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ABSTRACT

Vegetation type maps coverinq approximately

76,00A km2 of northern Manitoba \,vere made using Landsat

multispectral scanner data to provide a preliminary

assessment of barren-ground caribou (Rctngi(s¿n fctna.ndu'S

gnoønLctndicu¿)wintering rangie. Landsat digital data

for six summer Landsat scenes vTere analysed with

principal component enhancement. Extensive ground

sampling was conducted during three summer field

seasons to determine species composition and spatial

distribution of major vegetation associations.

Mapping accuracy was assessed by grouncl truth and low

flying aircraft. A preliminary winter range use

study was conducted in Februð'T! r 1981.

Vegetation associations were represented on

six National Topographic Series (NTS) maps at a scale

of l-:250,0C0. The subarctic forest region, characterized

by seven major vegetation associations, covered.

approximately 75 percent of the study area- The tundra

region, characterized, by five major vegetation

associations, covered the remaining 25 percent. Recent

forest fires I Lgl2 Lo 1980, have burned approximately

9 percent of the subarctic forest region- Three

categories of burn \^/ere identified.

A preliminary assessment of the suitability of



each vegetation association to support barren-ground

caribou, revealed approximately 25 percent of the

study area to be prime rvinter habitat' 35 percent

to be satisfactory, 15 percent to be marginal' and

10 percent to be unsatisfactory' Water bodies cover

15 percent of the studY area'

Factors influencing mapping accuracy were complex'

and. inclucled variation among vegetation classes in

both errors of inclusion and omission' Sources of

mapping error were explored and biological significance

of. classification and mapping errors \^/ere cliscussed'
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1.0 TNTRODUCTION

1.1 Problem Statement

The rapid decline of the Kaminuriak caribou since

the 1940's suggests an urgent need for development of

a coordinated managiement strategy. Habitat mapping

would enable greater und.erstanding of the relationship

between caribou and their environment. Because the

total range required to satisfy caribotl's winter

biological requirements encompasses an area of thousands

of square kilometers, conventional means of mapping

vegetation type with high altitude aerial- photography

would be time consuming and costly' Another option

is to use Landsat satellite data which provide relatively

inexpensive information on a near real--time basis '

1.2 Background

The subarctic forest of northern Manitoba has

long been recognízed as wintering range for barren-

ground caribou (Ra.ngi(øtt Í.anandu,S gnozn'Lctndícu¿)'

Recent population estimates inclicate that there has

been a drastic decl-ine in caribou numbers (Banfield L954,

Parker Ig72, Thompson et aI' I97B) ' Accompanying

this decline has been a reduction in the use of

traditional wintering range by caribou in northern

Manitoba. Because of the importance of caribou as an

economic, social, and biologicat resource to northern
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native peopte, the Manitoba Government initiated a

major program in Ig76 to study the caribou situation'

Dialogue between caribou managers and resource

users in Manitoba, Northwest Territories' and

saskatchewan exposed differing views pertaining to

the caribou problem. Though there was general agree-

mentthattherearefeweranimafsnowthaninthepast,

d.iffering theories \irere advanced to account Íor the

decline of caribou. One view expressed by resource

users was habitat destruction by fires. There

remained however, a dichotomy of opinion among caribou

researchers regarding the impact of fire on caribou

range. In an ef f ort to provide def initive ans\'vers

on the impact of fire, the Manj-toba Government initiated

a barren-ground caribou winter range mapping program

in LglB. Caribou managers with the \¡iiIdIife Branch'

Manitoba Department of Natural Resources felt that

a technique which was capable of monitoring large

tracts of caribou range on a regular basis would

provide a framework for coordinated habitat management

and research Programs '

1.3 Objectives

The primary objective of this studv was to deter-

mine the extent and types of vegetatíon associations

found on barren-ground caribou winter range in northern
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Manitoba. Specific objectives were:

t. To develop a vegetation classification
based on parameters which are important
to caribou and which can be detected by
current satellite technologY'

2. To produce vegetation cover maps for six
NTS map sheets at a scale of :.2250,000
and provide a preliminary suitabirity
assessment of vegetation associations for
the support of barren-ground caribou'

3. To assess the feasíbility of using Landsat
data in development of an operational tech-
nique for monitoring caribou winter habitat'

L.4 Limitations

The remoteness and climate of the study
area result in an extremely short field
season. This limited time available for
collection of ground truthing data.

All aerial surveys were conducted with
fixed-wing aircraft therefore accessibifity
to some vegetation associations for ground
sampling purposes was limited.

Suitability assessment of each vegetation
association for the support of barren-
ground caribou was based on limited data
ánd is therefore only a preliminarlz assess-
ment. Habitat suitability assessment has
been identified as an area requiring further
research.

I.5 StudY Area

The study area is located in northern Manitoba

(figure 1) between the 58th and. 60th parallels and

the 96th and 102nd meridians. The area encompasses

six National ToPograPhic Series (NTS) map sheets of

64J ; 64K¡ 64N; 64C- ¡ and 64P .

2.

L2250,000 Serj-es z 64I¡
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1.5. t PhysiograPhY and Drainage

Tarnocai (L975) has described the physiography

in this reg.ion as gently undulating with overall-

flatness interrupted by eskers and drumlinized d.rift

plains. Much of the land surface is poorly drained.

Major rivers includ.e the Sea1, Cochrane, Knife'

Caribou, and Wolverine which exhibit seasonal

fluctuations in water level and variable flow rates -

There are numerous shallow land-locked lakes and ponds

with peat or boulder shorelines.

1.5.2 Flora

The study area encompasses the northwestern

transition within the Boreaf Forest Region as des-

cribed by Ro\^re (Lg77) . Along the treel,ine, a felatively

abrubt transition zone lies between the subarctic

forest and tundra. subarctic forest vegetation is

d.ominated by black spruce (Pic¿ct m(LrLicLn(L), which

occupy a variety of habitats from d.ry esker ridges to

wet bogs. Widely spaced trees and sparse undergrowth

provide ideal conditions for lichen growth ' Baldwin (r953)

and Ritche (1960) provide a botanical account of

the major vegetation associations found in the area'

Tundra vegetation is dominated by Iichens, sedges ' and

heath. Black spruce is l-ess common on the tundra,

and many show signs of wind-pruning. Trees are often
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found growing only in depressions and along lake shores.

Common and scientific names of vegetation species

identified by the researcher in this study are listed

in Appendíx I. A collection of vascular and lichen

flora gathered by the researcher, remains with the

WiIdIife Branch, Thompson. Additional information

on the vascular flora (Scoggan L957) , Iichen flora

(HaIe l-969) , and moss flora (Conrad 1977 ) is avail-

ab1e.

1.5.3 Fauna

Banfield (L977) and Godfrey (I979) provide

information on habits and

birds,respectively, found

and birds observed bY the

and ground surveys of the

Append.ix II.

1.5.4 Climate

distribution of mammals and

in the stud.y area. l4ammals

researcher during aerial

study area are listed. in

Clj-matic data for the study area are limited

because the onty permanent weather station at Lac

Brochet was just recently made operational:- in Decem]:er

1980. Mean monthly temperatures for 1978-E0 recorded

for Brochet (SZo 53'N x I01o 4l-'W) were compiled

from Manitoba Regional Services d-ata, and are reported

in Appendix III.

Generally, cl_imate of the study area is charactertzed
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by cool wet springs and relatively dry moderate summers.

Baldwin (1953) reported spring frosts at Brochet in

mid June and autumn frosts ín early September'

1. 5. 5 Land Use

Hunting, fishing, and trapping continues to play

an important role in the lifestyle of many native

people in northern Manitoba. chipe!\iyan Tndians who

historically lived a nomadic lifestyte in this region

have, in recent years, established permanent residence

in Tadoule Lake and Lac Brochet. The community of

Brochet, a cree and. Metis community, has existed for

over a hundred years. Fish and wildlife use is centered

around these communities, however, seasonal movement

by game results in hunting activity being dispersed

throughout the area.

Therearefewsportfishinglodgesinthestudy

area. Major camps are situatecl at Bain Lake, Stoney

Lake, Munroe Lake, and Duck Lake.

The Seal and Cochrane rivers provide scenic

canoe routes and. of f er c-hallenging rapids, even for

the most exPerienced canoeist-

several mining exploration activities have been

conducted in the stud.y area on a seasonal basis '

The most notable of these camps \^ias operated by

United Sisco Mining Co., just south of Kasmere Lake'



-B-

significant deposíts of uranium have been located in

the northwest portion of the study area on NTS-64N

(Figure 1) .
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2.0 LITERA,TURE REVIEW

2.L Introduction to Landsat

Three Landsat satellites, formerly called ERTS '
are in a near-polar, sun-synchronous orbit about

900 km above the earth's surface (Harper L976).

Repeti-tive coverage is proviäea try one satellite on

an lB-day cycle. A multispectral scanner (MSS)

subsystem on-board. each satellite detects electro-

magnetic energy reflected from the earth's surface

in four wavelength bands: Band 4 , 0.5 to 0 - 6 um;

Band 5,0.6 to 0.7 umi Band 6, 0.7 to 0.8 um; and

Band 7, 0.8 to I.t um. The scanner s\^zeeps terrain

across a swath 185 km wide, in six simultaneous

strips 79m in width. Intensity of electromagnetj-c

energy is measured and recorded at 57m intervals

along each strip. Each interval, corresponding to

an area of 79m by 57m- on the earth's surface, is call-ed

a pixel; an' acronym for picture element- MSS ouput,

recorded in digital form, is relayed to one of two

satetl-ite receiving stations in Canada: Prince

Albert Satellite Station (PASS) ' Saskatche\'üani or

Shoe Cove Satellite Station (SCSS) , lrlewfoundland'

Special preprocessing of Landsat data is required

to compensate for anomalies introduced by the MSS

system. The first category of adjustment, radiometric
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cal-ibration, makes ppssible equalization of gain changes

which may occur in the six detectors of a spectral

band during transmission on quantization of bright-

ness levels (Strome et al. L975). Anomalies introduced

by variations in satellite perspective are corrected

for by geometric calibratíon. Geometric corrections

are much more extensive than radiometric calibration-

Strome et al-. (Lg75) elaborates on preprocessing Landsat

data. Even after radiometric and geometric corrections

have been applied, there are several othei factors

which affect image quality and ability to distinguish

ground features.

Dave (1980) found that atmospheric blurring is

a function of atmospheric haze, solar zenith angle'

position of surface feature with respect to locaI

nadir direction, and. wavelenth of the radiation.

Turner (Lg73) states that atmospheric scattering of

radiation increases spectral variation, resulti-ng in

reduced contrast between adjacent ground feature.

Atmospheric effects are more pronounced at some wave-

lengths than at others. For examPle, the effect of

haze is much greater for the shorter wavelength band,

0.55 um to 0.58 ürì, than for the band at longer

wavelengths, 0.80 um to t-0 um- Otterman and Fraser

(Lglg) state that the spectral response of a pixel may
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be affected by reflectance from pixels from as f.ar

away as 7 km. Magnitude of this effect would be

determined by such factors as relative refl-ectance

of scene and bacl"ground' average height of scattering

layer, scattering phase function of atmospheric

constituants, and atmospheric attenuation characteristics.

Smith et al-. (I980) analysed terrain geometric effects

and optical scattering properties of dense Pínu,S forest

and found that effective illumination angles between

the surface and sun at the time of image acquisition

ranged between 30 and B0 degrees. Beaubien (L979)

examined factors affecting reflectance of forest

stands and found that apart from forest species, class

distributions were affected by stand. age and density,

and exposure of slopes. Beaubien found that the

younger and/or denser a stand, the greater íts re-

flectance. This relationship was particularly noted

in the infrared band. ColweII (L974) discusses in

greater detail parameters affecting reflectance of

vegetation cover.

Landsat products are available in either photo-

graphic or digital format. The choice of prod-uct

is important because the quantity and quality of

data, as well as the means required to extract desired.

ínformation, differs significantty. Harper (I976)
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states that information obtainable from a photographic

product is l-imited by physical shortcomings of the fil-m

anð./or printing paper. For example, printing paper

is capable of providing 14 discernible shades of grey

whereas satellite data, transmitted in the form of

binary digits, distinguish 64 shades of grey.

Already opticat resolution has been d.egraded- more than

four times in the shift from digital to photographic

format. The spatial loss of information on photographic

products is even greater. spatial loss results from

limited ability to recreate detail provided by 7t4

mil_Iion picture elements per Landsat scene on 7Omm

fil-m. Computer assisted. analysis of diqital data

can provide more information than that obtainable

from photographic Products.

Two general methods of digital analysis have been

developed for Landsat mappi.g, classification and

image enhancement. Alfotdii (I9lB) provides an intro-

duction to digital images and digital analysis

techniques. Johnston and Howarth (1980) describe

classification, gienerally, as a method by which spectral

data are statistically sorted and displayed as d,ifferent

symbols. Each symbol pórtrays a specific, discrete

spectral category to which a land or vegetation class

is assigned. Goldberg and shlien ,1976) describe
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two approaches to automated classification' supervised

and unsupervised. with supervised classification,

the user specifies certain groups of picture elements

as training samples which are representative of the

class of interest. A computer then estimates the

statistical parameters of the training samples and.

classifies the remaining pixels into the corresponding

classes. The second approach, unsupervised. classifica-

t.ion, is based upon the use of a clustering algorithm

to id.entify seperable clusters in the data. The user

must then correlate these clusters with the ground

cover classes of interest. Thompson et al. (1980)

used an unsupervised classification routine employing

clustering by migrating means , for caribou habitat

mapping in the southern district of Keewatin' La

perriere et ql" (r980) used a supervised classification

with a modified clustering technique for moose-habitat

analysis in Alaska. HalI et aI. (L979) were able to

distinguish three categories of burn severity on

tundra in Alaska with an unsupervised classification'

A second method of analysis, known as image

enhancement, is a procedure which transforms digital

data into a more expressive, interpretable form'

With image enhancemerrt' subtle radiometric or spectral
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details are accentuated prior to visual interpretation.

Johnston and Howarth (1980) describe four digital

enhancement techniques for vegetation mapping in the

subarctic environment and found that linear contrast

stretch was most effective for delineating bog and

fen patterns, whereas band ratioing, video-filtering,

and principal component enhancements \^/ere of marginal

value. Beaubien (1980) achieved successful results

with principal component enhancement for detineation

of subarctic vegetation on the north shore of Quebec

by choosing appropriate training areas to form

components of an image. The specific ground' cover

types \^7ere then enhanced with three principal color

components (Kourtz and Scott 197B) .

