just one example of the kinds of recent
changes and adjustments observed in rural Western Australia. In many
respects, theindustry represents a shift towards the post-industrial ideals
of economic diversity, flexible production, niche marketing and changing
consumer habitsin favour of natural productsand, to some degree, exatica.
Thisisevident not only in the diversification strategies of those farmers
investing in sandalwood plantations, but a so inthe products and marketing
of companies such as Westcorp and Mt Romance. However, the current
promotion of sandalwood needs to be set against its much longer history
as an important contributor to Western Australia’s export income,
particularly during the nineteenth century. Indeed, sandalwood was akey
element intheintegration of the state’s economy with the global economy.
Sandalwood also hasalong history as anincome supplement when mining
and agricultural production has fallen on hard times. Adaptability is not
SO recent an innovation as is sometimes claimed. Nevertheless, the
expansion of plantations, rather than the use of native resources, together
with the diversity of sandalwood products are clearly new trends. While
theindustry may not be ableto single-handedly solve Winnipeg’'s mosquito
problem, it is contributing to the rehabilitation of Western Australia’s
degraded rural landscapes. Furthermore, it providesauseful model showing
how a natural resource can be exploited to provide farmers and regions
with asource of economic diversity and stability.
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GIS for the people: cognitive errors and data
restrictions

Scott Bell, University of Saskatchewan

Abstract: Public Participation GIS (PPGIS) has become a popular tool for
integrating diverse groups of people into complex decision-making processes.
Not only do PPGIS scenarios provide under-represented groups the opportunity
to participate in a component of decision making and planning from which they
might havetraditionally been excluded, they broaden the experience and knowledge
base from which decisions can be made. Traditionally PPGIS hasinvolved giving
new groups access to the technology traditionally available to institutional,
governmental, and other administrative decision-making bodies. While these
strategies are not new, innovation is possible by changing the boundaries of GIS
datato include knowledge and information that does not conform to the Euclidian
rules of the world. Specifically thisincludes the information and knowledge held
by individuals in the cognitive representations of space; representations that are
often at the root of their persona decision-making. Such innovation may help
define anew era of spatial decision support.

Key words: PPGIS, behavioural geography, community participation, data
integration

Introduction

Humans store, represent, and process information in many ways.
Geographic information systems (GIS) have been designed to complete
operations on spatial information in areliable fashion that has very little
in common with how human minds complete the same tasks (Albert and
Golledge 1999). Understanding the nuances of how humans process spatial
information has been atopic of concern for geographers, psychologists,
and cognitive scientists for quite some time. Over the past decade the
relationship between human information processing and digital information
processing in aGl S domain hasbecomeincreasingly important (M edyckyj-
Scott and Blades 1992). While others have describe the nature of human
cognition and itsimportanceto devel oping user friendly GIS environments,
less has been done on the need to develop systematic spatial database
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structures that can readily accept the diverse set of inputs required for
many real world problems (Mark 1988).

Geographic information systems offer an environment for the input,
storage, and processing of spatial information. While the majority of
decision-making problemsfaced at an institutional or administrativelevel
can be solved with aggregate spatial data available from government and
private data providers and vendors, there is an array of community level
problems that present unique data needs that are difficult to address with
currently available aggregate data. Somedataare still availablein aggregate
form, such as census, land-use, transportation, and other forms of physical
(e.g., elevation and land cover), and human data, but there are undoubtedly
data needs that can only be acceptably met on a case by case basis and
may be in aform that cannot be readily represented within current GIS
datamodels. These datamay take theform of externalizations of internal,
cognitive representations of space, and are commonly referred to as a
cognitive or mental map. The former data type (standard data) works
seamlessly with existing datamodel swhile the latter (public participation
or community data) is difficult to integrate with existing data models and
oftenis|eft out of geographic analysis performed in a GIS environment.

In the context of participatory GIS communities can include any sub
group of the population for whom GI Srepresents aviabl e decision-making
tool. Within the realm of Public Participatory GIS (PPGIS), community
includes both marginalized and minority groups (e.g., aboriginal peoples,
developing countries, the poor) but can also include any non-institutional
or non-government group that would like to participate in the decisions
that affect them. While only afraction of theworld’s popul ation currently
has access to geographic technology, the issues raised here will have an
increasingly important impact as these groups gain access to geographic
toolsand data. Inlight of thisproliferation of Gl Stechnology it isimportant
to consider the different waysthese ‘ community groups’ envision relevant
spaces and places. This will likely require novel techniques for
incorporating new datatypesinto tradition GIS models, or changing GIS
datamodel sto accommodate awider array of datasources (Seiber 2001a).

Systematic Cognitive Distortions

Much is known about the human cognitive map; systematic errors
associated with non-Euclidean representations of space underlie many of
the differences between reality and how reality isrepresented in aperson’s
mind (Tversky 1992). Justifying theinclusion of information from cognitive
mapsin geographic analysisiscritical to understanding theimportance of
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these data to making real world decisions. Nowhere is the need for this
type of information more critical than in the area of PPGIS. Gathering
information from public and community participants involved in the
decision-making process and giving these groups access to the tool s used
to catalogue and process spatial data (GIS) are hallmarks of PPGIS, and
have beeninuseinavariety of areasaround theworld, including devel oped,
developing, and less devel oped countries (Harrisand Weiner 1998; Jordan
1998; Meredith 1997). Current implementations of PPGIS tend to use
existing aggregate data sets that are not a product of the communities or
populationsthat are being directly affected by the decision making. Such
datasetsinclude, but are not limited to, census data, datafrom government
mapping agencies, and institutional data (Harrisand Weiner 1998; Jordan
1998). As aresult it has become clear that new techniques for GIS data
collection and processing are necessary to accommodate the emerging
needs of the community groups that are currently implementing, as well
asthosethat might inthe futureintroduce, Gl Stechnology (Seiber 2001b).
Much of the data collected from publicinput areinaformthat isill suited
to the strict models of GIS data currently in use. Individual differencesin
thenature of cognitive maps and the potential for awiderange of responses
to the environment make it difficult to fit personal perspectives and
community attitudesinto a GIS domain.

These issues, cognitive inputsto GIS, and removing the restrictions
inherent in GI Sdatamodels, are necessary for the application of new data
typesto public participation GI S based research. There arereal problems
that GIS can help solve and in many cases the most important data will
not fit into current datamodel s, dominant datamodel sinclude raster, vector
and object oriented. While common problems among these models exist,
there are also unique limitations of each that restrict easy co-ordination of
community and standard data. Inputs cover arange of datatypes, including
imagery, sketches, diagrams, attitudes, affective responses, and pictures,
among others. While some of these data can beincorporated into standard
data models, other types are limited to lists of non-spatial attributes
referenced to a discrete location within the area of study, an option that
ultimately limitsanalytical options.

Understanding the distortions inherent in how humans process and
represent spatial informationintheir cognitive mapsisafirst step towards
creating an understanding of how existing datamodels might be augmented
and how new types of datafor community and non-institutional decision
making might drive the development of new datamodels. Itisinteresting
to compare the shared conceptual and nominal characteristics of standard
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datamodelsand cognitiveirregularitiesin such away that will benefit the
larger community of GISusers. It isimportant to note however that while
cognitive maps often distort reality, the nature of many of thesedistortions
isthat they are systematic and can be understood and modelled inalimited
heuristic fashion. A prominent exampleisthe hierarchical storage of spatial
information (Toronto isin Canada, Canadaisnorth of the continental USA,
therefore Toronto is north of all locationsin the continental USA), which
is used to make judgements about relative spatial relationships, and has
been identified at multiple scales (Hirtle and Jonides 1985; Maki 1981;
Stevens and Coupe 1978). Errors resulting from this systematic bias are
predicable and can be used to establish parameters for GIS databases in
which such data can be stored and later analyzed. That cognitive mapsare
based on reality implies that individuals use information present in the
environment to develop working models upon which decisions can be
made, and that across cultures the shared experience with the common
gpatial elementsof theworld suggeststhat certaininternal spatial structures
are shared by al people. At the sametimethereis need to accept that not
everyone's cognitive experience is the same and that individuals will
devel op unique understanding of their surroundings. That both shared and
unique experiences contribute to one’s representation of the world is a
powerful argument for devel oping toolsfor collecting inputsfrom awide
range of participants and shareholders involved or affected by decisions
supported by analytical GIS.

