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ABSTRACT

0bjectives of this study v/ere to: (1) màke predictions of

white-tailed deer habitat suitability from Landsat l.,ls S thematic map

data, änd; (2) test the hypothesis that such predictions are

signì fjcantìy (P<0,05) correl ated with independent measures of

habitat mosaic suitabjl ity, dee r forage, cover and site

characteri stì cs.

A muì ti -däte themat i c map of deer habìtat (average unbiased

accuracy=77.0%, P<0.05) was produced by supervised classification

for 3,500 sq. km of northwestern 0ntario. Predi cted ranks of I

(optirnaì ) to 5 (unsatisfactory) were genenated for sq.km celìs for

summer, winter and year-round periods by comparing theme

proporti ons and edge i ndex to optimal standards derived from the

sci enti fi c I iterature.

Thnee tesÈs were performed on predicted ranks (1.00 to 5,00,

n=66). Test l showed significant correlation between predìcted and

true year-round ranks of the habi tat mosaic (P=0.000I, R=0.785)'.

Te st 2 showed signi ficant canon ì ca I correlation of predicted

year-nound ranks \,rith s umma ry food, cover and site data (P=0.000i,

CC=0,784 ) , even though maximum attô i nabl e correì at ì on rvas <1

because some variables had peak benefit for deer wiÈh values

between possi bì e extremes, Test 3 shov/ed no si gn i fi cant

coraeìation bet wee n predi cted wi nter ranks and oven-wi nter deer

density (P=0,3019, R=-0.098, n=112), even after sq. km cells ltjth



black spruce and lanch-dominated forest stands were removed from

the sampì e (P=0.1492, R=-0.165, n=78 ), However, deer concentrated
jn wi nter in portions of the g ood to optimal habi tat, apparentìy as

an anti-predaton and energy conservat i on strategy.

Ihe results requi red acceptance of the hypothesis, Thìs

habìtat evaì uation system is considened al most suf f icient'l y

accunate, but for management appìication Test I and 2 R-squared

vaì ues should be )= 0.75. This ìs ììkeìy possìbì e with: more

carefuì sel ect i on and analysis of training data; better spectral

differentiation among coni ferous tree species, and; improved

methods of testing predi cted ranks. Use of the more expensive

thematic mapper imagery may heìp, but the only known appl ication to

evaluating t,l/hìte-taiìed deer habitat had lovier map accunacy than

thi s study,
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1.0 INTRODUCTION

l'laintaining a supply of suitabl e habitat is an impontant part

of managj ng wjldlife popuìations, 0ne tactic for nlanaging

t,l/hi te-tai I ed deer ( Odocoi'l eus vìnginianus ) on northern range is

to manìpulate the habitat into as near an optimaì condition for

deer as possibl e so that deer can better \,¿'i thstand and recover from

sevene wi nter weather. The deer population can then be managed for

a desjred sìze given carrying capacity of the habitat during years

wiÈh favourable wjnters (|,llaì ìrno et al., 1977; Potvìn and Huot,

1983). Thìs approach puts emphasìs on proactive rather than

reactive management. In other words, the manager can influence the

outcone of future event s by manipulatjng habitat, rather than

simpìy reacting to those events,

The first step in ìmplementìng such a tactic is to determine

how well hab i tat of a gi ven a rea com pa re s to the optirnâl spatial

di stnibution of important ì a n d f o r m - v e g e t a t i o n categori es, or

'bìophysical themes'. The result of such an evaluat'i on can be'

expnessed by an ordjnate ranking of habjtat suitability on bot h a

square kìlometer (sq.km) and area-wide bas.is.

The 0ntarjo Ministry of Nâtura1 Resources (0t'lNR ) uses a set of

provincìal standards and guideì i nes for deer habi tat evaluatìon

based on an ordìnate ranking system (01'1NR, 1984a). Hot.iever, the

evaluation crÍ teri a requ i re Iabour-i ntensive f ieìd-samp'l ing or

airphoto jnterÞretation, l.1ost 0MNR district offjces do not have



I4

the financìal resources to conduct such I a b o u r - i n t e n s i v e

eval uati ons, and the qual ity of dee r management suffers.
A potential met h od of eva luati ng dee r habitat is to use

computer ônalysi s of Landsat sateilìte imagery to predict habitat

suitabiìity rank for a given area. This mi ght be accompl i shed by

compari ng a Landsat-deri ved spôtial descri pti on of major

biophysicaì themes, giving proportions of total area in each theme

and an edge index, to opt'j ma'l standards derived from the scjentìfic
literature. The output would be an average habitat suitabilìty
rank for the study area plus an array of habitat suitability ranks,

each cell of the array representing one sq.km of the area. l,Joul d

such predictions be accurate? This st udy attempt s to provjde an

answer.

0ne study objective was to môke predictions of hab'itat

suitability for t'ihite-tai ìed deer on an ord i nate sca le f rom Landsat

multispectraì scanner (MSS) imagery. MSS imagery was used because

of its 'l ow cost relative to thematjc mapper (Tl'1) data, A second

objectìve was to assess accuracy of the predjctions by testing'the
fol I owi ng hypothesj s:

Ho: predictions of hab i tat suitability deri ved from an 14SS
themati c map of $,hìte-tailed dee r habitat of minimum 75";
accuracy, ane significantly (P<0.05) correl àted with
i ndependent measures of habitat mosa i c suitabil ity, deer
forage, cove n and site characteri stics.

The map accuracy level of 75 iá was arbitranily chosen as a

reasonabìe threshold for rnanagement appì ication. Ihe thematic map

represented the mosaic of habitat types relevant to white-tailed
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deer, based on measurements of nefl ected lì9ht f rom the top of the

forest canopy, Hypothesìs acceptance requ'i red sign'i ficant
correlation of the pred i cted ranks wjth 'true' suitabil ity of the

habitat mosaic as determi ned by a i rphoto Ínterpretatìon and ground

data, and with ground measurefnents oF important food , cover and

site c h a r a c t e n ì s t i c s . The remot e pnedictions !ve re therefone

assessed by correìat'i on wi th measures rel ating di rectly to deer

ecology,
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2.0 LITTRAÏURI RIVIEl,l

2,I Landsat

2.I.I Land sat Technol

Landsat satel ljtes have nemote-sensing sub-systems that can

distinguish broad ìandform and vegetation categories by thejn

spectra l refl ectance vaì ues, The Nati ona l Aeronaut i cs and Space

Administration (NASA ) Landsat prog ram began p¡oviding such data on

\luly 23, 1972, with the launch of Landsat 1, fonmerly calìed tanth

Resounces Technol ogy Satel I jte 1 (ERTS-1). Five Landsat satell ites
have been launched to date of which only Landsats 4 and 5 are still
functioning (Table 1).

Tabl e 1: Schedul e of lôunch and deactivation dates fon Landsat
satel1ites.

Landsat Launch Date Deacti vation Date'

I
?
3
4

5

7 2 .07 .23
75.01.23
78.03.05
82.07 . 16
84.03.01

78,01.06
80,01.2?
83,09,30

Descriptions of the Landsat satelljtes and their
remote-sensing sub-systems were provided by Harper (1976), Short et
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al, (1976), i'4urphy (1979), NASA (1982) and Colwell et al. (1983).

Lansìn9 and C'l ine (1975) descrìbed the rnultispectral scanner (MSS)

jn detail, and NASA (1982) desc|i bed the thematic mapper (TM).

Harpel. (1976) bri efl y descri bed the operation of a thermal infrared

scanner.

All Landsat sateìl ites operate in a ci rcular near-polar

sun-synchronous orbit (Ha rpe r , 1976). Landsats 1,2 and 3 advanced

westward with each orbit scannjng a I85 km slvath of ì and so that a

gl obal cycl e was compì eted when the enti re earth's sul"face from 81

degrees nor.th to 81 degrees south latitude !,tas viewed. The 14SS was

the same on each sateì ì i te, consis¿in9 of an oscillating mirror

coupled wi th a fibre opt i cs arnay, fjlters and electro-optical

detectors (Harper , f976; NASA, 1982). As the satel I ite moved aìong

a ground track the l'1SS sr.,ept back and f orth across the sr,rath, and

wi th each forwa rd sr{eep it simultaneously scanned six adjacent

strips of pixels (picture el ement s ). For each pixe'l it recorded

the i ntensi ty of e'l ectromagneti c nadìation from the earth's surface

in four wavelength bands:9reen (0.5 to 0.6 um), red (0.6 to 0.'7

um), photographic infrared (0.7 to 0.8 um) and nea r i n fra red (0.8

to 1.1 um) (Ha rper, 1976; Murphy, 1979), Landsat 3 operated at a

norninal alt'itude of 918 km taking 18 days to compìete a global

cycìe, thus repeating coverage for any given area every 18 days.

Corl.ected pixeì size was 59 x 79 nì (CoìwelI et a1 ., 1983).

Landsat 4 experi enced faiìure of two of its four solàr panels

during the early stages of operation, and at present is operating
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at less than full ca pac i ty, Landsat 5 was I aunched ahead of

schedule because of this probl em and placed in a pursuìt path of

Landsat 4 with an I day delay.

Landsats 4 and 5 have both an l.1SS and TM. The four-þand MSS

on each is simila. to those of previous Landsats, pr"ovìding

continuity of data acquisition with them, but the T¡1 has many

improvernents ove r the 14SS. The IM scans and obtains data in both

directions, and its detector arrays are ìocated in the prìmany

focal plane al I ovri ng i nc i dent light to be reflected di rectly onto

the detectors without transmission through fibre optícs as \,rith the

MSS. Also, the TM operàtes in 7 spectral bands as outljned by NASA

(1982:3):

-Band I (0.45 to 0.52 um) - for water body penetraÈion and
differenÈiation of soi l from vegetat i on , and deciduous from
con if erous f I ora ;

-Band 2 (0.52 to 0.60 um) - for measuring green refl ectance peak
of vegetat i on for v igor assessment;

-Band 3 (0,63 to 0,69 um) - a chlorophylI absorption band
i mportant for vegetat i on di scrimi nati on;

-8and 4 (0.76 to 0.90 um) - for determining biomass content and
del ineating waterbodj es;

-Band 5 (1.55 to 1,75 um) - for detecti ng moi sture content of
vegetôtìon and soil, and for dif fenentiation of snow and clouds;

-Band 6 (10.40 to 12.50 um) - ô therma l infraned band for
vegetation stress analysis, soil moi sture, and thermal mapping;

-Band 7 (2.08 to 2.35 um) - for discriminating nock types and
hydrothermaì mappi ng,
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The MSS's of Landsat 4 and 5 aìso have a corrected pixel size

of 56 x 79 m (,lensen, 1986 ) despite the fac¿ orbì tal altitude of

the satellites vras reduced to 705 km so that.esolution of the TM

could be improved to a 30 x 30 m pixeì. Band 6 has a ì arger pixel

size of 120 x 120 m, In addition, the Il"1 scans 16 strips of pixels

with each mirror sr,,eep for bands I to 5 and 7, and four for band 6

(NASA 1982),

All Landsat sate ll i tes collect radi ance data continuously and

transmit it in digit'ì zed form to a gaound receiving station where

the data are st o red on com put e r compatible tapes (CCT's). Canadian

recejving stations are at Prince Albert, Saskatchewan, and Shoe

Cove, NeHfoundl and. Ihe data are corrected for radi ometri c and

geometric errors before anaìyses are performed (llurphy , I979lr.

Markham and Earker (i983 ) com pa r ed MSS spect ra ì response

curves and s i mul ated mea n outputs for field reflectance data of all

five Landsats. They found that Landsôts 4 and 5 were essentially
'identical in mea n spect ra l response, and the spectral differences

between them and previous scanners were usuai ly smal I and

comparable to variabiì ity anong the Iatter.
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2,1,? l'lultispectraì lmaqe Analysis

There are t\.¿o principa'ì methods of digital mu'l tìspectral image

analysis: classification and image enhancement, Alfoldii (1979)

provided an exceì I ent sel f-teachj ng jntroduction to the fj rst,
based on the Canada Centre for Remo t e Sensing (CCRS ) Image Analysis

System (CIAS) (Goodenough, 1979), He explained that CCT's store

light intensity data in each v/avelength for all pixaìs. The

particuìar combjnation of intensity leveì s in di fferent wavelengths

for any one pixeì is caIled the 'spectral signature¡ of that pixel .

Analysis of a mul ti spectraì image is based on classifyjng pixels by

their spect ra l signatunes wjth ejther supervì sed or unsupervised

technjques (Goldberg and Shìein, 1976; Johnston and Howa rt h, 1980)

(Table 2)

Supervi sed classification means the computer programmer and a

manager fami ì jar with the st udy area, di ctate or 'superv'i se' the

ìmageny classification. This is done by selecting 'trainìng areas'

that represent homogeneous exampìes of reì evant bi ophysical themes.

Li 9ht refl ected fnom pjxeìs of the trainìng areas for a given theme

is analyzed with the computer to define the spectra'l s ignature of

each thene of interest (eg. mature deciduous forest). l,ihen a

simpìe nange of 'l ight intensities 'i n each travelength band is used,

the resuìt is an n-dimensional 'rectangular paral l e'l epiped'

signature. More accurate procedures are to empl oy a 'min'imum

distance classifier', ot" a 'maximum Ii kel ì hood prog ram ' , The
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Tabl e 2: Advantages and dì sadvantages
unsupervi sed cl ass ì f i cat i on
from Campbell, 1987).

of supervi sed and
procedures (adapted

Advantages:

Di s ad vantages

Supervised

- image analysed for
environmental features
relevant to the study;

- final map production
simplifìed;

- al I ows cornparjson r{jth
classi fi cat. ions from
other dates and aneas;

- may detect errors in
classes by examinìng
trainìng areas on
themati c map,

- training areas may not
represent scene-l.ri de
spectraì variabì I ity;

- ground truthi ng is
I ikely necessary,

- classj fication i mposed
may not be spectralìy
'natural ' causìng
erf 0rs.

Unsupervi sed

- classes ane spectral ly
homogeneous compa ned
to supervi sed cìasses;

- chànce of human error
is minìmìzed;

- unique spectral classes
not incoporated into
other classes, causing
err0rs;

- no prior knowì edge of
area neecied;

- map appìies to many
ìssues & species.

- classes defi ned may not
represent env i ronmental
features of jnterest;

- extensive f ield
investj gatj on requj red
,to inteapret cìasses;

- spectral properties of
classes change over
t ime & classi fication
can 't be appl i ed to
other areas and times,
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minìmum djstance classifier determines the spectraì coordi nates for

each theme, cal led 'centroids', in n-dìmensional feature space and

assigns pixeìs to the theme r'Jith closest centroid. The maximum

likelihood program assigns each pixe'l to a t heme that maximizes

1j kelì hood of a correct classificatjon, gi ven spect ra I means ônd

variability in the training data (philìips and sl.rajn, 1973;

Aì foìdi i, 1978; Campbell , 1987 ),
Unsupervi sed classi fication al lovrs the computer to del ineate

natural groupings of spectral val ues r,rithin a scene and map them as

information classes. These spectral ì y simìlar areas are ìdent,ifjed

by a cì usterìng algorithm that separates statistically cohesive

cìusters of spectral coordjnates in feature space; such clusters

hav e dj fferent spectr.al si gnatures (Aìfoldiì, 1978). A dì9ital
grey-tone or co lour-coded map is then pri nted shol,lì ng the

goegraphìc I ocatj on of pixeìs in each spectraì category, and the

investigator must determine the envj ronmental signi ficance of each

category in the fjeld.
The second major me t hod of Landsat image ana'l ysis, image

enhancer¡tent, invoìves transfonming digital MSS data into
refìectônce units, wi th atfltospheric and iìlumìnation correction,
then contrast stretching the units between fi xed refl ectance
'I imits. Ahern et al, (i982 ) gave the details of this process, and

Ahe rn (1983 ) out l i ned three enhancement products ava il abl e from

LLK5.
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A major limitation of cìassifying biophysical characteristics
with MSS data fnom one date is that di fferent terra i n or vegetation

features a¡e often best separated at di fferent times of the year

because of phenological or moi sture di ffenences. Schre ier et al.
(1982) used mul ti -date imagery to enhance contrast between

biophysical categorjes and improve thei r classification for
predicting off-road mobility conditions in northern 14anitoba.

Byrne et al . (1980) assessed the vaì ue of using imagery from two

dates to monitor land-cover changes in New South l,lales, Austrôìia,
0ther studìes using mul t i -date imagery we re l,lcGinni s and Schneìder

(1978 ), Thomas et al. (1978 ) and Fisher et al. (1979).

2.1,3 Thematic l'1ap Accuracv Assessment

Hay (1979) poi nts out the distinction between enrors of

predi cti on associated wi th the themat i c ma p, and e.rors not

associ ated l{ith it. For exampl e, probl ems in matchjng sampl e sites
on imagery with exact locations ìn the field may lead to apparently

ì ncorrect pnedictions which are in fact sampìing ant'ifacts, Also,

the time intervaì between prediction and fieìd survey may result in

changes reco rd ed as errors of prediction. Pubì i shed estimates of

a cc u racy usual ly assjmi iate such errors.
A common standard for acceptable average accuracy of thematic

maps is 85% (Andenson et al,, 1976; VanGenderen and Lock, i977;
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Fitzpat|i ck-Lins, I981; Ar0noff , 1982a). Severa l sampì Íng designs

have been empì oyed for estimaÈing accuracy, and most authors use a

contingency table to evaluate errors of commission (identifying a

class as A when it is in fact not A ) and omission (identifying a

class as someth ing else when it is reaì ly A). Stow and Estes

(1981) used systemat ic random sampl ing with 0,4 ha sampli ng unjts

and aì rphotos as ground truth; average accuracy of theia map vras 73

+ 5 % (P<0.05), Todd et al, (19 80 ) used cì uster sampl i ng with

sampì i ng units of 3 x 3 pìxeìs, Three types of error caused their
themes to vary in accunacy fronì 9,1 + 18 % to 97.3 + L4 % (p<0.05)

(average accuracy caì cul ated to be 83.7 ä). Firstly, analysts'

defjnitlons of nesource classes caused probl ems that accounted for
45 to 55 i¿ of totaI e.non, Secondly, 35 to 45 % of total error r.ras

due to mapping themes whose spectra'l characteristjcs approached and

sometimes exceeded the noise level. Thìrd'l y, geometric and

radiometric resìdual errors accounted for 5 to l5 % of total error,
mainìy due to errors of + one pi xeì ìn aìigning imagery and air
photos,

F i t z p a t r i c k - L i n s (1991), Rosenfieìd et al. (19S2 ) and Card

(1982) cniticized assessments made with simple or systematic random

sampì ì ng because these met hod s tend to oversampl e high-frequency

themes and undersanpl e ì ow-frequency ones, causìng wi de confidence

intervals and evaìuation pnoblems. The data of Todd et al, (1980)

shovred that the same difficulty can ali se with cluster samplin9,

To compensate for this, Hay (1979) recommended a stratified
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sampl in9 design with themes as strata and a minimum of 50

observations in each theme. In this design sampling sites are

chosen randoml y over the enti re map a¡ea, rej ect i ng assignments to

strata once their requi rement is filled, untjì alì strata are

adequatel y samp'ì ed, Ihis net h od permits identification of

u n d e r e s t i m a t i o n , overestinìati on and si gni fi cant mì scl ass ifi cati on

between themes by usìng sjmple tests based on the binomial

di stri buti on and its poi sson approximation. Hol,]ever, both Hay

(1979) and Card ( 1982 ) poi nted out that for strati fi ed random

sampl i ng "the p r o p o r t i o n s - c o r r e c t , 9i ven the true category, should

not be estimated by the dìagonaì entry divided by the row sum,

because of bias i nt roduced by possibìe differential sampl i ng rates

nithin map categories" ( Cand, 1982:433 ). Card (1982 ) proposed a

method fon correctjng such bias using map categony marginal

proporti ons to produce unbiased estimates of proporti ons-correct

given the true category.

Rosenfì el d et al , (1982 ) poi nted out the di ffi cul ty of

manuaìly seìecting and locating sanrpìe points in sparse map

catego|i es when using stratified random sampl i ng. ln fàct,
Fitzpatìck-Lins (1981) found that although stratified systematic

unaligned sampli ng (Rosenfjeld et al,, 1982 ) coul d be appl ied

manually, vi'i th an undersampling of sparse categories, computer

autonration was required to take an additional stratified random

sampl e of sparse themes. Rosenfi el d et al . (1982 ) also poi nted out

the need to area-weight the average accuracy estimate tihen



'¿6

additional sampl i ng is conducted.

A dìfferent approach v/as suggested by Ginevan (1979) who

n ec omme nd ed use of acceptance sampl ing and the bi nonj al probabi I ity
density functi on, Using a F0 R TRAN program, Ginevan deve'l oped

tables that give optimal sample size and cli tical value ìevels for
map rejection, for di fferent ievels of "Consumer,s Risk"

(probabil ìty that a map of unacceptabl e accuracy wi lI pass the

accuracy test) and "Producer's Risk" (probabiltiy that a map of

acceptable accuracy wilì be rej ected ) , Aronoff (1982b ) elaborated

on the theory, and Aronoff (1982a) provided a method for using the

technique to assess overal'l map accuracy, accuracy of ind.j vidual

themes, and j nterpretati on of resul ts. He suggested simple random

sampling with an add it iona l stràtified random sampl e of sparse

categori es, as did Hay (I979). Aronoff 's (1982a ) method optim,i zes

cost-benefi t consjderations of sampl'i ng and has the interpretation
advantages of othe¡ techniques descrj bed herein. He does not,
however, cornect for differential sampl ing rate bias when assessing

map accuracy,

2.L,4 Forestry and I'lildlife Appl ications

Numerous investigators have used Landsat digital data for
forest inventory appli cati ons. Mos t have been abìe to achi eve 74 T"

or grea¿er accuracy in mapping gene¡al i zed classes such as coni fer
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and deciduous stands, cutovers and coni fer regeneration (Heath,

1974; Kirby et al., 1975; Dodge and Bnyant, 1976; Lee, 1977; Rubec

and l,li ckware , 1978 ). Attempts to deri ve more deta i I ed

classi fications have met with variable results,
Pala and Jano (1981) felt that classes speci fj ed by species

composition, a9e and volume cannot be re ìi ably defi ned on the basjs

of satel lite data al one. Beaubi en (I979) used unsupervised

cìassifìcation of Landsat MSS imagery to map specì es composition

and maturity of Quebec forests, Cìassjfication of the relatively
simpìe boreal forest of Anticostj lsland was satisfactory, but on

the Laurent'i an plateau only hardwood, mjxedvood and two or three

types of s o ft wood coul d be accuratel y mapped. Beaubien did not

fi nd it possib'l e to distinguish regenerati ng from mature stands of

mi xedwood and hardwood.

Eeaubien (1980) vras successfuì in usjng principal component

enhancement to achieve a generaì i zed clâssìfication of boreaì

con i ferous and subarctic vegetati on near the southern

Labrador-Quebec border. He also found that superv'i sed

classification was more useful than coloun enhancement o¡

unsupervised technì ques in distingui shi ng certain ground-cover

l'layer and Fox (1981) (see aìso Fox et aì,, l9B3) classified
forest stônds in Caìifornia by coni fer specì es, canopy density and

crol,¿n diameten l.iith 83 /" accuracy for species, sjze and density,
and 88 % accuracy for species alone. relat'i ve to errors of
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omìssjon. They used control led cìustening to define ¡esource

spectral si gnatures from training sìtes, and unsupervised

classification to identìfy other unique spectral signatures located

el sevlhere. Resource labels I'Je re assigned to spectral curves for

unknown classes by comparìson !'Jith signatures for known classes!

signatures r,/ere pooled or deleted, and the resultant pooled

signatures we re used to delineate 16 themes.

l,lalsh ( 1980 ) used controì I ed cì ustering classification jn

0regon to map 12 surface-cover types of which 7 wel"e coniferous

t ree speci es, tJsing ground-truthing and sampìe units of 5 x 5

pixels, he determined average accuracy to be 88.8 %, but he ignored

errors of omission. The major env ironmenta l factors affecting
clàssif ication we re deg ree and aspect of sl ope, surface-cover

variability, crown size and crown density (cf, Beaubien, 1979).

Hopkins et al. (i988) did a prel iminary assessment of thematic

mapper data for forestry appìication on two smaì1 sample areas in

liisconsin. They found ovenall themâtjc map accuracy to be 85 ?; in

an area of 6003 pixels that incl uded agli cultural l ands in

southeastenn lJisconsin. In this area average accuracy for detaìled

forest specìes cl asses was 69 l. 0veral l accuracy improved to 97 %

vrhen the number of map themes was reduced to sjx by merging. Aìl

reponts of accuracy wene based on errors of omìssjon with no

correcti on for d'i fferenial sampì i ng nate bias (Card, I982 ). In the

second sample area, 1655 pixels of forest in northerestern

liisconsjn, overalI map accuracy of 93 % was achi eved for 11
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differentiated from upìand conifer during progràmmin9, ànd after
clearcut and defol iation classes were conside¡ed to be s o ft wood for
purposes of accuracy assessment,

Wildlife applications of Landsat imagery began to appear in

the literature after NASA seìected ànd funded over 300

m u I t i d i s c i p I i n a ry investigations to uti l ize ERTS daÈa (Lent ônd

LaPerriere, I974; LaPerriere, 1976; l,lork and Rebel, I976). Colv/elI

et al, (I978) used muì tj -date Landsat MSS data to assess and

monitor temporal changes in t¡aterf ow] habitat suitabi lity in the

prairie pothole region of North Dakota. The number of ponds tvas

mapped by level sl icing the t'1SS 0.8 to 1.1 um !'/aveband. Landsat

estimates of pond numben paraì l el ed fieìd estimates of the US Fish

and l,]ildlife Service but were 56 to gg % lot,rer because most of the

ponds were less than 0,4 ha (l pixeì) in size. The authors

developed a preliminary model for evaluating habitat suitability on

the basis of water condìtions and terrain charactelistics
quantified from l'1SS imagery. Accuracy of the final model and'
thematic maps was not assessed quantjtativeìy, but the model \,/as

j udged by the authons to be worthy of further devel opment,

lñlyckof f (1980,1981) anaìysed mule deer (0docoi'l eus hemionus )

population trends in central uta h with staùe pelIet group data and

range area data extracted from mu'l ti-date Landsat 145S imagery,

Availab'l e wjnter range was determi ned by subtnacti ng seasonal

d istribution ( p r e s e n c e / a b s e n c e ) of snowcover from vegetati onal I y
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suitàble areas as mapped fnom ima g e ry. Range areô accounùed for a

large proporti on of the yea r to year variability in pe'l let group

data (r=-0.83).

In Alaska, LaPerriere et al. ( 1980 ) successfulìy empl oyed a

modified clustering technique to produce I jne-printer maps of

Landsat spectral c'l asses for analysis of moose ( Al ces aìces )

habitat. Vegetation data were col lected by aenial and ground

sômpl in9, and vegetatìonally similar spect ra I classes we re grouped

int0 1l moose habitat classes, An accuracy assessment of the

resultant themat i c map was not made. Simi ì arly, Thom ps o n et al.
(1980) used 14SS imagery to map majon habjtat types of barren-ground

canibou ( Rangifer tarandus gnoenlandicus ) ìn the Kee\,/atÍ n

Regi on, Northwest Territories. They used a mi grat ing mean s

clustering algorìthm and unsupervi sed classi fication to delineate

spectral ly sìmilar sampìing unìts. l,lìthin each unit they

determined the proportion of 8 major vegetation cover types, and

four major vegetati on compì exes resu lted. Canìbou use of cover

types and vegetation compìexes vras qüanti fìed by pel I et group '

survey,

Ho rn (1981), and Di xon and Horn (1981), re po rt ed resu'l ts for

vegetation mapping of barren-gnound caribou tvinter range in

northern Manitoba using princ'i paì component col our enhancement of

MSS imagery. 0veraì I accuracy was not determined Þecause of

sampling diff icult'i es, but accuracy at one test site y¿as better

than 81 % fon 6 of 8 image coìours wjth respect to commission
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ennors, and for 7 of I with respect to omission errors. At another

site confusion occurred because the s ame colours were used to

deì jneate themes across an ecoìo9icaì gradient between tundra and

subarctic f or"est (Dixon and Horn, 1981). ttorn (198i) did a cursory

habjtat evaluation of the area based on ana'l ysis of the imagery.

He reported approximately 25 % of the area as prime habjtat, 35 %

as satisfactory, 15 iá marginal and 10 % unsatisfactory. l,Íater

bodies covered 15 %.

Bowl es et al. ( 1984 ) used an unsupervised classif ication of

IlSS imagery to stratify approximately 3,700 sq.km of moose habitat

in north-centraì Manitoba for aerial moose inventory. l'1ap accuracy

was assessed using forest resource jnventory maps as truth for foun

townships, approxìmately 10 % of the area. 0veraì I map accuracy

for six generaìized themes |.las 84 /" based gn errors of omission and

no correcti on for di fferentiaì sampl jng ra te b'i as,

Cannon et ai. (1982) eval uated habi tat of lesser pnajrie

chicken ( Tympanuchus pal'l ìdicinctus )in þfestern 0klahoma. They

found correlatjons bet l.iee n density of displaying nal es and

L a n d s a t - g e n e r a t e d resource classes that para'l le'l ed sjmiìan

relationships determi ned by field sampì i ng,

The on'ì y studies applyìng Landsat imagery to white-taìled deer

encountered dunjng th'i s review were Boyd et al. (1981) and 0rmsby

and Lunetta (1987), Boyd et al. stratìfied habitat for ae|ial
survey of mule and white-tailed deer in Alberta by supervìsed

classification of MSS imagery. Their technique assigned ranks of 1
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to 8, representi ng probabì e use by deer, fon each sq.mì. (2.56

sq.km) of two study areas (2,400 and 1,000 sq. km in sìze). Ranks

vrere based on a set ol critería that comb i ned Landsat-der'i ved

biophysical categorjes inùo priorìzed habitat types. They did not

report any quantitative assessment of accuracy for t.he resultant

habi tat ranks.

0rmsby and Lunetta (I987) used an unsupervised classification
of Landsat 4 T l'1 data to pr0duce a land cover map for a 194 sq.km

area of 'ì ot,re¡ I'lichigan. These data were combined tiith digitized
gnound data, using Geograph'i c lnformation System (GIS) softt/ane, to

develop a r,/hite-tailed deer food availability map. Their map

depi cted areas of potential food avaiìabì I ity (agriculturaì crops)

based on a ìand cover's food vaì ue and d i stance from escape cover.

They reported an average accuracy for the l.and-cover map of 73";

with six themes and 61% with 10 themes. In both cases neported

accuracy was based on errons of omission with no cor-nection for
di fferentiaì sampì i ng rate bias, Accuracy of their fi nal food

cover map was not reported

The most comprehens'i ve eval uation of wildl ìfe habitat using

Landsat was penformed by Craighead et al . (1982) for g¡i zzly beans

( ursus arctos ) in western Montana. Crajghead et al. firsÈ
conducted ground jnvestigations and devel oped a I a n d f o r m - v e g e t a t i o n

map, zoned by aì ti tude, fon the study area. They then quanti fi ed

bea r food habits and food resources within the different
aìtitudinal zones. The landform-vegetation map þràs used to
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delineate training sites for supervised classificatìon of t'1SS data,

and a thematic map t.las devel oped. They l.eported (p.147:Table4)

average accu racy of this map to be 88,6 7, based on errors of

omission and nine themes. Spectral signatures for the primary area

we ne extrapol ated to two secondary study areas to produce themat i c

maps. Accunacy of those maps t./as dete¡mined to be 75.2 % and 74.6

1", Craighead et aì. found that boundali es betvreen habitat

categories were not discrete and màny pixeìs aìong boundaries t.iene

misclassified as other categories lai th i ntermedi ate spectral

signatures, l,lhen these recotonal' pìxels were considered correct,

average accuracy for the prìmary and two secondary study areas

i ncr.eased to 93.2, 90.5 and 85,0 % respectiveìy. Finaììy,
Craighead et al. re ìated quantitative est i mates of fo od resources

in d i fferent landform-vegetation categori es to the ecospectral

cìassifjcation to rate mo re generalized vegetatì on compì exes by

abundance of speci fi c fo od pl ants.