McQui]lan (I975) outlines capabilities and benefits

of remote sensing systems in Canadian northern resource

development. Included. in a l-ist of applications are:

topographic mappitg; l-and and resource inventories;

engineering construction; land-use, terrain, soil-s

and vegetation mapping; management of forest resources;

land-use planning; environmentaf monitoring; and

environmental impact assessment. He also provides

several cost comparisons between Landsat and aircraft

methods.
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2.2 Barren-ground caribou hiinter Habitat Requirements

Each species has a unique set of habitat requirements

which must be met if that animal is to survive and

reproduce. Literature was examined to ascertain

parameters of winter habitat known to be important

to barren-ground caribou. A comprehensive understanding

of caribou habitat requirements and a knowledge of

where those requirements are met, would be val-uable

to wildlife managers. some habitat parameters such

as snow conditions and their effect on caribou biology

are difficult to quantify. Habitat elements which

fulfill essential biological requirements of food,

cover, and mobility \^7ere examined-

Studies of craters, cratered sites, and analysis

of rumen contents have demonstrated that lichens are

primary forage of caribou on the taiga winter range

(Scotter 1967, Kelsall- 1968, Miller Lg76, Skogiland

1980). Kelsall (f968) found that winter diet of

barren-ground caribou consisted of up to 50 percent

perennial plants, but generally Iichens dominate'

Edwards and Ritcey (I960) comment on the importance

of arboreaf lichens to Rangí(zn ctncÍ'ícu¿ within

their winter habitat when snorv is deep and there is

littte else avail-able. Skoog (1968) found that

caribou thrive without lichens and normally suoplement
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their lichen diet with other plant foods. Diet of

caribou has been shown by researchers to also ínclude

plant species listed in table I. The diverse range

of plants from l_ichens to sedges and shrubs, supports

Bergerud's (Lgl2) conclusion that caribou are feeding

generalists. Because of the preponderance of studies

which indj-cate that lichens are the most frequently

utilized forage in the rvinter diet of caribou, presence

of l-ichens was considered to be an essential component

of prime winter range.

Miller's (L976) seasonal comparison of 545 rumen

samples showed marked changes in proportions of forage

classes as caribou moved through different habitat

types. fn the taiga, lichens dominated the diet

although dominance decreased significantly (P < 0.00r)

from B0 percent in November, to 50 percent in April.

In November, grasslike plants were the second. most

abundant forage item however by April the proportion

had significantly (P< 0.01) decreased. Miller (1976)

states that seasonal availability appears to dictate

forage use by caribou after early winter'

Avail-ability of forage depends on depth and

hardness of snovl cover, as well as proximity of travel

routes to feeding areas and treeless escape and loafing

cover. pruitt (1959) states that snow cover exerts

a profound influence on behaviour, migration, and
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Table I

Caribou Forage

Forage of caribou as determined from
direót observation of feeding, feedj-ng
tríals , ot rumen analYsis -

Author

a
co
O\(J
r-i o

Ð
o ..1

rr-.coú\o .-f I o\ \o
or {"d I r-l F- (J
r-l Ot C

Ðl '-l rd
AJI qJ

!É(,)
O C rd ! rO^
Ð O r-l () !o
Ð t0 b'ì r-l rd \o
O t"l O r-l Bo\
U O J1 '.1 õ-lulê{mE

SÍ.znøo c6.uLc) n sPP .

CX-ctdc; níct miÍ.i¿
C.Lctdo nía" )Lang i I znín ct

C X-ctdo níct cLX-p ¿8 Í.n-í,s
C¿Í.nctnict spp.
A.L¿cÍ.0 nía spp .

Lr¡copodLun spp.
Eniythonum spp.
Ec¡uít ¿fum spp.
Ertí.Lobíum spp.
Can¿x spp.
Emrs ¿Í.nun1 spp .
V. Vití.t-ídct¿a
V. Un-igínct^um
V accLnLum m tl )LtLI-.Lo id¿'s
0xqcoccut sp.
Lctí¿ ¿L¿utLi(L
L¿dum glLo ¿nLcLndieun
L¿dum d¿cumbønt
Kctl-nLct sp.
Chctmct¿dctphnø sp.
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survival of caribou. Pruitt (f959) suggests that

ideal snow conditions for caribou winter range appear

to be: I) hardness not over 60 gm/sq. cm for forest

snow and not over 700 gm/sq. cm for l-ake snow; 2)

density not over 0.20 for forest snow and not over

0.32 for lake snow; and 3) depth not over 50 or 60cm-

Another important feature of snovü cover Ís its

maturation process. Snow morphology undergoes a

series of changes in thickness, hard-ness, density,

grain size, and structure (Klein et al. 1950).

The seguence can be completely upset by strong wind,

wind combined with high temperature,or when liquid.

precípitation occurs. Pruitt (L979) derived a math-

ematical model which rel-ates reindeer activity to

sno\iv cover f eatures. Pruitt' s Värriö Snow Index

(VSI) enables a quantitative assessment of sno\^7 cover.

Pruitt contends that hard snow layers have different

hj-ndrance effects depending on whether the hard layer

is at the center, top t or near the base. For example

a very thín, hard, lalzer on the snow surface has a

greater hindrance effect in terms of mobility than

the same layer at the base. A hard layer at the base

would hinder caribou's ability to crater for food.

It was assumed that features of the vegetation

association affect the snow maturation process such
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that snow conditions vary amongi vegetation assocj-ations

throughout the year under different climatic conditions.

For example, areas of greater crown closure !'iouId

result in favourable snow condítions during years

of deep snolr/ or when high winds create hard sno\'ü

crusts in open areas.

Theories about the effects of fire on vegetatíon

in the subarctic forest have important implications for

caribou habitat management (Scotter 1964) - Ecological

effects of fire in the northern environment have been

documented by Ro\.n/e et al . L974, Kershaw and Rouse L976,

Johnson and Rowe L917, Ke]sall et al. L977, and

Rouse and Mills L977. The argiument for fire

suppression on caribou range is stated by Johnson

and Rowe (1975) in the following,

"caribou are climax animal-s dependent
on the climax boreal forest for
survival in the winter seasbn r. their
preferred winter food consists
primarily of fruticose ground lichens
and pendulous arboreal- lichens that
characteríze cfimax coniferous types,
fire destroys the Iíchens which' once
burned away, are onlY renewed bY a
slow process of succession extending
over many decades; fire therefore,
exerts one of the controls over
population síze of the barren-
ground caribou. "

It is likely that all researchers would agree that

the short term effect of fires on caribou habitat

is negative as it removes food, however, a dichotomy

of opinion regarding the long term effect of fire would

remain.
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Banfield (I954) states that destruction by fire

ofalargepartofwinterrangewouldresultinstarvation

and consequent reduction in barren-ground caribou

population.Kelsall(1968)concludedthatthelimit_

ing effects of forest fires had been negligible on

caribou poputation but only because the numbers were

low and had already declined.. Lutz (1956) believed

that increased size and freguency of fires following

settlement and. gold-rush days in interior Alaska were

primarily responsible for reduced caribou numbers '

Pruítt (1959) noted caribou avoided' burned areas

in northern saskatchewan. scotter (1971) concl-uded

fire damaged winter range of barren-ground caribou

has increased with growth of settlement and exploit-

ation, and there is a reduced potential carrying

capacity. Scotter also states reduced potential

carrying capacity does not appear to be the factor

limiting caribou populations but may have reduced

it to the point where men, wolves, and other factors

could keeP numbers low-

Skoog(1968)concludedthatreducednumbersof

caribou were not the result of burning- fores'ts and that

fire has had little influence in the fluctuation of

caribou numbers. Bergerud (:.974) rejects the belief
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that winter food scarcity has limited this species

and it is his opinion that over-hunting and local

increases in wolf predation are responsible for the

caribou decline. Mill-er's (Ig7 6) studies on the

Kaminuriak caribou also lead- to the conclusion that

winter food does not limit caribou numbers. Miller

also suggests that fire maintains vegetative hetero-

geneity and stimulates lichen production.

While researchers agree that fire is a natural

phenomenon on the rangie of barren-ground caribou,

the extent to which it effects caribou numbers remains

open to discussion. Further research is required to

determine prevalence' recurrence, and ecological

effects of fires, as it relates barren-ground caribou.
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3.0 METHODS

3. I Landsat Data Acquisition

Two methods of locating Landsat data for this

study were used a manual search of microfiche

cards at MRSC and a computer scan Of imagery stored

at ccRS. Requests for a computer search were made

through User Assistance at CCRS, Ottawa' Minimum

scene requirements specified for this study were '

relevant path and row reference number; time frame'

JuIy Lg72 to August 1980; minimum band quality, faír;

and maximum cloud cover, 15 percent. All Landsat data

for this project were purchased from Prince Albert

Satellite Station (PASS) ' Saskatchewan. Photographic

data used in this sludy are listed in Appendix IV'

For further details on ordering Landsat data see

Appendix V.

Adclitional aerial photography of the study area

was made available through surveys and Mapping Branch,

Manitoba Department of Natural Resources. Bl-ack and

white aerial photography from 1957 was available for,

the entire study area at scale 1:60,000. Approximately

12,000 km2 of NTS-64K was photographed in color during

June and JulY 196l at scale 1:15,840.

3.2 Processing Landsat Data

Landsat computer compatible tapes (CCfs) had
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standard radiometric and. gieometric corrections applied'

(strome et aI. 1975) . A digit.al enhancement technique

was used. to maximize information obtainable from

Landsat data. A Karhumen-Loeve (principal component)

transform was used to create statistics files for a

subarea (approximately 100,000 pixels) on each Landsat

scene (Kourtz and Scott 1978) . Selection of training

areas within each subarea was outlined by Dixon (198r) .

Training areas were required to form components of the

image. The second step of the image enhancement process

was to map components from three K-L transforms into

color space (taylor L914). DIPIX Systems Ltd-'

Ottawa, was contracted to perform principal component

col_or enhancement using the ARIES (App]ieC Resources

Image Exploitation system) package. Enhancements \^iere

performed for six CCTs (Tabl-e 2) - A maximum of eight

color classes per NTS map sheet \^Iere reguested. color

enhanced images were registered to the UTM grid system.

Image output was obtained on 70mm film and nine

10-inch square col-or prints were produced for each

map sheet. ccTs are stored at I{RSC and color enhanced

images remain with the WiIdIife Branch, Thompson.

3.3 FieId Programs

Field programs \^zere administered by the Manitoba

Department of Natural Rêsources, Wildlife Branch,
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Northeastern Regional Office, located at Thompson'

Lynn Lake, and churchill. vegetation data I/úere gathered

during three summer field seasons, from L97B to 1980-

A preliminary caribou range use study was conducted

in Februdry, 1981. A summary of field. programs is

found. in Appendix VI.

3.3. f Aerial Surveys

Aerial surveys were used. for assessing mapping

accuracy. An aerial sampling point was termed a "ffy-

by" and represented- an area on the ground of approximately

2.5 km2 Q5O ha or 540 pixels) . Fly-bys were plotted

on maps in such a manner that at least one side was

adjacent to a recognizable ground feature such as a

lake or river, which served as a reference point for

observers. Each fly-by was examined for approximately

three minutes from a height of 600 to 800 feet (fBO-

24Om) AGL whil-e the aircraft was kept in a tight bank

by the pilot. One observer woul-d record data on a

standard data form (Appendix VII for example), and the

second observer would photograph each fty-by with a

hand-held 35mm camera. Dominant relíef class, tree

species, ground cover association, and crown closure

were assessed for the entire fly-by area. At burned

sites, evid.ence of regeneration was recorded- Al-I

aerial survey data and 35mm photogrphs remain with the

Vüildl-ife Branch, ThomPson.
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Chi-square tests \dere conducted to determine

if the outcome of fly-by observations \,vere dependent

on either observer experience or vegetation associations.

An experienced observer was defined as one who had

become familiar r,"ith vegetation associations of the

study area by each of the following means: 1) air

photo interpretation; 2) prior aerial- reconnaissance

of the study area; and 3) previous visits to ground

sites. Vegetation associations were grouped into two

categories, subarctic forest and tundra. Two observers

on the same side of the aircraft' one in front seat

and one in back, would independently record observations

of the same fly-by on standard data sheets. Similarities

and dlfferences in observations between observers

\'vere noted and the followi-ng null hypotheses were tested:

Test #1 Ho: Similarities and differences noted
in fly-by observations on tundra
vegetation were not dependent on
observer experience.

Test #Z

Test #3

Ho: Similarities and differences noted
in fly-by observations on subarctic
forest vegetation were not dependent
on observer experience.

IIo: Simil-arities and differences noted
in fly-by observations between
tv¿o experienced observers \,riere not
dependent on vegetation conditions-

Tests were conducted to determine effect of sample size

area on the abilitlz to classify crown closure for a

fly-by cel-1 plotted on color aerial photographs

(1:15, 840) . Five sample size areas \,vere classif ied:

1) 300 m2¡ Ð 2,800 m2; 3) 7 ,gO0 m2; Ð 20,]-00 m2; and
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5) 3L,400 m2. Air photo classification was conducted

by three interpreters. on each trial the interpreters

were permitted to see only the sample area to be

classified. Crown cl-osure within the sample size

area was d.etermined and compared with crown closure

assigned to the entire cell-. sample classifications

which did not match cro\,vn cfosure assigned to the ceIl

were noted.

3.3.2 Ground Surveys

Ground surveys were conducted to gather detailed

information for each vegetation type- Data gathered

from ground surveys remain with the wildlife Branch,

Thomspon. A vegetation type or associatíon was

defined as an area of above ground vegetation and its

associated environment which possessed simil-ar species

composition throughout, with a relatively uniform

spatial distribution of the dominant tree and under-

story species, and a relatively uniform height in

canopy and understory strata.

Accessibility to ground survey sites was subject

to limitatÍons of using fixed-wing aircraft- Lakes

had to be a minimum of 1 km in length, had to be

relatively free of rocks, and had to have sufficient

depth to accommodate a float-p1ane. I{ind conditions

and shoreline profile had to be considered prior to each
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landing. Low water levefs further restrícted accessi-

bility in lg7g. on the tundra where winds were always

prevalent and many lakes \^/ere shallow and boul-der-

lined, accessibility was a problem.

Ground data were gathered from within several-

5-m radius circular plots at each site and recorded on

data sheets (Appendix VÏII for example). Vegetation

cover was vertically separated into four horizontal

strata consisting of a ground, fiel-d, shrub, and forest

stratum. Ground stratum included l-ichens and mosses.

Field stratum was comprised of alI erícaceous shrubs,

herbaceous plants, and sedges less than 75cm in height.

Separation of shrub and field strata at 75cm was intended

to separate the subnivian vegetation (field stratum)

from supranivian vegietation (shrub stratum). Forest

canopy \,vas defined as the coveragie of branches and

foliage formed bY tree crowns -

Total plot coverage of each stratum v¡as determined

by estimating the area occupied by al-l plant species

of a stratum and expressed as a percentage of the

whole area (78.5m2). Percentage cover of dominant

species was recorded for each stratum in the same

manner. A domínant species was defined as a plant

which had the greatest area coverage in a particular

stratum. Frequency and average height of trees were



-29-

recorded by dbh cl_ass. Tree disks were taken 15cm

al:ove ground and aged usi-ng a 10x binocular microscope.

Arboreal lichen abundance was estimated to be either

dense, moderate, trace t oy nit. All other plant species

found iln a 5-m radius plot \,ùeTe- recorded in (ApperidÌx IX)

Relative abundance of each species within a vegetation

type is based on cover and- frequency with which

a plant in each strata may be expected to occur through-

out the study area. cover-abundance categories are

summarized in Table 3.

In burned areas particular attention was given

to the amount and type of regeneration. Regeneration

was described as sprouting, invasion by mosses, and/

or seed.ling establishment. seedlíngs were cut down

and aged. Barriers to burning, islands of remaining

forest, and. intensity of burn in relation to relief

and vegetation type were noted. fntensity of burn

was described as how much vegetatíon in each strata

v,/as consumed. For example, an intense burn was one

where trees \^/ere burned f rom the base to the top' A

burn was considered light where only ground cover and

tree bases were burned-

Range biomass data \{ere collected in August 1980.

