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:;i.developed whlch evaluates the relat1ve quant1t1es ;5hd~ .
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Ut11121ng a geographlc database' facility» (INTERGRAPH),__ ;
‘7_-and' ' malnétame ‘computer, a habltat 5u1tab111ty 1ndex was 3';~' \

;'geographxc dlstr1but1on of: food (browse and herbage) add.f.

——

’Qcover (h1d1ng cover and thermal cover) produc1ng areas,

3Ut111z1ng data from forest stand 1nventor1es, the 1ndex also"

| N fevaluates habltat~~components——generattd~-By~—aﬂteftempefa%-ﬁ—-——~

7forest hanvest reglmes, _wh1ch 1n turn, are generated by a
3:ft1a\er supply analy51s model (MUSYC) ,j‘“: :'f.
R ComponentS»e7of.'kthe”’ 1ndex E 1nclude a rqﬁalitativef‘g

:¢°éff1C1€nt,‘ whlch assesses the) status. Of 'ya\; habitat

2 o

i :COmponentflonf a glven (homogenous) area, 'a quant1tat1ve/

Lf_;oomponent. N Comb1n1ng quantitatlve': coeff1c1ents‘ wlth_’

- su1tab111ty 1ndex

o

It

s conlferous volumes) t1mber\ flow pollcy,_ chapacfbrlied byr

coefficient, wh1ch assesses the ;7Aat1ve quantlty of a glven
“habitat ‘component and an 1nte spe$s1on coEff1c1ent-—wh1ch

©
.

v‘qUéntifi¢SQJ?h?; geographlc pattern of .- a given,’ habltat: *

.ﬂcoefficients Of'intérsper51on and choos1ng~the smallest fﬂ

ﬁ:the resultant llfe reqﬂlslte coe£f1c1ehts ylelds the habltat‘ »d* L

. L .
. » <

h'An“” evaluat1on of‘, an 1ntegrated (dec1duous and'

- max1mlzed harvest subject to constralnts of sustalned y1eld

j lrevealed ' sho&\ perlod of hzgher habltat su1tab111ty'

| ndzoes .1mmed1ately follow1ng onset of the tlmber harvest&
‘fegine.. ThlS increase Was. subsequently .succeeded by a :

.decrease }1n*‘1ndices,_ The decrease, wh1ch contlnued to’ the-



,,;“b ‘ \‘\m&& X BT -

i e
._‘_,_A»

end f ;

.

‘S~



ACknowiedgements

whose patlence and support vas most luable_

;I"

E
\ ﬂi;si of my graduate— commlttee.:.

A . L S

bur helpful comments and 1dea5' are greatly

..;‘

'?fuiprov1ded by/these people made many a- dlfflcult hour -muchf7

enjoyed many 1nterest1ng and stlmulatlng

of Forest Sc1ence. The frlendshlp

.jacknow'edge :the[‘

s. melfer, p; 3%A. Beck ar., w DN
of ithl'._.-

to gradnaﬁe' students ands@ﬁf%_‘

‘;more bea ab&ej and productlve. In part1cular,v1 am 1ndebhed;3

:atho G.W. Armstrong,'Who generously a551sted w1th operat1on_

N

N pe

”Qand comprehen51on of t1mbEr harvest“schedullng models.
\r

\

.effort fwas requ1red

S -

“~a551stance e‘.-_, o "J_ﬁ,h,
‘n . . D vt e

-
.

A}

iﬁ’?f -To makeu thls the51s 0ss ble,.' n 1nterd15c1p11naryr
5 possj

'Thls pro;ect would clearly haVe beeni

' _N1emann, Karl Kllparchuk and Dr. Mueller and Dr. Eyton of .

.“’th Department 'off GeOgraphy 'I’ am;_gratefnl; for | your'

'31nfea51b1e wlthout the ‘asslstance_ of Martln Scétt Olaf-ﬁ"

ElnallY: thhs' PrOJeCt would have' been 1mp0551b1e:~‘7:

w1thout the flnapcdal support from the Natural Sc1ences and:[

fEnglneerlng Research | COunCll the Graduate Stud1es

Scholarshlp Commlttee and the. Canadlan Forestry Serv1ce. o




, /- Table of Contents
Chapter : P s'> g f5‘~‘? - A,
: a2, . . s"' * j' : s

I. Intréauctnon Ceeeniee

?--ooc.-oodv. Q..’l..lll...li..l‘

II 'Overv1ew of a cpmputerxzed system for. descr1b1ng _
‘ changes in-elk habitat w1th1n A managed forest ....3

. " 12 .
f‘t,JA; Introductlon

ks e

l..!l...l....‘.‘.l'll.‘l.lll‘l‘;_l'."‘.;iﬁ'B.L

*v:"f B. System components.;}}1{;;..;,.ﬂ.},..Q;;.,;;..;;.i
o\ - \Pimber cﬁassﬁdata‘w......;;;...;;...w.,m.....4

PR

B MUSYC +ivevnnnss
I - Hap1tat(5u1tab11\ty 1ndex;;::.;}

l.-'-u.o‘o.nttl.!‘.."n"0'--..-.'.0'.
- . . 4

‘\
LR BN R S B A S )

L I S R U BT SO I I Y S B B N R )
. ST Ty B .
Vi B

s ' ‘ C. System mechan1sm Ve

o--o"o-ooa'-bo-ci-.»op.-.-,.eovo_o.‘
. . L s

6

6

";iéf;. o INTERGRAPH .....,,...' ORISR SR -
| , 7

9

» D. System 1nput/output } >, ga.Q

S Input data ....;..;;.fn.

-ooo-o_qo..l.oo.cn_n.r..g N
. BISRE v :
E'o System OUtpUt e ‘e .. ¢4 ¢ a0 -’:!Q‘ . :- es s e eem 0 s e s 10 °
. o | o ! o

>III.’Development of a habitat su1tab111ty index for’
L elk ..l...'.'......

l.l-o{.o.t-v'.l'.cttoOl‘.»‘o!.a.u.o"]?_‘.‘

» A, Introduct1on ;...;

.....'.'..~.i.s.....;;*.;....-...'17v
(PR . e :
e .

~ B. Background 1nformat10n P AR SR A

Habxtat requ1rements of elk,.......;.}{,.ﬂ..18e'¢;-
. R ” “h. .
oD th1tat components w1th1n managed forest

Lo o cond1t10ns veedls

.-..-...."........-...--._..'.A‘oz‘G

C. thods ».';v..I.I.:.lA‘iii...‘.‘...’:‘.‘.’l“'\. l‘l._... .‘..C_...llﬁleB
Habltat su1tab111ty 1ndex J...Z...:......;.;?Bt;

S : Consfructlon of a habltat su1tab1£\hy
<. Co ,f 1ndex for elk:

"QC.Q'.D...."DI...C......00..029'

D'c ReﬁUltS aoo.l.c.oonn-unp.n-o-cl‘!oocaoo-o-.ovc.'o'|‘47;.

E. D1scu551on

ooo..otlo.-ou.ooococao..ol.ol--."-uhs'3~

IV. An 1ntertemporal analy51s of elk habltats withfn® = -
: a conventional forest management teglme ..........57'f

o

- oviio



A . IntrOdUCt iO.n o- o . n . bi' -0 u n. .‘"Io“.:‘:o" . 0 -'- :o".o‘ o o"r.o'e L] o o“u . '0. .57‘ "‘-
N . N ) . o :. _‘t - . . v ,. o )
v ‘ i s E B stUdy Area o“m e ,I *.0 0 0 500 . LU e . LR o .9 0000 o' 058

3

‘ ’C MethOdS"a.......-....’..........4..‘.".‘......lub.....-.61""l

.62

t+e§:of parameters used in ‘the : B

heduling model‘...........,.......64“

schedulang procedure “wesinaea

- ”Mea$u§ements ot habltat su1tab111ty ........66-d

'ff. D. Results .;.;’,.;{;'.};..tt,...13,:.t;;.};..5;;w68
'f?i}*_‘ ' Forest haryest- volumes f{{...};.;.;,.{;..;;.68m5‘
o - Habltat SUltablllty .....tg..Z.L,..;{L..;..{GS'
B | E Dlscussrvn ;f;.¢,..3l...ﬁ:......;...:.};....73j
\ egratlng the evaluatlon of elk habitat . 7,
suitability with timber suppfy analysis: I A
management and research-needs. R Ry S A
" A. Introducqﬂon ...........;..,...}.;.h,_;;};,;.;.777
. B.«Approach of the habltat evaluat1on Qstem_t,;;;ﬂ7“dﬁ
V:C. Management needs ....,........,a. .t;;@,e.,...;78
‘ - Habitat- vegetatlon data :..;.‘t.;SL,.‘.;;..;79
— ," : Vegetat1on successior models ....}..,...}‘;180
| | o Spec1es habltat relatlonshlp models ..th;..81
R ;-" specxes notes ........{::................f..83
B Integrated computlng systemg ..:...,f..;..84{
D. Research needs ..;,..g..;.,....g.,. .;;}tL.,..85 
therature c1ted ..,{.:.L..;.Qt:..;t.....&.;..;,.;éé
@ - ,

S APPENDIXUI. Harvest schedule) ..............;f...1o7lfj;f\'

.

VI11 \APPENDIX 11, Geographlc dlstr1but10n and .
SR conflguratiqn of habltat components, A SR 1 [
LT Se "l. LR e » T o ) S A ' . .‘
Vo ) ‘ ; = ;} :
. oo o



-

S S ,
»Liétiof‘Tab;es”'f :"i] -

P

ay.

v
Table 2. 1 Quantltatlve coeff3c1ents,.l :
jcoeff1c1ents of interspersion; }ife: requ151te
coefficients and habltat su1tab111ty index at
r(.the end of year 5 in a "maxigum volume subject
. to a non-declining yiéld" foYest management. .

»reglme---oo..o-oco-o-ono.ooo.co-oouo"coot.s-w.o1‘T'...

‘ Table 3 1. Quantitative coefficients, coefficientsv

cof - 1ntersper51on, life requisite ccefficients
.and habitat suitability index for existing

forest conaltlons..........................!?\.:

¢

Table 4 . Quant1tat1ve coeff1c1ents before.'

harvest to year 80 in a "maximum volume
. subject to non-dec11n1ng yield" forest:
management regime in TWP 49 R9 w5...s...........

14

’Table 4 2. Intersper51on coeff1c1ents, mean

. makximum distance to the furthest .of 4 habitat
components and 95% confldence interval of the
mean maximum distance for year 5 through: 80
of a conventional timbet harvest regime in- -
TWP46 RS W5.....................................

> ‘Qf
-

70,..

ﬁf

52




- F1gure 2.5. Geographic dlstr1but10n and‘

L N
© List of Figures

P s
: - g A . - I
'iEignre'2'1 v Components of the habltat ana1y51s ' ._  gr |
tﬁmber ‘harvest’ schedullng 5ystem...;...........;5,

F1gure 2 2 Geographlc d1str1but1on and ’ ' },
‘conflguratlon of high qUal1ty summer foraglng - .
habitat after 5 years of a "maximize timber

_ volume subject to non-declining. yield" forest. = | S T
‘management regxme....................,........‘.12_Au €

Flgure 2.3. Geographlc dlstrlbutlon and - ~
conflgutatlon of high qualltx‘W1nter foraglng
habitat after 5 years of a "maximize timber . ,
volume. subject to. non- decllnlng,yleld" forest t Ca

'Amanagement reglme...,.;................»......;.13“ o

F1gu¢e 2.4, Geographlc dlstrlbutlon a : :
conflguratzon of high quality secu'lty ‘cover
.areas after,6 5 years -of a "maximdz \tlmber )
volume subject to- non-declining yield™ forest _
management reglme..-. .....‘...........;........14

configuration of high qual1ty thermal cover
‘areas after 5 years of a "maximize timber
‘volume subject to non- decllnxng yield" forest.
' management reglme...;................,....,.....]5

F1gure 3. 1 “Model 'structure of habltat
" suitability index when evaluatlng'gxlstlng : :
forest condltlons..................._...........32'

{,_
[
(-

Flgure 3 2 ‘ Model ‘structure of habltat

forest condltlons.........................,....;33';

FF@ure 3.3. Summer food and w1nter foodwat _

' varlous's;and ages for aspen, black spruce,

white spruce and lodgepole pgne dominated A
'communltles..L,............:F.................;.34_'

-

S

Flgure 3.4,, Derivation of qualltat1ve coefficients '

through the uwge of winter food and summer

food blomass.QQk..............................

iy oy ’ :

:Flgure 3.5} Stand*&En51ty at ‘various stand ages, - ‘cg e
in aspen:, white spruce and lodgepole. pine ' ‘

domlnated communltIES...........................37



) “- i ._ ) . “‘n \ .-‘; > . v ,((_ v ' "}." A o .
Figufe 3.6. Der1vat1 n of qualliatlve coeff1c1ént5‘;?/
“through the  use ef\htand densdity and crown = ™
: coverage....r;..,..

[

'.--s....'..-a..-.u-.........38

 ¢F1gure 3.7. Derlvatlon of quant1tat1ve coefflc ents 'fﬂjf?;_;zﬂij
" for thermal cover, sec§%}5y' cover, summér-. Ly T e
food.and w1nter food q nt1xles.......a..“ PR % DL S

?igure 3.8. Exlstrng hlgh qualltyasummer foqd,

areas.~...-......-............,»-q-u..’..n\.-o.p--.48“ ;} ‘v’{'t_'::‘.“

2

- Figure 3,9 Exlstlng hlgh quallty w1ntér food" '° "9ﬁ: n
' \\ areas)................................x..: ...,.49 :
. : o . N . . a : . ‘e_:
— AR ’ e b [
Figure 3. 10 Exlstlng h1g_ quallty securlty covér '
: afeas. LI I ] B cco ooo‘\o s e R s s e 0w s . s e o0 s e m e e e --50 & . ’ .;/c- \.\ ’
Flgure 317, Ex1st1ng hlgh quallty thermal cover- e !
areas...........................................51:‘,, -' _

- : ; > ' : ' : A
Figure 4;1. Map illustrating TWP 46’R9 Wg.r...;u,.359 L
Flgure 4.2 Hab1ta€ su1tab111ty aggfannual S Gy R

" timber harvest (cunits.X 1000); for T
the first B0 years of a harvest regime whlch S b
‘maximigzes, annual timber harvest subject to
: constra1nt§\pf noﬁddecl1n1ng yield for the o
;‘f1rst 60 years................................;.69. -
\ N . D' ’ . .' ) - . i
3 T \'.l"\f ' M o " . o,
: . . } '.‘ . - - : '. . . .‘ ) : . . ’ C ». ’
. -s,% “ ST
. 2 Y . o . .
8- , L ,
. _ S -
' j o ) ‘ . ‘. ) L
2 .. . ) .
I 4 . ‘v
- A
X . e



Wit © - List of Abreviations
Yoo e

. _TWP46 RO WS . ?"f?':Townshlp 46 Range 9 West -
' A of the 5th Merldlan

. . B}

_ S o SRR . » A‘,?.
- -.Phase IIT =~ . - . Phase III. 1nventory of-
R R c forest stands 1n Alberta

. . . L

us. . - . United States

SWUSDA T United States Department of
S N R Agr1culture . ,
.tHSTTV-'  "H.: ’1/ m{-’x Habltat Su1tab111ty Index fwﬁ'

:'MUSYC" - &-{;j:_v' .~ .Multiple Use Sustazned Yleld L
R Calculator o L

ST T S : Interspenslon index .
“'Q | ;f,j N ) < Quantitative incie')("-a o

LGIS. . Geographlc Informatlon'
S ‘ o System' c o

HEP T S Habltat Evaluatlon Proceduresf">

HC  o _'1' f‘f. L Habltat Capablllty models

BN DMRS'«. o s Data Management and Retrlevalu,
' IO T ' System ' . _

xi



> .'-,"‘“ E : R - . - v

_ | R e Introduct1on \ " A
Management g{)&orests for the productlon of‘a serles of”l;
'f_forest products, vor' mult1ple use forest management 1s .an
'f-accepted resource management objectlve.v Pollcy gu1de11nes"
tfor the eastern slopes reglon of Alberta state that reglonal
iplans are to address resource maﬁgéement objectlves ;wh1ch"‘
'smeet . some" of the varlous needs of Albertans (Alberta Energy:_
}and;Natural Resource5‘1984) Recent leglslatlon';in',the' USV
'umandates multlple* use management phllosophy.'leglslatlon
li? such as the Multlple Use and Susta1ned Yleld Act 'of" 1960
"Jﬁthe Natlonal Envxronmental Pollcy Act (1969) the Renewable f'h

Resources Pl nnlng Act. (1974 1976) and the Natlonal Forest

Managemeht Plannlng 'Act '01976) ’all rve as;testlmony_to

" recent multlple use 1n1t1at1ves. "’;“" I

One consequence of multlple resource management in the,f

o

US has- been,'a ser;es ‘65; gu;dellneS" foi}‘ coordlnated:f
.management-_“dfh 'wildlifera?habitatr and_ timber, and’ the -

C 'pfoaﬁéiiég of these gUidelines has 'involved coordinatedf.“

researCh efforts. These efforts have addressed elk hab1tat7

:lrequlrements and the 1nfluenée of these by forest management'b

e n RN

- act1v1t1es (Brown 1985 Lyo et l }985)

'«(‘4

leem the need to assess 1nteract1ons between wildiife“”“

habltat and varlous lande use Aact1v1t1es w1th1n land use,”

plann1ng exerc1ses and glven ‘1nformat10n concernzng elk¢:51
habltat requ1rements and the 1nf1uence of forest management'ﬁf"

practlces on- hab1tats,‘the questLon of how elk habxtat ’fsl}AVU

> affected- by.' for.es.t,_.v.-‘;ana_gem_e_nt on an 1ntertemporal bas1s"~"'

L 1:....;,



. Since hahftat’ is. con51dered to be the prlme determlnant of

" N

: R . . N

must be" addressed.v 'What are the trade:”'offs - between“

1ntertemporal scenar1os fef, t;mbeg product1on and w1ld11£e

'x‘fhabltat su1tab1§1ty?