2,? Dee r and Their Habitòt

2.2,I Food Habits of l,lhite-tailed Dêer

Lists of forage species impontance for tvhìte-taiìed deen are

dissißì'l ar for different parts of North America, but simila|i ty
'increases for ìists compì ì ed wjthin the s ame fo ¡e st type (Table 3,
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cf. Huot, 1974 and l,letzel et al., 1975), yet vrithin a forest type,

i mportance Iists for dee r in adjacen¿ areas can dìf fer- due to

regionaì differences in plant specì es abundance, soi l, topography,

agricultura'l infìuences and snowcover (Tabìe 3, cf. t4ooty, f976,

and Kohn and Mooty, 1971 versus l,Ietzel et al ., 1975 and Garrod et

al., 1981). Thus, as l'ledin (1970) pointed out, cautjon must be

u sed in transfenring food habit i nformati on from one area to

anothen.

l'lethods of food habit study for whìte-tailed deer have

traditionaì ly faììen into one of four câtegories:

(l) rumen analysis (Aìdous and Smith, 1938; Korschgen, 1962;

Chamrad and Box, 1968; Drawe, 1968; Cobì entz, 1970; Nj xon et

al,, 1970; Kohn and l'looty, 1971; McCaffery et al ., 1974;

Korschgen et al ., 1980; Garrod et a'l ., .1981);
(2) observati on of feed in9 sites or b rows ed twi gs (Hame rst rom

and Blake, I939; Ni xon et al ,, 1970; Kohn and t4ooty, 1971;

Huot, 1974; l,letzeì et al ,, 1975i Mooty, I976i Gates and

Ha rman , I980);

(3) observati on of wiìd deer either captive or free-ranging
(Hamerstrom and 8lake, 1939; Koh n and Mooty, I97I; Skìnnen

and Tel fer, 1974), and;

(4) observati on of t ame deer (Dunkenson, 1955; Healy, 1971;

Sto rme r and Bauer, 1980; Cratvford, 1982).
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Various sources oF bias exist r{ith each method, but only the

mai n ones wi ll be mentioned here. Rumen analysi s, observation of

feed i ng sites and bronsed tl{igs, and observation of wild deer, tend

to underestimate the jmportance of herbaceous material, espec jaì ly
smalì highìy digestjble forbs (Bergerud and Russell, 1964; Scotter,

1966; Vangilder et al,, 1982). Captive !.ri ld deer are nestricted in

thein cho i ce of habitat and food , or are exposed to an environment

artificjally al tered by high deer densities (Coblentz, 1970; Hubert

et al., 1980 ). Biases that may affect the forage preferences of

t ame deer are the amount of prior foraging experi ence (Bartmann and

Carpenter, 1982) and the fact that tame deer are often maintained

on arti fi c ia l fe ed b etween foraging trials (Cravrford, 1982).

Regel i n et al. (1976) and Bartmann (1982 ) com pa ned fo od habits of

tame mule deer \,rith and without supplementaì feed. Regelin et aì.
found forage preferences were simi I ar for the two gt oups, ì.i heaeôs

Ba rtma n n found di fferences that appeared to be affected by

conditioning to the area nather than by arti ficial feeding. Healy

(1971) found that tame and l{ild r,,Ihite-tai'l ed deer had similar'
f orage pref erences.

Recentl y, microhi stoIogicaI techniques have impnoved the

accuracy of rumen anaìysis (Sparks and l'lalechek, 1968; Vavra and

Hol echek, i980 ). The main advantage is that digestion has less

apparent effect on discernibility of microscopic identifying
character.istics of fonage than on gross st¡ucture (Jonnson et al .,
1983); hen ce highly digestible forages are mo re reôd i ly identified,
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Unfortunately, inadequate observer experience is a major source of
error vrith this technique (Hol echek et al., I982 ) . At I east f our

weeks of intensive tna'i ning ate requined as well as an extensive

reference collection of histologicaì specìmens, drawi ngs,

photographs and keys of epidermaì mater.i al (Holechek and cross,

1s82).

It appears that the nost cost-eFfectì ve method of estjmatì ng

fonage preferences of deer is sti lì vol umetri c and point-frame

analysis of rumen contents (Robel and Hatt, 1970; Korschgen, l9S0).
Hard (1970) and 14edin (1970) reviewed techniques and ìjtenature on

the subject. Medin considered minjmum sample size to be 100 with a

larger sampìe req u i red for estimat'i ng seasonal changes in diet. He

questioned whether samples from animaì s dy.i ng of di fferent causes

r,rere unbi ased, but poi nted out that Leach (i956 ) found l i t e

difference in percentage composition between sampìes from

winter-killed dee r and dee r coì lected by shooting,

14cCaf f ery et a'l . (1974) used rumen samples from road-kilied
deer. They considered use of roadsides by deer to be an expressjon

oF preference rather than bias, because l'4cCaf f ery and Creed (1969)

found that peak frequency of road-k il l s and ri ght-of-way use by

dee n coincìded with use of other openi n9s and fields containing
s'imiI ar vegetaÈion.
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2,2,2 The Concept of Carrying Capacity

The concept of carrying capacity tras developed ti hen Lotka

(1925) and Vol terra (1926 ) used the logistic curve to describe the

idea that popul ation grot¿th is I imited to a naximu¡n density of

anjmals that can be sustained by a given habitat. Edwands and

Fow le (1955:597) r'eviewed literature on the subject and stated that

"fon practicaì purposes we may regard caraying capacity as

represented by the maximun number of an jmal s of a given spec ies and

quality that can ìn a gi ven ecosystem survive through the least

favonabl e envj ronmental condi!ions occurri ng within a stated time

interval. ,.. usually one year," Caughley (1979) put emphasis on

the numÞer and qua li ty of both animal s and plants. Edv/ards and

For,/le (1955) stressed that carrying capacity is not a stable

propef'ty but a result of the ma ny interactions between organisms

and their envi ronment.

¡,1oen (Ì973) deveìoped a hypotheticôl model for estimatjng
carrying capacìiy based on protein and energy requ.i rements (cf .'

Mautz, 1978). Hobbs et al. (1982) successfuììy used an energy and

nitrogen-based model modified from t'tautz (1978) to estimate

carrying capaci ty of elk t'ì nter range in Colorado.

Certainly, the quantity and qual jty of forage is fundamental

to the abil ity of an anea to support whjte-taiìed deer (Klein,

1970), especi al ì y si nce deer are mo re tol erant of àdverse wìnte¡

t/eather when high quality food is avaiìable (t4oen, 1968, 1926).
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8ut in northern range, deep snow can make high quaì jty forage

unavailab'l e, and severe tJinter weatheLi s often a major mortaljty
tàctor (Karns, 1980; Potvin et al., I98l). Snowcover, topography

and protecti ve cover are other jmportant factors that shoul d be

considered in any evaìuation of habitat or carrying capacity

(Telfer, 1967, 1978; Moen, 1968; 0zogà and Gysel , t97Z; Drolet,
1976; Kucera ' 1976; Armstrong et al,, 19834).

The question arises, should a haÞjtat eva'l uati on pnocedure be

based on a measure of cartying capacity? Iwo stud.i es are

pertinent; boÈh i ncorporated snow effects and one incorporated

cover. The first Ì4as by Uallmo et al . (I977 ) who reìaùed seasonal

protei n and enengy suppl ies ìn native forage to seasonal

requirements of mule deer, to determine carrying capacity of a

study a rea in Coì orado. They found that, based on Forage quantity,
the range coul d support ìarge numbens of dee r during all seasons,

but based on forage quality it coul d not support any deer during

winter, For exampl e, deer e/ere hard pressed to meet thei I
ma i ntenance nequ i rement of 7 %, cnude protei n because forage

consumed had an average crude pnotejn content of 5 ?å, even allowing

fon protein seiection. Protein and energy shortfaìls were made up

by fat hydr"oìys js and protein catabolìsm, l.laìlmo et aì, (1977:126)

concluded that "the concept of a stable canrying capacity for deer

in the high vaì l eys of the central Rockj es is unrealistic".
The second signifìcônt study was by potvin and Huot (1983) who

estimated carrying capacity of a white-tailed deer l{intering area
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'i n Quebec, They deì i neated cover types of a 19 sq. km area and

measured bror,rse production and nutritive content by cover type.

They then rel ated nutritional value of b¡oy¿se avai lable above the

snow to dee r requi rements and the ene rgy cost of lra'lkjng through

the snor'r. Assuming a maximum sinking depth, they found that deel^

could maintain a positive en e rgy baì ance with a'l I browse types at

50 cm snow depth, but at 75 cm only the most product ive browse

types allowed this, and at 100 cm deer could not maintain a

positive ene r gy bal ance on any browse type, Depending on l,/hether

sinking depth vras maximum or 25 cm, estimated carryìng capacity for

a severe wi nte r was 0 to 18 deer/sq, km, respecti vely. Potv j n and

Huot concluded that the concept of a stable càrrying capacity t./as

unreal i st ic and that periodic severe wi nters can act independently

of deer densjty to prevent overuse of the range (cf, Ransom, L967;

and Kucef.a, 1976),

0bviously, thene are probl ems in applying a simpl istic
definìtion of carrying capacity. Hhy don't alì deer in a 14intering

area die if carrying capacity falls to zero? The answer ìies in

the physjologìca1 adaptati ons of whìte-tailed deer to v/ì nte r. Deer

survive t,linter by lowerìng their metabol ic nate to a reduced

fasting level , a Ievel bel ol1l maj ntenance requi nements, which a ll ows

them to exist on reduced rati ons (Siìver et al ,, 1969, 1971). []oen

( 1978 ) desri bed the seasonal nutrient requj nements of deer as a

sine r,/ave reaching its apex in summen and nadir in winte¡ (see also

0zoga and Ve rme , 1970). Hhen nutrient intake 'i s less than



42

mai ntenance requi rements, deer suppì ement i ntake through faÈ and

tissue protein catabolism (Anderson et al., I972: ¡lautz et al ,,
1976; Swi ck and Benevenga, 1977; Karns, 1980 ). Thus, as Karns

(1980:51) stated, "physiologjcal adaptation of ìahite-tajled dee. to
the seasonaì vreather pattern i s an annual metôbol i c rhythm that

assures survival th rough most yea ¡s. 0ccasional severe tvintets

exceed these physjologicàl I imits, resulting in overwinter

montaìity".

The reìat'i onshìp of habi tat and extrinsic mortal ity factors to
population dynamics was best described by Potvin et al. (198I:94)

citing Huffaker and lf essenger (1964): " it is probabì e that the

'j mportänce of the d e n s i t y - d e p e n d e n t [ììmiting] factors Ie,9. food ]
decreases as the envi ronmental conditions be c ome mone variabìe and

the favonabl e microhàbitats ate mote scattered".

It is important that high qual ity food be avaìlable during

summer through early winter, and in early spr.ing, for deer to build

up reserves and necover physiological ìosses, respectively.

Advancements in our undenstandi n9 of deer phys i oì ogy have cause!d

managers ìn northenn deen range to put more emphasis on sunmer

habitat and forest openings than they did previously (t'1cCaf f ery and

Cneed, 1969; Rutske, 1969; Byeìich et al., 1972; Eul er, 1979;

l4cCaf f ery et a1 . , I981).

Thus, it appears a sound management st rategy for maximum

sustai ned yi el d, is to manipulàte habitat i nto as near an optimal

condition for dee r as possiþle, then maintain popul ation s'i ze at a
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I evel coincident with inflection point of the populatjon growth

curve gjven carrying capacity of the habitat dur.i ng years r./ith

Favorable lvinters. Adjustment for extrjnsic mortality facto.s such

as severe winter r,reather, pr.edators, and ìegal and il legaì harvest,

can be made on an ad hoc basis. This approach puts emphasi s on

proactì ve rathen than reactive management, A management objective
of optimizing view'ing and sustained yÍeld would necessitate

majntainìng deer^ population size s omewha t abo ve infiection point of

the populat'j on grovlth curve.

Hence, the answer to our prev'i ous questìon js yes, an

eval uation procedure shouìd be based on a meôsure of carrying

capacity, because eventua I I y an estimate of infìection poì nt of the

population growth curve is required. Hor'/eve., the fjrst step is to

determine how r,relì the habìtat compares to.an optjmal spatial
mosaic of suitable I a n d f o r n - v e 9 e t a t i o n categor.i ès. The f'esul t of

such a compari son cou ìd be expressed by ranki ng the habitat of each

sq.km on ä scaìe of I to 5, with one being optimaì and 5 being

unsatisfactory. Subsequently, carryjng capacity couìd be

calcul ated for each habitat rank based on: dee r food habits and

nutrient requirements; forage quantity, quality and avaiìaÞilìty;
and weather/snowcover effects assumìng a favourabìe winter.



2.?,3 0ptimaì Dee r Habitat

l'1ost studìes of white-tailed deer habitat have looked at

summer and !rj nter range separately (Tel fer, 1970; Kohn and Mooty,

1971; Het ze I et al., 1975; Stocker and ci lbert, 1977; potvi n and

Huot, 1983 ) . Indeed, some deer have been shown to move up to 40 km

betvreen summer and wi nter range (Rongstad and Tester, 1969; Verme,

1973; Dro let, 1976; Nelson and Mech, 1981).

Ì'lovement to t./inter habitats begins with an increase in snovr

depth and wi ndchj l ì va I ues (Ve rme and 0zoga, 1971; 0zoga and Gysel ,

1972; Dnol et, i976). In short, optimal wì nter habìtat in northern

deer range ìs any area of moderate el evatj on having a moderàte to

high proportion (10-60%) of softwood or mixed!.,ood forest 10-20 m

high, with a patchy conifer crown closure of 50 to g0 l;,
i nterspersed !vith smal I (less than 50 ha) stands of earìy

successional deciduous or mixedl,rood specjes l-10 m high with a

conifer cnown closune of less than 50 % (Table 4). Topography

s houl d i ncì ude rjdges vrith southerly aspects, soils shouìd be '

fertiìe, and patchy openings withìn the softl./ood forest should have

an ôbundance of preferred browse (Table 3).

0ptimal summer habitat should be nore diverse tvith more

jnterspersion of types. The re should be moderate to high

representation of earì y successionaì shnubs, i ntol erant and

to'l erant hardwoods and mixedwoods with stand hei ght l-10 m and

conifer crown cìosure (30 7, (Table 5). Some mature hardr.roods and
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mixedwoods should be present with herbaceous openi ngs less than 2

ha in size compr'i sing 3 to 15 % of the area (Tabìe 5). Stocker and

ci I bert (1977) stated that all Iocations should be 'l ess than 1500 m

from open shallow water, and ridges with southerly aspects should

be available, McCaffery and Creed (1969) felt that sandy soì'l s

provided bette¡ interspersìon of habitat types and a predominance

of intolerant handwoods which are more beneficial for deer than

tolerânt species. However, openings were more productive on

f erti I e I oams.

Euìer (1979) sunìmarized the characteristjcs of optìnraì deer.

haÞitat for total range on a year-round basjs. He stated that
northern range shouìd conta i n 5 to 15 % herbaceous openings 0.2 to
2.0 ha in size, and 30 to 60 % o'f t.he range should be early

successionaì forest, such as regenerating clearcuts less than or

equal to 50 ha in size, with uncut buffer zones between cuts, In

aspen areas a rot.ational cutting plan was suggested vljth ZS % of

each 100 ha bl ock being cut every 10 yea ¡s. 14ature coniferous

forest should compri se 10 to 30 % of the range, and food and

shelter should be in close proximìty to each other. Smith and

Eorc zon (1981) provided several cutting plans for intel.spersing
food ônd cover in cedan swamps,



Tabl e 4: Characteri sti cs of opti¡ral
white-tai ì ed deer.

wínter hôbitat and thei I val ue for

Habi tat Characteri sti c Vaì ue for Deer Citation

l. tìoderate to high propo¡tion of
conifer (10-601 of area, 55-1003
of trees) > 11m hi9h, crown closure
60-80:;, ba5al area 30-65 sq. Íìlha

2, Sm¿ll (less than 2 ha) patches
or stri pS Of prefe.red browse in
coni f er stânds

3, Ridges r'rith S, SE or Sl,l aspect
and modenate el evation

4. Regenerating cl earcuts (ìess
than or equal to 50 ha in size)
of deciouopus & mixedliood species
1-10 n hi9h, crown closure less
than 50 t, interspersed v/ith
coni fer stands

5. High degree of interface (edge)

6, Fertile soiì

protection from dee p snov
å t/eather, night bedding,
travel , escape cover,
gestation

food, insol ation

protection fron deep snol,]
and windchilI, insolation,
food, day beddi n9, travel,
gestatjon

food , dôy bedding

food, njght beddi ng, day
bedd i n9, escape cover,
gestatjon

food , shel ter

I0,I1,12,13,
14,17,18,19,
20 ,22 ,25 ,27

3,4,7,9,r3,
t4 ,t7 ,20,22,
25

7,13,14,20,

5,6,7,8,9,
r3,14,15,21,
22,26

4,i,9,i0,13,
!4,16,2r,22,
23 ,24

14,25

: Numbers correspond to nulltbeted teferences as fol ì ows :
1-Davenport et al. (1953);2-Gill (1957a in H ô l ì , I 9 8 4 ) ; 3 - G i I I ( I 9 5 7 b ) ;
4-Hepburn (1968); 5-Telfer (1970); 6-Byelich et al, (I972); 7-Huot (t9i4);
8-Telfer (1974 jn Hall, 1984); 9-l,letzel et aì. (1975); 10-0roleÈ (t976);
11-Kearney and Gìlbert (1976); t2-l'loo¡e and Boer (19i7); I3-Smith and
Borczon (t977 ); 14-Stocker and ci l bert ( 1977 ); t5-Drot et ( t97B ); I6-Teì fe¡
(1978); 17-Euler (1979); l8-tuler and Thul^ston (t980); l9-catei and Ha¡nan(1980); 20-oHliR (1984a); 2l-Tomm et al. (1981); 22-Armstrong et al .(1983a)i
23-Armstrong et ð1. (1983b); 24-Potvin and Huot (1983)! 25-t,leber et aì.(1983); 26-Sweeney et al. (1984);27-Lan9 and Gôtes (1985).



Tabl e 5: Characteristjcs of optinàl
whi te-tai ì ed deer -

4'l

SUm¡Ìrer habitat and theit value for

Habitat Characteristic Val ue for 0eer Citation

1. 3-15 i of ar€a in herbaceous
openjngs less thôn or equaì to
4 ha in size near conjfer t/intening
area or in intoìerant hardwoods

2. l4oderate to high proportion (15-
55Í of area ) of early successional
shrubs, intolerant and toìerant
hard\,/oods & mixedwoods, I-10 m high,
conifer cro\,fn closure <30 %,
clearcuts less thðn or equal to
50 ha

3. Some Íìa!u¡e hardt'oods I
mixedwoods, stand height l0-20 ¡n,
conifer crotin cìosure 30-50 Í
4, High degree of i nterface (edge)

5, All locations <1500 m from
open v/ater

6. Some ridges with S, SE or S l,l
aspects

7. Generaììy sandy soils with
fertj I e ì oôns in areas of openings
and coni fe¡ shêlter

food, travel, night
bedd i ng, I actation,
Heaning

food, escape cover, day
bedd i ng, parturìtion,
weaning, breeding

f ood , escape cover,
ìactation

food, escape cover, night
and day bedd i ng, traveì,
I actation, v/e¿ning

food, lactation, wean i n g,
breeding, prorection from
insects

night bedd i ng, protection
from insects, gestation

increôses amount of
interface ônd qual ity of
food and sheì ter

t,2,3,4,5,8,
9,13,14

I ,2,3 ,4 ,6,7 ,
8,9,10,12,
t3,14,I5,16

3,5,6,7,8

3,14,15,18

8,Il

8

t,14

: Numbets correspond to numbeted references as foì I oris:
l.-l'lcCaf fery and Creed (1969); 2-Nixon et al, (t970); 3-Kohn and tlooty(1971); 4-Byel ich et al . (I972); 5-l'lcCôffery et ô1. (1974); 6-Drotet
7-Kearney and ci ì bert ( 1976 ); 8-Stocker and Gi I bert ( 1977 ); 9-Eul er (
10-Droì et (1978); 11- hel an et aì. (19i9 ); tZ-Bennett et a'i , (1980);'
13-0MNR (1984a)-; 14-ficCaffery et al, (t9gt); I5-Tom¡Ìr et al. (Ì9Bt)l'
16-SHeeney et aì . ( 1984 ),

(1e76);
r979);
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2.2,4 Habitat tvaluation Procedures

In 1977 the Un'i ted states Fish and l.lildl ife service (usFl,lls)

held a sympos i um on evaluation of fish and l{ildlife habitat to

encourage invest'j gators to cool^dÍnate and standardi ze development

of habitat eval uat i on procedures (Hhelan et al ,, 1979). In this
spirit, Elììs et al, (1979) and l,llhelan et al . (1979) compared the

accuracy and eFficiency of sìx eval uation systems:

(1) USFIIS Habitat Evaìuatìon Procedures (HEp) Form 3-1101 (see

Gyse'l and Lyon, 1980:324);

(2) A Handbook for Habitat tval uat i on procedures (Fl ood et al .,
1977);

(3) Line Cha rt (Hhitaker et al., 1976);

(4) Matnjx t4ethod (unpublished, see Eìlis er al., 1978);

(5) Dynamjcally Analytic Silvicultural Iechn'i que (0yNAST) (Boyce,

1977 , 1978 ), and;

(6) Information System for H'i ldìife Habitat tvaluation
(Hìlliamson et aì., 1978).

l,lhi le a di scussi on of the rel atì ve accuracies of these

systems is not appnopli ate here, it is ìmportant to know thejr
existence and the need to standardize eval uatì on techniques as

much as possibl e. l,lhel an et a1 . (1979:400) poi nted out "the

sys t em v/hich incorporates the best available data and js least
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subjective.,, should be the most dccurate. ... l,¡henever possible,

algorithms shoul d be deveì oped using bioenergetic ìnformatjon for
the const¡ucti on of specì es production functions rvhich wí lI best

refl ect the functional significance of habitat factors to

species".

Gysel and Lyon (1980) reviewed the literature on evaluation

procedures and vegetat i on sanpl j ng, Asherin et al. (i979)

assessed wildl ife habitat suitabi lity for land use management

purposes by measurjng the diversity of bird species using the

Shannon-Heaver Index (Shannon and l,leaver, 1963). Habitat

evaiuation technìques using ordination were tested for
white-tailed deer by Eì'l is et aì. (1979) and l,lhe'l an et aì. (1979),

Erambl e and Byrnes (1979 ) recommended a four-page fi el d form that

nanks habitat according to requirements of the vrildl ife specìes

and a weighted average of quantitative habi tat characteristics

deri ved by ocular estimate.

Rece n t evaìuations of !ûhite-tailed deer habitat have either
stressed measurement of food resources (Short, I986; 0 rm sby an.d

Lunetta, 1987 ), or a hol istic appnoach i ncorporat i ng factors like
deer behaviour and physiology, fonage qual ity, weather, snowcover,

topography and shelter (Robbins, 1973i Towry, 1975; Hetzel et al .,
1975; Potvi n and Huot, 1983 ) , Stocker et al , (I977) and Stocker

and Gi lÞert (1977) classified habitat by hierarchical clustering

of vegetation data, and c om pa red habitat characteristics to deer

requi rements wìth compatibility matrices.
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3,0 THT STUOY AREA

Locati on and Physiography

The study area is 0MNR Hildlìfe f4anagement Unit 10 (3,500

sq.km) ìocated between Fort Frances and Lake of the l,toods in

nonthwestern 0ntali o, Canada (Figure ]). lt extends f nom the

Uni ted States borden north to the Strachan Road. Elevation varies

f rom 326 to 431 m above sea leveì, wìth maximum elevatìon

occurring ìn Potts township. Topography varies from gently

unduì ati ng pìain in the south, to moderate'l y roìl ing and rocky

rel ief in the northeast,

Northern and northeastern portions of the study area have

mi xed forests on roll in9 upì ands of glaciaì till i nterspersed with

pea t b09s. Southern and southeastern po nt ion s are pnimariìy

agri cul tura l aneas on I acustrine deposits of the Rainy River

fìoodplain.

l,lestern and northern portions of the sÈudy area drain ìvest

and north into Lake of the l,loods, Centraì and southenn portions

drain south into Rainy River; eastern porti ons fl ow ea st into

Rainy Lake. Raìny Lake fì ows south into Rainy River vrhich fl ows

west i nto Lake of the l,loods. All drai nage f lovrs from there to

Hudson Bay via the l,linnipeg River and Lake I'linnipeg.
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3,2 ceoì o9y and Soìls

Bedrock is Precambnian Shield consisting of two maìn groups of

crystall jne rocks, both of Archaen âge (Hallett and Roed, l9B0),

Ihroughout the southern ha lf of the study area metamophosed

basaltic and andesitic massive lavas Iie beneath Quaternary

deposits. "Metasediments and granit'i c pì utons also occur here.

The northern porti on is domì nated by a younger group of rocks,

composed of granìte and granitic aneìss in batholiths and isoìated
pìutons" (Haì ì ett and Roed , 1980:2).

Surficial deposits are the resu'l t of 9ìacial ret reat and

inundation by glacjaì Lake Agassiz, They consìst of

g I a c i o ì a c u s t c i n e clay and silt in the south and northwest, cì ayey

silt in central portions of the study area, and silty to sandy tilì
in the no¡theast (01'11,1R, 1976; HalIet and Roed, 1980). TiIl
deposits are thi ckest in the southwest (10 to 20 metres), thinning

out to exposed bedrock to the northeast (Hallett and Roed , 1980;

0MNR, I980 ) , The most recent surficiaì deposits are organ i c soiìs
in poonl y dra ì ned depressions, and al l uv ium along ri ve¡ val leys

(014NR, 1983).

Soils of the Rainy River lacustrine plain are cl ay-ì oams that

are low in acidity and are pa rt of the Grey-Iilooded creat Soil Group

(OMNR, 1976), Podzoli zatìon is poor'ì y defi ned, but gleization is

usual ly ev i dent. Impervious subsoiìs and poo r dna inage are

c h a n a c t e r j s t 'i c . In northern and northeastern parts of the unit,
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shal I ow pod zol s have devel oped over silty and sandy tilìs (0t4NR,

1976, 1980 ). Several large pea t bog s extend east-west through the

I ongitudinal cente r of the study area, For further informatjon and

maps of bedrock geol ogy and soils of the st udy area refer to

Haì lett and Roed (1980 ) and 0t4NR (1980).

3.3 Cl imate

Mea n daily temperatures for the study area are 19,2 degrees C

for July and -16,9 for ,January. The fnost-free peri od is
appnoxjmately 119 days. The average date of last frost is Ilay Z3rd

and f i¡st frost is Sept embe r Z0t h. Average annual precipitation ìs
696 mm of which 21% falìs as snow between 16 November and 10 Apriì,
Average annuaì snov/fa lI is 149 cm (tnvi ronment Canada, 19BZ ). Mean

max imum snow depth is approximately 60 cm ìn late February, 0n

average, freeze-over occu rs on 20 Novembe r for lakes and 1 December

for nivers. Break-up occurs on 7 Apri l for rivers and I l"lay for
lakes (Fisheries and tnvi ronment Canada, I978).
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3.4 Vegetat i on

The study area lies l,/holly within the western end of a ìon9

finger of Great Lakes-St. Lawrence forest extending west from Lake

Superi or, south of the expans i ve boreal coni ferous forest of

northwestern 0ntario (Rowe, 1972), lt is characterj zed by

agricultural Iands scattered amongst deciduous and mixed forests.

Throughout the text ! vascular plant nomenclature wiìl fol low

Ferna ld (1970).

In norùhe rn and northeastern port ions of the study area, the

fonest is primarily mì xed stands of trembl i ng aspen ( populus

tremuloides l'1ìchx.), balsam poplar ( populus balsamifera L.),
bal sam fir ( Abies ba ì samea (1.) l4jll.), black spruce ( picea

mariana (14ill.) 8SP.), white spruce ( Picea glauca (t4oench) Voss¡

and jack pi ne ( Pinus Banksi ônô Lamb. ). As one proceeds from

northeast to southvlest, these mi xed stands on sl i ghtl y roì I i ng

rel i ef give way to extens'i ve muskegs of black spruce and larch (or

tamarack, Larix Iaricina (Du Roi ) K. Koch) located east-t{est

across central porti ons of the study area. Southvrest of this the

forest is progressively domi nated by trembl ing aspen and baì sam

f ir, wi th incneasing pneval ence of bur oak ( Quercus macrocarpa

Michx. ). Eastern whìte cedan ( Thuja occidental i s L. ) i s common

th¡oughout the st udy anea, especi aì ì y al ong margins of drainage

systems and muskegs. A smaì I amount of I and clear'ing for
agrì cul ture and 'l ogging occurs each year, but much of the



previously cleared land js ali owed to regenerate i nto early

success ionaì forest.

The study area bel ongs to the Rainy Rivel. Sect i on of the Great

Lakes-St. Lawrence Forest Region as described by Rowe (1972:111):

"The red and eastern white pines t pinus resi nosa Ait,and P . strobus 1., r e s p e c r i v e ì y L-Tõïî'e r'll-õf,lie a t e rexteiî, hãve-n¡vi oniy a scatteiãá represèntation on
suitab'l e sites, ... for logging and fires have led totheir almost complete rep'l acement by jackpine. Lowrelief and poo r drainage have favouned the deve'l o pmen t of
extensive swamps, with black spruce, tamarack, easternrihìte ceda r, wìllot,/ [ Sa]ix spp.l and alder scrub I A]nusspp.l , Large a rêil-õf balsam popìar, y/hite ipiuce,
baìsam fir and scattered tamarack are found inland fromthe rivers, 0n the river banks white elm I Ulmus
americana L.l, t'lanitoba maple I Acer negundo L.:]-;-îdbur oak occur, the laEter species oïïõî f orm'iÎg a savannatype !,i ith grassy openings. Trembling aspen is commonthroughout the Section However, agriculturalsettlement along Rainy River has ìed to consìderable
cl earjng in that area,"
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4.0 14ETH0DS

4.1 Thematic l'lap production

A themat ì c map of deen habitat deri ved from Landsat MSS

ìmagery, and its complimentary computer files of cìassification and

spectral data, lae re used as ä data base for predictjng dee r hab.i tat
suitabìlity ranks. Devel opment of a thematic map nequì red two

attempts at production to achi eve j5% minimum overal ì accunacy.

¡4SS data we re ana lyzed with a supervì sed classif .j cat i on procedure

duri ng bot h attempts (Al fol di i, l97B). pixeì size before geometric

rectification t/as 56 x 79 m (Jensen, 1986). Each pixel on the map

was cìassified to one theme by col ou r code.

Firstly, a 'single-date' thematìc map.was developed with

Landsat 3 imagery taken on June 25, 1990. Sites of known

vegetational composition called ,trainìng aneas' and ae¡ial
photographs were used to program the computer to recogn.i ze I3
biophysical themes relevant to the evaìuation of y/hìte-tailed deer

habitaÈ (Tabl e 6). The si ngle-date map faiìed to acheive

sufficient accuracy for st udy purposes.



Tabl e 6: Eiophys i ca l themes
thei r quantitatìve
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of the 's i ngl e-date' thematic map and
descli pt i ons.

a-__¡-
Theme Characteristic Mi n i mum Max i mum

I,later

l'1arsh

Fen rv'i t h
Surface l.later

0pen Bog

ïre ed tsog

Sand, 0pen Soil
& Roc k 0utcrop

Ha rd v/ood Forest

So ftwood Forest

¡4ixed Forest

Unimproved Pasture

Deve I oped
Agrì cul tural Land

shallovl & deep (% coverage) 50 100

density of trees (#/ha) 0 0

density of trees (#/ha) 0 0
% covered by water 10 B0

density of trees (#/ha) 0 50
dominant tree species Sb/L/Ab N/A

density of trees (#/ha) 5t N/A
dominant tree species Sb/L/Ce N/A
% conifer in stand 75 100
height of swd trees (m) 2 N/A

densìty of tnees (#/ha) 0 5
dominant tree species pj N/A

density of trees (#/ha) 25 N/A
dominant tree specìes po N/A
% conifer jn stand 0 ZEhejght of htad trees (m) 14 N/A

density of trees (f/ha) ?5 N/A
dominant tree species PjlSw/pr N/A
i conifer in stand 75 100
height of swd trees (m) 2 NlA

density of trees (#/ha) ZS N/A
domjnant tnee species Po/B N/A
% con jf er'i n stand 26 74

density of tnees (#/ha) O 24density of shrubs (#/ha) 0 ZO
evjdence of cultivation absent N/A

densjty of trees (#/ha ) 0 24
density of shrubs (#/ha) 0 20
evjdence of cultjvation present N/A

continued



Iable 6 continued

Shrubs & Early
Successi onal Forest

lJrban Area

density of trees (#/ha)
dominant tree specjes
height of trees (m)
age of trees (yr)
% coni fer in stand

manually desi gnated in
pn0gfam

2I N/A
Al/PolSì,/ N/A

0 i3
I 30

N/A 74

N/A N/A

If height of s!'td trees was less than Z m, the stand was
c'l assifìed as open !,/etland, or sh¡ubs & early successiona'l
f orest.