A 25-cm square plot was ranclomly locatecl within a 5-m

radius plot in five different vegetation types. Due

to the time consuming sampling process and adverse

weather conditions only one plot per transect was
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sampled. Al-1 lichens, sedges, and leaves from shrubs

were removed from the plot and placed in seperate paper

bags. Living and dead portions of l-ichen podetia were

gathered but not seperated. Only above-ground parts

of sedges were col-lected. On one occasion arboreal

lichens were collected from a black spruce in an upland

open black spruce cover type. Arboreal lichens \,\lere

removed from the trunk and branches, üP to a height of

3 meters. Al-l- samplêswere oven dried at BOoC for four

hours in ovens at the Botany Department, University

of Manitoba and. then weighed.

3. 3.3 Winter Range SurveY

Aerial- surveys were flown Februrary 2-6, 19B1

using a fixed-wing aircraft to determine 'distribution

of barren-ground caribou. Locations of wintering bands

were plotted on I:250,000 vegetation maps. Bedd.ing

and feeding sites were described. Track orientation,

form, and proximity to islands and shorelines were

noted. Response to burn areas was observed and recorded.

One stop was made in an area where there was evidence

of cratering. CraLers are formed by caribou pawing

through snow in order to obtain ground forage.

Vegetation type, distance of craters from l-ake shore,

and crater density were noted. Exposed substrate and

available forage in each crater v/ere al-so noted-

A set of NRC Standard Snow Instruments (Kl-ein et al-
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1950) were used to gather d.ata on snow conditions-

At each snow station the following information was

qTathered: 1) location, 2) habitat, 3) pukak (fragiIe,

columnar basal layer of api) and air temperature,

4) vertical snow hardness, 5) total api (snow on the

ground, forest) depth, 6) thickness and horizontal

hardness of each sno!ü layer, and 7) giround vegetation.

Snow data were analysed using Pruittrs (L979) värriö

Snow Index (VSI) .

3.4 Vegetation and Burn MaPPing

Preliminary interpretation was used for selecting

fiel-d sampling sites and as a means for recognizing

similarities and differences among vegeLation types -

Relief, species composition, and density of forest

cover v¡ere used to describe vegetation types.

Vegetation type bounrlaries were delineated on col-or

enhanced sub-images using col-or and spatial patterns

as the criterj-a for differentiating vegetation types -

Sma'l lest area mapped, was about 150 ha or approximately

320 pixels. Vegetation type boundaries v/ere transferred

from I:250,000 color enhanced satellite sub-images to

L2250,000 mylar base maps with theBauschand Lomb

Zoom Transfer Scope (ZTS) . Care was taken to ensure

that type boundaries matched between adjacent map sheets.

Forest fire boundaries were delineated on black
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and white satellite imagery using greY tones as criterÍa

for differentiating recent burns from adjacent

vegetation types. Fire boundaries were transferred

from 1:1r000,000 satellite photographs to a L:250,000

mylar base map with the zIs. Adjustments made rvith

the ZTS to compensate for image distortion d'ue to

geometric anomalies in Landsat data. Burn masks

remain with the Wildlife Branch, Thompson.

An area dot grid (one dot per square kilometer)

was used to determine proportion of each cover type

per map sheet. Approximately 12,000 dot,/vegetation

association counts were made per map sheet. Area

(fm2) of each cover type was estimated by multiplying

the area of the map sheet by the proportion of the cover

type. Water was included as a cover type for area

determination

3.5 Barren-ground Caribou Range

Suitabíl-ity Assessment

l,imited fietd data enabled only a qualitative

assessment of each vegetation association's suitability

to support barren-ground caribou. criteria to assess

preliminary habitat suitability include: 1) food

presence and availabiLíLy, 2) ease of mobility, and'

3) presence of escape and loafing cover. Habitat was

described. as either prime, satisfactory, marginal or

unsatisfactory.
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3.6 MaP Accuracy Assessment

An aerial sampling technique was used to assess

accuracy of vegetation mapping for each NTS map sheet'

Vegetation association was compared between cover

Lype observed from fly-bys and cover type delineated

oneachmap.Fly-bymapcomparisonsvierestandardized

to a 10,000 unit area, using the proportion' vegetation

association area against subarctic forest area '

as a weighting factor. Discrepancy between field

observations and mapping unit was considered to be

an error from one of two kinds. Tables with standard-

ized. results are found in Appendix X.

standardized. area of vegetation association per

10,000 square units (S), was calculated by

si=Pixlo'ooo
where i represents a specified vegetation association.

P is the ProPortion determined
from the area dot-grid. count'

Therelationshipbetweenfly_byobservations

(i) and map units (m) was standardized by

si*=siþ
where 51* represents standardizeð' area in the ith

vegetatiorr association cl-assified as the mth mapping

unit,

oi* is the number of fIY-bY
observations in the ith
vegetation association de-
lineated on the maP as the
mth unit,
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Ai is the total number of flY-bY
observations in the ith vegeta*
tion associaton, and

Si is the standardized area
of each vegetation associa-
tion Per I0,000 square units'

Twokind.soferrorswerenoted,clässification

and mapping. Classification errors (Eci) were made

when fly-by observations from the ith vegetation

association were incorrectly classified as the mth

unit. Total classification eÏrors for the ith

vegetatj-on assocation (Eci) were determined by

Eci = Si Cim

where cio represented the number from the ith vegetation

association correctly classified as the mth unit.

The Probability of making a classification error

for the ith vegetation association (Pci) \^/as determined

by

D:Eci. cl_ si

Mapping errors (Eom) were made when a vegetation

association from the mth map unit was incorrectly

mapped as the ith vegetation association' Total

mapping errors for the mth mapping unit (Eom) v/ere

determined bY

Eom=Rm-Cim

where Rp is the row Lotal for the mth mapping unit'
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The probability of making a mapping error for the

mth mapping unit (Pom) !,zas determined by

- Eomtom-Ç- 
)
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4.0 RESULTS AND DISCUSSION

Subarctic forest and tundra vegetation \^rere

mapped at scale L2250,000 with Landsat digital data.

A discussion of Land,sat data selection technigues

employed. and a detailed descriÞtion of each vegetation

association are presented. Accompanying each vegetation

description is a preliminary assessment of that

vegretation type's suitability as barren-ground caribou

habitat. Mapping accuracy is discussed and a summary

of mapping costs are presented. Potential applications

of results for barren-ground caribou management are

outlined. Finally, feasibility of an operational

program for monitoring caribou habitat is examined.

Recommendations are made in the concluding chapter.

4.1 Landsat Data Selection and Processing

Examination of Ertsfiche (microfiche cards)

was sufficient for ordering Landsat photographic

products. On each f iche card, inf ormation \^/as provided

enabling determination of ground feature contrast

and an estimate of cloud cover for each Landsat

scene. Assessment of spectral contrast was limited'

however, to the infrared band (0.7 to 0.8 um). Data

anomalies resulting from radiometric and geometric

errors could not be determined by examination of Ertsfiche

alone. Because of negative effects on enhancement techníques
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introd.uced by radiometric and/or geometric errors,

an assessment of band quality was required prior

to d.igital enhancement. A computer print-out specify-

ing band quality was necessary for selection: of Landsat

digitat data.

In this study, data of similar band quality \iùere

chosen for computer analysis (Table 2). Differences

between scenes due to different atmospheric conditions

were,kept to a minimum by selecting imagery which

\,vas as cloud-free as possible. Differences between

Landsat scenes due to different vegetation phenology

were reduced by choosing summer imagery from July to

September. Efforts were also made to obtain imagery

with sun elevation not less than 30o. A limited

number of scenes were available for NTS-640 and

64P due to either unacceptable cl-oud cover or poor

band quality, therefore imagery with sun elevation

less than 30o had to be chosen.

Sun el-evation is an important aspect to consider

especially in areas of high relief where a shadow

effect may be introduced (Beaubien l-979) . In this

study area and particularly for NTS-64O and 64P,

terrain was relatively flat, therefore shadow effect

\^/as not a major problem. Of greater significance

was the relationship between sun elevation and
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illumination of ground features.

Beaubien (L979) states that sun elevation at

tíme of satellite overpass is important for determin-

ing reflectance value of forest stands, and subsequent-

ly distribution of vegetation classes obtained from

digital enhancement techniques. High sun angles result

in greater surface reflectance whereas low sun angles

resul-t in reduced surf ace ref lectance. With l-ow

illumination, the effective range over which l4SS

data gathered reduced, therefore' it is difficult to

detect subtle differences in spectral response between

similar vegetation associatíons.

Photographic products of princípal component

color enhancement were printed at a scal-e L2250,000.

A maximum of eight color cl-asses were generated for

each map sheet. Johnson and Howarth (1980) recommend

that care be taken when assigning a unique ground

cover class to a spectral cateqory represented as

a cof or theme on a cl-assif ied image. Color themes

may be misleading if they are assumed to represent

unique ground cfasses. The same care must be

exercised when interpreting colors on enhanced images.

For exanple, lime green on the color enhancement of

NTS-64J most often represented an upland spruce lichen

vegetatj-on association. Examination of the corresponding
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black and white film positive for tdrs-64J revealed lime

green also represented cloud cover. Problems of

interpretation were encountered on map sheets with

more than eight vegetation classes present. as only

eight col-or classes r,üere generated with the enhancement

technique. This meant that Lwo vegetation associations

\^rere represented as the same col-or. This problem was

particularly evident for the transition between sub-

arctic forest and tundra on irITS-64O and 64p where

as many as 15 vegetation classes were present. Air

photo interpretation was therefore necessary for

accurate classification in the transi-tion area. As

many as 15 color classes could have been generated

with the enhancement technigue at an addítional cost

of $3SO per map sheet.

Five of six Landsat color enhancements were

registered to UTM map coordinates. This costly

process would not have been required had DICS data

been avail-able. NTS-64K was not registered to UTI{

coordinates but this did not hamper image inter-

pretatj-on. It did mean however, more time had to

be spent transferring typed vegetation boundaries

to the L¡250,000 mylar base map.

Additional air photo interpretation was required.

to complete mapping for three llTS map sheets where



-4L-

satellite coverage \,vas incomplete ' Percent area

missed was as follows: NTS-64P, 3 percent; NTS-64N'

7 percent; and NTS-640, 9 percent. These areas

were missed because Landsat scenes chosen did not

completely cover map sheets of interest' It was not

known at that time that off-track Landsat scenes

could have been Purchased-

Minor difficulties were encountered in matching

the boundaries of vegetation associations along the

.border between two adjacent map sheets. This problem

resulted from the use of mul-tidate imagery' For

example, color enhanced image dated Juty L975 for

NTS-64K indicated a large burn had extended onto the

adjacent map sheet, NTS-64J. Examínation of september

Lg75 black and white film positives for NTs-64K and

64J verified existence of a burn on both map sheets.

Florvever, the enhanced image dated August L97 9 f or

NTS-64J gave no indication of a burn. subsequent

ground truthing and examination of supplementary

Landsat data revealed that the turquoise color portrayed

two very different vegetation associations, mature

upland open btack spruce and revegetated burn less

than 15 years. Once alerted to this situation, it then

became necessary to produce a burn mask for every map

sheet using supplementary data from Landsat and aerial-
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photographic sources. Where discrepancies of Vegetation

association boundaries between two adjacent sheets

\¡/aS more subtle, air photo interpretation was necessary.

4.2 Vegetation DescriPtion

A vegetation classification based on parameters

known to be j-mportant to caribou was required.

Habitat features relating to caribou's general bio-

logical requirements of food, mobíIity, and cover

r/vere emphasized. Description of vegetation associations

was based on quadrat data collected during grounC

surveys. Vegetation associations were classified

by characters of relief, species composition and

spatial distribution. A prelimindrY, qualitative

assessment of each vegetation association's suitability

for the support of barren-ground caribou accompanies

each vegetatíve descriPtion-

The nature of vegetation in the study area in-

cludes aspects of both the community concept and the

continuum concept of vegetation. Accorcling to the

community concept, vegetation is composed of wel-1-

defined, d.íscrete, integrated units which can be

combined to form abstract classes or types reflect-

ive of natural entities in the real- world (McIntosh

Lg67) . Transition zones between adjacent communities

are excl_uded from this concept on the grounds that
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they form only a negligible proportion of the total

area in any large tract of vegetation' Accordi-ng to

the continuum concept, vegetation changes continuously

and is not differentiated, except arbitrarily, into

sociological entities (I{clntosh L96l) ' Aerial and

ground surveys conducted d'uring this study revealed

several d.istinct vegetation patterns accompanied by

numerous transition zones between adjacent' well

defined vegetation types. The researcher thus

acknowledges Pielou's (r969) remark that few ecologists

hold either theorY in Pure form

Table4showspercentmeancoverofeachvegetation

strata within every vegetation association. caution

is recommended. when interpreting these results because

onlylimitedfielddatawereavailableforseveral

vegetation associations. The category upland opên

birch is not included in this table as ground data were

unavailable.

Areas having a high percent mean Iichen cover

in the ground stratum were considered' to be important

for caribou. vegetation associatíons of upland open

black spruce, upland' spruce lichen' and upland heath

complex provide prime habitat in terms of food

presence. Areas with a high percent mean moss cover

in the ground stratum would not be considered as

suitable habitat for caribou. A notable exception



Table 4.

VEGETATION TYPE

Upland Closed Black Spruce
Upland Open Black Spruce
Upland Spruce Lichen
Lowland Closed Black Spruce
Lowland Open Black Spruce
Fens
Upland Lichen Heath
Upland lIeath Complex
Rock Barrens
Lowland Sedge Cottongrass
Lowland Heath Complex
Revegetated Burn
Revegetated Burn & Forest

Percent mean cover in vegetation

Tree
n Stratum

32 57
89 30
25 t0
15 60
68 25

ôa
ÕJ

15 3
63
32
52
5l
6 Nil
5 Nit

strata within

Shrub
Stratum

SAPLING SHRUB

o

7
6

9
0
4
I
2
3

I
3

I
I

a 5-rn radius sample plot.

Field Ground
Stratum Stratum

I

Ni

15
16

6
15
10
a1JZ

9
T7

Nil
4
2

Nil
6

33
37
31
60
56
67
52
49
27
79
62
50
2B

Ni
Ni

LICHEN

43
60
6B
t6
IB

Nil
66
32
L2

9
37

Nil
4

MOSS

37
9

7B
59
B3

2
19

Ni1
Nil

30
L7
22

I
,Þ
,Þ

I
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however, would be fens and lowland sedge cottongrass

where sedges and grasses make up a large portion of

the percent mean cover for field. stratum. For a1l

other vegetation associations, ericaceous shrubs

are the largest component of the field stratum.

Because of the seasonal importance to cariJrou, vegeta-

tion associations which provid.e abundant sedge and

grass forage would be considered satisfactory habitat in

terms of food presence.

Two other important aspects of caribou biology

coul-d be related to percent mean forest cover. For

example, both upland and lowland closed black spruce

would not provide suitable loafing or escape cover

because of the rel-atíve1y dense forest. On the other

hand, more open forest types would provide suitable

escape cover. Lakes and fens provide the best loafing

cover. Tree cover in an open subarctic forest would

be sufficient for the reduction of sno\^/ hardening

effects induced by high winds. Hard snow condítions

would be encountered on open tundra and on burn

areas in the subarctic forest. hThile hard snow

conditions provide a good medium over which caribou

can travel, their ability to forage is hindered.