The ob]ect1ves of thlS study, therefore, are.tpif
‘1. Build a habitat -index which ¢an be used
_ e ' LoEen
to ‘evaluate habitat suitability.
2. _Evaluate a hanest schedule with'the

" index.

3,' Suggest changes to the harvest schedule-
'whlch w111 1mprove the habltat 1ndex‘”k
’.for spec1f1ed per1ods 1n the plannlng S

hor1zon."

w11d11fe welfare and 1s affected on a large scale by forest

~harvest1ng act1v1t1es (Thomas 1979)/ only the ‘habitat 1tseL£h

will bef.con51dered 'fToa'.av01d ) contrad1ctory habltat“f

‘.requ1rements, only elk (Cervus elaphu§$nw1ll be addressesd

BT : o

- "



A. Introductlon . ¥

L

"”II, 0vexv1ew of a computer1zed system for descr1b1ng changes

’

1n elk hab1tat w1th1n a managed £orest \

N AT 8 JRTIEN .
ST e .

Land _use planners ~‘often -face decisions. ihvblVing'

7 ! . TR

. - ‘, N . " 3 “. ' ‘.. \ : ' - - 13 )
-vanalyses of-the_fate'of__w1ld11fe habitats within var1ous

land uSe, sdenarios._'Ih' such analyses,-a number of ba51c

.whﬁchifempioY ;quant;tatlve<fanalyt1cal technlques (g;own‘

~'cr1ter1a are generally used The f1rst is that ‘1nteractlons

- be..assessed object1vely .andblmpart;ally, S0 that the land

use alternative which bestdirefleéts_'the 1nterest' of ithe

'public is ohosen ‘(Brownﬂ'1976)ﬁ Second "due 1o llmrtedf
'budgets and the lack of preols1on in quatltatlve analyses oft

1nteract1ons, eff1c1ent response models should be developed_

s

“

\7;d1976) thhese response;tmodelskishoeldddallon,»an'tEXplicitTf‘"

assessment of how »mUch' of one resource‘foutput' will be
. forgone 'tO»'achleve spec1f1ed levels of some other resource :

output.~In addltlon to object1v1ty and 1mpart1a11ty, there

”_tesponse ,model 'S0 -that--underlylng assumptlons; can be;

evaluated (Johnson, Stuart and Cr1m 1986)

In orden to assess the 1nteractlons between t1mber' andg

.

: »elk,;d'a-‘ computerlzed ‘ system E has‘ -been -deyelopedl to7

'is a need to reV1ew a serles of 1nputs (and outputs) to theﬁf

‘quantltatzvely,' objectlvely and' eff1c1ently 'asseSSJ”velk o

‘habltats ‘wlth1n forest harvest scenarios. Trade offs among

:analyzed. by osimulatlng,v w1th1n t1mber harvest reglmes,

BRSNS

,habitat‘,components and proyected tlmber: harvests'- are@‘



- potentxal changes in. habltats..In’ addltlon,e sincef'harveSt o

,schedules prescrlbe harvests 1ntertemporally, estlmates of
f
N k) r N - -
hab1tat change are conducted at var1ous pro;ected p01nts inl

fl‘the future, allow1ng the assessment of future 1mpacts due to

- present tlﬁfir harvest schedullng p011c1es;-“

' a A S T . b X,
BLlsyStem‘compohents o ‘

System components,i_operation .of the'-syStem; 5ystem._rl
' - . . : ) 4

'1nput and »system output are described in the. following

L sectlons and dep1cted in Eigurer<2.141:Thep'habitat index,

v

“_'wh1ch~ ‘51mulates ,hab1tat_,‘QUality, requireS« a . harvest .

sChedule: The-harvést-schedule,is- ‘generated by MUSYC ;and"
‘requlresf the:specificationfof:timber classes Output of the
hhabitat index 1ncludes quantltat1ve coeff1c1ents (whlch rate .
*the .relative quant1t1es. of food and cover) and 1nput to a
fgeographlc database management' fac111ty, : INTERGRAPH
';Quantltatlve coeff1c1ents and output from the geographlc_

fac111ty are then utllzed to generate the HSI

f T1mber class data-
T1mber class data were obtazned from the Alberta phase .

CIT1 forest 1nventory (Alberta Energy andQﬁatural Resources“-—

:.1983) ThlS 1nventory 1lsts descr1pt1ve data for 1nd1v1dualv.-.

forest stands 1 erta. Among the data presented are crown '
”’,closure for canoples w1th1n both 51ngle- and' multlstorred
”stands;{ spec;es comp051t1on, stand helght andgdec de of

establishment. "‘ S o r'l
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TMBER CB??E smanp)|  Jecr cussses
|Harvest schepute} o
. (Musvc) : L L
| HABIAT INDEX
N ' (FO AN_ PROGRAM)
- [ouantmave b, Tone aoemeraml
. |LCoEFFIcENTS [ % . |PURS (NTERGRARH)

F'gure 2. 1 Components of the hab1tat analys1s tlnber o
harvest scheduling system. Data from forest Tnventories -

"(i.e. timber class (stand) data and timber classes) are,. =

-‘utilized by software which computes habitat -ue£f1c1ents‘

~.and a timbér harvest schedule..Also produced is input..

for. Intergraph ‘a geographic database facility. = - I
Quantitative coefficients and output from the geogtaph1c o
ffac111ty are. then. ut1l1zed to. generate the £1nal HSI.

4
“ PR




MUSTC a'~ﬂ-k-‘° o :
.ﬁ’:' : MUSYC 1s a computer software package‘ con51st1ng of va'
.matrly generator and report wrlter that generates 11near:
Eb.ltprognammlng lnput matrices‘to portray tlmber SUpply ana1y51s‘“
,‘ problems._Through the use of the report wrlter the solutlon
of . _he_ ‘lineay.’ program ris summarlzed. N A mathématieai_
programhihgt;package ,(ifé“ MPS&G)vis utilized;to'solye the
- Abﬁbblem; | ,p | : ;“F , ....r_‘; . ;_. . -

'_Hab1tat su1tab111ty 1ndex. .

\ i ;

'ed on ptlﬂClples Utlllzed in’ the Hab1tatv§§0alpation'
8 . :

Procedures - (Us Flsh and Wlldllfe Serv1ce 1981) an'ihdex-to s

' quant1fy habltat qual1ty, _as" deflned by food and cover _t4

1qua11ty, V_relatlve_ quantity of food and-‘coyer‘ an&

" interspersion of food and IQOVer,'patches,r was written- in

‘computer code'(EoRTRAﬁ&77)? R -

INTERGRAPH .\ |
LIntergraph consists of software " and hardware vhich
aevprocesses graph1c data. Software was . utilized 9 digitize

phase -.III maps, to 1dent1fy geographlc areas. (timber

-

']classes) wh1ch offered habltat components *ofx hlgh quallty

(Intergraph 1985b) and to subsequently dlsplay these t1ﬂber .

".claSSes;(Intergraph 1985a)



. ‘ Vlewed ' generallf " the -‘1ntegrated habltat harvest‘
. .schedullng system ut111zes an opt1mlzatlon model (MUSYC) and::.?
a 51mulatlon. model (HSI) Whlch both generate determ1n1st1cb
outpntsiihhen how much and how-/spec1f1ed tlmber classes‘
_ are ' toé be harvested const1tute the harvest schedule. Through‘fk'
-the use of llnear programmlng, an optlmal harvest ’schedule
is generated with. MUSYC (Johnson and Jones 1979) The 1mpacﬁ_i
of~z g1ven harvest schedule on habltat components (food dahd’
'cover) is subsequently s1mulated at any p01nt in the ‘forest
g.nanagementlplanningvhorizon;,ilth a habltatv ;ndex (ChapterQ
"35! ] . , .
gTo,assess‘hahitat.snitahilitjfin year 5, for exanple,_eﬂ
:the vhabitat 1ndex,' utiliaing' habitat vang~'timher class.
data? as 1nput computes quallty and quantlty of 4 'habitat
d'cj}ponents_ (herbage,‘ browse, h1d1ng coveﬁ\ and thermalrdj
R _',coverl ‘lf‘the quallty of a habltat component- offered ‘by’-b
that t1mber class exceeds the cr1t1cal value, the geographlct
locatlon ‘of that t1mber class is plotted usxng INTERGRAPH-h'
g(RANGfK ThlS generates a"map depicting yth‘3-geographic
"‘dlstrlbutlon and/;jnflgurat1on.o£ tbe habltat components for
year,'5'fofveth forest 'management plannlng hor1zon. Thesem
deplctlons allow.‘a separate ssessment of rnterspers
;fwhlch can ,be compared to theh intersperslon lndeh. The

- ——— = o -

'Aggregatlons of tlmber types whlch are relat1vely
‘homogenous with respect to predeflned attr1butes (i.e.
pec1es, ‘site type, etc.)
. ?1.e. stand age,.speC1es, relat1onsh1ps deplct1ng change in
g-habltat ‘components as a functlon of stand age..



Ty

1ntersper51on pndex rates juxtap051tlon and conf1gurat10n of

fvbrowse,v herbage,' thermal cover-:and hldlng cover a;eas ’
. . L~ i ' . - "A .V'u,‘._ e
(Chapter 3) B '

‘Utilizing “timher‘ eiaSS.:data, i the;dfhabitat model
'subsequently-";éenerates : quant1tat1ve coefficients, . or,

ncoeff1c1ents that rate the relative quantitieS"of, habi?at7:
| omponeﬁ&s wh1ch the study area offers at . a glven p01nt in
time. @These coeff1c1ents only 1nd1cate-fthe) status ‘of the
quant;ty of a habltat coﬁbonqrt If, for example, there'are;
;&0fvun1ts of - food and 40 un1ts dof cover, “then the
quantitativéfhcoeficient fo r food is \'0 (o;tlmal status)
‘Calzbrataon of the status follows recommendatlons of Thomas
.(1979) “'Whlch state ~that (optlmally) w1th1n a glv n area,
60% should be food areaSr The HSI for year 5 is subsequently
‘»generated by COmpUtlng : the' geometrlc v mean' ofi the_
51nterspers1on and quantltatlve coeff1c1ents of each habltat
.component and\ ch0051ng the lowest of the 4 resultlng life
'_requ151te coeff1c1ents. | |
| To effectlvely predlct habltat 1nd1ces w1th1n harvest
_schedules (generated by MUSYC) -a number of 1nput parameters
(i.e. t;mber»class‘def1n1t10ns,1pertod length, 1dent1f1ers)
'must be‘speeified’(éhapﬁef’é);'Thisfe%tahlisheS-an interface
between the_;processes of harvest scheduling andlhaﬂitat'
evaluation, V B e o

‘The interface - between the processes ,mg habltat

'eyaluation'jand “harvest scheduling .can be descr}bed as
. . R . ""‘_' . : . \

"_fo110ws. 'A-_serieﬁ ;of{”timber fclasses Ldent1f1ed 1n’the s



i ,&acludlng spec1es.composrtlon, he1ght crown covera e

”, .

‘harvest schedulxng model are.ut111zed by the habltat 1ndex c

in subsequentaéValuat1on. These timber classes are also used

.

Q-as; 1nput to the geographlc data base. Consequently, when a-

glven t1mber class is analyzed by the 1ndex; or when " the

relatlve amounts and q Iltat1ve status of elk summer fooq

(herbage) w1nter food (browséﬁ thermal cover and h1d1ngw

"(orggsecurlty) cover is computed a t1mber class of h1gh
A _ g

qualltat1ve status can be 1deng1f1ed 1n the geograph1c» data-
base. .Maps dep1ct1ng geograph1c dlstrlbutlon of the timber

‘7.dclasSesiwhich o;fer -hlgh qual1tatxve' (habltat component)'

)

rating(S)' can bthereEOre be produced by INTERGRAPH (1985a, .

1985b) for subjectlve analy51s "‘- S
p.” System input/output L S e

‘Input “data SRR

- Input. data}~are'of two tybe5° those'needed-for habitat

‘ evaant1on and those requ1red for tlmber harvest schedullng

'Input data- requ1red for habitat evaluatlon are as follows. 'ég

,Stand\txpe descr1ptors (from thev phase QIiI* 1nvenhprx&_'

timber class/stand aggregate, _@- 1ntegers, descrlblng

t1mber class 1dent1f1cat1on code, and’ age and area of tlfnj‘

-

. class/stand aggregate are all used to generate quanf1tative

o2 ks €
‘1nd1ces (Chapter"v3): In additlon, co-ordinates descr1b1ng

locatlons of t1mber class centr01ds are ut1l1zed to generate
1nd1ces,of 1nterspersron»(Chapter 3).