: Units for minimum and maximum are shown under characteristic.
Tree species codes used are as fol ì ows: Sb = black spruce
I Picea ma ri ana (ftill.) BSp, ]; L = larch I Larix ìaricina(Du-fõî) Îì--Rõcnl; nb = óìack ãah ( Fraxinui -llg7a EãrdÏ-:l:
Ce = cedar ( Thuj a occidentalis L. );-Tj=JãciÞìie ( pinus'-
Banksiana L a mõìll-Sw--lñit e spîuce I tìceã q i a u c a ' I îì o e n?h )l..sj-l; q¡ = ¡eo þine ( pinus iesjnoia-lìT.;=?õ = pòti;r, '
either tnembt ì ng asperi T-TõTg_Lìr--EU qì oeé Mich; )' or úa'ì sampoplar ( P. balsamifera llll-TT =-ãì_de-r, -ãïître r speókted aìder
I Alnus lC_99s a fDu 

-Riìfspróñg. ] or mouniain alder I A.crispa (nìTJ-Fuishl. Évìoenðe-of cul ti vati on rnÁani ãi
observed on aerial photognaphs.
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Secondly, multi-date inragery was employed to inprove

differentiation of t heme s by examining vegeÈati on at di fferent
stages of phenoì ogy. MSS data taken from Landsat 3 on June 25,

1980 and from Landsat 4 on May 8, 1983, r,rere used to develop a

'multi-date' map that recogn i zed l0 bjophysical themes (Table 7),
con sol i dated from the 13 sì ngle-date themes (Tabl e 6). New or

refined training areas, and a'i rphotos, were used for programmjng,

lJse of a thind winter jmage durjng production of the

multi-date map was attempted but rejected, Although it improved

differentiation of conì ferous and mature deci duous forest, it
gneatly confused cìassification of other habitat types.

In each case, sìngle and multi -date, a supervised

classification of t4SS data t'ras conducted on a DIpIX ARIES Il
digital ìmage anaìysis system at the 0ntarjo Centre for Remote

Sensing (0CRS ), 90 Sheppa rd Ave. E,, North york, 0ntali o M2N 3A1.

Duli ng product ion of the multj-date map, this syst em compni sed one

PDP 11/34 computer and two separate sets of image di spl ay hardl./are:

a N0RPAK 3050 Image Display System and a 0tplX LCT-tt (pata and

Jano, 198i). Software for the system \4as based on the ARIES

(Applìed Resource lmage Exploitation System) jmage processing

soft},are.



Iable 7: Biophys'ical themes
thei n quanti tati ve
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of t h e ' m u l t i - d a t e ' t h e nl a t i c map and
descrìptions.

Iheme Characteristic Minimum l4aximum

l,later

0pe n Het I ands

Lowland Coni f er
Forest

Upland Coni fer
Forest

Deciduous Forest

Mixed Forest

Un i mproved Pasture

Devel oped
Agricultunal Land

Shrubs & Early
Successionaì
Forest

Urban Area

shaì I ow & deep (% coverage)

density of trees (#/ha)
domjnant tree species

density of trees (#/ha)
domi nant tree speci es
% con i fer in stand
hei ght of snd trees (m)

density of trees (#/ha)
dominant tree species
% conifen in ständ
hei ght of swd trees (m)

density of trees (#/ha)
domìnant tree specìes
% conifer in stand
hei 9ht of hwd trees (m)

density of trees (#/ha)
domi nant tree species
% con ifer in stand

density of trees (#/ha)
density of shrubs (#/ha)
evidence of cul ti vation

density of trees (g/ha)
density ot shrubs (#/ha)
evì dence of cu'l tìvation
den s ity of shrubs (#/ha)
domj nant tree species
he i ght of hwd trees (m)
age of trees (yr)
% coni fer in stand

manua'l ly des i gnäted
in program

50 100

0 50
Sb/L/Ab N/A

51 N/A
Sb/L/ce N/A

75 100
2 N/ A

25 N/A
PJlSw/Pr N/A

75 100
2 N/A

25 N/A
PO N/A
025

14 N/A

25 N/A
Po N/A
?6 7 4

024
0 10

absent N/A

024
0 10present N/A

1r N/A
Al/PolSw N/A

0 13
I 30

N/A 74

N/A N/A

continued
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Tabl e 7 continued

a

: If heìght of swd trees was less than 2 m, the stand was
classified as open wetland, or shrubs & earl y successional
f orest.

: Units for m'i nimum and maximum are shown under characteristic.
Iree species codes used are as fol I ows: Sb = black spruce
I Pìcea mariana (¡4i].l.) BSp.l; L = larch I Larix laricina
(Du--Rõi) R;ro-i-ñl; Ab = ótaci ãén ( Fraxinui -ïì¡Ta XãffilTr
Ce = cedar (Thuja occidenralis L. )l-Pj-=-lacï-lïîe (pinúa
.8_ankliala L a mE .-JJ-s w-;-iñ'iÈ e spruce l pìcea gìauca (l.toencl-f
Vossl; Pr = red pine (pinus nesìnosa---lìT.;-Þõ--!-pop1ar.,
either tt.emblìng aspen T-¡. p4g:----@!!jjr. s Michx) or
balsàm poplar ( P. ual sañ-iîõîã'-L.T:-Cl-lT = aTTer, eitñer
speck ¡ed a¡der I Al nqs rugosa (Du Roj ) Spreng. ] or mountaìnalder I n, crispã-TÃir.fiGh j. Evióeni:e oi ðuttivation
means as observed on aeri a I photographs.
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Image analysis was penfonmed by 0CRS staff wjth my ass.istance,

since I was famiììar with the study area and had examined selected
training areas on the ground and from the air. Ihe sequence of
steps performed duli ng both supervised classifications is outì ined

beì ow.

The image was first geometrjcally rectified to the Universal

Transverse llercator (UIM) grid system with a first order

tnansformatìon, namely adjusting scale, rotating the image and

shìftjng origin to align the .image viìth ground control poìnts.

Intensity jnterpolation (Jensen, I9B6) of the imagery tias then

necessary. Ih'is involved resampl ing the jmage data using a cuþìc
convolution al gori thm to produce an out p ut image having a pixel
size of 40m x 40m (,Jensen, 1996) to facilitate plotting on the

APPLIC0N printer. It is the 40m x 40m pìotted pixels that are

referenced on the thematic maps and in subsequent sections of the

Pri or to cl assi fi cati on, potenti al training areas we re chosen

at a number of sites scattef'ed across the study area, from

airphotos and 1:50,000 scale topographic maps. These wene

subjectiveìy screened for biophysicaì characteristics and species.
Trajning areas for complex themes were observed by aìrcraft
overfl i ght and ground inspect.ion.

Trainìng areas for the single-date map were not selected to
represent 'pu re ' exampl es of a theme. Instead, an assumption was

made they should be selected on the basis of being ,typical' and



OJ

should i nc lude some vali abljlity of type. For exampl e, the

singìe-date tra'ining areas fon unjmproved pasture i ncj uded some

shrubs because a low density of shrubs r'ia s often observed in

unìmproved pastures of the study area. Later, this assumption

proved to be erroneous. The inclusion of some variabiljty of type

proved to confuse classification and reduce map accuracy,

l'1ulti-date training areas t/ene therefore selected to repnesent

'pure' examples of a theme. For exampl e , shrubs were excl uded fnom

the training areas for unimproved pastune, Methods of choosing,

verifying, refining and recol^ding muìti-date training areas l,/ene

the same as those for single-date programmìng with the exception

that 10 revised themes were employed (Tab'l e 7), Analyst

famiì iarity y/ith the study area, and field inspection of the

training areas r,Jas essential to achievìng acceptable accuracy.

lmage analysis commenced viith an examjnation of the l,1SS image

in false colour on an ìmage display terminal. Fields and forest

openìngs wene readjly jdentifiable and image quaìity was good.

Using this image, and a rar,¿ infraned image, it tras obvious that
subdivision of some themes was necessary to ôvoid bìmodal frequency

distributions of spectral data and a'l ìow separati on of spectral ìy
dìssimiìar types (eg. deep water vs. shallow water, marsh vs. fen,
various agrìcultural crops ). Th.i s necessìtated selection of s ome

new training areas for theme subd.iv jsions.
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Subsequentl y, training areas were located and de I i neated on

the faìse coìour image us'i ng the computer and saved fon spectra'l

analysis. In nany cases, final boundari es of the training areas

r./ere ìocated inside the pre'ì iminary boundarjes to avoid includìng

pixels that subjectiveìy appeared to ha ve 'mi xed ' spectral

characteristics judging from the false col our image. Spectra l

signatures of the training areas \{ere then generated. The 'urban

arear therne t/as manualìy deìineated.

It is a normal procedure at 0CRS to perform an

' a u t o c o r ¡ e I a t i o n distance ana lysi s' on spectral sjgnatures of the

trainìng aneas, although this l/as not done for the sing'l e-date map.

ïhis p rog ram generates a matrix of i ndex val ues that represents the

relatì ve cl oseness of spectnal si gnatures in n-d'i mensionaì featune

spôce. Large i ndex vaìues ind'i cate good sgparation of trainjng
a rea signatunes, values ìess than one i nd i cate lange overl ap, and

zeno indicates identÍcal sjgnatures, Themes t,/ith se¡^'i ous over'l ap

problems necessitate exami nati on of fnequency histograms, means and

covariances of spectra l bands; traìnin9 areas are then deleted,

mod i fi ed or added as necessary to obta i n acceptabl e sìgnàture

separation. In the case of the muìti-date nap,22 tnaining area

spectnal sìgnatures were required to classify l0 themes.

A maximum likelihood p ro9 ram was used t.o do the supervised

classificôtion. Thi s program used the spectral signatures of

training themes and sub-themes to est i mate the probabi litjes of

pixel membershi p in each theme or sub-theme of the cl assjfied
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'image. In other words, pixels tiere assigned to the thene or

sub-theme that maximized the li keli hood of a correct

cìassifjcation, given information in the trainìng data (Campbeì I,
1987). Computati on oF the estimaÈed 'l i kel i hoods was based on the

assumption that bot h training data and the cìasses themselves

displayed multivariate normal frequency distributions; hence the

need for unimodal distributions (Campbeì ì, 1987).

After classification, sub-divjded themes were merged to

represent the t heme s I i sted jn Tables 6 ànd 7 be fo re the thematj c

maps were p'l otted. 0utput fnom the supervised classification l.las:

a colour themati c map of 1 :50,000 scale geometri cal ì y conrected to

the UTM grid and printed by an APPLIC0N plotter (Pala and Jano,

1981); a computer-compatib1e ta pe (CCI ) of classification data

(frequency of thenes for each sq.km); a CC,T of spectral signature

files for the training areas (means, covariances and ìnverses)i

hardcopy summary pr.intouts of classÍficatjon data for 10km x l0km

UTM grid cells and spectral s ignatu re files for the training areas

(Append i x 1) .
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4,2 I'1a p Accuracy Assessment

Accuracy of the single and multi-date rnaps was assessed by

comparing map theme for a stratìfied random cluster sample of

pixel s, to true theme as determined by ai rphoto intenpretation, and

jn diffjcult cases, by ground or aerial observatì on. A sampl e unit
of njne contiguous pixels (3x3) of homogeneous theme y¿as used (Todd

et a1,, 1980 ). A singìe pixel unìt was not used due to potential
errors of + one pì xel in aìigning imagery, ai rphotos and ground

sample sites, or resuìting from intensity interpolation and

geometric rectification of the image. Sampìes y/ere stratified by

t heme , with 50 sampl es being dral,Jn random ly per theme for each map

assessment (Hay, 1979). Sampl i ng occurred over the ent ire map,

rejecting assignments to strata once their. requìrement was fiìled,
until alì strata had 50 sampl es drawn.

Cluster sampì ing was used to overcome logistic probìems in

drawing nandom samples from such 'l arge complex maps; each map

contained 2,259,180 classified pixeìs, It was also used to avoid

conrpì ex conputer samp'l ing of sparse themes ( F i t z p a t li c k - L i n s ,

198I), Squa re ki ì ometer (UTM) grid cel'l s of the classified portion

of a map were numbered sequentially, and a table of randon numbers

(5teel and Torrje, 1960) was used to drau sq.km samples. Each

sq.km seìected ì,¿as cluster sampled (systematicaliy sub-sampled) to

obtain pixels for accunacy assessment, Th'i s was accompl ished by

repeatedly using an acetate overl ay on nhich a square grid of l0xl0
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cells had been drawn at 1 :50,000 scale, each ceìl nepresenting one

sq.km. The central celI contained seven randon cut-outs of 3x3

pixe'l s each. By placing the acetate overlay on the thematic map

over the sq. km to be sampl ed, and orienting accordì ng to the UT14

grid, it yras possible to sample 3x3 pixel units. A cornesponding

acetate overl ay of i:15,840 scale was used to sàmpl e aerjaì
photographs (1:15,840 scale), orienting by UTtj gr.id Iines drawn on

the photos. A sample unit t,,las included as one of 50 required

samples for a theme ìf alI nine contiguous pixels belonged to that
theme. If not, another randon sample site was examìned.

Classification accuracy, for each 3x3 pìxeì sampìe, was

determined by interpretation of summer 19gZ airphotos, referning to

1983 0MNR Forest Resource Inventory (FRI) Maps (i:15,g40 scale),
and by doing ground or aerial ìnspect.i ons vlhen interpretation was

difficuìt. Cniteria used for differentiating themes were the same

as those used durjng supervi sed classification of the maps (Tables

6 and 7). Assessment results vlere tabulated in contingency tables
t,¿ith col umns representi ng màp category (j) and ro v¡s representing

true category (ì). Individual cell entires of the matrix l4ere

referred to as 'nij'.
0veraiì map accuracy (Þc) was coraected for differential

sampì ing rate bias between rare and common themes using the methods

of Ca rd (1982 ), where:
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Ê
c j=, j jj .j

= the sum of proportions of sampl ed pìxeìs cor¡ect I y identified
for eàch theme (n-./n,j) tr.tghted by 

^., 
l.lhere:

^ = N / tr;
j .j

= the proporti on of classified pixels in map categoryj for the ent jre study area,

In othe¡ words, because each theme was sampled equalìy (n=S0)

during accuracy assessment, ra ne themes cou ld cont|i bute

d ì s p r o p o r t i o n a t e 'l y to the estimate of average ôccuracy. Fon

example, a rare theme havin9 very poor accuracy \,rou ld contribute to
the estimate of avenage map accuracy wìth an influence equal to
that of a very common, accurate theme. This bias lvas corrected by

area-wejghting the proportion connect for ii given theme, njj/n.j,
by 7Íj, the number of classified pixels in that theme divided by

the total nunrber of classifÍed pixels on the map, Thìs yielded the

unbiased proportion correct, pjj.

Average unbiased percentage accuracy wìth 95% confi dence

limits (Card,1982) was first ca'l culated for the sjngle-date map.

The resuì ts did not achieve the minimum acceptabì e accuracy of 7S%

(see Sec.5.i). Hence, the multi-date map was produced and

thus,î =I\ n /n , and î=t'pjjjjj.jcj'r jj
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assessed for accu racy using similar methods. Accuracy assessment

of the multi -date map s h owed that unimproved pasture and developed

agr.icu'l tural t heme s had to be combi ned to achi eve 7Sl overalI
unbiased accuracy. This was done, as well as combjning 1owìand

con i fer and upland conj fer j nto one theme. The resultant map shalI
be referred to hereafter as the 'modified multi-date map'.

0nly one procedure was used to reduce errors assoc.i ated lajth

temporaì habitat changes in the field, otherwise such errors vrere

assimilated in the accuracy assessment nesults. This pnocedune t./as

an editing routine pe n fo rmed on the mu lt i -date map to correct known

errors or antifacts. The singìe-date map was not subjected to an

e d i t ì n g ro u t i n e .

4.3 Predicting Hab i tat Suitability Ranks

Habitat of a given area can be expected to diffen in

suitability for white-tailed deer on the basis of three factors:
(1) season; (2) the presence and spatial di stri butj on of desirabìe
habitat types, and; (3) the abundance, diversity and suitabjlity of

food , cover and site c h a I a c t e I i s t i c s , Habi tat of the study area

was evaluated fon summe¡, winter and year-round suitability, for
each sq. km of the study area. A sq, km cell was chosen for
logìstical convenjence and because average seasonal home nange si ze

of northern whÍte-tailed dee r vari es from 43 to 950 ha ri 'i th deer
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sometimes moving up to 40 km betvreen summer and Ì.rìnter nange (Shat.l

and Ripley, 1965; Rongstad and Testen, 1969; Kohn and Mooty, 1971;

Dnolet, 1976; Ne'l son and ùlech, 1981; Tjerson et al., 1985; Mooty et

al., 1987), The evaìuation of habitat suitability for each sq.km

cell r,i as done in isolation from factors present in adjacent ceì'l s.

l,lhile this does not neflect reality, it was necessary to deve'l op a

practical evaluation technique that was compatible with deer home

range size and the ma rked patchiness of habitat in the study area.

A predicted habitat suitabjlity rank from 1to 5 was genenated

for each sq. km cìass'i fi ed on the modifjed multi -date ma p, with I
representing optimal white-tailed dee r habi tat and 5 representing

unsatisfactory habitat, A matrix of predicted ranks \,ras produced

for each of the summer, winten and year-round evaluations. These

ranks lvere derived by a computer program wrjtten using SAS (SAS

Institute Inc,, 1985a ) tha t compared t4SS themat i c data for two

varìables to a set of optimal standards for t'/hite-tailed deer on

northern range derived from the sc'i entific literature, The

vari abì es empl oyed were :

CATP R0P - the proportion of each sq. km cl assi fied to a given
category (theme). There was a separate CAIpR0p variablefor each theme (e9. CATpR0p1, CATpR0p2, CATp R0 p 3 etc.,
shortened to the acronyms Cp1, Cp2, Cp3 etc. for
simp'ì i ci ty);

EI - edge index determined fon each sq,km. This was a manual
count of theme intersects al ong two diagonal I ines dnawn
on each sq.km UTl,1 cell of the modifjed multi-date map
according to the met hod s of Brooks and Scott (1993).
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For a given sq. km, the computer pred i cted a rank fnom I to 5

for each CAIP R0 P variable for each seasonal peri od depending on the

amount of deviation from the optimal va'l ue on range for that
variabìe durjng that season (Tab'l e 8). 0ptimal val ues or ranges

were refined from Tables 3 and 4. Urban areas were assumed to have

I imi ted val ue for deer, so optimum proportion in the unban theme

was assuned to be zero. CATPR0P variables in Table 8 correspond to

habitat themes of the mod i fi ed multi -date map.

The pred j cted rank for the approprìate season increased from I
to 5 as deviatìon increased in equal increments fnom the opÈirnal

vaìue or range. The decj sion to increase predicted rank based on

equal increments of deviation l{as an arbitrany one made dunjng

programming. The increase in predicted nank was calculated by SAS

statements simì lan to the generic one given below:

IF 0PTL0X LE CPX Lt 0PTUPX THtN RANKX = 1;
IF cPX LT 0PTL0X THEN RANKX = I + I N T ( 0 . 9 9 + ( 0 p T L 0 X - C p X ) / ( 0 p T L 0 X / a ) ) ;IF CPX GT OPTUPX THEN RANKX =
1+rNT(0. 99+( cPX-0PTUPX )/ ( ( 100-0pTUpx) / 4)) ;

l,lhere: X = category (theme) numben;
CPX = CATPR0P1, CATPR0P2, CATP R0P 3 etc,;

0PTL0X = lower optimum ìimit of x;
0PTUPX = upper optimum ìimit of x¡

RANKX = pred i cted rank for theme xi
LE = less than or equal to;
LI = ìess than;
Gï = greater than, and;

INT = integen.
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Table 8: Seasonal optimal values of
pl.edict habitat suitabiì ity

CATP R0P variabìes used to
ranks for white-tai led deer.

CAÏPROP
Variable

Habitat
Theme

0ptimal Val ue
0r Range

S umne r Hi nter Yr-Round

Citation

CP1 vrater

CPZ open v/etlands

CP34 coni ferous forest

CP5 deciduous forest

CP6 mixed forest

0-15 0-15

0-15 0-15

L0-60 10-30

0-15 5-15

10-60 10-30

3-20 3-20

15-55 15-55

16,18,24

6,16

1,2,5,8,11,13,
14,15,16,17,18,
t9,20,21 ,24,25,
¿o

3,9 ,12,t3,16,22

6,12,13 ,t6 ,24 ,
?7

3,4,6,7,9,13,
16,17 ,2r,22

3,4,5,6,7,8,10,
11,12,13,15,16,
I7 ,2t ,22 ,23 ,24

n-1Ã

0-15

5-15

10-30

CP78 unimproved pasture
& deveìoped 3-20
agricultural

CP9 shrubs & early
successional fonest 15-55

CP10 urban

b
% of total area,

numbers correspond to numbened references as fol lows: l-Davenportet al. (1953); 2-G'ill (1957a in Hall 1984); 3- McCaffery and creed(1969); 4- Ni xon et aì. (1970); 5-Tet ter (iéZo); 6-Kohn ãnd Mooty
(1971); 7-tsyeljch et aì. (r972)i 8-Huot (197a); 9-McCaffery et ãt,(1979); 10-Telfen (1974 in Hatì i9B4); 1I-Hetiéì er at. (tÞ7S):
12-Dro'l et (f976); 13-Kearney and Gilóért (1976); 14-tloord and'Boe¡
(1!77 in.Hal'l.1984); l5-Smith and Borczon (fg7i )i t6-Stocker and
Giìbert. (1977 ).t 17-Euler (1979); ts-l,lhelan'er aí. (tgZg);19-Euler
and Ihurston (i980);_20-Gares and Harman (1980)¡ Z i - 0 t'l N Á 

' 
( 1 9 I 4 a ) ;2?-McCaffery et al. {1981); 23-Tomm et al. (t9Bt); 24-nrmdtrong'étal. (19834 ); 25-Smith and Verkruysse (1983)i ZO-i¿é¡er et al,

(1983) ; 27-flooty et al. (1987)
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RANKX's for a given season for the sq,km wene arithmetically
averaged, after which the pnogram proceeded to eval uate EI for the

sq,km,

l.ly review of the scientific literature failed to find any

quantitative descrjptìon of optimal edge for white-tai ìed deer

habitat, Determjnation of an optinal range of EI ba sed on

experimental technìque was beyond the scope of this study.

Hovrever! empirical data l{ere available f¡om the ¡'lSS thematic map as

!vel l as from airphotos.

The range of EI counts for square ki'l omet e rs of the study area

fron the modìfied muìtj-date map !,ras 0 to 40. Ihe sq.km '//jth 40

'i ntersects (Ut9314) contained fi ve t heme s with cont iguous theme

segments varyi ng i n sj ze from one pi xel (i600 sq.m ) to an i ¡regu lar
segment of 81 pi xel s (129,600 sq, m). Subjectively, this was not

considered to be excessively heterogeneous for vrhite-tail ed deer.

Hence it was decided to divide the frequency distribution of EI

counts into quanti ìes using a SAS univariate anaìysjs, EI was

assigned a rank of I for counts from 0 to quant i I e I (QI = 0 to i2

intersects, or the'l ovrer 25% of the frequency distribution), a rank

of 0 for counts fnom Ql to Q3 (13 to 20, or 26% to 7Si"), and a rank

of -1 for counts in the top quantile Q3 to Q4 (21 to 40, or 751; to

100% ) . Th is had the effect of impnoving predi cted habi tat rank for
a square k'i I ometer by one i nteger if EI was in the top quantile for
the study area, or t{orsening it þy one if EI count was in the

bottom quanti I e . The SAS statements used were:
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IF EI LE 12 THEN RANKEI = 1;
IF 12 LT tl LT 21 THtN RANKtI = 0;
IF EI GE 21 THEN RANKEI = -1.

Ihe predictive com put e n p rog ram then added RANK E I to the average of

RAI{KX rounded to the n ext highest integer to obtai n the habitat
sujtabiìity rank for the sq.km, caìled RANK. The generic SAs

statements used were:

RANK = I NT ( 0.9 9+ (RANK 1 + RANK2 + RANK3 4 + .., RANKlO)/To¡ + RANKE I ilF RANK EQ 0 THEN RANK = 1;
IF RANK EQ 6 THEN RANK = 5,

The SAS computer p no9 ram for generating a matrix of predicted

habitat suitability nanks for the year-round period is gÍven in
Append i x 2 as an exampl e of th'j s technique.
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4,4 Fieìd Sampl i ng Procedures

4.4,I Si te and Vegetation Sampl i n9

cround sampì i ng of trees, cover, forage, site Fertility,
sìope, aspect, presence or absence of water, b rows e and hetbaceous

deer foods was conducted on a sìmpìe random sample of sq.km UIM

cells (n=66 ) in the study a rea (Figure 2). Fiel d sampl i ng raas

performed duli ng the summers of 1984, 1985 and 1996, The

jnfornration derjved vras used in Iest I and Test 2 (see Secs,4.5,1
and 4.5.2).

A total of 40 random pìots were sampled on 4 random transects

at each sampìe cel ì . Transects were randoml y orj ented east-lvest or

nonth-south, and 10 plot locations were randomly spaced along each

transect. A two-person fieìd crew wa'l ked a transect Þy o|i enting

t.¿ith compôss and 0MNR Forest Resource Inventory (FRI ) map,

measuri ng distance by dragging a 40 m ro pe and mark.ing thei r route

with fl aggi ng tape, At each pl ot I ocat i on three sampìing

pnocedures were folI owed (see al so Appendices 3 and 4):
(1) T!{o-Factor Prisnl Plot: A count was made by species of alì

trees faììjn9 tvithl'n the prism plot, fon determinatjon of

stand composjtion, stocki ng densjty and basa'l area (sq,m/ha).

0then stand parameters reconded were yrorking group (dominant

tree species), age by increment bore, height using a
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clinometer (Suunto 0y, Helsinki, Finìand), site fertility
i ndex (Plonski, 1974), sl ope in degrees using a cl ì nometen,

aspect, and percent con ifer crown cl osure by ocular estimate.

1x 10 m Plot: This plot r,Jas sampled at ihe centen-point of

each tvro-factor pri sm pl ot using the center as the right-hand

starting poi nt of the I x 10 m pl ot, the right side of t,/h.i ch

was formed by the rope ìying along the transecÈ, 0n each pìot

the field c rew tecorded: presence ot absence of surface or

permanent water that deer could drink; number of brot{sed and

unbnowsed twigs of important bnot,/se species for tvhite-tailed
deer at fi ve di fferent he ight nanges above ground , 0-25,

26-50, 51-75, 76-200 and 0-200 cm, and; percentage herbaceous

cover by ocular estimate (Appendix 4). After an ìnitial
traÍning peniod, counts of browsed and. unbrowsed twi gs were

ma de on a Daubenmi re sca le by ocul ar estimate.

1 x 1m Pl ot: At the end of each I x 10 m plot, the abundance

of herbaceous food p'l ants impoptant for ìihite-tai ì ed deer on

a 1x 1m p'l ot was recorded by species, by ocular estimate of

percentage of the pì ot covered by that species, on a

Daubenmi re scale (Appendix 4).

(3)
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4,4.2 0ver-wi nter Dee r Density SamÞl inq

Fi rst ly, stnati fjcation of deen distribution into high and low

density and non-deer habitat was conducted in February 1982, by

fl yi ng east-v/est transects in a Iurbo-Beaver ai rcra ft at 3,2 km

j ntervâl s 140m above ground at 150 km/ h (Figure 3).

Secondly, from 4 to 2l May, 1982, pe'l let groups uere counted

on 982 pl ots on 118 stratified random sampì e sites (Figune 4)

follol,iing 0¡1NR standards and guidelines for pelìet group sunvey

(0i1NR, 1984a). Each sampìe site was an equilatera'l triangle, l km

on each side, containing nine 2 n x 40 m plots around the

perimeter. T\{enty university and high school students tiere

intensively trained and used ìn 10 teams of 2 to conduct the

survey. The students folìowed a compass heading following the

pre-pl anned iriangular route on an FRI map, and measured distance

with a 40m rope. ln order to check results, the route and pìots

rvere manked with flaggjng tape, At each plot the rope vras used as

plot mi dl i ne, and each student searched a strip I m l./i de on each

side, Pel ì et groups counted on the pl ot were pa i nted with

fl ou rescent red paint.



F
ig

. 
3:

 M
ap

 o
f 

th
e 

F
eb

ru
ar

y,
 1

98
2,

 d
ee

r 
di

st
rí

bu
tio

n 
us

ed
 a

s
gr

ou
p 

su
rv

ey
 o

f 
th

e 
st

ud
y 

ar
ea

. 
Iti

gh
 d

en
sí

ty
 m

ea
ns

pe
r 

I0
 k

m
 o

f 
ae

ria
l 

tr
an

se
ct

. 
Lo

w
 d

en
si

ty
 is

 2
0 

or

st
ra

tif
ic

at
io

n 
fo

r 
th

e 
19

82
 d

ee
r 

pe
lle

t
gr

ea
te

r 
th

an
 2

0 
tr

ac
k 

ag
gr

eg
at

es
 s

ig
ht

ed
fe

¡¿
er

 t
ra

ck
 a

gg
re

ga
te

s 
pe

r 
l0

 k
n 

of
 t

ra
ns

ec
t.



á.
1k

\
<

 
- 

\4
^

""
&

 o4
, 

s

7 
É

 r
.\,

u

re
tu

,
. 

kl
"r

'r:
.

)z
* 

4"
¿

t ra
o

V

^
l

f 
V

 
t

{.
 

t 
t?

-.
?.

 
! 

^ 
^<

<
r;

 
ai

l*
r,

 
^<

^ 
ìY

A
>

o

f

<
V Þ

A
V

^
V

V
Þ

1l
<

Þ

Þ
0

V
Þ

<
A

V

ro
ut

es
 o

n 
w

lri
ch

 d
ee

r 
pe

lle
t

 
^'

^

V
V

t

sa
m

pl
e 

of
 1

18
 t

rí
an

gu
l.a

r
pe

l1
et

 g
ro

up
 s

ur
ve

y.

Þ .v
v

A

F
ig

.4
: 

T
he

 lo
ca

tío
n 

of
 a

 s
tr

at
ifi

ed
 

ra
nd

om
gr

ou
ps

 r
¡r

er
e 

co
un

te
d 

du
rin

g 
th

e 
19

92



81

Inspections for mi s sed groups o. ernors on 5í of all triangìes
resu lted in a correction factor of 1.0g3 beÍng appl i ed to stratum
estimates of pellet group density, pel'l êt deposition period was

2i4 days based on a date of 90% leaf fall of 0ctoben 10, l9gl, A

mean defecatÍon rate of 13,8 pel I et groups per day was used to
calculate over-vrinter deer density as Foìlor{s (Ryell, 197I; oMNR,

1984b):

deer/sq.km = weighted mean pellet group density for aìì strata,corrected for erroas. times lZ.S00 olots Der so-km

Details of the field survey methods are given by Darþy and 14unn

(1982 ), and Da rby (I980).

4.5 Ìesting Pned icted Ranks

4.5.1 Test 1 - Correìatìon with Independen y Measured Ranks

Test I compnised conrelation of pr.edicted year_round nanks

with year-round test ranks derived from i ndependent measurements of
CATPR0P and El for a simple random sampì e of sq, km UIM cells ìn the

study area (n=66 ). The generi c SAS statements used to generate

pnedicted year-round ranks (Sec.4.3) were also used to generate

Test 1 ranks. The i ndependent measurements were taken f¡om aerj al
photognaphs and gnound sampljng data (Sec. 4,4,1) by the foìlowing



techniques:

CAïPR0P - the boundary of each sq,km sampled was carefulìy dr"awn

on stereo pairs of 1982 aerial photographs (I:1S,840

scale). Classi ficati on and mapping of habitat to theme

was done by a i rphoto interpretation according to the

criter.ia used during supervì sed cìassification of the

multi-date map (Table 7). Exceptions l.rere that the

unìmproved pasture and devel oped agricul tural t.hemes

t,/e re pooled, and coni ferous forest themes we re pooled,

to coi ncj de with the mod i fi ed multj -dat.e ma p. Airphoto
jnterpnetation was ver"if jed by reference to I9B3 Ot'lNR

FRI maps ( 1:15,840 scaì e ), or by ground samp'l ing data

for the site (Sec,4.4.I), CATpR0p measurements v/ere

obtained fon each theme f rom the interpreted airphoto

usìng a Koi zumi Pì acom KP-90 digjtal planimeter,

EI - After classificôtion of the sq.km sample on the

airphoto, a manual count of theme intensects was made

along two di agonaì lines dratvn across the sampl e cell
(Brooks and Scott, 1983 ), The count constituted the

edg e i ndex.