Two major veqetation regions characterize the

study area. Subarctic forest covers approximately



-46-

10oo

Sça1e 1:2,000' 000

ure 2. Malor vegetation regions of the study area'

g80 960
lo20

600

5e9

sB9

.à.€
0
Fig

,_:, 'l t

â;.+ì.-d-lv- \+il

.t!., .",¿
i Éiç::-

-,4.

lrf'

{tl

irti l.; ' ':.,r,,,,."i,rr1".,,,ì, I\
l, .,. , - 

,, r,'l 
'*;i 

,'1, ,, ; /, ;

.F OresE

| "..'å. : ',-. ,r-' r-
I - ," .1-:.:.::,1 .ä, ì ,,:,,.r .

l.^ -,J..... ;'. ; -,' _j::,.....,:l,-, j':à*
l'. r¡ /' t'.2 ';'':r-

i'ì\..--r:tt.J..,..-' --.)':i . ^--.

' 
- 

,t :¿.-:'..
-t r!-¡s11t.,/ ).\.:':a' -"!'2 \ :

'1:., .-. ì
rctic Forest-.i -.1

.rt ì_.'l.i-;,'-"
: j-. .Y--\.- -; .....- l ...1
r--:-r¡-.1ì\ 9i .' .,11 a \¡'r[

-

Ì,ilort! a_.'- r-
''' L'\..'^.-t;/ ¿ttu¡."

. --..."--ijr:. 5:;-::: 1'
: /jy I -:!: l.- ': -,4 -.
. : !- . '-:-.,-
'" -- -i¿ - - ---.i.'
.. -:r ...,1,L. ..ï..-.

i> t[: ,

i

. ¡i- .-.'-. . 1'. ...
5

.,," - 1 '

.,- i : tì

.... .. ...í ..



_^'7_

65 percent of the area and tundra vegetation accounts

for 20 percent. Approximately 15 percent of the

area is covered by water. A narrow transition band

exists between the two vegetation regions (Figure 2)'

Detailed vegetation maps of scale I2250,000 are

located at the back of this report'

4.2.L Subarctic Forest

The subarctic forest is characterized by seven

major vegetation associations and three classes of

burn regeneration. vegetation associations of this

region were grouped into two main categories on the

basis of relief. Upland vegetation types were

distinguished from one another b1' crown closure and

percent mean lichen and' moss cover of the ground

stratum. Lowlancl veqetation was also classified

on the basis of cro\,vn closure and ground cover '

Generally, as percent mean forest cover decreased'

percent mean líchen cover increased'

Upland Closed Black SPruce

Upland closed btack spruce occurred on moderately

drained summits and upper slopes . Píc¿cL m(L/Li(Lne

was the dominant tree species, however, pure stands

of Pínu¿ bctnlz,siana were common on NTS-64K and the

south west corner of ldTS-64N and 64J- Stands of

P. bctnl¿.¿íana could not be dif f erentiated f rom P ' rnetLi(LncL



Table 5. Basal area (m2 /na)

VEGETATION TYPE

Up1and Closed Black SPruce

Upland Open Black SPruce

Upland Spruce Lichen

Lowland Closed Black SPruce

Lowland Open Black SPruce

of tree stems Per vegetation tYPe.

Diameter Breast Height (DBH) Class

2.5

0 -'7

0.5

0"3

0.5

0.6

5.0

2-6

2.0

0"8

2.6

2.0

?q

5.5

3.8

1.0

4.L
')a

r0 .0

5"1

3.7

L.4

J.Õ

3"2

12.5

in Centimeters

2.6

I.2

1.1

2.4

r.4

15 .0

I.4

0.9

0.7

1"6

0 "4

Total
of

Averages

11 0

L2.I

5.3

15.0

10"8

I

È
co

I



_Ao _

with Landsat col-or enhancements. Percent mean cover

of forest canopy was 57 percent. Basal area was

L7.g m2/ha (Tab1e 5) . Stand. age was variable and ages

of 7.5cm dbh ranged from 35 to 135 years. Arboreaf

lichens \^Iere abundant in overmature ( >100 years)

black spruce stands and sparse in upland immature

( {:S years) jack pine. Area covered by shrub stratum

was variable with percent mean cover 15 and standard

deviation 18. A.Lnut ctLíLlrd attained 2.5m in height

on the south facing slopes where stand density was

near 50 percent. Field stratum was abundant and large-

ly comprised of ericaceous shrubs. L¿dum gnoe,n.Lctttdicum

and Vctccínium u.LíginoAulI were common caesptiose shrubs

and Vctcciníum vítíl-ida¿ct the common decumbent

shrub. Ground stratum \,uas very abundant. Lichens,

C.Lctdctnict ctn-¡cztÍ.tti.t and C.Ladonía nítí,s were more

prevalent than feather mosses PX-¿uno,sium spp- on

south slopes where forest canopy opened- r,imited

fietd data from one location (5Bo3B'N x 98037'W)

showed oven-dried, mean weight per 25cm2 plot to be:

40.7g for lichens¡ l.3.2g for mosses; 2.49 for sedges;

1.1g for shrub leaves. Shrubs and twigs were not

sampled.

Upland closed black spruce was assessed as

satisfactory in terms of its suitabj-lit1r
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for the support of barren-ground caribou' Arboreal

and terrestrial lichens \^/ere not very abundant, but

coufd serve as forage for caribou during winter'

Escape and loafing cover were lacking because of the

dense forest.

Uptand OPen Black SPruce

Upland open black spruce occurred on v¡ell drained

summits and upper slopes . Pic¿ct mcLfLí(LncL vtas dominant

and Pínu¿ bctnlz-.tíanct was common on NTS-64K; and 64N'

BøÍ.u.(-ct ytctytqni(øn-a \das frequently found to occur

as solitary trees on open summits ' Mean density of

forest canopy was 30 percent and ranged from 15 percent

on summits to 45 percent on north slopes depending

on moisture regimes and exposure ' Basal area was

L2.Im2/ha (table 5) - Stand' agie vras variable and ranged

from 30 to 200 years in samples taken of the 7'5cm

dbhclass.ArboreallichensvTereabundantinover-

mature black spruce ( - 100 years) and jack pine

( > 75 years) . oven-dry weight of arboreal lichens

collected from a 140 year old P. rncLrLicLncL with height

5m, in dbh class llcm' was 42'29' There appears to

beagreatdealofarboreaflichenshowever,samples

from other areas were not coll-ected thus a comparison

wasnotpossible.Inanyev'entarboreallichensare

utilized by caribou, and' as Edwards et al' (1960)

remark, "the importance of arboreal- lichens to caribou
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depends on whether other foods are plentiful or

scarce at the time." shrub stratum was variable with

percent mean cover 16 and. standard deviation IB. AI-nu,S

cní,spa and ß¿t.u.Lct g.Lctndu'Lo^cL \ñere more prolific on

slopes then summits. Field stratum was abundant and

generally comprised of ericaceous shrubs - Vnccíníun

víÍ.í,s-ida¿a and. Emytøtn-um nígnun \'vere most prolific

in open areas between tree CrOwnS, 1,,/hereas, V ctCCiníUm

u!-igínct,s¿lt?? was often located near tree bases and in

shade. Ground stratum was very abundant and lichens

predominate. Sf¿tt¿occtu.Lctll spp. was Iocally abundant-

Limited ground data from two sites (59033'N x 98o22'W and

59004'W and 96034'W) showed oven-dríed, mean weight

per 25cm2 plot to be z 56-39 for l-ichens ì 5'9g for

mosses'ì 0.99 f or shrub leaves -

upland- open black spruce \^/as considered as prime

winter habitat for barren-ground caribou' Very

abundant ground cover of foliose lichens and abundant

fietd. stratum of ericaceous shrubs provicle forage for

caribou during v¡inter. Forage under the soft api

is accessible except under conditions of excessively

deep snow. Aerial surveys revealed that feeding

activity most often occurred in the upland open black

spruce. Snow conditions mali be modified by ivind' in

areas where percent mean forest cover is around
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20 percent, but generally snow is soft and mobility

would not be hindered. Three snovü stations established'

in this vegetation association showed log vsI ranged

from 2.06 to 2.96 (eppendix XI) ' Observation of

several bedding sites in this vegetation association

were made during aeríal surveys in Februat!t 1981'

The open forest also ensures escape coverJ providing

snow is not too deep or hard. Ideal habitat conditions

exist when upland open spruce forests are found along

lake shores. Lakes provide id.eal- escape and loaf ing

cover. pruitt (f959) observed that caribou often

bed down 75 to 100 meters from shore and then travel-

into the forest to feed during the day' Numerous

bedding sites, some with as many as 30 depressions

in the snow' were observed on lakes in February'

Bedding sites were estj-mated to be usually within

50 meters from shoreline.

Approximately L5,776 km2 of upland open black

spruce is found throughout the study area (table 6) .

Over 30 percent of this cover type is found' on NTS-

64N.

Upland SPruce Lichen

Upland spruce lichen occurred on weII drainecl

eskers as well as summits and' upper slopes ' Píc¿ct

mctttícu'ta was dominant and ß¿ÍuL-a IJcLpA)LL(JØ'LcL \Ñas found



Table 6

COVER CATEGORY

Area (Lm2) of each vegetation type.

Upland
Upland
Upland
Upland
Lowland
Lowland
F ens

Closed Black Spruce
Open Black Spruce
Spruce Lichen
Open Birch

Upland Lichen Heath
Upland lleath Complex
Rock Barrens
Lowland Heath Complex
Lowland Sedge/Cottongrass
Recent Burn
Revegetated Burn
Revegetated Burn & Forest
Water

Closed Bl-ack Spruce 2

Open Black Spruce 3

Shethanei

NTS-64I

L,429
1,558
L,169

Map Sheet Total

Tadoule Whiskey..
Jack

NTS-64J NTS-64K

,857
,247

26
26
26

l,6Bl-
2,586

259
10

2,716
L,552

259

649
130

26
26

390
I,429

t
3

,285
,854
5L4

Kasmere Munro

NTS-64N NTS_640

12B
2,821

385

L2,9BB

r,505
4,766

B7B

647
5l-7
905

r,Bl0

I
1

502
2,508

376

,254
,003
L25

Nejanilini Study
Area

NTS-64P Total

12,942

385
L29

I,285
2,056

2,007
l-25

378
504
L26

2,634
L25
T2B

L2,B4B

25L
376
627

L,756

504
630

627
627
376
25L

2,257

4,535
BB2
L26
630

2,0L6
l-26
125

2,0L6

6 ,180
L5 ,77 6

3,322
10

9,466
9 ,384

795
7 ,r95
1,033

254
I,279
2 ,7'7 3
2,062
r,549
3,458

LT,324

L2,54L L2,543 L2,598

I
t¡
L¡J

¡

7 6 ,460
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in small isolated clumps. Stands of mature ( >75 years)

jack pine were most abundant on sandy eskers of xts-

64K; 64J¡ and 64II. Percent mean forest cover was

10 percent. Basal area was S.Z m2/na v¡ith 66 percent

of. this accounted for by trees in the 7 .5, 10 ' 0, and

12.5-cm dbh classes. Arboreal lichens were sparse

in mature black spruce and overmature jack pine stands-

qhrub stratum was rare. Field stratum was abundant

and was generally comprised of decttmbent ericaceous

shrubs . Emp¿ilLum nignum and vctccLníum vitítr-idae-ct

\^/ere common on steep sandy slopes. Ground stratum

was very abundant and dominated by C!-ctdoníct spp'

with sÍ.¿n¿occtuLon spp. only locally abundant. Large

open patches of sand and tiII are found along eskers.

Boulders and stones are frequently covered by crustose

Iichens.

Upland spruce lichen was considered as prime

winter habitat because of the very abundant forage.

Northeast orientation of eskers associated with this

cover type may figure prominently during migratory

periods. windswept crests of eskers enable relatively

easy mobility and provide escape cover when compared

with deep snow in surrounding forests. snow on south

facing slopes melts early in spring, exposing lichens,
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sedges and some mushrooms.

Upland OPen Birch

This vegetation association occurs very rarefy

throughout the stud.y area and only limited field data

\,üere available. upland open birch occurred on weIl

d.rained sandy eskers and upper slopes . ß¿Í.u!'a IJ&1JArLL67-tLcL

was the dominant tree. shrub stratum was abundant

and dominated by ß¿fu!,ct spp. Field stratum was sparse-

A,¡tct.ct ¿ f ayt htl .(-ct ,s uv í- u¡t.t i anð. V ctccLníum v Lt ít - ídct ¿ct

were common caespitose shrub. Ground stratum was very

abundant and dominated by lichens , cTctdctníct spp. and

St¿n¿ct cctuLo n spp .

This area was considered as prime habitat for

the same reasons as upland spruce lichen.

Lowland Closed Btack SPruce

Lowland cl-osed black spruce occurred on imperfect-

ly to poorly drained gentle slopes . Píc¿a m(LlLi(Ln(L

was the dominant tree. Trees were generally cylindrical

in shape and not as well formed as those on upland

sites. Mean density of forest canopy lfas 60 percent.

Stand ages range from 65 to 195 years in samples

taken from the 7.5cm dbh class. Arboreal- lichens

were abundant in overmature black spruce stands '

Shrub stratum was sparse with ß¿Í.uL-ct spp. and -Sct'Lix

spp. most prolific in areas of poor drainage. Field

stratum was very abundant and dominated by L¿dum
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gtLl ¿nL-(LndLeum and V ctccíníum u.Ligínodum. Ground stratum

v/as very abundant and dominated by Sythctgnum spp.

and PX,¿unct,síum spp.

Lowland closed spruce was considered to be

marginal barren-gTround caribou winter habitat.

Terrestrial lichen forage v¡as very rare. Arboreal

lichens are very abundant and may be consumed near

the perifery of this vegetation association but

dense forest cover provides little escape or loafing

cover.

Lowland Open B1ack Spruce

Lowland open bl-ack spruce occurred on poorly

drained to saturated peat lands. Píc¿ct rn(LlLicLncL vras

the dominant tree although Lctníx L-ctnicínct was locally

abundant. Mean density of forest canopy was 25 percent.

Basal- area measured t0.B m2/ha. Stand ages were

variable but the majority were overmature because

wet lowlands have less susceptability to burning.

Arboreal lichens \^/ere abundant in overmature black

spruce stands. Shrub stratum was sparse and dominated

by ß¿fuL-a spp. Field stratum \^/as very abundant with

Lødum gnoen.La.ndícum most protif ic . Rubu¿ chctmct¿ctffio)L()u^

f lourished on lowl-and open bl-ack spruce sites. Ground

stratum was very abundant and clominated by Sphctgnum spp.

Terrestrial lichens were freguentl-y found growing on
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sufiìmits and slopes of well- drained microhummics.

Microhummics are caused by permafrost action.

Lowland open black spruce !,/as assessed. as satis-

factory barren-ground caribou winter habitat. Only

l-imited amounts of terrestrial lichen forage are

available. Miller (I916) suggests the occurrence of

tamarack ( Lctníx ,Lanicínct ) needles in rumens indicates

caribou feed partly in lowland areas throughout the

winter. Abundant arboreal lÍchens may Þrovide an

important food source to caribou when snolv conditions

hinder the availability of terrestrial tichens.