. . o ) ’ . :




. :%-»ﬁ ) T - e ;4_ ' hEE
- Other data regardlng hab1tat -inolude.vtelationships*

‘-gwhich)'pfediot:'development ‘o habltat Components‘has a

iconventional data ~sets includepthe

,lfunction 3o£"stand/timber»'class age; Browse biomass, graze

e

‘b;omass ands stand den51ty are some of the habltJt components

R —-l-

'Vpredlcted’by these relatlonshlps.-

h Input data requ1rements for MUSYC (JoHnsonf.and Jonesu
1979) ;nclude‘.theb problem parameters,-objectivés; harveSt ‘

constraints; ,identifiefs;ﬂ timber class ‘data, subforest

N .o . - &
5 5 ) , N .o b

_]constrainﬂ‘_ "and - regulation constraints, manadement

altePpatives and - timber volume gijf.- Departures - from

{Unique specification of"

:.;idegtifiers ‘and tfmber Jc1asses’d thev inclusion of both'

. decrduous and conlferous volumes in the yleld tables and the

'ut111zat1on of a Model I (as opposed to a Model 11 (Johnson

e

"_and Scheurman‘ 1977)) linear programmlng algorlthm (Chapter

‘ : . - N . . -

E. System output o - L_ o _ . $\\:

Output is illustrated in Appendix I, Appendlx 11,

»

‘Figifes 2.2 to 2.5 and Table 2.1. Figures 2. 2 to 2. 5

illystrate ‘the geographic ~ distribution an . patch .
| e apnic N S e

v configuration fﬂ"habitat”.components".afteq 5 years, given

ﬂ'that the area is: managed accordlng to the harvest SChed&le

described in fhapter 4, ,Spgglflcally, _the black areas

v ‘ ‘. 2

(patches) depicted in the flgures -,a (geographlc

"d1str1but10n and coqflguratlonipof) hlgh qual1ty summer

food/herbage (Flgure 2.2), wvinter. food/bfbwse (Flgure 2;3),

1



Table 2.1, *Quant;tatlve coeff1c1ents, 1nterspers1on o
N B ‘coeff1c1ents, life requisite coefPicients
: ' and habltat su1tab111ty index at the end
of year 5'in a -"maximum volume -subject to.

non-declining” yleld forest management .
reglme ‘

Habitat- Quantitative Intersper- - Life req.- HSI
., component coefficient sion coeff. coefficient ..-

Forage, . .96 .95 . 95
- Browse " . °.58. . ... .95 - [ .74
©Hiding |, .73 . .95 . .83
“gover - - ' S _
“Thermal * - .41 95 . .. .62 - -k
. cover o . ' ‘ 3
.- /

%

All parameters are scalar values.
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Flgure 2. 4 Geographlc dlstrlbutxon and conflguratlon of -
_ ,securlty cover areas after the first 5 years .of a o
.- maximize timber.volume subject ‘to non-declining forest'

"“management reg1me Areas‘zn black represent hiding

f"cover
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\

tﬁhldlng cover/securlty cover (Flgure 2 4) and thermal cover'”

':ﬂfﬁ(Flgure 2 .5) areas.vTable 2 1 llStS coeff1c1ents whlch -rate

. ¢

”j(among other parameters) the relatlve quantlty of habltattv

m?fcomponents in: the study area, Also llsted -e.wcoeff1c1entsf

'745f 1nterspers1on 'and the HSI Appendlx 1 deplcts a portlong

- e

"fof the forest harvest reg1me generated by MUSYC ;




;”jnljlr_Demelopmentfoffa,habitat}suitability index for“elk4

. . . N . . ) ‘. ) \‘
- A. Introduction- . o

‘i

'Sinoe ﬂland 'areas often are sub]ected to “¢o- ord1nated;
"forest and elk habltat management,_there 1s a need to assess'

elk habltats quantltathely Baskerv1lle (1985) suggests the

- need for a",f' |

| ',...quantltatlvely .exp11c1t definition':of.habitat
"types in terms of. spec1es and c%mmunity structure
. and “...a quant1tat1vely exp11C1t def1n1t1on of the

”ide51red geographlc Qg;;ggn.

’Also Salwasser‘ L1985)- dlSCUSSeS _a series of guantitative
measurements for (i.e. proﬁbrtlons "-off stfand v'types;’

' geograph1C‘ pattern and“stand characterlstlcs) generatlng,'

su1table habltats w1th1n managed forest condltlons.

leen the need for a. quantltatlvely exp11c1t deflnltlon‘
fuof“ wildlife - habltat needs, {thé 1ssue?' of " how such _[5'
'ﬁedeflnltlon '1s to be structured qu1ckly arlses. The modellng
‘vof hab1tats w1th1n forest management scenarlos, tas. pursued

by agenc1es ‘in the US is.a dlsc1pl1ne ‘which ' is cons1dered_

'*3f56 be 1n a fledgllng state (Klrkman et al. 1986).'"
- N BN . N Q '4\,

- ° -
. LA
S

;

B. Background 1nformat10n -

e

.

-_serles fof< hab1tat components or requlrements (Thomas 1979

?;Skov11n 1982v Harcombe 1984 Salwasser _1985 Shaw »1985

’Leopold 1886) Conseguently ‘to bu11d an. 1ndex of hab1tatfﬁ
T " " "l . “ * ' ". . .4-' LA o - bl g o !

L ;?'/ .'fi‘r"'

1&;{7

The evaluatlon of hab1tats 1s 1nvolves assessment of da.:

\;L.’.:". o IR *'1"'
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'suitability)hinformationjregarding”elk_habitat'preguirementS'

B and-tﬁé_faétoféfthat.aé%FCt them is required.

~4Hab1tat requxrements of elk _ e
‘ | therature,fwhlch dlscusses, hahitat components":andii
thelr relatlénshlp to elk hab1tat use, populatlon growth or SR
habltat management most: often llStS 'the; components food o
cover' that amellorates"thermal conditions and-cover that‘
prov1des securlty (Colev1983 Thomas _1979: Steifoxv:1ggan.od
Skovlln 1982 Lyon et al. 1985 Bobek—et al iBéé;rGatesland
Hudson 1981 | N1etfeld él 1985) | An%ther : com'n{only' ’

addressed habltat components ‘is 1ntersper51on (Tomm 1978

Thomas 1979 Lyon et al. 1985 N1etfeld et al 1985) Other.

components whlch are less commonly treated are space, water,.u,

wallows and two, - other cover sources: traVel lanes"and -

calving areas,(Skovlin-1982).

Hab1tat components wh1ch meet nutr1t1ona1 needs

Hab1tat components thought to meet bas1c nutrltlonalo.s

"

needs are plants w1th1n the general taxa grasses, forbs ‘and

shrubs.,S1nce elk are - general1sts, a broad var1ety of plants

’In the follow1ng d15cussxon, component“ is to be .
considered analogous to element. A habitat element for
example, is food. Often, however, there afe entities which
affect food in some way..For the purpose of this discussion,
these will be refered to as- factors (i.e. topography can S
affect the ‘quality of food at a given point in the year
~(i.e. spring)). Lastly, "requirements” denotes a
dquantitative stipulation, about a-given habitat component
vhich satisfies a phys1ologlcal need. For example summer: -
‘food requirements (grasses, forbs) for elk on boreal
‘grasslands have:been estimated to be 900 kg/ha or. greater
(Hudson and Nletfeld 1985)



-.oanﬁ'be' utilized‘ In h1s documentat1on of the plant spec1esj:

-

utlllzed by Rocky Mountaln Elk (Cervus elaphus nelson1)

o varlous parts of 1ts range, a total of 159 forbs,‘59 grassesdi

R and 95 shrubs are llsted by Kufeld (1973) as - potent1a1 food';

1tems." L 5 . :
k?. . (" . . “ .
: Howe r, the assehb&age of spe;aesg/h the d1et appears_,
'r;¢7vafyv eglonally w1th some populatlons ut11121ng prlmarlly

o one'specres~gro p ﬁl e._ browse) wh11e other populatlons,

' 51multaneously X 1ze &oﬁher‘ forages (1 e. grasses)(Boyd'$

' 1978 Skovl1n 1982) Factors;-thought control d1et'
compos1tlon (and hence these d1screpanc1es) are snow depth
plant phenology (Gates 1980 Gates and Hudson 1981, Nletfeld-

1983) and habltat‘type (Nletfeld 1983)

Snow depth governs the percentagefj;f browsevfin'lthe
dlet.’ Deep show (35 45cm) Y1elds 60% browse w1th1n elK"
d1ets, no snow (fall) ylelds 13 5% browse and snow depths.;
-greater » than ' 51 i cm represent Al barrier to >herbage°-
:aCQU151t1on and movement (Telfer lé?d Gates. and‘ Hdeonlh
1981) h Plant phenology si thought 3to govern herbage?:
‘select1on_through’.-~' 1nfluence ”on~.the: ava1lab111ty ofh_
energy and nutrients \or dlet quallty (Gates and Hudson;7
19815 Spec1?1cally, plants in early phenologxcal stages areiw

‘ymost d1gest1ble (or are. of hlghest nutr1t10nal qual1ty) andr
rﬂghence are preferred When most plants have matured ‘and IQ?QLJ
o cur1ng,‘p re51dual green vegetatlon' (e1ther, herbage jq;
hx'bnowse) y1elds greater : nutrleqt : quantztles_;-and ,:is'

' consequently preferred 'TheL\1nfluence 'of d1et qual;ty on_



X

,_5 g_ /(1980), uhoif

”_'d1et selectlon is’ also addressed by Hobb_

ﬁdﬂ*ﬁound the relat1vely hqgher prote1n content fof' browseb.77

"‘1nduced ?lectlon ;oﬁ browse over grass by W1nter1ng elk f'

: & X
;Topography’ through it! s 1nf1uence on mlcrocllmates, affects

lbrowse, grass' and» forb avallablllty For example, snoerpppf b

"'f}southerly exposures ablates earlaer (Gelger'¢1957) thani‘On.~

Tf other exposures and hence southerly exposures yleld foodhi;ﬂ
h'suppl1es at earller perlods _instthe‘ year )(SkOVllh 1982)
. Topography, through / subtle 1nf1uence;on plant speq1e$'

’-compos1tlon also 1nfluences habltat type, 'Wthh has beenﬁ,

:shown to 1nfluence dlet select1on (Nletfeld 1983)‘\Fhange in oo

e:habltat types, or dlsturbance by logglng or f1re 1s thought
- pto_ 1ncrease grassr and forb productlon thereby prov1d1ngv
“"summer forag1ng sites (Thomas 1979 Skovlln 1982 ' Hargombe ;
‘v41984).. part1cular 1mportance 5are"the edges betheeh -
.1dlsturbed -areas and surround1ng forest cover-‘ hlgh ,u;gfiszv”
| edges by elk has frequently been documented (Tomm 1978

"'Thomas 1979 Gates and Hudson 1981, Skovlin 1987, - metfeldﬁ
X

~.3.f2£j _l 1985 ,wlsdom et al 1986) poss1bly due to greater :

:d1verszty of herbages at the edge ’and/or h;gher. herbage‘%

volume ~(Skovl1n 1982) Maxlmuml use"of"herbage.area54is}

",con51dered to occur w1th1n 100 meters 'ofw_a_ foreét—openingi
edge (wlsdom et al 1986); | | o |
Food requ1rements.g l: _; ;f _u,,'-.—— . o

- The questlon goff nutrltlonal 'requlrements of elk has .
w;ibeen assessed 1ndlrectly through the exam1nat10n of herbage‘
and .. browse 1ntake rates. Hudson and Nletfeld (1985) dlscuss,l

a



"*:th‘i effect of herbage’blomass on feedlng rates of elk The

9elat10nsh1p they suggest is (see Flgure 3 4)

1372.56+kg/ha

. Intake rate(y/min) =

where SR | kg/ha = herbage bi ﬁ‘ ss
W

ilntake rate (g/mlq) herbage 1ngest10n ra&e

.

_ , .'o V» “64’5
Assumlng grazlng tlmes are ‘13 hr or %gséh these authors
J'recommend that to maximize. product1v1ty of wap1t1, herbage

7;b10mass of herbage produc1ng areas be" em less‘-than 900
pe >

".ng/ha. A relatlonshlp between mlxed dlet blomass and 1ntake

——

;‘rates of mlxed dlets ,Ls dlscussed 1in chkstrom et .al..

'(1984) The relat1onsh1p suggested ‘here. isi o



Co mentloned . are small forest openlngs, Vor

'i.(Thomas 19797

¥ e "
Wt e 3
. -:_‘ e : - -; | 1A6, 86kg/ha . . , "; e .‘ -
Intake rate(g/min) ~ 742.29+kg/ha . Ay

~ wherex. - kg/ha mikéd'aiet biomass-if"

’d intake'rate.(g/min)_

It
B
[N
"
o
Q,
Q.:
- e
o
r
("D
=]

O -
o
»
‘.'.
e
0.
D
n‘
n
€1’

R

Due to the propen51ty of ~elk to’ utlllzev

forest or

meadow edges (Gates and Hudson - 1981, Shovlln 198R2), habitats_»

’favorlng the acqu1stlon of herbage and browse, as. prev1ousTY

'penlngs thh

Qrelatlvely large ratlos of fbrest edge to openlng area.' The

vt"edge requ1rement is quantlfled 1n Thomas (1979) Centersjoji
' cutblocks (forest open1ngs) assumlng they have 'aafcirculari
' conflguratlon, aref most llkely e»used whenithey are
0.1= 0 5 ha large, In terms of edge area,v c1rcular openfngs
',_'wlthfh the. above size range have the largestlLalues, Aiso;

'-w1th1n a glven area, 60% should be con51dered food. ‘areas

. Thermal cover TR
Thermal “‘cover buffers' metabolic,,eXpenditure during

, t1mes of thermal stress (Thomas 1979) ‘In the selectlon = of

"beddlng sztes dur1ng perlods of’ heat stress!’wet topographlc

'51tes, dense t1mbered areas ,and north fac1ng slopes ;are

' cooler, helplng to allev1ate thermal stress durlng the day.

&
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= A'yfnight, warmer areas are preferred -cau51ng selectlon of -
'~bedd1ng 51tes to occur on warmer south faczng slopes (Lyon;

1985 Lyon 1979) Conversely, day beddlng sxtes
R I,»-{v
. selected durlng perlods of cold stress, are on south fac1ng,j3

»

'open stands whlch offer exposure to solar rad1at1on~ dense
. ,0"

-';tlmbered areas are selected at nlght (Gates and Hudson 1981

;df.ySkovl1n '1982) -‘canopy crown-rcoverage‘ is

Spe'1£1

ifthought5voVbuffe

o thermal coRdit ons (Thomas 1979) . fhermal‘ﬁ

'gef_“f ’ié_rléf by the_ canopy is a llnear functzon of crown;

g'coverage (Relfsggder and - Lull" 1965) Canopy he1ght also
1nflueq;eso thermal qover' (Thomas :1979) The presgnce orv'ﬂ”
“absence of an understory may change thermal bufferlnq Its'
.presence- deFreases w1nd speeds durlng cold stress and 1ts'

'.absence Jncreases convectlxe coollng dur1ng heat stress._
O.iamy b - N ) . f'

Thermaéacover requ1rements
[Ther;almycover requlrements 1nvolve the ma1ntenance‘of
Vdense, cloSed‘conlferous stands (70% crown coverage or more)

}12Mfinnheight‘or greater%(N1etfeld et al 1985 Thomas 1979, f
Skoylin 1982)" Due to the malntenance of follage in uinterv

' months, conlferous stands prov1de thermal covetr redu1rement5»_
.for the ent1re year. Opt1maI stand 51ze for thermal cover.

"

patches 'i; ,cons1déred to be 12 24 ha, and' w1thln a g1ven,
--,area(40%;should satlsfy.cover requ1;ements (20% ini h1d1ng

| { pover, 20% in'thermal-cover)'(Thomas}1979,$N1etfeld'g_ al..

1985).dstands‘satisfylﬁg‘adeQUate'thermal coyer . status flay N -

‘Conversely, understory presence -dyring heat stress or
absence durlng cold stress will decrease thermal bufferlng

T T Tt Y AR



T 1ncrease 1n road den51ty and/or traff1c level

. (1984) developed a. llnear ‘relatlonshlp between

L

‘also, due to 1ntercept10n of snow by the cont1nuoUs canopy,

\

'yleld greater w1nter forage acce551b111ty (Bunnell 1978) and

.less phy51ca1 'obstructlon bf; travel beneath htﬁ canopyfif

(Parker and. Robb1ns 1983) As well due to the presence of:*;f

';stand1ng trees,'securlty cover (See below) is also prov1ded 'dﬁ“

3Secur1ty co:Lr requ1rements

- Elk also use cover for 'securlty ‘?actors- thought

. affect secur1ty are stand den51ty,.t0pogfaphlc rellefqﬁfcadg}”i

-

AR

‘den51ty anq’ trafflc volumes (Lyon et al 1985 ThOmas 1979 S

Stelfox 1984) Dense stands and topographlc rellef 1mproveff‘d

\ securlty (Skovlln 1982 Thomas 1979 Stelfox uﬁpl) slnce #gﬁf,f

4

affects securlty adVersely due to an 1ncrease 1n harrassment; 2

'Q(Lyon et al 1985 Morgant1n1 and Hudson 1°80)&
o3

To prov1de securlty cover,,the followlng measur s havelifg

) been suggested Stands should conceal 90% of an elk at 60mf»t

e !

- meters (Stelfox 1984 Nletfeld et al 1985) and the 51ze ofﬁfd‘
' /’

" "':"suc@stands Should be z 6- 10, 5 ha: (N1etfeld t ‘al.. 1985) Lo
‘l‘_Broken topography also recognlzed a‘cover sourcel?ff

;" ﬁ&letfeld et al 1%85) Ut111zlng densxty board readlngsffi

‘ (Nudds 1977) to determlne the degree of concealment, Stef%oxﬁtﬂ

'

'stand : en51ty--andv an 'xndex 'of.-secur1ty cover valuerV'

BN

-Relatlonshlps between road den51ty (var1ab1e tfafflc levels)bfﬁ

V; and elk habltat quallty have also been suggested (Thomas}“'

ST N T Do LU s B e

elk - w1th1n these cover sources is llkely to be ol scured Anfv

ﬁph roadsf :

_increas1ngﬁff
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~— Other habitat requirepents,‘.

