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ABSTRACT

The objectives of the study are to review the approach taken by
Ecological Land Surveys (ELS) to the inventory of land resources in
Manitoba and to evaluate the extent to which the survey data have
ecological significance and value to users of the land resource. This
evaluation suggests certain modifications to the ELS methodology to
improve the usefulness of the survey data to potential users.

The analysis and evaluation of Ecological Land Survey in Manitoba
is accomplished through detailed study of the maps and descriptive
reports derived from the Northern Resource Information Program (NRIP).
Certain weakensses are evident in the hierarchical system in terms of
develoﬁing relationships between the taxonomy and the map units depicting
landscape segments at the Ecosection level. Ecological integration on
the NRIP ecosection map is only weekly expressed. Data collection and
data presentation of the NRIP surveys are not as well developed as would
be expected from a truly integrated ecological land survey.

Although the ﬁRIP ecosection maps provide a large amount of land
resource data for terrain where little previous information existed, the
lack of a descriptive report and interpretation keys limit the usefulness
of the data. The complexity of the ecosection map unit also limits its
use as an ecological unit for planning and management purposes. Detailed
descriptions explaining the ecology of the Ecosite components in each map
unit are required to realize the full potential of the Ecosection map as
a resource document.

ii




The results of this evaluation suggest that the Ecological Land *
Survey as carried out in Manitoba could be improved through a tmttef
definition of objectives, a greater balance of expertise on the study
team and a better structured and increased effort towards data collec-
tion. The uefulness of the data can be increased most readily by pro-
vision of map unit and map unit component descriptions and evaluation of
these units for particular land resource uses. Increased communication
with potential users during the planning stage and by means of an exten-
sion function following completion of the project should greatly facili-

tate use of the data.

iii



ACKNOWLEDGEMENTS

The author wishes to gratefully acknowledge the guidance and
assistance of Mr. G.F. Mills in the review and discussion of the project
and editing of the manuscript. Without his support this project would
not have come about.

The constructive criticism provided by Dr. J.M. Stewart, Depart-
ment of Botany, and Dr. M.A. Zwarich, Department of Soil Science, in
reviewing the manuscript is also sincerely appreciated.

Special thanks ar extended to Mr. R.E. Smith, Canada Department
of Agriculture, for encouragement throughout the course of the project,
to Mr. J. Griffiths for the preparation of all maps, sketches and
diagrams, and to Miss B. Stupak for typing portions of the material.

Finally, a heartfelt thanks to all people with whom the author
had the pleasure to share involvement in Ecological Land Surveys in

Manitoba.

iv



To

Anny




TABLE OF CONTENTS

Page
ABSTRACT o « o o o o o o o o s o o o o o o o o o o o o o o o ¢ ii
ACKNOWLEDGEMENTS + o o o ¢ o o o o o o s o o o o o o o o o o ¢ iv
LIST OF TABLES « « ¢ « o o o o o o o o o o o o o o o o o o o o ix
LIST OF FIGURES + « o o o o o o s s o o o o s o s o o o o o ¢ xi

LIST OF PLATES « o o o o o s o o o o o o o o o o o o o o o o ¢ xiii

Chapter
1 . INTRODUCTION L] L * . . . L] * L] . - . L] L) L) * . L] * L] 1
5. THE LAND RESOURCE « o « o o o o o o o o o s o o o o 3

SURFACE DEPOSITS AND TOPOGRAPHIC EXPRESSION . . . . 4
TOPOGTAaphY + « o = o o o o o o o o o o 0 2 o0 5
Materials L] . L . L] . L] . L] . L] L . . . . . L] L] . 6
CLIMATE . L4 . L) L . * . L] * L L] * L] . L] . L] L] L L] . 7
Climatic Elements o« o « o o o o o o o o o o s o o 7
Climate, Soil and Vegetation . « « « ¢ o ¢ ¢ © = 8
SOIL L L] L] L] . L] . - L] . L] L] . Ll . . . L] . L] L] . L] 10
Soil Formation =« « o o o o = o o o o o o o o o ¢ 10
State Factors in Relation to Soil Formation . . .« 11
Soil, Climate and Vegetation .« « « « o & o o « 15
VEGETATION . . L] L] . . L] . . . L] L] . . . L . - * . 16

State Factors in Relation to Vegetation
Formation LJ * L .. L -* * L] L] * . . . L] L] L L] L] L] 16
Vegetation Structure .« « « « o o ¢ o o o o o o 0 18
Vegetation Succession « « « o o o o o 0 o000 20
ECOSYSTEM . L] L L] L L] * . . L] L] L] . . L] L] . . L] . . 22
State Factors in Relation to the Ecosystem . . . 23
Ecosystem Characteristics « « « o o ¢ o ¢ o o o ¢ 24

vi



TABLE OF CONTENTS cont'd

Page
Chapter
3. CLASSIFICATION AND MAPPING « ¢ ¢ o o o o ¢ o o o o o 27
CRITERTIA FOR CLASSIFICATION AND MAPPING . . . . . 28
TAXONOMIC AND FIELD CLASSIFICATION SYSTEMS . . . . 30
MAPPING . . . . * L . . il . L] - L] . L] L . L L] L] . 31
TAXONOMIC UNIT, SAMPLING UNIT AND MAPPING UNIT . . 33
ECOLOGICAL LAND CLASSIFICATION .« « ¢ o o « o o o = 35
Hierarchical Structure and Categories . . . « 36
Ecoregion « « ¢ ¢« o o o ¢ o o s o o e 0. e o 37
Ecodistrict . . L] . L . L] . * . L L L] . L . . 39
FcoSection « ¢ o« o o o o o o o o o s o s o o o 41
Ecosite * . LJ L] - . - L] L] L] L] -* L] . . . . . L] 42
Ecoelement o« o « o o o o o o s s o ¢ o o o o o 43
PAtL@YIL o o o o s o o o o s o s o o o o s o o @ 44
Relationships between Categories
and ClaSsSes o « s o o o s o o o o s s ¢ o o o 48
Mapping of Ecological Land Units . . « « « « « - 51
4. ECOLOGICAL LAND SURVEYS « ¢ o o o o o o o o o o o o 58
CHARACTERISTICS OF LAND RESOURCE SURVEYS . . . .« » 59
OBJECTIVES OF LAND RESOURCE SURVEYS . + « ¢ « ¢ & 60
SINGLE-DISCIPLINARY AND MULTI-DISCIPLINARY
SURVEYS L] - L] . - L] L] ® - . L) L] LJ . . . - L] . . 61
ECOLOGICAL LAND SURVEY IN MANITOBA . .+ « « « « « 64
Cormorant Lake Project « « « « o ¢ ¢ o « o o o o 64
Churchill-Nelson Rivers Study .« « « + ¢ = o ¢ @ 67
Northern Resource Information Programs . . . . - 68
Survey team Ld . L4 L L L] * L] - L] L] A L] L L] L] L 69
Pilot project « o o o o o o o o o o e o e o e 69
Data collection .« « « ¢ o o o o o o o o o o o 70
Data presentation .« « + ¢ ¢ ¢ o o o o o 0 oo 76



TABLE OF CONTENTS cont'd

Page
Chapter
5. EVALUATION, CRITIQUE AND RECOMMENDATIONS . « « ¢« « & 83
EVALUATION BY POTENTIAL USERS . « o ¢ o o o » o o 84
DATA COLLE C T I ON L] L] . - L) L] . - L] . - L] L2 . . L] L] 8 8
Survey Team and Approach to Data
Collection - . L] . . - . . * L] L] L] L . L] - - - 87
Selection of Field Investigation Sites . . . . . 89
Landform, Soil and Vegetation
Investigations « « ¢ ¢ o ¢ o o o 0 0 0o e o 90
Waterbody and Wildlife Investigations .+ . « + & 93
DATA PRESENTATION « « o o o o o o o o o o o o o o 95
Ecosystem and Ecological Land
Classification Map Units « « « + ¢ ¢ o o+ o » 97
Ecosection and "Ecosite Association”
Map Units - L) . L) L . * L] L] . L] - . . L) . L] . 102
Utility of the Ecosection Ma Unit « « o ¢ o o o 111
Utility of the Ecodistrict Map Unit « ¢« ¢ ¢ o« & 115
Utility of the Ecoregion Map Unit « o o o o o & 116
Data Flow in Land Resource Surveys . .« « ¢ « « o 120
6. CONCLUSIONS &« o o o o o o o o o o o o o o o o o o ¢ 126
REFERENCES - L L L L) . * . L] . . . . L] . . L - - * - L] L] L] . 129
APPENDIXES L L] L] . . - - - L] . L] L] L] . L L] . L] . L] L] L] . . . 138
A. MAP AND LEGEND EXAMPLES OF ECOLOGICAL
LAND SURVEYS IN MANITOBA . « « ¢ o o o o o o o o = 138
CORMORANT LAKE PROJECT DATA PRESENTATION . . « « 138
CHURCHILL~-NELSON RIVERS STUDY
DATA PRE SENTATION L . L L] L] - L] . L . . L L] L] L] 1 4 2
NORTHERN RESOURCE INVENTORY PROGRAM
DATA PRESENTATION ¢« « o o o o o o o o o o o o ¢ 146
B. ECOSECTION DESCRIPTIONS .« ¢ o o o o o o o o o o = ¢ 153
C. SOIL AND VEGETATION DATA FORMS . « « o « o o o o o 173
D. GLOSSARIES . . L] . . L] . L] * L] . - - . L] . L] * L] * . 177

viii



Table

10.

11.

12.

13.

LIST OF TABLES

Comparison of Categories Used or Proposed
in Hierarchies of Ecological Land
Classification in Canada and Manitoba .

Number and kind of Soil and Vegetation
Inspections carried out in the Selected
Study Area of 63P, 64A, 53M and 54D . .

Scales for Cover and Sociability of Plant
Species’s « ¢ o o e e e s e e e e e e

Legend for Sipiwesk Map Sample . « . « &

Suggested Taxonomic Classification System
for Ecosystems and Comparison with ELC
Sys tem L] L] . . L] . L] . L) L] . L] . . » . .

Comparison of USDA and Canadian Land
Classification Systems . « « ¢ ¢ o ¢ o

Partial Legend for Cross—sectional
Diagrams I and II « « ¢ ¢ o ¢ o o o o o

Legend for "Detailed” Map Sample for
Sipiwesk Map Sheet Area . . « . « « o =

Data Presentation for Land Systems
(Ecosections) in the Cormorant Lake
Project in Manitoba « « « o « ¢ o o o o

Legend for 1:50 000 scale Map, Churchill-
Nelson Rivers Study « « « o o o o o o

Selected Biophysical (Ecological)
Characteristics of Land Regions
(Ecoregions) in Northern, Central and
Eastern Manitoba .« ¢« ¢ o o o o o o o o

Climatic Characteristics of Land Regions
(Ecoregions) in Northern, Central and
Eastern Manitoba « « + ¢ ¢ o o ¢ o o o

Vegetation Characteristics of Land

Regions (Ecoregions) in Northern,
Central and Eastern Manitoba . . . . .

ix

Page

38

72

74

79

98

101

105

110

140

145

147

148

149




LIST OF TABLES cont'd

Table Page

14. Split Lake Land District (Ecodistrict):
Physiographic, Soil and Hydrologic
Characteristics « o« ¢ « ¢ o o o o o o o 0 o o o 150

15. Chemical and Physical Analyses of an
Arnot Siding Solonetzic Gray
Luvisol Soile « o ¢ o« o o o o o s e e e s e e 00 158

16. Floristic and Cover Data for Arnot Siding
Vegetation Associations on Well
Drained Sites o o o o ¢ o o o o o o e e s o0 0 159

17. Chemical and Physical Analyses of a
Crying Lake Mesic Organic Cryosol Soil . . « « . 165

18. TFloristic and Cover Data for Crying
Lake Vegetation Associatioms . « « « o o o o o 166

19. Chemical and Physical Analyses of an
Isset Lake Terric Fibric Mesisol Soil ¢ « o o o o 171

20. Floristic and Cover Data for Isset Lake
Vegetation Association . ¢ ¢ o ¢ o o o o 00 0o 172



10.

11.

12'

13.

14.

15.

16.

LIST OF FIGURES

Effect of Scale of Air Photograph and
Scale of Map on Map Unit Delineation . . .

Relationships between Categories and Classes
in Ecological Land Classification . . . .

Area relationships in Ecological Land
Classification « « « « ¢ ¢ o o ¢ ¢ o s o o

Data and Information Links between Categories
in Ecological Land Classification . . . .

Map of Area Covered by Ecological Land
Surveys in Manitoba « ¢ ¢ o o o 0 e e oo

Map Sample of Sipiwesk Map Sheet Area, 63P;
Northern Resource Information
Program (scale 1:125 000) & ¢ ¢ ¢ o o o o
Cross-sectional Diagram of an Ecosection ()

Cross-sectional Diagram of an Ecosection (11)

"Detailed” Map Sample for Sipiwesk Map
Sheet Area (scale app. 1:120 000) . .

Diagram of Data Flow in Forest Inventory . .
Diagram of Data Flow in Soil Survey . . . .

Diagram of Data Flow in Ecological Land
Survey ( N.RIP) L . . -* L] . . . - . L] . - * *

Map Sample of Cormorant Lake Project
(Scale 1:250 000)..0.'....................l

Map Sample of Churchill-Nelson Rivers Study
(scale 1:250 000) « « ¢ o« o o o o o o =«

Map Sample of Churchill-Nelson Rivers Study
( scale 1 : 50 0000) L] L] L] . * * L] - . . L L]

Map of Selected Study Area with Site
Inspection Locations « « « ¢ ¢ o ¢ o o o

xi

Page

46

50

52

53

65

78

103

104

109
122

123

124

139

143

144

146



LIST OF FIGURES cont'd

Figure Page

17. Cross—sectional Diagram of a Bog Veneer Area
in the High Boreal Ecoregion . « ¢ « ¢ ¢ o « o ¢ -« 151

18. Cross-sectional Diagram of Portion of Hummocky
Moraine with clayey Lacustrine Veneers, Bog Veneers,
Peat Plateaus and Fens in the Stephens

Lake Ecodistrict « o+ ¢ « o o o o o o o s o o o o o 152

xii




Plate

II.

III.

Iv.

VI.

LIST OF PLATES

ARNOT SIDING SOIL ASSOCIATION, SOLONETZIC
GRAY LUVISOL SOIL . - L] . . . . . L] . . - . - .

ARNOT SIDING VEGETATION ASSOCIATION, PICEA
MARIANA - HYPN[]M TYPE e & © 8 ® & e & o s o o o

CRYING LAKE VEGETATION ASSOCIATION, PICEA MARTANA
- LEDUM GROENLANDICUM - CLADINA TYPE . « . .

COLLAPSING EDGE OF PEAT PLATEAU; MELTING OF
PERMAFROST CAUSES SLOW DECREASE IN SIZE
OF PLATEAU (LEFT) AND INCREASE IN SIZE OF
COLLAPSE SCAR (RIGHT) o « o o o s o o o o o o+

1SSET LAKE SOIL ASSOCIATION, TERRIC FIBRIC
MESISOL SOIL . L) . . L) . . . L4 L L . . - . L4 .

1SSET LAKE VEGETATION ASSOCIATION, PICEA
MARTANA - LEDUM GROENLANDICUM - SPHAGUM
TYPE; PERMAFROST IN SPHAGNUM MOSS HUMMOCK . . .

xiii

Page

154

154

161

161

168

168




Chapter 1
INTRODUCTION

Sound land use and management require that baseline data on
aspects of the environment be as complete as possible. Land resource
data can be collected according to various themes, each designed to
provide information on a particular component of land. Land use planning
and management decisions may be based on a single attribute of land or,
preferably, a combination of 1land attributes. Planning or management
decisions for a single attribute of land generally are based on data
provided by a survey of a single resource attribute of land, character—
ized by a specific kind of classification with its own unique termi-
nology.

Resource surveys which collect data on a wide range of land
attributes provide information which is thought to be more useful to the
collective group of land resource planners and managers than the data
concerning a single attribute of the land resource. Such classifications
should be broadly based and sufficiently complete to serve, directly or
by means of interpretation, a wide spectrum of user groups. Multi-disci-
plinary surveys of land resources have developed in recent years to
provide a single data base which included a large body of information on
the physical and biological attributes of land. Integration of these
physical and biological .components into a single data base is attempted

1



by Ecological Land surveys.

A number of Ecological Land surveys have been carried out in
Manitoba during the last decade, but a review of the surveys and their
application to land management has not been attempted to date.

The objectives of this study are:

1. to provide an in-depth description and critical analysis of the
approach taken by Ecological Land Surveys to the inventory of 1land
resources in forested terrain in Manitoba;

2. to evaluate the extent to»which ecological land survey data have
ecological significance and their value to users of land resource data;
3., to suggest modifications to the Manitoba Ecological Land survey
methodologies and the kind and level of integration of potential users in
the planning process and data presentation phase, in order to enhance the
capability of the maps and reports to satisfy needs of potential users.

The objective of the study are met by an evaluation of Ecological
Land Survey, as carried out under the Northern Resource Information
Program (NRIP) in Manitoba, through a review of ecological land survey in
general and a comparison to the Ecological Land Surveys produced in the
Cormorant Lake Pilot Project in Manitoba and the James Bay Project in

Quebec.




Chapter 2
THE LAND RESOURCE

"Land, in its broadest sense, is a segment of space where plants
grow, animals roam, people live, water flows in rivers and collects in
pools™ (Zoltai, 1969). Rowe (1980) described land as "a continuum over
the planet's surface, comprising an air layer resting on an earth layer,
with organisms and soils sandwiched at the energized interface.” Land is
a three-dimensional entity, having a horizontal plane, as well as a
vertical dimension, extending for a certain distance above and below the
earth's surface.

The components that make up land are of two kinds: 1. physical
components such as surficial materials, the form of these materials, the
soils developed on them and the associated draihage system, including
both surface and ground water; and 2. biological components in the form
of vegetation, wildlife and man. The interactions of these components
are governed and driven by energy derived from climate. A look at land
in this fashion comes conceptually very close to the concept of an eco-
system as defined by Odum (1959) as "an area of nature, that includes
1living organisms and non-living substances interacting to produce an
exchange of materials between the living and the non~living parts.”

However land means different things to different people. Many
people tend not to look .at land according to such holistic descriptions.

3
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When referring to land somé people identify it by one of its components
or the use that is being made or can be made of it. Different points of
view and different interests often result in land use controversy between
concerned groups.

The most complete knowledge possible of the landbase and related
resources is essential for sound land use and management. Inventory of
land or its components should aim to collect data in a way that will
allow for a balanced evaluation of the potential uses of the land and the
impact these uses may have in a short and long term time frame.

Land attributes that are important for land use in any area with
respect to agriculture or forestry are climate, relief, water, vegetation
and soil conditions (Vink, 1975). Other factors such as geology and
artificial lanscape elements may also be of great importance depending on
the type of land use.

In this chapter single attributes of land like surface deposits,
topography, climate, soil and vegetation are discussed and some of their
interactions and interrelationships mentioned. In the last sections of
this chapter, the ecosystem as the holistic land element is discussed and
its significance to land use and management noted.

SURFACE DEPOSITS AND TOPOGRAPHIC
EXPRESSION

Geomorphology is concerned with form and structure of surface
materials. It includes characteristics such as slope, arrangement of
slopes to produce landforms, relief, and resulting drainage patterns.

The organization and distribution of landforms in the landscape includes




5
spatial relationships both of materials in the horizontal plane (surface
distribution) and vertical plane (stratigraphy, thickness). Properties
and conditions of surface materials include characteristics that are
obtained and observed in the field as well as properties that are
measured in the laboratory. The former include moisture regime, the
latter chemical and physical properties. Other properties that are
described and documented are texture, coarse fragments and organic
material characteristics. The temperature regime is an important
property of surface deposits particularly with respect to permafrost
characteristics and distribution.

Geomorphic processes may be both originating and modifying
processes. The former are responsible for producing the original land-
form and the latter are those processes that have acted or still are
acting to change the surface (Fulton et al., 1974). The form of the
deposits and their structural and textural properties are to a large

extent dependent on the mode of deposition.

Topography

Topography is often directly related to the mode of deposition
and nature of the surficial deposits. Lacustrine deposits are usually
level or very gently sloping except in areas where the topography of
underlying materials (bedrock, till) affects the relief of the
lacustrine sediments ‘whereas till landforms range from level to
undulating, hummocky to rolling, and ridged.

Relief and topography play an important role in controlling or
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conditioning the type and effect of soil-forming processes (Eilers et al,
1977). Soil formation and vegetation characteristics often directly
relate to landscape position. In rolling or undulating terrain the tops
of the knolls tend to be more arid than the adjacent depressional sites.
Differences in parent material, geographic location, temperature and
precipitation determine the extent to which the apex may be too dry or
the low lying areas too wet for optimal plant growth.

Aspect may have a marked effect on soil development and
vegetation type, especially in areas were moisture deficiency is common
during the growing season. Undulating and rolling topography results in
characteristic patterns of soils and vegetation. In rolling terrain in
sub-humid climates south facing slopes may have grass vegetation while
the north slopes support aspen. Under cool humid climates, depressional
areas are invariably occupied by organic soils while lower slopes often

have wet soils with thick organic surface horizons.

Materials

Textural properties of surficial materials are also related to
mode of deposition. For example, tills usually consist of materials that
are mixed and non-sorted with textures ranging from clay to fine loam and
sand. Lacustrine sediments, on the other hand, are usually well sorted
and stratified, ranging in texture from heavy clays to silts and fine
sand.

The chemical characteristics (eg. calcareousness, acidity,

salinity) of surficial materials are closely related to the original
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materials (bedrock, older surface deposits) that contributed to its
composition.

The kind of material and its physical and chemical composition
are of great importance to the formation of soils and growth of plants.
Physical properties related to particle size distribution determine to a
large extent characteristics of the soil such as water holding capacity,
structure and water movement through the soil. Chemical properties
influence nutrient levels and inherent fertility, which in turn affect

and are affected by plant growth.

CLIMATE

Weather is the state of the atmosphere at a given moment or for a
short period, whereas climate is commonly regarded as the generalized
weather for a long period of time (Shaykewich and Weir, 1977). Climate
of a region is usually jdentified by a broad descriptive terminology like
Boreal Temperate, moist sub~humid, while its parameters are defined by
means of data from meteorological stationms. Usually monthly average and
yearly total values for the thermal and moisture attributes of climate
are provided. Detailed information on distribution of events like heavy
rain, or extreme values for frost-free periods and temperatures also form
part of a climatic description. Information on the probability that such
extremes might occur is of great importance to many biological uses of

1and such as agriculture, forestry and wildlife.

Climatic Elements

Climatic elements such as temperature and precipitation are of
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major importance to soil formation and vegetation distribution, but
elements like wind, humidity or cloudiness have significance as well.
Temperature is largely a function of the amount of solar radiation
reaching a given area. Although each area on earth receives potentially
the same amount of sunlight (barring cloudiness) on an annual basis,
intensity of radiation diminishes from the equator to the poles as result
of angle between the sun rays and the surface of the earth. Consequently
1and areas farther north have colder climates than areas closer to the
equator. Elevation and proximity to large water bodies influence
atmospheric circulation and so modify local climate to a great degree,
causing areas to be either colder or warmer than would be expected on the
basis of insolation alone.

Precipitation in the form of rain and snow is the major source of
moisture available for plant growth. Locally dew, fog and humidity play
a role but are insignificant compared to the total precipitation. In
cold climatic areas, rainfall during the spring and summer months is of
prime importance to the process of soil and vegetation formation. Run
off from snow is important in charging the upper layer of soil with
moisture and in its erosive and depositional effects on the landscape and

in the recharging of depressions and wetlands.

Climate, Soil and Vegetation

Effect of climate on soil and vegetation is both direct and
indirect in regulating processes of soil formation and influencing

vegetation distribution. The formation of major vegetation zones is
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dependent on climate. Temperature modification (micro~-climate, soil-
climate) is largely dependent on topography and structure of vegetation.
Similarly the type and rate of organic material accumulation on or below
the soil surface relates directly to the type of vegetation (grass vs
forest) (Crompton, 1962). This in turn affects the soil flora and fauna
and the cycling of nutrients through the system.

Direct effects of climate are related to physical and chemical
weathering of rock material, minerals and the breakdown of organic
matter. The rate of, and balance between processes in horizon different-
jation ie. additions, removals, transfers and transformations (Simonson,
1959), are largely governed by temperature of the soil and its moisture
status. Minimum temperature and moisture conditions are required for the
processes to take place, whereas too much moisture may reduce the rate of
these processes significantly.

Temperature and precipitation commonly vary according to altitude
and latitude. Under moist, cool conditioms, evaporation losses are low
and more moisture can infiltrate and leach the soil. Soils developed
under these conditions eg. soils under forest cover, are often deeply
leached, whereas soils in northern regions, which contain permafrost or
stay frozen for a long time have shallow sola resulting from an excess
supply of moisture in combination with low soil temperatures. Many soils
under such cold climatic conditions are churned by the action of freezing
and thawing resulting in strongly disturbed profiles which are relatively
shallow (Zoltai and Tarnocai, 1974).

Climate can not be observed directly. Meteorological data have to
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be collected over a period of time in order to make valid statements
about climatic characteristics. Climatic characterization is an integral
part of the data requirement for land and soil evaluation. However such
data is seldom adequate for detailed land evaluation purposes and often
not available for inaccessible regions of the north.

In general terms, climate can be inferred from a careful study of
soil and vegetation properties. Such inferences are often used to help
define climatic regions where other climatic data are not available

(Mills, 1976).

SOIL
Soils comprise the uppermost part of the earth's surface. They
have developed where the action of water (liquid and frozen), wind, temp-
erature and organic decay have resulted in the aggregation of unconsoli-
dated mineral and organic particles - the regolith. The combined effect
of climate and organic life modified by topography acting on the regolith

over time results in the formation of soils.

Soil Formation

Simonson (1959) proposed the view that soil genesis consists of
two overlapping processes: 1. the accumulation of parent materials and,
2. the differentiation of horizons in the profile. The first process is
largely of concern to the surficial geologist while the second process is
mostly of concern to the soil scientist. However, an understanding of
the first process greatly facilitates the work of the pedologist in

producing a soil map. Soil formation involves the differentiation of
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horizons on a given parent material due to additions, removals, transfers
and transformations within the soil system. These processes take place
in most and probably in all soils, but the rate at which they take place
varies widely. Shifts in balance among combinations of processes are
responsible for soil differences and horizon differentiation rather than
a single process by itself. This view explains the existence of soils as
a continuum over the land surface and also explains the lack of sharp

boundaries between soils (Simonson, 1959).

State Factors in Relation to Soil Formation

The processes involved in soil differentiation are governed by
the combined effect of climate, organic life and topography on the
regolith over time. Although often described as soil forming factors,
none of these factors is a former, creator, or force. They are rather
the independent variables (state factors) that define the state of the
soil system (Jenny, 1961). None of these state factors are uniform from
area to area with the result that the soil forming processes they govern
also vary in their combined effect from location to location. This
variation results in a population of soils in which each member has a
unique combination of characteristics.

The idea that soil formation is dependent upon environmental
factors is generally credited to the Russian soil scientist Dokuchaev.
He established the concept that climate, subsoil (parent-material), vege-
tation, fauna, man, age of land surface and relief are the significant

pedogenic factors (Crocker, 1952). More recently it has been determined
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that Dokuchaev related the factors in an equation as follows (Jenny,
1961):

s = f(cl,o,p)t®

where s represents soil, cl climate of a given region, o the organisms
(plant and animals), p the "geologic substratum” and t© is relative age
(youthfulness, maturity, senility).