Correlation of predicted year-nound ranks y¿i th Te st l ranks

(truth) for sample cells was performed using the SAS cornelation
procedure ( SAS Instjtute Inc., 1985a). Initially, the correlation
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t,ias performed on integer values fon both the predicted and Test I
nanks, since the computer p rog ram pred i cted íntegen ranks for
presentation simpì icjty (Appendix 2). It qu.i ckly became appàrent,

however, that any attempt to correlate i nteger val ues vi olates the

correl at ion procedure assumption of a bìvariate normô ì distribution
(Steel and Torrie, 1960), In other y/ords, the assumptìon of

continuous vari abl es had been vi olated (Snedecor and Cochran,

1967). Predicted and Test I ranks For the Test l sample were

subsequently recalculated to be numbers to tvro decimaì pìaces

(Appendices 5 and 6). The Test I correlation r{as then performed on

these ¡anks (Appendix 6).

4.5,2 -Iest 2 - Correlation !¿ith Food, Cover and Site Data f¡om

Field Samp'l in9

l45S imagery does not penetrate the forest canopy uell, and

thus cannot pnovide a direct tneasure of food and cover ava j'l able to
white-tailed deer, Test 2 l{as des.i gned to test the inference that
food , cove r änd site characteristics fol ì ow a gradient of
jncreasing divensity, abundance and sujtabil ity from predicted
'I ow-ranking to high-ranking cells. This was done by performìng a

canon i ca l correlation (SAS Institute Inc., 198Sb; Appendix 7)

betl,/een pred icted year-round ranks and food, covel^ and si te data

acquired by gnound sanìpìin9 (Sec.4.4.I). The canonical

correlation was a'ì so performed between Test l ranks and Test 2
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fi eld data to bette r eva I uate the results of Test 2.

Test 2 was perfonmed on data for the same random sample of 66

U Tl'1 celìs used in Test 1. cround sampling invoìved measuring

forest stand compositìon, abundance and diversity of important deer

forage species, con i ferous canopy cover, sl ope, aspect, and site
fentility, on 40 random pl ots per sq, km sampl e ceìì i 10 on each of
4 random transects per celì (Sec 4.4.1). These data were

summarized into I5 variables for the purpose of Test 2 (Table 9).

4.5,3 Test 3 - Correlation rrith 0ver-wi nter Dee r Density

Distribution

Test 3 corre'l ated predicted uinter rank l-.iith over-winter deen

density determined by a 1982 pellet group sunvey, for a stratjfied
random sample of sq.km UTM cells (n=IlZ; Sec , 4,4.2). These sample

cells were not the same sites used in Tests I and Z.

Recaì I that the dates of imagery used in productjon of the

modified multj-date map t,e¡e June 25, 1980 and May g, 1983, pellet

9r0up data obtained in spring l9B2 we re used to generate

oven-t,/inter deer densjty estimates for the winter of 1991_gZ,
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Iable 9: Test 2 summary varìabìes. See Sectjon 4.4.1 forotiginaì variables and f ield sampl ing methods.

Variable 0escription

NÏHEME

NDOMTREE

r'1T8A

MCEA

MSCBA

MSTDAGE

I"lSTDHT

¡IFERT

MSLOPE

MASPECT

FlCCC

¡'lN85P

The number of times the variable ,bi ophys i calcategory' or'theme' (BI0CAT, Appendix 3) changedits value throughout records fo. a partióuìar UTM
sampì e ceì'i. For exanpl e, fi ve themes may have
been encountered at 40 plots for a qiven !q. km
sanpl ed, but t heme may have changed-2g timds.

The number of times the vaniable defining domi nanttree species or 'working group, in a ploi (We,
Appendix 3) changed its vôlue for a pàrt.icJlan utl,t
sampì e ceì ì

l'1ean total basal area per
t ree species

Mea n basaì area per plot

pìot (sq.m/ha), of a1ì

of all coni fenous trees
Mean basal a rea per pl ot of coniferous tree speciessuitable as wi nter coven for deer and present inthe study a rea (whjte, ned and jack pj ne, white
spruce, ba lsam fir and cedan)

l'lean forest stand age per plot

Mea n forest stand height per plot

l'lean soi I f ert'i ì'i ty per p lot
14ean s lope per plot

Mea n a s pect per plot

!lean con i fer ca n opy cìosune per plot
14ean number of deer bror./se species per l0 sq.mplot

continued



labl e 9 contì nued .

l{80 Mean deer browse density per plot (unbrowsed
tr,/i gs per 10 sq.m to 200cm above g¡ound )

¡4NHSP llean number of deer herbaceous food species
pen I sq,m plot

MHD Mean herbaceous food density ('; ground cover on
1 sq.m)

It r,ras recogni zed that poor correl ati on may or tnay not irnp'ì y poor

predictions of habi tat suitability rank. poo r correlati on could,

at least in part, resuìt from other factors affecting deer

d'i stribution such as human disturbance or predatots. Nonethe'ì ess,

the proportion of variabiIity explained by the correlation would be

vaìuable information. Correlation of the two data sets was

accompl i shed using SAS (Appendix B),
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5. RESULTS

5.1 Single-Date Imageny Production and Accuracy

The single-date map of deer habitat (Plàte l) was produced in

1982 using Landsat 3 MSS imagery from June 25, 1980. Scale of the

map 14as I :50,000 with 13 habitat themes nepresented (Tabì e 6).
Production qua'ì ity of the single-date map was good in that printing
quality l{as good, the scale vras accurate and the image had only a

few smal I c'l ouds in the southeastern pontion of the study area.

However, accunacy of the themes \^,a s poor.

lJnbiased overal l map accuracy was 59.0 + 4.5 f (p<0.05, Tables

10 and 1I).0veraìl map accuracy (âc ) was obtained by summing the

underl ined diagonal entries in Tabl e 11, Average unbiased

proportion correct for map and tnue categor'i es l,las ,64? and ,647

respecti vel y (Tabì e 10 ), hence average ernors of commission and

omission were,358 and . 3 5 3 |. e s p e c t ì v e I y . ln Table 10, errors of

omission occur ac¡oss royls and are summari¿ed on the right; errors

of commission occur in columns and are summatized across the bottom

of the table.

This poor result was due to a high prevalence of themes l{ith
low accunacy. For exampl e, Table 11 shows that 7T j for treed bo9

was 0.I45. Ihis means that 14.5% of cìassified pixeìs on the map

were classified as treed bog, a substantial percentage. Tabì e l0
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Plate 1: Singl e-date themati c map of dee r habi tat for the st udy
area.

Legend

Da rk Bl ue - l,/ater
Medìum Blue - Fen \,rith Surface l,iaten
Light Elue - llarsh

0live - 0pen Bog
Ljght Green - So ftwood Forest
Dark Green - Treed 8og

Brorvn - Sand, 0pen Soil and Roc k 0utcrop
Red - Hardwood Forest

{Jrange - l"lixed Forest
Lemo n Yel low - Unimproved Pasture

C ream - Devel oped Agrj cu ltural Land
Pink - Shrubs and Earl y Successional Forest

Purple - Urban Are a
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Table 10: Accuracy assess¡tìent results for the single-date thematjc nap.

True I'l¿p Côtegory (j )
Category
( j ) 0p 'Ird sd/ Hwd swd iYxd Tota I

Hater ¡lansh Fen 809 Bog Rock For For Fo. Up DAL ES URB (n. )
t.

I
ii

l,later
l'1¿rsh
Fen
0p Bog
Trd B09
Sd/Rock
Hwd For
S lrd For
l'1xd For
UP
tJAL

IJ RB

6l .983
47 1,000
38 .873
50 .338
35 .644
17 .35r
65 .587
61 .4tr
22 .654
86 ,433
5 9 .3I7
50 1.000

650 ,64 7

(n )

00
00
00
51
12
002u
01
04
42

30 7

322o --0-

11
u¡
t2

0

0
0
0
1

1

0
5

5

38-T
0
0
0

0
I

38
--0'

0
0
3
0

2
6

0
0
4
0

09
00
00
75

15 2-¡' 16
1-3

13 0
74
00
59
22
00

0
0
0

25

02
47 0--0 37o-A
02
00
00
01
00
03
22
iI
00

50-¡
0
0
0
0
0
0

50

Total
(n )

.j

Àj

50 50 50 50 50 50 50 50 50 50 50

1.00 .94

:r: i: true category nunber 1,2,..,,r;j : map category number I,2,.,. ,t.
**: unbiased proportion correct gjven true category 'i'. Côlculated using

the methods of Card (1982) from Table t1 cel ì entrjes to correct for
differentiaì sampl ing rate bias aflong rnap câtegories i

ë = P / P (Tabte il).
tl ji i.

/n , proportion correct given nap category 'j, (after Card, 1982).jj .j
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Iable t1: Contingency tdbìe of estjmated
calcul aring u¡biàsed accuracy
thematic nap.

cell probôbilities (1ii) fol"
assessment of the singl-e-dðte

True
Cat

Hap Category (j )

(i) op Trd sd/ Hwd swd Mxd
l,later l'larsh Fen Bog Bog Rock For For For Up DAL ES

URB

tJ .068
t'1 

-F

OB
TB
SR
HF
SF
fiF
UP

DAL
ES
URB

.0005
.0047

- 
.0089
:T¡'05 .024 . ozo3 .ooo4
, ooos :i¡5s .0435 .ooo2

- 
.0013.oor .ooz9 :T¡¡'Z

. 000 2 . 001 .037 7

.0203 .0003
.000 7 .0019

.0002 ,0005 .0106 ,0145 .0007

.0001 .0002 ,0038 .0058 .0002

.00t3
,0 013 ,0048
.0076 .0048

.0813 ,0013 ,024
:¡'0?3 .047s .oz4
,0r28 

- 
.1824

.0086 .0038

.0073 .0109 .001s
.0022.0029

.0024
,00i3 .0044 ,0161 .

,0015
.0058

.0268 .0087 .0029
li?33-.oes¿.oroz
.0293 :¡T7ã- .0321

- 
, oo4

n .068 , oo5 .orz
.J

.048 .r45 .004 .107 .063 ,240 .t22 .109 ,073 .004

=^ n / n
j ij ,j

proportion of pjxels sampled and identified to ceìl ij in Table IO
I//eighted by rT to correct for differentiaì sanpling rate bias,j

N /N;
.j

proportion of classified pixels jn map catego¡"y j
for the entire study areô (after Côrd, 1982). Thìs
nas deter¡nined by a computer count of pixeìs on the
themati c nap.

ij
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shows that À¡ for treed bog t'/as 0.30 and 8ii rvas 0.644. This

means that unbiased proportion correct gìven map category was 30%

and given true category it r,/as 64.4%. This relatively common theme

reduced overal I accu¡acy considerably.

Similarly, uninproved pasture compnised I?.?% a1 total (Table

11), but had a map accuracy of 22% and an unbiased true accuracy of

65,4% (Tabìe 10). Another exarnpìe of a prevalent theme t¿ith poor

accuracy is developed agricultural Iand (Tables 10 and 1l).
Table 10 pnovides 'i nsight to the sources of confusion. For

exampl e, onìy 15 of 50 sampl e units of 3x3 pjxels identìfied as

treed bog on the map were jndeed treed bog (black spruce, larch or

cedan). Thìrteen of the 50 \rere actuaììy softwood forest (upland

jack pine, ned pine or l.lhite spruce), thìs being an error of

commission within the map category 't reed bog', 0bviously there

was poor differentiation betlleen these thenes during

classification. Similarly, Table 10 shows confusion betvreen

unimproved pasture and devel oped agr"i cultural land.

Table 10 also reveals that errors of om'i ssjon are very common

for händÌ'¿ood forest (see true category row 'Hwd Fon'), but errors

of con¡mission are not (see map category column 'Hwd For'). 0f 65

sampìe units that were tnueìy handwood forest, 11 shoyr up on the

map as shrubs and early successjonaì forest (ES), 5 show up as

mi xed fonest, etc. (Tabìe 10 ). Errors of thjs type are not

surprising g'i ven theme definitions being imposed, but they are

unacceptably frequent,
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It is important to note thât if we combì ned the treed bog and

softv/ood forest themes, and the unimproved pasture and devel oped

a9rìcultural themes, as was done for the muìti-date map, unb.i ased

overall accuracy is only increased to 69.3% (calcuìated from Table

11). Thus, overaì I accuracy of the single-date map was consjdered
'I ess than the acceptable threshol d of 75% stated jn the study

hypothesi s. Consequentìy, àn attempt was made to improve accuracy

by prodücin9 a new map usìng more than one date of ìmagery.

5,? ¡4u'l ii-Date Imagery Production and Accuracy

The multi-date thenatic map of deer habitat (plate Z) rras

produced in l4anch, 1985, using Landsat 3 and 4 tlsS imagery from

tJune 25, 1980 and ¡lay 8, 1983 nespectively. Some haze in northern
parts of the 19 83 image requi red that only the nea r infrared bands

of that imagery could be used during cìassifica¿ion.
Scaì e of the map 14as 1 :50,000 with I0 themes represented.

Production quality was very good wìth the exception of a few smal'l

cl ouds in the southeastern porti on of the ma p, Unbiased overalI
accuracy was substantialìy ìmproved at 7?,6 + 4.6 T. (p<0.05, Iables
l2 and 13), but still ìess than the acceptabl e threshold of 75 %.

Average unbiased proportion correct for map and true categorìes was

,724 and.694 respectively (Tabìe 13), with average errors of

commìssion and omission being .276 and.316 respect.i veìy,



Plate 2: l'1ulti-date thematic map oF deen habitat for the study

Bl ue -
Buff -

Light creen -
Dark Green -

Red -
0range -

L emon Yell ow -
Cream -
Pink -

Purpl e -

Legend

water (24,717 ha)
0pen Hetl ands (46,898 ha)
Lorvland Conifer Forest (41 ,672 ha)
upland Coni fer Forest (1,116 ha)
Deciduous Forest (45,105 ha)
Mi xed Forest ( 70,298 ha)
Unìmproved Pastune (19,042 ha)
Devel oped Agricultura'l Land (66,578 ha)
Shrubs and Early Successionaì Forest (32,361
tirban Area s (346 ha)

ha )
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Table 12: Accuracy assessment results for the nulti-date thematic map.

True
Category
(i )

1.1ôp Category (j)

open Lowl d Upl d Dec Mxd
Wate. l,tetl d Con Con For For UP DAL tS

For For

-Iota l
URB (n ) ô

i. ii

HAter
0p Het I d
Low Con For
Up Con For
Dec For
l.lxd For
UP
DAL
ES
URB

Total
(n )

00000
30012

41 21 C 4 0-T'25too
0-T'4425
6 4 -3 40 0
0 0 0 -T 17
0000T4'
0023I2
00000

0
36

5

48-z

50

.50

50 50 50

1.000
.830
.699

,796
.783

.808
/l70

]'.000

.694

0
2

?

0
5

3
2

2

34-T
z7
TO

0 50

48
46
75
27
58
6I
29
45
61
50

500
(n).J

*: i = true categ0ry number I,2,.,.,1ij = map category numben 1,2,...,r.
**: Unbiased proportion correct given true category 'i'. Calculated using

the nethods of Card (1982) fron Table l3 celì entries to correct for
differential sanpl i ng rate bias among môp categories:

8 = P / P (Table 13).

.96 .72

lt ii

jj .j

i.

, propor"tiorì correct given map category 'j' (after Card, 1982).



Tabìe 13: Contingency tab'l e of estinated cell pnobabjljties (1 iì) for
caìcu'l ating unbjàsed accurâcy assessment of the nulti:date
themat i c fltàÞ.

True
Category
( j )

14ô p Category (j )

open Lor'/ì d Upl d Dec ¡lxd
Hater I/Jetl d Con Con For For UP DAL ES URB

lrater
0p l,/et ì d
Lov/ Con
Up Con
Dec For
14xd For
UP
DAL
ES
URB

7r
j

,067 2

IT'õZE .097 2 .007 2
lT35 .0984 .oor3
.0027 

- 
.0015 .0026

.0027 ,1144

.0054 .0144 .0002 :TT73

.0081

.0054
,0052

.004 .0022 .003 7

.0162 .0076 ,0037

,0081 .0055 .0038 ,0093
.1616 .0115 ,0056

.0i87 ,0267 .003i
- o-T54' .1031 .0037

.0r21 .0132 -0-3TZ .0632' .00I

.070 .135 .120 .003 .]30 .202 .191 .093 .00i

ij

j

í n /nj ij .j
proportion of pixeìs sampled and identjfied to cell jj in lable
12 vreighted by 

^ 
to correct for dìfferential sampling ¡ate bias,j

N / N;
.j

proportion of cl assi fied pixel s in map category j
for the enti re study d rea (after Cand, 1982). This
was deterni ned by a computet count of pi xel s on the
thematic map.
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A substantial amount of error was due to confusion between

unimproved pasture and devel oped agricul¿unal land, and between

upland coniferous and lolvland conjfenous forest themes (Iabìe l2),
It was decided to modify the nulti-date thematic màp by merging

these four categorjes into tr,/o themes: unjmproved pasture and

developed agricultural land (UP & DAL), and conifenous forest (Con

For).

Unbiased overaì l accuracy for the modi fi ed multì -date map was

77.0 + 4,9 ?; (P<0,05, Tables 14 and 15). Average unbiased

propor¿ion conrect !,/as.820 and.808 for map and true catego|i es

respectìve1y, rvìth average rates of commission and oni ssìon error

being .180 and ,192 respectively (Tab'ì e I4 ), Si nce this exceeded

the 757, threshol d, it was deci ded that overal l accuracy of the

mod i fi ed map Vlas acceptabl e, Subsequent prediction and testing of

habitat suitability ranks t'Jâs based on the modified multi-date
thenati c ma p.

NoÌ'l Iet us exami ne accuracy of the multi-date map ìn mo¡e

detail. The langest amount of e¡ror occunred t'¿ith the unimproved

pasture theme (UP). 0nly t7 of 50 3x3 pixeì sampl e units
'i dentified on the nap as uP were tnueìy UP (Table 12). Serious

errors of commi ssion occurred in thi s UP col umn, 14 wi th 0AL and 12

with ES. In some r,rays this js not surprising because the

unìmproved pasture training areas were old abandoned homesteads

with long grass, herÞaceous forbs and weeds growìng in the fields.
TraÍning area s used for the UP theme did not inciude shrubs, but
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Iabìe 14: Accuracy assessment results for the nodifjed nultì-date
thenati c nap.

Tnue
Category(i)

l4a p Côtegory (j )

open Con oec l'1xd UP &

Water l,letld For For For oAL ES URB
i. ii

llater
0p I'letld
Con For
Dec Fo¡"
l'1xd For
UP & DAL
ES
UR8

Total
(n ).j

X
j

L 000
.830
.686

.783

.887

.47 9
I.000

0 0 0 0 0 0 48
30122046

87 1 4 2 2 0 102-0 44 2 6 5 o 58
10 -3 40 3 3 o 61
o o -¡' 65 4 o i4
o z 3 ZZ 34 o 6t
0 0 0 0 -T 50 50

48 0
¿ Jõ0 -6'

50100

.65

50

,80,88

t00

.87

50

.72.96

50 500 .808
(n)

.68 1.00 ,820

*: i = true caregory nunbe¡ l.,2,..,,rij = map category number 1,2,...,r.
**: Unbi¿sed proportion conrect given true category 'i'. Calculated

usjng the methods of Card (1982) from Table l5 ceì I entries to
co.rect for differentiaì sanpì ing rate bias among map categorìes:

^0..= P /P. (Table 15),
]t tt t.

*** = n /n , proportion correct given map câtegory 'j' (after Card, 1982),jj .j
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Table 15: Conti ngency tabl e of estimated cell probabil ities (Ê;¡)
for cal cul atíng unbiased accuracy assessment of the 'J
nodi fied multì -date thematic màp.

True
Category
(i )

¡1a p Category (j )

open Con Ðec l4xd UP &

Water l,letld For For Fon DAL URBts

Hater ,067?
0p r'ret I d .¡¡zE'
Con For
0ec For
Mxd For
UP & DAL

URB .001

.202 .246 ,09 3 .001

.09 7 2

- 0-T6',2
,0 027
.0054

.007 2 .004 .0022 ,00 3 7

.1012 .0026 .0162 .0076 .0037
.1144 .0081 .0093 ,0093

.0146 ;¡õtE- ,r616 ,0115 .0056
.1639 .0074

.0052 .0121 l-05T4' .0632

,070 .135 t23 t30

Ã n /n
rJ j ij .j

= proport ì on of pixeìs
in Tabl e 14 r.reighted
sampl ing rate b jas,

= N / N;
.j

= proportion of classified pixels in map
category j for the entí re study area
(after Card, 1982). This was deternined
by a conputer count of pixels on the
thematic map.

sampl ed and identi fied to cell ij
by Zfj to correct for di fferenti al
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many unimproved pastures were experiencing encroachment by shrubs

and deci duous saplings due to successionaì change. These

s ituations constituted a bìophysical gradjent be¿ween the uP and ES

themes. Simi larly, hay fieìds before cropping compri sed long

grasses and lequmes, and constituted a biophysìcal gradient between

the UP and DAL themes, The effect of these sinilarities on

spectral signatures of the training areas wiìl be di scussed in Sec.

6,0.

0ther substantìaì ernors occurred with Iol.il and con i fer being

mistaken for upìand coni fer (21 units, Tabl e 12), and early

successional forest beìng mi staken for DAL (i0 sam pì e units, Tab'l e

12]l. The forner v/ere errors of omjssion for lowland conjfer but

erro¡s of commission for upìand conifer. Thìs means that when an

upiand conifer sìte was classified, the computer seldom if ever

made the mi stake of calling it l oviland conifer; but it made many

mistakes doi ng the opposite (21 of 50 sampl e unìts, Table 12).

Smal ìer amounts of error occu rred between other themes, for

exanrple those in the open wetìand row of Tabìe 12, Again,

confusion bety/een open wetland and water, I or.r'l and conifen,

unimproved pasture, or shrubs and earìy successional forest, js not

too surprisìng gjven biophysical gradients between the types. This

is a'l so a ìikely source of erron among the ES, mi xed fo re st and

deciduous forest themes.
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The merger of UP and DAL, and of the coni ferous fo rest themes,

i ncreased overal l unbi ased accu racy by 4,4% lo 77 .0% fon the

modified mul t i -date ma p, This left the tS t heme being least

accurate of the resu lt ing eight themes (Tabì e 14).

5.3 Predi cted Habi tat Ranks

Figures 5, 6 and 7 show arrays of predi cted habìtat

suitabiIity ranks for sq.km celìs of the entire study area for

r.iinter, summen and year-round periods respectjvely. These

predictions were based on computen evaluation of the modified

mul t i-date map. Correspondi ng printouts of theme ranks (Tabìes

16-18) and of CATPR0P and tl data (Table 19) a1l ow more detailed

eval uati on of the habitat components in eaqh sq. km ceì ,], A rank of

I repnesents opt ì mum deen hab i tat; a rank of 5 represents

un s at i s f actory ha b i t at .

Recall that predicted nànks were injtiaìly generated as

ì nteger val ues for simplicìty of array pnoducti on and

i nterpretati on. For Tests I to 3 these ranks l,,ere produced as

numbers to two decjmal places to satisfy the correlation assumption

of bivariate nornal distribution.
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No!r 'ì et us examine hoti these figures and tables can be

i nterpreted. Each of Figures 5 to 7 po rt ray s an array of pnedicted

habitat suitabil ity ranks for a given season or year-round perìod,

tach array repnesents the st udy area in shape and outlìne, although

compressed in wi dth. Each cel I of an array represents one sq. km of

the study area. The number in each cel ì js the habitat suitability
nank for that period. The coondj nates on the ordi nate and

abscjssaì axes àre north and east coordi nates of the UTM grid found

on 1 :50,000 topographical maps of the study area. They can be

c r o s s - r e f e r e n c e d to the UTt4 coordi nate desi gnator for each sq. km

cel ì by referring to any of Tables l6-18.

For exampìe, locate UTI'1 cell UD8795 (0bs. 20) in Table i6.
N0te that it has a north coordinate of 095 and an east coordinate

of U87. It is found ìn Figures 5 to 7 on the bottom margin of the

array 13 colunìns in from the left side.

In eàch of Fì9ures 5 to 7, U08795 has a predict.ed rank of 4

(poor). Table 16 shov,ls that it ranks reasonably well (1 to 3) as

winter habi tat for every theme except coni ferous forest which ranks

5, and edge index wh'j ch ranks +1, Notv turn to Table 19, Here you

can see that the percentage of total a rea in eithen I owl and or

coniferous forest is predicted to be zero. t'1ixed forest is

predì cted to compri se only 5.8% of tota l area. Thus, one major

proÞlem pred'i cted for thjs sq.km for tvinter habitat is a serious

shortage of coni ferous cover for deer. Another is that the n umbe r

of edge intersects is 12, less than the mid-range, 13 to 20, for



1r1

the st udy area (Sec.4.3). Thus, a va lue of +1 was added to the

average of theme ranks. Note that tl exerts a ßìore powerful
jnfIuence on predi cted rank than any one theme.

As summer habitat it does not appear to fare any better,
Figure 6 gives it a predìcted summen rank of 4. Table 17 sho!,/s

that it ranks a 3 for UP&DAL and a 3 for ES. 0eciduous Forest also

ranks very low, at 5, and El is +1. Table 25 explains v/hy. In the

row besjde U08795 (0bs.20) we see that UP is predicted to comprise

19.8% of the sq.km, DAL to be 35.8% and ES to be only 8.5iá, The

table predicts there is no decì duous forest and the amount of edge

js I2 intersects, less than the 13 to 20 mi d-range for the study

a rea. These characteristics are substantially less than optimal

for white-taiìed deer. Table 8 sho!'is that optimal summer habìtat

shou ìd contai n 3 to 20% up&DAL, 15 to 55% tS and 5 to 15i¿

deci duous, Hence the ì ovr predi cted summer rank. The amount of

cleared 'l and is predi cted to be excessi ve, and the amounts of early

successionaI or deciduous fonest are either too smal I or

non -ex i stent.

Let us try another cell. Find U08998 (0bs,33) in Table 16,

It has a predicted winter rank of 1 and is found in Figure S tv¿o

col umns to the ni ght and three rovrs up from the prev i ous ce l I .

Figures 6 and 7 show that predicted summer and year-round ranks for

U08998 are also 1. Hhy is ìt predicted to be optimal?
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Table 16 shows that it ranks 1 for all themes ìn wi nter except

UP&DAL=2 and EI=-1. Tabl e 19 shov/s that the amount of Up&DAL

combined is predjcted to be 32.0%, more than the maxìmum optimal

value of 20% (Table 8). There was, howeven, an above average

amount of edge (2f i ntersects ). Ihis mo ne than compensated for the

higher than optimal amount of open field, and pred i cted wi nter rank

r./as cal cuì ated to be ]'

Tabìe 17 sho11s that predicted summer rank for UD8998 (0bs.33)

is also 1. The only theme ranks departing from optimal are

decjduous forest (5) and UP&DAL (2). Edge index is -1. Tabl e 19

explains this. Deciduous forest is predicted to comprì se onìy

0.8%, ìess than the optimal 5 to 15%, and Up& DA L conb i ned comprise

3 2.0f , more than optimaì, Again, the h'igh edge count (21)

compensates for this and predicted summer rank is calculated to be

1.

5.4 Test 1 - Correlatì on l./'j th Independent ly Mea s u ned Ranks

Covari ances and correì ati ons between the sampl e of predicted

yean-round ranks (PYRR) and Test l ranks (TIYR or truth) are shown

in TaÞle 20, Eoth sets of ranks t¿ere generated to two decimaì

places (Append i ces 5 and 6). The correlation was highly

signj ficant (P=0.0001) with corre lat i on coefficient R=0,78484.

l,ühen expressed as a simpìe linear regression of predicted

year-round rank on Test I rank, the result was highly significant
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(P=0,0001) wi th coefficient of determination R - s q u a r e d = 0 . 6 i 6 0

(Table 21). In other r,,ords, 61.6 % of the va|iabi lity in predicted

ranks r{as explained by rtrue' differences in suitabli'l ity of the

spat'j al pattern, o. mosaic, of important habi tat types (Tabl e g).

Tabì e 20: Covariances and correlations between predicted
yea r- round habitat suitabi I ity ranks (pyRR) and
Test I ranks (TiYR) for a simple .andom sampì e of
sq.km UTM ce ìl s.

Statistic Vali able Va r i a b I e
PYRR TTYR

Covariance PYRR
Covarì ance TIYR
l'1 e a n

Std Devi ati on
N

Correl ation PYRR
Correlati on TlYR

L .47 3?5
1.04382
2,27 439
1.2r37I

66
I

0,78484

1.04382
1.20063
2.33818
r.09573

66
0. 78484

I

Note aìso in Tabl e 20, that the mean predjcted year-round rank

was 2.274 compared to a mean Testl rank of 2.338. The standard

deviations of these means were reasonably similar. This is
evjdence that, on avenage, the predicted year-round ranks closeìy

approxinate 'truth', thus supporti ng the concept of predicting

habitat suitabi lity ranks from sateì l ite imagery data.
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Analysìs of vari ance and regress'i on statistics for
the sìmple linear regressi on of pr.ed icted year-r0und
habitat suitabìl ity rank (PYRR) on Test 1 rank (TIyR)
for a simple random sampl e of sq. km UTl4 ceì ls.

SOURCE

Model
Error
C Tota'l

ANALYSIS

SUI.1 OF
SQUARES

58.98623
36 ,7 7 520
95.76143

OF VARIANCE

I'1EAN

SQUARE

58,98623
0.57461

Df

1

64
65

F VALUE PROB>F

102.654 0.0001

ROOT MSE

DEP MIAN
c.v.

0.75803
2 .27 439

33.32897

R-SQUARE
ADJ R-SQ

0.6160
0.6100

VARIABLE

I NÏERCIP'I
TlYR

DF

1

1

PARAIf ETER ESTI I'1ATIS

PARAMETER STANDARD T FOR HO:
ESTIÌ"1ATE ERROR PARAMETER=0 PR08> !T I

0.24161 0,22121 1.092 0.2790
0.86939 0.08581 10.132 0.0001

The results of Test I support acceptance of the first pa rt of

the study hypothesis that "predictions of habitat suitabiIity
derì ved from an MSS themat i c map of wh'i te-tailed dee n habitat of

minimum 75% accuracy are significantly (P<0.05) correì ated with
'independent measures of hab i tat mosaic suitabiì ity...". predicted

year-round ranks generated to tr.io decimal places did evaluate the

habj tat mosaic for white-tailed deer, wí th a reliabiì ity of 61,6%.
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Hot{ever, the pl"edicted ranks represent informatjon obtaìned from

I ight refl ected from the top of the forest canopy. They must al so

be tested against factors in the fonest understory and on the

ground that are of more di rect importance to deer. Test 2 tias

designed to do this.

5.5 Test 2 - Corre ìati on þ/ith Food , Cover and Site Data fnom

Field Sampl i ng

Food, cover and site data were collected for 33 variables

(Appendi x 3) on approximately 2 500 random plots on a sjmpìe random

sampl e of sq.km cells of the study area (n=66, Figure 2). lhis
resul ted in a very ì al.9e dataset 80 columns by 10,881 rov¡s in size.

These raw field datâ were summarized into 15 variabìe measurements

for each of the 66 ceììs (Table 9) for Iest 2.

The canonical correlàtion pnocedure was performed fjrst
between Test I ranks (TlYR) and Test 2 summary data. Thì s was

done to heìp eva I uate the resul ts of Test 2. The canonical

correlation betrveen Test l and 2 data was 0.7355 and highly

significant (P=0,0001). This mean s that 54. 1 % of the variabì I ity
in Test l ranks was explained by the dataset of Test 2 summary

variables (Squared CC, Tabl e 22). A compì ete report of these

resu lts js given in Append ix 9.
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The same procedure was done between the predicted year-round

ranks (PYRR ) and Test 2 ranks. Surprisingly, the canonical

correlatìon was 0,7844 (P=0,0001, Tabìe 23), highen than that t,¡ith

Test 1 .anks, Hence, 6I.5 % of the variability in pred jcted ranks

was explained by the Test 2 summary dataset (Squared CC, Table Z3).