Fens

Fens occurred on saturated peat lands, in water

f illed depressions, and collapse scars . Píc¿ct mcLrLí(Ln(L

and Lctnix I-anicin(L \^rere the dominant trees which

usually grev¡ around the periphery of a fen or on

raised peat mounds in fen complexes. Mean stand

density was 3 percent. Shrub stratum was abundant

with ß¿Í.u.Lct n&n& common on ribbed. fens and around the

periphery of collapsed areas. Sct.(-íx spp. was most common

under saturated conditions. Fiel-d stratum was very

abundant and dominated by Chctmaedct'¡:hn¿ c(r.LAcuX-cttct

and Ka!-mía po.LidoLíct. Ca-n¿x spp. was abundant

Ground stratum was very abundant and dominated. by

S¡chctgnum sp.
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Fens were considered as satisfactory winter

barren-ground caribou habitat. MiIfer (L976) states

that Andtomøda sp. and Kct.Lmía sp. were more cornmon

in rumens collected in November and January-February

than those collected in April. This suggested that

caribou fed more frequently in fens in early and mid

winter. Aerial- observations in February reveal-ed.

moderate feeding activity around fens. Several

bedding sites were also noted in fens.

4.2.2 Tundra

Tundra, which covers approximateiy 25 percent

of the study area, was characterized by five major

vegetation associations. One of the most striking

features of the tundra was the stunted growth of trees

which were often restricted to lake shores and de-

pressions. Terrain was relatively flat however subtle

d.ifferences in relief resulted in two significantly

d.ifferent vegetation categ'ories, upland and forvland.

Three upland vegetation associations were dist-

inguished from one another by characteristics of

species composition, amount of unsorted ti11, and

degree of solifluction. Generally, summits and

upper slopes were characterized by lichen heath

associations however, in the northeast corner of

NTS-64P tichen heath gave way to rock barrens, character-

ízed by an over\^/helming amount of unsorted titl and
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boulders. On mid to upper slopes where soil stability

may be reduced by the process of solifluction, lichen

growth gave way to exposed areas of sand or tÍ1l and

upl-and heath complexes were present.

Two lowland vegetation associations were dist-

inguished from one another by species composition.

Upland Lichen Heath

The most prevalent vegetation association of

the tundra, upland lichen heath, occurred on moder-

ately draíned summits and upper slopes. Píc¿cL mcLlLícLna-

were stunted and grew only in isolated depressions.

Solitary La"¡tíx X-an-ícírta seldom exceeded 2m in height

ín open areas. Density of forest canopy was l_ess

than 5 percent. Shrub stratum was rare with B¿fuX-ct

nana- commonly associated v¡ith drainage patterns.

Field stratum was very abundant and formed a tangled.

mat with the ground stratum. L¿dum decumbøn,s,

V accíníum vítí.t - ídct¿ct, V accLrtium uX-igíno,sum var .

a.X-pínum and EmpøÍ.num nign-um were most common and

were generally found in egual abundance. CLctdctnía"

mif.í's and C¿tnnníct nívctL-í¿ \^rere the most common lichens

Arboreal lichens were rare, however one arboreal

lichen genera, A!-øcton-ía" was cornmon on the ground.

Limited data (59023'Il x 97o42'W and 59oI7 '}tr x 97004'I^t)

showed oven-dried, mean weight per 25cm2 plot to be:

64.29 for lichens; 5.19 for sedges; and 5.Bg for
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shrub leaves. Upland lichen heath covers approximate-

Iy 9 percent of the study area.

Very abundant terrestrj-al- lichens would. suggest

prime winter habitat however, ad.verse snow conditions

hinder forage accessibility therefore upland lichen

heath was assessed as satisfactory winter hal:itat.

Excessive exposure and wind-swept uplands result

in very hard snow cond.itions. Mobility, escape and

loafing cover \^zere not considered as limitations of

the upland lichen heath.

Upland Heath Complex

Upland heath complex occurred on moderatellz

drained summits and upper slopes where soil stability

!ì/as reduced by sol-ifl-uction. This cover class is similar to

upland l-ichen heath but boulders, ti11, and sand patches

were freÇuently found. Píc¿cL mcLÌLia,rL( \ñas found only

to grow near sorted rings. Forest canopy was less

than 5 percent. Shrub stratum rvas sparse and dominated

by ß¿tu!,ct ncLrLa which seldom exceeded 1m in height.

Field stratum was abund.ant and dominated by L¿dum

d¿cumbzn,s, Vaccín.Lum vítí's -ída¿ct; V ctccinium ul,ígíno^uffi

var. ctL-pínun, and Empztnun nignum. Ground stratum

was abundant and dominated by CL-adonict spp. and

CeÍ.nctnict spp. Unstable soils hampered Iichen groltzth.

Limited field data from one site (59oI2 'N x 96038'w)

showed oven-dried., mean weight per 25cm2 plot to be:

20 .49 for lichens and 0. Bq for sedges. Upland heath
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complex vüas assessed as marginally suitable winter

habitat for barren-ground caribou. Forage was less

plentiful than on upland lichen heath sites and wind

exposed slopes also result in very hard snovT conditions.

Rock Barrens

Rock barrens occurred on well d.rained- summits

and upper slopes and were characterized by boulders '

stones, exposed till, sparse vegetation, and absence

of trees. Shrub stratum was rare rvith ß¿f.ul,a n&ncL

common to sites where drainage was not excessive.

Field stratum was sparse with heath vegetation growing

on sand and gravel patches between boulders. Ground

stratum, characterized by CLctdo nía spp . and C ¿Í-no"níct

spp. \^/as rare. This vegetatíon association was most

common to the northeast corner of ¡trTS-64P and covered

less than 1 percent of the studlz area.

The rare occurrence of forage species accompanied

by hard snow conditions makes this vegetation associa-

tion unsuitable barren-ground caribou winter habítat-

Lowl-and SeCAe Cottongrass

Lolvl-and sedge cottongrass occurred on Þoorllz

drained to saturated peat lanc1s. P.Lc¿tt ncLnícLtrLcL

and Lctnix [,ctnícittct were the dominant trees however,

forest cover was less than 5 percent. Shrub stratum

\^/as rare but f ietd stratum was very abundant . Can¿x spp.

and En-íctythctnum spp.conìmon to the field stratum,and
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dominated the landscape. Ground stratum was very

abundant and dominated by Sythctgnum spp. Unvegetated

areas of peat were evidence of permafrost action.

Lowland sedge cottongrass covers approximately 4

percent of the study area.

Because of the importance of sedges and grasses

to caribou in l-ate winter and early spring, lowland

sedge cottongrass was assessed as satisfactory winter

habítat. Miller (I976) notes that sedges and grasses

provide an important source of protein. Also t

accumulation of snow in l-owlands could hinöer mobility

or food avaitablility.

Lowland Heath Complex

Lowland. heath complex occurred on poorly drained

flat peat lands. Píc¿ct mcL)LícLna" anð, Lctníx [-a¡ticínct

were the dominant trees. Density of forest cover

was less than 5 percent. Shrub stratum was rare

but fiel-d stratum was very abundant - L¿dum d¿cumbøn.5,

KaLmía yto.Lído.Lí0,, and V ctcciníum u.Lígino,s rr?? were colnmon.

Ground stratum was very abundant and dominated by

Sytltctgnum spp., CLadonía spp., and Ce-lnanía spp.

Peat polygon formations \^iere evident and terrestrial

lichens gre\^r abundantly on raised peat plateaus.

Limited ground data from one location (59o54'N x

96056'w) showed oven-dri-ed, mean weight per 25cm2

plot to be : 22.1q for lichens ; 4.49 for sedges;

and 6.5g for shrub leaves. Lorvland heath complex
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covers approximately 2 percent of the studlz area.

Lowland heath complex was assessed as marginally

suitabl-e winter habitat. This area coul-d. also be

used by caribou d.uring spring because of the abundance

of sedges.

4.2.3 Forest Fires

With only two settlements and sparse population

found throughout the study area, the most likely

cause of forest fires was lightning. During the

cool, wet surnmer of L97B only two small fires

( < fO ha) were observed in the study area. In contrast,

the in i ence of fire \^Ias very high during the hot

dry summer of 1979 when several days of thunder storm

activity v¡ere recorded during field season. Because

this area is beyond the northern limit of Manitoba

Forest Management Units and subseguently Forest

Protection Services, once a fire is ignited it burns

unchecked. Consequently fire damage often occurs

over a very large area and fires are large in terms

of totat area burned. For example ' one forest fire

on NTS-64J burned an estimated 120,000 ha in 1973-

Landsat black and i,vhite photographs were used

to create a burn mask for each map sheet. A random

sampling of L957 aerial photography for the study

area also revealed the location of several burns.
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With the aid of Land.sat color enhancements supple-

mented by ground truth and aerial observations

three categories of burn v¡ere identified.

Recent Burn

Recent burns v,/ere areas which burned between

spring L977 and fall 1980. Díscrimination of

relief within recent burn areas was not made on the

maps. Burn intensity \^/as horvever greater on dry

upland sites than on wet lowland sites. Forest

canopy was destroyed by fire and only standing scorched

trees remained. Regenerative activity was not

readily apparent. Shrub and field. strata had been

destroyed by fire and all that remained vTere charred

above-ground stems . EytíLobíum a.ng.u^tídoLíum may

be found on slopes. Ground stratum was destroyed

and. crustose Iichens were burned. off rocks.

Recent burns were considered unsuitable barren-

ground caribou rvinter habitat because major forage

species had been destroyed.

Estimated area burned on the study area during

the 4-year period L977-80 was 2.7 percent. Area

burned on the subarctic forest during the same period

was 3.92 percent. Subarctic forest annual rate of

burn during the  -year period Lg77-30 v¡as 0.98 percent.

Recent burns were not observed on the tundra. i\Íiller
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(I976) calculated annual rate of burn on subarctic

forest in northern Manitoba during the L2-year period

1955-67 to be 0.Il percent. Annual- area burned in

northern Manitoba during recent years has increased

substantially. Scotter (L964) estimated O.87 percent

land area burned annually during the period 1940-55

in north central Saskatche\^ran.

Revegetated Burn

Areas classified as revegetated burns \,vere

estimated to have burned either just prior to I972

or just prior to the acquisition of Lg57 photography.

This cover type included regeneration from both periods

although of the two, the majority of areas indicated

on maps were from the most recent period. It is

likely that fire mapping for these periods was incomplete

because only l-972 and L957 imagery were used. Areas

mapped however, represent at least minimum area burned.

Stand ages and amount. of regeneration were extremely

varíab1e for this cover class. Limited. field data

showed immature (15-25 years) Pínu¿ bant¿,sianct and

Píc¿a. m(rrLicLncl were common to this cl-ass. Pínu,s

regeneration was cofirmon on upland sites on NTS-64K

and the southwest corner of ttlTS-64J and 64N. Twenty*

five year old stands attained heights of 4m with

percent mean forest cover of 35 percent. Píc¿ct
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regeneration was found throughout the subarctic forest.

Fifteen year ol-d stands may attain heights of 1.5m.

On younger stands (10 years) P' mcL/Líl"ncL seedlings

were 30cm high with abundant shrub stratum on upland

sites. FieId stratum was generally sparse although it

!üas found to be locally abundant on several occassions,

depending on site conditions and age . L¿dum gncs e-nL-andícum

Ahd Vctccíníum un-ígíg-o'St¿l?l were common over the entire

study area whereas Vaccíníun mIi/LÍ'íL.Loíd¿¿ was most

common to NTS-64K. Ey:iL-obium cLngu^tido.(-í'um was

found on all sites and Can¿x spp. was locally abundant.

Ground stratum was sparse on younger stands where

scorched earth comprised 50 to 75 percent of the ground

cover . PoL-g1tnichum sPP. , Dícnctnum sPP- , anð,Bnqun spp.

were common. Generally, terrestrial lichens were

rare, however, at one immature jack pine site Q5 years)

C.{-adoníct spp. were abundant.

Revegetated burns were considered to be unsatis-

factory winter habitat for barren-ground caribou

because of forage scarcity. Older regeneration stands

(: 25 years) would possibly be of marginal- val-ue

providingi terrestrial lichen regeneration as wel-l

established. Revegetated burns account for approximately

2.02 percent of the study area ør 2.94 percent of the

subarctic forest region. Subarctic forest annual rate

of burn during the 7-year period 1965-1971 was estimated
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to be O.42 Percent.

Revegetated Burn with Residual Forest

The cover category, revegetated burn with residual

forest, was an area over which a burn hacl taken place

sometime between spring L972 and fall I976' Small

patches of unburned forest, usually I fOO ha, remained

standing. standing deadwood and scorched trees were

found in burn areas. Píc¿ct m(I)Li(Ln(L was the most conimon

regenerative tree species although Pinu't banh.,síanct

was more common to the south west. Black spruce

seedlings were less than 30cm tall. Shrirb stratum

was rare with ALnu¿ crLí^pa and ß¿tu[-cL spp' most

often exhibiting resprouting. E¡cíLctbíum angu^ti(o'Líum

propagated by seed. Ground cover was sparse, usually

invaded by Pct.Lqtnichum spp. Lichens were rare' and

usually found only in areas which had not been disturbed

by fire.

Revegetatedburnswithresidualforestwere

considered. to be unsatisfactory habitat because of

forage scarcity. This assessment is debatable as

unburned forest will undoubtably be of some value

to local concentrations of caribou' This cover

type may in fact provide satsifactory habitat as

open spaces created by burns could provide escape

and loafing cover for local- bands of caribou feeding
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in unburned "islands" of forest vegetation. Islands

are formed when barriers to burning, such as lakes,

wet lowland.s, and eskers prevent fire advance '

shifts in wind direction and,/or precipitation al-ters

direction of fire advance and burn intensity'

Further field observations are required to establish

usage of unburned, forested islands within large

burns by caribou.

Revegetated burn with resid'ual forest, covered

approximately 4.52 percent of the study area or 6.51

percent of the subarctic forest. Annual rate of burn

in the subarctic forest during the S-year period

Ig72-76 was 1.31 percent. Examination of fire trencs

over the 26-year period. 1955-80 ind-icated an increase

in annual- rate of burn for subarctic forest (figure

3). Caution is recommended when comparing Millerrs

(Lg76) estimate of annual- rate of burn with estimates

obtained from this study. Miller's study area covered

subarctic forest on l'ITs-64K whereas estimates for

this study included subarctic forest from an area

approximately 5 times the size. Annual rate of burn

for NTS-64K during the S-year period L972-76 was 2.00

percent; and for the  -year period L977-80 the rate

was 0.7 4 percent. These figures still indicate an

overall increase in annual rate of burn since Mil-ler's

(L976) study.
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4.3 Mapping Accuracy

The ability to identify correctly and locate ground

features of interest, is a fundamental concern to Landsat

users. Reliability of information which can be obtained

from ARIES color enhancement of digital data, requires

a statement of mapping accuracy. An aerial sampling

technique was used for comparing field observations

with map units. Probability of classification and

mapping errors \^zere summarized in table 7 . Caution

is recommended when evaluating these resul-ts as only

limited fietd data \,rere available for several vegetatíon

cl-asses. Factors influencing accuracy included project

mapping objectives, Landsat system, observer bias

in field observations, and image interpretation.

Fly-by data instead of ground data were used

for map accuracy assessment for two reasons. First,

there were more fly-by observations, therefore,

a larger sample. Second, the relationship between

area of ground plots (78m2¡ , area of minimum mapping

unit (f50 ha) and area of fly*by (250 ha) was

considered important. An experiment was conducted

to determine the effect of decreasing sample síze

area on classification accuracy. In an area of

relatively homogenous vegetation cover it was found

that as the size of the sampling unit decreased

the error rate increased (Appendix XII). Class-
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Probabil-ity of classification errors (p"1) and mapping errors
(P.e) for subarctic forest, tundra and burn cover types.