The equation published by Jenny (1941) is quoted more commonly
and is given below:

1) s = £(cl,o0,r,p,t ...)

which equation he later expanded (Jemny, 1961) to:

2) 1,s,v,a = £(cl,o0,r,i,t)

where 1 any ecosystem property or ecosystem

s = any soil property or soil

v = any vegetation property or vegetation
a = any animal property or all properties
cl = climate

o = organisms

r = topography

{ = initial state of system,at t=o, i=parent material

time

rt
I

The dots stand for unspecified components. Climate (cl) is and
organisms (o) may be functions of time (t); but topography (r) and parent
material (p) are never time dependent (Jenny, 1961). Factors p and r
pertain to initial states and as such remain invariant. During genesis p

becomes soil and some of the r components (eg. slopes) become soil




13
properties that may vary with erosion and its depositions (Jenny, 1980).

The number of factors in soil formation can be expanded by
- differentiation within the five state factors. The water table and often
man are listed as separate factors in relation to soill formation (Ellis,
1938). Man is seen as a disturbing force in comparison to other factors
and the results of his activity are often destructive to some degree and
cause sudden change in a dynamic equilibrium.

Time is not considered a factor in the same way as the other
state factors; time is a dimension, like space is a ‘dimension. For that
reason the equation is sometimes written in the following manner:

s = f(cl,o,r,p.;.)t
The rolé of time is nevertheless important in the formation of soils and
vegetation communities and exerts a strong influence on these attributes
of land.

Time is required for a process to show effect through changing
state of object observed. Studies have shown that it may take several
hundred years for some soil horizons to form, while other soils may
develop over 2000 to 10000 vy. Parsons et al. (1970) found cambic
horizons formed in a little more than 500 y whereas Bt horizons formed
within 5250 y. On the other hand Crocker and Major (1955) showed that
marked change in pH, calcium carbonate content, organic carbon and total
nitrogen can be observed in periods of 35 to 50 y. A well developed
Brunisol examined on a former marine beach in Northern Manitoba was found
to be at least a few thousand years old (Mills and Veldhuis, 1978).

Except for an interdependence between climate, organisms and
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time, the state factors are considered to be independent variables.
Climate changes over time. Although changes may be slow, some very
different climates may have influenced soil development since its
inception. (Mills and Veldhuis, 1978). Bryson and Wendland (1966)
established some fentative climatic patterns for the last 10 000 y in
North America; patterns which suggest dramatic changes in climate during
that period. Past climates may still have an indirect effect on vegeta-
tion through species distribution (Love, 1959) and through vegetation, an
effect on soils. The state factor o includes both animals and plants.
With respect to soil, this includes the soil flora and fauna as well as
the flora and fauna on and above the soil surface. The vegetation cover
is usuaily seen as the most important aspect of the factor o, as it pro-
vides the organic material needed to sustain animals as well as the soil
flora and fauna. Vegetation provides the means of intercepting energy
from the atmosphere and transferring it to other forms in the soil
system. However, interrelationships must be acknowledged, as composi-
tion, structure and growth of vegetation are influenced by other elements
in the factor o. Plant and animal populations may change fairly rapidly
over time. The cyclic nature of some animal populations (Colinvaux,
1973) is a well established fact as is the pattern of succession in vege-
tation communities. (Kershaw, 1973; Dansereau, 1957). There are also
important interrelationship between climate, soil and vegetation which

can be represented by the triangle:
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climate

e———
vegetation T&—————soil

(Jenny, 1958)
It implies that climate affects soil and vegetation independently, that
soil (edaphic factors) influences vegetationm, and that vegetation reacts
upon soil. It suggests that the soil-plant relationship is difficult to
interpret. Major (1951) established the concept:
v = f(cl, o,r,p,tee.)

This equation indicates that vegetation is as much governed by environ-
mental factors as is soil and that these factors are identical to the
ones directing soil formation. This similarity in controlling factors
fosters -the idea of correlation between vegetation and soil type, as long
as both are still in tune with climate. On the other hand, it also
suggests that the vegetation factor cannot be considered to be

independent.

Soil, Climate and Vegetation

The principle of varying'one factor while others are kept con-—
stant has found wide spread application in soil survey and land classifi-
cation. It permits one to make inferences about soil development on the
basis of information on state factors. For example, within a region of
uniform present (and historic) climate it is possible to predict soil
development on a particular parent material in a particular topographic
setting on the basis of information obtained on soils developed under
similar conditions, but in a different area within the region. Converse-

ly, regions with uniform climate can be established by comparing soils on
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similar parent materials and in gimilar physiographic settings.
Similarity between soils usually means development under the same set of
climatic conditions, whereas dissimilarity may point to wvariations

between all or a number of climatic elements.

VEGETATION

Plant cover can be considered in two ways: 1. as an assemblage
of plant spécies (flora) or 2. as a community of plant individuals and
plant groups. Flora refers to kinds of plants (species) in a chosen
landscape, regardless of number of individuals of each species present.
Accordingly the flora of an area is described by a species list.
Vegetation, on the other hand, refers to quantity and quality of growth.
Vegetation has structure and shows changes over time in structure,
species and number of individuals.

The vegetation component is strongly influenced by climate and
similar factors in the environment which interact in soil formation. The
plant factor in turn is one of the state factors affecting soil forma-

tion.

State Factors in Relation to Vegetation Formation

A plant community is an aggregation in definite proportions of
more or less interdependent plants, utilizing the resources of a common
habitat which they either maintain or modify (Dansereau, 1957). Particu-
lar vegetation characteristics result from interactions of organisms
(plants and animals), parent soil material, relief or topography under

the influence of climate over a period of time. The definition has been
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expressed in a function similar to Jenny's (1941) by Major (1951):
V (plant community) = f(o,c,p,r,t)
where o = organisms, ¢ = climate, p = parent material, r = relief or
topography and t = time.
Mueller-Dombois and Ellenberg (1974) proposed the following equation:
plant community = f1(f,a,e,h,t)

where fl = flora,

a = accessibility factor

e = ecological plant properties
h = habitat

t = time

In this equation, the factor flora is the entire range of plants
(species) in a given area and thus comprises the species pool potentially
avaiable for occupation of the site. This concept is similar to Jenny's
(1961) plant biotic factor.

The ability of a given species to reach the habitat in question
is largely dependent on distribution of a species in an area, its disper-
sal mechanism (seeds, rootsuckers, vegetative propogation etc), barriers
between the source and the habitat. This is the accessibility factor a;

The ecological factor e refers to the properties of the species
themselves, particularly their lifeforms, physiological requirements
(tolerances), and other characteristics that influence their ability to
compete with each other after they have become established.

The habitat h is the sum total of environmental factors operative

at the particular locality in question and include those factors which
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are listed by Major as parent soil material, relief or topography,
climate and to some extent other organisms.

Time plays the same role in this concept as in that of Major or
Jenny. Time is required for a process to cause changes. Marked changes
in vegetation over time have beén studied by means of pollen analysis and
buried organic fragments. Both Ritchie (1966) and Shay (1966) show
evidence of major vegetation shifts across large areas of Manitoba and
Minnesota — North Dakota respectively. The extent and magnitude of these
shifts indicate that they are mainly due to climatic change, rather than
to less drastic and much slower shifts in vegetation resulting from
natural succession and colonization. Vegetational change as result of
surface age has been shown by Gill (1968) for alluvial soil material in
the MacKenzie Delta N.W.T.

Dansereau (1957) describes the various factors or subfactors as
elements competing for control, control that shifts with the successional
stages of vegetation in time. The process of succession of plant commun-
ities does not continue indefinitely, eventually a dynamic equilibrium is
established, called climax or stable state. This community varies geo-
graphically with climate and is the best expression of the controlling
effect of climate on a region, when the communities on well drained,
medium textured uplands (normal site, mesic site, normal physiographic
site) are considered. In some areas the expected stable state is never

reached as a result of a high frequency of disturbance by forest fires.

Vegetation Structure

The organization in space of the individuals that form a stand

#h
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(and by extension over a larger area a vegetation type or plant
association) is called structure (Dansereau, 1957). Different categories
of structure, can be recognized. Mueller-Dombois and Ellenberg (1974)
1ist the following types of structure: 1. Vegetation physiognony,
2. biomass structure, 3. life form structure, 4., floristic structure,
5. stand structure. These groups of structure are hierarchically
integrated, the first being the most generalized and the fifth level the
most precise or exacting. Physiognomic structure refers to the external
appearance of vegetation, while biomass structure relates to the spacing
and height of plants. Life form structure relates to the composition of
growth forms or life forms in a vegetation stand. Floristic structure
refers to floristic composition usually at the species level. Structure
as used in this and following sections is the stand structure. Kershaw
(1973) distinguishes three components of vegetation or stand structure:
1. vertical structure, 2. horizontal structure (relating to pattern)
and 3. quantitative structure (the abundance of each species in the
community, often measured as percent coverage, or number of individuals).
Dansereau (1957) describes the primary elements of structure as: 1.
growth (not considered here), 2. stratification and 3. coverage.
Stratification refers to the layering of the vegetation. 1In a
well established forest stand in the boreal forest it is usually possible
to recognize an arrangement of individual plants at various heights above
ground. Stands with this characteristic may consist of an upper layer of

mature trees (canopy), or second layer of younger trees (understory) and
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one or more layers of shrubs or juvenile trees. The lower layers consist
usually of a herb layer with ground cover of mosses and trailing plants.

Horizontal structure refers to the arrangement of individual
plants with respect to jndividuals of the same and other species.
Arrangements can vary from a single individual or a small group to many
dispersed individuals or carpets. The arrangement of individuals in a
stand may provide information about history or succession within plant

communities (Kershaw, 1973).

Vegetation Succession

Each plant community found on a particular site has in some
measure adapted as a whole to the available resources. This habitat,
however, is being modified in quality, quantity, and proportion of its
resources due to (Dansereau, 1957):

1. more or less rapid physical and chemical change of the substrate;

2. modification in amounts and proportions of its elements induced by
plants and animals occupying the site;

3. forces active within and among the living occupants which themselves
will induce change.

These habitat changes in turn induce gradual changes in the vege-
tation communities. After disturbance, the vegetation is altered con-
siderably and the plant community moves through a number of successional
stages until it again reaches some kind of dynamic equilibrium with its
environment, the climax or stable state. This state of succession is a

stage "where plants may enjoy full vitality under conditions of their
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own making”. The climax stage is often not the most common type of
successional stage in an area. The majority of forests in the boreal
region do not represent this stage and it is therefore of great impor-
tance to know how vegetation structure, soil conditions and forest
productivity change from the initial through to the final stages of
succession (Kojima and Krumlik, 1979).

Successional stages as result of disturbance (eg. fire, wind-
throw, disease, insect infestation) are called secondary succession
(Kershaw, 1973). The successional stages are elements in a cyelic
pattern which regulates the continuing creation of slightly different
habitats for various life forms. When studied in detail, at many sites,
the cycle can be understood and the changes can be predicted. Knowledge
of the various cycles which a vegetation stand passes through permits its
classification according to its stage in the cycle, or the site according
to its predicted climax.

Drastic changes in the environment can disrupt the cyclic nature
of vegetation communities. Mechanized logging (Weetman, 1974) may alter
inherent properties of a site; forest fire protection may arrest cycles
at a certain stage for a longer period, while logging may prevent a
community from reaching overmature stages. If disturbance is not too
severe, then succession will follow a predictable course.

Successional stages express themselves most strongly in the
properties of the vegetation community (structure, biomass distribution,
and species composition). However, changes also take place at the sur-

face of the soil and in the soil. Amount and composition of litter on
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the forest floor change and so do soil flora and fauna (Houtzagers,
1956). Litter tends to build up, and biomass to increase until an equi-
1ibrium is reached between gains and losses (Bellamy and. Clarke, 1968).
Changes in wetland vegetation are often drastic as not only the vegeta-
tion is disturbed but the soil material and, in the case of frozen peat-
lands, the landform itself may be destroyed (Thie, 1974). The develop-
ment of organic landforms often has a cyclic nature (Kershaw, 1973).
Stages in peatland formation correlate strongly with a number of well
defined vegetation types (Moore and Belelamy, 1974; Tarnocai, 1970,

1974).

ECOSYSTEM
The concept of land as an ecosystem developed over many years.
The beginnings of the concept trace back to Dokuchaev and later the views
of Jenny (1941) and Major (1951) which express soils and vegetation as
natural entities resulting from the interaction of state factors. In
Canada, the ecological concept of land was introduced by Hills through
"physiographic sites and site regions” which were based on work by Chris-
tian and Stewart in Australia (Rowe, 1962). Krajina (1977) developed
forest classifications based on the biogeocoenosis concept, which empha-
sizes the land as a natural system. In this approach, land is viewed
holistically, in other words, land is seen as a whole of component parts
~ which are interdependent and interrelated. O0f the many definitions or
ecosystem that exist three are given below:
"a complex unit in space and time so constituted that its com-—
ponent subunits by "systematic" cooperation, preserve its
integral configuration of structure and behaviour and tend to

restore it after non-destructive disturbances"” (Weiss in
Wiken, 1978). '
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"1iving organisms (biota) and their non-living (abiotic) en-
vironment are inseparably interrelated and interact on each
other. Any area of nature that includes 1living organisms and
non-living substances interacting to produce an exchange of
materials between the 1living (biotic) and the non-living
(abiotic) parts is an ecosystem (the driving force which causes
this exchange 1is the energy incident on the given area)”
(Bellamy and Clarke, 1968).

"a limited space where cycling of resources through one or more
trophic levels is affected by more or less fixed and numerous
agents utilizing mutually compatible processes, simultaneously

and successively, which engender prqgucts that are usable on
short and long term” (Dansereau and Pare, 1977).

These definitions emphasize different characteristics of the eco-
system. Weiss emphasizes the tendency of the ecosystem to preserve and
restore its structure and behaviour; to make itself whole again after
disturbance. Bellamy and Clarke emphasize the exchange of materials
between living and non-living components, an exchange which is fueled by
the incident energy of the area. Dansereau and Paré put limitations on
the extent of an ecosystem and also emphasize the cycling of substances
within an ecosystem.

In the following sections of this study an ecosystem will be
viewed as a limited area in space where interactions between biotic and
nonbiotic components create characteristics which are particular enough

to allow classification at detailed levels of abstraction.

State Factors in Relation to the Ecosystem

The development and existence of an ecosystem is governed by the
same state factors which affect soil and vegetation. Thus Jenny's (1941)

and Major's (1951) equations are applicable to the ecosystem as well:
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ecosystem or ecosystem property f(o,cl,p,T,t.s.)

or f (0,cl,p,ryeee)t

The properties of the ecosystem refer back to its component
parts, either physical or biological. In the ecosystem concept the
interactions and interrelationships between the biotic and abiotice
components are emphasized. These interactions define the ecosystem and
direct its functioning as an entity. By studying a land entity (eco-
system) a more complete picture of these interactions and relationships

and the factors regulating them should evolve than is possible through

study of component parts.

Ecosystem Characteristics

Three characteristics are common to all land ecosystems (Wiken,
1978): 1. location, 2. organizatiomn, 3. stability.
1. Location refers to the position of the component parts of the eco-
system. The delineation of an ecosystem means that the interactions of
relations between the component parts of that ecosystem are different
from those bordering it. It does not mean that the one ecosystem and its
neighbours will not or cannot have component parts, or interaction
between parts, in common. A boundary only suggests that the one eco-
system differs in some aspects, either parts or interactions. These
differences mean that the ecosystem will function differently and 1likely
will behave differently when subjected to the same treatment. Ecosystems
showing fairly distinct boundaries in nature will differ more from their

neighbour than ecosystems with very diffuse boundaries.
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2. One common property on the basis of which ecosystems can be ordered
is their organization or pattern. Organization refers to the distribu-
tion of characteristics in time and space. Pattern refers to spatial
arrangement of elements, but also refers to behaviour, response, chrono-
logical events or sequences.

The organization of an ecosystem most readily observed is that of

structure, both the vertical and horizontal arrangement of species or
species groups. Chronological events or sequences and patterns of
behaviour are more difficult to ascertain and usually require monitoring
over time. In Weiss' (in Wiken, 1978) definition for ecosystem both
structure and behaviour are an iﬁtegral part of an ecosystem and are
therefofe means of identification. Pattern characteristics are of course
best expressed at the centre of a system, while they tend to intergrade
with those of other systems along common borders.
3. Stability refers to the relative static state of an ecosystem. Eco-
systems are by definition not static entities but change constantly
because their controlling factors change. Such change is usually very
slow when the ecosystem is viewed holistically. Component parts such as
vegetation may show rapid change whereas changes in landform are usually
very slow. Ecosystems are usually rather persistent in their organiza-
tion and interactions of component parts. Changes in vegetation may be
abrupt but the chronosequence of successional stages may be very much
fixed in time and predictable as a result.

This implies that when the ecological classification of land is

attempted, the more stable component parts like landform, soils and vege-




26
tation chronosequences should be used to identify the system within a

climatic setting.




Chapter 3
CLASSIFICATION AND MAPPING

Classification groups objects on the basis of their similarities
and dissimilarities. The classification of similarities is based on the
smallest natural body that can be identified as a complete entity: the
individual. All individuals of a natural phenomenon are collectively
called a population. In the similarity classification, groups of indivi-
duals similar in selected properties, are distinguished from all other
classes of the same population by differences in these properties (Cline,
1949). These classes can then be grouped on the basis of common proper-
ties into classes at a more generalized level, and so on until a level of
generalization is reached where grouping of élasses results in the
arrangement of the total population into one group (eg. soil or
animals). A series of classes, collectively formed by differentiation
within a population on the basis of a single set or group of criteria is
called a category. It is a level of generalization or abstraction. A
category includes all individuals of the population. The categories of
classification form the hierarchy of the classification system. This
type of classification often 1is called "classifying from below” (Rowe,
1979) and is based on agglomeration.

The classification of dissimilarities can be carried out by

dissecting wholes into parts on the basis of differences, so that

27
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categories and classes are arrived at by subdivision "from above" (Rowe,
1979). The approach is to divide a heterogeneous whole into parts that
are increasingly homogeneous. If at each division a consistent use is
made of differentiating criteria, the resulting system can be as consis-
tent and logical as the classification by agglomeration. The categories
of this system also form a hierarchy. Classification by division is
commonly applied in the mapping of 1land, although usually, both
approaches are applied, as initially neither whole nor individuals are
completely known or understood.

Terrain, vegetation, soil and ecological land mapping all depi;t
portions of the landscape. Mapping is defined as the process, which
attempts to represent on a planar surface the extent of various physical
and biological landscape features and their relationships to each other.
The identification, description and delineation are based on direct field

observations or indirect inferences from such sources as aerial

photographs.

CRITERIA FOR CLASSIFICATION
AND MAPPING
A number of attributes or propertiés of land are used in the
classification and mapping process. Three kinds of land attributes or
properties can be distinguished (Rowe, 1979):
1. Inherent properties. These are factual properties and usually per-

tain to morphological characteristics like form, structure, and anatomy.




29

Some are directly observable (such as soil horizons, texture, or land-
form) while others are inferred (such as drainage).
2. Developmental properties. These are genetic or chronologic proper-
ties and pertain to morphogenesis and express the time relationships as
inherent properties develop and change. Soils are classified on, among
other properties, the genesis of parent material (eg. lacustrine vs.
glacio-fluvial). Vegetation may be classified on the basis of the
successional stage or on its chronosequence. Genetic or chronologic
similarity however, does not mean objects have to be similar in factual
properties.
3. Spatial properties. These properties relate to assoclation by
contiguity, the sharing of the same geographic space. Soil associationms,
vegetation communities, groups of landforms are examples. Spatial
contiguity does not imply a sharing of factual or inherent properties.

All three properties are used in the classification and mapping
of land and its attributes. For example, in the taxonomic soil classifi-
cation factual and inherent properties are used at the lowest level of
the hierarchy to define the classes. Soils are grouped on the basis of
similarities into increasingly generalized higher categories (and
classes). The binding criteria between highest class and lowest is a
developmental property. In the Field System of Soil Classification

(Ellis, 1932) the classifying property is contiguity and area.
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TAXONOMIC AND FIELD CLASSIFICATION
SYSTEMS

The classification of land and its attributes has two fundamental
aspects. The first aspect refers to classification as an ordering of
landscape elements into classes based on concepts developed from the
study of real elements in the landscape. The classification aims to
answer the question "What is it?", to provide the scientific criteria on
which basis the classification can proceed. Such systems are called
Taxonomic Classification Systems.

A taxonomic or natural classification system shows relationships in
the gregtest number and most important properties of individuals or
groups being ordered. The lowest category of a natural classification is
a prerequisite of all other groupings. The classes of the lowest cate-
gory are homogeneous with respect to a) accumulated b) differentiating
and ¢) accessory characteristics of all categories of the system (Cline,
1949). The classes are homogeneous within the limits of existing.
knowledge about the properties of the population and about the signifi-
cance of differences within the population. As knowledge expands the
formation of new classes or lower categories may be necessary. For
example, increased knowledge about permanently frozen soils required the
formation of a new class at the Order 1level in the Canadian Soil

Classification.
The second aspect of classification refers to the ordering of

landscape elements in space through mapping. This classification not
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only tries to answer the question "What is it", but also aims to answer
the question "Where is it?". An answer to the latter question regarding
1and attributes is as important as the first. Classifications systems
which provide criteria for mapping are called TField Classification

Systems.

MAPPING

The mapping of soil, vegetation, or land units on aerial photo-
graphs in reconnaissance type surveys relies on classification by sub-
division. The whole is subdivided from above into units which then can
be classified from below on the basis of their component parts. The
delineation of units is subjective and, to some extent, arbitrary where
choice of boundary placement exists. The reason for the boundary place-
ment is explained by a symbol which is different from those of contiguous
units. A legend or report informs the user what is contained within each
unit, and in what properties they differ. These differing properties are
the criteria for boundary placement.

Vegetation cover and soils distribution show both discontinuous
(sharp boundaries) and continuous (gradually changing) pattern (Mueller-
Dombois and Ellenberg, 1974). The distance over which a change in vege-
tation and soils depends on the effect of associated environmental
factors such as climate, parent material, microclimate, fertility and
soil moisture. In detailed studies, minor changes in soil moisture may

be detected in the vegetation community, while at small scales of
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mapping, these changes are either not noted or not perceived as being of
importance. At the regional scale climate is most significant, whereas
at the local scale site qualilty with respect to aspect or drainage is of
greater concern. The environmental factors perceived as being important
in controlling vegetation pattern change with the scale of mapping
(Damman, 1979). Thus criteria for boundary placement vary with scale of
mapping and purpose of map.

Jenny (1958) noted that if in a given area the five state factors
vary continuously, soil and vegetation will very likely vary continuously
also; and diffuse boundaries are to be expected. However, if in a given
area, one or more state factors vary in a discontinuous fashion, soil and
vegetation very likely will show discontinuity as well. Of the five
state factors, parent material and topography are most commonly observed
to change abruptly. But again the recognition of gradual or sudden
change depends on scale of mapping. The postulation that change in
surficial deposits and topography often result in more clearly defined
changes in vegetation and soils is used extensively in the delineation of
mapping units by aerial photographic interprétation. Nevertheless, the
delineation of mapping units remains often an arbitrary decision es-
pecially in cases where differences can be observed between two points
along a gradient, but where the change occurs ,very gradually between the

points.
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TAXONOMIC UNIT, SAMPLING UNIT
AND MAPPING UNIT

Taxonomic units provide the means of differentiating and
describing elements in the landscape and the mapping units the means of
delineating them in space. There are, however, differences between taxo-—
nomic units, sampling units and mapping units, although each map unit is
identified by a taxon or taxa.

The taxonomic unit embodies the concept of the segment of a popu—
lation belonging to a class and is based on the study of individuals in
that class, eg, the taxonomic unit in soil classification is the profile,
the vertical exposure of the pedon. In vegetation classification the
concept is based on the data from a vegetation plot.

In soil classification the sample unit is the test pit used to
define the in situ characteristics of the soil profile and in vegetation
classification the sample stand is the unit of sampling for vegetation
community characterization.

The mapping unit is a two dimensional unit, which actually repre-
sents a three dimensional landscape segment and includes in the case of
soil, properties from the surface down, for vegetation properties from
the surface up and for land, usually a combination of both types of prop-
erties. Mapping requires the delineation of segments of the soil, vege-
tation or landscape, that are relevant to the objective of the survey,
The type of unit delineated in land resource mapping varies with the

objective and therefore scale of mapping. At very detailed levels the
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classification of units is based largely on field inspections of the
units and verification of the boundaries. Most mapping units are taxo-
nomically pure or almost so. At reconnaissance scales of survey, the map-
ping depends heavily on the aid of air photographs, and map units are
delineated primarily on the basis of landform characteristics and in-
ferences that can be made. Only a small percentage of the population of
map ﬁnits are investigated. Boundaries are largely determined on land-
scape features which are discernible on air photographs. Limitations of
scale require that the map unit represents a relatively large segment of
the earth's surface. Consequently, the map units are hardly ever taxo-
nomically pure and usually contain a number of taxonomically different
elements.

Three general kinds of mapping units have been used on soil and
land maps: 1. "association™ - compound mapping units; 2. "unspecified
proportions” =- compound mapping units; 3. “specified proportions” -
compound mapping units (CSSC, 1980):

1. "Association" - compound mapping unit

This type of unit contains one specified entity (association) which con-
tains in turn a number of specified elements, as defined for that entity,
which are unspecified in proportions. Associations are groups of
different elements related through some properties (eg. a soil associa-
tion is a group of soils developed on one kind of parent material, but
differing in their properties due to topographic position in the land-
scape) .

2. "Unspecified Proportions” - compound mapping unit
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This type of unit contains several specified elements (soils, vegeta-
tion), but unspecified in their proportions. (eg. a mapping unit identi-
fied by two landforms, like peat plateaus and collapse scars, in which
the proportion of the unit area each occupies is not shown).
3. "Specified Proportions” - compound mapping unit
This type of unit contains several specified elements and the proportion
of each element with respect to the whole unit is shown. Proportions can
be in the form of percentile proportions or in the form of a convention
of slashes or dots each indicating a certain portion (eg. geological

surficial maps (Klassen and Netterville, 1973).
ECOLOGICAL LAND CLASSIFICATION

The objective of land classification is to subdivide the land-
scape into units that can be described and evaluated for particular uses
and their responses to those wuses. Ecological Land Classification
strives through an integrated approach, to provide a system that
expresses the interacfive character of the land components. The land-
scape segment in which the interactions and the relationships between
environmental factors and land components are strongly expressed is an
ecosystem. By classifying and mapping of ecosystems or complexes of eco-
systems the Ecologial Land Classification attempts to collect sufficient
relevant data on the environment, that an evaluation for various uses can
be accomplished and at the same time the impact on the environment of
these uses can be understood.

Each ecosystem is thought to possess a population of elements
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with characteristics sufficiently different from ad jacent ecosystems to
enable the establishment of a natural boundary (Wiken, 1978). Popula—
tions can be homogeneous as well as heterogeneous. The degree of homo-
geneity and heterogeneity are dependent on a number of factors including
extent of the system and the scale of classification. A small area has
the natural tendency to be more homogeneous than a large area. Homo-—
genous of vegetation and soil conditions are more likely to occur on the
well drained portion of a drumlin than when the entire drumlin is con-
sidered. Heterogeneity of vegetation is quite common, especially when
the vegetation has been disturbed or is in an unstable successional

stage.

Hierarchical Structure and Categories

The hierarchial structure proposed for the study of the land in
the "Guidelines for Biophysical Land Classification” (Lacate, 1969) is
designed to describe, characterize and map the biological and physical
features of the land and to organize knowledge at various levels of
generalization. Thus the ecological 1land classification system is a
hierarchy of classification in both a taxonomic sense and a mapping
sense. The original system described by Lacate consisted of four cate-
gories, whereas currently five and six categories are mentioned in the
literature.

In recent years, a number of additional categories as well as new
names for the original categories have been proposed by the Canada

Committee for Ecological Land Classification (CCELC, 1977, 1979). The
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new names are generally accepted and therefore used throughout this
report, although reference is made to the old names where appropriate.
The new names and their old synonyms are presented in Table 1.