Hierarchical reasoning isjust one of numerous systematic distortions
that enablesan individual to store large amounts of spatial and non-spatial
information about the world within their cognitive map, and to operate on
that information to solve simple and complex spatial problems. Others
include, but are not limited to, the presence and absence of prominent
landmarks and decision points producing errors in distance and angular
judgements about space (Montello 1991); the alignment of newly
experienced spatial information with existing knowledge at various scales
which results in errors in both the position and arrangement of the new
information (Tversky 1992). While each of these distortionsisimportant,
the critical question for Gl Scienceis devel oping techniques and toolsfor
accommodating these and other known, and potentially unknown, errors
in how spatial information is stored and processed. Understanding that
any model of human cognitionisflexible and openly affected by personal
experiences (past and present) means that bridging the GIS — cognitive
map dividewill require certain limits being placed on both the datamodel
and the cognitive model used to integrate relevant inputs.
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Data Inputs and GIS Models

Altering the expectations of what can reasonably be used in even the
most ambitiously open data model will require re-thinking the potential
inputs for Gl S-based community decision making. While spatial inputs
are necessary, the collection of these inputs should be reconsidered in
light of the intended application. With non-profit and other community
and citizen groups making increased use of Gl S technol ogiesthe demand
for systemsthat can adapt to new dataneedsis necessary (Seiber 20014).
As Gl S adoption movesinto new areasthe limitations of current dataand
processing conceptualizations become more obvious. Currently community
groups want to use the spatial analytic tools offered by GIS technology,
but they also demand that data related to their causes be accommodated.

Modifying the GIS model is one alternative, and one that has been
argued for by others. Thereisan equal need to consider the devel opment
of data collection tools that might normalize data inputs from human
cognition (Seiber 2001a). Creating more systematic, or normalized,
techniquesfor collecting datarel ated to sense of placeand, moregenerally,
place based cognitive responses to the environment will allow for more
systematic use of this class of data. Emotions, values, judgements and
perspectives represent some of the waysin which individuals and groups
respond to the environment and should be part of the decision-making
process, independent of whether that decision is being supported by a
GIS or an informed decision maker. Data inputs from cognitive
representationsfor Gl S-based decision makinginclude, but are by no means
limited to, sketch mapping (various methods), survey responses, diagrams,
distance and direction judgements, field based imagery, and text based, or
other procedural descriptions, of the environment. Inthefollowing section
each of these data collection methods will be presented along with some
suggestions as to how they can be adapted to produce data useful within
the current structure of GIS data.

Sketch mapping:

Sketch mapping has along history in geography has been employed
inmany studies of cognitive mapping (Saarinen 1999). There are numerous
limitations of the sketch mapping method, some of which can be overcome
by adjusting methods of data collection. While sketch mapping gives an
individual the opportunity to develop afree form ‘map’ (drawing) of an
environment, it isthefreeform nature of thisopportunity that isits primary
limitation. At the sametimeit isimportant to recognize the cross-cultural
flexibility of the sketch mapping paradigm (Stea et al. 1996; Stea et al.
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1997; Whittaker and Whittaker 1972). Determining theframe of reference,
scale, orientation, and limits of a single sketch map are often difficult;
doing so for sketch maps collected from alarge group of individuals may
be impossible. Providing limits (i.e., boundary, or set of well-known
locations) to the space being sketched can provide‘ sketchers' with aframe
within which their own judgements can be placed. The limits or ‘ control
points can be used in most conventional GIS software packages to map
the location indicated by the ‘sketchers’. This will not only provide
locations for known or important locations for a specific issue it can also
be useful for determining the amount of distortion in an individual’s or
group’s cognitive maps of the environment.

By having individualsinclude aset of ‘ control points’ and providing
limits or aboundary, the sketch mapping task loses much of itsfree form
nature but can still provide very useful data that can be incorporated
seamlessly into contemporary GIS environments. However, this does not
removeall of thelimitations of thetechnique. Sketch mapswill still include
distortionsthat areinherent in the cognitive map of theindividual. Drawing
skill, knowledge, experience, and personal valueswill still affect thefinal
outcome of the map. Thisisacharacteristic of most methods designed for
collecting data from individuals and should not be ignored. In order to
account for these errors, several optionsareavailable. First, theanalytical
nature of the GIS can be used to determine error values. These might take
the shape of error ellipses or uncertainty measures (Golledge and Stimson
1997, 248). Error data in either form can be mapped to represent the
accuracy of knowledge or catalogued in metadatafilesfor future analysis.
Second, anapriori decision can be made asto what datawill be collected
from the sketch map and in what form, even though other data are likely
to be present. For exampl e, thiswould enabletheindividual the opportunity
to select categories or perform counts of occurrences from any type of
sketch map. This can create data that are less affected by individual
differencesin drawing proficiency (Jacobson 1998).

Survey methods:

Survey methods offer aresearcher the ahility to collect dataon specific
components of community or group concerns. While survey responses
can vary from open ended to limited choice alternatives, the themes
developed in the preceding sketch mapping section continue to govern
how a survey is developed. Survey responses that limit the alternatives
availableto anindividua will be better suited to a GI S data environment
than more open-ended responses. Furthermore, responsestied to aspecific
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area of the earth’s surface will have more utility in a Gl S/mapping
environment than responseswith no linksto space or place. For example,
having respondents rate mapped regions on some scale for a specific
variable (e.g., “How suitable would each of these regions be for locating
ashopping mall?") lends itself well to various mapping techniques (e.g.,
choropleth mapping) and can be adapted to existing datamodel constraints.
As GIS architecture becomes more open to variable data inputs the
constraints on the types and variability of datainputs will lessen (Seiber
2001b). Theresult will be an opportunity to collect potentially richer data
in new ways. Thisincludes, but is not limited to, data collected via both
survey methods and sketch mapping.

Diagrams:

Not unrelated to sketch maps, diagrams can provide data on spatial
and non-spatia relations that may or may not include cartographic, or
environmental, features. Sketch maps represent a type of diagram and
contain spatial information about the geographic features experienced by
an individual. Diagrams, more generally, can include hierarchical
information about non-spatial structures(e.g., hierarchical nature of astorm
sewer system or management charts) that are al so represented in aperson’s
cognitive representation of the world. Again, limitations associated with
the drawing process present obstacles to the incorporation of knowledge
from an individual’s mental representation in this manner. However, by
creating artificial and real limitations on the type of data collected the
researcher can establish guidelines, again a priori, for what data will be
incorporated into an existing GIS data structure. This has the additional
benefit of reducing the amount of interpretation that is necessary when
coding data from these types of sources.

Distance and direction estimation:

Thereisalong history of using distance and direction judgementsto
establish an individual’s knowledge of different environments, including
but not limited to cartographic representations of the world, virtual
environments, other graphical representation of thereal world, and, indeed,
the real world itself (Golledge et al. 1995; Richardson et al. 1999;
Thorndyke and Stasz 1980; Thorndyke and Hayes-Roth 1982). Thesedata
can be used to establish an individual’s geometry of afield site or study
location, as well as the potential to describe group biases or distortion in
how a space is represented. These biases might be helpful in explaining
group decisions or values associated with a particular place. One's
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judgement that a region is unsuitable for some type of development or
conservation effort might be based on a representation of that space as
being much smaller (and thereforeinadequate) than its actual dimensions.
Asthese data are generally collected as angle and distance measures that
are consistent with GI S datamodel s establishing the nature of thesetypes
of biases should be a reasonable expectation of most GIS software
packages.

Image and text inputs:

Written descriptions of space are notoriously difficult to code and
most attempts at quantifying them leave researchers wanting more from
their data(Ward et al. 1986). While qualitative methods have been devised
for coding verbal and written passagesthe ability to incorporatetheminto
existing data models is restricted by inability to quantify the contents.
From the perspective of the GI S softwarethis could be stated asthe GIS's
inability to store, and operate on (analyze) qualitative data. Thisis one
areafor which aviableaternativeto afree form datacollection method is
difficult to devise. While memos and tagsthat contain the verbal passages
can be added to most spatial data sets, the ability to incorporate them into
analysisiscurrently negligible. New conceptions of GI S datamodel swill
have to account for this type of data as the majority of the lay public
prefer to respond (sketch mapping is not a universally preferred method
for communicating, even for spatial information) (Seiber 2001a).