'~ Other’ habitat*'requirements ' include” waté%, -‘Salt
. \ . —

- wdllows, . travel corrldors and ca1v1ng areas. Salt . 11cks are
con51dered a.- luxury for elk however therr use 1s: frequent

and correlated w1th succulent phenolog1cal stages in forage

;(Skov11n 1982) Water 1s more 1mportant 1n dry areas tha'
northern boreal‘ env1ronments where _water is' con51 >red

'Habundant (N1etfe1d et al 19855 A numbeg.of fqptures

‘the use;of,hiding _coverv (dense th1ckets) : other studx,sﬂ

"1nd1cate ?the _use ‘ofn_ecotonai areas (i.e. sagebrush—open;

'tlmber _interface), gid‘ ther features associated"‘ wzth
1;calving.;areas are the preSence Jgf slash gentle slopes and

T;'f the- oresenge of water: w1th1n 'a' glven dlsta;ce~v(ife. 4001d”

L/v :meters~ (Skovl1n 1982) . O 1di/meter9a(Thomas 1979f),:v

| ' Another 1mportant cover source, travel- corrEdors,¢ is

gd;dlscussed in Thomas (1979) Skovlln (1982) and Pedersen‘gt‘

o

{1980). Timbered draws in- areas ge::iz};y defrc1ent.‘in’

cover, r1par1an'.areas and rldgelln are all examples ofj‘

-~ ‘travel ‘corridors. Wallows dre ‘localized ”sites used? by

v ':rutting.jbulls.5 Exceptl'for_“the 'presence of small trees,;'
B A . - ‘»'-: ) - A
e wallows do, not appear ~-to. have con51stent ‘habxtat )pr
Xooe : . .
L topographlc features (SkOVIID 1982) Cd

. —-——_—__—_—--——_—-

“L sIn thlS context, stand density refers to the number of :
-~ -{plant) stems 2. 5M (or greater) in height, within a 0.0M to .. -
Ey 2.5M horizontal stratum (beglnn1ng at ground level) on.a | -
- given area. : . . R

=

%been 'assoc1ated §w1th calv1ng areas. Some studies 1nd1 ate - .



.Soace'

Space 1s a land area. 1n whlch ‘alll habltat compOnents“"

;*

are acce551b1e 'to'3an_ an1mal (Frevert L1977, Shawt1985).

Habltat components, in thls case, refer to food and cover

'»‘5‘.‘

jﬁ

“requ1rements, ‘and .aCQGSSIblllty. denotes"_that all”habitat

"ffﬁﬁcomponents are -available'l'w1th1n »the_' phy51olog1cal.

i3

y lrhltatlons Of'.the anfhai 1of concern The space actually'o

'/Utlllzed by an 1nd1v1dual of a glven spec1es w111 also yary ,-

accordlng to ava11ab111ty- of habltat components (i.e.

' product1v1ty and dlver51ty of the. hab tats)(Shaw 1985) 'oTo o

: assess. space requ1rements,- determlnat'on of terr1tory and E

home range ‘size has been sugglsted (N1e

iy

eld e_'t" al. 1985).

'-Home range s;ze for an 1nd1v1dual elk utlllzlng a technlque

.~

%7proposed by Haregtad and Bunnell .(1979) 'Iis 670- ha “An

1nd1catlon of pace. requlrements for an elk populatlon (1n

Alberta) can be ‘found in Nletfe% et al. (1985). I s

_esuggested that blocks greater tgsn or egual to 1000 ha of<;

'contlnuous undlsturbed hab1tat are ?equ1red to. support a.

populatlon of elk year round Verner and Boss (1980) report

(

"a home range of 20 m12 1n.the»Rocky Mountalns. o o _
. . ' . ) N . B i 1 4

K

. i / .
‘Habitat componenﬁL thh1n managed forest cond1t1ons

-

Over time, cce551on 1nduces a serles of ° pred1ctable
fchanges _in forest-_communrtles. Followxng logglng, flre,.

w1nd§hq@w or any other factor which removes the caggpy,blthe

,%1rst succe551onal stages '(seres) offer relat1vely hlghd ;

forb grass and browse b1omass, whereas later stages exh1b1t

,



"..

. the development of a tree canopy (W1sdom et al 1986 ThomaS'-'

L0

,f_unct1on “of canopy coverage, however, descrlbe a reduct@
a

”lofvgrasses 'and forbs oVer time. Hence as stands ; g

;“1979) _\Consequently, over a Series of stand ages, the_
blomass of grasses, forbs, shrubs and trees w111 change in-a

:fa1r1y predlctabie fashlon._,' S | 'r,'yfifh

These i snbce551onal - changes affect- _elk_ habltat

'-_;:components i(Bunnellf'ahd\ Eastman'1976) Early succe551ona1

"seres, wh1ch host hlgh grass, forb and’ shrub product1v1ty,'

also host hlgh herbage and browse blomass (Skovlln 1982)

'Relat1onsh1ps deplctlng grass forb and shrub blomass %gﬂ aj

r

.‘reiatively : poor--herbageh and -browse cond1t1ons develop;y

(Skovlin 1982, Thomas 1979 Harcombe 1984) However, ‘since'

hidingi cover and thermal cover are (respect1vely)vl
‘,character1zed by dense and h1gh contlnuous canopy co?erage,

‘theseﬁ\hab1tat components are more available in ,older forest

' stands (Thomas 1979), Consequ?htly~w1th1n‘managed scenarios, -

habitat component 'avaiLability' and quality are goveknedt

VFErough t he timing, spacing and 'Sizing”’ of management

act1v1t1es such as clearcutt1ng, th1nn1ng and fert111zat1onfﬁ

,etcr(Thomas 1979, Wisdom gt»al 1986)

ﬁGiven“ythat 'cuthocks 'w1th1n the_ same age class are

distribdted over a vvarlety of topographlc and edaphlc“’

-c%?dltlons, a var&ety- of forage types wlll ex1st on them..
This is attrlbutable to fthe, 1nfluence of' topography d»
gso1ls,ron spec1es comp051t1on (Corns and -Annas 1986). Also,‘

hQQeverII“it is likely that a. varlety of phenologicalg3



T T e ‘ﬂifﬁﬁ,”"*dfz 227?F£iff:£8;fi
| | i »_;3;;_ . ,‘;_. e o Qie'ffh{'5;-,,‘v ;'- qgl‘ ];,.,f ‘\5 S : ; v v; "
"'x'patterns w111 ex1st wzthln the jorage due to the presence of-*
e;pa:'varlety 5 ;,spec1es, wh1ch colléct1vely, exh1b1t varlouswﬁ-
be}lphenologlcal development patterns (Ross and LaR01 1984) |
| un fadditlon, 'some' var1at1on 1n hld1ng cover qualltyr'a_
:\:among varlous 51tes, w111 exlst due'"tojgthev 1nf1uence 'ofylg
:'jtopography l:on h1d1ng : over ' u1tab111ty '(Thomas 197?)«‘
“"R'Varlatlon in thermal reglmes w1ll also ex1st due tto:jthev'
"'Allnfluence of topography ‘on m1croc11mates (Gelger 1957)

THab1tat su1tab111ty 1ndex Vldv.“

: 4. Ut11121ng procedures descrlbed ‘lnv Habltat%“Evaluation
T-Procedures (US‘ FlSh- and’ _W;ldllfe 1981)) da habltatu
. ;isu1tab111ty 1ndex was developed’to evaluate habltat quallty fd
‘5[fTheﬂ; constructlon tvefl hab1tat .SUltablllty 1nvolVes 'tne

:'selectlon and measurement of varlables to derlve the status-u
"f key hab1tat component(s) or llfe requzs1tes. The status
'lVof habltat components 1s deplcted w1th a serles of emplp;cal
3fvrelat1onsh1ps wh1ch produce output 1n scalar value form (0 -
efto 1) (Harcombe 1984 US Flsh and - W11d11fe ‘Service 1981)j;
7gThese‘ scalar -valueS‘ are subsequently ut1llzed to genera e |

"the hathat su1tab111ty 1ndex. B v7"f'_f.l-i | Wﬁ
| ‘ S } ﬁ

’fHovukfthe- 11fe requls1te _coeff1c1ents *aref used

» generate lthe: hab1tat su1tab111ty 1ndex depends _onj?the'd‘

(or habltat components) and habltat quallty If for *xampleg :



'the:’relatlonshlp among food COveru“vvater 'éhdf habifaf*a
uquallty deplcted by a relat1onsh1p of 11m1t1ng factors,
“}then the<lowest scalar value 'of: these habxtat components_u*
represents-f he habltat 'su1tab111ty 1ndex (US FISR and‘f

.‘.‘

' ,W1ldl1fe Serv1ce 1981) | ' _ -
' ‘The relat10nsh1p vof;dvh HSI' generated by hab1tatfhj
r'modellng and habltat quallty 1s thought to be llnear ,(1 e.,
increases ~of' HSI ,by O 1 represent an 1ncrease in hab1tat
qualitv fby 1@.1)» and ‘the habltat su1tab111ty 1ndex is
'~'conparable, to carrylng capac1ty of the hab1tat._The effectsgﬂ

"of:-disease, competltlon, predatlon - and . man - upon,""ve_l_rk~

'populatlons _are' excluded (us - Flsh_'and Wlldlife_Service

".-1981)

'Construction'Of'a habitat suitability‘indexvfor elk
~ Model structUre‘
e Components, or llfe requ151tes used 1n th1s 1ndex were”

a' summer - food source (herbage) o a w1nter food source,‘

(btcwsé)‘ h1d1ng cover (securlty cover) and a thermal coverf'

L source. To assess each component ‘a qualltatlve coéff1c1ent ‘

quantltatlve. coe£f1c1ent 'and an 1nterspers1on coeff1c1ent'

“were derived. - I .

‘ Derlvarlon of qualltatlve coeff1c1ents _ |
Qualltatlve coeffic1ents dep1ct the status :or qualxty?d
‘fbf. : partlcular' habltat component on a glven land area.
pCoeff1c1ents are scalar values and are calculated .for eachp

N

LN



stand.
0<0C. .<1.0
4,57 000 ,
e _whe‘re: .
LV N
s RS | - A |
' QC = qualltatlve coeff1c1ent for. quallty of -
. a partlcular habltat component relat1ve
to,opt;mum_cond1tlons (1.0),_H."
'i.é,habitat_componént o o

;dEvaluatlon of - food quallty

- aThe food quallty 1ndex was. con51dered a functlon;of_
food b1omass. Food b1omass was represented~by_the blomass of
grasses, forbs and -shrubs avallable in‘ falﬂ/w1nter and
'.1spr1ng/summer. Spec1f1cally, gzasses, forbs | and_. shrub’

”7_ biomass were modeled due to the results of Nletfeld (1983)

suggest ‘the' use. of ‘a. range of spec1es w1th1n eech (or all)”
dof these taxonomxc categorles.. W1nter_ food resource was
‘represented by _rne- blomass’lof, shrubs within the (O 5 tod
;2 5m) stratum due to. the use of thlS resource durlng w1nters'

'e,charaoterlzed ;by,deepvsnowu(Gates 1980).5$pr1ng/summer food

h‘was.repreSenied‘by grass, forb and browse'biomassdéth(p;qAroj ;

_ Gates (1980) Skovlln (1982) Kufeld (1973) and others~fthva5'



s 0 iM) due to\documented use of this?.resource by Nxetfeld."

(19§3). and Gates- (1980) in spr1ng and semmer. Due to the

(} moblllty of elk and the - 51ze of the study area,i topographxc(*r

n “V

". and edaphlc 1nfluences.tov food blomass, and phenoiog1cal e

development patterns were assumed to<be varlable over spece'“'

"‘and ;notf'restr1ct1ve-to acqulsltlon of sat1sfactory forages

by elk

. . FERNLA

predlct' future and present food b1omass,'exlst1ng

-t~and regenerated forest condltlons ﬁere, evaluated % In;f

e,
' .

"t e31st1ng cover types (cover types preSently deplcted on. the?

phase 111 1nventory) and 1n regenerated cover‘}ypes (those;hf;

ot

cover' types predlcted to exlst, 1ven ex15t1 q management»“
.91 ,

actlv;t;es) relat1onshrps dep1ct1ng b1omass of w1nter food

<

and - summer food s a functlon of stand age weﬁgxut;llzed}r

.xf(weStvorth'et als 1984- Revel et al 1984- Alberta Energyf c

;and Natural ReSources; 1981) Where requ1red data 1n the

4

form of cover percentages were converted oa b1omass us1ng"

relatlonshrps derlved 1n.0hmann et al. (1981) Statlc ylelds ‘

] B

-
3 L] “ v""

Cidtin meadow cover t\(}'Pes (AlbertafEnergy and Natural ResourceSiﬁ
1981). Relatlonshlps deplct1ng w1nter ~and, summerf' fOOd:g

biomass in. the . var1ous cover types are dep1cted in F1gurea=[

’ 3.3. e
In. both exlst1ng and: regenerated cover~'typés,’_a

S | . y
qualltatlve ‘coeff1c1ent utlllzlng the relatlonsh1ps in

5 x" ;
Flgure_ 3. 4 yaS” used In these relatlonsh1ps 1t 1s assumed
that status (as deplcted by the qua11tat1ve 1ndex) ﬂther

A
..

-of food (both w1nter andgsummer food) were assumed tov-ex1st -

B



: F1gure 3.1, Model strUcture of HSI: when evaluat1ng exlstlng

forest conditions. The variables crown cover, stand age,
- height and stan%%type are used to derive the quality of ..
hiding cover, rmal cover, herbage and browse from _
deciduous and:coniferous stand types. This quailtatxve R
coefficient is then used to obtain a quantitative.
coefficient whéih is a function of the percentage of
land y1eld1ng her "hiding cover, ‘thermal cover,

* . herbage or browse. After ,averaging this coefficient Wlth
 the coefficiefit of interspersion. (for each'habitat.

component) fhe smallest of the 4 resultant life -;  “ '
: reQU151te coefflczents const1tutes the HSI. o

o320
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Figure 3.2, Model structure of the HSI ‘when evaluating

~ regenerated forest conditions. The variable age is used.
~to derive the quality of hiding cover, thermal cover,
herbage and browse for.deciduous and coniferous stand .
types. This qualitative coefficient is then used to T

. obtain a quantitative coefficient which is a function of

- the percentage of lapd yielding either hiding cover, . .
thermal cover, herbage or browse. After averaging this .-
coefficient with the coeffitient of interspersion, (for

‘each habitat component), the smallest of the 4fre5ultaﬁt:%jf

life requisite coefficients g?nstitutgs the HSI.

a



fﬁ;lf . e H~34:ﬁif
$2 SR ST
g PIS el
S - R
‘;_gjﬁw _ ; »®- o )'{_.5'
3 S e i
. » e 2 0.0- - ) j’\l_
ST 9 T 0 9D g0 v co : N
C g 1900.0- STAND AGEvests: . 1608.0" j{mom&o'i'vi '.‘ o SO
G 5 S
- $00.04 : . 800.0 SN L
- S e :
¥ <]
= 1. -3 J
£ Ll s | .
R LA e B 0% WP 500
o § soe0y ‘TANDvAGE years ”°;‘,_] - 'ﬂANDAﬂEi.ﬂ:
S g .' g' .
R o -
T weaq w woo.e] - =
B 13 : .
. . o.0- C- S °° Y (1°,Q \,5° S
% ooeo.d- - §mo- »t.ll'AN.Dfl_'!wc_n.i
B N I%’
o 5 2000.0 R 5 160.0:
Loo- . . m
=3 i
R Pt el
| STAND AGZ yeans » : e yoars | o o}
F1gure 3.3. Summer food (browse and herbage w1th1n the

0.0-0.5m vertical stratum) and winter food (browse .