A discussion of the four categories from the original hierarchy
namely the Ecoregion, Ecodistrict, Ecosection and Ecosite are presented
in the following section. In addition, the recently added Ecoelement

category is discussed as well.

Ecoregion. The Ecoregion is the most generalized level of abstraction
used to date in Manitoba. In the 1969 guidelines an Ecoregion
(Land Region) is defined as:

"an area of land characterized by a distinctive regional
climate as expressed by vegetation”.

The Ecoregion is usually of large areal extent and is inevitably more or
less heterogeneous, and is often an aggregation of several distinctive
contiguous landscapes.

Tt was realized at the time that because measured data on climate
was lacking in most remote areas, that climate must be inferred from
vegetation characteristics. Lacate's definition was adhered to for a
number of years but eventually a number of different versions appéared.
Mills (1976) proposed that in addition to vegetation, trends in soil
development and permafrost could be used to characterize regional
climate. Gimbarzevsky et al (1978) introduced size as criterion. "Soils
and permafrost conditions” (Tarnocai and Boydell, 1975), "pedogenic
processes” and "vegetation growth” (Woo and Zoltai, 1977) are mentioned

as criteria to determine the expression of regional climate.



Table 1 — Comparison of Categories Used or Proposed in the Hierarchies of
Ecological land Classifications in Canada and Manitoba

Reference Categories within the Common Mapping Scales
Names Hierarchical Structure
Ecoprovince - - > 1:3 000 000
Ecoregion land Region |land Region 1:3 000 000 to 1:1 000 000
Feodistrict | Iand District |Land District | 1:500 000
Landscape Unit
Ecosection | Land System |Land System 1:250 000 to 1:50 000
Ecosite Land Type Land Type 1:20 000 to 1:10 000
Ecoelement - - 1:10 000 to 1:25 000
National Canada-Mani- | Canada-Mani-
. 1980 toba Soil toba Soil
(CCELL) Survey Survey
1974-1980 1968-1973
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It is questionab1e>whether references to permafrost, growth, or
processes should be part of the definition. A definition for a category
should be applicable to all occurrences of entities within that category
(Wiken, 1978). Permafrost and size or pattern of landscapes are not
applicable in all cases and "pedogenic processes” refer to one aspect of
soil. Tt seems advisable to keep the definition general as that recently
is proposed for national use by CCELC (1979):

"Ecoregion - an area of the earth's surface characterized

by distinctive ecological responses to climate as expressed

by vegetation, soils, water, fauna, etc.”

This definition is general enough to satisfy most people concerned with
ELC and still leaves to individual option the choice of those parameters
that give the best expression of climate in the area of study.

The establishment of regions on the basis of vegetation and/or
soils is based on the rationale that areas having a uniform climate will
show throughout their extent the development of similar ecosystems given
that materials have similar properties. Thus sites having similar
(landform, slope, soil parent material, aspect, and drainage
characteristic within a region, will show strong similarities in:

a. soil development (kind and sequence of horizons, depth) and soil
properties such as moisture regime and soil temperature;
b. vegetation development in the form of communities with uniform

characteristics like species composition, structure, productivity and

successional trends.

Ecodistrict. The Ecodistrict (Land District) was defined by Lacate

(1969) as:
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- "an area of land characterized by a distinctive pattern

of relief, geology, geomorphology and associated regional

vegetation” -

Lacate stated further that “"the Ecodistrict is a subdivision of
the Ecoregion based primarily on the separation of major physiographic
and/or geological patterns which characterize the region as a whole.
Ecodistricts have a common pattern of relief, structure, or comparable
geographic evolution.”

Tn Manitoba the definition has been applied without change. The
districts are defined on the basis of properties given in Lacate's defin-
ition. However, the descriptions have been expanded to include refer-
ences to soil associations or soil complexes, drainage and hydrology.

Other investigators have changed the definition to fit the area or
their field of interest. Tarnocai and Netterville (1976) defined the
district as "a subdivision of the ecoregion” and added "ground-ice con-
ditions"” as a criterion for definition. The introduction of ground-ice
as a criterion is project dependent and makes the definition only locally
applicable. The use of Ecodistrict as a subdivision of a region is valid
as it reinforces the hierarchial concept and emphasizes the climatic
properties of a district: At the same time districts are agglomerations
of ecosections which are defined at the next lower level of the hier-
archy.

Soil, vegetation and hydrology are influenced to a large extent by
surficial material properties like form and texture. The inclusion of

these criteria for the ecodistrict definition allows for a somewhat more
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definitive expression of climate on materials and places the district in
a stronger ecological context. However, these criteria should only be
used if they result from the geomorphology and physiography of the area,
and do not result from difference in climate. The CCELC (1979) proposed
definition is:

Ecodistrict — a part of an ecoregion characterized by a

distinctive pattern of relief, geology, geomorphology,

vegetation, soils, water and fauna.

It is understood, that elements defined at a particular level of
the hierarchical classification, except at the ecoelement level, are
parts of the elements defined in the level above, as well as agglomera-
tions of elements from the level below. The section on classification
notes that both approaches to classification are valid and usually ap-
plied simultaneously. This is especially true in land classification
where most of the investigations are carried out at the lowest level of

the hierarchy, but not all classes at this level are defined or

known.

Ecosection. The Ecosection or Land System has been defined by Lacate
(1969) as:

"an area of land throughout which there is a recurring
pattern of landforms, soils and vegetation”

From the outset of the Ecological Land Classification in Canada
this category was defined by criteria which would encompass the elements
of ecosystems. Consequently, there was less need to change the defini-
tion of this category and the original definition is still very accept-

able. Recently however, water bodies and fauna have been added to the
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definition (CCELC, 1979). These ecological relations have recently been
achieved for the ecoregion and ecodistrict categories by redefining their
concepts.

At the scale of mapping (1:125 000) commonly used to delineate Eco-
sections the size of an individual ecosection may be too small to be
shown as a pure map unit. Consequently, they are combined into larger
units to form a composite mapping unit. This group of ecosections 1is
also considered an ecosection for mapping purposes. As a result, border-
ing ecosections may have so many components in common, with closely simi-
lar proportions, that they are merged into an even larger ecosection.
The increase in size of these units makes them less useful for planning
or management decisions. Increase of mapping scale to the level where
the primarily identified ecosection can be delineated would solve the

problem.

Ecosite. The Ecosite (Landtype) is the smallest unit recognized in the
1969 Guidelines. It is similar to the "site type" (Hills, 1976), and
contains a number of "physiographic site types" which are equivalent to
Ecoelements.

The Ecosite was originally defined as:

“an area of land on a particular parent material which

possesses a fairly homogeneous combination of soil (eg.

soil series) and chronosequence of vegetation”.

Although a number of variations have been proposed, this

definition is still used at present. The newest version proposed (CCELC,

1979) is:
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Ecosite - a part of an ecosection having a relatively

uniform parent material, soil and hydrology, and a

chronosequence of vegetation.”

Unlike the previous three categories discussed, the ecosite
mapping units are intended to be uniform with respect to soil and vegeta-
tion. At large mapping scales, the units are relatively pure and soils
may be described in terms of soil series, developed on one or part of one
landform. Similarly vegetation is relatively homogeneous when undistur-
bed and follows the same chronosequence. When mapping scales are smaller
the units will tend to contain some inclusions a number of soil series
and vegetation types of which one may be dominant. Such map units are

more like small ecosection map units.

Ecoelement. The Ecoelement is a recent addition to the hierarchy. It is
defined as follows (CCELC, 1979):
Ecoelement - a part of an ecosite displaying uniform soil,
topographical, vegetative and hydrological characteristics.
This category is closely equivalent to Hills "physiographic site

type" or portion thereof. The ecoelement will not frequently be mapped.
If can be viewed as.the unit of study of an ecosystem like the pedon is
the unit of study of soil and the vegetation plot the unit of study for a
vegetation stand or community. It is a unit where all characteristics
are homogeneous throughout its extent. The basic difference between this

category and that of the ecosite seems to be related to scale and degree

of refinement rather than of concept.
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Pattern

In the definitions for ecodistrict and ecosection the pattern of
the land attributes is of importance. The key modifying word, in the
district definition is "distinct” whereas in the ecosection definition it
is "recurring". Pattern implies order and reoccurrence of attributes,
organisms or events. Pattern is not limited to a spatial arrangement of
parts but also can refer to behaviour or sequence in time (Wilken, 1978).
Although "pattern” is only part of the definition for district and sec-
tion, some kind of pattern is implied in the definition for the other
levels as well In the ecoregion concept, pattern is implied in the con-
cept of repetition of climatic effects on materials to produce certain
types of soil or vegetation, at the ecosite level it is implied in the
pattern of vegetation succession (chronosequence of vegetation).

The practical application of the term "pattern” in the definition
is that land segments should be delineated on the basis of the repetitive
occurrence of a land or resource attribute ie. bedrock outcrops can be
used as a characterizing feature only when they occur throughout the dis-
trict or section. A unique outcrop or several outcrops clustered in one
portion of the area are not definitive. 1In the latter case that portion
of the element is better delineated separately or if too small in extent,
flagged by a cartographic on-site symbol.

"Distinctive” with respect to Ecodistrict definition implies ob-
vious, easily observed; “"recurring” with respect to the Ecosection defi-
nition refers to "pattern of patterns” a pattern of component parts,
which contain patterns at a larger scale.

The effect of pattern on of landscape components together with
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the scale of photographic image and scale of map on the delineation of
map units is shown in Figure 1. The various maps show the way in which
the distribution of three 1land components of one kind (eg. either
landform or vegetation), and the scale of photography and mapping affects
the delineation of ecosection mapping units. The hypothetical examples
at the 1:125 000 scale show that a certain amount of subjectivity
(artistry) is involved in subdividing the are shown. Basically two
processes are involved; subdividing and mental classification and
agglomeration of the types (“ecosites”). At the same time the map scale
has to be kept in mind as the scale of the map requires the delineation
of "minimum” areas.

The examples in Figures la and 1b illustrate two different ver-
sions of a map of the same terrain (scale 1:125 000). The two examples
show that the delineation of map units is arbitrary to a degree.
Boundary placement is based on the same criterion of creating units of a
certain size with as little heterogeneity (complexity of component parts)
as possible. In Figure lc the same area is shown but the map units are
delineated for a map at a scale of 1:50 000. The larger scale allows the
delineation of map units which seems to be less heterogeneous than the
ones in Figures la and 1b. However if a "photograph" at larger scale is
used it becomes obvious that these units are heterogeneous as well, but
that the differentiating criteria become more exact. Thus ecosites judged
similar at a small scale are found to be dissimilar at a larger scale,
and found to contain a number of subtypes. In reference to Figure 1, it

is seen that at the 1:125 000 scale, mapping is based on differences in




46

Q o
o wﬂn [
© ) ~ o -
rw N 6 N 11
— ~ / [
=89 > : 88 s b
£° % T LR T 0w
g n 2 g 2
[ IR~ N T
Wcls wbls
57 & = X ) IR H
»a 1 Y In
Koyt // £ o
lpm>_ / - lpm>— N ./—
- o = © NN
e o N U4 O =
© O KN — o~ M OOH — N ™
0]
P
* o
=

_, NITETINZ !
/WHW/ _ @/,y/%ﬁ__
IR — N

_ INN

SENENWIIINS
N\ FE

N= LN
W%///L

N —_— T
==

= —

.
Z
%
7

7

= =
i}

0/

. osection Map No. 1

=
EVIR
)

]

1. Effect of Scale of Air Photograph and Scale

ction Map No. 2
of Map on Map Unit Delineation.

Ecose

1b.
Figure



47

= — =l
7 o
7

cale of "photograph" 1:60 000
le of map 1:50 000

)

v
~
ffal

N=
N
DN

===

|
I / i L] 1
36 7 \ B2 7 2R 13 ==
::::::;,, A%;¢;4ij;;gggggg/ 7 7
= l]‘/// L) 8 \4 2,

%
?7 e =
/A 13 / / \ T
& L < / 3 &« 9 Y Sy
////ﬁ//// A « B 0 oE=R
|
lc. Ecosection Map No. 3 ¢ /;5 | \‘TZZE ‘7

_ 7Tk
6 Vo V=D 18 )l

"photograph'" 1:30 000
ap 1:50 000
e 15 squares

=77 |
77

Al

1d. Ecosection Map No. 4

Figure 1. Cont'd.



48
shading, and that at larger mapping scales, the variatioms within the
shading (representing intergrades of particular conditions), should also
be taken into account. One should recognize that subjectivity of
grouping and, even more so, subjectivity of boundary placement between or
around types is greater when interpreting aerial photographs. The number
and kinds of ecosites is greater and boundaries are often much more
diffuse.

Relationships between Categories and Classes
in Ecological Land Classification

Ecosystems or any land segment delineated in space are not
entities completely different from each other. Because (land) ecosystems
are complex natural entities, the categories and classes in the hier-
archical structure cannot be completely independent. The gradation into

classes as well as into categories is determined by the kinds and the

degrees of unity discernible with respect to biological and physical land

characteristics. As these characteristics are partly overlapping both
between categories and classes the hierarchical network can be said to be
coalescent (Wiken, 1978). Figures 2, 3 and 4 1illustrate some of the
relationships between classes and categories.

Figure 2 shows that at the first category (Ecoregion) level, (the
level of greatest generalization), the criterion for differentiation the
classes is climate only. Although surficial materials and other factors
may be dissimilar or similar, they are not differentiating. At the
second categorical level (Ecodistrict), another differentiating criterion

is introduced, that of surficial materials. As a result the number of
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classes doubles. If more criteria had been introduced the number (n) of
classes would have multiplied greatly but not to 20 classes. Some
interactions between factors may result in not very dissimilar responses,
and although in theory should be differentiated, in reality the products
are indiscernible in nature. For example, certain carbonate levels in
parent materials may not result in discernibly different ecosystems.
Although the property is easily determined in the field, it may not
affect the function of the system.

Choice of differentiating criteria for the categories in ELC has
been based on those properties that are easily observed (landforms) or
inferred from vegetation characteristics (pattern, forest) which can be
observed on air photographs. Other inferred properties (soils, texture,
drainage) are introduced at lower levels to refine the classification and
to strengthen the response of the classification to the various
ecological relations in the landscape.

At the third categorical level (Ecosite), shown in Figure 2,
separation becomes more difficult as responses or properties are less
easily observed. As noted earlier interactions between factors or the
overriding influence of a single factor in the environment indicates that
the theoretically differentiated classes are often not that clear in
nature. For example, ecosite ABc will look much like ecosite aBc and
abc as a result of the factor of excess moisture, overriding the effect
of climate and parent material.

As can be seen from Figure 2, horizontal differentiation allows

the separation of units of similar rank. In category 3, which refers to
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the ‘ecosite category of the ecological land classification hierarchy,
the unit ABC will have a soil series different from ABc and they will
have different vegetation communities (associations), perhaps “black
spruce-feathermoss” and "black spruce-Ledum groenlandicum—-Sphagnum moss”
respectively. However, the unit ABc may not differ very much in soil and
vegetation characteristics from ecosite aBc because of the dominant
effect of drainage.

The expression of climate at the various category levels changes
to such a degree that at the region level, climate is of primary interest
(Category 1), but at Category 2 the (Ecodistrict) local climate is the
factor controlling processes and function of the systen. The micro-
climate, is of course, a function of regional climate in relation to
other factors like vegetation, aspect and relief. This is true for a
number of criteria used at the higher categories and which through the
hierarchy express themselves at the lowest level as well.

In Figure 3 and 4, some of these relationships and data flows are
shown. It should be understood that in the application §f a hierarchical
system, the movement of the data flow is in both directions, descending
as well as ascending. Sometimes these two movements are interrupted or
the movement in one direction takes place to a greater extent than move-

ment in the other direction.

Mapping of Ecological Land Units

In the Section on mapping (page 31) it has been noted that the

criteria for boundary placement in the delineation of soil, vegetation or
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land units depend on scale and purpose of the mapping.

The mapping of ecological land, soil or vegetation units requires
the delineation of units that may be managed or planned for as a unit at
" the level of generalization chosen for the project. Management decisions
with respect to a land resource should be made at a level of generaliza-
tion compatible with that of the units delineated. Thus a mangement de-
cision at the farm—field level can only be made for small units deline-
ated on the basis of very precisely defined properties regarding soil,
drainage, slope etc. At a much more generalized level, a management de-
cision only may be possible with respect to general potential of a unit
for crop production based on general information on soil materials and
climate.

The purpose for which ecological mapping is carried out affects
the delineation of map units because a choice has to be made which eco-
logical or environmental factors to investigate. It is impossible to
investigate all ecological factors such as climate, relief, water and
soil, which are always important, in addition to attributes like geology,
vegetation and artificial elements (Vink, 1975). All of these factors
are not of equal importance to each mapping project. If the project 1is
carried out to determine the agricultural potential and possibilities for
development of infrastructure of an area, then the inventory of geology
and vegetation will be less important than the collection of data per-
taining to soils, climate, water and topography. The delineation of

units will be based on soil and topographic properties and the ecological
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significance of soil and climate will be emphasized. However, if an area
is surveyed for which no decision has been made with respect to the re-
source use then the inventory must collect data on climate, soils, water,
topography and vegetation. In this situation the delineation of ecologi-
cal significant units becomes somewhat more difficult as a decision has
to be reached as to whether vegetation or soils provide the criteria for
boundary placement. At detailed levels of survey the identification and
definition of ecosystem characteristics and their boundary criteria must
be carried out before satisfactory mapping can proceed.

At more generalized levels of mapping the units always will con-
tain a number of ecologically significant, but different, elements. Some
of these elements may be related through parent material or topography,
while others may be coalescent but completely different. The delineation
of this type of unit will be through the mapping of pattern of elements
in the landscape (see Section on pattern, page 44). Such generalized
mapping attempts to delineate units which contain the least number of
different elements and for which the comprising elements occur in a pre-
dictable pattern or sequence. If this is achieved then some statements
with respect to management of the unit and location of the elements
within the unit can be made. At the highest levels of abstraction, the
criteria for mapping become very much detached from those used at the
most detailed level. Only very generalized information is required and
therefore the criteria for mapping also are very broadly defined.

Mapping at the ecosite level of the ecological land classifica-

tion hierarchy requires the identification of the ecosystems present in
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the land area being inventoried. The classification and identification
of the ecosystems and their boundaries will be based on the soil and veg-
etation component characteristics. Both elements will be studied to de-
termine which provides the best criteria for boundary placement for each
ecosystem. When mapping at this level of abstraction, a minimum level of
information on climate, soil parent materials and landforms must be avai-
lable. The mapping of ecological units at the ecosite level is usually
too expensive and time consuming to be applied in unknown terrain, which
may have low or limited potential for development.

At the ecosection level of mapping the identification and classi-
fication of all the ecosystems types within the area is valuable but not
essentiél. However the important or more frequently occurring systems
must be known in order to understand the landscape pattern and to be able
to delineate the units. At this level of abstraction the delineation of
the mapping units is based largely on air photo interpretation supported
by only a limited number of site inspections per unit area. Therefore
the boundary placement is largely dependent on photographic pattern in
the form of stereoscopic relief or vegetation pattern created by the var-
jation in landforms, topography, materials and drainage.

At the ecodistrict level the delineation of units is either on
the basis of the grouping of ecosection units or, if this information is
not available, on the basis of broad patterns of landforms, geology or
waterbodies, which only are verified to a very limited extent in the
field.

The delineation of ecoregions, although very ' broadly defined
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units, requires some key site inspections in order to determine climate
related soil and vegetation characteristics. Characteristics like soil
profile development, soil temperature at certain times of the year, plant
species', cover of key plant species' or growth of trees all can and may
be used in the delineation of ecoregions and the boundary placement
between adjacent ones. The boundary placement is often very arbitrary as

changes between regions are usually gradual.




Chapter 4

ECOLOGICAL LAND SURVEYS

Ecological land surveys are inventories of the land base, which
through an integrated approach to data collection, mapping and data pre-
sentation provide a holistic view of the landscape.

The commencement of the ecological approach to land classifica-
tion and mapping in Canada is Hills' (1953) holistic approach to site
classification, which was based on the concept of "physiographic site
type” and "site region” (Hills, 1960; Burger, 1976), which in turn was
modelled after that developed by Stewart and Christiansen in Australia
(Rowe, 1962). In 1968 a national program was initiated to develop,
through a series of pilot studies, a rapid and economical methodology for
collecting and mapping ecological data concerning land resources in rela-
tive inaccessible terrain. The results from this series of pilot studies
were published in 1969 as "Guidelines for Biophysical Land Classifica-
tion" (Lacate, 1969). These guidelines outlined the objective of ecolo-
gical land surveys and methodology and suggested criteria to be applied
at various levels and scales in the hiearchy of the classification.

Although the various ecological land surveys and the single land
resource surveys differ in approach and objectives to classification and
mapping of land and its attributes, land resource surveys have a number

of characteristics and objectives in common. All land resource surveys
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are of fundamental importance for land development planning as they
provide the land use planner and manager with data on the present status
of 1land attributes like soils, hydrology, vegetation and surficial
materials. The content of a survey depends on the scale of the map, the
special purpose of the survey and the nature of the region (Vink, 1975).

CHARACTERISTICS OF LAND
RESOURCE SURVEYS

Although land resource surveys may focus their attention on
different elements in the landscape they usually have a number of charac-
teristics of approach to inventory in common. The following character-
istics are considered as part of a complete land resource survey: a.
planning, b. data collection, c. classification and mapping, d. data
presentation and e. evaluation and review. Data collection, classifica-
tion, mapping and data presentation collectively form the methodology of
a survey.

During the planning stage of the survey potential wusers are
consulted to determine the data requirements and define the objectives of
the survey. The objectives of a survey govern both the scale of mapping
and the criteira and 1eye1 of taxonomic classifiéation used to describe
and identify the mapping units. Scale and mapping criteria determine the
method of survey and ultimately the usefulness of the survey (Jurdant,
1974).

The collection of data in resource surveys is basically of two
kinds: 1. background data available from maps, reports and other sources

pertaining to the area of concern and, 2. data collected in the field




60
through site investigation and the collection of data from air photo-
graphs. Amount and type of data to be collected, depend on purpose and
objective of the survey determined in the planning stage.

Classification and mapping refer to the processes of identifica-
tion and ordering of landcape elements taxonomically and the portrayal of
their distribution in the form of mapping units.

The presentation of data is important to the success of a survey.
It is the means by which the knowledge obtained during the survey will be
passed on to the user. Data presentation is usually by means of maps and
reports. These may contain all of the data collected or a synthesis of
the data, in the form of interpretation for particular uses either in
tables ;r in the form of thematic maps. Form of data presentation will
commonly be decided in the planning stage.

During the evaluation of the survey the usefulness of the product
is assessed. The usefulness of a survey is judged by the degree to which
it meets the objectives set out in the planning stage. Usually, a review
of the survey project is carried out to identify problems encountered
during various stages of the survey and to determine possible ways of
improving methodology with respect to future projects.

OBJECTIVES OF LAND RESOURCE
SURVEYS

Although the objectives of resource surveys vary from project to
project, they usually include one or more of the following:

1. to determine, classify and map the population of one or more land

resource elements in the area of concern,
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2. to correlate and to predict behaviour and suitability of these
natural objects or units to management practices and other uses,
3. to provide a data base on which land resource elements or units can
be selected for research and to provide a means by which research results
or management practices can be extrapolated to other areas and
4. to provide the basis for monitoring changes of physical, chemical and
biological processes in land resource elements.

Ecological land surveys attempt to satisfy most of the objectives
stated for resource surveys and in addition "differentiate and classify
ecologically significant segments of the land surface, rapidly and at a
small scale" (Lacate, 1969). Such an inventory "would serve as the
ecological basis for land use planning involving future management of
lands for forestry, agriculture, recreation, wildlife and water yields.”

SINGLE-DISCIPLINARY AND MULTI-
DISCIPLINARY SURVEYS

The collection of land resource data has been accomplished by two
types of survey defined according to team composition and team approach:
1. single-disciplinary surveys and
2. multi-disciplinary surveys.

Single-disciplinary surveys are inventories in which data
collection and data presentation are carried out By one or more people
with similar land resource expertise. The product of this type of survey
usually emphasizes one or a few land attributes. These surveys may be
truly single disciplinary with respect to data collection and presenta-

tion or they may be single disciplinary in terms of team composition, but
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provide a product with a wider scope than that derived from a truly
single discipline presentation.

The first category of survey collects data on one particular land
attribute and the data presented pertains only to that attribute. Forest
inventories fall into this category. The second category of survey em-—
phasizes the collection of data on a particular land attribute but also
collects data on other components, either directly, or from other land
resource reports. Data presentation by this type of survey provides a
more balanced land resource map and report, which have a wider applica-
tion in land management than truly single-disciplinary surveys. The soil
survey belongs to this category, because in addition to the solls data
information pertaining to landforms, hydrology, vegetation and climate
are collected as well. However, the emphasis remains on the description,
classification and mapping of soils. In the report data on climate,
landform, topography, hydrology and artificial elements in the landscape
are provided to enhance the value of the soil information to the user.

Multi-disciplinary surveys are carried out by a team composed of
experts in various resource fields. This type of survey is subdivided
into two categories based on the method of data collection and data pre-
sentation ie: non-integrated and integrated multi-disciplinary surveys.

In non-integrated surveys the resource data is collected by each
discipline separately and only partially integrated before pfesentation.
Data presentation may be in the form of separate overlay maps or in the
form of a map and report where the map unit delineated by one discipline

is used by the other disciplines to structure their data presentation.
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In the latter case, the map unit acts as a base for the stacking of land
resource data for various disciplines. Although level of detail for each
resource component is approximately the same "the emphasis is still very
much on the parts instead of on the unity of the land as an ecosystem, as
a whole"” (Wiken, 1978).
In the integrated survey approach, the team members attempt to
combine their knowledge in the various fields of expertise. Vink (1975)
noted that “the most comprehensive and therefore at least in theory the
best way of surveying land resources is undoubtedly the 'integrated' sur-
vey, which comprises a multi-disciplinary inventory, producing in an
integrated manner all possible relevant data on the natural and human
resources and constraints.” 1In this type of survey, all or a large num-
ber of single land attributes like soils, vegetation, landforms and cli-
mate are investigated to produce, hopefully, a common, integrated, ecolo-
gical data base, founded on ecosystems or complexes of ecosystems. Al-
though an integrated survey theoretically is very valuable because it
provides all relevant information for land use planning, it is in reality
quite difficult to carry out as there may be a wide number of variables
for each project; especially when these projects are large (Vink, 1975).
For this reason 1ntegratéd surveys attempt to collect data on those vari-~-
ables in the environment that have been found to be of great importance
in the making of land use decisions. The integrated product of these
surveys, if necessary, can be separated into its contributing parts.
Maps and reports on a single land resource or possibly a single resource
attribute can be produced, but the linkage to other land components stays

intact through the 'master' map and report.
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ECOLOGICAL LAND SURVEY
IN MANITOBA

Since 1968 three major ecological land survey projects have been
undertaken in the province of Manitoba (see Figure 5):
1. Land classification for land evaluation: Cormorant Lake Pilot Project
(S.C. Zoltai, et al, 1969)
2. Bio-physical Land Inventory, Churchill-Nelson River Study area,
North-Central Manitoba (Beke et al, 1973)
3. Northern Resource Information Program (Mills et al, 1976b, 1976¢c,
1u977, 1978; Dutchak et al, 1978; Woo et al, 1977; Veldhuis et al, 1979).

A number of smaller ecological land survey projects have been
carried out since 1977. These are:
1. Sand Bay - Cross Lake terrain analysis - land suitability study
(Forrester, 1977)
2. Ecological Terrain Analysis, Whiteshell study, 1978 (Forrester, 1978)
3. Ecological (Biophysical) Land Classification (Terrain and Resource
Analysis), L.G.D. Mystery Lake (Forrester, 1980)

The following review will deal mainly with the first three pro-
jects with an emphasis on the Northern Resource Information Program

(NRIP) experience. Reference will be made to characteristics of projects

in other areas of Canada.