Imagedata, collectedin freeform using still cameras, video cameras,
and photo selection (i.e., selecting a representative set of images for an
area) present similar limitations to those offered for verbal and text
passages. Image data, collected by individuals, is a novel technique for
developing the‘vision’ or understanding for aparticular space by agroup
of people (Herman 1999). Creating a structure for the incorporation of
these representations of space and place will open the doorsto qualitative
analysis and data devel oping within the GI S environment.

Conclusions: Qualitative versus Quantitative

Developing toolsfor analyzing quaitative datahas, in general, lagged
behind that for quantitative data. Arguably the use of qualitative methods
isessential totheintegration of ‘ sense of place’, community based research,
and public participation into the GIS forum. Whileit isessential that new
data models for GIS must be pursued to alow for the incorporation of
new datatypes, research must also examinetwo other critical components,
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namely datacollection techniques and qualitative dataanalysis. Whilethe
preceding sections covered several community based data collection
techniques, and methods for adapting them to current data model
constraints, very little has been said about qualitative data analysis.
Qualitative analysishasgenerally been pursued by social scientists, among
them prominent geographers, but these techniques have historically not
been part of the array of datacollection or analytical techniquesassociated
with GIS. It istime to open the doorsto these methodsin order to support
the analysis of new problems at the community level. The creation of an
open data model that will provide an environment for a wider range of
datatypes should be agoal for the GIS community. Developing analytical
and data collection tools (such as those suggested and reviewed above)
that can be used by community groups as well as awider body of social
scientists will make GIS, truly, atool for the people.
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Multispectral classification algorithms and their
application to thin section imagery

Kamil Zaniewski, Brandon University

Abstract: When working with soils or glacial sediments there frequently
isaneed to look at their microscopic-scale features. At the same time
GISis often perceived as applicable to macro scale studies founded on
remotely sensed imagery or surveying data. But thereis another side to
GIS. Recent research results show that GI S applications are quite capable
of dealing with micro-scale features. Images obtained from thin sections
of glacial sediments were fully processed and analyzed using standard
Gl Stechniquesand produced quantified descriptions of the tested sediment
samples. The key to thisinformation lies in an effective application of
multispectral classification algorithms. Classifications are used to
accurately identify and segment imagery prior to any quantification
procedure. It wasfound that inthe highly complex visual space of glacial
sediment thin sections, unsupervised classification methods are more
effectiveinidentifying micro-features.

Key words: micromorphology, multispectral classification, glacial
sediments, image analysis

Introduction

Glacid micromorphology isstill anew science- constantly and rapidly
changing and growing. It isbased partly on the body of work originating
in soil science. A number of thin section description classifications have
been created (Brewer 1964, 1976; Jongerius 1964; FitzPatrick 1984) but
they are generally written with soil science in mind. This limits their
usefulnessto glacial sedimentologists. Van der Meer (1993) modified the
standard soil classification system created by Brewer (1976) to better fit
the growing needs of the new science. However, current
micromorphological studiesof glacial sedimentsarevery often qualitative
in nature. Thisunavoidably leadsto adegree of ambiguity in description



Prairie Perspectives 321

and interpretation. There were some attempts at making thin section
descriptionsmore objective (FitzPatrick 1984, 1993) but these werelimited
to soil science and even then there islittle consensus among researchers
onwhich systemworksbest. It may indeed bethat each field of study, and
even individual interest areas within each field, may require their own
version of aclassification system.

It is not the purpose of this paper to create such asystem. Neither is
it meant to restate the history or the principles of image analysis. Papers
of thisnature have already been written on the topics of image analysisin
soil science (Mermut and Norton 1992; Terribile and FitzPatrick 1992).
The purpose is rather to initiate the process of objective study of
micromorphological features using the technique of image analysis. The
long-term goa of this process is to create a comprehensive system to
objectively describe thin sections of glacial sediments - likely a
complimentary systemto any qualitative method of classification presently
existing or to be defined in the future.

To initiate this undertaking it is necessary to create a firm basis of
feature identification in thin sections. A feature could be any object or
objects of interest to the researcher. Void spaces, plasma, individual
mineral ogies, skeleton grains, staining patterns, and microstructures - these
are but few examples of features of interest. It may prove impossible to
deviseasingle method of featureidentification for all of them at the same
time. The principles used however, should stay the same and the
classification method employed may aso remain constant while some
variables change based on the main topic of research. Theresult of such
modifications should beanincreasein the accuracy of theresults of feature
identification.

Previous Work

The basic concepts of multispectral image analysis form an integral
part of most raster based Geographical Information Systems (GIS). GIS
applicationsare generally used in large-scal e studies of landscapes, natural
resources management or social geography studies. As such they appear
to have very littlein common with image analysis of small-scaleimagery
such asthin sections of glacial sediments. However, previouswork by the
author showed that even the simplest of GIS programs are quite capable
of dealing with very small coverages- both theoretically (Zaniewski 1994)
and in simple practical applications (McCarthy and Zaniewski 2001).
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For any application dealing with digital imagery, beit GIS or image
analysis programs, it is necessary to define the various objects and to
create topology for the images tested. The topology (or the information
regarding the rel ationships between individual objectsin acoverage) can
be created following atransl ation of what isessentially atwo-dimensional
set of random valuesinto aseries of classesor objects. Thiscan beachieved
withtheuseof ‘ Athreshold’ values. Thisisavery smpleway of identifying
thevariousfeaturesin digital imagery. Multispectral image classification
methods tend to be more accurate and far more sophisticated in their
assessment of the digital information. The use of multispectral image
classification was developed for use in remote sensing to take advantage
of available satellite imagery. The techniques and methods of such
classifications are numerous and vary in their specific complexities,
accuracies, applications and availability. A number of remote sensing
textbooks include descriptions of some of the main techniques involved
(Jensen 1996; Lillesand and Kiefer 2000). The use of multispectral image
classification routinesin thin section studies hasbeen tried in soil science
(Protz et al. 1992) and in glacia sediment studies (Hiemstraet al. in prep.)

Methodology

Hardware and software:

The process of image classification and analysisinvolves a series of
steps. Theprocedure beginswithimage capture. There are several methods
of image acquisition. For this work images were obtained by a Leica
DC200 digital camera mounted on a standard petrographic microscope
(LeicaWild M420) capable of low magnifications (up to 10x). Imagery
wasimported and processed using aGl S program (TNT-Maps and I mages
Processing System) incorporating anumber of multispectral classification
options.

I mage collection and prepar ation:

Each of the images captured for this project were stored as a TIFF
format, 24bit RGB graphic file. This was done in order to accurately
measure and record the spectral intensity of each image pixel for thethree
colour bands (red, green and blue). The use of 256-colour images (such
as GlIFs) should be avoided since the choice of values for each scanned
pixel israndom and the values do not reflect the intensity of colour. Itis
quite likely that two pixels with a slight variation in colour will be
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Figure 1: lllustration of the difference between 256-colour and 24-bit colour
data storage and display.

represented as different values in a 256-colour image (Figure 1). Any
analysis of such animageislikely to beimpossible.

Images to be analysed were captured in sets of three. Every thin
sectionwas previewed and an areaof interest wasvisually identified. Once
thetarget areawas selected it was photographed in plain light, under cross-
polarized light and with a gypsum wedge in place - making sure that the
thin section did not moved during the process. This was necessary in
order to assurethat the threeimageswere showing the exact same location
in the thin section. Each image was 1280 by 1024 pixelsin size and was
taken at the approximate magnification of x 10. Each pixel wascalibrated
to have the length and width of 5 microns.

Theimage capturing procedure was repeated four times- resulting in
four setsof raw image data representing the selected coverage areas. The
final result of image capturing was a series of pictures showing the same



324 Prairie Perspectives

Blue

Cross-Polarized

Gypsum Wedge

Figure 2: Source images and their 9 colour ‘bands'.

part of a thin section under different viewing conditions. This is the
micromorphology equivalent of remotely sensed images.

Importation:

The importation routine was performed by the Gl S/image analysis
program used in this project (TNT-MIPS). This program allows for a
number of modificationsto the original file asspecified by theuser. During
the importation routine each of the three images for each coverage was
divided into their colour bands (Figure 2). These were representing the
red, green and blue spectrum bands of each digital image. For every one
of thefour coveragesanalysed therewere now 9 individual spectral bands.