Tabl-e 7 .

COVER TYPE

ERROR SHETHANET
CATEGORY

NTS-64I

TADOULE WHISKEY
JACK

NTS-64J NTS-64K

KÄSMERE MUNROE NEJANILINT

NTS-64N NTS-64O NTS-64P

Up1and Cl-osed

Black Spruce

Upland Open

Black Spruce

Upland Spruce
Lichen

Upland Open

Birch

Lowland Closed
Black Spruce

Lowl-and Open

Black Spruce

Fens

Recent Burn

Revegetated Burn

Upland Lichen
Heath

Upland Heath
Complex

Rock Barrens

Lowland Sedge

Cottongrass

Lolland Heath
Complex

P
om

D

D'om
'cI

D,om

Þ- cl_

D
'om
Þ-cl_

D
'om
D'c.r
D
'om
D',c.I

Þ̂om
p-cr
D
'om
D.-cr
D*om

D

D
om

Þ-cL

D
'om
D
cl-

E,^Om

Pci

D
'om
Þ-c l-

Pom

Pci

0 .67
NEI

0.34
0.50

NE

NE

NS

NS

0.49
1.00

0 .29

0 .42

NS

NS

1.00

1.00
1.00

NS

N5

NS

NS

NS

NS

NS

NS

0.71
NE

0.35
0.17

0.12
0.25

0.37
0 -20

Nö

NE

0.19
0.1-4

0.13
0.2I

NE

NE

0.15
0 .14

0.16
0 .26

0 .46
0 .32

0.12
0.11

0.09
0.38

NS

NS

0.86
0.80

0.09
0.06

o.24
0 .17

0 .17
0-19

NE

0.29

0.44 0 -62
0.22 0.50

0.18 0 .30
0.20 0.32

NE NE

0.59 0.7s

NS NS

NS NS

ñ 
^6, 

n ìa

0.33 NE

0.05 0.50
0.24 0 - l1

0.28 NS

NE NS

NE 0.08
NE NE

0.04 0.10
NE 0.37

0.08
0 .27

0 .31
NE

NE

NE

n ?q

0.00

NS

NS

NE

NE

NI

0 .61

NS2

NS

ñc

NS

NE

0.50

NE

0.33

NS

L\ ì)

NE

NE

NS

NE

0.04
NE

NS

NS

NS

0 -2'7

0.20

0.69
0 .61

-No
-No

l-.
2.

errors observed from sample
sampJ-e avail-able
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ificatíon errors were not errors per se but rather where

errors in the sense that they did not portray the forest

crown closure qenerally found throughout the entire cell.

Based on the results of this test the decision was made to

use fly-by data for accuracy assessment. Ground data enabled

a detail-ed analysis of the species composition and spatial

distribution of veqetation association whereas the over-

view obtained from fly-by observations lfas more appropi:iate

for assessing accuracv of interprstation from l'anclsat co'l or

enhancements -

An appreciabl e number of classification and mappinq

errors were attributed to mapping objectives. Objectives

required discrimination of habitat parameters which

could be related to caribou biology. Vegetation associa-

tions with similar attributes were difficult to classify

from aerial observations and difficult to interpret from

Landsat color enhancements.

The ability of experienced and inexperienced

observers to ctassify vegetation associations was examined.

Chi-square analysis of fly-by observations on both tundra
.162 .05,1 = 3.84, computed X2 : 11.40) and subarctic

aforest (X" .05,1 = 3-84' computed X2 = 22'03) was

performed (eppendix XIII) . It was found that two experienced

observers could classify vegetation associations consj-stant-

Iy on the basis of aerial observations for either

tundra or subarctic forest regions - Chi-sguare

anal-ysis led to acceptance of the nul-l hypotheses that
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similarities and d.ifferences noted between two experienced

observers are not dependent on general vegetation conditions

$2 .05,1 = 3.84, computed X2 : 2.7L) (Appendix XIII) .

classification errors made in the field. contribute

to reduced map accuracy however, biological implications

of some cl-assif ication errors are minimal-. For examPle,

an upland closed black spruce with 55 percenL crown

closure does not differ appreciably from an area classified

as an upland open btack spruce with 45 percent crown

closure, The difference would show up as a mappingi error.

It is tikety that at least one third of the classifica-

tion and mapping errors (perhaps 35-55 percent) were

due to the fact that distinction between similar vegetation

associations was difficult.

Discrimination of pure jack pine stands and

revegetated burns was not possibte with Landsat

cofor enhancements. Inability to discríminate iack

pine stands was not considered to be a serious

limitation to using principal component enhancement

for caribou habitat mapping. Throughout the study

area, aerial surveys revealed relatively few, pure

jack pine stand.s. Ground truthing showed that ground

cover and shrub species did not differ appreciably
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between open jack pine and black spruce stands-

Inabil-ity to d.iscriminate revegetated burns was

a greater problem.

Revegetated burns were often confused with other

vegetation associations. Distinction between

vegetation associations located on map sheets NTS-64O

and 64P was difficult because two different vegetation

associations were represented by the same color.

For example, upland lichen heath and upland open

bl-ack spruce were both light green on the Landsat

color enhancements. Air photo interpretation was

necessary along the transitj-on. Had 9-15 col-or

classes been generated with the enhancement technique,

revegetated burns, tundra vegetation classes, and

subarctic forest classes could have been represented

by their own color class. One further point regarding

image interpretation and map production should be

made.

Landsat color enhancements were detailed' (pixel

by pixel) , photographic products. Delineation of

small units ( -: 150 ha) within larger units would

have resulted in a map of such detail so as to be

confusing. Boundaries between vegetation associa-

tions were therefore only approximations '

Technical limitations of the Landsat system
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likely made minor contributions to errors-' The

Landsat system was only capable of providing B0m

resolutíon images. Considering scal-e of mapping and

size of minimum rnapping units, the biological

significance of these errors were minimal and would

possibly result in minor variations of boundary

positions.AsLandsatimagesofsimilarbandquality

were chosen, anomalies affecting digital data

quality would be relativly the same for each scene'

Strome et al. Qg75) state that some residual errors

remain after radiometric and geometric calibration'

4.4 ltfaPping Costs

ThetotalestimatedcostofmappingsixNTS

map sheets with Landsat data at a scale of L2250 ' 000

is ç62,gIO or about $0.82 per km2' Costs per map

sheet (table B) reflect the demonstration and

training aspects of the project, and would be

considerably fower in an operational mode' Mapping

cost comparisons between Landsat imagery and

conventional mapping techniques employing aerial

photography are difficult because one must consider

factors of map scale and l-evel- of detail required for

mapping. For example, âS image scale decreases not

only does information content increase but the cost
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Tabl-e B. Estimated costs
mapping for one NTS map

by major tasks of vegetation
sheet (1:250,000).

MèJOR TASK ESTIMATED % OF
COST SUBTOTAL

OperatÍng Costs
Eguipment
Landsat data
Field crew food & accomodation
Map printinq & production
Fuel caching (11 bbls)
Principal component enhancement
Fixed-rving aircraft (25 hrs.)

s tOo
300
800

1,300
1,100
2,365
2,750

I
3

9

T4
I7
26
30

Subtotal 9,11-5
Overhead ( l5 % ) 1, 37 0
TOTAL $10,485

IgÀJOR TASK STAFF
Ì4AN-DAYS

"6 OF

TOTAL

Personnel- Costs
Prel- iminary interpretat ion
FieJ-d proqram planning & l-ogistics
Field data gathering
Data anallzsis
IUap production
Report writing

TOTAL

5

5

15
5

ItJ

5

l1
11
34
1l-
22
l1

45
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of image acquisition for a fixed area increases.

There are several aerial photographic products to

choose from (ie. true col-or, color infrared, and black

and white), each available over a wide range of

scales. Landsat imagery is currently larqe scale

and image acquisition costs are relatively inexpen-

sive. McQuill-an (Lgl5) points out that an ecological

land survey carried out in the James Bay area cost

about $12.50 per sguare kilometer. Obviousty much more

information is obtained in a detailed inventory,

but if a broad inventory is properly desinged, it

should be capable of absorbing more detailed in-

formation at a later date. The information obtained

from Lansat data depends on interpreter experience

and/or the choice of cl-assification or enhancement

technique.

The most costly factor in this mapping pro-ject

\,vas incurred during field survey. Field surveys

accounted for approxJ-mately 56 percent of the costs

and 45 percent of the staff man-day requirements.

These costs may be increased or decreased depending

on the detail and int-ensíty of f ield. survey but one

cannot escape hiqh logistic costs associated with

workinq in the north (ie. aircraft time and fuel

caching operations) .

Landsat data acquisition and processing was the
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second most costl-y factor (29 percent) in this project.

A substantial saving of $850 per map sheet could have

been achieved had DICS data been used instead of

CCTs. At the time of project planning however,

three month lead-time required for acquisition of

DICS data would have essentially meant principal

component enhancement would not have been available

until after the 1980 field season. The entire

project would have been d.elayed for over one year.

Turn around times for obtaining Landsat products

are an important consideration for project planning

and scheduling. Turn around times considered for

this project were: acguisition of CCT's, one week;

acquisition of DICS , eight weeks; acquisition of

Landsat photographic products, one week; principal

component enhancement, two week.

While aerial photography offers some advantages

over current satellite systems, in particular larger

scale imagery with greater detail and sterographic

coverage providing relief information, the most

cost effective means of obtaining the desired in-

formation for this study was achieved through effective

combination of satellite data, existing aerial

photography, and aerial and ground surveys.
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4.5 Application of Results for Management

The principal val-ue of vegetation maps is that

they provide a knorvledqe of present conditj-ons and

a data bank of information for future planning

and research. Each vegetation cover map provides

a synoptic reference base to which detailed information

may be related. The maps may also be used to enhance the

value of existing information. For examPle, caribou

survey data gathered over the past ten years could

be related. to vegetation associations. In this manner,

ecological relationships may be more easily grasped

when results from several- related studies are

presented in synoptic form.

Aspects of caribou biology which have perplexed

numerous researchers over the years include annual

variations in caribou migration and range use patterns.

Pruitt (1959) has stated that several physical

parameters of sno!ü influence movements of caribou

and their distribution throughout much of their

annual cyc1e. The inability to adequately sample and

map snow cover features over large areas has been

a major problem to date. Snow cover data from

repetitive satellite imagery in conjunction with

detailed ground information on snow and ice conditions



-80-

would. possibly aid in understanding migration patterns.

For example, multidate analysis of satel-lite imagery

coul-d be used to monitor rate and pattern of snow

accumulation or snow melt in early winter or late

spring, respectivety. Aerial surveys conducted during

the migratory period could then be used to study

caribou movement in relation to snow cover. Vegetation

maps would be an ideal data base for this type of

study as they provide for a }ogical separation of

units that can be related not only to the biological

requirements of caribou but also to habitat features

which affect sno\,r morPhologY.

The quality, extent, and distribution of habitat

for wildlife species such as caribou and moose change

with each fire season. Fires may have either a

beneficial- or detrimental effect depending on location,

size, and. intensity. For example, a large intense

fire in the transition zone between subarctic forest

and. tundra may render an area unsuitable winter

habitat for over 50 years whereas, a moderate fire

in the southern most subarctic forest may result

in a rejuvenation of lichen growth within 25 years.

As a natural agent of regeneration and regulator

of age class, forest fires' Iong-term effects may

offset their initial damage. It would be valuable

to map and monitor the history of burned areas to
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test theories of fire ecology and its effects on

wildlife. The present study was a step towards

answering the question, "How much damage do forest

fires really do?"

. The cost of producing up-to-date fuel type maps

is prohÍbitive by conventional- air photo methods.

Fuel mapping involves mapping different forest

fuels such as spruce, f ens, and. old burns. Vegreta-

tion maps may be used as fuel maps. Knowledge of

the presence and extent of high fire risk areas would

be valuable in routing fire detection aircraft patrols.

For example, NTS-64N would be considered as an area

highly susceptible to burning. Over 50 percent of

the area is upland vegetation (ie highly susceptable

to burning) and there are fewer barriers to burning

on this map sheet than on any other. Accurate fuel

maps would provide information on fuel types in the

fire path when a fire is detected. This would

provide fire fighting crews with knowledge of what

resources should be d.eployed to a given fire. Action

priorities coul-d be established and the possibility

of over-commitment to fires reduced.

By relatinq detailed ground studies to aircraft

and satellite imagery,it is possible to use maps
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as a means of communicatíng in a pictorial manner.

For example, many native people and caribou researchers

attribute the caribou population decline to a high

incidence of forest fires. Veqetation maps could.

be used to show extent of burns in the study area

in relation to amount of unburned vegetation. The

ratio of burned subarctic forest to unburned subarctic

forest is presently Lz7. Individuals can often relate

to spatial and temporal aspects of maps much easier

than charts or other forms of presentation. Using

these vegetation maps together with other information

provides a valuable communicatj-on tool.

The val-ue of vegetation maps is al-so evident

in terms of environmental monitoring aspects. For

example, when phenomena change with time it is

necessary to have statistics on these phenomena over

a number of years before one can predict effects of

development projects. Observation of naturally induced

changes may point out changes which man may cause.

It would. not be unreasonable to speculate that within

the next two decades major development projects may

be expected to occur within this vast region. I{ining

exploration is already underway, pipeline routes have

been examined., and the region has a large hydro

electric potential as yet untapped. Baseline data
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would be valuable prior to undertaking any major

project. Knowledge of wildlife habitat would help

in selection of routes. For example , for moose and

caribou, it is desirable to avoid major wintering

areas and important travel routes.

4.6 Feasibility of a Habitat Monitoring Program

The cost of compiling a habitat map varies with

síze and location of area to be covered, scale used,

number of categories to be mapped, and degree of

complexity inherent in the landscape. Landsat. d.igÍtal

enhancement enabled rapid and fairly accurate delineation

of major boundaries between cover types. Vegetation

maps províde a base upon which habitat monitoring

programs may be developed. As fire is the major

factor ínfluencing vegetation change in the study

area, yearly production of burn masks woul-d be valuabl-e.

The cost of acquiring black and white satel-lite images

for an area of about 76,000 km2 would be $OA annually.

Images obtained in November where the first few snov¡-

fatls enhance the open areas created by fire would

be sufficíent for burn mask production. Fire boundary

delineation and area determination for six NTS map

sheets would require approximately two staff man-weeks.

Further understanding of the ecological effects



-84-

of fires could be achieved with either digital enhance-

ment or classification techniques. These processes

are costly but not prohíbitive if a single NTS

map sheet were monitored every year with complete

coverage of the area requiring say five years.

With development projects such as pipelines or

roads, monitoring would be possible prior to, during,

and after completion of the project.
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5.0 SUMMARY, CONCLUSTONS, AND RECOIÍMENDATIOÌ.IS

5.1 Summary and Conclusions
The primary obiective of this study was to

determine the extent and tyoes of vegetation associa-

tions found in northern Manitoba for the purpose

of providing a preliminary assessment of barren-

ground caribou winter range. Vegetation cover maps

were produced for six NTS map sheets at a scale of

12250,000. Each vegetation map provides not only a

pictorial representation of present conditions but

also a synoptic reference base to which detail-ed in-

formation may be related

Seven classes of subarctic forest and five classes

of tundra provided an adequate description

of the vegetation for these regions. Vegetation

classification was based on characterisitics of relief,

species composition, and spatial distribution. The

vegetation classification scheme provided for a

logical seperation of units to which caribou's biological

requirements of food, cover, and mobility could be

related.