A compl ete report of PYRR-Test2 canonjcaì correlation results is
given in Append i x 10.

Tabl e 22: Resul ts of the canonicôl correlation of Test 1
year-round ranks (TlyR) with Test 2 summary data
for a simpìe random sampl e of sq, km UTM cells.

ADJUSÏED APPROX SQUARED
CANONICAL CANONICAL STANDARD CANONICAL

CORRELATION CORRELATIOIl ERROR CORRILATION EIGENVALUT
0.73552 0,67091 0.05693 0.54099 1.1786

IEST 0F H0: THE CAN0 N I CAL C0RRELATI0N IS ZER0

LIKELIHOOD
RATIO F DF DTN DF PR > F

0.45901 3.9286 15 50 0,0001
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Results of the canon i cal correlatjon of predicted
year-round habjtat suitabjl jty ranks (PYRR) with
ïest 2 summary data for à simple random sample of
sq.km UTM cells.

ADJUSTEO APPROX SQUARED
CANONICAL CANONICAL STANDARD CANONICAL

CORRELATI()I] CORRELATI()I'I ERROR CORRTLATION EIGENVALUE
0,78442 0.73393 0,04772 0.61531 1.5995

TEST 0F tl0: THE CAN0N I CAL C0RRELATI0N tS ZER0

LIKELIHOOD
RAÏIO F DF DEN

0.38469 l5

sil4PLE c0RRrLArr0Ns (R)uBil[iri^liirilEDrcTED

NTHEME NDOI'IIREE IITBA I'1C8A
PYRR -0.5457 -0.6143 -0.4394 -0.0591

MFERT MSLOPE II]ASPECT Í'1CCC

PYRR -0.4383 -0,2249 -0.2450 -0.1556
I'1HD

PYRR -0.1320

DF PR > F

50 0.0001

RANK S AND THT TTST2

MSCBA ¡'ISÏOAGE 14STDHT
-0.2351 -0.3319 -0,5555
MNBSP I4BD I'1NHSP

-0.6629 -0.3241 -0.5569

*: Fon definitions of summary variables see Tabìe 9.

Sìmpìe correlations betyreen the predicted year-round ranks and

the Iest 2 summary variables shov/ed that corre'l ation was best with

'mean number of important browse specjes per pìot, (R=-0.6629),

foì ì oned by 'number of changes 'i n domi nant tree specjes per sq.km'

(R=-0.6143) and 'mean number of important herbaceous fonage specìes

per pl ot' (R=-0.5569) (Tabìe 23). Interestingìy, all of these are

measures of diversjty that are very important for I'rhite-tailed
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0ther reasonably strong correlations were tiith 'mean stand

hei ght per plot' (R=-0.5555), 'number of changes in habitat theme

per sq, km sanpl ed' (R=-0.5457), 'mean total basal area per plot'
(R=-0.4394) and 'mean soi l fertility per plot' (R=-0,4383 ) (Table

?3) , All corre'l ations we ne negati ve because, with the except i on of

mean soil fertility, as vari abl e val ues i ncreased the predjcted

rank improved by getting sma I 'l er, Mea n soil fertility l/lill be

di scussed later.
The resülts of Test 2 süpport acceptance of the second pa rt of

the study hypothesi s, that "predictions of hôbitat suìtabil ity ...
are significantly (P<0.05) correìated trith independent measures of

.,. deer forage, cover and site c h a r a c t e r i s t i c s " .

The canonical correlation on Test I ranks (TiYR) and Test 2

data was conducted as a back-up val idity check of the Test z

summary data. Had there not been a significant and ¡easonably

strong correlàtion, validity of one or both of the datasets l.iould

have been suspect. As it vlas, the correlation was significant and

reasonably strong, and fairly close to the PYRR-Iest2 nesult. This

indìcates that both Te st 1 and 2 datasets were val id.
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5,6 Test 3 - Correlation wjth 0ver-l,linter Deer Density

Distribution

Correl ation betÌveen predicted wi nter habi tat suitabil ity rank

and winter cjeer density distribuiton t/as determined for a

stratified random santpìe of sq.km UTt't celìs (n=l1Z). No

significant correlation r.¡as found to exist (p=0.3019, R=-0.0984,

R - s q u a r e d = 0 . 0 0 9 7 , Tabì es 24 and 25),

Companison of Figures 3 and 5 provides clues as to r./hy no

significant conrelation !,/as found. Firstly, areas of hìgh deer

density shot,ln in Figure 3 are concentrated in northern,

northwestern and south-central portions of the study area. These

portions have a ve ry hi gh occurrence of sq, km cells with predicted

wi ntel^ ranks of 1 or 2 (Figure 5),

Tabìe 24: Covariances and correlations betl,,/een predicted
þrinten habitat suitability ranks (pl,tR) and
over-winter dee r density estimates for a
strati fi ed random sampl e of sq. km LJIM ce l I s.

Statistic Variable Variable
Pl,lR ---------Dãer Density

(#/sq.km)

Covariance PI,JR 0.48399 -0.45246Covariènce Deer oens -0.45246 43.6704Mean 1.58786 4.99
Std Deviation 0,69569 6,60936N iI2 LrzCorrelation P l,lR I -0.09842Correlation Deer Dens -0.09842 I
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Iable 25: Anaìysis of varjance and regression statistìcs for
the sìmple 'l inear regression of pred i cted winter
habitat suitabil jty nank (pl.lR) on over-wjnter deer
densjty for a stratj fi ed random sanpl e of sq,km UTt4
cel ls.

ANALYSIS OF VARIANCT

S UI'1 OF MEAN
SOURCE IJF SQUARTS SQUARE F VALUE PROE>F

l4odel 1 46.95019 46.95019 1,076 0.3019
Error 1t0 4800.46741 43.64061
C Totaì 11I 4847.41760

R00T MSE 6.60610 R-SQUARE 0.0097
DtP I'rEAN 4.99 ADJ R-SQ 0.0007
c.v. 132,3869

PARAMETER ESÏIMATES

PARAMTTIR STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERR0R PARAI4ETER=0 PROB> IT i

INTERCEPT t 6.47440 1.56133 4.t47 0.0001
Pr,/R 1 -0.93484 0,90129 -1,037 0.3019

Secondly, ceìls oF rank I or 2 are also conmon in many areas

of low dee r density such as the southeastern corner of the study

area, In other vrords, wintea deer concentrations general ly
occurred in areas of good or optimal predicted rank, but ma ny ceìls
of rank 1 or 2 did not have high densities of deer in trinter

1981- 82, The 'l atter phen ome n on seems to have eroded any

correl ati on that might have exi sted in the northern, nonthliestern
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and south-central areas, to the point where there tvas no

signjficant correl ati on across the study area.

The vli nter concentration of dee r in northern, northv/estern and

south-central portions of the study ar.ea was documented ìn 1980 and

1982 (Darby, 1980; DarÞy and l'lunn, 1982), but has not been

specificalìy monìtored by aerial survey since then, Hov/ever, late
faìl movements of deer into these areas is knot,/n to be a comnon

phenomenon in the study area. It is also kno!'/n from observations

by 0MN R staff and unpubì ished mortal i ty data that dee n dìsperse

themseìves more evenìy throughout the study area in summer.

Another possible reason for there bej ng no signi ficant
correlation in Iest 3 js inabilìty of the l'1SS imagery to

dìstinguish coni fer species suitable as wi nter shelter such as jack

pine, red pine, bal sam, urhite spruce and cedar fr om coni fe¡ specìes

genera lly unsuitable such as black spnuce and ìarch. Certainly, at

the time of programmi n9 it I/ras recogni zed that tryi ng to

dìstinguish black spruce from cedar was beyond ìimitations of l'tSS

technologyi 'rhat is why one of the ìowland conifer sub-themes is

'ì ol{ì and con ifer/cedan' (Appendix l), However, aìl upland conifer

specìes provide suitable lrinter shelter, \,ihereas extensive larch

and black spruce lovrìands do not ; hence the reasonjng between

trying to separate ìot'iland and upland con i fer duning the super-vìsed

classification. It appears this attempt failed in pa rt because of

cons'j derable overlap between tvro conifer training sub-themes, 'hi9h

density treed bog' and 'upland con ifer' (Appen d i x I). Confusjon
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betv/een the fìnal I owl and and upìand coni fer theme s of the

multi-date nrap was obvìous in Table 12.

In orde¡ to assess the amount of Iest 3 correlation reduction

caused by this factor, UT¡4 ceils in rvhich conifer stands r,/ere

domi nated by bìack spruce or lanch we re remo v ed Fr om the Test 3

data set. A second correlatjon was pe r fo rmed on the revised

dataset (n=78). Al though the R val ue i ncneased fr om -0,0984 to

-0,1649 there sti'l I was no significant correlation
( R - s q u a r e d = 0 . A 27 2 , P=0.3019) (Tables 26 and 27),

fable 26: Covariances and correlations betv/een predicted
winter habi tat suitabil ity ranks (pl,lR) and
oven-wìnter deer density estimates, for the revised
sampì e of sq. km UTll cells, after cells with black
spruce and larch-dominated forest stands vrene
nemoved.

Statistic Variable Variable
-----Dãe r De n s i ty

(#/sq.km)
P l,]R

Covaniance
Covariance Deer
1'1 e a n

Std Deviati on
N

Correlation
Correlati on Deen

P HR

Dens

P HR

Dens

-0,88419
53.695

5 .57 7 69
7 ,327 68

78
-0.16486

i

-0.88419
1,66718
0.73194

I
-0.i6486
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Analysis of vaniance and regression statistics f0r the
simple 'l ìnear regression of predi cted winter habitatsuitability rank (PHR) on over-winter deer density forthe revìsed sample of sq.km UTt4 ceììs, after celìs l.tìth
black spruce and I arch-domi nated forest stands lre re
removed.

ANALYSIS OF VARIANCE

14EAN

SQUARISOURCE

¡4odel
Error
C Total

DF

t
76
77

SUM OF
SQUARES

112.36661
40?2 .1457I
4134.51238

F VALUE PROB>I

2.r23112,36661
Ft ottol

0.1492

ROO T MSE
DEP I'1EAN

7 .27 48
s.5777

730.427

R-SQUARE
ADJ R-SQ

0,027 ?

0.0144

DF

PARA14ETER ISTI 14ATES

SÏANOARD T FOR HO:
ERR0R PARAMEIER=0 PR0B> lT IVARIABLE

INÏERCEPT
P HR

PARAMETIR
ESTIMATT

8.3?928
-1,65044

? .06020
L 1326 7

4.043 0.0001
-r ,457 0. 1492
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6,0 DISCUSSI(]N

The study objectives uere to predict habitat suitabiì ity for
r'/hite-tailed deer on an ordinate sca'l e for sq.km cells of the study

area, and to ùest the accuracy of such predictions. The hypothesis

vras: pnedictions of habitat suitabiì jty deri ved f rom an MSS

themätic r¡rap of white-tailed deer habitat of ninimum 75% accuracy,

ane signìficantly (P<0.05) correl ated with independent measures ol
habitat mosaic suitability, deen forage, cover and site
characteristics.

The multi-date themat i c map achieved an overall unbiased

accuracy of 7?,6 % wjth 10 habitat themes, and 77.0 % af ter
reduci ng the number of t heme s to eight. l,lhjle the reduction

imposed some limitations on management appl.ication of the map, the

classification r,ras still meaningful for habitat evaluation, Hence

the hypothesis requirement of mjnimum 75 % nap accuracy was

considered to be achieved.

ïhe overal I unbiased accuracy of 77.]itr fon the modified

mu lt i -date map too k i nto account both errors of omission and

commission and was corrected fon differential visibility bias

acconding to the methods of Card (1982). These refinements

i nhe¡ently red u ced the fjnaì estimate of map accunacy. Many

¡eports of thenratic map accuracy in the I iterature are based on

errors of omissìon or commjssion only, v/ithout correction for

visibiljty bias (l,ialsh, 1980; l'1ayer and Fox, 1981; Bowes et aì.,
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1984; 0rmsby and Lunetta, 1987; Hopk ins et al., l9B8 ). lf accuracy

of the modified multi-date map had been based on errors of omission

only, with no correction for visibì lity b'j as, estimated ävenage

accuracy t/ould have been 81,1% (nii/n.i, calculated from Table 14).

0nly two applicatìons of sate'l lite imagery to evaluating

white-taiìed deer habitat l,/ere found in the scientific literature
(Boyd et al., 1981; 0rmsby and Lunetta, 1987). Thematic map

accuracy from thÍs study is better than the 73% accuracy achieved

with six themes and T14 imagery by 0rmsby and Lunetta. Boyd et aì.
did not re po rt accuracy of thein llSS themat i c ma p.

Ihe SAS computer pnogram for generating predi cted habjtat
suitability rànks performed well from a technical viewpoint, and

SAS i s recommended as a su itabl e programm ing language fon thi s

purpose in a management context. The use of arnays to display
predicted ranks ìn map format laith accompanying prjntouts of theme

ranks and predi ctor variable data (CAIpR0p and EI) is aìso

recommended. Changes rec ommen d ed for program output are:

(1) predicted habi tat su'j tabil ity ranks shouì d be generated as

numbers to t}/o decimal places. Ihe use of an ord i nate scale

front 0.00 ( u n s a t i s f a c t o ry ) to 1.00 (optimal ) should be used

(cf. Short, 1986 ). Thi s will cause a r rays (maps ) of

predicted ranks to be physical ìy wi der, necessjtating

subdivision of data files for pli nting on conventionàl

m i c r o - c o m p u t e r s , but 'continuous' nanks are correl ated much

better wì th 'truth' than jnteger ranks.
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Ceìl entrìes of the array (map ) of suitabìlity r"anks should

be prì nied in a contour a.rangement of print bol dness, so

t hat cel ls of good to opt.ima'l suitabiìity are hìghl ighted in
the array.

Determi nati on of the edge i ndex (EI) vaì ue should be

compuÈe r i zed,

Considerat.i on shou ìd be given to i ncorporati ng a satelìite-
sensed on GIS measure of relief (topographical contours ) in

predicting habitat suitability. Re'l ief adds diversity to
deer habitat and ìmproves 1t (Halìs, 1984 ) . Deer also favour

south-facing sìopes ìn winter because they have lower snor,/

depths and more browse than north-facing sìopes (Table 4),

Test 1 shor'red a high'ì y sìgnificant correlation betÌveen

predjcted yea.-round and Test 1 ranks (p=0.0001), yihen ranks were

genenated to two decimaì places: 61.6% of the variabìlity in

pned icted ranks was expìained by 'true' di fferences in suitabil ity
of the mosaic of important hâbi ùat type s , based on descriptions of

optimal conditions in the sci ent i fi c I i terature (Tabìes 8 and 2l).
This result requì red acceptance of the fì rst pa rt of the study

hypothesis.

A suitabìe mosaic of desirable habitat. types (Table 8) t.iith a

high degree of edge, or interface bett,een types, is necessary for

an area to have potential as good whìte-tajled deen habìtat (Iables

4 and 5). Ihe methods used in genenating predicted ranks are
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basical ly con s i stent with thìs requì rement, but they pl aced equaì

enpha s is on the rel ati ve inportance of each 't heme rank'. Theme

ranks were averaged and then added to the edge i ndex vaìue

(-1,0,+1) to obtain predicted rank For a sq.km ce11. In reality,
simpì e avenag i ng of theme ranks may not refl ect the relative
importance of djfferent habìtat types to white-tailed deer.

Information in the literature, however, was not considered adequate

to weì9ht themes by relative importance.

Edge index uras given a high degree of infìuence oven predicted

rank. This t,jas an arbitrary decision based on best judgement,

because the literature djd not provide suffjcient ì n fo nmat ion on

the importance of edge rel at i ve to proport ions of important habitôt

types. However, only three tl values t{ene possible, -1,0 and +1.

This did not âlìovr for a continuous gnadient of tl values v/hich may

have sl ì9htìy reduced the correl ation,
Test 2 showed a highly signifìcant canonical correlation

bettveen predjcted and Test 2 habìtat ranks (P=0.0001, R=0,784):

61.5 % of the variabil ity ìn predicted ranks was explained by real

dif ferences in the diversity, abundance and suitabil ity of

preferred food s , cover and site characteristics as dete rmi ned by

ground sampl i n9 (Table 23, Ap pend i x 10), This result nequires

acceptance of the second pa rt of the study hypothesis.

Test 2 resuì ts (Table 23) also showed that correlation of the

predicted ranks was best with 'nean number of impontant browse

speci es pen pìotI (R=-0.6629 ) , 'number ot changes jn domi nant tree
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impo¡tant herbaceous forage specìes per pl ot, (R=-0,5569 ), This is

a very imporÈant fact, It means that ranks pred i cted f rom

neflected light from the top of the forest canopy correlated best

with measures of díversity of understory food and domi nant tree

species. These ane factors di rectly ìmportant to deer. The

white-tailed dee¡ is a creature of the forest edge, an

e a r I y - s u c c e s s i o n a I species that thrives on habitat di versity
(Har r s, 1984).

0ther substantia'l invense correlations r,rere with 'mean stand

height per plot', 'number of changes in habitat theme per sq.km

sampled', 'mean total basal area pen plot'and'mean soiI fertility
per plot'. These correì ations ane inportant but not as easì ly
understood as the fi rst three.

l,1ean stand height per pl ot (R=-0.5SSSj was mean height of the

dominant tf.ee species pen plot in meters. 0ne vrould expect this to

be inversely correl ated rvith predì cted rank to a point, because as

stand height increases from 0 to 2m, mo re brolase is available to

deer. An increase to l0nì still improves habitat because this is

earì y successi ona l forest provì dì ng food and escape benefits (Iable

5). Further increase implìes betten cover but less food,

Eventualìy as mean stand height continues to increase, the

correlation should worsen and bec ome positjve because of increas ing

forest maturity and homogeneity.
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The numbe r of theme changes per sq.km sampled (NTHEíE, Table

23) had an R vaìue of -0.5457, This variabìe represents a ground

measure of habitat dive.sity that is i ndependent of predicted rank.

The fact that it had à fairìy strong inverse correlation with

predjcted rank is jmportant s'i nce it supports rel evance of the

predicted nanks to deer. It is a compari son, however, thaÈ js not

compl ete ly independent from Test t. 0ne might argue that NTHEt4E

should have been excluded from Test 2. Hol'rever, it dìd not have an

oveariding influence on the Test 2 results.
l'1ean total basal area per pìot had an R=-0.4394. Increasing

t ree density has benefit for deer to a poi nt, For exampl e, optimal

conifer croy/n closure is 60-80% for r,iì nter habitat (TaÞle 4).

Above this percentage crot{n closure ìs so dense it restli cts growth

of understory brovi se (Euler and Thurston, 1980).

l'1ean soil fertil ity (¡4FERT) had an R=-0,4383. Thjs is an

interesting conrelation because soil fertility was measured on an

'i ndex of site clàsses from 1 to 3 based on grolrth rate of the

dominant tree species on the pì ot (plonsk'i, 1974). Hence, high

fertility l.ias represented by site class 1. At firsù glance, one

would ex pe ct ferti lity to be positiveìy, not negatively, correlated

with predicted rank. However, t4cCaf f ery and Creed (1969) found

that forests avenaged fi ve times mo re meadow-type openings on sandy

'infertile soils in lìlisconsin than forests on fertiìe ìoams. The

forests on sandy soils aìso supported high densities of dee r. Ihis
r,ras because tree density and vegetation type were highly variable



130

due to soil and soil moi sture variatìons. Sandy ti'l l, infertile
soiìs and rock outcrops a¡e found in northern and northeastern

portions of my study area, These probably have a beneficial effect
on dee r habitat by jncreasing diversity, especiàl ly because relief
is more pnonounced there as wel ì, lhe inverse conrelation of tlFERT

wj th predicted .ank is consi stent wi th thìs reasoning.

The remaining variables in Table 23 had weak inverse

conrelations, Notable among these were 'mean stand a9e per plot'
(R=-0,3319), mea n browse dens ity per pl ot' (R=-0.3241), 'mean

suitabl e con ìfer basaì area per pl ot' (R=-0.2351), 'mean conìfer

c rown closune per plot' (R=-0.1556 ) and 'mean herbaceous forage

density pel. plot' (R=-0.1320). l'lean stand a9e is anolher variable
t hat would be expected to ìncreasingly benefit deer as its value
'increased from zero, to a poi nt, and thus be invensely correlated

with predicted nank, This poi nt woul d be the age at which the

forest reaches maturi ty; beyond that age , vaì ue for deer woul d

sta rt to decrease.

The i nverse correì ations for mean brot,/se densi ty and

herbaceous forage density appear surprisìngìy weak; diversity of

forage was more strongly correìated with predicted rank. This

suggests that divensity of forage is mo re stl.ongly correl ated !4ith

measurements of refì ected lì 9ht f rom the top of the forest canopy

than forage abundance, a relationship that appears logical,
The inverse correlation of conì fer variables with predicted

rank is l,¡eak fon two reasons: (1) the fact t hat jncrease in
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suitable coni fer basal area and conjfer cnown closure are only

beneficial to the poi nt of 65 sq,m/ha and 80% respecti veìy (Tabìe

4); and the fact that optimum year-round habitat should have onìy

10-30"ó of the a nea in mature conifer stands (Tabte B). l.Iith such ô

low percentage, and equal infìuence of t heme nanks, one can't
expect a strong conreìation wi th pnedicted yea r- nound rank.

For all Test 2 summary variables that increased benefjt to

deer as their value increased to a point, it must be recognized

that beyond such point the positive nature of the correl ation would

counteract the othervri se inverse rel atÍonshi p with predicted rank,

This would have the effect of reducing the maximum attainable
strength oF the inverse correl atj on to somethi ng less than -1.000

and hence, the mâximun attaì nabl e strength of the squared canonjcal

correlat'i on. This is likely one reason the Test Z ¡^esult tJas not

higher than 61.5%. Another may be the fa ct that tI had only three

possible vaì ues and was not a ¡continuous, variable.

Gi ven the consideratìons menti oned above, results of Te st z

are encounaging. This is because field measurements of forage,

cover and site explained the majority of variabil ìty in predicted

ranks, vrhjìe some artifacts in the Test 2 summary data tiere

limiting correlation.
The Test 2 summary data had a highen canonical correlation

v/ìth predicted ranks (CC=0,7844) than r./ith Testt ranks (CC=0.7355),

and the highest PYRR-Test2 correìatjons r,,lere with measures of

diversity of food and fonest stands, Thìs, coupì ed with the fact
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that variability of the predjcted rank dataset \das ZZ,7% greater

than that of the TIYR dataset (Table Z0 ), means the themat ic map

better reflected diversity of the habitat than my interpreÈation of

ajrphotos. This may have a bearing on ¿he Test I results. The

Test 1 R-squared value may not ha ve been higher than 0.616 because

my interpnetation of airphotos tended t o ' I u m p , h a b i t a t s more than

the spectral data.

Successful completion of Test 3 was not a pnerequi site fon

hypothesis acceptance according to the study objective (Sec. 1.0).
Given this, Test 3 shov/ed no signifjcant correlation between

predicted winter habitat rank and over-r./inter deer density

(P=0.3019, R=-0.098). Hovlever, many factors can affect wi nter deer

distribution, such as snov/ depth, t.ii nten severity, predators, human

activ'i ties, artificial food sources, and topography, Clearl.y,

facÈors othe r than wj nter habitat ran k wene operati ve here.

As nrentioned in Sec.5.6, deen in the study area are knot4n to

concentrate in t,/i nte r in northetn, northl'estern and south-central
portions of the study area. This was consi stent with a high

prevalence of ceìls with predì cted r.ank 1 or 2 in those portions of

the study area, but not in other port ion s. lhe movement of deer to

þ/i nter concentration aneas doe s not mean that the predicted wìnter

ranks are wi thout value.

The tendency for northenn white-taìled deer to make directed

moveme n t s to vJi nter concentration areas wi th suitable coni fer

shel ter, and disperse in spring, has been t.,el I documented (Rongstad



and Tester, 1969; Verme and 0zo9a, 1971; 0zoga and Gyseì , L97?;

Verme, 1973; Drolet, 1976; Nelson and l4ech, 1981). t'1any reasons

for this behaviour have bee n discussed in the scientific
'ì iteratune, but the tvi o most important are ( Schmi dt and Gi lbert,
1978:328; Halls, 1984:199 & 399):

(1) Conifer shelter reduces snol,/ depth and provides thenmal and

escape c0ver,

(2) Ìhene is sa fety in numbers through: i ncreased collective
vigilance for predators decreasi ng ìndividual vig'i Iance time,

traììing, use of other deer as escape cover, and a greater

natio of deer to tenrito|i al predators.

Ihese factors provide advantages to deer through improved

predator escape and min jmization of energy.expenditures (0zoga and

Gysel , 1972; Hal I s, 1984 ) . Another factor rel evant to the study

a rea is that agrjculturaì I ands and human activity (eg, roads,

dogs, snowmobi1es) are more commonplace in the southenn than

northern hal f of t.he study area (Pìate 2).

Despite the Test 3 nesults, I beljeve the predìcted ranks are

measuri ng habitaÈ suitabiì ity for dee r at a minimum ìeveì of 61.5Ë

reliab'iìity. The scientifìc l iterature shows deer prefen the

optimal conditions descrjbed in Tabìes 4 and 5, Assumjng that deer

hab i tat preferences can be used as indicators of habitat
suitabiìity, the predj cted nanks refl ect suìtabiì ity, The

ì iterature also confi rms that potentjal for deen popul ation growth
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ìmproves as habitat suitability impnoves, ie, food , water and coven

abundance, diversity and proximity (Dasmann, 1971; Schmi dt ànd

Gilbert, 1978; McCull ough, 1979; Halls, 1984), This pheno enon

occurs primarjly because of the relationship of nutrjtionaI plane

to productivity (Schmjdt and ci I bert, 1978:344), and of predator

avoi dance and escape behavi our to mortal i ty (l'lcCul I ough , 1979;

Ha l I s, 1984 ) ,

The aÞove discussion indicates that l'tsS technology is very

close to being sufficiently accurate for evaluating nhite-taiìed
deer habjtat in an applìed management context, for the foììovring

reasons:

(1) The mean predicted year-round rank (2.274) was very close

to the mean Testl rank (2,338),

(2) Both Tests l and 2 shot/ed that a minimum 61.5% of the

va|iôbility 'i n predjcted year-round ranks v/as expìained

by the respect ive dataset.

(3) PYRR-Test2 correlati ons we re highest vrith measures of

diversity of deer forage and forest stands.

(4) Antifacts in the Iest2 summary data caused the maxjmum

attainable canonj cal correlation for Test 2 to be someth.i ng

less than 100%.

(5) Test I and 2 results show that measurements of reflected
ì ight from the forest canopy (predicted ranks) were better
corre'l ated with diversity of food, cover and site than my

i nterpretatj on of aj rphotos.
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(6) In wi nter 1982, deer concentrated in portions of the study

area ìvith high prevalence of predicted l,iinter ranks of 1

and 2.

Neverthel ess, I bel ì eve pned i cted ¡anks should attain a

minimum R-squaned val ue of 0.75 with 'truth' to be acceptabl e for
management application. Improvements in themati c map accuracy and

the methods for testing against 'truth' should al'l ow this. In

order to facil itate these jmprovements, it is important to consider

the sources of erro¡ that reduced accuracy of the thematic map, and

of the predicted ranks.

The làrgest, sources of error appeared to be the defi nitìon of

certaì n themes and Iimitations of ¡4SS technol ogy. ln the

muìti-date map, the I owl and conifer, upl and con i fer, unìmproved

pasture and devel oped agricul tural themes wene al I separated for

neasons reì at ing to deen habitat use. For example, alI upland

con'ì ferous species in the study anea (jack, red and white pine,

ba l san fir and white spruce ) provì de suitable coni fer shelter for
deer. l,liÈh the exception of cedar, i owland coni fer in the study

area are ìess suitable because they generally comprise larch and

bìack s p r u c e - d o n i n a t e d muskeg with an undenstory of labrador tea (

Ledum groen landì cum ) on sphagnum moss ( Sphagnum spp.) as an

undenstory, These larch and black spruce muskegs do not provide

low snow depths in wìnter, but they can provìde some thermal and

escape cover for deer, especìally'i n sunmer. Cedar, on the other
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hand, is an ìmportant I owland species for deer, providing low snow

depths and serving as ìmportant food and cover (Smìth and Borczon,

1981i Halls, 1984),

l,liith nega rd to the unimpr0ved pasture and deveìoped

agri cuì tural themes, deta i I ed evaìuation of white-tai led deer

habjtat should i ncl ude an inventory of small (0.2 to 4.0 ha)

meadovr-type open i ngs i n the fonest (1'1cCaf f ery and Creed , 1969;

tuler, 1979; 0l'1NR, 19844), These are very important feeding areas

in autumn r,/hen deer ane building up fat reserves, and in early

spr'i ng l,Jhen they a¡"e recoveri ng f nom the nadir of theìr
physjological cycle (14cCaffeny and Creed, 1969). Snow melts

ear'i ier in meadows, fields and along roadsides than in the forest,
expos ing green Forbs t hat survì ved wi nten under the snow.

Accuracy assessment sholved the most severe confusion between

multi-date themes was between lowland and up'l and conifer, and

bet}'¿een unimproved pasture and devel oped agricultural land (Table

l?). In programming for classification of the multi-date map it
would have been most desirab'i e to sepa rate coni ferous speci es into

upiano coni fer, cedar and l ol¡/l and conifer. As meni i oned in Sec.

5.6, however, spectral separatìon of cedar f.om bjack spruce and

larch was considered to be beyond t4SS capabil ities. Hence only tt./o

coniferous themes were classified: upland and'l owland conìfer,
Much of the subsequent confusj on bett een these th eme s seemÈ due to

spectral s'imilality between the 'high density treed bog, and

'upland conifer' sub-themes (Appendix 1), This inab'j lity of MSS
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imagery to differentiate between coniferous species is a problem

that needs to be overcome to make fulì use of satellìte imagery for
purposes of habitat evaluation for northern white-ta.i led deer.

Spectnal signatures for trainjng areas for unimproved pasture

and the 'DAL-blue mottle' sub-theme (Appendix 1) were also sìmilar,
In 5ec. 5.2, I ment i oned the hay field exampl e as a biophysicaì
gnadient betì,/een the UP and DAL themes. Active pastures are at

times another exampl e. It is desi rabl e to separate Up and DAL

t heme s if possible, but failure to djfferentÍate them is not as

selj ous for eval uati ng dee r habi tat as the conifer problem.

Agricuìiural lands can paovide fo od for deer, and Up can be

eval uated as a sub-theme of DAL. The important factors determinjng

value of agricultural Iands to deer are proportjon of total area,

edge i ndex and crop. In the study area, most field margins and

many crops provi ded food for deer. The modif ied mul t i -date map

i dent i fi ed unimproved pasture and devel oped àgricultural I and as

belonging to the poo I ed UP&DAL theme for areas as smalI as one

pìxeì (56 x 79m, or 0.44 ha) wi th an unbi ased accuracy of 81.3% for
errors of omission and 61% for enrons of commission (data not

reponted herei n ).
Soíre confusi on ex i sted among remainjng t heme s of the mod.i f i ed

mul ti -date map (Table 14), but other sources of erro¡ may have been

involved. For example, there were substantial commission errors
between the pooled rUP&DAL' theme and 'early successiona'l hardvroods

and shrubs'. Some of this erron may be m i s c I a s s i f i c a t i o n due to
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t heme defÍ n i tì onltechno1ogi caì I imitatjons, but some may al so be

due to changes in the habitat between: the first date of ìmagery,

June 25, 1980; the second date of imagery, May 8, 1983! and the

date of ajrphotos, summer 1982. Some land clearing and cultivation
of old pastures did occur during this time. Not âll r,/ere conTected

dur.ing editing of the mul ti -date ma p. In other cases, error may be

due to spectral dif ferences approaching the noise I evel , for

exampìe the 4% error of commission between the 'water' and 'open

wetl and' themes in Tabl e 14,

Geometri c and radìometrjc residual errors and edge

m i s c I a s s i f j c a t i o n seemed to be mi nor factors in my study, but they

did contribute to reducing bot h themat i c map acc u ra cy and Te st I

and 2 c0rrelations (data not reported herein). For exampl e, ìn

nonth-central portjons of the study area some difficulty rvas

observed in aligning imagery and airphotos accordìng to the 10 x

10km UTI'1 grid on the thematic map. This difficulty seemed to be

due to distortion of the inage resulting from intensity
'i nterpol ati on and resampl i ng during the geometric rectification
process (Jensen, I986 ). Durjng map accuracy assessment and

collection of Test l and 2 data, this problem Ì./as corrected as much

as possible by ne-al igning a 10 x 10 km 9r'i d overl ay manual I y on

the themati c map. However, some misal j gnment may have persisted.