Cormorant Lake Project

The objective of the project was the development of a national
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system for ecological land classification. The approach used followed
very closely the national guidelines formulated by Lacate in 1968, which
were, as a result of the experience obtained through several pilot
studies, accepted in 1969. In addition to the four 1levels of the
hierarchy defined by Lacate (1969) another level of abstraction was
applied in the Cormorant Lake project. This level was called the Land-
scape Unit category which attempted to integrate the land and water por-—
tions of the landscape. These units are “patterns of land types and
water types grouped together to provide a convenient unit for resourcev
management and multiple land use planning” (Zoltai et al, 1969).

A three member multi-disciplinary team consisting of an eco-
logist,.phytosociologist and a pedologist conducted the survey during the
summer of 1967. The data are presented at 5 levels of abstraction viz.
ecoregion, ecodistrict, landscape unit, ecosection and ecosite. The
basic mapping unit is the Ecosection unit mapped at a scale of 1:250 000.
The ecosections are grouped into Landscape Units on the basis of land and
water system characteristics. Ecodistricts and Ecoregions are delineated
on a small scale map in the report. The Ecoregions and Ecodistricts are
briefly described in the report, while the Ecosections are described with
the aid of a cross-section through a representative part of the unit.
The Ecosites are identified on the basis of geologic material and drain-
age characteristics. Associated soils, stable and common present vegeta-
tion, identified by dominant tree species, and forest capability ratings
are also listed for each ecosite. In Appendix A (page 138) a map sample

and legend are provided as an example of the data presentation for this
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project.

Churchill-Nelson Rivers Study

The "Biophysical Land Inventory of the Churchill-Nelson Rivers
Study Area" (Beke et al, 1973a) was the second ecological land survey in
Manitoba and was patterned closely after the Cormorant Lake project. An
area of approximately 33 000 km? was surveyed in 1972 by a four member
team consisting of two pedologists and two forest ecologists. Three Eco-
section maps at 1:250 000 scale and seven "Ecosite” maps at a scale of
1:50 000 were compiled for selected portions of the survey area.

The objective of the survey was to provide baseline data on land
attributes useful for other disciplines evaluating the impact of the
Churchill-Nelson Rivers diversion on various land and water resources in
north~central Manitoba (Beke et al, 1973 b).

The data are presented at 5 levels of abstraction viz. the
Ecoregion, Ecodistrict, Landscape Unit, Ecosection and Ecosite. The Eco-
regions and Districts are delineated on the ecosection maps and described
in the report on the survey. The Ecosection mapping units are ﬁot
described in th report so the mapping unit symbol must be decoded with
the aid of the map legends to obtain information pertaining to topo-—
graphy, soil parent materials and permafrost. The mapping units
delineated at the 1:50 000 scale maps consist of agglomerations or
complexes of ecosites and therefore portray Ecosection maps as well. In
addition to information in the legend, selected ecosites are described in
greater detail in the report with respect to landforms, soils, vegetation

and climate information. A section of an air photograph showing a
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delineation of the Ecosites is presented along with photographs and a
cross-section illustrating landscape position, vegetation and soil
characteristics. In the appendices of the report all pertinent field and
laboratory data collected on soils and vegetation is provided.

Sections of the 1:250 000 and 1:50 000 scale maps and
descriptions of selected map units on these map samples are presented in

Appendix A (page 142).

Northern Resource Information Program

The Northern Resource Information Program is the most ambitious
ecological (biophysical) land survey undertaken in the province of Mani-
toba to date.

The objectives of the land survey carried out under the NRIP were
twofold (Mills et al, 1974; Mills, 1976):

1. to classify a large tract of land (approximately 390 000 km2) into
ecologically significant landunits through an integrated ecological sur-
vey. Terrain would be maﬁped in terms of landforms, surface deposits,
vegetation, soils, drainage, permafrost, associated aquatic systems and
climate.

2. to provide data useful for macroscale planning on an ecologically
sound basis. The data would be useful for the development of renewable
and non-renewable resources on a regional basis; for planning for indus-
trial and community development, the protection of the enviromment, the
development of infrastructure (Mills,.gg_gl; 1974; Mills, 1976).

Although the project was set up to cover this large tract of land
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and water within 6 to 8 years, the program was terminated in the fall of
1976. During the course of the program, (1974-1976) approximately 93 400
km2 were surveyed (see Figure 5). Maps and guides for all areas, with

the exception of the Island Lake, (53E) and Norway House, (63H) map-

sheets have been published to date.

Survey team. To carry out the survey a study team was assembled
consisting of a. a senior pedologist (project leader) b. a pedologist
(with forest management background) c. a forest ecologist (with a back-
ground mainly in technical forest management) and d. a wildlife ecolo-
gist.

The team included expertise from several resource fields and
qualified in this regard as a multi~disciplinary team. However peda-
logical expertise was represented more strongly than disciplines like
forestry, vegetation ecology, geomorphology, or climatology, which were
not or only weakly represented. Althpugh the study team was expanded in
subsequent years, no great improvement was achieved in balancing the

expertise.

Pilot project. To develop the system of classification and the

method of presenting the data to potential users a pilot project was
initiated, which would also serve to evaluate manpower, transportation,
time and monetary requirements to carry out this type of survey in future
years. Because of the large area to be mapped, the amount of ground-—
truthing must be limited and mapping had to depend heavily on air photo
interpretation. Consequently, only the mapping of complexes or patterns

of landtypes would be feasible.
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The study team proposed to use a hierarchical classification sys—
tem defined by Lacate (1969). The landbase would be delineated at the
Ecosection level of Lacate's system and the units would be presented at
the 1:125 000 map scale.

The N.E. 1/4 of the Kettle Rapids map sheet was produced in this
fashion and, a legend prepared (see for legend example of NRIP maps,
Table 4, page 79). This product was circulated among a group of
previously identified potential users. Comments were solicited and these
were generally non committal. The users could foresee some use of the
data and no major changes to the methodology were proposed (personal
communication). However, users indicated, that data presentation,
enhanced by a report and illustrated descriptions would result in a
product easier to understand and use.

Although the general response of potential users was not very
supportive, the methodology adopted for the remainder of the survey was
similar to that developed during the pilot project. The number of stops
(one or more sites) was increased to minimal 80 per map sheet area.
Extensive use was to be made, where available, of open file maps on land-

forms and surficial deposits prepared by the Geological Survey.

Data collection. During the second year of the survey an area of

approximately 63 000 km2 in east-central Manitoba was covered. This
area included the following mapsheet areas, Island Lake (53E), Oxford
House (53L), Knee Lake (53M), Sipiwesk (63P), SEl/4 Split Lake (64A) and
W1/3 Rettle Rapids (54D) (see Figure 5, page 65). Discussions on terrain,

water and wildlife investigations are largely based on the area represen-
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ted by the mapsheet areas listed in Table 2.

During the second year of the survey the following types of

investigations were carried out: 1. terrain investigations, 2. water
studies, 3. wildlife studies.
1. Terrain investigations were carried out on sites selected with the
aid of air photographs and surficial geology maps. As the number of site
investigations per mapsheet area 1s relatively small (see Table 2),
selection becomes a very important aspect of the survey. Information
obtained on a particular site must be useful for extrapolation throughout
a large part of the area under investigation. A full site investigation
included the collection of data on for example landforms, parent
materials, drainage, soils, slope, aspect, erosion and present land use
(see Soil Data Form in Appendix C, page 173).

Soil data were collected at three levels of detail during the
survey. The first level includes the very detailed description of parti-
cular soil types thought to be very extensive in the study area. These
soils are also sampled by horizons in order to obtain a complete physical
and chemical characterization. The second level of soil description is
less detailed and is recorded on a form as shown in Appendix C (page
173). Often a parent material sample 1is obtained at these sites. The
third level refers to soil descriptions consisting of short notes,
usually recorded during foot transects between sites, where occasionally
checks are made to determine any change in soil properties.

The detailed soil descriptions were recorded on standard soil
survey forms using methods and notations defined in the "Manual for

Describing Soils in the Field” (CanSIS, 1975). Thus soil investigations




Table 2. Number and Kind of Soil and Vegetation Inspections Carried Out in the Selected Study Area of 63P, 64A, 53M and 54D.
(Some sites from the Churchill-Nelson Rivers study included)

Number | Number Soil Data Samples Vegetation Data Area
Mapsheet of of Very Detailed | Notes | Total All Parent | Floristic | Floristic | Total in

Stops | Sites | Detailed Horizons | Material | and Cover km2
Sipiwesh 63P 84 141 26 90 11 127 24 56 83 10 93 14058
SE1/4 Split Lake 64A 24 37 4 33 - 37 4 19 30 1 31 3418
SW1/4 Kettle Rapids 53D | 11 16 8 6 - 14 8 4 9 3 12 3418
W1/2 Knee Lake 53M 48 81 12 61 3 76 10 28 52 1 53 7029
Total 167 275 50 190 14 254 46 107 174 15 189 27923
Number of x x 100% 61 100 18 69 5 92 17 39 63 5 69
number of sites

CL
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are thus similar to those carried out during soil surveys of forested
terrain. The level of detail recorded is independent of the scale of
mapping. The scale of mapping is reflected primarily in the number of
investigations and the type of transects, but does not affect the data
collection method.

Vegetation data collected during the survey included tree
measurements, stand measurements, data on regeneration, plant species'
and cover and sociability for plant species (see Vegetation Data Form in
Appendix C, page 175). The stand and tree measurements are much less
detailed than those carried out during cruising operations in support of
forest inventories (Forest Inventory, 1979), but still permit a produc-
tivity rating to be assigned. A species list was compiled and the cover
and sociability were estimated for each species, and recorded separately
according to class limits shown in Table 3. Plant species and cover were
recorded while walking an area adjacent to or around the soil pit. No
plot was staked out, or otherwise marked so that the area recorded pro-
bably varied in size among observers. Data were collected by almost all
members of the team, regardless of expertise. The data consequently vary
widely in quality and quantity among sites.

2. The study and classification of aquatic ecosystems as an integral
part of land classification was defined as one of the objectives for the
NRIP. During the first and second year of the program water bodies were
selected with the aid of aerial photographs and subsequently investigated
during the field study. Criteria for gselection were distribution in the
area, affiliation with surficial materials, shore line configuration,

size and also tone of photographic image. The aim was to establish a




Table 3. Scales for Cover and Sociability of Plant Species

74

Cover Sociability
% and Description Grouping Description
Codd Domin * Braun — Blanquet %) NRIP Braum = Blanquet
x
or isolated, Sparsely or very sparsely
+ cover small present; cover very small
1 12| scarce, cover| Plentiful, but of amall single plant growing singly,iso-
small cover value lated individuals
2 1 | very scattered very namerous, or few plants grouped or tufted
cover small covering > % of area
3 5 scattered any number of individuals several plants in small patches
cover small covering 25-50% : or cushions
4 0 | abundant any number of individuals many plants in small colonies
about 5% covering 50-75% in extensive pat-
ches, or foming
carpets
5 5 | abundant covering > 75% of area almstconﬂnm%:lnptrecolonies
about 20%
6 0] 25-33 contimous
7 511 3-5 single patch
8 {2531 50-75 few patches
9 |33 >75 several patches
10]50-73 100 + large patch
11] > 79 almost contimoud
12| 100+ contimous

*) From Rershaw (1973)
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number of classes for the lakes and river population within the study
area.

A total of 295 waterbodies were investigated during 1975 by means

of an eighteen second lake survey method (Nelson and Faulkner, 1971)
which uses an instrument equipped helicopter. Data on specific
conductance, temperature and depth were collected in this way. Through
examination of aerial photographs and direct visual assessment from the
helicopter also information on shore and back shore properties were
obtained.
3. During the first two years of the NRIP the wildlife-ecologist
attempted to characterize major landform-soil-vegetation associations in
each map sheet area in terms of the fauna component on the basis of small
mammal counts, songbird counts, winter aerial surveys for moose and
caribou and wetland/waterfowl studies (Veldhuis and Schmidt, 1975; Mills,
1976; Schmidt, 1979).

The wildlife studies, to be successful, required the use of both
helicopter and fixed wing aircraft. The time required and the method-
ology used for site studies did not permit a team approach to data
collection. Data on wildlife were collected on sites, previously inves-
tigated in the course of the soil and vegetation studies. During the
course of the field studies it became apparent, that terrain investiga—-
tions and wildlife studies are logistically incompatible. Greater
efficiency of field time could be achieved if the wildlife studies were
initiated after the basic ecological terrain information was collected.
The wildlife component of the study team thus was more appropriately

" placed in the user category. Consequently, the systematized collection
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of wildlife data was dropped from the survey after the second season.

Data presentation. Data for a particular map sheet is presented

on a map with extended legend and in a Guide book containing information
on methodology, rationale descriptions, and definitions for soil, land-
form and vegetation terminology in a glossary. However, the basic docu-
ment of the NRIP surveys is the map and legend.

The map depicts ecosections at a scale of 1:125 000. Ecodis-
tricts and Ecoregion boundaries are superimposed on the map. This
approach permits the relationship between ecosection, ecodistrict and
ecoregion to be shown, and places the terrain conditions shown on the
ecosection mép in a physiographic and climatic perspective. Generalized
descriptions of the various characteristics of each Ecodistricts are pro-
vided in a tabular and narrative form in the guide for each map sheet
area. The properties of the Ecoregions are presented in three tables.
Data and information on "selected biophysical (ecological)”, climatic and
vegetative characteristics are provided. The tabular write-up for the
Split Lake Ecodistrict from the Sipiwesk map sheet area (Veldhuis et al,
1979) and the tables for ecoregion characteristics of northern and
eastern Manitoba are presented in Appendix A, (page 147 to 149) as an
example of the kind of data and information contained in the NRIP-guides.

The ecosections boundaries were delineated on panchromatic, black
and white, 1:64 000 scale aerial photographs. The delineations were made
through stereoscopic interpretation of the photographic images. The
boundaries were drawn on the basis of landforms, landform patterns and

tone and texture on the photograph resulting from differences in vegeta
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tive cover. Surficial geology maps, and to some extent topographic maps,
were used to provide guidance in the air photo interpretation. These
maps also provided a framework for the extrapolation of ground truth data
throughout the map sheet area during the interpretation phase.

Subsequent to delineation of the ecosection boundaries, the more
broadly based ecodistrict boundaries (initially delineated on the basis

of surficial geology maps) were adjusted to coincide with section

boundaries.

Almost all ecosections are composed of more than one ecosite, as
is evident from the symbols depicting the ecosection mapping units (see
Figure 6 and Table 4). The component parts of the ecosection are
described in terms like topographic variation and pattern of soils and
drainage condition. Most of this- information has to be obtained from the
extended legend accompanying the map. . Definitions of landforms,
explanation of terms and classes are provided in the guides.

The map symbol for ah ecosection is set up in the following
manner:

topographic Mineral landforms Organic landforms i
expression Soil Association(s) Soil Association(s) Ry

The various components of the landscape in a particular
landsystem are described in terms 1like genetic landform, texture, form

etc. (see Table 4, and map symbol below).
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Table 4. Legend for Sipiwesk Map

Sample.

1.

TEXTURAL CATEGORY
(placed before

TOPOGRAPHIC EXPRESSION

RELIEP CLASS SLOPE CLASS landform class)
(meters) degrees 4
a 0- 2 1 0-2 0- 5 ¢, clayey
b - 5 2 3-71.5 6-15 1 loamy
c 6- 20 3 8-15 16-30 s sandy
d 21- 50 4 16-30 31-60 £  fragmental (gravelly,
e 51-100 5 >30 > 60 cobbly or bouldery)
£ > 100 6 complex -s  skeletal (used in combination

with clayey, loamy or
sandy)

MAPPING CONVENTIONS

Morphology and surface form categories are applied individually
or in combination to the Genetic Mineral Landform or Bedrock
Class.

Topographic expression applies to both mineral and bedrock
landforms and, as well, to shallow organic landforms (bog
veneer and blanket bog) which reflect the configuration of

the underlying material. The topographic characteristics

of all other organic landforms are described in the definition
of each landform.

Map units may be pure or complex:

Pure units consist of one component covering 85 percent of
the map unit.

Complex units consist of two or more components, the
relative proportion of each being designated in deciles by
Arabic numerals placed as superscripts after each land-
form. The organic landform portion of the map unit is
always designated last in the symbol and 1s separated
from mineral and/or bedrock portions byl

Thin veneers or blankets of one geologic material may overlie
another morphologically dominant unit., Where the overlay is
a continuous blanket, the nsture of the underlying material
is described at the Land Diatrict level; if the overlay
occurs as & continuous veneer, the underlying materials are
described in the definition of the soil associatiom.

Areas of dowinantly deep organic deposits are designated
according to the organic landform only. The underlying
materials are described at the Land District level.

GEOMORPHOLOGY
GENETIC MINERAL LANDFORM MORPHOLOGY and SURFACE FORM
CLASS CATEGORY
(placed after landform class)
A alluvial
¢ colluvial p plain
E eolian h hummocky
¢ glacio-fluvial u undulating
1L glacio-lacustrine m rolling
M morainal d drumlinized
W wmarine k kettled B Bog
U undifferentiated r ridged
t terraced a palsa
BEDROCK CLASS a apron b bowl bog
4 delta f flat bog
aR bedrock, acidic f fan 1 blanket bog
bR bedrock, basic b blanket m peat mound
cR bedrock, carbonatic v veneer p bog plateau
uR bedrock, undifferentiated t peat plateau
v bog veneer
y polygonal peat plateau

CARTOGRAPHIC SYMBOLS

break of slope (scarp)

1solated hillock or hummock

esker {direction of flow assumed, uncertain)

drumlin or drumlinoid (ice direction showm,
not shown)

moraine ridge

bandoned strandline
buried strandline
meltwater channel

minor intersecting lineaments or grooves

GENETIC ORGANIC LANDFORM CLASS AND CATEGORY

¥ Fen

collapse scar
floating fen
horizontal fen
sloping fen
ninerotrophic palsa
patterned fen

W H MmO

S Swamp

EROSIONAL MODIFIER
(placed after morphology
& surface form category)

eroded

deflated
washed

L0

channeled

dissected

genetic mineral landform class

morphology and surface category

erosional modifier

textural category

percentile portion of unit

genetic organic landform
closs {and category}

BIO-PHYSICAL BOUNDARIES

Land Region (see Guide)

slope class——s, |MhW6 Bv

Bi, | Is,

relief class

Land District (see Guide)

Land System

soil association

6L




Tabie 4. Continued

6

Soil Association e Parent Material Map Sou] and Drainage ‘Topography and 3 Permafrost, Dominant Vegecatiun5
Syabol Name E'a S‘yJ:\!i:;l Dominant Subgl‘coup2 Stgnificant Subgroup Landscape Fosition lceagznten:
& Inclusions Depth of Thawh
As Arnot HB Deep, moderately to strongly calcar- Asl Solonetzic Gray Orthic Gray Luvisol(m) Gently undulating non-frozen bS-Fa
sSiding cous, clay textured lacustrine Luvisol (w-m) Gleyed Gray Luvisol(i) terrain; apex (jP~bS-tA-Al-¥Fm)
sediments (varved silts and clays). aud upper slopes
Asz Gleyed (ray Solonetzic Gray Luvisol(m) Cently sluping non-frozen bS-Lg~Fm
Luvisol({i) Gleyed Solonetzic Gray terrain; mid and (bS-jP-tA-Al-Lg-Fm)
Luvisol({) lower slopes
Orthic Gleysol, peaty
phase(p)
AsJ Orthic Gleysol, Gleyed Gray Luvisol(1) Lower slupes and non-~frozen bS-Lg-Mx
peaty phase(p) Rege Gleysol, peaty level to depres- (low to
phase(p) sional terrain moderate, 50
Cleysolic Static Cryosol, to 100 cm)
peaty phase(p)
Cy Crying HB Deep, perennially frozen mesic Cyl Megic Organic Fibric Organic Cryosol Peat plateaus moderate to bS-Lg-Re~Li~Sp
Lake forest peat, or thin Sphagnum peat Cryosol(i-p) (i-p) and palsas high, 50 cm
overlying perennially frozen forest
peat. Undifferentiated mineral
wmaterials occur deeper than I m
from the surface.
Is Isset Lake HB Shallow (40 to 100 cm) deposite '152 Terric Mesic Organic Terric Mesisol(p) Cuntly sloping low to moder~  bS-Lg-Ve-Ox-Li-Mx
of dominantly mesic forest peat Cryosol(i-p) Terric Fibric Mesisol(p) bog veneer areas ate, 50 to
or thin fibric Sphagnum peat, over- ' with shallow 100 cart
lying mesic forest peat, underlain channels, runnels
by moderately to strongly calcareous . and depressions
clay textured lacustrine sediments.
Mn Machiewin HB Deeper than 160 cm deposits of Hn1 Typic Mesisol(v) Typie Mesisol, sphagnic Level to depres- non-frozen Cx~Dp-(Et)-bn-
moderately well decomposed mesic fen phase{v) sional fens, water Eq-(cL)
peat or very thin (15 to 60 cm) dis- track fens
continuous fibric Sphagnum peat over- _ Gne -
lyiog fen peat, underlain by undif- an Tygic l:esigol,( ) Typic Mesisol(v) Live'l;lt? depres- non-frozen Cx-Sp~-(tL)-Er
ferentiated mineral deposits. Shallow sphagnic phaselv slow ens
hydric layers (water and semi-fluid
peat) may occur within 100 cm of
the surface.
ik Nekik MB Deep, perennially frozen mesic Nk1 Mesic Organic Fibric Organic Cryosol(i) Peat plateaus moderate to bS-Lg-Mx-Li
Lake forest peat, or thin Sphagnum Cryosol (1) and palsas high, 50 to
peat overlying perennially frozen 70 cm

forest peat. Undifferentiated
mineral materials occur deeper
than 1 m from the surface.

08




Table 4. Continued

Soil Association g Parent Material Map sot1) and Dratnage"’ Topography and 3 Permafrost, Dominant Vegetations
Symwbol  Name E'; Sx::l Dominant Subgroup? Significant Subgroup Landscape Position Iceﬂg:““"t
2
3 Inclusions Depth of Thawh
Rt Rock MB Deeper than 160 cm deposite of Rll Typic Meslaol(v) Typic Mesisol, sphagnic Level to depres- non~frozen Cx-Dp~(Er)~Bn-Eq-(tL)
1sland d 1y well d P d mesic phase(v) sional fens, water

fen peat or very thin (15 to track fens

60 cm) discontinuous fibric Ri Typic Mesiscl, Typlc Mesisol(v) Level to depres- non-frozen Cx-Sp-(tL)-Er

Sphagnum peat overlying fen peat, 2 sphagnic phase(v) sional fens

underlain by undifferentiated P

mineral deposits. Shallow hydric

layers (water and semi-fluid

peat) may occur within 100 cm

of the surface.
Sp Split H8 Thin (less than 1 m) moderately 8p1 Orthic Gray Luvisol, Solonetzic Gray Luvisol, Gently to moder- non-frozen bS-Fm~(jP-Al-Fm)

Lake to etrongly calcareous clay textured 1lithic phase(w-m) lithic phase(w) ately rolling
lacustrine sediments overlying Gleyed Gray Luvisol, terrain; apex
bedrock. 1ithic phase(i) and upper slopes
sz Gleyed Gray Luvisol, Orthic Gray Luvisol, Mid and lower non-frozen bS~Lg~Fum-(bS-tA-
lithic phase(i) 1ithic phase(m) slopes Al-Wi-Lg-Fm)
Orthic Gleysol, peaty
phase(p)

Notes: 1. Canada Soil Survey Committee, Subcommittee on Seil VEGETATION: SPECIES ABBREVIATION
Classification, 1978, The Canadian System of Soil

Classification. Can. Dep. Agric. Publ., 1646, 164 pp. TREES SHRUBS
2. Dominant subgroup comprises more than 40 percent of bPo -~ balsam poplar (Populus balsamifera) Al - alder (Alnus sp.)
soil association. Significant subgroup inclusions bS =~ black spruce (Picea mariana) Bb - bearberry (Arctostaphylos uva—ursi)
are 20 to 40 percent of soil association. Minor JP ~ jack pine (Pinus banksiana) Er ~ Ericaceae (Chamaedaphne, Andromeda,
subgroups are listed in order of dominance. tA - trembling aspen (Populus tremuloides) Kalmia, etc.)
tL - tamarack (Larix laricina) Lb - twinflower (Linnaea borealis)
3. Topography and landscape position refers to dominant w5 =~ white spruce (Picea glauca) Lg ~ Ledum (Ledum groenlandicum)
subgroups and eignificant subgroup iaclusions. Ox ~ bog cranberry (Oxycoccus microcarpus)
MOSSES Rc - appleberry (Rubus chamaemorus)
4. Permafrost, ice content, depth of thaw refer to the Ve - rock cranberry (Vaccinium vitis-idaea)
dominant subgroup. Notations in brackets refer to Dp - Drepanocladus &p. Wi - willow (Salix sp.)
significant subgroup inclusions. Fa - Feathermosses
Mx - Mixed mosses (Peathermosses and HERBACEOUS
5. Vegetation type is defined in terms of significant Sphagnum sp.)
key species usually associated with the dominant Sp - Sphagnum (Sphaguum 8p.) Bn - bogbean (Menyanthes trifoliaca)
soil subgroup. Species in brackets are found in Cx ~ sedge (Carex sp.)
early seral stages of successlon. LICHENS £q - horsetail (Equisetum sp.)
Gr - grasses (sp.)
6. Drainage classification LL - Lichen (Cladonia sp. and others)

e - excessively drained

-~ well drained

~ moderately well drained
- imperfectly drained

- poorly drained

- very poorly drained

<vmBC
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Map Symbol:

genetic mineral loandform class

morphology ond surface category

textural category erosional modifier
slope class genetic orgonic landform class
relief class IMd C) BV t2 }.p2
3
Sk2 My2 Pe] Py]
\ /S

soil association

The soil association symbol directs the user to the extended
legend. The legend provides information on parent material, soil
subgroups belonging to the association and other associated properties
and accessory information (see Table 4). 1In addition to the narrative
descriptions and tabular information on districts and regions a number of
cross—-section through portions of districts or ecosections are presented
in the guides. Two examples from the Sipiwesk mapsheet guide are

presented in Appendix A, page 151 and 152.



Chapter 5

EVALUATION, CRITIQUE AND
RECOMMENDATIONS

This evaluation is concerned mainly with the ecological land
surveys carried out in Manitoba during the period 1974 to 1976, under
the Northern Resource Information Program (NRIP).

Although some NRIP maps and guides have been available for a
number of years very little feedback in the form of inquiries,
suggestions or comments have been received to date. This is possibly due
to lack of interest in the land resource data provided by the NRIP or a
temporarily decreased need for such data. Equally as possible, the kind
of data generated by the program either did not meet the requirements of
users or else the form in which the data were presented was too difficult
to understand.

In this chapter the NRIP is evaluated in terms of purpose,
approach and utility of the final product. The definition provided
earlier for ecological land surveys places emphasis on the integrated
approach to land classification and the classification and mapping of
ecologically significané land units. The term “integrated approach”
refers to the methodology of data collection and data presentation, while
purpose of the survey and usefulness of the final product relate to the
extent to which the mapping units convey ecologic significance. The

83




84
evaluation of the classification and mapping approach used in the NRIP is
accomplished in general terms and by comparison to some of the character-
istics of the Cormorant Lake project in Manitoba and the James Bay pro-
ject in Quebec. The usefulness of the data derived from the Cormorant
Lake project was evaluated in 1968 by a number of potential users
involved with land capability studies for forestry, agriculture, wild-
life, recreation and sportfish (Zoltai et al, 1969). The Cormorant lake
map and reports offer a fair and rather detailed amount of information
with respect to map units and their component parts, but interpretation
keys and ratings for land resource uses are not provided. The James Bay
project in Quebec is generally considered to be a hallmark for ecological
land classification studies in Canada (Wiken, 1978). The systematic
mapping of some 410 000 km2 of the James Bay area of Quebec is the
largest ecologicai land survey of this kind in Canada to date. It was
carried out over a period of 5 years and involved an integrated
multi-disciplinary team of up to 26 members supported by adequate
resources (Jurdant et al, 1977a). The usefulness of the James Bay
project has been evaluated by means of a users survey (Gantcheff et al,
1978).