A preliminary assessment of the suitability

of each vegetation association to support barren-

grround caribou, revealed. approximately 25 percent of

the study area to be prime winter habitat, 35 percent

to be satisfactory, 15 percent to be marginal, and

l-0 percent to be unsatisfactory. Given present range
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conditions, winter food scarcity for caribou was not

considered as a factor timiting the present caribou

population. The quality and distribution of habitat

changes, with each fire season.

The primary cause of fire in this region is

lightning. As exploration and recreation acLj-vities

increase and popul-ati.on g:rows, the risk of f ire

wil-l increase. Potential- remains f or devastation of

thousands of square kilometers of caribou range each

year because fires are allowed to burn unchecked.

While the short-term effects of such devastation

are ovbious, long-term effects remain unknown. Re-

grenerative activity from fires whi-ch occurred during

the A-year period 1977-80 could not be detected

with color enhanced 1980 satellj-te imagies alone.

Landsat photographic data were also required. The

extent to which caribou utilize regenerated areas

\^/as not def inite. Although annual rate of burn

of subarctic forest has increased since the mid

1950's, trends in recent years (1977-80) have in-

dicated a slight decline from the 5-year period

L972-77. It is not likely that fires have had

appreciable influence on the fl-uctuation of caribou

numbers. The effect of fires will_ however alter
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local distribution of wintering caribou-

The feasibility of using Landsat data for

vegetation mapping !üas demonstrated. Discrimination

of major vegetation associations throughout the

study was possible with Landsat color enhancements.

Vegetation spectral signatures detected by sensors

on-board Land.sat provided the data base for color

enhancement. Subtle differences in the spectral

signature enabled discrimination among vegetation

associations. Vegetation parameters which gave rise

to subtle spectral differences included the combination

of forest cro\^In closure and ground cover species '

Supplementary Landsat photos were required for

location of revegetated burns. Drawbacks to

locating optimum Landsat data were related to cloud

cover and technical- problems with the MSS system'

Factors influencing mapping accuracy included

variation among vegetation classes in both errors

of classification and mapping - Landsat photographic

products provide an efficient means for monitoring

change in vegetation pattern over time.



-BB-

5.2 Recommendations

On the basis of this study, it is recommended

that the following be given careful consideration:

A yearly habitat monitoring program should.
be undertaken to update vegetation maps.
Large forest fires burning unchecked through-
out the study area presently consume 0.98
percent of the subarctic forest annually.
Landsat photographic products should be
used annually to produce burn masks and
monitor fire trends.

Research should be undertaken to determine
the long term effects which forest fires
have on the quantity and quality of habitat.
Regenerative activity folloiving fire should
be examined to determíne the rate of range
recovery. The extent to which caribou
until-íze burned areas should be determined.

A fire control- program which is consistant
with resource utilization in the area should
be developed. Presently, lightning is the
primary cause of fire in this region however,
as communi-ties and resource development
expand, the risk of man-induced fires will
increase.

Surveys should be conducted during early,
mid, and fate winter to determine caribou
habitat preferences. Biomass of forage
species associated with each vegetation
association shoul-d be determined in order
to calculate the potential range carrying
capacity.

The use of multidate Landsat imagery for
studying trends in snow conditions over the
entire range should be examined. Caribou
migration should be examined in light of
the pattern and rate of snow accumulation
and melt in early winter and spring, respect-
íve1y.

)

L
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Àppendix f

Scientific and comon nmes of plant species observed in the study area by the

author. Taxonomic classification for. vascular flora (Scoggan 1957) , lichens

(Hale 1969), and mosses (Conrad 1977) is available. cenus and species are

listed by family.

Scientific name

ßettt[-a paliqnilena
ßettLt-a. gLo.ndu!-o t a.

B¿tula occidentaliá
BetuLa punila
EetuLa nana
ALnut ttugo.ta

ÃLnut ettitpa
La¡-íx !.atíeino.
Pinu¿ 6anþ¿'iana

Pieea gLauca.

Picøl, naliana
P o ¡tuLu,t ttt¿ntut oid¿t
Populur bàLaanideno-

SaZ.<.x spp.
Ledum gzoenLa-nd.icun

Ledun deeu¡nben6

KaLnía. poLi(toILa
C hano.edap hn e eal lJ euLata
A,nd,n o n e da. g Lo.u e o p h t1 LI o.

Ait d¡o n ed a. p o !-i I o !,ia-

Attcf.o t to.p hyto¿ uva-ursi
A. nuhna

Lo Lt ¿!.eu¡ía. ptLo cumb ¿n^

0 xq co ccut nicno co-JLpu^

Va,ceiníum uLíginodum
V. uLígínotun
V . viLí¿ -idaea
V. mqntiLLoidøt
EmpeÍ.zun nigttum

Epi l-o b iun o-ng uÁ ti ó o Lium
Scítput cetpitotu,s
S . nieno co.ttpua

Enio p h o ttum ang u.5 ti I o líun
E. tpíttum
C4¿¿x spp.
GeoeauLon tividum
P o tenti!-t-a no tLv e.g ica
Rubua chamaenoua

O¡ct t e¡0. no tundí [ o Lio.
Ribet gl-andulotum
Rib¿¿ f¡i¿tø
So.xi.dna.ga. spp,
I t o ef.ea spp .

Cotrron name

paper birch
dwarf birch
birch
birch
bi.rch
specki.ed alder
green alder
tamarack
jack pine
white spruce
black spruce
asPen
balsârTi poplar
wrl10w
Iabradour tea
Iabradour tea
bog laurel
Ìeather l-eaf
bog rosemary
bog rosemary
bearberry
heath
alpine azalea
smaII cranberry
bi Iberry
alpine bilberry
rock cranberry
blueberry
crowberry
fireweed
reed
reed
cottongrass
cotÈongrass
sedge

potenti I Ia
bog apple
round-Ieaved sundew

skunk current
red current
saxi frage
quillwort

Ec1uitetun 
^ULvaticunE. dt-uviatilø

E . uLv e.n^ ¿

L q eo p o diun . ,s e!-o-g o

L, cttnpLanatun
L, annotinun
Cnqptogttamma ctLitpa
DnlJopf eii^ d,i.r j uneta
P eLtig eza a¡ththo t a.

CLadonia aLpeaf.tir
C. d.mo.urLo clLaea.

C. cottnuta
C enítpata
C. dedonmit
C. duneaÍ.a
C. gna-cil,ít
C nitíl
C, pLeuttttta
C. tta-ngí[enina
C. unciaLí¿
St ¿neo cauLtt n p o.d ehaLe

S. tomento¿u¡n
Uni!.íca¡ía hyp enb o neo.

P aant øLia. c enÐLi 6 ug a-

P. phl1aod,et

P, ainuoLa
C¿tna,Lid. ei!-iattit
C. ítLandiea
C . niv o-!-í,s

AÌ¿eto¡ia jubata.
A. cttinaLi¿
A. (nenontii
{.la rrea spp.

MOSSES

Scientific name

Scientific name

Po!-UtJLíchum connune
P. junipin.ínun
P. piLi(ettunt
?icrranurn spp.
8ng um attettteum
H t1 Lo coniun tpLend,enÁ

Ptit idium
I'lanchan.tia
P L¿LL¡Lo.s ium

Cor.'mon name

wood horstail
water horstail
field horsLail
club moss

ground cedar
stiff club moss

rock brake
oak fern
crus tose
Fo liose
Foliose
Fo.l-iose
Fofiose
Foliose
Foliose
Foliose
Fol i-ose

Foliose
Foliose
roliose
FoLiose
Fo lios e

Arboreal
Crustose
Crus tose
Crus to se

Àrboreal
Foliose
Foliose
À¡boreal
Àrboreal
Arboreal
Arboreal

northern comandra 5p4gnam spp.
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Appendix II

Scientific and comon nmes of mamals and birds observed by Èhe researcher during

aerial and ground. =u.rr"yi. Refer to Banfield (1977) for mammal taxonomy and

Godfrey (1979) for birds.

Scientific name CoÍtrnon name

snowshoe hare
east chipmunk
red squirrel
flying squirrel
beave r
porcupine
wolf
red for
black bear
polar bear
fisher
river otter

batren-ground caribou
moose

Colmon name

common loon
Canada goose

mallard
pintail
conìmon merganser
bald eagle
marsh hawk

spruce grouse

Scientific name

La-pu'! aneLieo-nu^
Eutania-¿ 'ntínintu'
T a¡n ía^ ciuLu^ hud.t o tticu¿
GLaueomgt ¿ahninu¿
Ca.tton ca-no,d¿t1Li^

Ettithizott don¿a.tun

Canut t uput
Uul,pet vu!-pea

UrLáuÁ ane,Lica.nuÁ

U¡¿u¿ natLitinu¿
I'1. Pønna.nti

LonilLd eana,dentL^
R. tanand.uÁ

Aî-e¿¿ aLe¿t
BIRDS

Scientific narne

Ga.via. ínmett
ßna.nta ca.nad,øn^i¿

A n a': p L af. q tt lt LJ,1 c 11. o ó

A. a-cuta

l,løttgut n¿nga.n¿ ¿JL

H o.Lia. ø etu¿ !- øu e o e e¡c haI-u.6

Cíttcut cqAneut
C d,naehitet co.nad ¿n¿ it

Eona¿a. u¡nb¿!-Í-u¿

La.gopu6 mutuó

C. voei(enut
Co.pøLl,a- gaLLinago
Lo.rLuÁ utgQ.nto-tuó

Stø¡na hínundo
S . panad,it aea

Eubo vittginianu.s
Chcttd¿iL¿¿ mino¡t
Co Lapt.¿Á au¡otu¿
D. pubetcent
Enpídttnàx g Lav Lv ønftit
P p.¡i.t o ¡eu¿ eo,nad¿n¿ í¿
Co ¡v u¿ co )Lv o,x

C. bttachgnhyncho,s
Patu,s lt'ud¿ ø ¡tícuL
Tuttdui nigr.atottiut
H9¡LocichLo" guttata-

Comon name

-: _rutted grouse
rock ptarmigan
ki l-ldeer
cornrnon snipe
herring gull
comon tern
arctic tern
great horned ow1

comon nighthawk
yelLow-shafted flicker
downey woodpecker
f1y-catcher
gray jay
conìmon raven
conmon crow
boreal chickadee
robin
hermit thrush
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YEAR JAN.

L91 B

r97 9

I9B O

Average monthly mean temperature (oC) for
f rom B:00 a.m. and 10:00 a.m. readings -

Regional Services data.

FEB . MAR. APR. I\TAY JUNE JULY

-34.3 -35.7

-29 .8 -27 .2

t))

-15.9 -5.4 +3.5

-2l-.0 -5.1 +6.3

+!0 .2

+11. I

+26 .4

Brochet
Compiled

AUG.

+13 .8

+19.4

+21.8

calculated
from ¡ttanitoba

SEPT. OCT.

+13.2 +4.3

r-16. 2 +5 .7

+15.5 +1. B

-1. B

-v. ¿

-L.7

NOV.

-r4 .7 -24 .6

-16.2 -23.8

-L2..2 -29 .B

DEC.

I
\o{

I
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Appendi)r IV

products used in this study.

Date Banl(desd¡e&5 *E rociuct
Code

36
26
36
36
36
36
37
37
37
37
JI

37
3B

38
38
JO

38
JO

Jõ

JÕ
?o

39
39
?o

39
39
39

39
39
37

37
38

38
âo

ao

38
39
39

39
40
40
40
40
40
40
40

*PRODUCT

t9
19
t9
19
T9
t9
19
19
I9
19
19
l_9
I9
19
19
19
t9
19
l-9
19
19
l9
I9
19
19
19
T9

19
19
18

1B

18
18

18

1B

18
18

18

I8
1B
lo

aÕ

1B

1B

18
18

CODE

2/09/73
17 / 08/7 6
2e / 0L/ s0
2e / 0r/8 o
12/ 02/7 e
12/02/7 9
27/ 0e /7 3

2r/09/73
2r/ 09/7 3

20/04/7 5
I0/07/75
22 /rr/7 s
0r/ 08 /7 6

3t/ 0B /7 9

3r/ 0B /7 9

20/rr/7 e

20 /rr/7 s
07 /03/80
07 /03/80
03/04/75
23 / 09/7 s
03/07/75
03/07/7s
rB/06/7 6

16/ 0e/7 6

17 /rr/7 B

17 /rr/7 8

Is / 02/7 s

rs/ 02/7 e

2r/09/7 3

2r/09/73
22/ 09 /7 3

22 /0e/7 3

22/ 0e /7 3

or/08/7 6

0r/ 08 /7 6

03/07 /7s
03/07 /1s
03/07/7s
03/ 06/7 4

16/07 /7 6

16/07 /7 6

r8 / rr/7 B

rB /rr/7 8

16 / 02/7 9

16 / 02/7 9

6

4r5t7
5
7
5
7
6

'4 ,5 ,7
6

7

7

7

6

4,5,7
6

5

7

5

7

6

5
6

5

4 ¡5 17
6

7

5

7

5

6

5

6

6

iq'7

4,5 t7
6

6

5

7

7

6

4r5t6
7

5

5

7

37
39
09

::
31
3t
31
40
50
09
43
35
35
08
OB

2L
21
?,4

50
50
50
51

:l

;;
29
29
29
29
42
L-2

49
49

49
50

45

::

20
20
20
20
20
20
20
20
40
2T
20
2I
4I
4,I
20
20
20
20
20
2T
2L
4I
2I
20
4T
20
20

20
20
40

2L
40
20'
20
20
4I
4I
20

20
20

41
20
20
20
20
20

20 - film positive, scaLe 1:1,000,000
21 - paper print, scale l-:1,000,000
40 - film positive, scale 1:250,000
41 - paper print, scale 1:250,000
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Appendix \¿ ccRS Productio., dJL"r= and price list. source:
correspond.ence with user Assistancê, ccRS, ottawa, July !6,
1980

I " _EéfSe__t 1lï:L_s,r.:e1¿_L!S_ Sl.it';:;.:.j1':.Id.i:):_ Ji:r.__1iÈg.rí.1.,

Tìre Prince Àlbert Satell_i ie Sì t-at j_cir 1.,rocir-ir:ts j.ncirrCe t.lie f oI.t oi.,..i rrg
i.l-ctns:

CoIour C Lbach'rome pri nls ( f or ì{ultilsper:iìra}. Scar-inc.:.': (l.t::.; ) rì..rta
acquircd at ì:,::::h Frj-nce Alberi anrÌ st ce ccvrr eLa.rLi rrg l.t¡rrch j ,r973);

Facsimile, Qi.rj-cìr" l.cok F-eturo Eee.u \iiciicc¡r (li;;V) (for: I,Ai¡t.rS.¡i1
coreraÈ,e weíi'i of artC incluiiing 0¡.'r.\it I I strci.,n oi'r tlic iucet. ¡¡ap);

Ful1 resc¡lul.ion black a'd ¡,Ìt.i.te priutsr, pr,s:i.tive
transpí.lrencies, errlrtrgements a;ld T0rrrrr f il-rn posi Li'.res (i't::r l{SS
clar:r acqiri.red at bcth Pr:[r.r.c.e Æ.bert and Shoe Cove);

conputer cornpaij.ì..le Tapes (ccre) (Íor tr:giì cove-rage r¡est cf a'.j
inclrrding 0rbit. i. I slio;¡¡r oIr tile l'.nset map and acqlrireci sf-a-;:ring
March. l, I 978)

C¡:stoncrs are aclvj scd L,l crcier ¡i-l-l LANIISAT products frorr ttre pr:..nce
Albert s¡riei l--¡-re staiicn (_u_r.g-pl¿"nq to this ruie are notecl inparagiaphs 2 ¿rn'J l] belcu)

2^ $:ce Cc.:r:J:ìiÈl.:r_l.te Siarioa _iÉC!!ìrlfar;founciI ¿nd

Tjhc foll-orvin3 p::oducts al:e ¡.rrociucell ¿¿t fjCSS s¡ìd are slrippecì cl irectly
lo custoilers:

CCTs ( f or ì'1SS covet:age e¿st of ar-id i.nc.J.uding Orb:it I0 sirowrr on
the irrset urap anil acrtrrrire.J st-;:rting âugust i, l97B);

l'1SS Qtrick Look ß.1-ac)< and l'Jhite 1rri irls, I'acsin-ile tl:¿ulsrnission
of N0.\4, TIP.CS and L.A.NDSA:I MSiì, ancl r'¡j.crofiche of LAI{DSAT }iSS.