Certa i n ly, recti fication and gli d registration problems are

ones that constitute a potential source of error in every

managenrent appl'i cation of sateìljte imagery. They may be due to
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jmage di storti on due to jntensity i nterpol atj on, resampl in9,

registering a lJTl4 grid to the thematic map, or regjstering an image

to GIS coordi na¿es. tvery precauti on shouìd be taken to ensure

minimal di sto¡tion and accunate al ignment,

l,li th better methods and technol ogy, ìt is 1i kel y that higher

accu racy can be ach i eved for themat i c maps and pred i cted ranks.

14ethods for ìmproving thenratic map accuracy may currently exist,
Some improvement may have been possible'i n this study, For

exampl e, overl ap probl ems with spectral si gnatures for trajning
sub-themes may ha ve been avoidable by more aggressive rejection and

repl acement of tnain'i ng areas, or by waiting for two dates of

haze-free imagery so that eight sepanate bands could be used

jnstead of six. Indivìdual spectral band se lect ion or band

ratioing may have helped classify certain sub-themes in areas of

shadovr (e,9. under clouds).

The more expensive Tl4 imagery may achieve highen map accuracy,

having seven bands and 30 x 30m resolution, but it wasn't achieved

ìn 0rmsby and Lunetta's (1987 ) st u dy. T14 or SP0T imagery may offer
greater potentìal for individual ba nd sel ection or band ratioing to

solve classi fi cation probl ems.

Hopkins et al. ( 1988 ) conc'l uded that T¡1 technol ogy has better
potential fo¡ di fferentiation of forest themes than MSS data (see

Sec,2,1.4), However, it was evident from their results that T l'1

appì ication to wildl ife hôbjtat evaì uation stjll needs considenable

refi nement. Satterwhj te et al, ( 1984 ) poi nted out that different
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'I and-use clàsses often fall into t.he s ame spectral class, and

refinement. cannot be readily achieved t'/ith Landsat imagery. They

suggested plant phenologicaì characteri sti cs and plant habitat
requi ¡ements be incorporated into the digital image ana lys i s and

evaluation process. The use of soil and I andfo¡m maps may he ìp in

thì s regard.

Assuming the necessany improvements cân be made, how could a

deer habitat evaluation system using satellite data be empìoyed in

a forest management context ? 0ne possjble scenôrio is to do a

computer search on the file of predicted year-round ranks, for

t hose square ki I ometers havi ng a poor rank due to a low proportion

of early successìonal forest on openings. Such sites coul d be

recommended for cutting in timber management plans to improve deer

habìtat in future. Such an approaclt uses timber management

activities as a deer habitat management too'ì .

The thematic map and assocj ated array of dee. habitat ranks

could aìso be used as an information sou rce in planning forest
access road I ocat i on to maximize benefits fot deer management, and

minimi ze fut u re probì ems. For exampì e, one coul d avo jd dissecting
areas of optimal vrinter habitat, and re-di rect roads to mature

fonest that requi res cutt i ng for deer habjtat improvement, The

thematic map itseìf has a variety of potent i a l uses because oF iÈs

general ized vegetation themes, Examples are: watenfowl management,

pìanning acce s s for wjldlife vi evii ng or hunting, jdentification of

potential wìldìife viewing sites, and planning emergency deer
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feeding/trail breaking projects, There are many potentìal t./ays to

use sate l l i Èe imagery fon cost-effect ive t¿i l d'l j fe management,

especial iy if jt is combined r,rìth GIS data.

In summary, this study developed a thematic map of deer habitat
of 77% accutacy from 14SS imageny, It devel oped a computer program

t hat pned i cted habitat suitability ranks from the thematic map for
r,rinter, summer and year-round penjods fon each sq.km of the study

area, It showed that at Ieast 61.6% of the variabiìity in predicted

year-round ranks t/as explained by 'true' suitabil ìty of the habìtat

mosaic, and at least 61.5% uas explained by ground measurements of

deer food, cover and site c h a r a c t e r j s t i c s . Correl at i ons were

highest with ground measures of diversity of deer browse and

herbaceous forage, and forest stand,

If impnovements in methods and satel I ite technol o9y can be

ach i eved to attô i n R-squared values of at I east 0.75 for Tests I and

2, I be'l ieve the predìcted ranks would have accepÈable accuracy for
management appl ication, The system developed in thjs study l.tould

t hen compri se a cost-effecti ve method of eva luati ng dee r habitat
over v,lìde a nea s. It coul d be used in other areas of the Great

Lakes -St. Lawrence Forest in 0ntari o and the northern lake States,

Veli f icat'i on of acceptabìe map accuracy rvould be required in each

area , but the predi cted ranks vroul d not have to be tested. The

system would also aìlow frequent, inexpensive updates, and temporal

or between-area compari sons. The deer managen using such a system

would be wel l on his or her l,ray to enacting a desirable and

sophisticated management strategy for white-tailed deer on northern

ran9e.
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Append Í x 1: Spectnaì Si gnature Fiìes for Training Areas
used in the Supervi sed Classifjcation of the
Mul ti -Date Map.
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-0. 12840283 r03298-01
0. 19262133166r98-01
0 .4t207247 413698 -02

-0 ,322658131602tE'-02
-0. 143417 50182218-0 t
-0. 1284028217196E-0r
0. i3274 38 r4 58768-0r

-0.53992431610828-0I
-0. 10321209207 t8E-01

0 ,581557 39592028 -02
-0.53904 782980688-02
0. r9262131303558-01

-0. 53992435336 t18-0I
0.616r98927t6418-01

-0. 1259037759155E-02
-0 . 507 53 2 66550608-02
-0.12968047s220t8-02
0.41207I91534348-02

-0. 10321185924118-0r
-0. 12 590656988328-02
0. 73817 5809 3834E+01

-0.74482s6015778E-0t
0.7504234 5 561098-02

-0.32 265787012888-02
0. 5875s483478318-02

-0. s07529592 t 4158-02
-0. 7448256015778E-01
0.946243554 3 5378-0t

DETERMINANI I 0,3446825600008+09 pROBA¡rLITY : 0. 1OOOO0OOO0OO0E+O I



166

IMÀGE PÀ!.AüETER FILE = DHXMSAIo2.MS¡;I

BLUE PIXELS

¡ILE NAME I DHþÍSÄ102 No. 0F SAj.ÍPLES : 395 .

FEATI'IRE NO. NÀHE

I BND4

3 BND6
5 BSP6

FEATTRES ¡ 6

}IEÄN

0.5690885925293Er{2
0.I28820251.4648E+03
0.1I944050598148+o3

NAHE MEAN

0.177 620239257 88142
0.1323442993164E+03
0.1003¿177398688+03

NO,

2
4
6

BND5

BNDT

BS P7

0.I688515281677E+02
0.302 62 689590458+02
0 ,1036!615262458+02
0.I856598973274E+01

-0. 35 532996058468-0t
-0.3710025310516E+01

0 ,30262689590458+42
0.7031916046143E+02
0. 1805393409 729E+02
0.25507614016538+00

-O . 709 58122253428+02
-0 . 17 211 63992310Ê+02

0 . 7036167 52624 5E+O2
0. l.8053934097298+02
0.39803298950208+02
0 ,2684644699097F+.02
0. 3t 17385864 2s8E+02
0.22¡29188I5613E+02
0.18565989732748]{1
0.2 5 507614016538+00
0 .2684644699097F+42
0.36993656r584 5E+02
o . 391 4238s86426E+02
0.33r9670104980E+02

-0.3553299605846E-01
-0.10958122253428t{2
0.31173858642588+02
o.397 42385864268+02
0.1595672607422EJ{3
0. 122389 5950317EÐ3

-0. 371002s3105 t 6E+01
-0. t 72 r7639923I0E+02
0.2 202 9188156r3E+02
0,331967010498081{2
0. 12 2389 59503 t 78+03
0. t07 8343887329E+03

INVE

0,27 6649236679t8+10
-0 .1149125243449E+A0
-0.21768460050238=01

0 . 9 3836 2 34882478-02
-0.257786s496278E-02
-0 .435519 54440118-02
4 , t149725243449E+00.
0.6755808740854E-0t

-0 ,6969a7 9847 020E-A2
0 .4327 87 04391388-02

-0.31837346032268-02
0. 10536208748828-01

-0.21768460050238-01
-0 .69698198410208-02
0. 66704 s4889536E-01.

-0.4 5481234 78889E-01
-0.808508 s0790748-02
0.7689047r391388-02
0,93836225569.258-02
0.4327869s084t58-02

-0. 4 548 t24 223 9 488 -01,
0.6925s657 494078-01
0.29694638215018-02

-0.14385453425358-01
-0. 25778708sr.3838-02
-0. 3 I 837360002_10E-02
-0,808508 5079074E-02

0 ,29694628901188-.02
0.52370168268688-OI

-0,59298448264608-0L
-0.435518799349 7E-02
0.1053621r54279E-0r
0 .7 689048s36I228-02

-0.14385453425358-01
-0 ,5929844826460E,-Ot
0.80966092 646ì 2E-01

COVA.RIANCE

ROW COI

DETER¡ÍINANT | 0.207940928000E+09 PRoBA¡IÌ ITY : 0 . ].00OOO000OO0OE+O I



IMÀGE PAR¡HETER

¡EN

FILE NAHE :

167

FILE - DHKMSAoo3.HST';1

DHþIS AOO 3 FEATURES : 6 N0. 0F SÄHPLES : 3742.

FEATIJRE NO. NAI'ÍE ¡fEAN

I BND4 0.39238643646248+02
3 BND6 0.77043289184 57El-02
5 BSP6 0.689{09408569 3E{{2

COVARI-ANCE

MEAN

0.47 5Ir7 56896978+02
0. 7 80865 8599 8 548+o2
0. 59 r 69 9 6 383 66 7E+02

NO. NAI'IE

2 BND5
4 BNDT

6 BSPT

Roll c01

0,2t6967 39196788+02
0. 30 7000808 71588+02
0 .469414596557 6E+O2
0.45 773 59008789E+O2
0 , 389 52752252208+02
0 ,30462442398018+02
0. 30 7 0008087I588+02
0. 51057 73925781E+02
o ,1190697 47 92488+02
0.69941993713388+02
0 , 5899358367 9208+02
o ,4 59 4466787616E+02
0 ,469414596557 6E+O2
0.1790697 479248E+n2
0. 14 s5514 5263678+03
0.14317936706548+03
0. t304 72 59521488+03
o , t06444267 27298+03
0,41773590087898+02
0.6994199371338E+02
0. 1431793670654E+03
0.1539401245117E+03
0. 1383656768799E+03
0. 11488639068608+03
0.3895215225220r+02
0. 58993583679208+02
0.1304725952148E+03
0. r 383656 768799E+03
0. 1663480377197E+03
0.13141271972668+03
0.3046244239807F,É2
0 ,459 44667 876168+02
0 ,106444267 27 29F+43
0. rl4 88639068608+03
0. 1314127 t972668+03
0. 1r6302 58941658+03

INVE

0.34344 2 8870678E]{O
-0. 162833 t0949808+00
-0 .3026108071208E-01
-o , 52497 936412698-02
-o .24066412150398-02

0 ,10423522442588-O1
-0. 16 2 833 t 24 399 2E+00
0.147304445505tE+00

-0 ,234512947 49988-01
-0 .38617148529148-02
-0. t831126865000E-02
0, 1rs0531829 5968-01

-0.3026105649 769E-01
-0.23451270535 59E-01
0.105 7939976454E+00

-0. 715552r 9 59066E-01.
-0.9170193225145E-02

0 . r409454r541828-02
-o . 52 49826231 5 598 -02
-0.386I7369 718858-02
-0. 71555174887188-01
0,96942 737698558-01

-0.27007833123218-02
-0 . 2 4 320146068938-01
-0 . 280 6607 63382 9B-02
-0.1831155270338E-02
-0. 9170161560178E-02
-0.2 700833603740E-02
0,6395176053047E-01

-0.59 741102159028-01
0.1042349170893E-0t
0.1180s35182357E-01
0. 14093887293718-02

-0.24320067837838-01
-0,5974113s68664E-01
0.9I441199183468-01

DETERMINÀNT : 0.3791175600000E+08 pRoBA¡ILITy : O . IoOOOOOOOOOOOE+o1



168

ÌMÀCE P.AR.AHETER FILE - DHþr5À004.HSF; I

OPEN BOC

FILE NAHE : DH)GÍSÀ004 FEÀlltRES | 6 N0. 0F SÄ,MPLES : 360.

FEATURE NO.

I
3

5

RSE

Rot¡ col,

NA,YE lfEÀN

BND4 0.3600000000000E+02
BND6 0. 9672499847 4t2Ê,+02
BSP6 0.909416656494t8+02

COVÅRIANCE

}IEÀN

0.4196389007568E{-02
0.I057138900 757E]{3
0,8499I668701I7E+O2

NO, NAI.IE

2

4
BND5
BNDT

8SP7

6
6
6
6
6
6

0. 20044 569015508+02
0. 37 88300704956E+02
0 ,2339 554 4052t28+02
0 ,2505A49 647 5228+02
0.236I5 598678598+02
0 . 1596657 37 l52tE+O2
0. 37 88300704956E+02
0. 83004I80908208r{2
0. 518394 85168468+02
0 .586441497 80278+02
0.516998596I914E+02
0 . 34687 67 5 47 607 E+02
0 ,2339 554 4052t28+02
0. 51839485168468+02
0. 5552019 5007328+02
0 .61364204406148+.02
0 ,425940093994ts+O2
0.35880920410 t6E+02
0.250s849647 5228+02
0 .586441497 8027E+02
0 ,61364204 4061 4E+O2

0.83881614685068+02
0 ,5142897033691ErA2
0.4437 326049805E+A2
0.23615 59867859E]{2
0. s 1699859619148+O2
0.425940093994rE+02
O ,5142897 O3369fE+O2
0.54600975036628+02
0 .39358634948138+02
0. 15966 57 37l52IE+02
0,34687 67 547 607F+02
0. 35880920410168+02
0.44373260498058+02
0. 39 3 s 863 4 948738{{2
0 . 43690807 342538+02

0,384979 33 74 5388+00
-0. t 78361952 3048E+00
-0.2 7810143306858-01

0 . 3 8 7440 6218 52 98-0 r
-0 ,337 465526536t8-02
-0. r 25510012 73 r0E-01
-0. t 78361967206oEJ{0
0. 12087015807638+00

-0. 1048632524908E-0t
-0.17s90994015348-0I
-o.26957 67395t988-0r
0.199806s039515E-01

-0.2 78r0 r s2620088-01
-0. 1048632804304E-01
0.121432565I526E+O0

-o.647 87872r35648-01
-0. 1766846s r 52388-02
-0. 1384602 3008238-01
0.3874406963s878-0r

-0. I7590990290058-0t
-0.64787864685068-0r
0, 714810I1807928-01

-0.790s7058319458-02
-0. 1246162 r3 r429E-01
-0 .337 464s48647 48-02
-0 .26957 679539928-0L
-0.17668455839168-02
-0. 79057039 69300E-02
0.88336355984218-0r

-0.47461237 7 58408-01
-0,125s1006861038-01
0.19980652257808-0t

-0.1384601742029E-01
-0. t2461626902228-0t
-o .47 46t237 7 s840E-Ol
0. 78393936157238-01

DETERMINÁ¡¡T : 0.1727455000000E+08 PR0BÀBILITY ! 0. 1000000000000 E{-O I



IMAGE PA¡.AHETER FILE = DHxvsAo4l.MSF!l

OPEN LOW SHRÛB BOC

FILE NA¡ÍE ¡ DH:GYSAo4I FEATIIRES : 6 N0. 0E SAHPLES : 133.

FEAÎURE NO. NÀUE MEAN

I BND4 0.3309022 521973Ê+02
3 BND6 0.10474436187748+03
5 BSP6 0.9 530075073242E+02

COVARIA\CE

2 BND5 0.4321052 S5I270E+O2
4 BNDT 0.II881.954956058+03
6 BSPT 0.96872177124028+42

N0. NAll¡

2
3

4
5
6

0. 22I91050052648+01
0.23 s96 ì 17496498{1
0. 3303503 7517558+Ot
0. 6 54 6 6384 88 7 7 0E+01
0 . 194247162342tE+01
0 ,2534327 7 4 5438Ê+0!
0.235961I74 9649E+01.
0. 995 537 37640388{-02
0 .16236268997198+02
0,2220170974138142
0. 1238304901123E+o2
o . 1387 547 3022468+02
0.3303 5037 517558+01
0.16236268997 t9E{Ð2
0.4 58428039 5508E.1{2
0, 513551 t 3983l.5E+02
0. 28312 500000008r{2
0.33966857910168+02
0.65466384887i08+O1
o .22220t1097 47 38t42
0. 5l35sr 13983 t58+02
0. 74 4I20098I7 708+02
o , 3645 643997 I92E+O2
0 . 42892993927 008+A2
0 .194247 L62342t8+-l
0.12383049011238+02
0. 283 t 2s00000008{{2
o ,364 56439971928+02
0 ,47166661938238142
0.4141761398315Er{2
0,25343217 45438r+Ol
o , 1387 547 302246Ê,+02
0.339668 57910r.6E+02
o.42892993927 00E,+02
0.414 17613983r58+02
0.49233901917 54E+02

INVE

0, 72 5261092186081{0
-0. t 24 9 5 23 609 87 7 E+00
0.8487 2 573614128-01

-0. t00676767 528 t 8]{0
0 .2320554tO? 42AE-OI
0. 751673 t 5080768-02

-0.12495242804298+tO
0,334 89909768t0E+00

-0.3890342265368E-01
-0. 538003668t 8908-01
-0.20424067914098 -OI

0 ,29408521950248-02
0.8487258106470E-01

-0.389033 5s5984 5E-0 t
0. I156720295548E+00

-0.672 r r 44169s698-01
0,80396104604018-02

-0. 2r.4159Ii20283E-01
-0. 1006767377257E+00
-0. 538004189729 7E-0I
-o . 67 21t4267 9 4538-01
0.928405 52330028-01

-0.26850830763588-02
-0. 119I0168454058-01
0.23205550387508-01

-0,204240r 954 532E-0I
0.80396179 r098IE-02

-0.2685r 02634132E-02
0.829258337 61698-01

-0.6840644 7 7682 rE-0r.
0 .1 5767 254 5447 9E-02
0.2940797 7 126548-02

-0 .2t4159227 907 7E-1t
-0. I19r0r53552898-01
-0.6840644 776821E-01
0. 1017 9 30880I89E+O0

DETERHINANf | 0 .9 537 4462500008+06 PRoBABILITY : 0 . 10000000000008+0 I



I70

llrAGE PAIù$IETER FILE = DHMSA005.MSFjl

MEDII'}I DENSITY TREED BOC

FII-E NÀHE : DHþÍSA005 No. 0F SAM?LES ¡ 316.

NC. NAI,IEFEATURT NO. NÀHE

Rot¡ col

FEÀTURES : 6

MEÀ\

0.3r348100662238+O2
0.7990822601318E+02
0. 77 344 940I8555E.Ð2

}!EAN

0.29914 556503308+02
0,82677275516178+02
0.708702 54516608+02

I BNÐ4
3 BND6
5 BSP6

2

4

BND5

BNDT
BSPT

I
2

3
4
5

0. 284 355 t 6357428+01
0.2293353080750E]{1
0. 6886I112594 608+01
0. 88333330154428+Ot
0. 4168452262878E+0].
0,39565477 37 t22Ê+01
0.2293353080750E+01
0 .682122993469281.0L
0, t2703372955328+02
0. r64 549 5986938E+O2
0. 78t 36 90662384E+01
0.83I904 79278568r{t
0. 68861112 594 608+01
0 .1270337 295532E+02
0.45309127807 62E+02
0 ,52224205017 098+02
0 .24307 9357 74128+02
0.2 5483333 58765E142
0,8833333015442E+Ot
0.1645495986938E+02
0 .5222420501709r+02
0 ,7 217 4606323248+02
0. 307 33730316168+02
0,33205 55496216E+02
0,4ì 684 522 62 878E+OI
0.78136906623848{{t
0 ,24307 935714728+02
0. 30733730316168+02
0.22334524 r54668+02
0. 16549602s08548+02
0.395654 7737122El{1
0.831904 79 2 7856E+Ol
0.2 s48333358 7 65Er{2
o,33205554962t68+02
0.16549602508548+02
0 ,257 00397 49 t46E+O2

COVARIÄNCÐ INVE

0.58912777900708+00
-0 ,44 59 38855¿096E-01
-0. 3215688467026E-01
-0.3873 64I7889608-01
-0. 19611189141878-01
0,1830138638616E-01

-0.44 59388926625E-0t
0. 34 539 77704048E+00

-0. 2s329r 61435378-01
-0.3924 r09041691E-01
-0. 1791993r 560r58-01
-0.17582666128878-0t
-0.32156873494398-01
-0. 2532918937s04E-01
0. 1474474519491E{{0

-0 .1 989 31 7 5284298-01
-0. 259 566903r1438--01
-0. 13113317079848-01
-0.387364t 788960E-0t
-0,3924107t 79046E-01
-0. 7989377 5284298-01
0.104 535527527381{0

-0.16043148934848-01
-0 .26847129687 678-úr
-0.19611192867168-01
-0. l.7919927835468-01
-0,2 59 566809982 LE-01
-0. r 604315638542E-01
0,12252936sr2238140

-0.23616688326008-0t
0.18301382660878-01

-0, t7 582664266238-Ot
-0.13r1333384365E-01
-0.26847rr664915E-01
-0.236r668646336E-0t
0. 104 6813502908E+00

DETER.MINANT : 0 .2262O12812500E+06 PROEABILIfi : 0 . 1000000000000EÐ I



IMÀCE PAXÀHETER

HICH DENSITY '

PIIE NAME :

l7l

¡llE = D8nfSA051.}lSF; I

IREED BOC

DHnfsA05 t IEÀTURES : 6

MEAN

0 . 27 97 7 27 2033698r-02
0. 692ó3ó33728038+02
0 .67 645454406148142

N0, 0F SÀHPLES : 220.

NO. NÀMEFEATURE NO. NAME

1 BND4
3 BND6

5 BSP6

2
4
6

RND5 0.24777273178108+02
BNDT 0.69981819152838+02
BSPT 0.6058181762695El{2

COVÀ.RI ANCE

Rol,¡ col

2
2
2
3
3
3

0.3401327I331798+Ol
0.211365 5805588E+O1
0. 7750428199768E{r
0,931464004 5166Er{ 1

0. 32066209 31625Er{ r
0, 2460 759162903E+0 t
0.21136s58055888+01
0,418300533294 7E+01
0. 87 164669036878.{-01
0.1I2698345r8438.Ð2
0,4197 37 4248505É+0l
0. 29018263816838+Ol
0, 7750428199768Er{ I
0.87 r6466903687E+01
0.50222602844248+02
0 . 590690 6s 093998+02
o . t7 5827 6 L7 64 538+02
0.I6I29280090338+02
0,9314640045166E{{1
0,1126983451843E+02
0 . 5 9069 065093 998+02
0.80163810729988+02
0.2288841247 559E+02
0.21220605850228+02
0,320662093 ¡625E{{1
o . 47 97 37 4248505Êj0I
0 , t75827 6t7 6453Ê142
0,2288841247 5598ú2
0 ,28166095733648+42
0.166s0rr405945E+02
0.24607591629038+01
0.290182 6381683E+01
0. 16129280090338+02
0,2122o60585022E+02
0. r66501140594 sE{{2
0.2018065071I06E+o2

0,50427 52027 5t28140
-0,I460385620594E+Oo
-0,5781856924295E-01

0.43 1089 7551477E-02
-0, 1265I270953948-02
0,2231611t7 t1378-o2

-0.14603857696068+00
0,46i 6646 r.706168{{0

-0.66879098303628-02
-0.3923758 r r934 5E-01
-0.483740307 39078-0r
0.37939548492438-01

-0.578185468912IE-0I
-0,66S7899120t52E-02
0.1578327r19350E+00

-0.1071199029684E+00
-0.99456822499638-03
-0,46744900755588-02

0.4 3r08868412678-02
-0.39237 5849I874E-01
-0.10711990296848+{0
0. 1002822 369337E{{0
0.529671087861t 8-03

-0,151s5575238178-01
-0.12651296565318-02
-0.4837402 70r3788-01
-0.9945512283s938-03
0,5296677 7 463538-03
0,77 56283134222E,-Ol

-0. 566454 5670152E-01
0.22316086I0600E-02
0.3 793954r04185E-01

-0 ,467 45026484t38-02
-0.1515556965023E-0i
-0. 56645449 250948-01
0. I102330461144El{)o

DETERMINANT I 0.5I296546875008+06 PRoBABTLITY ¡ 0 . 10000000000008+01



t72

IH.{GE PARiHETER FILE. DHhtSÀ052. ¡tS F; I

LOI{LAND CONTFER/ CEDA.R,

FILE NAYE : DH)OISÀ052 FEATIIRES

FEAIT]RE NO.

NO. OF SAX?LES ¡ 164

NO. NA}fE

BND5

BNDT
BSPT

I
3

NAHE MEÀN

BND4 0.2775000000000E+o2
BND6 0.84359 756 46973Ei02
BSPó 0.74780487060558142

COVARIÀ\CE

HEÀ\

0 .24628047943r28+O2
0 ,897 43904rt37 7Et42
0 .6917 6426471058+42

4

Rot{ cot

l
2

3

4
5

6

0. 34156441688548+02
0.11273006200798+01

-0.2069018363953E+01
-0.36I0429525375E+01
0. t I t 04294061668+01
0.11058281660088+01
0. I127 30062007981{1
0.314302 t 583557Et4r

-0.4981786727905E+01
-0. 7838I90078735E+0t
0.175843s6069568rc1
0.90663343667988]{0

-0. 2069018363953E+01
-0.498t 7 86727905E+01

0 ,41 483127 59399541)2
0. 5535659408569E+O2
0. 2l r.004 5 909 8828+01
0. 34 3 2 898 7 59 84 2E+01

-0,3610429 52537s8+01
-0.7838I90078735EJ{1
0.55356594085698+02
0.797868It8286t8+02
0.18328220844278+01
0.39597392082 2tE+Ol
0. 11104 294061668€t
0.17584356069 56Er{t.
0.211.0045909882E+01
0.1832822084427E+Or
o .13130828285228+02
0.586 r-1965179448+01
0.1¡05828166008E+0t
0.9066334 3667988l{0
0. 343289 87598428+01
0,39 s9 739 2082 218+01
0.58611965r7944E{1
0. 809739303 5889E+01

0.34590399265298+C0
-0.88653400540358-01
-0. 9074498899 28IE-02

0 , t527 467 27 690t8-01
0 .302349217 23608-03

-0. 411537 7739072E-0I
-0.886s340799093E-01
0.51r4691.2 s7477E{0

-0.144239 7 r064398-01
0.589 54417705548-01

-0.5066604r672238-01
-0 . 31200658530008-01
-0 . 907 4489 5860558-0 2

-0,1442398037761E-01
0.111863¿641l TlEJ{o

-0 .19r7 7 7 29785448-0t
-o.22324584424s0E-02
-o.42354180477 568-02
0.15274664387118-01

-0.589544288814 t8-01
-0.7917 7729185448-OI

0 .7 44927 227 497 lE-Ot
-o , 23679381245238-02
-0,98371438262108-02
0.30234828591358-03

-0,50666041672238-0t
-o .22324677020798-02
-0.23619341664028-02
0. r.109 2 343181378]{0

-0 ,72557419!43748-0I
-0. 411s3 77366543E-0I
-0.31200658s30008-01
-0.42354157 t94508-02
-0.98377546888568-02
-0,72557 479143r4E-01
0.19173638s22ó28{{)0

DETERMINANT | 0.3181272812500E+06 ?ROBABtLTTY : O.IoOOoOOoOOOOOE+oI



t 73

IMÀCE PARAH-ETER FILE = DH)C{SAOO8.}ÍSF;]

UPLAND CONI¡ER

FILE NAME ¡ DH)G!SÀ008 N0, 0F SAH?LES : 136.

NO. NAHEFEATURE NO. NAI'ÍE

1 BND4

3 BND6
5 BSP6

FEATTIRES : 6

MEÀN

0.2652).73995972E+02
0 . 68540763854988+02
o .64 615486t45028+02

2 BND5 0.24192934036258+O2
4 BNDT 0.7109646 6064458+02
6 BSPT 0.5903125000000E+02

COVÀRIANCE

Rol{ col-

6

6
6
6
6
6

0.2094 72 7993011E+0r
0.86517858505258+00
0. 612 s850081444E{0
0.4 5289I t 709 785E{0
0.9056t 2 2303009E+00
0 ,5224489 5696648+00
0.8651785850525E+00
0.26076s314 r02 2E+01
0,6020408123 732E-01

-0.847 r0884094248+00
0.803 5714030266E+00
0.4035714268684E]{0
0.6r258500814448r{0
0 .60204081237 328-01
0 ,30262245t18228+02
0 ,3256938934326Ê+02
0,33605442041t2E+01
0,3754421710968E+01
o. 45289 1 r 709 7858.t-00

-0.8471088¿094248+00
0,3256938934326E+12
o , 41 6629257 202t8+02
0,4164966106415E+01
0.488t292343r408+01
0.9056122 3030098+00
0.8035 7140302 668+00
0.3360544204 7l2E+0r
0.41649661064158+O1
0. r05309524 536tE+02
0.32163264 7 51 43E+01
0,52244895696648+00
0.4035714268684E]{0
0.3754421710968Er{1
0.48812 9234314oE+O1
0.3216 3264 7 51438+01
0.68819 72 789 i64E+01

0.56874036788948l{0
-0. 1777409315109El{0
-0.467 69664622A48-02
-0.12389359762898-02
-o.284722317 0tO2E-01
-0.16016298905018-01
-0.177i4093I5t098+00
0,46152311563498{-00

-0,28211468830708-01
0,321095325052iE-01

-0 .2009705267 8478-0r
-0 .1156304497 27 2E-01
-0.467 69692s62528-02
-0.2821146696806E-0I

o , t217 264058590E+00
-0 ,81037 228047 858-0I
-0 .229ss27 840033Ê-02
-0.486382 r435720E-02
-0 .723893434647 5E-02
0,32r0952877998E-01

-0 ..87 037 220597278 -0t
0.82502730r9075E-01

-0,38283669855458-02
-0. 1103512 2 90865E-0I
-0 ,284722317 0rO2E -01
-0. 2 009705081582E-01
-0 ,2295524347 57 4E-02
-0.38283688481908-02

0 . 11543133854878+00
-0,46639714390048-0t
-0. 1601629 8905018-01
-0. r 15630449 i2 728-01
-0,48638228327048-02
-0,11035122908658-01
-0.46639714390048-0r
0. 1794 7 8958249181{0

PRoBABILITY : 0,I000000000000E+01DETERHINÀNT | 0.9391173437500E+05



t74

IMAGE PARAHETER FILE - Dl{)olsAoo7,¡'lSF; I

¡lÀ¡Dt{ooD FoREST

FIIE NÀ.Hr : DllFlSAo0T NO. 0F SAHPI-ES: 642 -

NO. NAMEFEATURE NO. NAHX

1 BND4
3 BND6
5 BSP6

FEATURES : 6

lfEÀN

0 .26462615966808+42
0. 1093878479004E+03
0 ,7 2570091247 568+02

2 8ND5 0.228878498077 4E+O2
4 BNDT 0,1265093460083E+03
6 8sP7 0.65808410644538+02

0. 2820007801056E+0I
0. 100 3 60 7 6 307 3oE+O 1

0.1736I54437065E+01
0. 10994 53926085E+01
0.2 227 379083633E+0l
0. 1.9594 3832397 5E+01
0. 10036076307308+01
0 .25459244251258+17
0. 79095160961158+00

-0 , 59 41 7 37 69 31 87 E+OO
o.19253t20422368+O!
0.15510920286 r8El{ l
0.1736154437065E+01
0. 79095160961r 5Er-00
0 .29135569000248102
0 , 29 507 0209 50328+02
0. 5633385181427E+01
0. ó2 589 702 606 2oE+Ol
0.10994 539260868r{)1

-0,59477376937878+00
0 . 29 507 0209 50328+02
0 . 447 5 50697 3267 E+02
0.5991419792175E+01
0. 55904836654668Ð1
0,222737 90836338r-01
0.19253120422368+01
0. 5633 38 51814 2 7E+OL
0.59914r 9792175E+01
o,2r77 7 690887 4 5B+O2
0.I478042725702E+02
0.19594383239758+01
0, 1s5 r092028618Er{1
0.62589 70260620E+01
0. 5 5904 83 66 54 6 6E+01
0 ,74780427257028+02
0,18760530471808+02

INVE

0. 440958529 71088{{)0
-0.14348573982728{{)0
-0. 202 71I5784 5858-01
0. 4913803655654E-02

-0. r9156053662308-0 r
-0.I380189694464E-01
-0. 1434857547283E1-00
0,49289101362238{40

-0.3731605038047E-0r
0 .3877777 6062498-O7

-0.2801596559584E-01
-0. 2i 987810317438-02
-0. 202 71t 5598321E-01
-0.37 31604665sr 8E-01
0. 10621137171988+00

-0. 6908r.053137788-01
0 .7 4 | 5629 457 6828 -02

-o. 1548904 s53o56E-0l
0.491380039602 5E-02
0.387 77776062498-0t

-0.69081053137788-01
0 . 6s7 47 51299 6208-0l

-0.90020811185248-02
0,59338826685148-02

-0,19156055524958-01
-0,28015967458498-0 t

0.7 4756229384248-02
-0 .900207 83245568-02
0.1028203964233EtOO

-0. 7 648112624884E-0I
-0. t 3801s932 r93 5E-01
-0.2798777 5392838-02
-0. 15489041805278-0t
0. 5933880805969E-02

-0,76481r 2624884E-0t
0. 1186310052872E1{0

cov-ÀRl aNcE

Ror{ col,

I
2

3

4
5

6

DETERIIINANT | 0.40998587500008+06 PRoBABILITY : 0 . .1000000000000E+O I



175

IMÀCE PÀIIrU'IETER FILE = DHnlSAoog.MSF;I

MIX.ED FOR¡ST

FILE NAl.f! r DtlþlsAoog FEATURES ¡ 6 No. 0F SAHPLES : 477.