Spectral band selection:
Although the process of classification may be performed on al nine
of the spectral bands (red, green and blue bandsfor plain, cross-polarized
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and gypsum wedge images) it is neither necessary nor practical. Infact it
may be counterproductive and result in alonger procedural time without
any substantial benefitsin the form of increased accuracy. Multispectral
classification algorithms are meant to identify features based on changes
in their appearance (grey tone brightness) from image to image. Where
differences between images are minimal (high correlation, data
redundancy) theimageswill contributelittleto the overall accuracy of the
routine but will extend the time required to run the algorithm.

The number of spectral bands and their content may change from
application to application. It is dependent on the spectral qualities of the
material studied. This project looked at a small subset of the possible
material types. This included: voids, plasma (material of colloidal size,
i.e. <2%amin diameter, which can a so bereferred to as sedimentary matrix)
and mineral grains. A choice of 3 or 4 bands had to be made to maximize
the effectiveness of the procedure. Thisis possible if the bands chosen
represent spectral data of highest contrast between the different features
of interest.

There are several criteriathat could be used to select the four bands.
The choi ce could be made based on prior knowledge or experience. If the
objective of the project wasto identify pore spaces (voids) then the use of
UV illumination in combination with UV sensitive dye could produce an
image with sufficient contrast between void and non-void pixelsto satisfy
the requirements of classification. This approach to band selection is
however limited to the few situations where the variety of materials and
the number of classes of interest are small.

An aternative approach is to use statistical correlation information.
For each pair of imagestested acorrelation value was given, aline of best
fit was calculated, and the correlation pattern was temporarily displayed
on the screen. The objective of thetests wasto identify 4 bands that were
least alike. Once all 36 tests were performed a decision was made as to
which set of image bands could be used most efficiently. The decision
was based on the observed differencesin correl ation valueswith maximum
variance being preferred. Table 1 showstheresults of the correlation tests.

Thefollowing spectral bandswere selected: the red bandwidth of the
cross-polarized images (X,), blue and red bandwidth of the plain light
images (P, and P_) and the green bandwidth of the gypsum wedge
superposition images (W,,). Even though some correlation values appear
high, the correlation valuesfor the remaining spectral bandsjustified their
selection. For example, the correlation value for bands P, and P, is very
high (0.80), however, the valuesfor P, and the remaining two bands (W,
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Table 1: Raster correlation values for sample R.745(1).

Py Pg Py Xg X Xg Wp W W

Py
Ps 0.89
Py 080 097

Xr 020 010 0.06

Xs 034 028 025 094

X3 040 039 037 082 092

Wr 050 046 042 073 075 0.69

We 035 025 021 074 075 067 071

Ws 069 080 080 032 048 057 061 06

X ) aresufficiently low (0.20, 0.35) to justify the use of thisspectral band.
For some classification methodsit may be necessary to limit thisselection
even further based on training site statistics.

Classification method testing and selection:

There are many methods of multispectral imageclassification. General
remote sensing textbooks usually contain some explanation the most
common algorithms, such as ‘Maximum Likelihood' or ‘ Parallel epiped’
(Lillesand and Kiefer 2000). These methodstend to vary in many respects.
Two main types are supervised and unsupervised classification methods.
These procedures can be further divided into more specific methods. Some
techniquesarefaster but lessaccurate (e.g., ‘Minimum Distanceto Means
classifier which does not account for classvariance) and their usetendsto
belimited to situationswhere spectral imagesfit anarrowly defined set of
limitations — such as uniform class variances. Other methods may be
more accurate but tend to require more processing time (required to
calculate more comprehensive class definitions) and better quality data
(higher overall signal-to-noiseratio) (e.g., ‘Minimum DistributionAngle’).
Thechallengeisto decide which one best suitsthe purpose of thin section
imageanalysis.

The variety of features and materials found in glacial sediment thin
sections increase the complexity and difficulty of the multispectral
classification. The requirements of an accurate supervised classification
specify the need for a clearly defined set of training sites. Training sites
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are supposed to represent only one feature class (single material) and be
spectrally homogenous. All of the different types of material should be
defined or the algorithm may |eavelarge portions of theimage unclassified.

Thealternativeto thisisto use an unsupervised classification method.
This avoids the training site definition stage but includes complications
uniqueto thisgroup of classification techniques. To achieve accurate results
with an unsupervised classificationit isnecessary to exaggerate the number
of actual classes known to exist in each image. For example, if aknown
number of mineral typesare 5 thenin order to classify the sasmplefield it
is necessary to ask that at least 15 different classes be identified. This
exaggeration allowsthe computer to identify new classes. Theseadditional
classesmay include small areas of unique material left unobserved by the
user (not an unlikely scenario when looking at thin sections of glacial
sediments) or represent areas of the image where the mixing of skeleton
grains, voids and plasma produced unique ‘intermediate stage’ ‘fuzzy’
classes. It is important to point out that a thin section image represents
approximately 20 ¥am thickness of glacial sediment and not only itssurface.

Unsupervised classification involving large numbers of classes can
beaslow process. Furthermore, final classification routine does not |abel
each spectral class, rather it is the user that has to identify the various
classclustersand provide an appropriate attribute label. K-means method
has been used effectively in pore studies (VandenBygaart et al. 1997)
indicating that the unsupervised techniques have their place in sediment
or soils-based studies.

To compare and evaluate effectiveness of the multispectral
classification approach it was necessary to classify the sameimage using
avariety of agorithms. Classification resultswere evaluated for accuracy
and processing time. The image used to test the algorithms was selected
torepresent atypical glacia sediment thin section. It contained examples
of avariety of skeleton grains, plasma, voids and plasmic fabric.

Results

Testing showed that the processing time might vary substantially.
Table 2 liststhe times obtained. It isimportant to note that the table only
showsthetimerequired to run the process. For supervised classifications
actual processing time must include the creation of training sites. This
tends to differ from image to image based on the variety of features
contained in it. For example, when skeleton grain material consists of a
large number of lithologiesit becomes necessary to create alarger number
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Table 2: A summary of the classification techniques tested.

Name Type Pr ing time  Refe

Simple One Pass Clustering unsupervised 14 sec Jensen (1996)

K Means unsupervised 1min, 22 sec Duda and Hart (1973); Schowengerdt (1997)
Fuzzy C Means unsupervised 24min, 31 sec Cannon et al. (1986); Schowengerdt (1997)
Minimum Distribution Angle unsupervised 1min, 8sec Paris and Kwong (1988)

ISODATA Classification unsupervised 35 sec Tou and Gonzalez (1974); Jensen (1996)
Self-organizing Neutral Network unsupervised 1min, 55 sec Schowengerdt (1997)

Adaptive Resonance unsupervised 1min, 45 sec Capenter and Grossberg (1988)

Minimum Distance to Means supervised 13 sec Jensen (1996); Lillesand and Keifer (2000)
Maximum Likelihood supervised 19 sec Lillesand and Kiefer (2000)

Stepwise Linear supervised 10 sec Johnston (1978)

Suits Maximum Relative supervised 12 sec ‘Wagner and Suits (1980)

of training sites with an associated increase in preparation time. When
using spectral signatures or spectral response patterns this preparation
time may be minimized. However, the variety of material contained in
glacial sedimentswill frequently require additional training site definition
regardless of the pre-existing set of spectral definitions.

For unsupervised classification methods the additional processingtime
comesfrom post-processing of the classification results. Beforetheresults
can be evaluated for accuracy, care must be taken to reclassify the results
accurately. This task must be performed every time an unsupervised
algorithm is used. As can be seen from Table 2 most routinesran for less
than 1 minute. Only the‘ Fuzzy C Means method took substantially more
time.

Further evaluation was then performed visually to establish which
classification methods camethe closest to producing an effective rendition
of the original image. Thiswas done by comparing the characteristics of
the original photo to those observed in the resultant class image. By
concentrating on ‘ landmark’ areas (such as boundaries between voids and
plasmaor plasmaand skeleton grains) it was possible to note exceptional
classification errors.

Overall most unsupervised classification methods produced good
results. The exception was the * Simple One Pass Clustering’ algorithm
which produced images of lesser quality. The best apparent agreement
between the original photo and the classified results was obtained when
the * Minimum Distribution Angle’ algorithm was empl oyed.