“within the 0:.5-2.5m vertical stratum), ‘

standages, for aspen, black spruce, whlte spruce ‘and

- lodgepole pine. ‘dominated communities. Clockwise from
- left:. summer food biomass in aspen (Westworth et ‘al

- 1984)
1984);
. 1984):
. 1984);

. 1984);
.1984) ;.
~1984); summer
-al. 1984)

‘summer
‘summer

‘winter
‘winter

‘winter

winter

food
food
food
-food
food
food.
-food’

biomass -
biomass
biomass
biomass
biomass.
biomass"
‘biomass

The 1n£ormat1on
of the references mentloned

11'1
in

in’

in

,.1_n
in

in

at- varlous

et
et*-

white spruce (Revel
black spruce (Revel
white spruce .(Revel gt
black spruce - (Revel et
.lodgepole pine (Stelfox
aspen- (Westworth et al.

lodgepole pine (ReveT_et
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above . was comp11ed frqm each

—~.

,.‘v./l '
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Flgure 3.4. Derlvatlon of qualltat1ve coeff1c1ents through

: -~ the use of winter food and summer food biomass. Top: -

T quallty of summer: ‘food biomass is. 51mu1ated with herbage.»
... ingestion rates (Hudson-and Nietfeld 1985). Bottom: . -
~'quality of winter food- biomass is simulated with mixed'
~food (herbage and browse) ‘ingestion rates (Wickstrom et

. al. 1984). The’ 1nformat10n above was comp:led ftom the_~ -
‘;freferences lxsted v . ‘

o



R - S

_ﬁrlng/ summer or

'food resource'-'" question (e1ther

'disﬂha functlon of. food b1omass (kg/ha) ( udson and Nletfeld B
‘ji1985 W1ckstrom et al 1984)y.‘ L '-hof‘\'
Evaluatlon of hndlng cover‘quallty },

| As in- the pred1ct10ns of food quallty, 'oredﬁction {of
-’cover qual1ty were assumed to be a functlon of a standAj
{ parameter.‘In thls case ftagg den51ty, as dlscussed in Nudds‘
(1977) Thomas (1979) Stelfox‘ (1984) and Sm1th and Long

(1987) was used for predactlve purposes.rﬁspen stand den51ty‘
',:and conlferous stand dens1ty, shows a strong relatlonsh p

(

w1th stand age (Westworth et al'_ 984 'Stelfox 1984 Ma1n1A

-aand Cayford 1968)' hence stantL;ge was utlllzed to predlct
stand den51ty and conﬁequently"hldlng cover qual1ty in
| ex1st1ng ﬂand .regenerate@&tands. : Den51ty 'tfo v.stand age" |
relatlonshlps for the varlous cover types 'are»'depicted- in
‘Flgure 3f5.__Due-hto the dlféerent crown conflgurat1ons of
pine and mlxedwood stands,‘ relatlonshlps between cover
7qua11ty and stand dens ty,,Jfor ‘these~ coverihtjpes,nare,.
deplcted 1n Flgure 3 6. valuatlon'of'hiding'hcover qualltyv

u'ine,the case of exlstlng two stor1ed stands, cons1dered the

presencé/absence’-ofdcthé’ understory f_ithe. understory

_possessed crown . coverage “of 51% _or greaterrand a helght .

____——————..—.—--—._— ,,,,, — -

_ ‘Intake rate, if hxgh is con51dered to be good for elk
“because the: t1me reguired to. ‘obtain daily. nutrltlonal
__requirements is low? Conversely, low intake rates are poor
. for elk due to greater foraging time - mequ1rements and - -
- “consequently greater energy. expendlture in relat1on to the'
'ﬂ”benef1ts acqu1red from food .
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re 3.5. Stand density, at various stgnd é§é$g in aspen,
ted communities.

~ Top.left: tree speciés density in aspen dominated
. communities (Wedtworth et al 1984); top right: “stand

density.(class 9.and 10 coniferous trees) in unscarified
lodgepo}t . .pine communities (Stelfox 1984); bottom: stand

~ density (class 9 and 10 coniferdus trees) in unscarified

wvhite spruce dominated tommunities (Stelfox 1984).. This =

. information was compiled from the sources listed.

v
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Flgure 3.6. Derivatlon of qual1tat1ve coeff1c1ents through

. the use of 'stand density and crown coverage. Top:

: »qualzty of thermal cover, as judged by thermal .+ .
reradiation, which is a function of capopy coverage
(Reifsnyder and 'Lull 1965). Bottom: quality of h1d1ng

_cover as judged by stand density (Stelfox 1984). This .
1nformatxon vas.comp11ed from the sources llsted IR
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range of - 6 pt- ! Sm;' that’ stand was con51dered to offerﬁ.,
optlmal h1d1ng cover. quallty and hence the overstory, 1n two

storled stands, was 1gnored Due to the lack of 1nformat1on'
-\
vconcernlng the development of h1d1ng cover 1n black,~spruce

~and meadowccover types, h1d1ng cover predlctlons concernlng“'

Y

N,

*;these stands was _not p0551b1e (Bella pers comm) Fort.
'fdec1duous ‘stand types,{ h1d1ng cover quallty measurements
. assume\a Iackvof foliage. 3
: IR , e
.Evaluation of tnermalMCOVer qualitj' '_!ﬁf"'

In ex1st1ng stands, thermal COverqual1ty was s1mulated

- R :M-

’w1th a"relat1onsh1p descr1b1ng ther%&l re radlatlon (from;

= -

the tree canopy) as a funct1on of crown coverage (Re1fsnyderv;
and Lull 1965) To obtain pred1ct10ns of -thermal coverﬂ'

o o S PO AR

guality in regenerated stands, ~profess1onal ‘estimates - of., ..

stand ages .whlch satlsfx the cr1t1cal thermal “cover status -

"propbsed in - Thomas 4)979)’ were obta1ned vvhite-spruce
and"pine '%tands)‘ adequate- thermal cOver ;:status was
__con51dered to be obtalned at a stand age of 95 years and 80 .
years (reppectlvely) (Bella pers. comm ) Due to-*lowi crown?
“coverage estlmates documented for aspen stands in the Rockyﬁ
_Mounta1n House area. (Westworth et al.- 1984) and variable

Vs
’ nd development patterns _i black spruce (Bella pers.

m“’ﬁc mm ) Satﬁsfactory thermal cover status was not cons1dered; |

(to exlst in regenerated or ex1st1ng stands of theSe specres.’_\

£ relat1onsh1p-between thermal re- radlathen (as expressed by
-1.r__”P ______________

A con1ferous stand reaoh1ng 12m (or greater) in he1ght and
70% crown,coverage (or greater). . &

[
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~ e

a\thermal coVer'index) ‘and crowh-'cdverage~ is depicted | in

Figure 3 6 As in the evaluatlon of qualltatlve 1nd1ces for

food the 1nfluences of so11 and topography on securlty and L

thermal cover were assumed variable over space and not_
’restrlct1ve to the acqu151t10n of adequate cover sources vby

x
[ N

O R 1 L
Der{vation_of‘quantitatiye coefficients-
| Qualltative coefficients, .when,multipiied by the;aread
j_of‘ ?, stand/stand aggregate yield ’> 'number"of habitatu
aponent units. Subsequent computatlon of the quantltatlve“ﬂ
. ificient for_.ad' given habltat component 1nvolvesd
calculat1on of ‘the percentage of the total number of habltatd
“'component un1ts Whlch con51st of that habltat conponent and
subsequent use <of. F1gure» 3.7 to obtaln the quantltatlve'
’coeff1c1ent. The follow1ngvisna symbollc representatlon “of

‘vquantltatlve coeff1c1ents.

L]
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Flgure 3.7. Der1vat1on of quantitative coef¥icients for

‘thermal cover, hiding cover, summer food,

and w1nter

‘food ‘quantities. In all cases, the quant1tat1ve'
coefficient (scalar value) is a function'of the.
percentage of habitat units which are thermal %cover,
h1dmg cover, summer food or wintes, food hab1tat un1ts."



‘:where:

Q;g"quantitative~é6effiéient

}5QUa11tat1ve coeff1c1ent "T o N e

O
A
L]

Lieéghabltat component
R stand/stand aggregate

'f:k'='stand/stand aggregate area
: : AR total number of stand/stand aggregates
R R R S s

Cqmputatlon 7gf ‘quantltatlve- Indlces 4Flgure “317) H
ffassumed that the opt1ma1 relat1ve quantlty of food to cover,g :
fgiqg glven‘ area,.uis 60%: 40% (TBomas 1979) However,.thf
f'evaluate Sprlng/summer and fall/w1nter food reQu1rements,'
';the two food requ1rements were con51dered equallx 1mportant.ft

[

"Consequently optlma1’ quantltatlve "ood requrrements ‘weref(j

_fcon51dered ftov bej-30% w1nter food ‘nd 30% summer food The‘f’

"40% cover requ1rement was 51m11ar1y spl1t 1nto 20% h1d1ngmtf'

5 |
cover and 20%w¢hermal coverk as suggested 1n Thomas (1979)

";Qb;fgrl"

A
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;Relatxonshlps dep1cted 1n Flgure 3 7 were ut111zed to derlve"s”"

‘ quant1tat1ve 1nd1ces for relatlve quant1t1es of; food and_ir

~

“cover. These flgures assume that relat10nsh1ps between_;&'

27

' ~;1ncrea51ng quant1t1es of over/food and heg quantltatlve.

1"\

- ;1ndex can be s1mu1ated WIth llnear relatlonshlps.;v

e

'fDerxvatlon of the 1ntersper51on coeff1c1ent

To assess 1ntersper81on, a dec151on of whether a glven';v

ﬁ’-farea y1e1ded predomlnantly summer f00d w1nter food | hldlng'l,ff

cover .or. ,thermal cover (or-'a comblnatlon of these

tCGmponentS)thad to be made. ThlS dec151on vas';madefihy

'iaSSeSSing"vhether that area met (or’exceeded) the critical

\

,{hahitat 'component levels of “each _'respectlvebpfhabitat :

component

: Crltlcal 1evel$"were establ1shed lthroughk% use ;;ofp'q

L4

.i_qualltatlve coeff1c1ents. The cr1t1cal level for summer foodf5f
'fi(herbage) follow1ng recommendat1ons of Hudson and N1etfeld?~
~"(19885) - sfj establlshed at 900 kg/ha (. 37). Uponf

-consultatlon, the cr1t1cal leyel'&or browse was extab11shed;_f

i at‘iisd' kg/ha (0 38) (Telfer, pers..comm )i Cr1t1cal h1d1ng e

' cover qual1ty, as suggested 1n Stelfox (1984) was con51dered_,

‘_to- be“O 6 -and~ forg thermal 4cover cmxtleal qualxty was

con51dered to be 0. 7 (Thomas 1979)

leen fthe cr1t1ca1 levels of each habltat component,

the# 1ntersper51on‘. assessment 1nvolved the‘ ifollowwng?"”

-procedure. ,A' sample' o£ 60 randomly establlshed p01nts was:
]>establ1shed w1th1n the study area. If cr1t1cal values ffor'l

» all four habttat components were met Wlthln a. 1460 M rad1us;a‘

.
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fpblnt,_—¢hat poiht was con51dered to offer-_fai
bsat1sfactory_i 1htersp§;slon\ status (1 0) f' Subsequent'

C [calculatlons of =1ntersper51on 1mvolved calculatlon of the,i’

R Y

sample mean'“fj;-"'

R 1 :ﬁlnterSper51on andex,'or
.bv . .:- ‘ 5
' ' ";antersper51on stq;us

ﬁwas evaluated '”if ";9 §f¥}{fL

A confldence Lnterval of the mean was also“toﬁ?uted

-ThlS coefflelent .5@ 1ntersper51on ggassumes ' thats:"

) w0 . L R o /,.

/ .
1nterspers:on -“.an assessment of the spat1al dlstrlbutlon S

’.requ1rements_{f habltat componentswg’Moreover, to attaln

vﬁ éd“-r'
5p¢ resources ;1mportant

psho"ld be acce551g§““

]

 sat1sfactory 1nterspers1on status/

“to anuf“ 'ﬁuthln an area wh1ch

&".n‘

;;POSSESSQB the sxze of an. elk hﬂme range (Bunﬂell énd'Eastman«

'fJ9769 It xs also assumed that the conf1gurat1on of the home
T .‘5—9-—\-———& ————————— - s '(.} L ' -
‘ SImthis study théSe involve ‘summer food wlnter food,

> °°,h1d1|’ig cover and thermal'cover e




el rangé.lﬁs c1rcular, hence a radius wgs chosen.hA 1460 metgr

'*.1ntersper51on 1ndex and th quantltatzvé, 1ndex.. US1ng

Cod e

rad1us was derlved fr0m as regressmn ;f body we1ght on- h

b

' rangev area (Har}

ad and Bunnell 1979) assum1ng an average

‘‘‘‘‘

.,?body welght off

tDerlvatlon of the 11fe requ151te coeff1c1ent o

. Llfe reqﬁ151te 1nd1ces represent a comblnattbn Nof;_theff"

‘guldellnes 1n the Habltat Evaluatzon Procedures (US Flsh and

v B

,Wlldllfe . Serv1ce . 1981) hg'v'relatlonshlp f between o

%
¢

1ntersper51on and the quantxtat1ve 1ndex fwasdgfelt be L

f‘ . ,.-. ¢

compensatory, or’ stated otherwlse, hlgh'quantltatlve 1nd1ces!1 d
joﬁ a; glven habxtat conponent 'n111 substitute "'J;ffiowi
1ntersper51on‘- status . andyf v1ce versa. However,‘ thi;.a‘
3gcompensatory relatlonshlp is only partlal For ~enampleh ’ﬁf.
_ethes quantltatlve _1ndex for food is very low, that habltat
_component 1s 1nacce551ble and hence 1nva11d desplte-.the' :4

. ¢
' fact that ‘1ntersper51on ~of»ythev food patch(es) be

7,favorable. Inuthe, oase';of' compensatory relatlonshlps,f a

"ffgeometr1ca ‘mean. 'of t (quantltat1ve and -1nter$per51on)

‘1nd1ces is suggested (US Flsh and Wlldllfe Serv1ce 1981)

An< arlthmetlc representatlonvfof the 11fe requ151tetf«
. . L : i . . / -
coeff1c1ent 1s as follows- '

(QX 1)0 5

where: = . .. U LT



N

L1fe requ151te coeff1c1ent S

for habltat component 1.f»

h

f/;Derxvatlon of thg HSI" P _
( The HSI 15 calculated assumlng that the smallest of then
v l1fe requ1sate coeff1c1ents represents habltat quallty, 'Qr,_f

; that_ elk w%espond to ‘the. habltat component 1n least supply

i”The;efore the l1m1t1ng factor represents the HSI"

<
.
'Ti"*;
@
-
it

min[LR,] .

Sa o . 0
A

‘Habitat suitability index .