EVALUATION BY POTENTIAL
USERS
The success of any land survey program and ecological land
surveys in particular, depends very much on decisions taken at the
planning stages regarding the formulation of objectives by the potential

users and identification of their data requirements. Based on these
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objectives and the defined taxonomic criteria, the type of map units, map
scale and form of data presentation can be established. At this stage
cost and time estimates for the methodology selected help to decide if
this methodology can be carried out within time and budgetary constraints
for the project or if modification is required.

Gantcheff et al (1978) note several criticisms of the ecological
data presented in the James Bay Study. Potential users may find data
presented at the eéosection level too detailed to serve broad regional
planning activities. Users in general felt that the classification of
aquatic habitats, streams and wetlands did not receive sufficient atten-
tion. Also lack of emphasis on riparian habitats and present vegetation
cover were often mentioned as important deficiencies in a supposedly
ecological land inventory. It is expected that similar comments also
will be forthcoming with respect to the NRIP data, as users attempt to
apply the information in land planning.

Shortcomings like these could be prevented by means of communica-
tion with users during the initial stages of the survey. Communication
with users during and after the survey is actually a form of integration.
This type of integration 1is especially important with respect to
ecological land surveys where the number of users is potentially large.
Although other types of land resource surveys will also benefit from user
input, they do not require it to the same extent. For example, soil
surveys and forest inventories have well established methodologies and
user clientele for which data requirements are generally well known.

The NRIP lacked adequate user input at the planning stages and in

addition, insufficient evaluation when the maps and guides became
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available. When the initial pilot project was completed an attempt was
made to solicit comments on the product by means of a number of user
workshops. However, insufficient time was allowed for the users to
understand and evaluate the data presented and to formulate their own
requirements for land base data in these map areas. Only minor
suggestions were made and as a result the decisions on scale, mapping
criteria and methodology for the survey were made taking into account
mainly time, budget and available expertise rather than the objectives
defined for the inventory. Although the NRIP product may prove to be
useful in future years, more extensive user input would have insured this

to be the case.
DATA .COLLECTION

Land planning and management concerns deal primarily with the
potential of the land and environment to support various activities and
the performance of land under various treatments. To that end, ecologi-
cal land classification criteria should reflect function (Walmsley,
1976). The properties selected as criteria are used as indicators of
performance characteristics (function). It is difficult to decide which
biological and physicalv properties to emphasize for classifying and
mapping various land attributes without knowing or understanding all of
the ecological relationships of land. Attributes not chosen for differ-
entiation may be important but if not recognized as such during the sur-
vey will not be capable of contributing to the quality of the final pro-

duct. Although this factor applies equally well to other types of
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survey, it is very important-in ecological land classification and survey
where numerous criteria must be considered because of the multitude of
land resources involved. The attributes chosen for the differentiation
of the land base are reflected in the composition of the ecological

survey team and the nature of the data collected.

Survey Team and Its Approach to Data Collection

The NRIP survey team included expertise in the fields of
pedology, forestry and wildlife ecology, with expertise in plant taxonomy
added later in the program. Although the team was multi-disciplinary in
composition, expertise in pedology was more strongly represented than
expertise in the other fields of study. The plant taxonomist, who
provided expertise in plant species identification, had very little
experience in vegetation ecology. Much vegetation data was collected by
the pedologists and forester, who were not specifically trained in this
resource field. As a result, the emphasis in the mapping of land units
is placed on landform and soil characteristics, biasing the map and
report towards soils and geomorphology.

Both the NRIP in Manitoba and the James Bay project in Quebec
relied on a team approach to carry out the ecological land survey.
Although the scale of the James Bay Project is much larger in terms of
manpower and funds than the NRIP, the composition of the respective teams
and field parties can be compared. Regardless of size of the project
team, each field party is restricted to a small number of people by the
logistics of transportation in inaccessible terrain. Field parties in the

James Bay project consisted of a pedologist and a phytosociologist. Each
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member of a field party had, in addition to the expertise in their
respective field of specialization, a good working knowledge of the other
member's field of expertise (Jurdant, 1977). This allowed for fruitful
discussion and exchange of ideas on the ecology of the terrain unit being
studied and the placement of mapping unit boundaries. The NRIP team,
lacking equivalent input by phytosociologists was not able to carry on
such an exchange.

The amount of budget assigned to a project determines the number
of field parties which can be maintained and the kind of transportation
which can be provided. During the NRIP surveys transportation support
consisted mainly (exclusive of logistical support for camp moves, and
supply runs) of one Jet Ranger helicopter. This type of aircraft allows
safe transportation of field parties of up to three people, including
equipment. Under optimum working conditions it allows for the deployment
of three parties per day: one on a day-long detail transect with two
parties being ferried alternately throughout a portion of the area. A
larger field operation consisting of more than 3 field crews requires, in
order to maximize efficiency additional helicopter support.

Based on the NRIP in Manitoba, and the Quebec experience, the
following study team is suggested:

- one ecologist-team leader; with sufficient experience in all fields to
understand the work of other team members; is strongly involved with the
synthesis and correlation of data.

- two or three pedologists; all with good knowledge and skills in the use
of aerial photographs for mapping; preferably one pedologist with a

background in agriculture, and one with a background in forestry.
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- two or three phytosociologists or vegetation ecologists; all with
skills in photointerpretation, good knowledge of the flora of the area,
data collection and manipulation methodologies.
- one geomorphologist; highly developed skills in photointerpretation.

Operating 2-member field parties with expertise in soils and
vegetation is in most cases the most efficient way of data collection.
Helicopter support capable of carrying larger fieldcrews also permits the
expansion to three member parties when additional expertise 1is required
in a particular area or site.

A team comprised of soil and vegetation expertise will be able to
collect most of the baseline data required for an ecological survey.
Experience indicates that climatic data is best collected separately and
information on wildlife populations and habitat must be generated by
other studies. The proposal permits the collection of data in a manner
that emphasizes its ecological relevance through the integration of ideas
on the ecosystems and the mapping units in the field and later in the
office. Thus delineation and labeling of map units will be the result of
the exchange of opinion and ideas beﬁween two or more fields of exper-

tise.

Selection of Field Investigation Sites

Most of the sites to be investigated are selected before data
collection starts. The process of site selection is very important in
reconnaissance scale ELS because of the rather low number of investiga-
tions per map sheet area (see Table 2, page 72). Sites are selected with

great care with the aid of aerial photographs and if available, surficial
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geology maps. Information obtained at a particular site must be useful
for extrapolation throughout large parts of the area. Therefore rarely
occurring landscape entities are usually avoided and each site investi-
gated should represent a large population of similar sites.

Sites are usually selected to represent a number of observed and
inferred characteristics such as landform and material of a certain kind,
particular drainage condition and vegetation characteristics. Site
selection on the basis of vegetation criteria becomes a very random
process when dependent on aerial photography which is not current. Often
the preselected site has been burned or otherwise disturbed when the
surveyors arrive to start the investigation. Out of date photography
also hampers the extrapolation of such data as the signature on the photo
is out of tune with the present day vegeéation. The old, 1955 air photo—
graphy used in the NRIP program created continual problems throughout the
survey and often necessitated the ad hoc selection of an alternate site.

The availability of recent air photography at an appropriate
scale is very important in the conductance of reconnaissance type land
resource-surveys. If an ecological land survey is planned well ahead new
photography may be procured before the actual field survey begins.

Landform, Soil and Vegetation
Investigations

Soils and landforms were investigated during the NRIP according
to standard-soil survey procedures. Because of the strong representation
of pedological expertise on the team the soil data is generally of good

quality, complete and can usually be classified at the soil subgroup
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level and mapped at the soil association level. Landform descriptions
are fairly complete and additional data collected on organic land forms
served to enhance the information obtained from available surficial
geology maps.

The collection of vegetation data on the other hand was little
structured except for the use of vegetation data recording forms. The
method suggested for collecting vegetation data in the Guidelines
(Lacate, 1969) was not implemented during the NRIP because of inadequate
representation of phytosociologists on the study team. Lack of structure
in vegetation sampling led to incomplete and unreliable data. Inade-
quacies of the approach are quite evident in the raw vegetation data
lists provided in the Ecosection descriptions presented in Appendix B
(page |53 . In many cases large gaps and inconsistencies exist in the
number of species recorded. The introduction of the detailed scales for
cover and plant sociability made the recording of these parameters
unnecessarily complicated and also unreliable. The application of the
Braun-Blanquet scale would have been more appropriate in view of the
level of phytosocioloéical expertise available.

The summary of data types in Table 2 (page 72) indicate that no
vegetation data were recorded at many sites. Species 1lists, cover
estimates and stand measurements are more complete for upland sites than
for wetlands. The main site at each stop is usually treated in greater
detail than are subsequent sites at the same stop. The numbers of soil
investigations also show that soil data collection was incomplete on a

number of sites, but not to the same extent as the vegetation data
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collection.

The amount of land attribute data collected during the field
investigation phase must be sufficient to maﬁ and classify the majority
of map units at the level of abstraction chosen.

During this review it was found that in the Sipiwesk map sheet
only 39 of the 56 soil-association "drainage members” used in the
mapping, had been investigated at least once within the map sheet
boundaries. However, a number of these members were described in
adjacent map sheets. These figures are an indication of the extent to
which classification and delineation of mapping units depend on photo-
interpretétion.

The number of investigations per map sheet is low with respect to
scale of map, intensity of map units and complexity of mapping unit
symbol. The number of sites investigated per map sheet should be
increased to ensure -quality control on the photointerpretation.
Adequate soil characterization and sampling may require a level of
groundtruth 3 to 4 times (or more depending on terrain) the number of
expected types. This number of investigations will offer sufficient
replication to provide adequate data to describe the range of soils and
landform segments.

However, vegetation classification and characterization carried
out at a comparable level of detail would require many times that number
of sites. A reliable vegetation classification depends on large amounts
of data collected in hom&geneous vegetation communities in a repetitive
manner (Mueller-Dombois and Ellenberg, 1974). A reconnaissance type

survey of low intensity, with respect to number of site inspections, is
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not capable of providing the required amount of data. Although it 1is
possible to collect accurate data on each site investigated, the number
of sites is insufficient, and only more detailed surveys or studies will
generate the amount of data necessary to successfully attempt a classifi-
cation. However, a reconnaissance type survey may provide sufficient
vegetation data to attempt an ordination for gross climatic differentia-
tion of ecqregions.

A better relationship between the number of investigations and
the final published map may be achieved either by increasing the inten-
sity of the survey or by mapping at a more generalized level. All per-
tinent data should be collected at each site, and the vegetation data
collection should be structured using plots and subplots as recommended
by Lacate (1968). The number of samples for soil typing should also be
increased, to provide reliable descriptions for a greater range of
types.

Waterbody and Wildlife
Investigations

The waterbody investigation and the study of aquatic systems were
a relatively minor part of the total NRIP, so it is not possible to make
an in depth evaluation of the collection method of the resulting data.
It appears that the collection of data on some water parameters, like
temperature and turbidity, is not appropriate for reconnaissance surveys,
because of the temporal aspects of such properties. However, permanent
physical features such as shoreline characteristics can be easily handled
by an ecological survey team during the normal course of the field survey

(Jurdant et al, 1977a). Much related data such as shoreline length,



94
total waterbody area and shoreline configuration can be obtained from air
photographs. In addition some inferences concerning water chemistry and
nutrient status are possible if the water data is considered together
with knowledge gained from the study of associated mineral and organic
terrain of an area.

Although wildlife investigations carried out concurrently with
the basic ecological land survey have some benefit for all disciplines,
the NRIP experience indicates there are also several disadvantages.
Concurrent field studies are not able to accommodate certain temporal
aspects of wildlife investigations like the study of habitat use during a
particular season and it is difficult to match the rate of progress of
the wildlife component studies to that of other land resource studies.
Successful wildlife evaluations require the ecological overview and
relationships between land, vegetation, soils and climate provided by a
ELS. Limited integration of wildlife expertise into the study team at
the data gathering stage serves to keep all personnel aware of the data
requirements for wildlife evaluation. For instance, the lack of riparian
vegetation data is noted as limiting the usefulness of ecological land
based data by wildlife managers and recreational development planners
(Zoltai et al, 1969). The inclusion of data on aquatic ecosystems and
their relationship to terrestrial ones is of great importance to wildlife
managers (Gantcheff et al, 1978). Aquatic ecosystems are an integral
part of the landscape and directly influence the value of terrestrial
ecosystems to both wildlife (Schmidt, 1979) and recreants. However, in
most cases, the collection of basic wildlife data is better left to

separate studies subsequent to the initial gathering of ELS data.
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DATA PRESENTATION

The objective of all ecological land surveys at the reconnais-
sance level, 1is to cover large tracts of previously unmapped terrain
rapidly and to delineate the land base into ecologically significant map
units. The purpose of this type of survey is to provide basic informa-
tion on the land base to a larger number of users than is usually reached
by single land resource surveys. An advantage of broadly based resource
information is that thematic maps and various interpretations that may be
derived have a common base, through which the relationship between the
second generation maps and reports remains intact.

The integration of the data on various land attributes into
ecologically significant map units and their descriptions is difficult to
accomplish. The ecological surveys carried out in Quebec in the Lac St.
Jean and James Bay projects are generally considered to be most success-
ful in achieving a degree of integration (Wiken, 1978). In these surveys
a very definite attempt was made, by means of an integrated survey team,
to create an integrated product which showed the relationships between
various landscape components in the form of ecological land units and,
which also included information, to some degree, on aquatic ecosystems as
well (Jurdant et al, 1976, 1977 a and b). Other ecological land
classifications such as the Carajou area study in Alberta attempt to
present resource data in an integrated fashion but are not integrated at
the data collection phase (Dutchak, 1979). The ELS maps resulting from

this study were derived mainly from data collected in previously
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published soil survey and .CLI inventory projects. Ecological integration
in the NRIP surveys in Manitoba was achieved to some extent but with
strong emphasis on two components of the land resources: soils and
surficial materials.

Ecological land survey maps and reports are the means by which

the information obtained during the survey are relayed to the users of
1and resource data and some measure of the success attained by such
surveys is gauged by user response. As noted in the introduction to this’
chapter response of usérs to the NRIP product have been very minimal.
However, the land resource data generated by the James Bay project has
been used in the following planning and management areas (Gantcheff et
al, 1978):
1. location of utility corridors, 2. impact studies, 3. land use
planning, 4. resource management, 5. environmental descriptions, 6.
background information for various resource studies and 7. miscellaneous
applications such as archeologic studies.

The same survey of Quebec users also yielded five basic reasomns

explaining under—utilization of the data of ecological land surveys:
1. the information was not readily available at the time it was
required, 2. the degree of reliability of the interpretation keys was
unknown, 3. the data often were presented at a level of perception which
is incompatible with the user's needs, 4. lack of information at the
ecosection level on key components of the environment such as aquatic and
riparian habitat and present vegetation cover, 5. the user did not have
the necessary experience to handle the information.

Gantcheff et al (1978) conclude that the successful application
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of the land resource data in the future will “largely depend upon the

familiarity of the potential users with the classification, its results

and their possible interpretations.” They further state that "the

development of interpretation keys will also have to receive more
attention in the future. These keys represent the point where resource
specialists and users meet; the degree of confidence the latter has in
the interpretation will determine the extent of the utilization of the
ecological data.”

Ecosystem and Ecological Land
Classification Map Units

The hierarchical Ecological Land Classification system applied in
Canada serves both as a taxonomic and as a mapping system. The dual
purpose of the classification system creates some problems with respect
to the delineation of ecologically significant land units at various
levels of generalization in ecological land survey.

In Table 5 a taxonomic hierarchy for ecosystems is suggested in
order to illustrate the differences that exist between the categories of
an ecosystem classification and the categories of the Canadian ecological
land classification system. At the most generalized level of abstraction
the earth is viewed as tﬁe ultimate ecosystem. If one considers terres-
trial ecosystems only, a terrain unit, very “pure” in regard to soil and
vegetation type forms the smallest identifiable, complete ecological
unit, the so called Element, which represents in most cases the most
homogeneous part of an ecosystem.

Table 5 indicates that all levels below the Mega Order have broad




Table 5.

Suggested Taxonomic Classification System for Ecosystems and Comparison with ELC System.

Differentiating Ecosystem Approximate Equivalent
Taxonomy Criteria Schematic Presentation examples in ELC-system
Kingdom Global
Phylum Land vs. North America
)
Mega Order — Boreal Region Ecoprovince
)
)
Order ) Climate S——— Y- T High Boreal Region Ecoregion
)
)
Suborder )
)
Great Group Land vs. Water e [ terrestrial All Land Systems )
Blanket )
Subgroup Mineral vs. Organic )
surficial Materials I mineral l organic l Glacolacustrine ) Ecodistrict
1 ) and
Family Mode of deposition and i ) Ecosection
form of surficlal m f~s| landform landform Blanket )
materials a )
t )
Assoctation Soil association e || parent mat. | [ parent mat. | Arnot Siding Ass. )
Vegetation association
Arnot siding soil
Series Soil series, vegetation o= | 8011, veg | [ soil, veg | series and vegeta- Ecogite
chronosequence : tion chronosequence
Element Soil series type and - soil, veg soil, veg Arnot Siding soil series Ecoelement

vegetation type

type and vegetation type
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regional climate as a common environmental factor, but only at the Mega
Order, Order and Suborder levels is climate a differentiating factor. At
lower levels like Element, Series and Association climatic influence is
at a local or micro scale and is really a function of regional climate
modified by topography, aspect, texture and drainage which result in
particular soil and vegetation characteristics. Land as opposed to water
and mineral as opposed to organic surficial materials are the differenti-
ating criteria for the Great Group and Subgroup categories of the
suggested hierarchy. The Family category is based on geomorphologic
criteria such as form and genesis of surficial materials.

The ecologically significant element in the landscape 1is an eco-
system described at the Ecosite level of abstraction. This is a land-
scape element which shows strong relationships between its various
physical and biological attributes and is also fairly homogeneous, with
respect to these attributes, throughout its areal extent. These units
are therefore generally limited in size and are usually mapped at scales
of 1:10 000 to 1:é0 000 and occasionally 1:40 000. At this level of
abstraction the delineation of map units does not conflict with the
taxonomic classification of ecosystems as can be seen in Table 5.

As Table 5 also indicates the recognition of landscape units at
the Ecosection and Ecodistrict levels of the Ecological Land Classifica-
tion system results in some disagreement with corresponding levels of the
taxonomic classification system. At these levels the map units contain
ecosystems that belong ta#onomically to different classes. The map units
lose their ecological unity because they become agglomerations of eco-

systems which are heterogeneous with respect to soils and vegetation and
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in the case of large units also with respect to landforms. At the Eco-
region level of the ELC system ecological unity is regained because of
the single differentiating criterion of regional climate. Although the
regions may be very diversified with respect to geomorphological, geo-
logical and hydrological attributes, they have unity because of climate.
Thus at the Ecoelement, Ecosite and Ecoregion levels of the ELC system
conflict between map unit and the ecological taxonomy of the landscape
unit it represents is minimal. On the other hand, the Ecosection and
Ecodistrict map units often represent a diverse group of ecological
entities that are not ecosystems as such and need to be described on the
basis of their component parts.

in Table 6 a comparison is made between a USDA Land Classifica-
tion System devised by Wertz and Arnold (1972), and the equivalent Eco-—
logical Land Classification categories used in Canada. The Canadian Eco-
section category straddles the subsection and landtype association cate-
gories proposed by the U.S. system. The landtypes of the U.S. system are
their basic units-and building blocks for overall land use study and
planning. The land type association groups a number of land types into
larger units. This resembles the approach in Canada, but the landtype
associations appear to be less complex and are usually mapped at a scale
of 1:20 000 to 60 000; a much larger scale than usually employed to map
Ecosections in Canada. The USDA system is not considered an ecological
land classification system, its objective is to subdivide the land into
increasingly more refined units which happen to coincide at the Landtype
level with ecosystems and at the Landtype Association level with eco-

system assoclations.



Table 6. Comparison of USDA and Canadian Land Classification Systems
System outlline, land base portlion of Integrated environmental Inventory (after Wertz and Arnold, 1972) Canadlan ELC
. System
Category Name Basis for Delineation Size Range Principal Application Approximate Equivalent
VIiI Physiographic Basic Elements: 10008 of km2 Nationwide or broad regional Ecoprovince
Province Structure, lithology, climate. data summary.
First order stratification.
Vi Section Basic Elements: 100s to 1000s Broad regional summary. Basic Ecoregion
Structure, lithology, climate. of km2 geologic, climatic, vegetative
Second order stratification. data for design of individual
resource inventories.
Ecodistrict
v Subsection Basic Elements: 10s to 100s off, Strategic management directiom,
Structure, lithology, climate. km2 broad area plananing.
Third order stratification.
: Ecosection
v Landtype Manifest Elements: 2 to 108 of Summary of resource information
Association Soils, landform, biosphere. km2 and resource allocation.
First order stratification.
IIL Landtype Manifest Elements: 1/5 to 2 km2 Comprehensive planning, resource
Soils, landform, blosphere. plans, development standards, Ecosite
Second order stratification. local zouning.
II Landtype Manifest Elements: 1/25 to 1/5 Project development plans.
Phase Soils, landform, biosphere. km2
Third order stratification.
I Site Represents integration of all environ- less than Provides precise understanding of]
mental elements. Units are generally not 1/25 km2 ecosystems. Sampling will be for
delineated on map. defining broader units, for Ecoelement

research, and for detailed on-
site project action programs.
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A more refined category like the USDA Landtype Association (but
association defined as group of land units related through common proper-
ties with respect to parent material) would bridge the gap between the
Ecosite and Ecosection categories of the Canadian ELC. The Ecosection
would then be redefined as an area of land throughout which there is a
recurring pattern of landforms. Soils, vegetation and water bodies can
be described in general terms in the legend or report to provide more
information on the land base. Scale of mapping would be 1:250 000 and
the map unit would appear as a subdivision of the district. The "Ecosite
Association” would then be mapped at scales from 1:40 000 to 1:100 000
depending on terrain conditions and the survey would be termed "medium
intensity” survey.

Ecosection and "Ecosite Association”
Map Units

The ecosection map units shown on the NRIP map represents
generally a rather large and, in terms of constituent ecosites, a complex
landscape unit. Examination of 8 ecosections, partially or entirely
shown in the map sample of the Sipiwesk map sheet area (Figure 6,
page 78), yielded figures areal measurements as follows: 8, 12, 19, 22,
45, 50, 83 and 116 kmz,\with an average size of 45 km2. The complex—
ity of two ecosection map units is illustrated in Figures 7 and 8. These
cross-sections show that each ecosection consists of a large number of
small landscape entities, which can be grouped into a number of landform
classes eg. cLb, Bt, Fc. The cross-sections also show that the component
parts of each ecosection occur in a repetitive pattern throughout the

unit.




m Pl o (e[ & [ m [ w [of 8 Jre] o [ er Jafm
0‘ E : Cy. Cy. Cy. “\g Cy. M’!| Mn. CY| Mﬂz A‘| Cy. ‘lz Mn,
. ASAR \"R g |
AT M ;
3 T <y ,iﬁf AV $E
e s ' ,‘“il“r‘ M [
b a T \ ) '"lu i
U T2 ===== == =] ©
0 250 500 750 1000 1250 1500metres
B CH G Y B b
Cy. an Cy. I

-

O metres

25

Figure 7. Cross-sectional Diagram of an Ecosection (I)

5 5

Ecosection
Cyy Mny 4

Bt~ Fc.h

00 metres

€0T




Bv
1sz

ﬂ | Fh Bt

b
Ay

Mnz  (Cyi

////////4' x

b

Asy

R 41

0 750 1000 1250 1500 metres
Bt Fc_ Bt Felgr | By cLb Bt | Fe
Cyy Mn, Cy, anle| Is, Asy Cyi | Mng

1750 2000 2250 2500 2750

Figure 8. Cross-sectional Diagram of an Ecosection (11)
Ecosection o2 clb . v5 l Bv . t5
As Spy ' Is, Cy;

1

O metres

701




Fe 81(Fe) week [ o [ Bt e b b cib b B [
Cyy meander Mny Cy |lsz Asp As; Asp Asy Cy My
Fl2
6 . [
k | Precambrian Bedrock
) Iz
o VXTI LR ===~
3250 3500 3750 4000 4250 4500 meires
Bv-cLb cLb Bv_ Bt | Bv_ cLb Bv Bt Fe_ Bt By
lag Asy Ay Isy Cy | Is2 As3 Isp Cy Mn =
Precambrion Bedrock

5000 5250 5500 5750 6000 6250metres

Figure 8. Continued

S0t




Table 7. Partial Legend for Cross-sectional Diacrams
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I and II. (Legend for Unit Symbols in Table 6. page 90)
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The large areal extent and complexity of the ecosections used to
map terrain in northern and central Manitoba is attributed in part to
landscape conditions in which a generally poorly developed drainage
system results in many areas of organic accumulation. This character-
istic combined with the occurrence of permafrost gives the terrain a
mosaic-like appearance and its ecological heterogeneity. The mapping of
such complex terrain from limited ground-truth results in the delineation
of ecosection map units that are, in reality, complexes or combinations
of smaller ecosections. These large complex ecosections usually have
~ many component parts in common, varying only in distribution, size and
proportion between the ecosections.

The use of air photographs to facilitate terrain mapping permits
the identification of landscape elements at a larger scale than actually
can be portrayed on a 1:125 000 scale map. Because of this, map units
are labeled by means of complex symbols which identify 3 to 5 classes of
component parts in decile portions within the map unit. This complex map
unit symbol implies a degree of accuracy to the user that is not always
warranted. Accuracy of the map unit symbol in reconnaissance survey
mapping is very dependent on the photointerpretation skills and experi-
ence of the surveyor—-mapper and the quality and quantity of groundtruth.
However, groundtruth for a particular landscape component is only an aid
in the classification of similar components, if a particular ecosite has
not been investigated it will not be properly mapped and identified
regardless of the number of investigations that have been carried out per
map sheet, per map unit or per km?2 .

The choice of map scale relates to objective and purpose of the
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survey and the scale of the map determines the detail of landscape attri-
butes that can be portrayed. A map unit with a dimension of 1 cm?
usually is considered the smallest entity that can be shown on a map. At
the 1: 125 000 scale this unit represents an area of about 1.5 km?.
The extent of landscape units delineated on a map should relate to the
scale of the map and therefore map units of a size easily portrayed at a
smaller scale should not occur frequently. The size of the average
landscape unit, represented on the ecosection maps produced by the NRIP,
indicate that the majority of the units could have been portrayed at a
scale of 1:250 000.