All of the supervised classification results suffered from obviouserrors
where pixels were assigned into a wrong class or were left unclassified.
Accuracy improved with progressive redefinition of the training sites.
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However, it never achieved the quality of the unsupervised classifications
results.

Discussion

Supervised classification methods should not be attempted for this
typeof analysis. The problem hasto betraced to theinherent training site
definition error encountered whenever imagery used shows ahigh degree
of spatial variability. Intransitional areas (contact zones) between voids
and skeleton grains or voids and plasma the appearance of pixels will
change gradually to represent the changing composition of the material.
It isimportant to recognize that the thin section images are produced by
illumination from below the sample (transmitted light). Every pixel in
such animageisaproduct of themany different material s contained within
the thickness of the section. Transitional areas will frequently exhibit a
very high degree of spectral fuzziness — not fitting into any of the main
material classes. Allowing a portion of the classified image to be left as
unclassified will only solve some of the problems. Further problems may
be encountered when training sitesinclude areas not belonging to theright
class. Thiscan only be avoided by defining sites on pixel-to-pixel basis.
Thisisavery slow and tedious process not practical when large numbers
of thin sectionsare considered. The use of spectral keys (unique diagnostic
spectral characteristics of amaterial) may be attempted but some caution
is advised. Microscope settings must remain identical from sample to
sample. Furthermore, spectral keyshaveto beredefined overtimein order
to adjust for the changing brightness of the light bulb. New keys may
have to be created to allow for inclusion of additional types of material
not encountered previously.

Unsupervised classification a gorithms showed many advantages over
the supervised approach. Noapriori knowledgeisrequired. Thecomputer
does all the calculations necessary to identify groups of pixels similar in
appearance. To completethe processit isnecessary to reclassify theresults
so that they produce a more ordered appearance allowing for visual
interpretation as well as conversion to vector based images, if necessary.
Even when looking at a highly complex set of results (40 or 50 different
classes) thetimerequired to reassign pixelsinto voids, plasmaand skeleton
grains did not exceed that of the retraining procedures necessary for the
supervised classifications.
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A procedural time of over 20 minutes per application meansthat the
‘Fuzzy C Means algorithm should probably be considered too slow to be
used on large numbers of images required to analyse even a single thin
section. All other algorithms produced their resultsin lessthan 2 minutes
leaving accuracy asthe decisivefactor. The problems encountered when
using supervised classification methods, combined with their lower overall
accuracy means that only unsupervised classification agorithms should
be considered for use in thin section studies. Of all the methods tested,
the‘Minimum Distribution Angle’ showed best resultsand must therefore
be recommended.

Conclusions

A classification routine, no matter how complete and accurate, should
only be considered as apreliminary stage of image analysis. Itissimply
a first part of alonger procedure and it serves to provide rudimentary
information aswell as spatial definitions of some of the features contained
in animage. For a micromorphologist this means that more studies are
necessary if a more accurate means of data extraction are to be found.
What is needed isamethodol ogy of feature measurements better suited to
micromorphology. For example, identification of all the quartz grainsin
an image must be followed by measurement of the grainsidentified. The
measurements may involve simple area or diameter calculation for each
grain. They may perhapsinvolveidentification of shape characteristicsor
even the relationship between the grains and other material in theimages.
It is hoped that the use of this technique will result in a more accurate,
certainly more objective, way of describing many of the
micromorphological characteristicsof glacial sediments. Inorder toreach
this goal it is important to use the best available tools for obtaining the
raw data. Assuch only some of the unsupervised classification methods
appear to fulfil the basic requirements of speed and accuracy. Of these,
the ‘Minimum Distribution Angle’ method shows most promise and is
therefore recommended.
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Perceptions of Peru’s Sierra and Costa from the
literature of José Maria Arguedas

M. Elizabeth Scarborough and
Paul Simpson-Housley, York University

Abstract: The paper examines the use of mountains as metaphor in the literary
work of José MariaArguedas, specifically from hisnovel El Zorro de Arribay El
Zorro de Abajo (The Fox From Up Above and The Fox From Down Below). The
paper addresses Arguedas's perceptions of the mountains of Peru and examines
the contrasts drawn by Arguedas between the mountains and the coast of the
country in which he lived. Arguedas used these physical geographical features
and locations to represent human beings who come from such locations, and to
illustrate the differences between inhabitants of these areas. Arguedas creates a
parallel between differences in the geographic locations and differences in the
people from such locations.

Key Words: Serra, Costa, Foxes, crillolo, cholo, Chimbote

Literature from around the world makes use of physical geographic
phenomena in order to illustrate and refer to various human conditions
and emations. Thistechnique can be seeninnovelssuchasMary Shelley’s
(1818) Frankenstein, wherein she uses the Arctic to represent the cold,
desolate, lonely life of the monster. It is aso seen in Emily Bronte's
(1847) Wuthering Heights, as the author usesthe physical geographies of
Thrushcross Grange and Wuthering Heights as representations of the
families and individuals who reside in each location. Mountains, for
example, are referred to often in literature and are utilized by the author
as simile and as metaphor to represent an idea, belief or emotion. This
may be noted in Edgar Allen Poe’s (1838) The Narrative of Arthur Gordon
Pym of Nantucket and in H.P. Lovecraft’'s (1936) At the Mountains of
Madness, anovel that was an extension of Poe's Arthur Gordon Pym. In
both of these pieces of literature mountains are used asan alegory for the
human condition. Lovecraft particularly usesthe mountain asametaphor
for insanity and for thewaysin which humans are driven to madness. It is
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the primary objective of this paper to examine the use of mountains as
metaphor in the literary work of José Maria Arguedas, specifically from
his novel El Zorro de Arriba y El Zorro de Abajo (The Fox From Up
Above and The Fox From Down Below) (Arguedas 1971, 2000).! This
paper will take into account the ways in which Arguedas uses mountains
to symbolize the people who come from them, and the rel ationships they
form with those from the coastal region of Peru. The history of hislife
must be taken into account while completing such an examination as his
personal experiences are the driving force of the novel and of his use of
mountains as metaphor.

José MariaArguedas, born in the small Andean city of Andahuaylas
in 1911, isundisputedly one of the greatest Peruvian authors of thetwentieth
century (Ortega 1999). He has published such works as Yawar Fiesta,
Diamantesy Pedernal es, his most celebrated novel, Los Rios Profundos,
and Todas Las Sangres (Arguedas 1941, 1954, 1958, 1964). Owing to the
death of his mother when he was only three years old, and to the fact that
hewasraised by hisfather and stepmother, Arguedasreceived little of the
attention he needed from his parents, and wasinfluenced significantly by
the Indians of the southern Sierra where he grew up (Ortega 1999, 1).
These Indians taught Arguedas how to communicate in Quechua, aswell
as how to appreciate and love the land and the country in which he was
born. Asateenager, Arguedas was taken from hishome in the Sierrasto
complete school as an acculturated young white Peruvian in the city of
Ica, inthe desert coastal region of Peru, and later in the city of Huancayo,
where he began writing for a student magazine. This change in
geographical location and cultural setting must be noted when examining
Arguedas novel El Zorro de Arriba y El Zorro de Abajo as his personal
experiences with the Sierra and the Costa of Peru figure prominently in
the novel. Arguedas continued his formal education at the University of
San Marcos in Lima, where he focused on his writing and the study of
anthropology (Castilla1999). He pursued acareer as a secondary school
teacher in Lima, then continued on as a university professor, as well as
serving on various boards and committees for the preservation of Indian
cultureandfolklore (Ortega1999, 1). Tortured by palitical injusticesand
the prospect of suicide for much of hisadult life, Arguedas began writing
El Zorro de Arriba y El Zorro de Abajo, his last novel, as a means of
emotional purging and as an attempt to regain hiswill to live and to write
(Ortega 2000, xi-xxxii). Hewas struggling at the timewith the end of his
marriageto CeliaBustamante, hiswife since 1939, and the beginning of a
new marriage with Sybila Arrendondo, which had commenced just two



Prairie Perspectives 335

yearsearlierin 1967 (Castilla1999, 2). However, prior to completing the
novel, he shot himself twice in the head while in his office at University
Agraria La Molina, and died four days later without having regained
consciousness. He passed away on December 2, 1969 at the age of 58
(Ortega 1999).