3 - -?lq-ÞllqErieli 3g:l Ji!:i.'ü,_!l_i:':le
Tlte follovring pr:o<ìucLs arc producecJ in Ctt¿nv'¿r anci rr* strip¡rerldj.rectly to cusLo¡llers frorn ûtta./,'a:

ccrs ( for alÌ canaciar. MSS cor¡erage ac.(]uir-ed bcfore March I .
197 S) ;

UTì{-rcgi s;tercci LANÐSh'i' riata p::cd,.rc.:.1 cn thc Digital In..:ge
Correc ticn S,vsLcm (DIIJS) f or. a..li C.rr:ad j.an l.tSS cover_.úge;

coj.our prin ts, tj:arrr;l)nre,rcie.^ ;rn.j er:i¿ri-'geperrt s for all
C¿tüa'lian IlSS covilrafj,t gúncrirtctl on E.he CoIcur inr;rge R.eccrCeL-i

- I'ul.l resolriLion lìBV bJ-a.cl: ¿;rci uhite prfnts.
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Appendix V. CCRS Production centers and price list. Source:
Correspondence with User Assistance, CCRS, Ottaw.a.' ,July 16t
1980.

Ii!lt._Ð.il 1Iri: _tq4uì lì()iìr",.\r _!.ì! ç!li.Ii*

l8'rr,::r I'ISS l: l,()0(ì,C01-ì Papcr S 9.ql $ì6.50
ItjJnun RilV l:50(),0ùi) . I'aper: t 9.rr0

I 8 5n:r lioÂ,'r,/'tl tìOS Any P:i pcr 
"c 

9 . ùC
l85r.n ¡i0/L4,/1'IlìOS Arry l'iln Pos. $II.OC

37lnn lìOAA/TLÌlOS An.¡ pape r $22,00
742t¡¡,t ¡,:OM/'IIIìOS Äìy P:rper S3fJ.50

37Ìnun ¡fSS I:5û0,00C Pap,:r $22.0C. g41r.f)C'
371¡¡r¡ RtsV l:125,000 I'aper $22.0C

742cs l'lsrl I:250,r-)00 Papet $3S,5ú $88.Cr0
742n,m RllV l:125,01rJ Pi.per $3E.50

70:nm ¡f SS I : 3,369,000 Filn Pos. 935.00/,i band sË.ri¡: 
.

l85mn l'1SS l:1,00ù,000 FiLn Pos. çll.t)0 $20.00
185¡nrn RBV l:5C0,000 liln Pos. $11.00

37lrrm ÈlSS I:500,000 Fil.n Pos. $27.50
37 lr.o .RIIV I : 250,000 Fliur Pos. ç27 .5t

!qüLi.Eî--0í,.-.i:[l!4_J.:I!s

TYPE rFácKS BPI la¡1i.11_ ¿u_!!

4 tsand Ì1SS 9 1,600 Tape Set 9220.00 (tarc ::nd ilan,l 5 prinr inclrrCed)
DICS 9 1,600 Ta¡,¿ $llC.ûQ (srrb-scen¡: plus coir:rrr pr:nC)
l{O,L\ 

. " , , l,!OO T¿rpc Set $2:0.0C (rape an.C Band.2 prini irrrlucieC)

¡ÍICR()l.ICIlll ; -l¡1Jt'*rj
tt 

--g22t).00/nonth $2,200.00/yeaì: (Olì.iifTS 7 ro 90) S 27.00/imaùe
$ 41.67lrnorrth $ 500.Or)/year (otìiJITS I ro 9) S 100.00/<ìay (j.inrir cf 4 in.cEas/day)
$ 9l'67lrconr.h $1,i00.00/ycar (ORl)ITS I to 30) g 2,900.00,/rnonrh (up ro t30 ir,:r¡ãs)

. $ 33 ,0û0.00/yc,ar ( rrp co ! 5[r0 i¡1¿g"u ¡

HaudJ.lng Charg<:s: $5.0') per order aL each produt:tiorr cenEre.

RUSI'I ORDERS: l. For rush ordc::s wlrich canroL be hanrlLed
trnCer norrn¿,1. productlon condiLiorrs:
Unir price X 2

2. To the carrier within 21¡ ho,rrs of r:cception
. of th¿: orCer: Untc price X 3

DF; I. i \: E P.Y

l. PosÈaSe extì-a i.o .rrstoners outsicìe Çrìnada.
2. RegÍ.sler:ed n¿il and special Cclivery: cha:-gcd

direc tIy to cus!ùlrtrr.
3. CourÍer pervices chlrged dtrect.Iy Eo custorer.

PLIÀSE ll0TE: PRICI]S ÅkE SUI].lECT TC Clr,',ÌicÈ AÌ\NU.\Lì,Y 0N l,\pRtL.
{1. Ali. c<¡lour I)r1rìts are ¡-l;c::¿,r'l Price, i..e.: CiR, SäI :ind EBlt( (see.\ppendt:i "Â")

**2. OrCcrr 1lt excess of lr5Crit inag,cs'ârù to bc r¿ferred for pri.ring.
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Appendix VI

SUMMÀRY OF SUÀ{MER & WINTER FIELD PROGRÀMS FOR VEGETATION

MAPPTNG & i^TTNTER RANGE STUDY

SU},1MER

I97 9

BASE CAMP
IOCATION

1 Crew Supervisor
1 Tadoul-e Lake
CommunJ-ty Rep.
I Summer Student
1 Pilot

\IRCRÀFT
(SURVEY HOURS)

Bain Lake

(Ju1y 1B -
Aug. 26)

SUMMER

198 0

1 Crew Supervisor
1 Wildlife

Technic ian
I Remote Sensing

Spec ia 1 ist
l- Tadoule Lake
Community Rep.
1 Pilot

Cessna-f8 5
Little Grand
Rapids Air
Service Ltd.
(100 hrs. )

PERCENT
DOWN TTME

Bain Lake
(Ju1y- 15
Aug -28)

cïsco
Mining
Camp
(Auq-22-2$

I^IINTER

(Feb
2-6)
1981

Bad
Weather
(462)

Standard
Beaver
Manitoba
Government
Air Servi-ces
(100 hrs. )

FTELD WORK CO}JPLETED
MAP SHEETS NUMBER OF NUMBER OP
SURVEYED FT,v-Evs '¡Þ^Àlcnnrc

lvildlife
Technic ian
Conservation
Officer
Research Ànalyst
Pilot

Lac
Flrochet
(Jut- 2l-
24)

Croll Lake
(Aug. 18-
24)

Tadoule
Lake
(Sept.2-
s)

1

I

(640) Munroe Reconnaissance 26

(64P) Nejanilini Reconnaissance 20

(64N) Kasmere Reconnaissance I0

Bad
Weather
(2sz)

Forest
Fire
Smoke
(103)

Standard
Beaver
Manitoba

Government
. Air Services

(60 hrs.

Overnight
Stays in 3

Communities
(Feb 2-s)
Lac Brochel
Brochet.

Tadoule Lake
(2 nights)

(64J Tadoule I6j 22

(64K) whiskey Jack 145 t0

(64N) Kasmere lO3 6

(640) Munroe 86 4

(64P) Neiani lini n? )

Bad
Weather
(43s)

itandard
Seaver

Manitoba
Government
Air Services
(20 hrs)

(64K) I,lhiskey Jack 66 'l

(64P) Nejanilini 35 4

(64I) Shethani 24. 0

(64J) Tadoule 18 I
( 640) l"lunroe 6 l

No
Down
Time

( 64K) Whiske)z Jack l^Tinter Surveys 3 snow stations
(64N) Kasmere ' I snow station
(640) Uunroe ,, 2 snow stations
( 64J ) Tadoute rr

(64P) Nejanilini

I
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Appendix VIIf. Ground data sheets for vegetation mapping
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APPENDTX lx species fre<¡uency in r'elaLion to number of plots recorded for each veqcLation type
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APPENDIX X Standardized results for accuracy
assessment.

Two kinds of errors \'vere noted, in classification

and mapping. Classification erros (Eci) were made

when fly-by observations from the ith vegetation

association were incorrectly classified as the mth

unit. Total classification errors for the ith

vegetation association (Eci) were determined by

Eci = 51 Cim

where C1¡ represented the number from the ith vegetation

association correctly classified as the mth unit.

The probability of making a classification error

for the ith vegetation association (Pci) \^las determined

by

- Eci
- cr- si

Mapping errors (Eom) !\iere made when a vegetation

association from the mth map unit was incorrectly

mapped as the ith vegetation association. Total

mapping errors for the mth mapping unit (Eom) were

d.etermined by

Eom:R¡¡-Cim

where R¡¡ is the row total for the mth mapping unit-

The probability of making a mapping error for the

mth mapping unit (Pom) was determined by

n-Eoml.om - õ--ttm

Standardized resul-ts are present in the following

tables.
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Standardized results for NTS-64I
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Standardìzed results for . ,NTS-64J
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Standardized results for NTS-641 , map accuracy assessment.
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standardizecl results for 'Nrs-64N i mâP accuracy assessment'
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APPENDIX XI

Cal-culation

Summary of

of the Varrio

_LL7 -

snow survey data.

Snow rndex (vSr ¡

VSI = (U,,u UO Tb + VTs + Hf, Tfr ) Tta/1000

where

Hr-

HbT¡

VTÐ̂

HrtTr,

hardness of hardest layer more
than halfway between the substrate
and the top of the snov/ cover.

hardness times thickness of basal-
layer.

vertical hardness of surface times
thickness of surface 1ayer.

hardness times thickness of hardest
layer (if not H5T¡.,) . If basal layer
is the hardest thõn term HhTn droPs
out.
total thickness of the api.Tt.

Pruitt, w.o., Jr. L979
for reindeer (Rangifer
(Mammal-ia, Cervidae) .

A numerical 'Snow fndex'
tarandus) winter ecology
Ann. ZooL. Fennici, P.273.



APPENDIX XI. Summary of
Date Location

B1

B1

B1

B1

B1

B1

B1

B1

B1

B1

B1

B1

B1

B1

02

02

02

02

02

02

02

02

02

02

02

02

02

02

02

03

03

03

03

04

04

U4

04

04

05

05

05

06

59o34'N
59034'N
59o34 'N
59022'N
59c,22'N

59022'N
5go2B'N
5g02B'N

5BO2B'N

5BO2B'N

58029'N
58023'N
58o23'N
57053'N

x 9 B02l- 'w
x 9Bo2I'w
x 98021'w
x 99o36'W
x 99936'W
x 99o36'W
x 100015'l{
x l-00o15'W
x 101o00'tr^i

x 101o00'w
x 101030'W
x l-01o40'W

x 101o40'W
x 101041'w

SnO\^7 SUrVey

Habitat

FTT-LSeCg

FTT- Lake
FTT- Lake
SAF- Lake

SAF- VOBs

SAF- Fen

SAF- VOBs

SAF- Lake
SAF- Burn
SAF- Lake
SAF- LOBs

SAF- VOBs

SAF- Lake
sAF- VOJp

data.
Above Snow Below Snow VSI
Temp.

FTT

SAF

-2 00c

-l- Boc

-2roc
-170C

-160C
-I3oc

r ¡O^_I¿ L-

-I2oc
-r2oc
-11oc
-220C

-t:0c
- l- 3oc

-1 Boc

Forest Tundra Transition
Subarctic Forest

Temp.

-t_40c
30C

9oc

60c

40C

3oc
50C

6c,C

7oc
joc

-1 loc
70C

3oc

60C

37 84

89,951
10,641
3,053

115

206 4
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II ,260
B1

36236

3 519

I77
8565

L37 2

1og VSI

3
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4

3

2

3

2

A

1
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3

2

3

3

5B
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03

4B
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31
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91

56
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êPPENDIX XII
NumLrer of cfassification errors in relat.-i.on tò sarlple area (m2¡

Test s.ite locatecì on l.: I5 r 840 aeri-a1 photograplry in tlplancì
Open Bl.rck Spruce

(a) rnexperiencecl. observer
(b) Expe::ienced observer..

1t

10
(a)

(b)

(n

tì
o
l]
!

o
._i
Ð
tú

qr
._i
U)
a
rl
(J

q{
o
!
c)
JI

Sample ¡rea (xl03 m2)



-120-

APPENDIX XITI. Chi-sguare tests for observer
bias during fly-by sampling.

TEST #1

Ho: Similarities and differences noted in fly-b1z
observations on tundra vegetation is not
dependent on observer experience

Hir Similarities and differences noted in fly-bv
observations on tundr.a. vecfetatj_on is dependènt
on observer experience.

Critical *'.O5rl = 3.84

2 experienced

Different

15 72
15 27

30 99

Same

51
1 experienced & I i-nexp. -12

69

Calculated X2 = 11.40

Calculated x2 = II.40 Xr.Or,, = 3.84

Therefore reject null- hypothesis.
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APPENDIX XITI. Chi-square tests for observer
bias during fIy-by sampling.

TEST lTZ

Ho: Similarities and differences noted in fly-by
observations on suh,arctic forest veqetation is
not dependent on observer experience.

Hi Simil-arities ancl dif f erences noted in f fv-hy
observations on subarctic forest veqetation is
dependent on obrserver experience.

Critical *' .0r,, = 3.84

2 experienced
I experienced & 1 i-nexp. 33

141

Calculated X2 = 22.03

Calcualted x2 X2.05,,l-

Therefore reject null- hypothesis

Same

108

Different

15
.A

39

l-23

.11

180
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APPENDIX XIII. Chi-square tests for observer
bias d.uring f ly-by sampling.

TEST #3

Hot Similarities and differences noted in fly-b1z
observaticjns betrveen 2 experienced observers
are not dependent on veqetation conditions
(tundra ancl subarctic forest).

Hi, Similarities arrd dif f erences noted in f ly-by
observations between 2 experienced oJ:servers are
dependent on vegetation conditions.

Critical 
"' .Or,! : 3,84

Tundra
Subarctic Forest

Same

51

1q_q

165

Different

15
15_

30

72
L.23

19s

Cal-culated x2 = 2.7l-

Calculated x2 x2 .05,I
Therefore accept null hyoothesis
























