FEA?URE NO. NÀYE }IEÀN

I BNDA 0.272830 t8l l2l8Er{2
3 BND6 0.9612158966064E+02
5 BSP6 0.7564989 4114368+02

2 BND5 0.24209644317 638+42
4 BNDT 0.106679244995tE+O3
6 BSPT 0.6910482025146Ei42

NO. NAHE

Rol,¡ col,

covÀRlá,NcE INVE

0.4442850053310E+00
-0 ,22 4 69 429 67 t7 6E+40

0 ,6283842492849Ê-02
-0.4 94 3610 t 68993E-02
-0.794999860227 1F.-02
-0.36696549 s05008-02
-0 .224 69 426691538+n0
0.2 5332 t I562603E1{0

-0. 13175339438028-01
0,2 551184967160E-01

-0 ,985397 67 78686Ê,-02
0 ,24713221937 428-01
0. 62 83854 60004 2E-02

-0. 1317534t30067E-01
0.10128738731Ì58+00

-0.69980561733258-01
-0,514814 6301508E-02

0 .60264933854348-02
-0,49436185508978-02
0.25sn85I534258-01

-0.6998055428267E-01
0 , 56997 65 6822208-Ot
0 , 327 5 5287 9771 0E-02

-0.48246úr523128-02
-0. 79s0001396239E-02
-0,9853973053396E-02
-0.5148147 6954928-02
0.321553042r 585E-02
0 .97825869917878-01

-0.657 5872 749090E-0r
-0.36696s07 59 5488-02

0 .247132r8212r88-Ol
0 .60264957 13141E'-02

-0.48246164 80619E-02
-0.65758734941488-01
0. 113 9 79I909 4 2 6E+{0

1

2
3

4
5

6
I
2

3
4

0,4618117356720E1.Ot
0.483554 3632 5078{{ I

-0 .57 44 48537 82658141
-0.88962 7075 t953E+01
0,334690 r237 965E]{0

-0,717 57 352590568+00
0.4835543632 507E+01
0.9678637504578E]{t

-0.11490020751958]{2
-0. 181.97479248058{-02
-0.88235296308998-0r
-0.2 r565r 24988568{{1
-0.5744485378265E{{t
-0.I14900207 5195E+02

0, 78808822 631848+O2
0,101600837707 5E+03
0.1345588207245E+{l
0.32163865566258{-01

-0.88962707sI9538€t
-0.181.974 79248058+02
0.1016008377075Er{3
0,15004202 2 70518+03
0,1s9 55882072458+Ol
0,55588235855108+01
0,33469012379658{{)0

-0.8823529630899E-01
'o.134ssgg2o7245E+ot
0.1595588207245E€I
o.'!67867 64144908+02
0. 9711t 34 910583E+0t

-0.7775735259056E+{0
-0.2r 565r 24 988568+01
0.32163865s66258+01
0. 55 5882358s5t 0E+01
o : 97 1tt349lo5B3E.t-01
0.148839282989 5E+02

5

6

I

3
It

DETERMINANT : 0. 3 6809 60500000E+7 PRoBABILITY | 0 . 1000000000000E+O I



t76

IMÀCE PARAHETER FILE - DHFÍSÀoo6,YSF;l

SÀND, SOIL T ROCK

FII,E NÀME

¡EAîURE NO

DHruSAOO6 FEATIJRES N0. 0F SÀ¡.fPLES ! 241.

NO, NAI'ÍE MEAN

2 BND5 0.89 r53 526306158+02
4 BNDT 0.9880082 70263181i2
6 BSPT 0,17 514526367198+02

NAMX

BND4

BND6
BSP6

HEÀN

0,693t I20300293E+02
0.11266805267338+03
0. 10 86 6805 2 6 7 33E+03

c 0r.¡.A¡' r.{\c E

0. 6809 6508789068+03
0. 960089 59960940+03
0, 749566.16210948+03
0.5383583374023E+03
0. 770312488079IE+00

-0, 10438594055t8El-03
0. 960089 5996094E+03
0 .137 2822387 69 5E+04
0.105838854980sE+o4
0.75226873779308+O3
0.27635416984568+0 I

-0.14 6904159 54598+03
0.7495661621094E+03
0. 1058388549805E{{4
0.1224780Ì5t3678+04
0,1t56458374023E+04
0.71888542175298+02

-0. 80754165649418+02
0. 5383s833740238+03
0.7 52268137 79308+43
0.11564583i4023E+04
0,12528021240238t44
0.85 t9687652588E+02

-0.440r3542r7 s29Ê+42
0. 77031248807918{{0
0.2 7 6 35 41.69 84568+01
0. 7 r88854217529E+02
0.85 r9687652588E+02
o ,337 26354980478+03
0. 26934 2I9360358+03

-0. 10438594055I8E+03
-0. t 469041595459E+03
-0. 807 54 r 656494r8+O2
-0. 4 4 0 7 35 4 2 t7 s29 Ê,+02

0. 26934 2l9360358+03
0.2 992 588 s0097 7E+03

INVE

0. 10823 52548838El{o
-0. 712702 19981678-0_l
-0.88435 r 50682938-02
0.437870854 51t9E-02
0.r0547 668201448-02
0,1627 44457 4609Ê,-04

-0. 7127021253109E-01
0.60184 57 561731E-0 r

-0, 247 62r 57 3507 gE-Ol.

0.173 r6902056348-0¡
0.4 79 543465 r 8968-03
0.1173768832814E-03

-0.8843517862260E-02
-0.247 62I5 548813E-01
0.78391991555698-01

-0.5322 6001560698-01
-0.5375438369811E-02

o ,29233689 4t9938-02
o ,43787722704098 -02
0.1731690205634E-01

-0,532260127 3656E-01
0 , 3740402 6836168-01
0.289t 3547284908-02

-0.143588287 7 558E-02
0,105475 32001518-02
0.4 795521090273E-03

-0.5375435575843E-02
0.289r3s 2167353E-02
0.13196r284 2053E-01

-0.122989006340sE-01
0, 7629 r064033288-04
0. 11736520536948-03
0.29 23368010670E-02

-0.1435882062651E-02
-0. 12298900634058-01

0. 150728849694r8-01

PRoBABILITY : 0. I000000000000E+01DETERIIINANT | 0 .3017 6916215208+13



177

I¡ÍAGE PA¡.4}1¡1ER FILE = DHK'!SÀ010. XS¡ i I

UNIMPROVED PÀSTURE

FILE NÀI'fE

FEAÎIIRE NO

DHþÍSAO IO FEATURES ¡ 6

MEÁN

No. 0F SAXPLES : 165.

NO. NAM! }fEAN

0 ,444424247 7 417r+02
0. 1204969711304E€3
0.9 t618179321298+02

NÀYE

BND4

BND6
BSP6

0 ,397 03029632578+O2
0.I1249697t13048+03
0. 10 7 860 603 3 3 2 5E+o3

2

4
BND5
BNÐ7

BSP 7

COVÀRIANCE INVE

0.430594861s074El{O
-0. 23586899042 t 3E+00

0 .56s87 0897 84448-02
-0. 458113s69 7663E_02
-0. 23 r 34 72 8893648_Or
0. rs880377963r98-Ol

-0.2358689 606190EJ{o
0.15932 35284090E+00

-0 ,297 707 0212364E_01
0 .30342666432268-01
0.118s2849274S7E-01

-0. 138790598I3928-01
0, s6586 712598808-02

-0 .2977067790926F,-0t
0.10898350924258]{0

-0. 7824990898371E-01
0 ,21632856223738-02

-0.34 t 99s54 938828-02
-0.4581094 7194708-02
0.30342644080528-01

-0.7824990898371E-0t
0.8t848792731768_01
o , 1397 2363667 56P-02
0,43510I94518608-03

-0. 23134 706541908-0I
0,11852852068848-01
0 .21632788702858-02
0.r39724486507 5E-02
0. 5120930820704E-0 t

-0. 58556891977798-01
0. t 5880350023518_01

-0..r.387906167656E-01
-0.34199478t0471E-02
0.435092 54464888-03

-0,5855688825250E-0t
0. 7887858897448E-ol

RoI,¡ col-

4
L

0 .2t295446395878+02
0 .336627 27 355968+02

-0. 91234 755516058+00
-0 . 127 416t6249088+02
0,27269435aa2578142
0 .2t910442352298+02
0 ,336627 21355968+02
0. 6008955764 7 7lB+02

-0.11482470035558+01
-0 ,223982467 65t48+02

0 .422450447 08258+02
0.35 23094558716E+02

-0. 91234 7 s551605E{{0
-0.It482470035558+0t
0. 29 59298706055E+02
0 ,287 88r0882 568El{2

-0 ,60708842277 53r+01
-0.34009 t4669037E+01
-o. I 27 4 | 61 62 4 9 088+.02
-0 ,22398246165t4Ê+02
0.2878810882 5688+02
o .47 82469ss81168+02

-0 ,23429878234868+02
-0, 17 785060882 5 7E+02

0.2726943588257E+Oz
0.4224504470825E+02

-O . 607 0884227 7 538+0I
-0 ,2342987 8234868+02
0.I656577758789E+03
0.12478810882578+03
0 .21910442352298+02
0. 35230945587 t6E+02

-0. 34 00914 669037 E+0 t
-0, 17 78506088257E+02
0. t 2478810882 578+03
0.1070s487823498+03

4

5

5

DETERYINANT : 0 . 8 700 560000000E+08 PROBABILITY : 0. I OOOOOOooooooE+o I



IHACE PA¡A¡fETER FILE

t78

DH)cßAol1, SF; l

DK PURPLE

¡ILE NAMI : DHþ.lSÀoll FEATT RES ! 6 N0. o¡ SAüPLES : 256.

FEATURE NO. NA¡ÍE UEAN

1 BND4 0.4278515625000E+02
3 BND6 0.9507421875000E+02
5 BSP6 0.80675781250008]{2

2
lL

0 . 36360 856 890688+00
-0. 1845I602 756988+00
0.843975401949 r8-03
0.6233090069 r 45E-02

-0.59s71582823998-04
-o.tr7 68420226818-02
-0. r 845160275698E+00

0 ,1267 t27 0966538+00
-0. 1.7203r72668818-0r
0.1355611346662E-01

-0.4 368854279164E-03
0.12505149061338-03
0.84398494800558-03

-0.17203r72668818-0r
0,11126053333288{{)0

-0,77 r49309217938-01
0.3864383324981E-02

-0.6410013884306E-02
0. 62 3308308422 6E-02
0.13556I1346662E-0t

-0.771493166685r8-0I
0.59966515749698-0I

-0 , 28422258328658-02
0.19619259983308-02

-0.595737 36507458-04
-0 .4 3688289 5883 2E-03
0.3864378202't07E-02

-0.28422237373898-02
0.486888ss02219E-01

-0, 5921455472708E-01
-0. r.176838995889E-02

0 .725041 47 428418-03
-0.6410003639 7s8E-02
0.19 6r9211088878-02

-0 .592r4551001798-01
0.8289562910795E-0I

T.IEAN

0. 53437 500000008{{2
0.9633203r250008+02
0.6613ó7t8750008r{2

NO. NÂME

BND5
BNDT

BSPT

COVARIA\CE

Ror.¡ col

0.131497 54524238+02
0 . 19792402267 468+02

-0.10748714528508+02
-0. r 9 72 843170166E{2
-0.2720833301544E+O I
-0.21509804 72565E+01

0 ,197 92402267 46E+02
0 ,37 818433221s48+02

-0.1633872604370E+02
-0.3r 7303924 5605E+02
-0.4 r3235282 8979E+O1
-0,3240441083908E+O1
-0.Io748774528508+02
-0. 16338726043708+02
0. 10149607849r28+03
0.136195098877081{3
0,3965 ¡.470184338+O2
o , 3282101 925415Ê,t42

-0,l972843l.701668+02
-0,3r 730392456058+02
0.13619s0988770Er{3
0.2022931365967E+03
0.5633137 i307378+02
o.4515049209595P+02

-0.2720833301544E+01
-o . 41323 5282897 gE+OL

0.3965147018433E+02
0.5633137I307378+02
0. 1730122528076E+03
0. 1252877 426147E143

-0.2150980472565E+01
-0. 3 2 404410839088+O I
0.32821079254t58+02
o , 4 57 50 4920959 5E+02
0 .725287 7 4267418143
0. 10298921203618+03

DETERMINANT : 0.3123160960000E+09 PRoBA¡ILITY : 0.I000000000000E+01



t79

IMAGE PÀ8-AMETER FILE = DHþfsAlll.¡\lsr;I

LIME CREEN PI)GTS

FILE NAME : DHnfSAIII FEATURES

FEATIJRE NO, NA\IE

NO. 0F SAMPLBS ! 44.

}IO. NAHE UEÀ\

2 BND5 0.498863639 8315E+O2
4 BNDT 0.I148636398315E+03
6 BSPT 0.1170454559326E+03

INVE

I BND4

3 BND6
5 B5?6

}IEÀN

0.409 5454406738Er{2
0.10843I8t610t1E+03
0.1253409118652E+03

COVÀRI ANCE

6
6
6
6
6
6

0. 3678870010376E+02
0.769017t051025E+02
o,59273257 255558+Ot

-0. I772710800171.Er{2
o.40132266998298+02
0.14792878150948.Ð2
0. 769017 I051025E+02
0. 172 19 604492198+03

-0.26010t 74751288+0I
-0 ,56t32266998298+02
0. 77062500000008+02
0.30028343200688+02
0 ,5927 3251255558+Ol

-0. 2601017475I288+0I
0. 60018894195568+02
0.6715406799316E+02
0.31524 709 70 t54E+02
0,4941860s864058-01

-0. 177 27108001718+02
-0 ,56132266998298+02
0. 67 r 5406i993168+02
0,1043997 r 160898+03
0. 1739 534 9502 568l{2

-0, i 7 84 8834 9 9 r 4 6El{r
0.4073226699829E{.02
0 , 7706 2 5 00000008+02
0.31524 709701548r{2
0.17395349 502 568+02
0.91299415 58838E+02
0. 31472 383499158+02
0 ,147 9287 815094E+02
0 ,3002 8343200688+02
0.49418 605864058-01

-0. 77848834 991468+0I
o ,31472383499lsBro2
o .293924427 03258+02

0.6869865059853E+00
-0. 27 656 71312809E+00
-0.1126932203770E+00

o ,44621549 546128-01
-0,3246t27 4415258 -Ol
-0. 1, 6 4 3 5 4 2200327 E -O I
-0.2 765671312809E+00

0, 1354I7 714715081-00
0. r938982680440E-01
0,153r0147777208-01

-0 ,637 4 197 5463938-02
0. 11693318374458-01

-0.11269334703688{{)0
0. t 9389864057308-01
0.13143794 23857EJ{0

-0.9 286741912365E-01
0.20802905 7 83068-02
0.98625468090188-02
0,44621612876658-01
0, 153r0 t30082078-01

-0,92867 4tt67 307E-01
0,88913679 r 2292E-0I

-0. 19734157949338-01
0 ,67 37 552rr7 5568-02

-0.32461r62656558-01
-o,637 4244t125218-02
0.2080259844661E-02

-0. 19734 I423481.78-01
0.437004 t 564107E-01

-0.29173662I86028-01
-0. 16435535624 628-01
0. r 1693360283978-01
0.9862570092082E-02
0,67 31s36l507348-02

-0.29I7 365 r 7 r0t 5E-0t
0.63353858888158-0I

DETERMINANT r 0,1094894240000E+09 PRoBABIIITY : 0 . 1000000000000E+01
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IIfAGE PA¡jI'IETER FILE = DHhlsÀ211.¡lS¡;l

LI}f¡ GR.EEN MOTTLE

FILE NÀHE ! DHXì1SA2Ì I FEATURES N0. 0F SAfiPL¡S : 429.

FEAÎURÌ NO. NAHE MEAN

I BND4 0.401t 888 !225598+42
3 BND6 0. t 0 6 72 7 2 7 203378143
5 BSP6 0. t 185S4 4 0612198+03

ME¡q\

0 . 46209 7 8927 6r2E+O2
0, I11.95104980478$3
0 .10382517 242438t43

NO. NAHE

2 BND5

BNDT

BSPT

RotJ col

c0vARtÁ¡\cE INvE

0.3667023I8I9 t 5E+00
-0. r906717 7 r 76488]{0
-0.2s870980694898-01

0. 16716813668618-01
-0.83021102473148-02
-0.7 31020187959IE-02
-0.1906717568636E+00
0.1220642700791E+oo

-o.8689207024872E-02
0.9938396513462E-02
0 .29 409 1226533t8-02
0 ,62167 2999 Ll38E-02

-0.25870976969608-0r
-0.86892051622278-02
0.89007265865808-0I

-0.6247 5852668298-01
o ,39 58979 551224E-02
0.621862825937 6E-03
0.167168r 1805968-01
0.99383965r 34628-02

-0 .6247 5852668298-01
0,4952995479t 07E-0t

-0.21905608009558-02
-0.3094t064469528-02
-0.8302101865411E-02
0.29409722653318-02
0 , 39 58919 5 5t2248 -02

-0.2 r90560s68124E-02
0.59054441750058-01

-0.5679246038198E-01
-0.73102 r02614948-02
0.62L612999r138E,-02
0.621862825937 6E-03

-0 ,30947064469528-02
-0 .567 92464rO1288-Ot

o .69997 956289 528-01

0 ,2t497 516632088+02
o . 3521 409 3627 9 3E +O2

-0. 4 3530 9 6008301E+01
-0. 2031 19I635132E+02
-0, 3986857414246EÐ t
-0.498I6002 845768+01

0 ,3527 4093627 938+02
0 , 669 512252807 6E+02

-0,I1945093I549tE+02
-0.4t947 42965698E'{2
-0 , t35946264267 0E+02
-0. t 504030418396E+02
-0.4 3 5 309 600 83018+01
-0. 11945093 t54918+02
0. r047126rs96688{{3
0. 13787 s00000008+o3
0. r65058403015I8]{2
0.1.916 2384033208+02

-0.2031 l9l63st32E+02
-0 ,41947 429656988+02
0,13787500000008+03
0.213149 5361328E+03
0.333259353637 7E+02
0 . 36839 9 5437 6228+02

-0.3986857414246E+01
-0.1359462642610F+42
0. r 6505 840 301518r{2
0 ,333259353637 7E142
0.8745210266113E{{2
0 ,7 307125854492Ê,+02

-0.49816002 845768+01
-0. 1504 030418396E+02

0. t9162 384033208+02
0 .3683995437 622E+02
0 .73071258544928+02
0 . 1 584 57 9 4 67 71 3Ê,+02

DETERHINANT : 0.45602374400008+09 PRoBABILITY ¡ 0 . 1000000000000E+01
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IllÀGE PA¡¡HETER ¡ILE = DHx SA31I.MsF;l

BLUE MOTTLE

FILE NAHE I DltK{SÄ3lI N0, 0I SAM?I,ES I 428.

NO. NAHETEATURE NO. NÀ!!G

I BND4

3 BND6
5 BSP6

FEATURES : ó

MEAN

0. 3913551330566E+02
0. t 0008 644 86694E+0 3
0 . 110815422058tE1{3

2 BND5 0.43t 495323I812E{{2
4 BNDT 0, t03L 121520996Ê+03
6 BSPT 0.9465420 53222'tgt42

covÅRr-4NcE

4
5
6
I
2

3
4

6

0 , t21829 62417 608+02
0, 20I88085 55603E+02

-o.1647 541o46t43E142
-0, 2833 t 380844I2E+02
-0 , 19 17 6229 41 6938+02
-0.17615633010868+02
0.20I88085556038€2
0 .426146087 64658142

-0. 3703395843506E]{2
-0.62000293 73169E.rc2
-0.4044057 464600E+02
-0.379833 r45 r416E+02
-0 .1647 541046143r+02
-0.3703395843506E+O2

0. 953817367553 7E+02
0.121327865600681{3
0, 75402809 t43078+02
0,694865341i8658+02

-0.2833138084412El{2
-0.62000293731698+02
0. 12132 78656006E+o3
0.17796369934088+03
0. 11240164 t84578+O3
0 . 10509016418468+03

-O ,l9r7 6229 47 6938+02
-0.4044057 464600E|02
0. 7540280914307E+02
0. 1124016418457E.Ð3
0.I4029156494r4EJ{3
0,1202S454589848{43

-0.1761563301086E+02
-0, 37983314514168+02
0.6948653411865E+02
0.1050901641846Er{3
0 , l.202845458984EJ{3
0.11646545410168+03

0. 38 66 5 2 3504 2 5 7E+{0
-0. 1873470693827E+00
-0. 98668737 33699E-02
0.17879671650018-02
0.1133238896728E-0r

-0.10048740543438-0I
-0. r 8734 7039 s8038l{0
0. r43852i 85229 78]{0

-0. 17149604856978-01
0,3225355595350E-01

-0.4490607883i8tE-02
0 .4345097 s7 90628-02

-0. 986 686 907 7086E-02
-0. 17149608582268-01

0. 8913 660 7 94 49 78-0 r
-0.69808162 748818-01
-0, s28514 33865738-02
0.81815505400308-02
0.1787963 556t 268-02
0 ,32253567129378-0I

-0.6980815529823E-0I
0.72235547006t38-0L
0. 9687 35 66508298-03

-0. 13741826638588-01
0,11332387104638-01

-o.449059484s265E-02
-o , 528578436 47 668-02

0 .9687 645360827E,-03
0.6357449293137E-01

-0.63130542635928-0t
-0.10048732161528-0t
0.4345078952610¡.-02
0.8181595243sr 4E-02

-0. 13741861097518-0I
-0,63130542635928-0t
0.8t20242506266E-01

DETERMINANT ! 0.9388069600000E+08 PRoB.ABILITY : 0.10000000000008+01
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rMAcE PAx¡ÌrEfER FILE . DHþ,ÍSÀ4lI.IßFtl

PINK PIXELS

FII,E NAHE ¡ DHnlSA44l

CO\¡ÀRI ANCE

FEÀTURES : 6 N0. 0F SÁMPLES : 24.

PEAîI'RE NO. NÀHE MEÀN

I BND4 0.32291667938238+02
3 8ND6 0.12716666412358+03
5 BSP6 0. 122666664I235E+03

NO. NAME

6
I
2
3

4

6

o .25633492469798+Ol
0.3112262248993E+Ot

-0. 7I3790 7 5050358+01
-0.I065251350403E+02
-0. 594429373741IE+00
-0.7085598I111538+00

o ,3t r22622489938+01
0 .10427 564620978+02

-o. t62027 8549t948+02
-0.2060869 5983898Ð2
-o .420218549t9438+Ol
-0. 725 7133007050E+01
-0. 7I379075050358+Ol
-o,162027 85491948+02
0.1440s842590338+03
0,1647826080322E+03
0 ,20058423995978+02
0.2038451004028E]{2

-0. l0'6525I350403E]{)2
-0.20608695983898+O2
0. 1647 8260803228]{3
0.2107826080322E+03
0.2834782600403E+02
0 ,23304347 99L94E+O2

-o , 59 4 42937 37 4lrB+40
-o . 42027 8549 t9 438+î 1

0 ,200s842399591Ê+O2
o.28347826004038r42
0.3118885803223E+02
o .23911461971808+42

-0. 70855981111538+00
-0. 725 71330070508+01
0.2038451004028E+02
0 .23304347 99194Ê+02
o .2391 14 61 97 r80E+02
0.28I29076004038+02

2 BND5 0.319I6666030888+02
4 BNDT 0. 14 70000000000E]{3
6 BSPT 0.1050416641235E+O3

INVE

0. 7608832I2089 5E+00
-0 ,219627 r27 0514E+00
-0. 52643049 508338-0 r
0.63801705837258-0t
0 ,26002563536t7E-02

-0. 5442I208798898-01
-o .219627 I l2l502E+O0
0.21374683082108+00
0,72657875716698-03
0.6r470009386548-02

-0.44203139841568-01
0.81663601 t00448-01

-0.52643049 508338-01
0 ,7 2659 17 9568298-03
0.7850050 r 81l50E-01

-0.64736 r2040281E-0 t
0.313754 56601388-0r

-0,31131666153678-01
0.63801698386678-0t
0.6t 469879001388-02

-0.647361204028t8-0t
0 . 60498483 4 79028-0t

-o . 327 4529 427 2908-0t
0.2 7889508754018-0t
0 . 2 60024 89030368-02

-0.44203113764528-01
0.3137s456601388-01

-o .327 45294272908-0t
0. r 190 66 5 58 77838+00

-0.I084r4918r843E{{0
-0.54421201348308-01
0.8166357 r298128-01

-0,3l l3l666r 5367E-01
0.2 i889 508754018-0t

-0. 1084149181843E+00
0.1470935r.956848+00

PR0BA¡ILIfi : 0 . 10000000000008+01DEIERMINANI : 0.6654708500000E+07
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llrAcE PAR3HETER FILE = DHþlsAsll,¡$P;l

MAI]VE PIXELS

FILE NA}ÍE : DH&SA5I I FEATURES : 6

}GAN

0 .4180197906494E+02
0. 10598514556888+03
0. 90381r874 38968{2

No. oF SAIÍPLES : 202.

NO, NAHEFEÀTURÉ NO. NÀHE

I BND4
3 BND6
5 BSP6

2 BND5 0.48341583251958Ð2
4 BNDT 0.10961881256108+03
6 BSPT 0.73361389160I68Ð2

c0 \r.{.Rr A¡r cE

ROW CoL

4
4
4
5
5

5
5
5
6
6
6
6
6
6

0 .330153923034 7E+02
0.56615360260018J{2
o .24 3501234054 6Ê+02

-o .24662935256968+42
0.79067163467418+01
0. 9 726368I888588r{0
0. 566I5360260018+02
0 . It47 4346923838t43
0.623911714 55388{{1

-0 ,37 396r4486694E{42
0. 3I17848157883E+O1

-0.58255596160898{41
0 ,24350r23405468+0L
0,6239117145538E{r
0. 6393 5321807868+02
0. 78820892333988]{2
o,244987 56408698+02
0.210802 230835081{2

-o, 2 ri 66 29 3 5 2 5 69 6E+A2

-0 ,37 396t448669 48t42
0. 7 882 0892 33 3988+O2
0. r4775000000008{{3
0 ,24539t78848278t42
0 ,264521t4105228+42
0. 79067163467418+01
0.31178481578838+{ I
0 .24498156408698t42
0 .24 539 !7 8848278142
0 .125r225t2817 4A+03
0 .909 25994873058+02
0.9 72 63681888588+00

-0.582 55596160898+01
0, 2 r08022308350E+02
0 .26452M705228+02
0. 909 25994873058+02
0.80102615356458]{)2

0 ,257 5427 2937718+40
-0.11065840721r3EJ{0
-0.4383s3 r s853368-01
0. 39932377636438-0r

-0.I9675290212048-01
0 ,95079904422t6E,-02

-0.11065841466198l{0
0. ó 13651i 5992258-01
0 ,228448sr482668-02

-0.518337r7r52488-02
0 . 57 4650 7 0858608-02
0,39404135895898-03

-0,43835304677498-01
0 , 2284 47 7 2320248-02
0.7557559013367E-0I

-0.4 640100896 358E-01
-0.99189695902178-03
-0 .27 416346129038 -02
0.39932370 t85858-01

-0.5t83365 t959908-02
-0.46401008963588-01
0.3704862 296581E-01
0.38969r90791258-03

-0. t32754lt9lt3IE-02
-0. 1967s288349398-01

0 . 5 746507 0858608-02
-0,9919018484652E-03

0 . 3 896 9586 603348-03
0.4931981489062E-01

-0, 55194679647688-01
0.9 507986716926E-02
0. 39404r38806288-03

-0 .27 4 t627 I60814Ê,-02
-0 .7327 s465462368-02
-0.55r9467964i68E-0t
0.7 62096r2190128-01

DETER}ÍINÀNT : 0.14055823360008+10 PRoBÀBILITY : 0.1000000000000E+Ol
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IMAGE PA¡Àì'Í¡TER FM = DHþISA012.MSF;l

EARLY SUCCESSIONAI HARDI.TOODS E SHRIIBS

FILE NÀl.fE : Dtl)$fsAol2 FEATURES : 6

FEATINX NO. NA¡IE MEAN

N0. 0E SAMPLES : 88.