José MariaArguedaswas aman torn apart by two conflicting segments
of hisvery psyche. Hewasan educated, white Peruvian man ontheoutside,
but a large part of him remained a Quechua speaking Indian from the
Sierra, ashe stated himself in hisdiary of El ZorrodeArribay El Zorro de
Abajo, when hesaid “...I am ‘delalana’, asyou used to tell me; that is,
fromthe “high country’, which in Peru means an Indian, ahighlander...”
(Arguedas 2000, 55). All of hislife, his two identities seemed to be at
war, and this constant struggle of his psyche is apparent in the novel
discussed in this paper. According to César Caviedes:

This experience turned Arguedas into a man deeply split
between the Indian values and world perception that he had
acquired as a child and the values and cultural attitudes
imprinted on him as a cultured Peruvian from the coastal
lowlands...(Caviedes 1987, 59)

Complementing Caviedes on thisimpression isapassage by Mario Vargas
Llosafrom José Maria Arguedas: Entre Saposy Halcones:

... hefound the Indian way of life to be more humanistic and
less alienating than life according to Western values (Vargas
Llosa 1978, 43-45).

El ZorrodeArribay El Zorro deAbajoisanovel of great importance
regarding the demise and ultimate destruction of the fishing town of
Chimbote on the northern coast of Peru. Until the 1950s, Chimbotewasa
beautiful, pristine town of about 2,000 inhabitants. In the years that
followed Chimbote was transformed into a ‘boom town’, bustling and
growing exponentially with thearrival of theanchovy fishing industry. In
only two decades, the city grew to more than 200,000 inhabitants, many
of whom were from the Sierraand who had comein search of work and in
hopes of becoming prosperous. The effects of the anchovy industry on
the city were devastating, as seen here in an excerpt from Julio Ortega:

The beaches were destroyed by the fishing industry, which
had grown without plan or design inside the urban area and
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expelled its wastes directly into the bay, today an ecological
disaster of dead waters, fenced in by a sanitary cordon of
rocks, infested by rats (Ortega 2000, 1

Inaperiod of only afew decades, Chimbote was metamorphosized from
asmall fishing village on the Peruvian coast into a cesspool of disease,
brothels, greed, and poverty, transforming not only the physical landscape
and ecological aspectsof the area, but also itsinhabitants, many of whom
were Indians and highlanders from the Sierra. The coast was a place of
pestilential environment that nevertheless continued to call to workers
from the Sierra with the promise of profit. The ‘fox from below’ tellsit
best when he saysto the ‘fox from above':

...hereit feelslike amishmash of dying and dawning, of what
seethes and spatters, of what fermentsand turns sour, of being
calmed down by force or by sheer effort. All that ferment is
here (Arguedas 2000, 87).

Inthenovel, the‘foxes arenative godsthat represent the world of up
above (the Sierra), and the world of down below (the Costa). Their
occasional dialogue in the novel gives insight into the contrast between
the two geographical regions, not only physically, but more importantly
on ahuman scale (Ortega 2000, 2). According to Columbus, the ‘foxes
come from an ancient Andean legend in which they are “deities of the
night and of the moonlight, mysterious cult figures,...never deities of the
first rank” (Columbus 1986, 30). In Andean mythol ogy, the meanings of
the foxes shift continuously from one tale to another, and Arguedas uses
this ancient myth to fit his own needsin this novel.

El Zorro de Arriba y El Zorro de Abajo is an extremely complex
novel, filled with allegory, metaphor, and symbolism. It hasaplethoraof
characters and a proliferation of voices, most of which are unusually
complex in themselves, and are interconnected in one way or another.
The characters consist of persons from the coast (criollos), the Sierra
(cholos), and North America. They serve asillustrations and as symbols
fromthevery regions of their origin, and may also beidentified by distinct
social and economic strata (Rowe 2000, 284). More central to the novel,
these characters or ‘voices also serve asanillustration of the attempt at
homogenization of the city of Chimbote. In the course of the novel, the
reader is introduced to a veritable glut of characters, some of whom are
merely presented through the conversation of other characters, and some
who are met as primary personsin the novel.
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What is so essential regarding these charactersand their geographical
origin is that although they came to Chimbote from three distinct
geographical regions, within and outside of Peru, they were all brought
together into one coastal community. Throughout the novel, the reader
continues to see these charactersintermingle with one another, and to see
them communicate regardless of their differencesin terms of geographic
origin or socio-economic status. El Zorro de Arribay El Zorro de Abajo
begins with the story of the highlanders and their lives in Chimbote.
Primarily, the beginning of the book focuses on Chaucato, the fish boat
captain, and hiscrew. However, thisfirst part isalso the sectionin which
thereader isfirst introduced to Maxwell, during thetimethat heisworking
for the Peace Corps. The highlanders in this chapter are portrayed as
being relatively uneducated and rough, but pure of heart. They are, for
the most part, honest, hard-working menwho aretrying their best to make
better livesfor themselves and for their families. These men areruled by
the anchovy fishing industry and their lives are dictated by the amount
they catch at sea. They are aso controlled by the parent company and its
‘big fish’ of theindustry, in Chaucato’s case, aman by the name of Braschi,
who is the powerhouse of the company that owns Chaucato’s boats, and
virtualy all of these men aswell (Arguedas 2000, 30). Caviedesdescribes
hischaracter as. “an evil man, arecklessexploiter who at first used to mix
with the humble and encourage them to work for a profit, but who later
developed into amanipulator who rarely returned to Chimbote, preferring
to direct his fishing empire from Lima through a hand picked mafia”
(Caviedes 1987, 66). As the chapter unfolds, the reader comes to learn
that Braschi is taking these men for all they have... he is simply using
them to gain what he wants and to secure more wealth and prestige for
himself. Chaucato and his men are being made victims by the company,
and are getting nothing in return. They are living in filthy shantytowns
because they are poor, uneducated, unskilled highlanders. The coast and
itsinhabitants are eating them up, taking advantage of them, and holding
them down by keeping them in poverty (Arguedas 2000, 27-55). This
point isillustrated in an exchange between Chaucato and one of his men
on the deck of the ship:

...how come other skipperswho haven’t been fishin’ aslong
asyou, whoarelessdeservin’ —you’ resuch apal of Braschi’s,
practically hisfather, and you’ re the one who'staught almost
all the trawler skippers how to find anchovies and net ‘em —
how come you got an old boat, a hundred tonner, when they
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gave these other guys, who don’'t know near as much, two
hundred- and even two-hundred-and-fifty-ton trawlers, so they
can earn double what you do (Arguedas 2000, 29)?

These other men, to whom Chaucato’sfisherman isreferring, are not
highlanders, but men from the coastal regions. It is stated here that
Chaucato was wronged by Braschi because he came to Chimbote from
the highlands, and was not seen asworthy of the wealth and prosperity he
so desired and deserved. The changein Chimbote and the importance of
the anchovy fishing industry and its bosses is illustrated as well in the
following excerpt from The Andean Air Mail and Peruvian Times:

...by 1970, nineteen fish-processing plants operated out of
Chimbote and the town had grown to 111,000 inhabitants.
By 1980, the popul ation had doubled. Thefour largest plants
belonged to Luis Banchero (Braschi), two were owned by
American companies, three were operated by Italian
entrepreneurs, two were owned by Jewish merchants, another
pair belonged to Spaniards, one was owned by Yugoslav-
Argentines, and the rest were in the hands of powerful
Peruvian capitalists, among whom the Gildemeister family
occupied aconspicuousplace (Andean Air Mail and Peruvian
Times 1970, 57)

Itisevident inthisfirst chapter that the highlander is constantly being
tested, corrupted, and polluted by the city of Chimbote and by the coastal
inhabitants and their vices. After coming in from their anchovy fishing,
the men go straight to the brothels for booze and prostitutes. They are
lured into thefilth and the moral corruption of the coast by their declining
situations and shattered dreams of prosperity, asis stated by the Fox from
up Above:

Two thousand five hundred years ago Tutaykire, the warrior
from up above, son of Pariacaca, wasdetained in UrinAllauka,
ayungavalley of the world of down below; he was detained
by a harlot virgin who awaited him with her bare legs
widespread, her breasts uncovered, and with a large jar of
corn beer. She stopped him to make him go to sleep and
sidetrack him (Arguedas 2000, 54).