The follow1ng is anlinterptetatlon of 'habitatAfSUitability

1nd1ces._. B o g . R Co -

s IR HSI . Interpretation

0.9-1.0 .~ Excellent

Bt B

- 0.6-0.8 '~ Good
0.2-0’3;:>_» o n'ﬁPoqr"

. 0.0-0.1 . Very Poor

(a0 ~

B i



Results

Habltat 1nd1ces for TWP46£k9 wsvwere computed‘assumlnggv

X b

"; ap:absence . f tlmber harve;%‘ Consequently,A evaluatlonsti s

fjudge ex1st1ng food. and cover condislons only Slze and,
'spacing of summer food : Winter food h1d1ng 'cover daﬁdg
thermﬁ& cover areas: are dep/;ted 1n Flgures 3 8 to 3 11 andv-
quantltatlve and habltat su1tab1l1ty 1nd1ces are llsted in]r

Table 3.1 - 'i.",(r

v Ex1st1ng cond1t10ns,‘as deplcted by Flgur s 3&8 through_“

"3111 1nd1cate v greater aBundance of stan.s whlch yleldJ>ib

h1d1ng cover (that exceeds cr1t1cal values) yet.‘relatlvely

few stands whlch y1eld hlgh quallty' tbermal:cover,i herbage¢

and browse._; | | » ; i |
: fablev 3. 1 lists‘ duantitative,limdices for’fhéfbasé?r';’

\

quantlty of herbage un1ts (s. food) is almost optlmal (l’e:
"approx. 30% of the .total. number Of‘%ﬁbltat unlts are herbage.;
(summer food unlts) ‘as opposed toW%rovse, h1d1ng ‘cover ,or;sw
thermal -cover,, wh%¢§.aare ”further away_ from,thenoptlmuml:v

4 The “HSI for thlS townshlp is also glven 1n Table 3

Note that at ppesent ’h&bltat qua11ty ’is l1m1ted by :he_“f

relatlve | quantlty ,g. thermal cOVer. Hence,'f. llfe

browse,_ h1d1ng cover and”zthermal 'cover. The -relative *

-requ151te 1ndex for thérmal cover “is’ the hab1tat su1tab111ty,dv

. lndex'.‘ ‘ . | . : . . o . - oy ."‘v - ".‘:9.,
,1_‘,. ;“ & :

:’ngh quallty is" that wh1ch exceeds or equals cr1t1cal
g requ1rements. R : ‘ :









| Figure 3,10, Existi
S (shgded),_ |

_ng hjgh quality hidi“g-CQVéf-aréas"”:h'

TR
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. Table 3.1. Quant;tat1ve co ff1c1ents, 1ntersper51on
o coeff1c1ents,,l1fe requisite coeff1c1ents
’ and HSI for ex1st1ng forest condltlons. '

| ————

Es a0

Habitat' Quantitative Intersper-  Life reg. ~ HSI -
‘component{»coefficient “sion coeff. coefficient

«Forage } 98 .95 . .8i

| Browse . . .45 B .95 . .65 h _
" Hiding .61 CoLes .76 -
cover: R - Co :

Thermal f .36 - .95 .58
- cover , o R o '

——
p— —

All parameters are :scalar values.’
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. Disqusszon @

\/' \_)

ghe 1n§&ces generated by thlS habltat model WIIl be,;d
uevalua%ed ﬁn termsv;of .two’ crlterla.:,The- g?rst ‘is the
"fvalldlt;gogéshe predlctlons-‘how well do the 1nd1oes reflect'.‘
_'habltat ..» b111ty _to. elk7 The second crlterlon 1s the“h'
hr]u@ﬁl1ty of the 1ndex, glven it s va11d1ty : - '
f,g" The valldlty of the habltat su1tab111ty 1ndex Eel1es on
hthe assumptlons used.tln.;bu1ld1ng~ ittitAs” outl1ned vabovek'
‘(methodS) assumptlons wereh.involved in. dec1d1ng which'b
-:habltat components were to be evaluatedvby' the; 1ndex, 5h§§5l
'théd measurementdof qualltatlve 1nd1ces was to be conducted
Vhow quantltatlve 1nd1ces and 1ntersper51on 1nd1ces hof -each

ol

ghabltat‘ component wene measured and ch0951ng of the hab1tat,

su1tab111ty 1ndex from the lxst of lafe requ151te 1nd1ces.vn e

“d.\ “The decxs1on to deplct habltat su1tab111ty w1th food'

and cover 1nd1ces w;s based on the assumptlon that these are_lf%

o

key habltat compOnents._That fogﬂ¢ﬁ¢d cover are - key hab1tatﬁ

: components 1s ‘an establﬁshed pv?nc1p1e, not only hcthe

management of elk habltat but also rn hab1@§j~managementl

generally skovlin - 193ﬁ Shaw 1985) mfﬁer elk habitat

Y - : ,/,&:'-‘

m dels (W1sdom alv 1986, IEC. Beakh?984) also assume life

*‘Qb

requls1tes to. be food and cover.

pThe‘ measurement of qualltat1ve 1nd1ces utlllz1ng stand'

pa;ameters:gfge, crown coverage,~etc ) to assess physzcal
' (Flgures 3 3 and 3 5) .of habltat components andv

the subsequent measurement of those quant1t1es der1ve“
. R
' qualxtative,.;ndlces, also 1nvolved, almost exclu51vely,,the

R
AN



yd”Sé o
“HUSe‘of'dOCumented'reiationenips.fRelationships of'foro/grESé
~and browse b1omass Wlth age were obtalned from Westworth gg:
al.  (1984), Revel et £ al. (1984) and Stelfox (1984)
relatlonshlps of dgksrty (h1d1ng \cover paigmeter) crown'
'coverage (thermal cover parameter) as a functlon of age were

";optalned from Westworth t al (1984) and.thefrelat10nsh1ps
wnof food blomass *and{chidingv'(density) randdthermal cover’
(crown: cover, _height) 'ﬁparametere ,dto‘ the.' respectlve
"5qua11tat1ve indicee for ‘thosé';comoonents were optalned '
‘dutillzlng relat1onsh1ps ”propoSed‘ inA Hudson and "Nietfeld
(!985),; chkstrom et al (1984) Stelfox?(ﬂ984)' Relfsnyder

X
S

e of W1ckstrom et al (1982)v,and -,

'and Lull (1965). In the: c;

Hudson ,and‘Nietfeld-(1§85w:" .fates as a‘;unct}on_of-

'biomass are’ Validated relati s}-”The; assessment ;of
indices which rate the:_relative‘vguantities .of habitat

//components was * based onf rocedureé syggested by Thomas

(1979) é‘ subsequeqﬁé:' luatlom%Aotginterspersion_ae an
4mportant component of ﬁab1tat evafzatibn which 7hae ~been'
suggested and conducted fthﬁﬁg number ﬁﬁ.authors (IEC Beak
’1984 wlgdo 3 et- al 9ﬁ6 . Harcombe 1982 us Fish and'

‘wlldllfe serbice 1981 Whlttaker and McQuen ¢1976)

A

'i:assumﬁtlonﬁ

hat habltat su1tab111ty 1s repreSented by the
. Lsmallest of the f0ur llfe requ151te 1nd1ce5m15 E111zed in
Vs . {w’

;,habltat and wzldllfe management (Dasmann 1981) %ﬁven that-

"only one spec1es 1s belng evaluated "4 . *~yj; . ‘*ﬁ
7 . v . . ..:H"

Wh1Ie the 1ndex ut111zes documented and locally 'vabld

‘1nformat10n ;1t ’1s 1mportant to remember that the valldlty
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: of*'the index _has n't"been verzfled Wlth f1e1d studles.r]fp—

Valldatlon of 1nd1ces 1s con51dered a v1ta1 step inr 1ndex°;'

. 4

,f_j 0construct1on (ps FlSh and Wlldllfe Serv1ce 1981 Schamberger:

and O“Nlell 1986)

Comsequently, ) thetfindex ‘should be 1nterpreted as;

"ﬁollows. Due to the validity' ofh.the‘-relatlonsh1ps 'wh1ch' a

}fx‘.constltute fhen habltat mcdel its pred1ct1ons of food and
cover quallty represent what is presently felt to constltute

-elk ,rhab;tatsv in‘ Alberta. ConcluSIOns ’that. the »habltata

<

jspitability tindex”_represents {actual}vcarryﬁng '.capacﬁiy;"

however,.‘ are dangerous due ‘to. limited (or lack. of) . -

- “lyalidation. Hence, habltat su1tab111ty 1nd1ces generated

5h§re-’represent .only the relatlve merlts of one management»

@

alternative ccmpared'to another.
‘ Given the meanlng of the 1ndex, what can be said about’
existing- habltats in TWP46 R9 W57 F1gures 3 8 through 3;ij
hlllustrate dlstrlbutlon of habltat components,'and Table 3,
gives vcoeff1c1ents- regardlng"l;fe‘»requ151te status  and‘~
~habitat. su1tab111ty The‘ life ’requisite ceefficients;and
deplctlons of patch conflgutatlon and'gecmetrfc'distrihutﬁcni
- of patches 1nd1cate a relative abunaance‘cf'hidinghcover}
but a relatlve scarcxty of browse.andithermai'ccver.scurces;'f‘
'Consequently at present there is a deficiency'inftﬁese:
'thabitat»components; | o |
| ,if‘ management 'objectives:,within “this area»‘we;e to
1mprove hab1tats,' the_ follow1ng measures are suggested'

Browse - sources should be 1ncreased th1s 1ncrease of browse“



S TBe

e o e

: would concurwently reduce hldlng cover sources (whlch at:,
. _

R present are overly abundant) The 11m1t1ng ‘status gdfftthé7:

thermal cover 1nd1ces 1ndlcates: too, that thermal cover_[

sources should be 1ncreased .G7ven the preseht adlstrlbutlonff
?Iof two StOrled : stands‘; (Aspen f.overstory wh1te ;pruce '
T,understory) 1n the southeast corner of the, study area, hrt.;
'*hmay~:be p0551b1e ‘fdf accompllsh ‘thlS goal through natural;



IV An 1ntertempora1 analysxs of elk habztats thhxn a‘
| 3 conventmonal forest management reg1me
A'.-'_-"'fxntroauc,ti'on‘ L e f.‘".i’;f'
- 5 T

has frequently beenr" asserted~"tha€} hab1ta9;-ﬁ

-Tf-su1tab1111ty 'for' elk (Cervus_ elaphus) ‘is dramatlcally'.

1Aaffected by forest mana%ﬁpent pract1ces. Throdgh act1v1t1es;;f
on 1arge _scale, forest management is cons1dered to ﬁavéf*”
e:large and perva51ve 1nfluences 'on ‘foodlfand over (Euler
:f7,1985 " Thomas 1979) Sllv1cu1tural practlces whlch favor the_a.
}f;cgﬁat1on of 1arge monocultures,’are thought ‘to_ affect'helkdiﬁ

'.habltats negatlvely through a.. reductlon An planflspec1es-f

"d1ver51ty (Skovlln 1982) Forest agen'class dlstrlbutlons,

[

w-1ch -are altered by forest management practlces, have beenjj[
.shown: ton control populatlons _.ofr, red - deer . (Cervus'f
=ui_liEEE_)(B°b9k ;gi-_él,‘-1984) and one would expect sxm1larte
”1mpacts f°f::elﬁ;:'§iVen management gurdellnes min Thomas; R

‘

”;(t979). Impacts, on elk and other spec1es, of other forest_

'“fmanagement act1v1t1es ,1nclud1ng “51te -preparatlon,d standli

o

establlshment _stand tendlng, stagd ;éﬁfction and_generai»

. :‘;:/ e . R
'.forest management con51deratlons such%._s 'annual allowable

HGwe:

\hcuts, road bu11d1ng and rotat1on lengths are dlscussed 1n ad
»;rev1ew by Bunnell and- Eastman (1976) Through alterat1ons in
;;habltat requmrements,“eit" is argued that a number of bhesetf

s practlces oan have -S1gn1f1cant 1mpacts on;f w11d11£e:
rcommunltles, B favo&;ng - some.n» species ~ over others.-

s Conseguently;vthe questlon oflwhether"elk;habitats (and uin
o T e ' Lo P A e



J35;som& éases;* elk popu1atlon den51ty) are changed by varlous"
:"r‘."‘\ér ,“ s b

t\

e«'{"

e B S =7 ] ) ) . o <

posed. ;‘ .

The nature of 1ntertempora1 changes 1n elk habltats -asgf

!=~a‘ functlon of forest harvest however,‘ls a quest1on less

' frequently addressed How do the varlous habltat components

*-change, ' as, functlon’vof conventlonal forest harvest

.reglmes, over the time spanned in aﬁ forest’ rotat1on7' How

: does the spatlal dlstrlbutlon of these components change7\

o ThlS chapter w1ll document :thed,effect —of -a} fbrest

e

harvest reglme on elk hab1tat components w1th1n a study area o

domlnated by dec1duous stand types. It addresses the fate of

food and cover sources, 1nclud1ng thelr spatlal arrangement
R'. N

3 or 1ntersper51on, for elk.'=As well xthev fate»« f these

Cy

v .
~components over a long term scenarlo, glven the. presence of

-

I"

‘managemént act1v¥t1es, wlll be addressed

Rd P
B Study Area,,'

The legal descr1pt1on of the -~ study . area locatlon is

‘-TWP46 R9 W5 (Flgure 4;l).t.Accord1ng to ecologlcal land

&

: surveys (Alberta Energy and Natural Resources 1980) he

- area Yi, located w1th1n the Boreal Foothllls Ecoreglon{ The

b:f reglon const1tutes a tran51t1on between the Boreal .Uplands

'rﬁ and Boreal Mlxedwood Ecoreg1ons, or ‘more generally, the

'~fi Boreaiﬁfqﬁsst and Cordllleran reg1ons.h Dec1duous forests

dom1nate th1s reg1on, w1th the exceptlon of local var1at1on

due to change 1n 51te cond1t1ons, geograph1c _locatlon' and "
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“Figure 4.1..Map illustrating TWP 46 R9 W5.



"recent h1story (Alberta Energy and Natural Resources? 1980)

ff,On ~well dra1ned sites exh1b1t1ng medium textured 50115,

ihm1xed forest cover types-' of aspen 4"'Populus tremuloldes

; ..,«

M1chx,) balsam poplar (Populus balsamlfera L ) 1odgepole:]

_pine'(P1nus contorta Loudon var.; 1at1fol1a Engelm ) _and_

:nhite spruce (Plcea glauca(Moench}rVohs domlnate overstory

ncanop1es. Spec1es found in the %g ems-f7ﬁes of these) stands

A’

b

.Y, labrador tea (Ledum

. : (
 are Rosa spp , blrch (Betula sp

- groenlandlcum Oeder) o wrllow " (Salix ~-spp.), " fireweed

8 (Eplloblum angust1fol1um L. ). winter green (Pyrolafspp.) and

spec1es of the botan1cal taxon ébmpositae'~(AlbertailEnergy
and - Natural Resources 1980) n; well to rapldly dralned
' 51tes exhlbltlng SOllS of f1ne and coarse texture, lodgepole

t-p1ne domlnates 'the. canopy w1th spec1es tolerant of xerlc

mo1sture reglmes in »the understory, Imperfectly dralned

.~51tes conta;n;ng soils"_of?;fine7”'“

fﬁdoninated by'black 'Spruce.”?bicea %'”*h' ill.) 'BSP')

-;"fbalsam poplar ‘and lodgepole’ypinegﬂgmvl 1y. . and very poorly
:;dralned 51tes are domxnated by black spruce. '
'_A Duen'to the occurence Hof‘vflre, ‘a number of spec1esr
'assoc1atlonsland stand ages prevall Few standsllexceed 100
:years and stand ages greater than 150 years are rare due to
'fw1despread flres in the years 1880 to 1910 (Alberta- Energyf
'and Natural Resources-¥980) Consequently, aspen, whlch 1sﬁ
!;Ajcompet1t1ve1y super1or to other spec1es llsted prev1ously,

tdom1nates lmuch ,of' “the overstorles in the Boreal Foothllls

.‘regxon on- moderately well ‘to poorly dralned srtes,_(Albertad



S B et

';Enefgi‘shafNAtaféi_kneééuiggs;-fséo)n*-coﬁveréély” lodgepole~"'u
"plne, “due - toj'itsm'competitive advantage on well‘ﬁra1néd_ifi
"51tes, domlnates regeneratlng stands on sztes w1th eolxan}b
"parent materlals. The c11mate 1s character1zed by ver h1gh'
plevels of.precrprtatlon_(wrthln‘a -prov1nc1al context) _ nd

cool ' temperatures in- summer " but moderate _ w1nterf‘¢d

A

fl

'prec1p1tatron and temperatures (Alberta Energy 'andﬁ_NaturaIJ;'“
‘,a%esources I980) |

Harvestlng of fur domlnated resource ut111zat1on of thef).1L

. area during ,the' Recent resource development is
hprlmarlly oriented tOwards petroleum .and gas extractlon.;;..
_,Consequently, recent forest 1nventory (Phase III) '1nd1cates‘h
’Fhe- presence of roads 1n the northern half of the townshIp,'J'ij
' and the occurrence of SEISmIC llnes throughout the area.t

,C Methodsv' _ | } _

'a“To evaLuate .wildl{te ' habitats . within ..a:;;rorest;'

A_management reglme, an 1ntegrated forest’ management habltatf_
°'evaluat1on system was developed“\Chapter 2) The components ft

"of th1s 'Asystem : 1nclude C.a harvest schedullng/forest pg'"

. management model (MUSYC’ Johnson and Jones 1979) and 'a‘

"habltat su1tab111ty 1ndex (HSI) wh1ch assesses the’ output’dfgf

generated by the forest management model (Chapajr 3)

a R R

T

"Mean prec1p1tatlon for the areas in the v1c1n1ty ‘of the .
 study area are 410mm (May to'September) and 170mm (October
~to April), and mean temperatures are ~10° (Decembet to.
dFebruary) and 12°'(May to: September) ) :

. ‘-‘.