As part of the evaluation of Ecosection map units a small area in
the Sipiwesk map sheet was re-interpreted to produce a more detailed map
with smaller map units (Figure 9). The reinterpretation was carried out
on the same air photos and using the same groundtruth data as in com—
piling the NRIP map. It is hoped that the creation of the smaller map
units also resulted in the delineation of landgcape units with stronger
ecological unity than was portrayed on the original ecosection map. Each
map units consist of a small ecosection which is described as an
"associations of ecosites” and is identified by a dominant "Ecosite
Association.” The members of this "Association” have strong ecological
affinity. The map unit also includes a number of spatially associated
but ecologically different ecosites or ecosite complexes, which are
flagged by means of a symbol modifier (Figure 9 and Table 8). These
units still are basically ecosections but they have greater homogeneity
and are therefore probably easier to interpret for various uses than the

more complex NRIP map units.
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Table 8. Legend for “Detailed Map™ Sample for Sipiwesk Map Sheet Area
Eco-section Eco- Landform and Map Unit Dominant Significant Ecosite Soil * Vegetation
Sym- Name region surficial material Symbol Ecosite Associations Inclusions Association Association
bol Association N L3
Arnot | HB Lacustrine blankets, Asl Arnot Siding Isget Lake <20 Arnot Siding Arnot Siding
AS Siding clay textured, AS2 id. Isset Lake 20 - 40 (As8) (Asv)
calcareous AS3 id. Iasget L. & Crying L. 20 - 40
Crying HB Peat plateaus, deep CcY1 Crying Lake Machiewin < 20 Crying Lake Crying Lake
CY Lake mesic forest peat and/ CcY2 id. Machiewin 20 - 40 (Cy) (Cyv)
or fibric forest peat cY3 id. Machiewin & Isset L. 20 - 40
Isset HB Bog veneer, shallow Is1 Isget Lake Arnot Siding <20 1sset Lake Isset Lake
18 Lake mesic forest peat over 182 id. Arnot Siding 20 - 40 (18) (Isv)
lacustrine clay 183 id. Arnot Siding & Crying L. 20 -~ 40
Machie- HB Collapse scars and hori- MN1 Machiewin Crying Lake <20 Machiewin Machiewin
MN win zontal fens, deep MN2 id. Crying Lake 20 - 40 (Mn) (Mnv)
mesic fen peat MN3 id. Crying L. & Isset L. 20 - 40
Split HB Lacustrine veneer over SPl Split Lake Arnot Siding <20 Split Lake Split Lake
14 Lake Precambrian bedrock; SP2 id. Arnot Siding 20 - 40 (Sp) (Spv)
clay textured, SP3 id. Acidic bedrock <20
calcareous SP4 id. Acidic R. & Arnot S. 20 - 40

Topographic Expression
Relief Class Slope Class

meters | degreed] 13

a 0-2 § 0-2 0-5
b 3-5 2
c 6-20 ¥ 8-15

3-7.5| 6-15
16-30

* Additional information on soils can be provided in the same manner as in Table 4, page 79,
or in the form of the descriptions given in Appendix B, page 153 to 172.

01T
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Three "new" ecosections are described in Appendix B (page 153 to
172) in order to portray some of their characteristics in more detail.
The format for the soil descriptions is similar to that used in many soil
survey reports. The vegetation component found on various ecosites must
also be described in the form of general vegetation types. The vegeta-
tion data collected during the NRIP survey has been used in establishing
and describing vegetation types in relation to the soil and landform on
~which they were found. The selection of some of the vegetation types
presented was accomplished through manipulation of the data for species
and cover, and the application of Sorensen's Similarity Index (Mueller-
Dombois and Ellenberg, 1974) after the dinitial grouping had been
accomplished.
The foregoing discussion indicates the necessity for the descrip-
tions of "Ecosite Associations"” in terms of soils, vegetation and
possible other land attributes as well, to be part of the report on the

ecological land survey.

Utility of the Ecosection Map Unit

The basic document of the NRIP consist of an Ecosection map at a
scale of 1:125 000, on which map units at the Ecodistrict and Ecoregion
level are superimposed (see Figure 6, page 78). An extended legend
attached to the map (see Table 4 for example of Sipiwesk map legend) and
a Guidebook containing information on ecoregion and district properties
(see Appendix A, page 146) and a glossary of terms used on the map and in
the legend are part of the information package. A small (4 to 6) number

of cross-sections through ecosections or parts of ecodistricts are also
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presented in the Guidebook,-in order to show some spatial relationships
between and location of various ecosites in the landscape. No descrip-
tions of ecosites or ecosections are provided and no ratings are given
for ecosections or their component parts.

The value of the ecosections as a base for making land use

decisions depends not only on basic information about the component parts

but also on how well the essential properties of the landscape segment
shown on the map are conveyed to the user. Ecosection map units, which
are very complex, must be evaluated on the interpretation of the com-
ponent parts of the entire unit. Although the interpretations of each
component part may be more precise and accurate than those for the
overall map unit, their value is limited because often the potential use
of particular components depends on their size, distribution and spatial
distribution with other components within the unit. The way in which a
user of the NRIP ecosection map obtains an understanding of the landscape
adn its component parts is by decoding the connotative map unit symbols.
Although some landscape cross—ections are provided as an aid in under-
standing the complexity of the landscape, they cover only a small range
of conditions. Therefore the accuracy of the mental picture formed by
the user depends on the success with which the legend information and the
descriptions of terms in the glossary are applied in the decoding of the

symbols. Thus, although large amounts of data collection during the

survey are used to delineatelmap units and to describe landscape con—,

ditions by means of complex map unit symbols, much information is not
readily available to the user. Through the addition of a report con-

taining informative descriptions of the kind as presented in Appendix B
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(page 153 to 172), understahding of the data by the user may be facili-
tated. However for many users who lack the expertise to understand com-
plex ecosystems the generation of thematic maps and interpretations for
various uses seems of even greater importance. The need for interpreted
data for the ecosection map wunit and for its comprising ecosite
components, as well as the more generalized ecodistricts, in the form of
thematic maps and ratings has been documented in the Quebec experience
(Gantcheff et al, 1978). Therefore the development of reliable
interpretation keys 1in cooperation with potential wusers is highly
important to the successful utilization of ecological survey data.
Ecological 1land surveys in Manitoba have wutilized various
approaches to enhance their usefulness. In the Cormorant Lake project
the areal relationships between different ecosites of ecosections were
conveyed by means of cross-sectional diagrams depicting the various land-
forms or components (see Table 9 in Appendix A, page 140). The Cormorant
Lake project was evaluated in 1968 by resource specialists involved with
the Canada Land Inventory program. The data were found to be quite
useful in accelerating individual resource inventories. However it
should be kept in mind that the evaluations were carried out by various
resource specialists weli acquainted with mapping procedure and mapping
units. This data base provided guidance for further survey work in their
particular fields and aided in the preselection of areas requiring
additional survey effort.
Similarly, in the Churchill-Nelson Rivers Study report an attempt
was made, through the description of landtypes and the inclusion of small

segments of air photographs, to portray and convey some of the complexity
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and relationships of units mapped at a scale of 1:50 000.

It is difficult for two reasons to evaluate the usefulness of the
ecosection maps of the NRIP survey in Manitoba for land planning and
management. Firstly the term “"useful for broad regional planning and
management” was never defined adequately for the study team. Secondly,
only limited use has been attempted of the data and it is such experi~
ences in using the data that will provide the only true answer to the
question about utility of this product.

A survey of foresters in Manitoba regarding their use of soil
survey and NRIP information for forest management (Veldhuis, 1977) indi-
cates a lack of awareness of the NRIP product as one of the reasons for
not using the information. However, those familiar with the product
thought the map scale and the kind of information provided would not help
in management and planning and definitely would not reduce their reliance
on forest inventory information (scale of maps is 1:16 000) as the base
for their management decisions. Response from the foresters indicated
that ecological land data would be of great value for forest management
if available at the Ecosite level (map scale 1:20 000) and particularly
if the map units were rated for properties such as potential and actual
forest productivity, natural and artificial regeneration potential and
problems, species selection, trafficability and effect of cutting
practices.

It is concluded from the foregoing that forestry is one of the
potential users of ecological survey data in Manitoba. However they
require data at a level of abstraction not being collected in Manitoba as

yet on a routine basis.
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Recently some use of the data was made by delineating areas with

certain agricultural potential based on climatic zone, drainage and tex-
ture related to landform (F. Piturd, personal communication). The infor-
mation derived will be portrayed at a scale of 1:1000 000, which may
indicate the kind of broad planning the information on the NRIP map may
be used for. Although some assistance from survey personnel was required
the agricultural background of the user allowed a rapid familiarization

~with the material at this scale.

Utility of the Ecodistrict Mapping Unit

. The terrain described as an Ecodistrict is viewed either as a
subdivision of an Ecoregion or an agglomeration of Ecosections. In Mani-
tobd, ecodistricts were delineated with the aid of geological surficial
deposit maps, topographic maps and the interpretation of small scale
satellite images within areas thought to be climatically uniform. The
ecodistrict boundaries were adjusted during the course of field studies
and again after the compilation of the ecosection map.

In Manitobd, the ecodistricts are largely delineated on the basis
of patterns in geology and geomorphology. The more recent proposed
national definition .(CCELC, 1979) 1lists vegetation, soils, water and
fauna as differentiating criteria as well. Vegetation, soil and fauna
characteristics result from climatic influence on the land surface. To
delineate a district on the basis of vegetation is only correct if the
vegetation characteristics are a result of particular physiographic
conditions. If the vegetation differences between two districts are due

to climatic parameters rather than physiographic ones, then the ecoregion
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delineation should be adjusted. Affinity between vegetation and physio-
graphic characteristics were noted by Ritchie (1960b) in the Hayes River
(54C) map sheet where vegetation pattern relates closely to the organic
landforms covering most of the area.

Introduction of water characteristics (lakes, streams, drainage
systems) appears to be a valid addition to the definition. . Drainage
systems, size, shape and frequence of lakes usually relate to physio-
graphy and so provides a valuable additional descriptor for the Eco-
district. A few Ecodistricts shown on the NRIP maps may encompass a
fairly narrow range of conditions which are not much different from eco-
sections (ie. organic dominated terrain in the Hudson Bay. Lowland). More
often, tﬁe ecodistrict delineations include a complex of landscapes such
as morainal veneers and blankets, lacustrine veneers and blankets, all
intimately distributed with organic deposits and rock outcrops. A
general description of the range of conditions in a district is provided
in the NRIP Guidebook for a particular map sheet area. The use of the
district delineations is most appropriate at a very general level of
planning. -Detailed knowledge concerning an Ecodistrict is only gained by
examining the constiutent ecosections within the overriding climatic
framework provided by the ecoregions. Analysis of this data permits the
selection of districts with higher potential for particular uses over
those which have little or none.

Utility of the Ecoregion
. Map Unit

As climate is the most important influence on biological
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processes and is to a large extent the critical, often limiting factor,
in forest and agriculture production, the Ecoregion concept and its
application is very important in ecological land classification.

The Ecoregion category as used in ecological land surveys in
Manitoba describes map units which have the highest degree of ecologic
unity in both taxonomic and cartographic terms. At this level of mapping
aspects of the environment like soils and vegetation are placed in an
overall climatic framework which permits the extrapolation of generalized
growth data and capability ratings over large areas.

Because measured climatic data are often incomplete, and the
influence of specific climatic properties on the environment is often not
_well known, it has become the practice to use other parameters such as
soils and vegetation characteristics to help define the climatic regime
over large land areas. Soils and vegetation are a direct function of
climate but they do not necessarily reflect the influence of present day
climatic parameters. ..Contemporary soil conditions in particular may be a
reflection of climate of the past. Although vegetation and fauna may be
more sensitive indicators of climatic differences than soil, this sensi-
tivity is also a limitation in their use for describing ecoregions. As
climate changes, threshold levels for physiological requirements may not
be met for some plant species. Seeds may not ripen and growth may be
stunted, resulting in floristic and structural changes in the vegetation.
Gross vegetation characteristics (forest, grassland) are known to change
slowly with climatic change. Nichols (1976) refers to the historical or
relict nature of the present treeline in some areas. However the tree-

line is widely used to separate the forest tundra from the true tundra
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and climatic regions are based on this vegetation difference. Tikhomirov
(1970) holds the view that forest limits are the most important bio-
geographical boundaries in the north, but what constitutes a forest or a
tree needs clarification (Hustich, 1970). The term subarctic is often
used to delineate the zone south of the treeline in ecological land
classification. The subarctic is defined as the narrow or indeed very
broad "ecotone" between the polar tree line and the boreal forest region
proper, but according to Hustich (1979), Soviet scientists speak both of
~arctic and subarctic tundra. . Their subarctic region includes treeless
tundra as well.

It is clear that even in areas where there is apparent dramatic
change in the vegetation the delineation of the Ecoregion is not easy.
The problem is even more confounded by the use of terms that are similar
but have different meanings (Love, 1970; Hustich, 1979). It is obvious
that South of the treeline the problem becomes even more complex because
of the greater diversity of vegetation. Differentiation between open
forest and closed forest (Ritchie, 1960a and b) is sometimes used as a
criterion for delineating subarctic regions from boreal regions (Mills et
al, (1977), although these terms are very subjective and their defini-
tions vary among investigators.

Soils are known to respond relatively slowly to climatic change
as is evident from degradation or. .Chernozemic soils under forest vegeta-
tion (Pettapiece, 1969). Permafrost occurs in areas where it is not in
equilibrium with present climate conditioms. Soils on the other hand are
little affected by environmental disturbances as fire and therefore are

in many areas a more permanent, but still environmentally sensitive,
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record of climatic parameters than vegetation. For those reasons soil
and vegetation characteristics are used to help define regional climate.

In the Guidebooks produced by the NRIP it is stated that vegeta-
tion characteristics, trends in soil development and permafrost condi-
tions are utilized "to provide more reliable criteria for the establish-
ment of Land Regions than those based on meteorological data alone”
(Mills, 1977, Veldhuis, 1979). . This statement is very valid although
_Dansereau and Pare’ (1977) state: "It cannot be emphasized too strongly
that meteorological data are the only proper direct expression of
climate.” Inferences from vegetation and soils with respect to the
climatic factor often can, when used with careful judgement, provide a
more reliable picture of climate and how it affects plant growth than can
be obtained from a dense network of climatic stations. . Only through the
study of vegetation growth and ecosystem behaviour can the significance
or relevance of climatic data to biological uses of the land be
determined. However, to achieve full benefit of ecoregion delineations a
correlation of inferred and measured climatic data must be attempted to
improve the statements that can be made so far with respect to biological
productivity and critical limits of climatic parameters. Hare (1950)
delineated broad climatic zones on the basis of aerial photographs,
observation flights across suspected zonal boundaries and some limited
ground traverses. ..Correlation with climatic data suggested that northern
forests are governed in their growth by temperature, and that
precipitation was adequate throughout the area of study. His
investigations also pointed to a correlation between zonal forest

divisions and thermal efficiency (potential evapotranspiration).
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Although the selection of criteria for delineation of climatic-—

ally uniform regions is difficult, the rationale for the selected cri-

teria and the inclusion of the ecoregion in the hierarchy is quite appro-

priate. The region is a very useful mapping unit in the ELS, because

through its single overriding criterion, strong ecological implications
are provided for data collected at lower levels in the hierarchy.

.Data Flow in Land Resource
Surveys

In this section three types of land resource surveys are compared
in terms of data flow from the initial definition of a concrete land base
to the creation of planning and management land units.

The Forest Inventory is an example of a single disciplinary type
survey designed to provide data for one purpose and one user group. . The
data is collected to help foresters to éake decisions with respect to
area to be cut, allowable cut per management unit and areas to be pro-
tected from fire. The maps are simple and the user group has no problem
understanding and using the information. The data is of little value in
this form to other land resource data users. To enhance the information
and to make it useful for other user groups requires resurvey of the
areas utilizing on a néw set of criteria. In Saskatchewan, forest
inventory personnel initiated the classification of ecosystems for forest
management in the Mixedwood Section (Kabzems et al, 1976). .Data of this
nature have a wider appeal than that of traditional forest inventories.
However forest inventory data generated in Manitoba can be used to

\

augment data collected in soil and land surveys through correlation of
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growth data with mapping units. A diagram of the data flow in a forest
inventory is presented in Figure 10. The emphasis in the data collection
is narrowly placed and the resulting planning unit has a strong single
land resource bias.

Although the Soil Survey is usually classed with single discipli-
nary surveys, the data generated have been used by a number of different
land resource data users like agriculturists, foresters, engineers and
~wildlife planners. Soils have strong ecological affinity to other com-
ponents in the environment and the study of soil and its mapping is
indirectly the study of other environmental parameters as well. As soils
are the product of the interactions of a number of environmental attri-
butes they form an important, if not essential criterion in the Eco-
logical Land .Classification at the lower levels of the hierarchy.

Therefore in ecological 1land resource surveys conducted at
mapping scales of 1:125 000 and larger, the map units delineated often
have strong resemblance to those that would be delineated on soil survey
maps. .. The main difference between the two types of survey lies in the
emphasis that is placed in the data presentation to include other
landscape attributes. . The map product is actually not much different
from that of soil surveghmaps and reports (Jurdant et al, 1977a and b;
Lavkulich, 1973). Vink (1975) states that the delineation of mapping
units is based largely on the same criteria for both surveys when mapping
similar terrain.

The ELS product of the NRIP bears a strong resemblance to a soil
survey map based on the same data partly due to the strong representation

of pedological expertise on the ecological land survey team. . The data
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fiow for a soil survey and a NRIP survey are presented in Figures 11 and
12 respectively. In these diagrams, the difference in data flow appears
to be more of degree rather than kind. In the NRIP the emphasis on
various land resource components is slightly more balanced than in the
soil survey, but in both surveys the main emphasis is placed on soils.

The diagrams also show that evaluation of the data for various

uses is an integral part of soil survey but was not in the NRIP surveys.




.Chapter 6
CONCLUSIONS

The application of the Ecological ZLand Survey approach in
Manitoba is patterned after national guidelines developed for ..Canada,
differing mainly in the greater emphasis given to the landform and soil
portion of the environment as compared to that allocated to vegetation.
The basic unit of classification is the ecosite having a very narrowly
defined range of attributes important to land use. Ecosites are not
shown as map units but serve mainly as building blocks for the ecosection
map unit. Although ecosites approximate simple ecosystems their eco-
logical integration as map units is not adequately shown at the Ecosec-
tion level of mapping. Available examples of ELS in Manitoba do provide
in general terms a preliminary assessment of the land base for a number
of specific purposes. The ELS in Manitoba was carried out at a recon-
naissance scale primarily because of time and budgetary constraints.

The maps and descriptions generated by the Northern Resource
Information Program did not achieve the degree of ecological integration
that was expected. The reasons were the inability of the Ecological Land
. Classification System to portray ecological significant land units at all
levels of abstraction and because of problems particular to the NRIP
effort. The latter problems are related to the imbalance of expertise in
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the resource fields represented on the study team, especially with
respect to phytosociology. This resulted in a data base showing strong
bias towards information on landforms and soil. Also the scale of
mapping (1:125 000) and the selection of the ecosection map unit as the
basis for the portrayal of landscape data, precluded the delineation of
units with a fair degree of ecological unity. Although data for indi-
vidual components of the ecosection map unit are provided in the legend,
the interrelationships are not conveyed to potential users of the data.
However at the generalized Ecoregion 1level of mapping ecological
relationships are more strongly portrayed. Broad ecoregion boundaries
are superimposed on the ecosection map and provide a framework which has
strong biological and climatic connotations. The addition of the eco-
region map units enhances the ecological significance of the survey maps.
Ecodistricts map units are superimposed on the ecosection maps by agglo-
meration of the ecosections based mainly on physiographic and surficial
material properties, providing a very broad level for land use planning.

Although the NRIP did not generate land resource data of the kind
anticipated, it did produce large volumes of landform, soil, permafrost
and, to a limited extent, vegetation data for extensive areas of northern
and central Manitoba. . The level of detail provided by this data base was
not previously available and much experience was gained in conducting and
planning this type of survey.

The usefulness of the NRIP data could not be ascertained in any
detail, because of insufficient user response to the program. Neverthe-

less, an integrated data base, even if only based to a limited degree on
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ecological criteria, 1is potentially a very valuable tool to the
collective user group of land managers and planners. Evaluations of
other ELS's, eg. the Cormorant Lake Project in northern Manitoba and the
.James Bay Project in Quebec, indicate that the usefulness of the data
base will only be fully realized if the data is interpreted by means of
reliable interpretation keys developed in cooperation with various land
resource specialists.

The evaluation of the ELS as applied in the NRIP in Manitoba
indicéte that a greater effort is required, particularly in the related
vegetation and ecosystem classifications, to produce a more integrated
ecological land survey. It also shows that more effort is needed in the
formulation of objectives for the surveys, and in the development of
descriptions and interpretations of data for various uses. The expansion
of the information package should greatly increase the usefulness of the
data base for land resource use and management even if greater degree of

ecological integration is not achieved.
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Appendix A
MAP AND LEGEND EXAMPLES
OF ECOLOGICAL LAND SURVEYS
IN MANITOBA
CORMORANT LAKE PROJECT

DATA PRESENTATION (After Zoltai
et al, 1969)

Land Region (Ecoregion)

Boreal, moist subhumid Land region

Regional vegetation on gently sloping loam is trembling aspen, white
spruce and black spruce. Black spruce occupies wet depressions and moist
lower slopes. Jack pine is common on sand and on bare bedrock. A few
palsas, peat plateaus with permafrost and collapsed palsas occur on

fibric organic materials.

Land District (Ecodistrict)

Namew Lake Land District: characterized by low relief till plain, with
flat, low dolomite plateaus, small lacustrine clay plains and peat plains

occur in flats.

Landscape Unit

Chocolate Landscape Unit: weakly to very weakly broken area of loamy till
and clay till, with shallow loamy till over bedrock on some low plateaus
and deep lacustrine clay in some flats. Peat plains occur in some
deﬁressions.

Landsystems composing the land portion of this landscape unit are: ML-P;

ML-P45; ML-65; ML-76.

Lakes cover four per cent of the area. Lakes of various size classes
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Figure 13. Map Sample of Cormorant Lake Project (scale 1:250 000)




Table 9
Landsystem ML~76

Tata Presentation for Land Systems (Ecosections) (From Zoltad et al, 1969)
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Weakly broken areas of deep highly calcarecus loamy till (ML-76h) or very highly calcareous loamy till
(ML-76v), with plateaus of shallow, very highly calcareous loamy till over dolamitic bedrock. IDkep highly
calcareous clay occurs in flats. Minor areas of shallow to deep mesic to fibric peat in some depressions.

Example:
7 10014,
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occupy the following proportions of the landscape unit:

Relatively small lakes: 2%

Small lakes: 2%

The lakes have regular to somewhat irregular shorelines. All lakes are
shallow. The shore material is mainly organic matter, or, less
frequently, bouldery till the lakes are without open outlets, draining

through bogs.

Note: . Landscape units are identified by a name. The land systems are
identified by a code, the first part identifying the broad physiographic
province (ML-Manitoba Lowlands; CS-Canadian Shield). The numerals in the
second part refer to particular combinations of geologic materials and
relief classes (Zoltai, 1968; also in Beke et al, 1973, map legend). The
letter 'P' indicates the presence of organic material modifying the
mineral soil land. Placed before the numeral, it shows dominance of the
peat, but following the numeral, it indicates that although the peat
occupies large areas, it is not dominant. A lower case letter following

the numeral indicates the petrography of the dominant mineral soil.
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CHURCHILL-NELSON RIVERS STUDY
. DATA PRESENTATION

Boreal Land Region(3): Regional vegetation on gently sloping, medium and

fine textured materials in closed black spruce forest with a continuous
ground cover of mosses. White spruce and trembling aspen are restricted
to lake shores and river courses. /Jack pine occupies sand plains and
bedrock outcrops. Localized permafrost in mineral materials; but dis-
continuous occurrence of wooded palsas and peat plateaux with permafrost
in organic materials.

Mystery Lake Land.District(MY): An area of moderate relief, characterized

by gently undulating to gently rolling lacustrine deposits and undulating
to rolling glacio-fluvial materials. Precambrian bedrock outcrops occur
infrequently. ..Organic accumulations of varying thickness overlay the
lacustrine deposits. Permafrost occurs discontinuously in the peat ac-
cumulations and less extensively in the mineral deposits.

Landsystems: 40 xh - FB9 and 40 xh - 80 kh

Legend

Topographic class and surficial materials
40: weakly broken terrain with deep and shallow (with some bare) clay,
“with silt, loam and/or sand
80: moderately broken terrain with deep and shallow (with some bare)
clay, with silt, loam and/or sand

Landform:

B: bog

F: fen

Modifiers

h: highly calcareous, free carbonates within 15 to 70 cm of the soil
surface

k. localized permafrost; less than 15% permafrost in landform component
x: discontinuous permafrost, between 15 and 50% permafrost in landform
component
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Figure 14. Map Sample of Churchill-Nelson Rivers Study (scale 1:250 000)
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Table 10, legend for 1:50 000 scale Map, Churchill-Nelson Rivers Study
(After Beke et al, 1973)

Landtypes: Ra% - Cn6 and. 6 - OF4

Fa th
d fm fm w
k z
Land Type
Material Stable
Symbol | Geologic Material Moisture Soil vegetation
Ch Highly calcareous fresh Solodic Gray tA,wS,bS
£ lacustrine clay or - Tuvisol
clay till (Wabowden )*
Ch Highly calcareous fresh Solodic Gray tA,wS
Ra lacustrine clay or Tuvisol
£ clay till over
granitic bedrock
- Ch Highly calcareous moist Gleyed Solodic |tA,bS,wS
m lacustrine clay or Gray, Iuvisol
clay till
_OF Fibric organic matter | wet [Peaty] Rego bS, bR
[+ over highly calcar- Gleysol (Medard)
W eous lacustrine clay
or clay till
Ra Cranitic bedrock dry nil P
Symbol . Description
k less than 15 per cent permafrost
X Greater than 15 per cent but less than 50 per cent permafrost

z Greater than 50 per cent permafrost.
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56°30'

HB High Boreal AL Atkinson Lake
HL Hunting Lake
Ji. Jock Lake
KL Knee Lake
LL Limestone Lake
MN Moose Nose
PL Pelietier Loke
SL Stephens Lake
SP Split Lake
WL Witchai Lake

MB Mid Boreal  OH Oxford House
S! Sipiwesk

ECO-REGIONS ECO-DISTRICTS ! Lt 2> R \2.4%
[

Qo

N

56°00" 56°00'

55°00° L

Figure 16. Map of Selected Study Area with Site Inspection
Locations



Table 11. Selected Biophysical (Ecological) Characteristics of Land Regions
(Ecoregions) in Northern, Central and Eastern Manitoba

Land Region Physio- Dominant Vegetation Types
Sym-| Name ';::l:“ Normal Facies Wet Facles
ol Warmer-drier Normal-~mesic Cooler-wetter Impeded drainage Lakeshore Alluvial
(south slopes, | (level-moder- (north slopes, | (sloughs, kettles, marshes, (streamside)
sand) ate slopes) bottom lands) organic plains)
s Righ Hudson Lichen tundra | Lichen tundra- | Lichen-moss Lichen heath palsas and poly-| Sedge-grass weadow/ | Willow-dbirch9-alder scrub
Sub- Bay tiesath tundra gonal peat plateaus/sedge larch-birchd fens/
arctic |Lowland cottongrass fens willow
Canadien [ Heath tundra~ | Heath tundra- Willow-heath Lichen heath palsas and poly-| Rush-sedge meadows | Spruce¥/willow
- Shield | lichens- 14chena~ tundra gonal peat plateaus/sedge birchd-slder scrud
spruced birchd cottongrass fens
18 Low Hudson Spruce¥ (juck- | Open spruced- Spruce"-nr.hen- Open apruceP~1ichen-moss on Rush-grass meadow/ Syruce"-po-plur"/vnlw-
Sub~- Bay pine) ch larch palsas and peat plateau/ willow-alder birch®-alder scrub
arctic |[Lowland sedge-larch fens
Canadien | Spruce¥ (jack~- | Open lprucob- Open -pruub- Spruceb-larch bog-/npmce“- Sedge meadow Spruce¥/willov-birchd-alder
Shield | pine) lichens 14chen moss lichen-moss peat plateau and
palsa/sedge-larch cottongrass
fens
HB High Budson 81::-«1:-b (Jack- Spmceh-nouu Spmne"--oue- Spruceb-hrch sphagnum bogs/ | Sedge meadow Spruce¥/willow
Boreal | Bay pina, poplar¥) | (fackpine) wpruceb-lichen-moss peat birchd/alder
Lowlend phtean/-edge-lnzch-b1rchd
. fens
Canadisn Spmcab (Jack- Spmu" (Jack- | Spruceb-mosses Spruce"-lnch--phugnu- boge/ | Sedge meadow Spruce¥/willow
Shield | pine, poplar¥, | pine, poplar¥, spruce’~lichen-moss peat birchd-alder
birch¥) birch¥) plateau/sedge=-larch-birchd
fens
.+ ] uid Cenadiaen | Open epruce¥- Spmclb-ﬂ.!b- Spruceb-o-ul Spruce"-lurch-mn bogs Rush~sedge meadow Sedge-grass wmeadow
Boreal Shield | firbepoplar¥ mosses (bog veneer, plateau bogs,
(Jackpine) lloping bog, patterned fen)
Spruce’-birch¥ palsas and -
peat platesu
4 ) Low Canadian | Jackpine Spruce¥-poplar¥ | Spruceb- Spruced-larch bogs/ Sedge~rush meadow Spruce¥-poplarb
Boreal Shield | (poplar¥) (£15b) (birch¥) | poplar¥ sedge-larch fens
(birch¥)
Bt | High Canadian | Jackpine Spruce¥-poplar¥ | Spruceb- Spruceb-larch bogs/ Sedge-rush meadow SpruceV-poplard-ash8
Boreal- | Shield | (poplar¥) (£12%) (birch¥) | poplar¥ spruce-cedar bogs
temper~ (birch¥)
ate

Comemon Name

Alder
Ash, green
Birch, Dwarf

Cedar, white
Cottongrass
Heath

Fir
Larch

Birch, White or Paper

Symbol

ash8
birchd
birch"
cedar

£1:b

« = associsted spscies or groups of plents

DOMINANT PLANT SPECIES

Scientific Name

Alnus crieps

Praxinus pennsylvanice
Betuls glandulosa
Betula papyrifera

Thuja occidentalis
Erfophorum spp.