Itisherethat thereader isintroduced to PaulaMelchora, the prostitute
from the Sierra who had settled like many others in Chimbote. This
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illustration of the highlander’s life in Chimbote is again a reflection of
Arguedas own life, and how he was taken from his pure, unadulterated
mountain home and transplanted into thelife of the coast (Fernandez 2000,
291). Arguedas paints a vivid geographical, cultural, and social picture
for thereader in hisfirst chapter as he describes the debilitating situation
of the highlander turned coastal dweller. As stated above, Arguedas was
at onetime forced to leave hishome in the Sierrato come to the coast to
study and to become what others expected him to become: an acculturated,
educated white Peruvian (Caviedes 1987, 59). Hisdistaste for the coastal
region as opposed to the Sierrais evident in the first part of the novel, as
he compares the sea upon which all of these highlanders are dependent to
the sexual organ of a‘great whore':

Before it was amirror; now it's the million-dollar sex organ
of thegreat whore, prostituted by gringoized mobster pimps...
Great big pimping sharks (the fish meal factory industrialists)
— they’re prostituting Chimbote from the fucking hell
(Arguedas 2000, 46).

In hisown struggle of life and death, Arguedas points to the conflict
between elements from the coastal regions and the highland, and to the
complex social and geographical distinctions between the two. There
was, upon the onset of the anchovy industry, an infiltration of Indiansto
the coast, a mixing of two cultures that had remained separate and equal
intheir ownrights. The novel focuses on the corruption of and effectson
the mountain inhabitants as they infiltrate Chimbote, and their attempt at
peaceful co-existencein thecity; the possihility of unifying the country of
Peru for the first time (Rowe 2000, 294).

Themountains of the Sierraare, inthiscase, symbolic of purity, hope,
and life, based on the author’s childhood and his experiences with the
Indians of theregion. Itisaplace of purity and innocence, untouched by
corruption and theinfluence of the Western world (Castilla1999, 1). The
Sierraof Peru symbolized for Arguedas a place of peace, aplace of pure,
unadulterated beauty and aplacein which hewastruly at home. Inone of
hisdiaries, Arguedas even found thisbeauty of the mountainsin anionena
(pig) hewas petting in San Miguel de Obrgjillo ashe observesthewaterfall:

The high, extremely high waterfall that flows down off the
unreachable rocky peak was singing in the deep tone of that
nionena, in hisstiff bristles, which softened; and the sunshine
that had heated the stones, my chest, and each leaf on the
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trees and bushes, warming with plentitude and beauty even
my wife's angular and forceful features — that sun was more
present in the nionena’s language, in his delicious slumber,
than anywhere else. The waterfalls of Peru, like those of San
Miguel, where water slides down into abysses hundreds of
feet deep, dropping amost perpendicularly and irrigating
terraces where food plants flower, will comfort my eyes
moments before dying... they exist because of those sheer
mountains, capriciously arranged into gorges deep as death
and more fiercely alive than ever...(Arguedas 2000, 10-11).

In this passage the meaning of the waterfall may be ambivalent. At
times, when Arguedas notes the abysses, the image may be seen in the
gothic context. However, the waterfall also encompasses life-giving
aspects, as the author paints a picture of it irrigating the terraces, feeding
the plants and warming the body. At the conclusion of the passage the
reader seesinthewaterfall thetheology of hope, asit comfortstheauthor’s
eyes before he dies.

The second chapter of The Foxes focuses on the perceived lunatic
Moncada and his only friend, Don Esteban de la Cruz a man from the
Sierra (Arguedas 2000, 138). Moncada is the ‘madman’ from the coast
who goes about the EI Modelo marketplace and the city of Chimbote
preaching to whoever may listen. He speaks of the corruption of the city
and the corruption of the industry, all the while bearing a large wooden
cross. Hecontinuously beratesthe anchovy fishing industry, theforeigners
who givethe ordersin Chimbote, and the politics surrounding the successes
and failures of the town (Arguedas 2000, 57). In the following passage,
Moncadalaments the proliferation of ‘outsiders' or foreigners who have
cometo Chimbote and who control theindustry aswell asthe inhabitants
of thetown. Theforeignersarethe oneswho are becoming wealthy at the
expense of the cholosand criallos, by exploiting not only the resourcesin
Chimbote but itsinhabitants aswell:

Here, in Peru shall we say, since San Martin, Don Josg, there's
been nothing but outsiders, foreigners giving the orders.
WEe' ve been nothing but the servants of foreigners (Arguedas
2000, 59).

Caviedes confirmsthisin hisassessment of the resentment and fear felt by
the people of Chimbote and more specifically, the highlanders who
migrated to the coast:
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...the exploitation of the resources of the sea from Chimbote
had fallen, within the anticipated ‘five or ten years' into the
hands of foreign profiteers. Thisis the reason for the strong
resentment that exudes from the pages of The Foxes each time
one of Arguedas's charactersrefersto the Peruvian capitalists
or the foreign speculators (Caviedes 1987, 66).

Esteban dela Cruz is dying from the coal dust deposited in hislungs
from years of working asaminer. Heis physically weak and fragile, but
is accepting of Moncada and believes him to be a wise man who speaks
thetruth, unlike other coastal inhabitants. Although Moncadaisfromthe
coastal region of Peru, he is one of the very few who has seen and
recognized the changes that have taken place. He has witnessed the
continued demise of the coast and itsinhabitants, and has seen the greed,
corruption, prostitution, filth and dishonesty that continuously ariseinthe
coast’sindustry and daily life. What makes him even more different from
other coastal or highland residents of Chimboteisthat he choosesto speak
of these changes and disasters, aswell as of his present situation and that
of other coastal inhabitants in the poor neighbourhoods owned by the
Corporation:

A strip of muddy ground’syour home, compadre; my home's
the same and so's the home of all usthirty families who live
like pestiferous parasites on the body of the Santa Corporation
(Arguedas 2000, 147).

Don Esteban seeks help and condolence not only in Moncada but
alsoinhiswife'scousin, withwhom hevisitsfor sometime. Heistheone
who speaks out about these things, the Santa Corporation in particular,
and isthe only coastal inhabitant who seems to recognize the pernicious
effects on the region, both ecologically and culturally. Don Esteban,
although from the Sierra, is also witness to this destruction through
Moncada. Helivesin the poverty, the filth, and the corruption, and is as
much a victim and contributor to it as any other. However, unlike other
highlanders who arrive in search of something better, he has not been
jaded so much by the prospect of wealth by way of the anchovy, but sees
in Moncada the truth of the coast and the purity of the Sierra (Arguedas
2000, 87). Both Don Esteban and Moncadadraw upon the wisdom of the
great aukillu, the omnipotent, omniscient ‘Lord’, priest, sorcerer who
presides over all mountain cult celebrations and rites. According to the
aukillu, Don Esteban must cough up five ounces of coal from hisinjured
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lungs in order to be saved. Hiswife's cousin stresses the fact that Don
Esteban must follow these orders if he wants to continue to live and to
escapethe curse of the coast and itsdisease. It isinthe exchange between
these two ailing men that Arguedas again refers to the mountain as
metaphor: “ Aukillu, ancient mountain, grand Lord. Heknows” (Arguedas
2000, 168). The comparison drawn here by Arguedas between aukillu
and an ancient mountain is symbolic of his love and admiration for the
mountainsof thehigh Sierra. The'Lord’ ishistorically seen asaninherently
good entity, one full of purity, hope, love, joy, and peace. By comparing
this‘Lord’ of the Sierrato an ancient mountain, Arguedas is putting into
words his very feelings of adoration for the Sierra.