[



p.jbelow as well

. Harvest schedul1ng procedure

_h harvest schedule developédj ﬁor LTWP46 R9 W5 wasgf:”

) generated by MUSYC (Johnson and Jones 1979) a computerlzedk ffﬁ

1mber?f supply analys1s .model whlcha UtlllZeS ;l;near

programmlng opt1m1zatlon procedure (Dantz1g 1963) .}:;asvfj-'

’:other computer1zed t1mber supply analy51s procedures (1 e., }3

nFoRPLAN. (Johnson Stuart and Cr1m 1986), Tlmber RAM (Navona

_1971)) | which ‘ft1l1ze 11near_ programmlng,f optlmlzes 35§L"”

..obJect1ve functlon (i”e; ,'value,ﬂ—;cos't'»f present ~value orj_,~

volumef of"harvest) ‘wh1ch _can be subjected to a serles of;

3constraints_(i.e{tflow'bf'vo.

'overf;alfspecified time 'in’ 3m1)j. These models generallyv.

':consistdofh softwarep;whicﬁs'generates-’the, 1nnear program'f
Génput" matrlx) mathematical ”software that solves thé '

 problem -(1 e. UNIVAC 1100 FMPS- IBM MPSCG) and software (the"r |

Eebbrt wrlter) whlch summarizes 3the llneare,programm;ngf

o ‘ R
solutlon in a more readable format R ;§79

formulate forest management- s:%narios'with'MUéYC;_r
t(Johnson and Jones 1979) a number of problem spec1f1cat10nsi"
‘must be made, and a. serles of data types are requ1red These

'parameters are descr1bed in Kr1stoff (1986) and aré‘ llsted.

Yo

v

AL Management Concerns

.1._0b]ect1ve functlon.-“
U R 2 ‘Problem parameters:
s - ..(a) Period length
oL .~ -(b) Planning horizon’ length
B . (c) Report parameters . . i
IR 3. Harvest Control §nd Flow- Polrcyz, T
I S (a) Harvest control opt1ons.- v
~{b) Flow parameters ' SR

e,{type of management etc.,ﬁfj'



B Ex1st1ng Forest Structure-
"'ti; T1mber class 1dent1f1cat10n :.ﬁl*“
2.4 Stand data - :
v(a) Type of stand
- (b). Age of stand.

S e I - (c) Area of stand’ .,_ ‘Ef'f VR
P R 3 Stand accessmblllty ' ' '
},;;5;;‘;=j-';-, 4. Subforest. flow constraints
AR “‘/,fVTl:, 5 Endlng 1nventory and regulat1on‘
?1 o C Management Altérnat1ves'
N @ : , SERIERTRY B

RS ;{:ﬂ,;%jl Volume and economic tables a551gned
RRR - . to each timber-class

e A'-1'2A..’-Type of harvest for each tlmber class.
C v 3. FyfSt and last'entry for harvest and’
.o L partlal cuts . ~
- ~ . 4, Limits on’ number of cuts 1n each
. s timber class |
.3& .ﬁa”fls Per1od of cultural treatment
g e e
% ;B.kStand Inventory and Growth
}-' 3 ‘1.,Stand1ng volumes per area for each
R . ' _age clas$ and management alternatlve
R @ *2, Rotation’age cutting window
g i 8 3.’Regenenated volume per unit. area’ ,
¥ . ! 1 for each age class and management :
¢ 7 . alternatiye % s
G RN 2 Improved regenerated volumesr.y"~'
" ﬁﬁ;iEconom1c Data Jf.m“fgy_ij;;,, | ‘
. Ll 41, Coste and revenue yield tables for each
¢ ... ‘'management alternative ' .
' Y "2. Price and: cost trends
© ¥ 3. Demand curves e : o
y , 4, Current sales volumes and prlces
{ﬁ” : W; B, Road costs ;ﬁg,, : : ,
;In; add1t1on,‘"in. order‘fto evaiuate the 1mpact of harvestﬁ'

A N V

‘schedules, (generated by MUSYC) on the hab1tat Ebmponents

a

evaluated in thlS stu y,'a unlque spec1{lcatlonaof a: ser1es¥%'

v"", . - : . L$

of model,parameters was made. ,7*”;- ;fj(;.i_;



" of

 Specification o?'parametershﬁéeﬂfinﬁtheﬁ

f::model;

”Identlflcatlon of tlmber land base

as

T1mber~ classes -were deflned
small stand aggregates. This lpermittedf
vsmall areas to" encourage relat1vely

1‘(see Thomas 1979 (p117) for gu1de11nes

.'and permltted the assessment of - hdbllat

 _a stand by stand bas;s).,through »use-
’?-destrlptor._e f’Using"'this' approach
'aggregates would have been- d1ff1cult

kS ‘the use of this t1mber class defdnltlon

7on

79f-

s SRR .
‘harvest ~scheduling. /

O ) o J Do
o L

A5

g

» L .‘ . e o Coee T
.individual stands or-
Lo . O L o L

the ~'seh®duling of
sma1l cutsidék?éfiéé,‘“

3

cutblock 51zes)J

g
component status (onfj

the stand txpe:

‘ w1th large stand5 i

J: , o
varlatlonﬂ:;

due ‘;61

aggregatlons, of stand type descr*ptors. Also,?

allows the placement'}v-

subforest constralnts “ogf-forest, areas (as opposed tof'T?
- Spec1es aggregates) 50 ‘that :the- '1ntersper51on ~of cut;,andga'
,non-cut- areas could be ‘controlled eff1c1ently “‘ Due to:uv

j‘model capac1ty and the number of tlmber

the

2

(36 mi 9600 ha, or 96 km )

'“.Per1od length :
To develop the tlmber harvest
'study,"th per1od length

schedule

was’ deflned to

ST R
d
classes, the 51ze of;v

“timber land base was, 11m1ted to 1 townshlp, or 6 m1 x 65‘7

;o

“used . in  this

be 5 years in%

N o 9
_"'“For example thermal cover status, w1th1n a’ given stand o
thought to depend on stand’ helght and crown covérage (Thomas,"

1979) and two storied stands, given the

presence of a dense"

‘understory, .are thought to offer optimal h1d1ng ‘cover status""

(Olsen, ‘pers: . comm).

'ﬁ"Subforest constralnts, however,_were not used in thlS

' study.



“Z 1n conventlonal t1mber supply anal"

'iand Jones 1979) “was. made to 51mula‘

~'an.'eff1c1ent analys1s ot both tlmber and non . t1mber ylelds,of

)

_(Westworth f t]'lr~l984) follow1ng clea

Stand growth proyectlons

J . . . LT o - b

length 'This‘departure“from'the‘dg‘

"non tlmber'yxelds'

65 p

.ﬂ‘10 years~ Johnson'.:ﬁ

of browse' and, h1d1ng cover._lBroVs~ d aspen den51ty }

R R

s peakb &aers:_at o1 years‘: followlng- aspen harvest.‘

Consequently, tracklng changes in- these habltat components,

5 with greater‘.precls1on,‘ requ1res the1r ' ana1y51s. more

frequently than 'once every decade. Wlthln MUSYC per1od

a compromlse of 5 years ‘was establlshed

Due to the def1n1tlon of the tlmber land base and the
need to der1ve the growth of a nuMber of . non t1mber ylelds,

}(ex1st1ng) stand growth projectlons for both dec1duous 1and
f5;yearQinterVals. 1f a ‘given stand w;th1n the area- was

. listed in pthe stand aggregatlons "of Beck and Phillips

':(J980) yleld tables from thzs reference were utilized to

represent clearcut volumes.

T”ttlng, can reach .

o length can range from 1 to 20 years. Consequently, to allow,

f‘conmferous stands were derlved and ylelds were computed for

bproject.fpture stand volumes. vields for stands not included
{;in‘these'aggregations were derived'using the procedures  ‘and

- rules’. described in _Beck -and Phillips (1980). All yields



Other parameters‘ 3“7-' Sl 'l'_ - i"wk//- 'v
| :F'To' obtain* fea51b1e harvest schedule, the length of

fthe forest management plannlng horlzon vas set at 28 perlods
_ or‘ 140 years, and a range of rotat1on ages for regenerated
‘ tlmber classes was spec1f1ed To eff1c1ently track the fatig
of -timber classes so. that the state of" ha81tat components
could be der1ved at future perlods in the plannlng horlzon,

a Model I formulatlon was emp%oyed in: generat1ng the harvest

- schedule (Johnson and Scheurman 1977) Harvest constralnts

,1ncluded nondec11n1ng flow constralnts‘_forjnthe firSt‘lz

'7periods xog-'t' plannlng horlzon” “and plus or mlnus 99% in

_ttheiremainder the»plannlng horlzon to av01d 1nfea51b11ty

,_(Armstrong . et 1. 1984) The objectlve functlon w1th1n the‘

' linearauprogram g algor;thm max1mlzed harvested tlmber

.volumes forl the uflrst 12 perlods (60 years) Management

act1v1t1es spec1f1ed were exclu51vely clearcuttlng

o

Measurements‘ofﬂhabitat suitability ,
To 1nterpret habitat sultablllty,,_a HSI? {Chapter 3) .
whlch evaluated the7-re1at1ve quantltles and-'horiZOntalv‘

fdistributionv of habltat components“ was utlllzed to tracef“'

the changes'in hab1tats,~as a functLon of. forestﬂ harvest{i'
over tlme. The relatlve quant1t1es of habltat components are

a reflectlon of the age d1str1but10n of ‘thel forest,’ W1th

'2The sequential control, lower bounds only optlon 1n MUSYC
"was used to portray nondec11n1ng yield. = o
~ '"“Interspersion indices and maps depicting geographlc

d15tr1but1on and conflguratlon of habltat components were'
ﬂ"generated : :

Y



B

“'iyoungeriage classesdxoffering' a;'relatlvely greater food

.

blomass (on. a per area basxs) than older age classes, whlchh

offer a reratlvely greater quantlty of cover (Thomas, 1973,"

rWestworth et al 1984)

The second component of the habltat su1tab111ty 'index,:‘

e)'lntersper51on ana1y51s, was ahso conducted to assess changes

Rk

Cin spatlal dlstr1butlon of habltat components. ThlS 1ndex

e»computes the proportlon (out of a sample of 60) of randomly{_‘

A

u,establlshed p01nts wh1ch are w1th1n 1460 M ogvthe 4 habltat}'

. components (herbage, browse, .h1d1ng -cover thermal cover

‘etc.). To "compllment _the-*interspersion_‘analy51s, : maps-

- illustrating _conflguratlon and geographlc d1str1but1on were

: also generated Life requ1s1te 1nd1ces are' generated (for

each habxtat component) by computlng the geometrlc mean of
the 1ntersper51on and quantltatlve 1nd1ces, and the HSI,-}
the smallest of the 4 llfe requ151te 1nd1ces

‘Measurements of habrtat su1tab111ty :were computed .as:d

follows.ﬁ Following: each succe551ve 5 year 1nterva1 (for the
. ey

first 40 years 1n the forest management plannlng horlzon)

'.an 1ndex , representlng relative quantltles Hof habitat

components,'an interspersion ‘index and flgures depicting(

_~conflguration andj geographfc dlstrlbutlon vere generated,

:Follow1ng the last 5. year interval w1th1n-* hlS 40 year

range, flgures of conf1gurat1on and geographlc d1str1but10n,

"were taken after 1ntervals of 20 years, under the assumptlon;

tthat Aconver51on‘ ofv;exlstlng forest stands to a regulated'

statevwill nearfcompletion after 40;‘years.~and' SUbseguenf

xhgﬁijxx



~ aspen  on- average site -cond1t1on54 (60 years)(Beck . ahd;d

\

D.:ReSultsl'

-

habltat deplctlons wlll only be for the purpose of detectlng

’major changes. '.fd _‘ 1;. v.ff -_rl... ,.',. ‘. U,.\{.-'

' towards the end of the plannlng horlzon.-

jHabitat;sﬁitabilify»

The conversiod perlod ~in this j'hebitat analysxsle

procedure was.fset_

Phillips 1980). SRR . v

Forest harvest Volumes o o ;w;Q

Flgure 4.2 descr1bes annual harVesEable (dec1duous'vand'

con1ferous)_ pulp volumes assumlng a utlllzat1on standard of

"a 5" base and a 3" top (Beck and Phllllps ‘]980). Volumes

‘; c0ns1derably (w1th1n a plus or: mlnus 99% range) 1n the post'
'convers1on perlod Other 1nformat10n rega:dlng the \forest

' vmanagement reglme can be_found 1n<AppendiX'I.

B

—

Com S o .sl'l

MeasUremen+s: of hab1tat su1tab111ty are also shown in

Figure‘4,2 The HSI undergoes a decrease_ and becomes. low

-
Y

80 years due to the rotatlon age of"

“harvested (93'000 m /perlod) are unchanglng for the first 60

Kyears in the plann1ng horlzon. 'HOwever ”volumes fluctuéte .

~The quant1tat1ve indices ' (Table 4.1) illustrate a

tlme, as . opposed to h1d1ng cover, ' summer food and winter.

food wh1oh change little. ‘Inte:spersion " (Table - 4.2) is

decrease.1n-(re1at1ve quantities) thermal cover indices over -
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Figure 4.2. Habitat suitability and annual timber harvest
© . {cunits X 1000), for the first 80 years of a harvest
- regime which maximizes annual timber harvests subject to
constraints of non-declining yield for the first. 60
years. Following this (60 yr) period, harvests are’

allowed to fluctuate within-a range of 99% of the period -
12 harvest. L _ o -

> T . ";‘TA'



“Table 4.1,

.fg¥eér'in,5v'
planning
“Horizen

EE

2357
_ng,ﬁ~f;; -
CAS e
S50 e
85

Quantltatave coeff1c1ents from
° ~H,before harvest 'to year 80, in a

"maximum voluiig ,subject -to.non

“.declining- yleld" forest’ management
 reg1me 1n TWP 49 R9 W5

Ay

'Summef food

(graze)

' f-coeff

{br

. winteﬁ food
Se)

-coeff.

~*.

':Hiajné‘

..cover

rcoeff

" Thermal "+

cover -

" coeff.’

Prlor to
Harvest
5 «,¢A

;15
20

30"

60

2;65~:;755;

7@ 3
15

25 '} 5 '}

80 »exl;_i-

‘xe94°
e
.98 .7
R

..».I;‘},H 3 058
T RE
F
62 T
: ‘- 6‘3 SR
. . . a e 62 " N :
"ﬁ'yﬁ fﬁslm?. e
I .63“ ‘ ;-
Clea

Cooedn

'.45 ‘!',91 '

,.71
A
f'§67

1

L 64;«f;355h“

685

'n;~14

S
1
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.53
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.‘3'6_‘.,' . ." .

aéﬂ'ié
“i37. -
'L.32 f’~
.30
129
.24.

N
.

-

-

* peridl length is 5 years.. i ‘
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»j_Table_4,2;_ Intersper51on coeff1c1ents, mean- max1mum
S .ﬂ‘y:d1stance ito the furthest of ¢ hab1tat
,-_components (graze, browse, hiding: cover. and

0 whermal cover),.and 95%.confidence "intervals: -

.. of the mean. maximum d1stanqg dur1ng 80 years
'jof a tlmber harvest reglme in. TWP 49 R6 ws
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" .

' Year TR Interspersion Mean max. dlst to: ' - 95% cpnfii‘
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~51gn1f1cant decreases occur.;aff'*‘

oL

7-gvar1athm ﬂn the dlstance measurementsv used to7compute“_‘

' Q.1ntersper51on 1ndlces 4(:

. optzmal »unt11 later per1ods.;( 'htovle))l'dhrénév §hhichﬂv;jff

._‘ . S 8 o .
O N TS . . o

'}‘Chapter. 3) . f.seen inz'the_}

¢

l}measurements fof habltat su1tab111ty, dlstance measurements_a~;ﬂ

v"’also change as the end of the plann1ng h0rlzon isﬁ reached.ju

"vNote' that confldence 1nterva15'lin later per1ods of the

V7Qv51gn1f1cance among the two groups of pi§1ods.