Various ericaceous shrubs, including species
of Yaccinium, Arctostaphylos, & Kalmis

Ables samifers
Larix laricina

/ @ different comsunities in same region

( = successional communities

DOMINANT PLANT SPECIES

Common Name
Lichens

Mosses

Pine, Jack

Poplar, Balsam
Poplar, white (aspen)
Sphagnum

Spruce, Black
Spruce, White
Willow

Scientific Name

Many species

Many species
p!.nej Pinus banksians
poplll‘b Populus balsamifera
poplar¥  Populus tremuloides

b Sphagnum spp.

spruce Picea mariana
spruce¥  Picea glauca

Salix spp.

Sysbol

® after 5.C. 2oltai, unpublished msnuscript.

LYT
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Table 12. Climatic Characteristics of Land Regions (Ecoregions)
in Northern, Central and Eastern Manitoba.

Land Region Mean Temperature, °C | Degree | Frost | Precipitation, mm Soil
Days Free Moisture|
:ZT- Name Ann. Jan. | July 5.5°C | Days Ann. g:ytl 20 Deficit,
May 1- pt. m
Sept. 30
HS High 60 340 210 10
Sub- <~6.6 |<~-26.1 |<16.0 500 to to to to
arctic 75 450 270 20
LS Low -6.6 | -29.1| 14.1 500 70 415 265 20
Sub~ to to to to to to to to
arctic -4.9 | -27.5| 14.6 700 80 560 360 40
B |High -4.9 | -27.5| 14.6 700 80 415 265 20
Boreal to to to to to to to to
-3.9 | -26.3] 15.8 - 900 90 560 360 60
PB Mid -3.9 | -26.4 | 15.1 900 90 420 260 50
Boreal to to to to to to to to
-1.1}| -21.8 | 18.3 1250 100 555 350 75
LB Low -1.0 | -22.8 | 18.0 1300 100 410 250 25
Boreal to to to to to to to to
1.7 | -19.8 | 19.5 1445 116 535 355 75
HBt |High 1330 100 410 250 75
Boreal- | <2.0 | <17.1 |<19.7 to to to ‘to to
temper- 1600 120 575 - 385 185
ate
References: i

1. Temperature and Precipitation normals, 1941-1970, Vol. 1 & 2. Atmospheric
Environment Service, Environment Canada.

2. Frost Data, 1941-1970 by G.M. Hemmerick and G.R. Kendall. Atmospheric
Environment Service, Environment Canada.

3. Economic Atlas of Manitoba (1960). T.R. Weir (£d.), Manitoba Dept. of
Industry and Commerce.




Table 13. Vegetation Characteristics of Land Regions (Ecoregions) in
Northern, Central and Eastern Manitoba

Land Region v ion Domi Soile? Organic Landforms Permafrost Characteristics
Syn-| Name Zonel Regimed Occurrence and Active Pattern Ground and
bol Layer, cm Degree of
Disturbance
Bs High Yorest=- Turbic Cryosol Peat platesus, palsas, minero- | Continuous Mineral scilst wsand, non- |Hummocks, sorted poly~
Sub- tundra Bruniscls trophic palsas, peat polygons, frozen; loam, 40-100+ gons, circles, stripes,
arctic | transition | Organic Cryosol fens Organic soils: forest nets; very active on
. peat 40-60, fen peat, all materfale in ail
non~frozen landscaps positions
N except well drained
sands
LS Low Open con~ | Brunisols, Luvisols Peat plateaus, paleas, bog Discontinuous, Mineral soils: sand, non- |Husmocks & mounds, very
Sub=- iferous Turbic Cryosol veneer, fens widespread frozen; loam, 40-100+; active in poorly
arctic | forest Organic Cryosol clay 30-100+ drained depressions &
i | Orgenic Organic sofls: forest
peat, 40-60, fen peat, mounding and broad
non-frozen depressions on upper &
uid slopes; all mater~
dale except sands
HB High Closed Brunisols, Luvisols Peat plateaus, paleas, bog Discontinuous, Mineral soile: sand, losm |Some hummocks and
Boreal | coniferous | Turbic and Static Cryosol | veneers, fens southern fringe, & clay, non-frozen msounds in poorly
forest Organic Cryosol (north) except for poorly drained depressions &
Organic . drained losm & clay, lowsr slopes; apex &
40-100+ uppatr slope generally
. Organic soils: forast fres of cryoturbation
. peat, 40-60, fen peat, :
non-frosen
| 2] Mid Closed Luvisols, Brunisols Peat plateaus, palsas, bog Discontinuous, Mineral soile: non-frozen |Minor occurrence of
Boreal | coniferous | Organic Cryosol veneers, bog plateaus, southern fringe except for poorly wounds in depressions
forest Organic blanket bog, fen (scuth) drained clay, 60-100+ and on lower slopes
Static Cryosol Organic soils: forest
peat, 60-200, fen
peat, non-frozen
L8 Low Mixed de- | Brunisols, Luvisols, Bog plateau, flat bdog, Localized Mineral soils: non-frozen [Absent
Boreal | ciduous- Gleysols, Organic blanket bog, fens Organic soils: non-frozen
coniferous except for local occur-
forest rence of relict frost
at 100-200 c=m in
forest peat
HBt | High Mixed de~ | Luvieols, Brunisols, Bog plateau, flat bog, Absent Absent Absent
Boreal- | ciduous- Glaysols, Organic blanket bog, fens, swamps
temper- | coniferous
ate forest
N Rowe, J.S. 1972. Porest Regions of Canada, Department of the Environment, Canadisn Porestry Service, Publ. No. 1300.
Ritchie, J.C. 1962, A Geobotanical Survey of Northern Manitoba, Arctic Institute of Northern Manitoba, Technical Paper No. 9.
d The System of Soil Classification for Canada. 1978. In press. Canada Department of Agriculture.
P Brown, R.J.E. 1967b. "Permafrost in Canada” map Fubl. by Div. of Bldg. Res., Nat. Res. Council (NRC 9769) and Geol. Surv. of Can. (Map 1246A).
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Table 14, Split lake Land District (Ecodistrict) Physiographic, Sofl and Hydrologic Characteristics (After Veldwis, et al, 1979).

Land District Physiographic Characteristics Soil Characteristics Drainage & Hydrologic Characteristics
Sym- Name Elevation  Surficial Topography Soil Association Dominant Sub~  Subdaminant sub— Soil Hydrology*
bol m 8.8.1 Deposits and Landforms or Complex Group Group Drainage
Sp Split 170-215 Deep (> Im) to Gently to moder—  Arnot Siding Solonetzic Gray (leyed Solonetzic Well to  Mamy amll to medium sized
Lake shallow (< Im) ately undulating Luvisol Gray Luvisol imperfect oval and rounded lakes
calcareous, lacustrine with smoth shorelines.
clay textured  blankets Several large lakes with
lacustrine sed~ and {rregular, bedrock con—
ments overlying lacustrine veneers Split lake Solonetzic Gray Gleyed Solonetzic Well to  trolled storelines.
Precambrain Luvisol, Gray Iuvisol, imperfect FExcept for areas adjacent
bedrock. lithic phase lithic phase to large lakes and rivers,
the district is poorly
Widespread CGently sloping Isset lake Terric Mesic Terric Fibric Toor drained. Drainage from
shallow to deep thin (< Im) bog Complex Organic Cryosol  Mesisol the district is via the
organic veneer on lower Nelson River.
deposits. slopes wderlain
by clayey lacus— Major Drainage Divisions:
trine sediments.
Gull Lake (SUF)
Level to depres~  Crylng lake Terric Mesic Terric Fibric Tmperfect  Amot (SIE)
sional peatlands Complex Organic Organic Cryosol  to poor Grass River, lower (5ID)
characterized by Cryosol Burntwood River, lower
peat plateaus and (516)
Horizontal and achiewin Complex Typic Mesisol  Typic Mesisol, Very poor Drainage Direction:
patterned fen sphagnic phase
complexes. Mortheasterly within the
Nelson River Watershed
Minor Precam~  lIocal occurrences Carriere Camplex Orthic Gray Gleyed Gray Yery well
brian bedrock  of hummcky and Livisol, Tavisol, to poor
outcrops. ridged rock out— lithic phase lithic phase
crops associated
with thin, dis-
continuous veneers
of clayey lacus—
trine sediments.

0ST
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Figure 17. Cross-sectional Diagram of a Bog Veneer Area in the High Boreal Ecoregion

(After Veldhuis et al, 1979).
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Figure 18. Cross-sectional Diagram of Portion of Hummocky Moraine with Clayey Lacustrine
Veneers, Bog Veneers, Peat Plateaus and Fens in the Stephens Lake Ecodistrict
(After Veldhuis et al, 1979).
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Appendix B

ECOSECTION DESCRIPTIONS

1. Arnot Siding (AS) Ecosection

Ecoregion: High Boreal (HB) see Tables 11, 12 and 13 (page 147 to 149).
Ecodistrict: Split Lake (SP) see Table 14 (page 150).

The Arnot Siding Ecosection is composed dominantly of gently sloping
to undulating, deep, glacio-lacustrine blankets. These sediments consist
of varved clays and silts which are moderately to strongly calcareous.
Associated with the uplands are varying proportions of bogveneers on very
gentle to gentle lower slopes and some peat plateaus and collapsescars in
deeper, peat filled depressions. Proportions of well, imperfectly and
poorly drained sites depends largely on the slope of the terrain. The
soils and vegetation belong respectively to the Arnot Siding soil associ-

ation (As) and Arnot Siding vegetation association (Asv) respectively.

Well Drained Ecosites

Soils: The soils are dominantly Solonetzic Gray. Luvisols and Orthic
Gray Luvisol soils.
Vegetation: The vegetatién consists dominantly of four general types:

- Populus tremuloides - Alnus crispa type

Pinus banksiana ~ Alnus crispa - Cornus canadensis type

— Picea mariana - Pinus banksiana - Hypnum type

Picea mariana - Hypnum type.



Plate I. ARNOT SIDING SOIL
ASSOCIATION, SOLONETZIC GRAY
LUVISOL SOIL.

Plate II. ARNOT SIDING VEGETATION ASSOCIATION,
PICEA MARIANA - HYPNUM TYPE.

VARt
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Imperfectly. Drained Ecosites

Soils: The soils are dominantly Gleyed Solonetzic Gray. luvisol and Gleyed
Gray luvisol soils.
Vegetation: The vegetation is dominated by two general types
Populus tremuloides - Alnus rugosa type

Pices mariana - Ledum groenlandicum - Hypnum type.

Poorly drained Ecosites

Soils: dominantly ..Orthic Gleysol, peaty phase, soils and Rego
Gleysol, ©peaty phase, soils and 1locally Gleysolic
Static .Cryosol, peaty phase, soils.

Vegetation: dominantly of one type, resembling very much the vegetation
on bog veneers

Picea mariana - Ledum groenlandicum - Sphagnum type

Arnot Siding Soil Association (As), Well Drained Associate

The well drained member of the Arnot Siding soil association
consists most often of moderately well to well drained Solonetzic Gray
Luvisol soils developed on deep (>100 cm), moderately to strongly
calcareous, fine textured lacustrine sediments. The surface texture is
dlay and the subsoil may contain varying proportions of very thin to thin
silt varves in the clayey matrix. These soils occur on the apex and
upper to mid slope position in gently to moderately sloping to rolling
terrain. Surface runoff is moderate, but internal soil permeability is
low, particularly in the more massive subsoil.

The solum of the Arnot Siding soils is shallow to moderately deep,
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leached of carbonates to about 60 em at the maximum, but usually to

between 30 and 40 cm.

An Arnot Siding Solonetzic Gray Luvisol soil is described below:

L-F-H-

Ae-

AB-

Btnj-

Bt-

3 to 0 cm; non-decomposed to well decomposed feathermoss with
jack pine and spruce needles and remains of alder leaves and
other herbaceous shrubs; fibrous and loose; few, fine, horizontal
roots; strongly acid; abrupt, smooth boundary.

0 to 8 cm; brown (10YR 5/3 m) heavy clay; moderate, fine to
medium granular; slightly sticky and slightly plastic when wet,
very friable when moist, loose when dry; abundant, medium and
fine horizontal roots; strongly acid; clear, smooth boundary.

8 to 15‘cm; brown (10YR 5/3 m) very heavy clay; moderate, medium

to coarse subangular blocky; slightly sticky and plastic when

~wet, firm when moist, hard when dry; abundant, medium and fine

horizontal roots; strongly acid; clear, wavy boundary.

15 to 26 cm; dark brown (lOYR 4/3 m) very heavy clay; strong,
very coarse columnar breaking to strong, coarse subangular
blocky; slightly sticky and very plastic when wet, very firm when
moist, very hard when dry; few, fine vertical exped roots;
slightly acid; clear, wavy boundary.

26 to 34 cm; dark brown (7.5YR 4/3 m) very heavy clay; strong,
coarse subangular blocky breaking to moderate, fine subangular
blocky; slightly sticky and very plastic when wet, firm when
moist, slightly hard when dry; few, fine oblique roots; neutral;
abrupt, wavy boundary.

34 to 41 cm; brown (10YR 4.5/3 m) heavy clay; structureless,
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massive breaking to weak, fine pseudo angular blocky; slightly
sticky and plastic when wet, friable when moist, slightly hard

~when dry; few, fine oblique roots; mildly alkaline, strongly
calcareous; gradual, wavy boundary.

Ck- 41 to 100 cm; brown (10YR 4/3 m) heavy clay; structureless,
massive breaking to weak, fine pseudo angular blocky; slightly
sticky and plastic when wet, very friable when moist, slightly
hard when dry; very few, fine oblique roots; mildly alkaline,

strongly calcareous.

Arnot Siding Vegetation Association (Asv) on Well Drained Sites:
Climax vegefation on the well drained Arnot Siding association soils is a
black spruce-feathermoss type, but because of fire disturbance, many
sites now support mixed forest stands of spruce, jack éine, aspen and
birch. Both jack pine and aspen can occur in relatively pure stands. A
dense tall shrub layer of alder is very commonly associated with mixed
forest stands.

.Data for four Arnot Siding vegetation association types are

presented in Table 16.




Table 15, Chemical and Physical Analyses of an Arnot Siding Solonetzic
Gray Luvisol Soil.
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Horizon Depth Text. Sand Silt Clay pH Conrde Ca003 Cal- Dblo-
Class 7 % 7% CaCly mmos/ Equiv. cite mite
an A % 7%
LFH 30 - - - - - 5.2 - - -
e 0-8 j: & 3 28 69 51 01 - - -
AB 815 VHC 1 13 86 53 01 - - -
Btnj 1526 VIO 1 11 83 63 O1 - - -
Bt 26-34 VHC 1 6 93 67 0.1 .0 0.6 0.3
Bk 3441 K 4 21 75 74 02 16,6 104 5.7
-Gk 41-100 HC 9 28 63 7.6 0.2 226 17.4 4.8
Exchangeable .Cations
me.e./100 gm
Exch.
Horizon Depth Org. Total. C/N Cap.. . G2 Mg N K H Ash
C N Ratio m.e./ %
% 100 gm
soil
IFH 60 43,5 L3 335 755 3.5 75 0.1 2.4 316 28.9
te 0-8 30 02 150 37.7 143 33 01 09 135 -~
AB &5 1.3 o1 130 3®B5 1.5 45 01 09 1L.O0 -
Bnj 1526 9.9 01 90 392 247 65 02 08 7.5 -
Be 263 069 01 90 4.3 2.5 7.8 02 07 59 -
Bck 0.5 - - 300 - - - - - -
L& - - - 256 - - - - - -




Table 16.

Associations on well drained Sites.
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Floristic and Cover Data for Arnot Siding Vegetation

Releve number
Total no. of spp.

1 2 3 4
10 30 12 16

Releveé number
Total no. of spp.

1 2 3 4
10 30 12 16

Species

Cover in 7

Species

Cover in %

Populus tremuloides
Pinus banksiana
Betula papyrifera

Picea mariana

Tall shrubs and trees

regeneration

Picea mariana
Alnus crispa

Salix spp.

Medium shrubs and

Viburnum edule

Rosa acicularis
Ribes triste

R. oxyacanthoides
Ledum groenlandicum
Rubus strigosus
Epilobium

angustifolium

Low shrubs and

herbs
Vaccinium vitis—-idaea

Arctostaphylos alpina

90 5
60 40
10 10
20 50 90
15 20 25
60 60
5
1 1
1 51 1
1 1
15
1
120 1 1
15
1

A. uva-ursi

Linnaea borealis
Rubus pubescens
Aster spp.

Cornus canadensis
Achillaea millefolium
Viola spp.

Pyrola virens
Fragaria vesca
Mertensia paniculata
Lathyrus ochroleucus
Petasites palmatus
Mitella nuda

Geocaulon lividum

Mosses and lichens

Pleurozium schreberi
Hylocomium splendens
Hypnum crista-—
castrensic

Dicranum spp.
Aulacomnium palustre
Cladina mitis

Litter

1
+ + +
1+
+ +
12515 +
+
+
+ +
1
5 +
1
5
5
+
40 40
+ 15 40 80
5
+ 5 +
+
5 10
90
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2. Crying Lake (CY) Ecosection

Ecoregion: High Boreal (HB) see Table 11, 12 and 13 (page 147 to 149).

Ecodistrict: Split Lake (SP) see Table 14, page 150.

The..Crying . Lake Ecosection is largely composed of raised peat plateaus
(énd some palsas) and various proportions of collapse scars and small
horizontal fens. The peat plateau landforms consist of deep (> 100 cm)
of moderatély to strongly decomposed forest peat and/or weakly decomposed
Sphegnum peat overlying forest peat. The landforms are raised above the .
surrounding peat lands as result of ice built-up in the organic and the
underlying mineral materials. The active layer is usually between 40 to
60 cm thick. .Drainage 1is from poor to imperfect. The soils and
vegetation belong respectively to the. Crying Lake soil association (Cy)

and Crying Lake vegetation association (Cyv).

Ecosites

Soils: The soils are dominantly Mesic Organic. Cryosol and Fibric
.Organic Cryosol soils

Vegetation: The vegetation consists dominantly of three general types on
the peat pl;teaus;

— Picea mariana - Ledum groenlandicum - Sphagnum type

- Picea mariana ~ Ledum groenlandicum - Cladina type
- Picea mariana - Ledum groenlandicum - Hypnum type
The vegetation on the palsas usually consist of two general types:

- Picea mariana - Hypnum type



A .
.

Plate III. CRYING LAKE VEGETATION ASSOCIATION, PICEA
MARIANA - LEDUM GROENLANDICUM - CLADINA TYPE.

Plate IV. COLLAPSING EDGE OF PEAT PLATEAU; MELTING OF
PERMAFROST CAUSES SLOW DECREASE IN SIZE OF PLATEAU
(LEFT) AND INCREASE IN SIZE OF COLLAPSE SCAR (RIGHT).
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= Betula papyrifera - Ledum groenlandicum - Hypnum type

Crying Lake soil association (Cy), Mesic Organic Cryosol soil.

These soils consist of imperfectly drained, Mesic .Organic..Cryosol
soils developed on deeper than 100 cm of moderately to strongly
decomposed forest peat. These soils are permanently frozen within 60 cm
from the surface. Ice content of the frozen materials is moderate to
high, with ice usually in the form of segrégated ice and small veins.

These soils usually have a weakly decomposed fibric surface 1layer
consisting of medium to coarse fibric Sphagnum or feathermoss peat.

The subsurface peat is usually derived from mosses, forest 1litter
(needles, leaves, branches, etc.) and remains of herbaceous plants and is
referred to as forest peat. Various amounts of soft to slightly hard
~woody fragments occur throughout the peat deposit. .Decomposition of the

peat material is moderate to high and increases with depth. These soils
are frozen within 1 m from the surface with the active layer usually
being from 40 to 60 cm deep. At greater depth, these organic deposits
are underlain by frozen, fine textured lacustrine sediments.

A Crying Lake Mesic Organic .Cryosol soil is described below:

..0f- 0 to 25 cm; dark brown (7.5YR 4/4 p, m) fibric, slightly
decomposed Sphagnum and feathermoss peat; strong, medium fibered;
hard, woody fragments; non-sticky when wet; few, medium random
roots; extremely acid; clear, smooth boundary.

..Om1- 25 to 35 cm; dark reddish brown (5YR 3/2 p, m) mesic, moderately

decomposed forest peat; moderate, fine fibered; soft, woody
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fragments; non-sticky when wet; plentiful, fine random roots;
strongly acid; clear, smooth boundary.

.Om2- 35 to 42 cm; dark reddish brown (5YR 2.5/2 p, m) mesic,
moderately decomposed forest peat; moderate, fine fibered; soft,
~woody fragments; non-sticky when wet; plentiful, fine random
roots; very strongly acid; clear, smooth boundary.

.Omzl- 42 to 75 cm; very dark brown (10YR 2/2 p, w) mesic, moderately
decomposed forest peat; moderate, fine fibered; slightly hard,
_woody fragments; random ice, moderate ice content; strongly acid;
clear, smooth boundary.

..Omz2- 75 to 125 cm; dark reddish brown (5YR 2.5/2 p, w) mesic to humiec,
highly - decomposed forest peat; moderate, very fine fibered;
random ice, moderate ice content; clear, smooth boundary.

ITAhkgz- 125 to 130 cm; very dark gray (10YR 3/1 w) silty clay;
structureless, massive; random ice, high ice content; sticky and
slightly plastic when wet; neutral, weakly calcareous; clear,
smooth boundary.

IICkgz- 130 to 200 cm; dark gray (5Y 4/1 w) heavy clay; structureless,
massive; oriented ice, ice high content; sticky and plastic when

~wet; midly alkaline, strongly calcareous.

Crying Lake vegetation association (Cyv)

The vegetation on peat plateaus consists of open black spruce, with

large amounts of labrador tea and other ericaceous shrubs. The
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microhummocky appearance of the terrain is caused by Sphagnum moss
hummocks. .Older plateaus have usually increasing amounts of 1lichens
and/or feather mosses in the vegetation component.

The vegetation on palsas consists usually of dense black sbruce_with
large amounts of feathermosses. Labrador tea, and currants can be a
significant component in the vegetation. Some palsas have an almost pure
~white birch tree cover, with shrub layers consisting of willow, labrador
tea or rose. Ground cover can'be either mosses or litter. This type is
usually due to fire on old palsas. Vegetation data on 3 peat plateau

plots, and 2 palsas are shown in Table 18.
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Table 17, Chemical and Physical Analyses of a Crying lake Mesic. Organic

. Cryosol Soil.
Fiber Content
Horizon Depth Text. lhrubbed Ribbed pH Code Cal03 Cal- .Dolo-
cm . Class % % CaCly mmos/ Equiv. cite mite
an % % A
..Of 0-25 - 84 56 3.9 - - - -
0nl  25-35 - 50 28 5.1 - - - -
m2 3542 - 56 32 4,9 - - - -
. Omzl 4275 - 44 24 54 - - - -
. Gnz2 75125 - 26 10 - - - - -
Sand Silt..Clay
A A %
ITAMkgz 125-130 SiC 5 51 44 7.2 - 4,2 - 3.9
Tikgz 130200 HC 2 23 75 7.7 O3 174 142 30

Exchangeable Cations

mee./100 gm
Fxch.
Horizon Depth .Org. Total. .C/N Cap.. G M N K H Fhos- Ash
a C N Ratio mee./ Thate 7%
% 100 gm Solu-
soil bility

_Of 025 544 21 259 129.5 328 9.5 0.3 0.7 8.4 20.8 5.8
~Gnl 2535 532 23 231 1825 928 158 O.1 Ol 740 87.0 126
m2 3542 556 1.6 348 193.0 92.8 132 0.1 0.1 77.1 66.0 7.4
Q] 4275 57,6 21 27.4 2029 1234 149 G2 Ol 687 1120 9.7
_Omz2 75125 49.4 2.4 20.6 217.5 1412 18.0 0.4 0.3 53.1128.0 16.3
IlAhkgz125-130 151 0.8 189 - - - - - - - -
Itkgz 130-200 1.0 - - - - - - - - - -




Table 18.
Associations

Floristic and Cover Data for Crying Lake Vegetation
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Releve number
Total no. of spp.

*

1 2 3 4 5
14 17 10 10 11

Releve number
Total no. of spp.

1 2 3 45
10 17 10 10 11

Species

Cover in 7%

Species

Cover in %

Trees
Picea mariana
Betula papyrifera

Tall shrubs
Alnus crispa

Medium shrubs and

herbs

Ledum groenlandicum

Andromeda polifolia

Chamaedaphne
calyculata

Ribes spp.

Viburnum edule

Epilobium
augustifolium

Low shrubs and

herbs

Rubus chamaemorus
Oxycoccus microcarpus
Vaccinium vitis-idaea
Equisetum sylvaticum
Smilacina trifoliata
Lycopodium annotinum

15 30 30 20 75
+ 60

+ 10

60 60 40 40 5
1

20
+ +
10
5 20
1 1
1 10 15 1
10 10

Mosses and lichens

Pleurozium schreberi

Hylocomium splendens

Hypnum crista -
castrensis

Polytrichum commune

Dicranum scoparium

D. fuscencens

Pohlia nutans

Mnium spp.

Sphagnum rubrum

S. fuscum

Cladina alpestris

C. mitis

C. rangeferina

Lichen spp.

Peltigera aphtosa

Liverworts

Marchantia polymorpha

15 10 60 15

5 +
10
1
+
5 10 1
+
1
20
20 10
25
30 40 40
13 1 + +
5
1
15

*) Releves no. 1-3 are from peat plateaus, releves no. 4 and 5 from palsas.
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3. Isset Lake (IS) Ecosection
Ecoregion: High Boreal (HB) see Table 11, 12 and 13, page 147 to 149.

Ecodistrict: Split Llake (SP) see Table 14, page 150.

The Isset Lake Ecosection 1s largely composed of gently to very
gently sloping bog veneer areas, with shallow channels, runnels and
depressions. .The surficial material is composed of very shallow (15-40
cm) and shallow (40-100 cm) mesic forest peat and fibric Spaghnum peat
over mesic forest peat. The peat accumulation have an irregular micro
hummocky topography and are underlain by moderately to strongly
calcareous clay textured lacustrine sediments. The deeper peat materials
contain locally permafrost especially in well developed Sphagnum moss
hummocks and in areas shaded by trees. Associated with the bog veneer
areas are lacustrine upland sites, peat plateaus and collapse scars in
deeper peat areas. The terrain is generally poorly drained, although in
some area drainage is provided by shallow channels and runnels.