The third chapter of The Foxes introduces the reader to Don Angel
Rincon Jaramillo, the manager of the Nautilus Fishing Company fishmeal
factory, and to a ‘stranger’, who the reader later comes to know as Don
Diego. These characters are central to the illustrations of coastal vices
and the control held by the company owners over the general population
of highlanders. It becomes even more obvious as the chapter and dialogue
progress that the highlander is seen as no better than ananimal. Thereis
no moral dilemmawhen it comes to exploiting those from the Sierra, as
they are naive, uneducated, untrained, and optimistic upon arrival on the
coast. The coast is a place of festering, seething, growing filth and
corruption, and there is no evidence of conscience in the treatment of the
highlander or hisinevitablefate. During the dialogue between DonAngel
and Don Diego, the reader learns that Don Angel prides himself on the
makeup of his workforce, and feels that he has done a service to the
highlander by alowing him to be a part of the fish-meal factory, as he
impliesin the following comment:

...they don’t even know how to pronounce the name of their
province, some of 'em; others curse their father and mother;
they all get drunk as worms, but nevertheless, when they’re
taught to run machinery, and what's more, when the engineers
explain the workings of the most complicated key parts and
tell them how the machinesfunction asawhole, theseanimals
learn — rather slowly...there's no agreement amongst them,
nor discipline, nor real direction...out of my own pure
cussedness and goodness of heart |’ ve trained a workforce
(Arguedas 2000, 124).

It is evident throughout the novel that those born and raised on the
coast have acertain contempt for theimmigrantsfromthe Sierra, and that
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they clearly feel that those from ‘up above’ are truly inferior (Caviedes
1987, 70). During the conversation between Don Diego and Don Angel,
it becomesclear that Don Angel hasno feeling of respect or carefor those
from the Sierra, and that he feels they deserve no better than they are
getting. Hefeelsthat heisdoing them afavour by employing themin his
factory, and implies during the conversation that those from the Sierra
should be thankful for what they have been given on the coast. Thetruth
of the matter, however, is that these workers and their families are living
in putrescence and extreme poverty, barely surviving by their many hours
of hard labour in the factories. There is one barrio mentioned by Don
Angel that according to Caviedes:

thereareeven worse placesin Chimbote. Until themid-1970s,
for example, there was a swamp south of the city formed by
the waters of seasonal creeks from the western slopes of the
coastal range and the sewage from the shanties. Left vacant
because of the threat of malaria, these unhealthy grounds
began to be invaded by squatters who formed the lowest
population stratum — late arrivals from the Sierra, those who
could not find employment because of physical or mental
impediments, single Indian mothers, and criminals (Caviedes
1987, 70).

DonAngel, onthe other hand, sharesan entirely different perspective
regarding these areas with Don Diego:

It's unbelievable, Diego, my friend. They live better there,
that is to say, better than a combination of ducks and
mosquitoes would. In there people — cholos and Indians —
arelivin’; they even have shops, little yardswith pigs, guinea
pigs, and ducks amidst the deceptive solidity of the clumps
of sod on the shores of those very strange quagmires in this
desert. Therethey dance on certain days, get drunk, and even
put up Peruvian flags without knowin’ what they stand
for...He'sking! Onthe ocean side of the highway and up on
thedunes, too, there are better shantytowns, much better. But
these settlements on the marshes, they’ re not all that sad, who
knows for what mucky reasons. They’re not sad (Arguedas
2000, 134).

Itishere, in Don Angel’swords, that the reader clearly sees how the man
from the coast perceives the highlander. According to Caviedes:
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thisdialogueis, indeed, indicative of the coastal inhabitant’s
perception of those‘ from above', whom he considersinferior
and deserving no better. In this passage Arguedas points,
with a sharp understanding, at the ‘social and ethnic
differences’ that separate costeros from serranos, and
Peruviansin general (Caviedes 1987, 70).

It has been suggested by Caviedes that the social network cited in the
novel parallelsthe actual social situation in contemporary Peru, asit has
been for the past five centuries, since the Spaniards conquered the country
fivehundred yearsago. Sincethen the country hasbeen ruled by a Spanish
‘elite’ which has continued to strengthenits social, political, and economic
mastery. The elite group consists of the racially pure, excluding anyone
from any other areaof the country or any other race. Moreover, the cultural
and ethnic opposition between the coast and the Sierra existed before the
Spanish came to rule, thus making the opposition in contemporary Peru
even more acute (Caviedes 1987, 70). Thisthemeiscentral toArguedas's
novel as he repeatsit many times over throughout its course.

The second part of the novel consists of only one chapter and is
concluded with Arguedas's Last Diary? This last official chapter of the
novel focuses not on one or two central characters, asArguedas had done
in previous chapters, but pullstogether al the charactersin onetime period.
In one exchange between the characters Chaucato and Butterball, Chaucato
compares Braschi to afiery volcano:

...he gave birth to this whole world of Chimbote, and it's
true now that monkey mouth he used to have islookin’ like
the mouth of a fiery volcano that swallows, swallows,
swallows up the shitty banknotes of the world just to screw
things up, that’s all (Arguedas 2000, 196).

Thisuse of mountainsas simile by Arguedasis unusual inthe novel,
as he primarily usestheimage of the mountain as something pleasant and
innocuous, not something so violent and volatile asavolcano. However,
the image of a volcano here in the context of Braschi is much different
fromthat of hisimagesand metaphorsrelating to the Sierras of the country.
Arguedas's use of the volcano in the above passage is an anomaly in the
novel, asin all other references to mountains, Arguedas paints them as
being peaceful and pure.

Immediately after the exchange between these characters, the reader
is taken back to Maxwell, the ex-Peace Corps volunteer, Don Cecilio
Ramirez from the high Andes, and Bazal ar, the pig raiser from San Pedro,
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who are all waiting for Cardozo at his residence (Arguedas 2000, 204).
There is some speculation as to the motivation for Maxwell’s character.
Caviedes states:

Maxwell appearsto be based upon an American anthropol ogy
student who had comein contact with the Indians of Titicaca
Lake in southern Peru, from whom he learned to play the
charrango — a string instrument that uses the shell of an
armadillo as a percussion box. Maxwell’s inclination to
familiarize himself with the Indian folkloreand to serveasan
interpreter of their music is seen by Arguedas — who had
himself been aresearcher of the Indian ethnology and folklore
since 1947 —asevidence of acommitment to the Indian culture
very similar to his own (Caviedes 1987, 66).

It iswith these comments by Caviedes that the reader must examine
the last section of the novel, as it focuses in large part on Maxwell, and
tells the story of how he came to leave the Peace Corps and become a
mason’s partner, living in the La Esperanza shantytown as did so many
otherswho cameto Chimbote fromthe Sierra. Arguedaspointsout, inhis
last chapter, that Maxwell himself is not immune to the temptations and
corruptions of the coastal region:

On the first night of his official withdrawal from the Peace
Corps, Maxwell set out to walk to the port. ... Consciously,
‘stupidly’, rather than heading straight for the port, Maxwell
swerved off onto the brothel footpath, made by men who had
just the right amount of money or were simply going to look.
He arrived; he heard therock and roll music in the enormous
pink hall and invited China to dance. Never before had a
Peace Corpsworker been seeninthe brothel (Arguedas 2000,
206).

Conclusion

Arguedas's El Zorro de Arribay El Zorro de Abajo is an extremely
complex and difficult novel, at timeseven frustratingly so. Itis, however,
a novel worthy of tremendous consideration - socially, economically,
culturally and geographically. Asthe reader examinesthe author’slifeit
is evident that his persona experiences had an undying effect on his
perceptions of place and space. These perceptions are clearly evident in
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his descriptions of the mountain and coastal regions of Peru. ToArguedas
the mountains are symbolic of smple good. They represent all that is
true, pure, joyful, peaceful and innocent in the world, aswell asthe hope
that so often drives humankind. Arguedasreferstothistimeand againin
the novel, both geographically in his descriptions and in the story line
itself. Every mention of the mountains and its popul ation isacelebration.
Theinhabitants of the coast who came from the mountainsdid soin search
of improvement in their lives. They had hope, and it drove them to seek
out and pursuethelivesof their dreams. Virtualy al referencesArguedas
makes to the mountains are ones with a positive connotation, and their
symbolism becomes even more apparent when compared with references
to the coast. The coast is symbolic of filth, corruption, sadness, poverty,
greed, desperation and violence. Every mention of coast and its peopleis
an indictment. Arguedas obviously had no love of the coast, although he
spent much of hislifethere and continued to visit Chimbote on numerous
occasions throughout hislife. Histrue heart lived in the Sierrawith the
indigenous people for it was here that he grew up and learned to love the
land.

Note

! The original text of Arguedas novel was published in 1971 but is not
generally available. In 2000 Fred Fornoff wrote an English language
translation of the novel with the title The Fox from Up Above and the
Fox from Down Below. The quotations presented in this paper aredrawn
from the translated work.
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