NO. NAHP MEAIÍ

0 , 2960227 2033698+02
0, 136250000000oE+o3
0.74 r93183898938+02

4

0.835952699 r844E+00
-0 , 397 42463827 f3Ê+OO
-0.38702 633231888-01
0.8336496s39414E-02

-0 ,4 t334599256528-OL
-0.40866710245618-01
-0 . 397 4247 27 67 838+00
0,3988895118237E+00

-0.888s92r5378768-01
0. 68158887326728-01

-0.16t23209r48658-01
0. 66r407 55079698-02

-0.38702614605438-01
-0.888s9230279928-01
0. 18485593795788+00

-0, l2ó503I6953668+00
0,10939094237988-01

-0. 2 3 656386882078-0I
0 .833 6482569 57 5E -O2
0.6815890222 7888-01

-0. t2650316953668+00
0, r 0707 00734 8 548.t{0
0 . t817 407 0864928 -02
0. t 524083688855E-01

-0,4 r33460670710E-01
-0.161232110Ìr298-0I
0. 10939088650058-01
0, t8174089491378-02
0,80962024629128-0r

-0. 69799333810818-01
-0,4086665436625E-01

0 .66t40387 207 278-02
-0.2365637 3843558-01

0. 152408303 69 298-01
-0.6979933381081E-0t
0,I1826616s2565E+00

PRoBABILITY ¡ 0 . 1000000000000 E+01

t BND4 0.3189772796631Ê,+02
3 BND6 0.12110227203378{{3
5 BSP6 0.83715911865238+02

COVARIANCE lNVÊ

0. 7058369159698E+01
0.895887 t84 t431Dr-01
0,4067887 7830518+01

-0,34 798851013188+01
0. 15625 7 1811676E+02
0 . t2422234535228+02
0 .895887 I84143 tE+0 t
o . 14265265464788142
o .5489 583492219E{41

-0. 60258622 | 69 49Êj41
0.2It8462s6256tEt02
o , r 667 54 6 6537 488+02
0.4067887 7830518+01
0. s489583492279EJ{1
0 ,329669 s327 7 59Ê.+42
0 ,3q 525863647 468142
0.150071835517981{l
0.41293101310738{l

-0,34798851013188+OI
-0,60258622169498+Ol

o .34 525863647 468+02
0. 564655189s142E+{2

-0,20307 47o321668+02
-0.13221264839t7r+O2
0. 1562571811676E+02
0,21184625625618+02
0.15007r83551798+0I

-0 ,20307 47 032t66E+O2
0.6301005935669E+02
o ,44319 68301 49581.02
0 ,12422234535228+02
o .1667 5466537 488t 02
0.412931.0I310738+01

-0 .13221264839t7E+O2
0.44 3196830749 5E+02
0.4050215530396E+02

BND5
BNDT
BSPT

Row cot

I
2

3
4
5
6
I
2
3
4
5
6
I

3
4

6
6
6
6
6
6

DETER¡ÍINANT : 0. I300330875000E+07
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Append i x 2: SAS Computer prog ram used to pned i ct Habìtat
Sujtabi I ity Ranks for the year-Round peri od,

/,/ J OB
//s1EP7 EXEC SÀS
//LNLL9 DD DSN=BDÀA.BY. sÀsTRY, DISP= ( oLD ¡KEEP ) ¿UNrT-DrsK,// sPÀcE=(Cyl,(4,2),R:,SE),VoL=sER=r.¡EEKo1
,/ /SYSIN DD *
DATÀ PR,EDVè.R,S ;

sET IN!I3. PVÀRS;
ÀÎTRIts NORT::1 I,ENGTH=S 1;
ÀTTRIB NORTH2 IENGîH= S 2;
ÀTîRIB EÀSÎ1 LENGTH=$1,
ÀTTRIg EÀST¿ I,ENGTH= S 2 ;
ÀTTR:B NORTHl0 LENGTH. $ 1;
ÀTîRfB EÀSÎ10 I.ENGTH-S 3;
ÀTTRIg B LîNGîH=S4 t

NORTHl -SUBSTR(UTH,2 ¿ 1) ;
tÀST1= SUBSTR ( UTM.7 , r) t
NORTH2 =SUBSTR(U?H, 5, 2 ) ;
EÀsT2=sUBsTR (UTü, 3, 2 ) ;
NORTH10=sUBsTR(UTM, S,.1 ),

. EÀST10 = SUBSTR (r.|'IM¿ 1,3 );
NoRTH-NoRTH1 | | NORTH2;
EÀST=EÀsT1 I I EÀsT2,
B=EÀsÎ10 ll NoRT.!110;
lF È,='UÊ,72' OR.B='Ui?1' OR B-'UE7O' OR B='U882, THEN OUTPUT;fî B='UE81' OR E='UE8o' oR B='UDsg' OR B='UEg2, THEN OUTPUT;IF B='UE91' OR E='U:9C' OR B='UD99' OR B-,VEO2, TH¿N OUTPUT;fF B='Vf,01' CR B='VECo' OR ts='VDOg' OR B='VDO8' THEN OUIPUT;IF 9='vE11' OR B='v:10' OR B='vD19, OR B=,VD1B, THEÀI. OUTPUT;IF 9='VE21' OR 3='Vr20' OR B='VD29' OR B=,vD2e, THEN CUrpUTiiF 9='VE31' OR ts='VÐ30' OR B='vD39' OR B=,VD3g, THEN OUTPUT;:F 3='VEåo' CR B='VD49' OR ts='VD48' OR B=,vD4?, THEN CUTPUî;IF B='VDs9' OR E,='vD58' OR B='VD57' OR B=,VD68, THEN OUTpt;lf;iF 3='VD57' TaEN OUTPUT;
DROP NORTH1 NORTH2 EÀST1 EÀST2 NORTH1O EÀST1O B,

y?P.ÀNK: PROG9-qM TC G:NERÀT= PR:DÌCTID YEÀR-ROUND PSNKS FF.OM !íMJSAT

R:ÀD IN CÀîPROPS }.¡:D ET FOR WMUIO:

DÀTÀ YRÀNK;
<3'r ÞÞFn\¡!5<.
cp34 = (Cp3 + CP4);
aÞ"e = .aDt ¿ a9A\ .

*

OFT:,O?
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OPTLO34 = 10
OPTUP34 = 30 i

OPTLOS = 5 ;
OPTUP5 = 15;

oP:rl,o6 = ro;
OPTUP6 = 30;

OPTIOTS = 3 ;
OPTUPTa = 20,

OPTLOg = 15;
OPTUP9 = 55;

OPTLO1o = 0 ;
OPTUP10 = 0 ;

CAI,CULATE PREDICTED RÀNKS FOR EACH CÀTpROp!

lF opTLOl LE CPl LE OpTUpl THEN RANK1 = IìIF Cp1 tT opTl,ol THEN RANK1=1+INT( 0. 99+ (OpiI,Ol_Cpr ),/ (opTLo7,/ 4) ),IF CP1 GT OPTUP1 THEN RANK1=1+INT(0.99+(cPl-oPTUPli
//((100-oPTuPT)/4],),

IF OPTLO2 LE CP2 LE OPTUP2 THEN RANK2 = r;IF Cp2 ¡T OPTLO2 THEN RANK2=1+INT(0,99+(Opír,o2_cp2)/(O?TLO|/4)) ìIF CPz GT OPTUP2 THEN

__ RANK2= 1+ INT ( 0.99+ ( cpZ-OpTVpZ\ / ( ( 1O o_OpTUp2 ),/4 ) );IF OPTLO3A LE CP34 LE OpTUp34 THEN_ RANK3A = 1i
j IF cP34 f,T OPTLO34 THEN RANK34=1+INT( O. 99+ (OPTLO34-Cp34) / (OpTLOg4/ 4\ ) ì. lF CP34 GT OPTUP34 THEN R.ANK34=I+INT(0.99+(CP34-OpTUp34),/( (100-' OPTUP34),/ ) );{ rr oprI,os f,E cps íE oprups rHEN RÀNKs = Lì

IF cPS LT OPTLOs THEN RÀNKs=1+INT( 0. 99+ (OPTLOS-CPS\./ (OPTLO'./ 4) ) tIF CPs GT OPTUPS THEN RANKs=1+INT(0.99+(CP5-oPTUPS),/( (1Oo-
oPIUPS)/41) ì

IP OPTLO6 rE CP6 LE OPTUP6 THEN RÀNK6 = li
IF CP6 tT OPTLO6 THEN RANK6=I+ÌNT( 0. 99+(OPTLO6-CP6\ / (APTLO6/ +) | ¡IF CP6 cT OPTUP6 THEN RÀNK6=1+INT(0,99+(Cp6-OpTUp6),/( (100-

oPTUP6)/4)),
IF OPTLOTS LE CP78 LE oPTUPTS THEN RÀNK7B=1;
]F CP78 LT OPTLOTS THEN RANK78=I+INT(0. 99+(OPTLOTA-CP7A)/

(oPTLoTA/ 4 ) ) ,
IF CP78 GT OPTUPTs THEN RÀNK78=1+INT(0. 99+(cP79-'PTUPTa)/

( ( 100-oPTUP78),za ));
lF OPTLO9 LE CPg LE oPTUP9 THEN RÀNK9 = 1,i
IF CPg LT OpTtOg THEN RANKg=1+INT( 0. 99+(OpTLOg-Cpg)/ (OprLOg/41 ) ìIF CPg GT OPTUPg THEN RANKg.1+INT( O. 99+ (cPg-oPTUPg )/( ( 1oo-oPTuPg ),/

4) );IF OPTLO1o LE cP10 LE OPTUP1o THEN RÀNK10 = 1;
IF CP10 tT OPTLO10 THEN RÀNK10=1+INT( 0. 99+ (OpTtO10-Cp1,o ) / (OPîLO1,O /

4\ ) IIF CP1 0 G'I OPTUP10 THEN RÀNK10=1+INT( 0, 99+ ( Cp1o-OpTUplO ),/ ( ( 1OO-
OPTUPl0),/4));



X CALCULATE RÀNK FOR EI:

*;
IF EI ¡E 12 . THEN RANKEI = 1;
IF 12 LT ET LT 21- THEN RÀNKEI = O;
IF EI GE 21 THEN RÀNKEI = -1;

* CÀLCUEATE ÀVERÀGE RÀNK !

*
x;
RANK=INT ( 0. 9 9+ ( (RÀNK1+RANK2+RANK3A+RÀNK5+RANK6+RÀNKZB+RANK9

+RANK10 ),/8 ) ) +RANKE¡ ;
IP RÀNK EO 0 THEN RANK = 1;
IF RÀNK EO 6 THEN RÀNK = 5 i

KEEP UTM RÀNK1 RÀNK2 RÀNK34 RÀNKs RÀNK6 RANK?8 RANK9 RÀNK1O RÀNKEI
NORTH EAST RÀNK;
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Appendix 3: Fíeld Data Form.

I
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ôtEz
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Appendì x 4:

UTM RTF.

Count By
Species:

Stand
Parameters:

Field Sampì i ng Codes for Use with the 0eer Habitat
0ata Form (Iable 9).

Reference n umbe r for the I sq, km sampl e si te taken
f rom the t0pographjcal map sheet (eg. V02109).

TRN AREA Training Area : 0=No, 1=Yes

PL0ï N0. Numbered from 0l to 40 for each sq. km sample site
BI0 CAT. Biophysicaì category:

01=l'later
02=0Pen lifetl ands
03=Lowl and Coni fer
04=Upland Coni fe.
05=Dec iduous Forest
06=Mi xed Forest
07=Unimproved Pasture
08=Deveì oped AgrÍcultural Land
09=Shrubs and Earì y Success i onaì Forest
10=Urban Area

2 Factor Prism Pìot

A simple tal ly of the numÞer of trees jncluded jn the
2 factor p|ism plot.

HG Horking group - most common dominant tree species on
the 2 fator pri sm plot. Fon simplicity, use the same
species codes as used for dee r browse species given
below, plus the folìowing:
38=Bl ack Spruce ( pi cea mari ana )
39=Larch ( Larix Ta¡-ìiina f-. 40=0ther Hal?iõõd s-
99=Unknown

Age Determined by increment bore from one dominant or
co-domi nant tree of the Ì,rorkj ng group j n the Z factor
pri sm pl ot.

Ht Height in meters dete¡mined I{ith a cl inometer for the
s ame tree for yihich age þ¡as determined.
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SI Site Index - determi ned f rorn age and hejght
measurenents for the dominant and co-domi nant tree
using the normal yield tabìes (Plonskj, L974),

S'l ope in degrees determjned vijth a cl inometer when
stand he i ght ìs measured.

Aspect: 1=N, 2=¡,{E, 3=E, 4=SE, 5=5, 6=Sl,/, 7=H, 8=NH

Conifer Crown Cl osure - ocular estimate over the 2
factor pri sm pl ot, expressed as a percentage:

sl p

Asp

LLL

10

3=26 -50"¡ 5=7 6-95%

H20 Surface or permanent water that deer can drink:
0=not present on 1x 10 m pìot
1=present on tx 10 m plot,

BrSp Give the codes for browse species listed on the
attached sheet that are present on the 1x 10 m pìot.

Br Twjgs 0cu lar est i mate of the number of bro}/sed tni gs of
each species in each height category above the ground
surfàce,0-25 cm,26-50 cm, 5t-75 cm,76-200 cm:

qU re meter Þlot

0=0 2=101-500
1=i-100 3=501-1000

1=1-5% 3=26-50ï,

1 square meter plot

4=1001-1500
5=)1500

5=7 6-95i

he rb species ì i sted on the
on the 1xl m p'l ot.

Gi ve the codes for the
attached sheet p.esent

¿=o - ¿ 5i, 4=5r-7 5% 6=96-100%

Unbr
Twi g s

% He¡b

Herb sp

% cover

0cuìan estimates must be ve|ified du|i ng a training
perjod in v/hich actual tt/ig counts are made,

0cul ar estimate of the number of unbroþi sed Èvl/igs of
each species using the same hei ght catego|i es and
codes I j sted for browsed species, Again, ocular
estimates must be verj fi ed during a training period'in v,/hich actual tuig counts ate made.

0cuì ar estimate of the pnoporti on of the ground
surface of the 1x 10 m pl ot obscured by the foììage of
herbs:
0=0% 2=6-25i, 4=5I-75% 6=96-100%

0cular estimate of the propo¡tion of the ground
surface of the 1x1 m pl ot obscured by each herb
speci es, using the saße codes as ì i sted for % herb
on the 1xl0 m plot,



i91

Append i x 4 cont 'd. .,,
DEER BR0l'lSE SPECItS (Hetzeì

et a1.

Code Scientific Name

, 1975; f4ooty, 1976; Garrod,
Ranta and Shaw, I982).

Comnon Name

Bal sam Fir
Red l4apl e
l'lountain l4apì e
Mounla i n Alder
Speckl ed Al der
Serviceberries
Paper Birch
Roundl eaf Dogwood
Red-0si er Dogwood
Bea ked Hazel
Hawthorn
Northern Bush Honeysuckl e
Fireweed
Bl ack Ash
Labrador Tea
Honeysuckles
l,/hite Spruce
Jack Pi ne
Red Pi ne
l'/hi te Pine
B a l s am P l o p ì a r
Large-toothed Aspen
Tnembl in9 Aspen
Pin Cherry
Choke Cherry
Bur 0ak
Staghonn Sumac
Cu¡rants
Red Raspberry
Prickly Rose
l,i i I I ows
I'lounta i n Ash
l.lhite Cedar
Late S'i/eet tslueberry
Vel vet-l eaf tsl ueberry
Hi ghbush Cranberry
Viburnums

et al,
, 1981;

t.
2.
3,
4.

6,
7,
8.
o

10.
11.
I2,
13,
14.

16.
r7 .
18.
19.
?0.
21.

23.
24.
25.
26.
t7
28.
.)õ

30.
31.
32,

34.

36.
37 .

Abi es bal sanea
ÃiãF ru6lum
Ãtiî 3iîõãEum
Alnus crispa
Aìnus rugosa
¡-ñèTãnclïãÎ-spp.
Betula papyri f era
Cornus rugosa
Cornus sto'l onì f era
c-õr'yfus -ãõr.iÎã-
Crateagus spp,
Tïe rvl-ITa lonicera
EpîT¡6îum ãnliTIlïoì ì um
T-raxïnus nìgrã-f¡a*--gfS*ï.gjg!
Lonicera spp.
Picea gìauca
Pîñis EãiTEiana
Flnuï r-ãîl-ñõfi-
Þl nus ¡17õõu¡-
Fo-Þlf u s--5ãTiãm i f era
Popu lus grandidentata
Popul us trernul oides
P r-uîïi- pe n n ly fvãîiîa
Prunus virginiana
Quercus macrocarpa
RlìïT--Typïîñã-
Ìi-õ-ãs spp.
Rubus idaeus
lõ3ã- aiì?ûTãri s

SãTïx s p ¡
3õì5Ts americana
Tñïj a ot?ïd e n t-ãTì s

ïiìiTn i Ïñ---ãiliTlîlo I i um
Ìa-cZïñl unì myFt-lTTõjt e s
fì ÒiÎîïm- t r-iToFiïî-
Vi-6 u r nïrn= spp,
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Append Í x 4 cont'd. ...
DEER HERBA(jE0US F000S (r'tooty, 1976; Garrod et at., 19BI; Ranta

and Shôri, 1982).

Code

1,
2,
I

4.
R

7,
8,
o

10.
1I,
r2.
13.
14.

16,
17 .
18.
10

20.
21.

24.

26.
27 .
28.
29.
30,

Sci enti f i c Name

Anemone canadensi s

Ipocynum -ãñ?-iõ3ãiñ i f I oi um
ï7ãTiã-- n u ¡-iãa-iÌïi-
Ãs ô1u1- iãn aãe n s e-
Ã'fÌ*- mãõîó-p-ñffTus
Aster spp.
C a-TÍñ'a pälustris
îTilTõ'n i ã---T-õlEãTi s
!orn-13--îanão-'ãñ3Ti
¡îêrvîl lã-To-iîdETa
f pï-õEïum ãi!ïTÍilo l i umEpîl-õEïum ãi!ïTÍilol i um

@.i¡- vïFÇìÎìana -Fra9arra vrrg'tnlana
G a u-Tfi Eî i a---õrõïïÏÏ.ãGaultheria procumbens
Geranium bicknetl i
õiãm.ä-ããe

Common Name

l,lood Anemone
Spread j n9 Dogbane
Hi I d Sarsapari ì I a
l,li I d Ginger
Large-l eaf Aster
Aster
l,larsh Marj gol d
Clintonia
Eunchberry
Northern Bush Honeysuck'l e
Firer,reed
l,l i I d Strawberny
l.iintergreen
Eicknel ì rs Cranesbì lì
Grasses and Sedges
Ha r./k we ed speci es
Touch-¡le-Not
Lily of the Valley
Buckbean
Cor¡mon Evening Pnimtose
Bracken Fern
Conefl owen speci es
Red Sorrel
Sot'i-Tni stl e speci es
Twist-5taìk

C ommo n Dandel ion
Mea d ow Rue
Cl over spec ies
Bel l wort species
Purpì e Vetch

l'laianthemum canadense
x-e nya nîïã- tFif oTîa t a

OenoTñera bìinni s -PEerîdopFytã-
Rudbeck i a spp.
Rumex acetosel I a
5õ1i-ñ-u s--i p pl-
Streptopus amer'i canus
Taraxeum of f i ci na ie
Tñ'ãTÌõEFum--fl'11-
Tri iol i um spp.
LJvalaria spp.
Vicia americana
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Appen d i x 5: SAS Com put e r Prog ram used to Predi ct Real Number
Habitat Suitabil ity Ranks for the year-Round
Peniod for Testl,

// JOB
/ /qî;.Þ 1 Fl¿Fa CÀq

,//1NLI9 DD DsN =EDÀ-RBY , SÀSTRY, DI5P= ( OLD, KEEP ) , UNIT=DISK,
// ap¡g¡=JCYlr(4,2),Rj,SE),vol=SER=wEgKo1
//SYSIN DD *
nÀ1À ÞÞFl.tlt!t<.

SET INLIÈ. PVÀRS;
À1TRI3 NORî:|1 LENGTH=S1 i
ÀTTRIB NORTri2 IENGTH=S2 ;
ÀTTRIB EÀST1 IENGTH- S 1 ;
ÀTTRI3 EÀsT¿ I,ENGTH=S2 ;
ÀTTR:B NoRTHl0 IENGTH= S 1;
ÀÎîRIB EÀST10 IENGTH-S 3;
ÀTTRIB B LENGTH= S4;

NoRTHI=SUBSïR(LIrH, 2, 1 ) ;
tÀST1=SUBSTR (U:M¡1, 1 ),
NORTHz=SUBSTR(UTH, s, 2 ) t
EÀs12=sUBsTR( UTH, 3, 2 ) ;. NORTHl0=SUBSTR(UTH,5,.r ) ;

. ÊÀs110-SütsSTR(UrH,1, 3) ;
NoRTH=NoRTH1 I I NoRTH2;
F¡ qaãtr¡<1. I I FÀ<r¡'t
B=EÀsT1o ll NoRTrll o;
tF Ð='U¿72' OR.B:'U971' OR B.'Uã70' OR B-'UE82' ÎHEN OUTPUT;
Iî 9-'UÐ81' OR 3='UE80' oR B='UD89' OR B='U892' THEN oUTPUT;
IF B='UEg1' OR Þ='Uf90' OR B='UDg9' OR B='VÊ02' TH:N OU??UT;
I- B='V¡01' C3. 9='VECo' Ol. ts='vD09' OR B='VDO8' ÎHEN OUTPUT;
IF B='VE11' OR B='v:10' OR B='V019' OR ts='V018' THEN OUTPLJ:r,
IF B='VE21' OR B='v920' OR B-'VD29' OR B='vÐ28' THEN CUî?UÎ;
iF 5=,V831, OR ts.'V'30, OR B=,VD39, OR B-'VD38' THEN OUTPUTi
iF 3='VEqo' CR B='VÐ49' OR B='VD48' OR B='VÐ47' TF;EN OUTP'Jî;
IF B='vDs9' CR E='VD58' OR B='VD57' OR B='VD68' THSN OUTPLT;

DROP NORTH1 NORTri2 ¿ASî1 EÀST2 NORTH1o EÀST10 Bi

YP?,ÀNK ! PRoc-e.¡¡{ Tc GINERAÎ= PR:DICT!Ð yEÀR-RoUND RÀNKS FRoM Í'IMUSÀT

* REÀÐ IN CÀîPROPS ÀND EI FOR WMU10:

DÀTÀ YAÀNK ;
<11 ÞÞ=rì17È5<.
CP3q = (CP3 + CPE);
cp78 . (C?7 + C?8),
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OPTLO3A = 10
OPTUP34 = 30;

OPTLOs = 5 ;
OPTUPs = 15 ;*;
oPTlO6 = 10;
OPTUP6 . 30;

OPTLOTS = 3 i
OPTVPTS = 20 ì

OPTLOg = 15;
OPTUPg = 55;

OPTLO1o = 0 ;
oPTUPlo = 0 ;

* CÀLCULÀTE PREDICTED RANKS FOR EACH CÀTPROP:
*
x;
IF OPTtOl LE CP1 LE OpTUpl THEN RÀNK1 = L)IF CP1 LT OPTLO1 THEN RANK1=1+ ( (OpTLOl_CpIl,/(op.rL)7,/4)),IF CP1 GT OPTUP1 THEN RANK1=1+ .( (cP1-oPTUPli

// ( ( 100-OpTUp r) /4) ) ìIF oPT¡O2 LE CP2 tE OpTUp2 THEN RANKz = tiIF Cp2 tT opTtoz TÈEN RANK¿=1+. (. (opÍLo2_Cp2),/(O?1LO2/4.)) iTP CP2 GT OPTUP2 THEN

- RANK2=1+ ( (cp2-opTvp2\/((j,oo-oprup2)/4)) ìtF OPTIO3A LE CP34 LE OpTUp34 THEN_ RÀNK34 =._1;

: IE cP34 rT oPTLo34 THEN RANK34=1+ ( (oPTrO34-cP34 )/(oP'rLo3a/at) i. ¡F cP34 GT oPTUP34 THEN RÀNK34=1+ ( (CP34-OPTUP34l,/((Loo-'. oP'ruP3a)/4)),
' rF oprLos r,E cps LE oprups THEN RÀNK5 = ri

IF CPs LT OPTLOs THEN RÀNK5=1+ ( ' (OPTLO5-CP5),/(OPILO\/4));
IF cPs cT oPTUP5 THEN RANKS=I+ ( (cP5-oPTUPs)/( ( 100-

oPTUPS),za));
IF OPTLO6 LE CP6 LE OPTUP6 THEN RANK6 . 1;
IF CP6 LT OPTIO6 THEN RANK6-1 + ( (OPTLO6-CP6),/(OPTLO6,/+')) ¡IF CP6 GT OPTUP6 THEN RANK6=1 + ( (CP6-OPTUP6),/( (1OO-

oPTvP6)/+)lt
IF OPTLOTS lE CP78 LE OPTUPTE THEN RÀNK78=1;
IF CP78 LT OPTLOTS THEN RÀNK78=1+ (

(oPTLo7g/4) ) ì
IF CP78 GT OP?UP78 THEN RANK78=1+ ' .(

( ( LO0-OPTUP7 8 ) /a\ ) ì
IF OPTLO9 LE CP9 LE oPTUP9 THEN RÀNK9 = Lì
IF cP9 l,T oPTLog THEN RANKg=1+-- ( (OPTLo9-CP9)/(oPTLog/a)) ì
IF CP9 GT OPTUPg THEN RANKg=1+ ( (CPg-OPTUP9),/( (10o-OPTUP9),/

4) I ìIF oPTLOlo LE cP10 I,E OPTUP10 THEN RÀNK10 = 1¡
IF cP10 LT OPTLO10 THEN RANK10=1+ -( (OpTLOlo-Cp1o)/(OpTLoro/

4));
IF CP1O GT OPTUP1O THEN RANK1O=1+ (

oPIUPTOI/41),

(oPlLO7A-CP78 ) /
(cP78-OPTUPTA) /

( cP1o-oPTUPl 0 ) / ( ( rOO-



* CÀ¿CULATE RÀNK FOR EI:

RAI'JK= ( f(RANK1+RÀNK2+RÀNK34+RÀNK5+RÀNK6+RÀNK78+RANK9
+RÀNK10 ),/8 ) )+RANKEI;
IF RÀNK EQ O THEN RÀNK = 1;
IF RANK E0 6 THEN ETANK . 5;

*i
KEEP UTH RANK1 RANK2 RÀNK34 RÀNKs RÀNK6 RÀNK78 RÀNK 9 RÀNK1O RÀNKEI

NORTH EAST RÀNK i

IF EI LE 12 - THEN RANKEI . 1i
IF 1,2 LT E¡ tT 2t THEN RÀNKEI = O;
IF EI cE 21 THEN RÀNKEI = -1i
*
* CATCULATE ÀVETdAGE RÀNK I
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Appendíx 6.: SAS Compurer prograrn.. used to.perform TestI-

// JOB
//slEPL EXEC SAS
,/,/SYSIN DD *

* 
'1RÀNK, 

pRoGRÀÌ.r ro ;il;*";;-ü;:il;;;;;;---il;;&-;;;;;;* ----------
¡t REÀD IN T1DÀTA

DÀTA Tl YR;
ATTRTB UTM I,ENGTH = 96,;:
INPUT UlM PYR CP1 CPz CP34 CPs CP6 CP78 CP9 CPIO EI;* -----------

; :::-::lli:_:l::t:t:_:l_:T:l3tl:_aa¡_lTt_a¡¡l¡:¡
*ì
oPTLOI = o ioPTUPI = 1S;

OPTLO2 = o j
OPTUPz = ls i*;
oPTLO34 - 1,O i
oP?UP34 = 30;
*ì
OPTLOs = S ;
OPTUP5 = 15;
*i
oPTlO6 = 1O i.
OPTUP6 = ..30;
.¡, :,'- ..'
OPT!OTA = 3;l
oPTUPTS =' 20:,
*; -,...OPTLOg = 1S ;
OPTUP9 = S5;
ti
OPTLO1o = 0 ;
OPTUP1o = 0 ;

CA¡CUf,ÀTE TEST1 RÀNKS FOR EACH CÀTpROp I

IF
IF
IF

IF OPTLO1 LE CP1 LE OpTUpl THEN RÀNK1 = r,rF cp1 LT OpTlo1 THEN F.ANK1=1* ,..{ - topór,or_cprl ,/ opnLor/A)J ìrF cp1 cr oprupl THEN R.aNK1.1+ ,. i ìðiilópruprl,/( ( 100_oPluPr) /4) ) jIF oPTLO2 LE CPZ !E OpTUp2 THEN RÀNK2 = r.IF CP2 LT opTto2 THEN R.ANK2=1+ .¡ ... .¡oiiroz_cp|)/(opTLO2/L));IF CPz GT OPTUP2 THEN

Hfå; -' 
-""' 

á,, n,i'å3r8íiT'iìíÍ, ålfl; 
o"Prup z ) / 4 ) ),

cP34 LT OPTEO34 THEN RANK34.1+. r .'-: topir,o¡L_Cp34-,/(OITLO3A/4))¡çp34 cr oprupgi:,T:HFN rìÀNKl1:1+ Ì, iðili-ìgqrue új'lìiroõi--.-l 'i,,



IF
TF
IF

IF
.t¡
IF

TF

1F

TF
IF
IF

IF
IF

r97

oPTUP3a),24));
OPTLoS LE CPs LE OPTUPS THEN RÀNKs = 1;
CP5 LT oPTLO5 THEN RANK5=1 ( (Op?LOs-Cps)/(opTLOS/+\) )cPs GT oPTUP5 THEN RAì,IK5=1+ ( (CpS-OpTUps)/( (1oO_
oPTUP5)//4));
OPTLO6 LE CP6 LE OpTUp6 THEN RÀNK6 = 1i
CP6 LT OPTLO6 THEN RANK6=1+ ( (OpTr,O6-Cp6)/(O?TLO6/4)) ìCP6 cT OPTUP6 THEN RÀNK6=1+ ( (Cp6-OpTUp6)//( (1OO_
9PTUP6)/4))t
OPTLoTS tE CP78 LE OPTUPTB THEN RANKT8=1;
CP78 LT OPTLOT8 THEN RANKTB=I+ ( (OpTLO?a-cp7e)/
(oPILOT 8/ 4 ) \ t
CP78 GT OPTUPTS THEN :..1NK78=1+ (
( ( Lo }-OPTUPT 8l // + ) ) ;
OPTLO9 LE CPg LE OPTUPS THEN RANK9 = 1;
CP9 LT oPTLO9 THEN RANK9=1+ ( (OpTLOg-Cpg)/(OpTLog/4)) )cPs cT oPTUPS THEN RÀNK9=1+ ( (cpg-op.rvps)/( (1oo_opTúpô),/

OPTlolo LE CP10 LE OPTUP1o THEN RANKIo . 1;
CP10 LT OPTLO10 THEN RANKl0=1+ ( (OPTLOIO-Cp1o)¡/(O?TLOIO/
4) );

(cP7 A-OPTUP7 8l /

( cP10-oPTUP10 |,/ ( (lO0-IF CP10 cT oPTUPlo THEN RÀNK10=1+ (
oPTVPIo)/4)) t

* CALCUI,ÀTE RANK FOR EI !

IF

EI LE 10
10 LT EI
EI GE 19

THEN RANKEI = 1;
LT 19 THEN RÀNKEI = o)

THEN RANKEI = -1;

X CAI,CULÀTE AVERÀGE RANK I
*_
*ì
RANK= ( ( RÀNK1+RÀNK2+RANK3 A+RANKS+RANK6+RÀNK7B+RÀNK9

+RÀNK10 ),/8 ) +RÂNKEI i
IF RANK EQ O THEN RÀNK = 1;
IF RANK EQ 6 THEN RANK . 5;

KEEP UTM PYR RÀNK;
*ì
CARDS ;
++EMBED T1DÀTA NOSEQ;
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// JcÉ
/ / <.r.îD a

//SYSIN ÐD *
DATA TEST1;

ATTRIB UTM LENGTH = 56;
TNPUT UTM PYRR RÀNKR;
CARDS;

++EMBED T1REALDAT NOSEQ;
PROC CORR COV OUTP= CORROUT;

VAR PYRR RANKR;
TITLE 'COVÀRIANCES AND CORRELATIONS PYRR & T1YR (RANKR)';
PROC PRINT DATA=CORRoUT i

"IT¡E2 
'OUTPUT DATASET FROM PROC CORR';
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Appendix 7: SAS Computer Program used Èo perforn Test2,

//BDARBYS JOB
/ /SIEPL EXEC SÀS
/ /INLIB DD DSN= BDARBY. TEMP3, DISP=OLD
,/,/S Y S IN DD X

DÀ14 ONE;
ATTRIB UTM LENGTH=$6;
INPUT UTM PYRR;
CARDS;

++EMBED YPREÀLDAT NOSEO;
DATA TWO;

TNFÍLE INLIB;
INPUT UTM$ NPLOT NTHEME NDOMTREE MTBÀ MCBA MSCBÀ MSTDAGE

MSTDHT MFERT MSIOPE MASPECT MCCC MNBSp MBD MNHSp MHDi
DROP NPLOT ;

ÞATA TEST2;
MERGE ONE TWO;
BY UTM;

PROC CANCORR DÀTA=TEST2 ALL
VPREFIX=CANVAR VNAME=,PREDICTED YR-RD RANKS,
WPREFIX=CÀNVAR WNAME='ÎEST2 SLIMMARY VARIABLES' ;
VAR PYRR;
WITH NTHEME NDOMTREE MTBA MCBA MSCBA MSTDAGE MSTDHT

MFERT MSLOPE MASPECT MCCC MNBSP MBD MNHSP MHD;
TITLE 'TEST2 RESULTS' ;
TITLE2 'CANONICAL CORRELAT]ON OF PREDICTED YEAR-ROUND

R.ANKS WITH TEST2 sLrl'Í"lAR y VARIABLES' .



Appendix 8 : SAS Computer Program used to Perform Test3

// JOB
/ /sTÈ,P! EXEC SÀS
//SYSIN DD *
ñÀî^ î=cî1 .

ÀTTRIB UTM LENGTH = S6;
, INPUT LJ:|M p irr R DENS;

: ++EMBED T3REÀLDÀT NOSE9;
PROC CORR COv OUTP=CoRROUT i

VAR P WR DENS i
TTTLE 'COVÀRIÀNCES ÀND CORREI,ÀTIONS P!.TB & DENS,i
PROC PRINT DÀTA=CORROUT ì
TITIE2 ,OUTPUT DATÀSET FROM PROC CORR';



Appendi x 9: SAS Pri ntout for Results of the Canonical

Correl at ion between Test I Ranks and Test z

Summary Data.
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