The soils and vegetation belong respectively to the Isset Lake soil

association (Is) and Isset Lake vegetation association (Isv).

Ecosites
Soils: The soils are mainly of three types viz. Terric Mesic Organic
Cryosol, Terric Mesisol and Terric Fibric Mesisol soils,

associated are some peaty Gleysol and Terric Fibrisol soils.

Vegetation: The vegetation consists largely of one general type.

Picea mariana - Ledum groenlandicum - Sphagnum type



Plate V. ISSET LAKE SOIL ASSOCIATION,
TERRIC FIBRIC MESISOL SOIL.

Plate VI. ISSET LAKE VEGETATION ASSOCIATION,
PICEA MARIANA - LEDUM GROENLANDICUM -

SPHAGNUM TYPE; PERMAFROST IN SPHAGNUM MOSS
HUMMOCK.

891
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Isset Lake soil association (Is), Terric Fibric Mesisol soil

These soils consist of poorly drained Terric Fibric Mesisol soils
developed on shallow (40 to 100 cm) dominantly mesic forest peat
overlying fine textured 1lacustrine sediments. These soils are
characterized by a discontinuous layer of Sphagnum peat and dark brown,
medium to strongly acid forest peat. These soils occur in near level to
gently sloping terrain, usually in the lower slope position.

Runoff is slow and internal soil permeability is low because of the
fine textured materials and the high groundwater level that persists for
a greater part of the year. Lateral drainage tends to take place along
the conéact of the peaty surface layers and the less permeable massive

clay substrate.

An Isset Lake, Terric Fibric Mesisol soil is described below:

..0f 1- 0 to 16 cm, yellowish brown (10 YR 5/6 m, 1lOYR 5/6 p) fibric
sphagnum moss, strong, fine fibered, nonwoody, extremely acid;
about 95 percent fiber; abrupt, wavy boundary.

..0f 2- 16 to 23 cm, dark brown (7.5YR 3/2 m, 7.5YR 7/4 p) fibric mixed
mosses, moderate fine to medium fibered, nonwoody; strongly acid;
about 90 percent fiber; abrupt, smooth boundary.

_.Oml- 23 to 48 cm; black to dark reddish brown (5YR 2/1 m, 5YR 2/2 p)
mesic forest peat; structureless; amorphous and weak, very fine
.fibered, moderate wood content; slightly acid; about 65 percent

fiber; clear, smooth boundary.



..Om2~-

IICg-

IICkg-
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48 to 68 cm; black to dark reddish brown (5YR 2/1 m, 5YR 2/2 p)
mesic forest peat; structureless, armophous, nonwoody; slightly
acid, about 25 percent fiber; abrupt, smooth boundary.
68 to 88 cm; dark yellowish brown (10YR 4/4 w) clay, structure-
less, massive; very sticky when wet, very plastic; mildly
alkaline; abrupt, smooth boundary.
88 to 100 cm; yellowish brown (1lO0YR 5/4 w) clay; structureless,

massive; very sticky and very plastic when wet; mildly alkaline;

~ weakly calcareous.

Isset Lake vegetation association (Isv)

The vegetation is very much the same throughout the ecosite associa-

tion and has a distinctive pattern of clumped black spruce, scattered

tamarack, willows, Sphagnum moss hummocks with lichens on older and drier

parts, and patches of other mosses, Labrador tea, other ericaceous shrubs

and sedges are found throughout.

.Data from four Isset Lake vegetation association plots are given in

Table 20.
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Table 19, Chemical and Fhysical Analyses of a Isset lake, Terric Fibric

Mesisoil Soil.

Horizon Depth Text. Fiber Content  pH Cond. CGa(03 Cal-  Iblo-
cm .. Class . lhrubbed Rubbed GaCly mmbos/ Equiv. cite mite
% % an % % A
Of1 0-16 - 91 76 33 - - - -
Qn2 16-23 - 92 76 5.4 - - - -
. Oml- 2348 - 68 32 6.1 - - - -
On2 4868 - 26 10 6.1 - - - -
Sand Silt. _Clay
% % %
IICz 68-88 c 2 14 84 7.5 0.2 - - -
IIkg 88-100 C 1 16 83 7.7 03 50 50 -
Exch. Exchangeable Cations Pyro—
Horizon Depth .Org. Total C/N Cap.. m.e./100 gm phos. Ash
a C N Ratio m.e./ Solu—- %
% % 10gm ..Ca M N K H bility
soil %

..Of1 0-16 556 0.5 1112 1161 127 7.3 0.3 1.0 90.1 57 3.2
..Qm2 1623 56.8 0.5 1136 123,3 807 232 04 L1 235 86 53
Oml 2348 52.4 0.7 749 188.4 13.8 3L.8 05 0.5 6.2 28.3 9.5
..Gm2 4868 54.3 L1 49.4 2565 18L4 20,1 G5 O1 29.4 930 1L6
IICg 68-88 - - - 41.8 256 7.9 02 07 - - -
Iikg 88-100 - - - 305 - - - - - - -
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Oxycoccus microcarpus

Table 20. Floristic and Cover Data for Isset Lake Vegetation Association.
Releve’ number 1 2 3 4 Releve number 1 2 3 4
Total no. of spp. 15 17 12 16 Total no. of spp. 15 17 12 16
Species Cover in 7% Species Cover in 7
Trees Equisetum sylvaticum 1 1 + 5
Picea mariana 20 25 10 40 E. scirpoides 1
Larix laricina + Arctostaphylos alpina 1
Pinus banksiana + Salix spp. 5 +
Rubus chamaemorus +
Tall shrubs R. acaulus +
Salix spp. 10 + 1 Geocaulon lividum 1
Betula glandulosa 5. Drosera rotundifolia 1
Alnus rugosa 10
Mosses and lichens
Medium.shrubs and Pleurozium schreberi 25 5
herbs Hylocomium splendens 10
Ledum groenlandicum 30 20 40 30 Sphagnum fuscum 30 25
Vaccinium uligonosum 5 10 S. rubrum 40 5 60
. .Chamaedaphne 25 Cladina mitis 30 15 25 30
calyculata
Kalmia polifolia 1 + C. rangeferina 5 30
Rosa acicularis + C. alpestris 5 15
Eriophorum spissum 1 Peltigera aphtosa 1
Carex spp. 10 5
Low shrubs and
Vaccinium vitis-idaea |10 5 5 1
1 1 1 +




Soil Data Record Form.

SITE NO. DATE

SURVEYOR FIELO SHEET NO.

L._54 [isloalys

ALPHA
CARD NO. ZONE LEY
%
[o.0.00] @
CARD No. 0002
LANDFORM CLASSIFICATION

MINERAL TERRAIN SURFACE
FORMS

Apron
Blanket
A003** Delta
A004** Fan
A005** Hummocky
A006°* Level
A007%* Pltted
Ridged
Rolling
Terrace
A011** Undulating
A012%* Veneer
A013** Inclined

ORGANIC TERRAIN LANDFORMS

Peat mound
Plateau bog
Boyg plateau
Pest plateau
Flat bog
Bowt bog
Blanket bog
Fen

Horizontal fen
Mesic fon
Hydric fen
Patterned fen
String fen
Net.like pattorned fen
‘Water track fen
Sloping fen
Flasting fen
Collapse scar
Spring fen
Domed fen
Minerotropic palss
Swam

Mesic
PARENT MATERIAL

PHYSICAL COMPONENT

A0S1** Undifferentisted
A052°* Fragmentg)

@Q5i"D Skeletal im OB onhr
A054°* Coarse loamy & coarse nilty
AQ55%° Fine loamy & fine sifty

& Clayey
A0S57** Stratified (mineral)
A0S8** Statified (min. & organic)

3 47

100,000

SOIL RESEARCH INSTITUTE
DAILY FIELD SHEET RECORD
(FIELD DESCRIPTION INPUT DOCUMENT)

Ash
Organic materisl (undiff.)
*  Litter (feaves, ncedles)
Sphagnum peat
Forest peat
Fen peat
Aquatic peat

AL72** Repidly drained

Al? Well drained
@Mndeumy well drained
A175°% Imperfectly drained

AL76%* Poorly drained
A177%* Very pourly drained

MAR SERIES
METER EASTING NORTHING SHEET DIRECTION SECTION TP  RG M CODE VARIANT
& ) Ij' ul l‘b 'PI 7 e Y W i 3
I 1t l|§|a_|ol L 19,20 |3| 1 ! |
CHEMICAL COMPONENT SLOPE STONINESS
Aoﬁl:: Undifferentiated SLOPE TYPE Nonstony SALINITY
o
AD3ve Medium scgmomnat Alais simple A313v+ Moderately son
AQ64** Weakly celcareous Complex A2140¢ Verycno;;' Hony LOCATION
G063TD Moderately/very strongly catc. SLOPE CL A215%¢ Exceedingly stony A231°% No salts visible
A0G6* Extremely calcareous OPE CLASS A216** Excessively stony Az3zee :-:«-Edeep n(.:bmu
AC67** Calcareous saline A233°* Salts in upper
%Slope Clsss ROCKINESS A234%¢ Saltain B
MODE OF DEPOSITION OR Al51** 005 B3 A235%° Saltsin A
ACCUMULATION A152°* 05102 2 Noarocky
A071** Fluvial AlS3%t 210 S 3 A222%* Slightly rocky SALINITY CLASS
A072** Colluvisl S5t09 4 A223°* Moderately rocky
A073*¢ Eolian Al1S5** 91015 s A224°* Very rocky A241** Weskiy saline
A074%* Fluvioeolian A156°* 1510 30 [ A225%¢ Excoedingly rocky A242°° Moderately saline
A07S** Fluviolacustrine AIS7** 30to 60 7 A226%* Excessively rocky A243** Strongly saline
o
Fluviomarine Alss 60 8
: Glaclofluviat (‘,r 3 L) ot Porcent Slope
** Glaclomaris
:g;z“ Ll::lol:'i‘ns e SAMPLE SITE POSITION ON SLOPE
. "
Aaee Huiteo-tl A161°* Crost o2 [T]**  DepthtoBedrock (m)
A083** Morainal (till) Alease ’l;malreﬂow
A0B4** Organic
Aobaee pille ATed? Lower sope 03 [IE]' Depth to Watertable (m)
Al66** Depression
LITHOLOCICAL MODIFIER P! o8 :D' Depith to Tmpormesbls (m)
31;:Igeunlhlod or undet, EROSION Layer
e
Toneows GENERAL WATER EROSION 05 IIE Layer Type
oarse Ac
Al181** Slight erosion
2:321: E-Io"l:‘:c:’d“k A182°* Moderate erosion
Fine basic A183°® Severe crosion 06 E[E‘ . A Horizon Thickness {cm)
Sedimentary A184%% Gultied land
hate 07 - Solum Thickness (cm
Siltstone & mudstone GULLY EROSION m (em)
Sandstone
A191°* Shallow occasional gutlies
g omenste A192°% Shallow frequent gullies o8 EII Soll Map Unit Notation
Limestone A193** Deep occasions| gullies
Dolomite A194%* Doep frequent gullics 00 [ ]+ Mup unit Numeric Modifier
Cherty calcareous rock
Breccla WIND EROSION o EI"
At18** Metamorphlc
A201** Eroded
Aloee Snelss  evilite A202%° Severely eroded Assoclated Soils
Siate phy A203°* Blown-out land 11 Eo
Quartzite
Pyro:lullc DRAINAGE 12 Texture A Horizon
Tt A171°% Very rapidiy drained

Texture C Horizon

13 Texture B Horizon

SWIOd VLVQ NOILVIHEDIA ANV TIO0S

0 xrpueddy

€L1




Soil Data Record Form (cont'd)

SOIL CLASSIFICATION

CHERNOZEMIC
PODZOLIC SUBGROUP MODIFIERS PRESENT LAND USE
oo Orth
ASOI g::\‘:cl?:;t:?v‘:n Orthic Humic Podzol A471°** Andic URBAN
Calcarcous Brown Oztatein Humic Podzot A472** Grumic
Eluviated Brown Placic Humic Podzol A473°* Turhic AS41°* Bullt-up areas LAYER/HORIZON DESIGNATIONS
Solonetzic Brown Duric Humic Podzol A474** Placic AS42%* Mines, quarries, etc.
A306** Solodic Brown A395°* Fragic Humic Podzol ?"""e tod AS543** Outdoor recteation
arbonate - 3
A311°* Orthic Dark Brown A401** Orthic Fetro-Humic Podzot Cryic AGRICULTURE S luasten u | vESTHS (e
Rego Dark Brown Ad02** Ortstein Ferro-Humic Podzol A478** Gleyed €880 {3 |ravenst aureixes [T Lonar
Calcareous Park Brown A403** Placic Ferro-Humic Podzot A479** Lithic AS51** Horticulture I 8 {ueren [Lowen
Eluviated Dark Brown A404** Duric Ferro-Humic Padzol ASS Orchards and vineyards 3 b3 LU R
Solonetzic Dark Brawn A405** Fragic Ferro-Humic Podzol ORGANIC AS$53°* Crop land ™ il ¥ ld il i
.o dic Dark B 406** Luvisolic Ferro-Humic Podzol A554° | d pesturejfe
A316** Solodic Dark Brown :407" S\‘:mbric Ferlo-Hl:’mIc P:dzol A481°* Fonno-Fibrisol 554 mproved pasture/forage 0,1,044 LOFI LLg g |l|0 | :O
A321** Orthic Black . :‘;;‘:-;‘;"I‘__:g'ﬂwl ROUGH GRAZING AND ’; 0 " é’ 1 B > R
. Black A4L1** Orthic Humo-Ferric Podzot - 2
g:l::n;:n Black Ad12*e Omlecln HU;O-FCI’I‘E‘;’Olel xmclcpll"l’;hl:l;l RANGELAND ”I 171 - “I 1 b I - "I Io l )
Eluvisted Black A413** Placic Humo-Ferric Podzot umic Fibris .
Solonetzic Biack A414* Durlc Humo-Ferric Podzal Limno Fibrisol Reezes Wemdta e o308) 08 |, 1 18 1317
A326** Solodic Black A415%* Fragic Humo-Ferric Podzol Cumulo Fibrisol e dones oy d 0 T £ )
A416°* Luvisolic Humo-Ferric Podzot ¢ Terrle Fibrisol AS63°* Abandoned farmlan o404| B, [T 37 b ]
A331%* Orthic Dark (‘ny A417%* Sombric Humo-Ferric Podzol Terric Mesif l-ébrltiol WOODLAND ol O 1 e ) ity
* Rego Dark G Terric Humie Fibrisol
.
g‘:""""‘;:g":g"" BRUNISOLIC Aozee stoae Prisal | GELED® os08) €4 (6 1 [1]169]10,0
=
A33es Sotodie Darncarmy™ A421%* Orthic Melanic Brunisol A493°* Lithic Fibriscl AS72°° Unproductive woodisnd * S ? 7
A422°** Degraded Melanic Brunisol A494%¢ Typic Mesiso!l 0,6/0,4 [ IR 11 [
SOLONETZIC Fibric Mesisol WETLAND 7o ooy t (am il
A#425°* Orthic Eutric Brunisot Humic Mesisol
A341°* Brown Solonetz A426** Degraded Futric Brunisol Limno Mesisol As81%e Swamp 0,7,0)4 Lty 11441
Dark Brown Solonetz Cumulo Mesisol ASB22% Marsh Eig )i 7 K i
Black Solonetz A431°* Orthic Sombric Brunisof Terric Mesisol As832% Bog 0,8,0,4 | | )
A344°* Gray Solonetz A432%* Degraded Sombric Brunisof Terrlc Fibric Mesisol ~ A584%* Fen e - - - E) T
A345%% Alkaline Solonetz Tertic Humic Mesisol
A435%* Orthic Dystric Brunisot * Crylc Mesisol OTHER 0,904 Ll L1
A351%* Brown Solodized Solonetz A436°* Degraded Dystric Brunisol Hydric Mesisol Sand 0 24|35 g 3P 37
A Brack Somgived Sapomseonetz AS04%E Lithlc Mesuct Rockland 10,04 1 L1 11
ac odize onetz Rough broken eroded 3 T ETRET) T
A354°* Gray Solodized Solonetz REGOSOLIC A iaee Dipic 2:':&3‘: Rubble land : o & »
Alpine t g1y [
A36133 Brown Solod A4414* Orthi Regosol " Meslc Humisol A596°* Arctic tundra ECatea B Y D) T
:;:g-- 'B’l‘.’c';gom Solod A442** Cumulic Regosol Limno Humisol AS597** Cryoturbated land 1204
_!EI_L { [ | [ (]
A364%% Gray Solod GLEYSOLIC Sarmule Humisol AS99%% Water
LUVISOLIC Terrlc Fibric Humisol
A4s122 Orthic Humic Gleysol Terrle Mesic Humisol  HORIZON CHRACTERISTICS
A371°* Orthic Gray Brown Luviso} Adsae l;'f""i:‘“"'l'l“ﬁg""’;l" Crylc Humisol s 43 s
A372°¢ Brunisolic Gray Brown Luvisol  A453°* Fors Humic Gloys Lithic Humisol Mottles Asores
.o
AJT9%% Poduallc Gray Brown Luvital 4 455ea Grthic Gleysol AS531°* Typic Folisol g::c:“-'-?aum, casta 2:8:2‘" ]
[38]52J0rthic Gray Luvisol Adseee Rego Gleysol AS32¢* Lithic Follsol Salts AGO4sS
Dark Gray Luvisol A457°¢ Fera Gloysol Carbonstes Agos** =
A383°* Brunisolic Gray Luvisof Cosrse fragments AG0s** —
A384°¢ Podzolic Gray Luvisol Aies Qrinte t‘m‘cg’l:"ﬂ
A385%* Solodic Gray Luvisol 4463+ Fera Lusie Gloyent
A386°* Solodic Dark Gray Luvisot cte Luvic Gleysol

ch'AL _ NO’., i SPECIAL NOTES (FREE FORMAT! 'o
hoTES o003 IPH \SANPLED AT \a0-1 ||O|C1"|/V| R VES, D LST
0,003 sz,g ,S,Iﬁu,x, WEL m_.ﬁww
selosbleger, STRUCT. /BT, LESBRY. jflet6l N gE P LIKELY., ASsde

WITH ICE CONTACT DEPISITS I ARER

7L




T2 34 5° . 8] [a] [oru] pz T PICTURES
oyl 7]s1 sel 1| LLL | L ' 1 [ROLTNO-
PROV. .. YR SITEID.NO: UINI'I Lﬁi\B‘ SOILE‘:‘ER‘ES' R P | : 12,6032
T E : | i ! ] ! : I T v ‘ ! A [ ] : : B . : il ki BH ! B 1".'| I‘. T .‘jj':
"[SURVEYORS | DATE ] NTS-[ 1§ PHOTO: NO ' P POIHT LOCA'I ont T T [T
1+ | DAYMONH] MAP | FLIGHT ‘LINE] NO [MARLIHE LATITUDE 4 | HOMNGITUDE - Jp | RE:[gEC
WHMVIGEM LsToal bisiplRigi 8.7 |Q|7 L M8 [sialo] L m‘iim) i RN
] v i AR R N S O IO T S O o RPN M b
VEG i s DONIHANT SPECIES : ‘ N SITE ! 1 - T
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Vegetation Data Record Form (cont'd)
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Appendix D

GLOSSARIES

Glossary of Scientific and Common Plant Names

Scientific name

Common name

Vascular plants *
Achillea millefolium
Alnus crispa
Andromeda polifolia

Arctostaphylos alpina
A. uva-ursi

Aster spp.

Betula glandulosa

B. papyrifera

Carex

Chamaedaphne calyculata
Cornus canadensis
Drosera rotundifolia
Epilobium angustifolium
Equisetum scirpoides
E. sylvaticum
Eriophorum spissum
Fragaria vesca
Geocaulon lividum
Kalmia polifolia
Larix laricina
Lathyrus ochroleucus
Ledum groenlandicum
Linnea borealis
Lycopodium annotinum
Mertensia paniculata
Mitella nuda
Oxycoccos microcarpus
Petasites palmatus

Picea mariana

Yarrow

Green alder
Bog-Rosemary
Bearberry

id.

Aster

Scrub birch

White birch

Sedge

Leatherleaf
Bunchberry

Round leaved sundew
Fireweed

Dwarf scouring-rush
Woodland horsetail
Cottongrass

Wild strawberry
Northern comandra
Pale laurel
Tamarack
Cream—colored vetchling
Labrador-tea
Twinflower

Stiff clubmoss

Tall lungwort
Bishop's cap

Small cranberry
Palmate-leaved colt's~foot

Black spruce
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Common name
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Pinus banksiana
Populus tremuloides
.Pyrola virens

Ribes spp.

R. oxyacanthoides

R. triste

Rosa acicularis
Rubus acaulis

R. chamaemorus

R. pubescens

R. strigosus

Salix spp.
Smilacina trifolia
Vaccinium uligonosum
V. vitus-idaea
Viburnum edule

Viola spp.

Mosses, lichens and liverworts#*#*

Aulacomnium palustre
Cladina alpestris

..C. rangeferina

. Co mitis

.Dicranum fuscescens
.D. scoparium
Hylocomium splendens
Hypnum crista-castrensis
Marchantia polymorpha
Mnium spp.

Peltigera aphtosa
Pleurozium schreberi
Pohlia nutans

Polytrichum commune

/Jack pine

Trembling aspen
Wintergreen

Currant

Northern gooseberry
Swamp red currant
Prickly rose
Stemless raspberry

Cloudberry

. Dewberry

Wild red raspberry
Willow

Three-leaved Solomon's seal

Alpine bilberry

Dry—-ground cranberry

Low-bush cranberry
Violet

Ribbed bog moss
Reindeer moss
id.

id.

Broom moss

Plume moss
Marchantia

Mnium

Spotted peltigera
Schreber's moss
Nodding pohlia

Hair-cap moss
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Scientific name Common name
Sphagnum rubrum Sphagnum moss
S. fuscum id.

%) Scientific names after Scoggan (1957), common names after Scoggan

(1957) and Budd and Best (1969).

*%) Scientific and common names after..Cunningham (1977).
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GLOSSARY OF TERMS*

Association, soill - a natural grouping of soil associates based on
similarities in climatic or physiographic factors and soil parent
materials.

., vegetation -~ a community individualized in terms of 1its
structure and quantitative floristic composition

Bog ~ a peat-covered or peat-filled area, generally with a high water
table.

Boreal - of high latitudes, more or less coincident with the needle-leaf
forest formations.

Blanket ~ an extensive area of relatively thick (>lm) surface deposits
. which subdue but do not completely mask the configuration of the
underlying bedrock or deposit.

Category — a grouping of related natural entities defined at the same
level of abstraction.

.Chronosequence, vegetation - a sequence of related vegetation types that
differ from one another in species composition and structure primar-
ily as a result of time as a vegetation formation factor.

Class - a group of natural entities having a definite range in particular
properties.

Classification -~ the systematic arrangment of natural entities into cate-
gories and classes on the basis of their characteristics.

Climax - a plant community of the most advanced type, capable of develop-
ment under, and in dynamic equilibrium with, the prevailing environ-
ment.

. Community, plant - an aggregation in definite proportion of more or less
interdependent plants, utilizing the resources of a common habitat
_ which they either maintain or modify.

Consolidation stage — plant associations of a more or less closed struc-
ture, but still floristically unstable; follows the first invasion
or ploneer stage.

Coverage - the amount of space occupied by all plant individuals present
in an area, estimated as vertical projection.
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Ecology - the study of the relationship between organisms and their
environment.

Edaphic - 1. of or pertaining to the soil 2, resulting from, or
influenced by, factors inherent in the soil or other substrate
rather than by climatic factors.

Ecosystem - the dynamic whole formed by the habitat and the association
of living beings that occupy it.

Factor -~ a force or influence which determines a condition in the
environment or a direct response from the organism.

Fen - a peat-covered or peat-filled area with a high water table, which
is usually at the surface.

Glaciolacustrine ~ the materialé deposited in glacial lakes.

Habitat = that part of the environment at which exchanges actually occur
between the organisms and the resources which they utiize.

Horizon, soil - layer of soill or soil material approximately parallel to
the land surface, differentiated from adjacent related as result of
soil formation.

Land - the solid part of the earth's furface or any part thereof.

Land classification - the arrangement of 1land wunits into various
categories based on properties of the land or its suitability for
some particular purpose.

Landscape - all the natural features such as fields, hills, forests and

_water that distinguish one part of the earth's surface from another
part.

Material, parent - the unconsolidated and more or less chemically

_wWeathered mineral or organic matter from which the solum has

developed by pedogenic processes.

Moraine - an accumulation of earth, generally with stones, carried and
finally deposited by a glacier.

..Ordination - arrangement of vegetation samples in order of similarity.

Palsa — a mound of peat with a perennially frozen peat and/or mineral
core.

Pedology =~ the aspects of soil science dealing with the origin,
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morphology, genesis, distribution, mapping and taxonomy of soils,
and classification in terms of their use.

Pedon - the smallest, three dimensional unit at the surface of the earth
that is considered as a soil.

Permafrost - perrennially frozen material.

Phytosociology - the ©branch of ecology that deals with the
characteristics, relationships, and distribution of associated
plants.

Pioneer - the plants or communities that occupy newly available or little
differentiated sites.

Plain - an area of comparatively flat, smooth, and level land.

Plateau, peat - an area of perennially frozen peat, raised above
surrounding terrain by accumulation of ice in peat or mineral
materials, and extending for several hectares.

Proclimax - a stable plant community whose original establishment
presumably took place under climatic conditions differing from those

of the present.

Profile, soil - a vertical section of the soil through all its horizons
and extending into the parent material.

Releve - a quadrat survey where all species present are listed and given
some quantitative coefficient.

Riparian - pertaining to shores and banks of lakes and streams.

Scar, collapse - fen areas that developed as a result of melting of
permafrost in organic landforms.

Sere — a group of plant communities that successively occupy the same
site, from the pioneer through the consolidation to the subclimax
stages.

Site-type - an ecosystematic unit defined by its indicator species’'.

Sociability - the spacing or aggregation of individuals of a species.

Soil - the natural occurring unconsolidated material on the surface of

the earth that has- been influenced by parent material, climate,
organisms and relief, all acting over a period of time.
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Stand - an area occupied by floristically and structurally homogeneous
vegetation; it is the association-individual, a local example of an
association.

Stratification, vegetation - the arrangement of plants in layers within a
stand.

Structure, vegetation - the distribution in space of the living parts of
the plants in a stand and, by extension, in an association.

Subclimax - a phase of succession occupied by associations with structure
fairly close to that of the climax but biologically wunable to
perpetuate themselves on the same site.

Succession - the process through which a plant community invades and
eventually replaces another.

Taiga - a needle-leaved (usually evergreen) parkland.
Taxon — a systematic natural unit of unspecified rank.

Texture, soil — the relative proportions of the various soil separates in
a soil according to size.

Tundra - an area of generally open vegetation maintained by a short and
cold growing season.

Vegetation - the total plant cover of an area, consisting of one or more
communities.

Veneer - an extensive area of thin (< Im) unconsolidated surficial
deposits which mask little of the configuration of the underlying
bedrock or deposits.

» bog — an area of shallow peat ( 40 - 100 cm thick) that covers
slopes and to some degree, depressions and uplands. Permafrost is
discontinuous and most often found in better developed Sphagnum peat
mounds. -

Zone - natural geographical unit, whether latitudinal or altitudinal,
generally climatic.

*) Terms regarding vegetation and plants from Dansereau's (1957)
"Biogeography, an ecological perspective.”

Terms regarding soil, landfrom and materials from glossaries
prepared by the NRIP and the ..Canada Committee on Soil
. Classification.