' plann1ng hor1zon (6Q to 80 years) :s compared to earlyf'

i

B fperlods in the planhlng horlzon (0 ‘to 40 year@) are mutually,’

-

.exclu51ve,.1nd1cat1ng-a ;strong llkelyhood of statlstlcalifi}“

A demonstratzon.“ofl:fhér geographlcr d1str1but10n }anafj;”’

AR

”»conflguratlon- of habltat components 1s deplcted 1n Appendlx‘f_:T“

};f'- Spec1f1cally, geographlc dlstrlbutlon and~ conf1guratlon:whf

2K - -

v of: h1d1ng covem,, thermal cover, w1nter food (browse) andw'

o
Yo

kl:summer food (herbage) 1s glven for years O‘to 40 60 and 80%"

R Lo

f thlS harvest vreglme.liAsj seen 'inr~the“ quantltat1ve;f'[,
i estlmates'of‘lnégrsper51on (Table 4 2)*and the quantltatlveffhf
'jlndlces (Table» 4. 1) ‘these maps dep1ct fa,-reductlon 1n"}fa

Qﬂrthermal cover quantlty towarGS_;th end of- the plann1ng MR

'“}:horlzon, yet relatlvely unchangrng browse;° herbage andf’
SR

‘11\,~ . oo R

;'hudlng cover condltlons.fg*ghfjjﬁ-f L e TSI

e ‘.', . 3 S o s ot
I . PR e I .
B S e o T e .

' Table 4. 2 also g1ves confldence 1ntervals reptesgnf{hgﬁ R



T_E stcuss1an

;represent potentzal cafry1ng capat1ty of;' h habltats 5ih’f

' fo;':average 51te condltlons in aspen, whlte sprUCe, Blackt

: ,ug'ﬂs-

4

A

o

",;lodgepole plne (Stelfbx 1984)
";1984 Ohmann et al -1981)

i ;Indlces deplctlng the quallt

R v

; ?emplrlqal data regardlng the phy51olog1cal reponse of elk to

’-v¥var1ous food Jand cover condltlons (Hudson .and Nletfeld

14 N

"(1985) .chkstro | it ‘g; (1984)) Consequently, food and’

frequ1rements of elk

;1t -¢ah; also be aﬁgued that the results of the model areﬁ‘.

”‘COVer 1nd1ces should reflect food,and Eover quallty to elk

3
e 4

i , )
. ) ; o

,u-., V. A

Verlflcatlon of model runs on test data sets 1nd1catedjﬁ*7‘

.»."

‘

Jsv ‘

r

LY

.

Sh°Ul& belemphaszzed however, that these re5ults do: nOt?ffﬁl

}<The' 1nd1ces -b habltat su1tab111ty presented above; L

fﬂTownshlp 46 Range 9 Carrylng capac1ty in th1s excerc1sé,,1s 5

L id

“_qa reflectlon of food and cover quantlty, whmch is. predlctedf

.spruce and p1ne commun1t1es. Quantltatlve ,food ‘and .cqve;}h}
_tprojectlons,_ whlch . constltate estlmates ofw'cat;yinéif-~
capac1ty, . fe, based : emp1r1cally der1ved pred1ct1onsh
kgathered int communltles _og' wh1te spruce (Steltox 1984):5;11
.bla k_sp;ueé (Revel al  ;i%P.
,stworth et af h964) .

‘ 'and covér are. based on B

\v'.

ﬂn_Quant1tat1ve:' 1nd1ces,fr-once COmblned aw1th 1nd1ces pﬁ ea?

1 1nterspers1on, ;n also ' addressgjmgspatla;_y' d1str1but10n'-“
s that h resultt reflect the data whlch predlct fped and;{h,f
'«_éover avallablllty“%s a functlon cf stand age. Consequentlytt'
'5” con51stent w1th the assumpt?ons USed 1n tfs constructlon.ﬁ_t

:'Zpostulate what gCtual elk numbers w111 be, they 3ie mefely?ﬁﬁ"

EAR




est1mates of hab&tat suitablilty*: ]udged by fbod «and
) ".‘ cover. . . BN CH .. - - ' .
Habltat su1tab1l1ty,- glven ;fa . harvest ?ﬂnegimefr_

characterlzed by (maximlzed) non decllnlng y1e1d ‘for.Jthe ’

flrstA‘Gd years and plus ot mlnus 99% fluctuatzon in ylelds’ﬁki‘

food (herbage) and h1d1ng cover are. relajlvely constant }fOrJ*
‘\the duratlon vf the' plannlng hor1zon whlle theﬂmal cover ;H
‘ sources~undergo a. decrease between years 25 and 50 '°;* 1 i
' The dlsappearance of thermal cover causes a: deq;ease 1n

thermal cover quantlty and ultlmately Lf'reduct1on -inwﬁthe\'

L%

‘.

| thermal ‘COVEf quantltatlve 1ndex. SlnCe.‘lntétsﬁé

1nd1ces are computéé BYﬁmeasurlng the dlstance from'a'serles
"of randomly establlshed p01nts to the closest patch of*each o

R respect1ve habxtat component the*lnterspér51on 1ndex, \too,h.«

N

“changes’:fas5 the- reductlon Of thermal cover‘ proceeds
Q;;ﬁy Spec1f1cally, 1ncreases In the dlstance, ‘as caused by : ‘;fﬁ

reductlon 'inf thermal cover sources (Table 4 2) result In?
: 5 lower 1ntersper51on 1nd1ces (Chapter’ﬁ) because the dlstance
N eventUally exeeeds the~rad1us ofpthe (C1rcular) home range?:H
?;?ﬁ:?ijfﬁ - Why ls,there 2 decteass ;n' ﬁhermal goéer 'quantntles, :"‘
1*£;fffyg£;“an concurrent‘ma1ntena:c 3 Biding

:. ds ;‘.-"‘ L .

'“of browse, herbage and h1dqng
B cover sources’ The harﬁestixeglme spec1f1ed 1n Ehxsjiharvest
schedullné formulat1an maxrnyzedrharvests for the flrst 60 _
_d»years. ConSequently, the develobéeht of browse, herbage;fTVdidfgi
.-;;;-EQQEE;;_Q—ESr an evaluat1on of‘other factors whlch. 'g'&‘
should be adressed in order to: predzct elk den51t1es.

‘s

»-i;';“ﬂ.fi_;u}_;: e G S
‘,:,2 s S s ey N SEREPELEIEE



ol

h1ding cover 1s encouraged due to the abundance ~of stands

y0unger than 60 years However, slow grow1ng spruce volumes

f[wlllQbe harvested exce551ve1y and subsequently,; thermal:; ﬂi

-Coverf'sources, whlch 1nvolve ola conlferous stands 12M 1n

: Agaln, bhe relatlve,a

N 1’\

ﬁ1 overabundance of hid;ng cover prlor to harvest.,_f

o rlow- Qgtatlon age, Suggests
e

z regulated condxtlon, stand ages w1ll géﬂ%rally beQ 6

hevght or greater and 70% (or greater) in crown;_coverage,)ig*e

fowse, herbage -and h1d1ng cover

sourcesr ' fdundl i _T“n: stands 60 years or-%Punger.,

A

of aspen and 1t s »assoc1ated

that as the areqrappvo-

. .

or younger? ConSequently, the harvest reg1me 1n thlS (
townshlp w11hwma1nta1n '1f not 1ncrease, browse, herbage and

h1d1ng cover.

To summarlze, the re5u1ts of thlS study 1nd1cate'vthe‘_

o ke PR R

followlnga',pﬁven estlmates £or the ‘t fme tequlred to develqp

adequate thermal cover qua%ity (70x‘CC 7 12M he1ght) when
dec1ﬂuous fo;’ﬁ%@-aré sdﬁhduled fgr harvest of dec1duous and

‘: K

conlferous. volumes, and ‘th harvest 1,reglme spec1f1es

maxlmxz'd .hf‘vests over 60 years, thermal cover sources may
-\." )". o

be excess1vely reduced at some future p01nt 1

':the

PPN
[

pidhn1ng

horrzon. However browse, hezbage and hld1ng cever quantmtles

bk w1ll 11kely be ~cons1derab1y rgreater due tv relat1vely

younger stand ages f;_f, ",ogef"‘-Jf,;"an_i,‘”h“” S

e ———— i : : . o

~In .the, case  of hldlng cover a decrease 1n.quant1t1es Wlll

“increase the: quantitative index (Table 4.1) due to

L)
ety T o .

" A S Ty n e T e

e (A . -‘v,-'

-

B ]

a

e



A.’I st

Management guldellnes suggested by the analy51s 1n th1sgf74)
ft study and a number of other references (Thomas 1979 Wlsdomf:V"
"”jgg ~§l.“ 1986) 'addre551ng elk hab1tat retentlon in manaoed':

; 7ﬁforest reglmes sdggest that spec1a1 measures be employed forf '

t‘ prov151on of 'older 'stands wh1ch offer, among other

r

f,uhabltat requ1rements, thermal cover:: (Thomas 1979 Mealey and L

L

| -Horn' 1981-- Wlsdom et/al '1986) Spec1al measures for these7d

‘)stands could 1nvolve longer rotatlon ages (Thomas 1979)

.\:*@‘%

une@en' aged management (Mealey and Horn 1981) 'or.rate of
; CPRoTerE

‘fharvest constralnts (Greer pers. comm) Thrs study-'fndfcates_-

_ the . use of one (or more) of these technlques on those area57

'wh1ch currently or potentlalLy offer thermal coverl,sources.

1

—[}h rate of harvest constralnt for'example, could 1nvolve a_f:"

staggered harvest (3 cut or 4 cut system) of target areas,g

-;fwh1ch would prevent the decllne 1n thermal cover quantltles -

PR

documented above.

¢ C - ¥ . o L EEAA N F YR
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3.

,9,

V Integrairng the evaluatlon of elk habxbat suxtability
..°.- . ~ ,'r\,- », ’

A w1th txmberﬁsupply analysis: management and nesearch needs."'

' o *a - , T F, v- : ‘.. . 3: \‘ ‘ . {B :
S ide , R A T DR
A;_Introduc 6 LT T . =;; _;~Q-’,p;:,5;yﬂ‘ S

O

v,‘,
A

Chapters 2 4 descrlbe a system whlch generates hahdtatfp"”

(,e e

1nd1ces and *fgrest management parameters of a dec1duousa

~.4

fqrest subjected to a forest management reglme characterlzed o

by ax1mlzgd harvests‘ over‘ the flrst 60 years subject tof

Lo (RN R

o constralnts of eVenflow. The objectfve' or; land management

¥,

B wan assumed4t6 1nc1ude the ma1ntanence of tlmber management:'

"'r' T

- ™
N

objectlves but tof concurrently understand hab1tat forest

a,

1nteract10ns. The purpose of these chapters was, to present a

.8

R conteptual framework of an. 1ntegrated management syst - .and

“_to- present the results 1t generates. However, ﬁﬁat data and,.

models ‘are requ1red f'f"useﬂﬂof.‘the. SyStem w1th1n ‘a

¢

management context and what research 1s needed to 1ncrease S

the rellab111ty of model pred1ct10n57

. Ny
s . N [FRTE

B, Approach of the hab1tat evaluatxon system Q_:p'-].tf

The approach utlllzed 1n the conceptual de51gn lcrjlgpe7

-t
a

habltat evaluatron process'*flrst appeared 1n a conceptualf;

FRPN

; model of 1mpacts on w11dlee habltat by forest management:’

practlces. (Bunnell and Eastman 1976)“ Here, the authors’_V'

w - -~

S suggested that a number rof. w1ldllfe “habltat requ1rements,‘”

(energy. nutr1ents, escape cover, temporary shelter) change B

v, . T

in a predlctable sequence, as a functlon ”ofi success1on 'in'

forest communltles.‘;Th;s approach can be utlllzed to both-7'

v¥77f1"



--_ut111zes as a- hbme range, are satlsfled

"'Verner and Boss (1980)
"C.‘ManagemEnt needs ,’;l- ”r CEE

e 1mplement -system components presented and dlSCUSSed

'-,assess and accomodate habltat needs ‘(of 'a[

._/‘

>7}w1th1n . managed forests._ Management act1v1t1es '(namely.b

"'-m
i

Tlﬂclearcuttlng) should be co ordlnated over'space and tlme .80 -

. : A ,'t;
that; requ1rementé for ‘a ser1e5'>6f_;
| . v/ . [ .

akitat compOnents

”j(succe551onal stages) Wlthln a glven area whlch "‘spec1es“=

leen that the conceptual approach above 1s val1d

re%kable habltat &indlces 'can be generated by models‘;

forest land use act1v1t1es over space and t1me) management'

‘A

relate habltat requ1rement status toﬂ‘a glven patternAﬁ%fzgpf

systems SUggested for 1ts 1mplementat10n have the componentS'.ff

_dlscussed below.' Refer to Harcombe (1984) and Mayer;(1986)

for more detalled descrlptlons. Examples- of"management_

r » ) o

" To 1mplement " the approach desg\*bed above,l and

¢ o ,"

(1981},.,Mayer' (1986), Salwasser (1985) Baskerv;lle (1985)

;l‘and harcombe (1984) w1ll be gzven. Flve major components are

I

G e v

‘ f-requ1red to 1mp1ement :the approach'“7'h presenCe f;ﬂ'

9., ‘» - ’

"1nformat10n -base upon wh1ch ‘t develop-w11d11fe models,r
'models that relate w11d11£e to vegetatlon or success1onal:

*pseres -and 1ntegrated computer .systems;for'the_process1ng o

-f>systems whqch UtlllZE‘ thlS approach are Thomas R19]9),andjﬁ*'

'”fﬁchapters 2 4, a rev1ew of llterature by: - Mealey and Horn"' -

,‘

'1f habxtat vegetatlon data, models of vegetat1on succe551on, anhipf



Lot

: Hab:tat-vegetat1on data

X data"and'generating habitat model”predictions.fhg'ff°

e

v

‘:'f To pred1ct the habltat 5u1tab111ty of a glven area$ the

;solatlon of 1ndependent varlables descrbb;ng vegetatzve

" attrlbutes whlch are valld" predlctors of habrfat use and

are freqplred by he[ spec1es 'for”-surv1va1 purposes is

requlred These varlables, however, are ut111zed for large =

scale management of a glven spec1es, hence a; comprehen51ve o

1nventory vof these varlables 1s requ1red The 1nventory 1n

,%

’;.'

thlS study was the phase III 1nventory ‘ rh evaluatlon of“‘

V'exlstlng stands_ only, however ecologlcal blophy51ca1 and

blogeocllmatxc 1nventor1es are. - also of - ut111ty, begause

these also 1nclude attr1butes/var1ables regardlng vegetatlve

communltles.

"

4For. purposes of habltat evaluatlon,,attrlbutes of the

4 g

habltat 1nventory,vas descrlbed 1h Harcombé (1984) 5are' astd

tollows "Mapplng scales have to be matched w1th that of the

users the var1ables measured have to' be mappable-“.thev

TR

'attrlbutesjfofv:the 1nventory ‘should be relevant to the

w1ldllfe spec1es belng managed the 1nventory should exh1b1t

.51mp11c1ty, - dlrect connectlon to management act1V1t1es

-

(

{should ex1st w1thin the 1nventory and vattr1butes otﬁﬂﬁhknﬂ”
»“:‘ugl ‘ . : ' .

:_.1nventory should be 'causatrve facgors of w11dl1fe habltat

'.‘dsuitablllty._ Note that the flfth crlterlon, that _ ot

B P I R .
o A@ "03:-;’3 el
. T e

,_-__qi_a____-a_-g__

-”"VarIables wh1ch exh1b1t h1gh statlst1cal 51gn1f1canCe.~;:

C A

j'prdbadlng a connectlon to management act1v1t1es, stlpulates

0
"4

<,
04

e

ComTigeg KT
Y Qf“' ;

Fe



7f-a'1inkage”hetueenrthe;}nuentory and management.[°’”

”',Vegetatxon success1on models
To predlct hab1tat su1tab111ty, ithisdneCessary“to,know _
how var1ab1es utlllzed by " the hab;tat'fsuitability' index

‘change - over t1me. ‘In add1t1on, sinée these variables often

glnclude vegetatlve attr1butes,_temporal changes (succe551on) E
:in' yeg tation should be understood,-Models;satlsfylngsthese
,criterial'ﬁalij‘into htuo .categories:i"thosef‘that predict
":succession fonf a sma;l.scale;'or‘gap models,"and those-that»ft
[tprediot-suocessionhon a‘larger seale,ior- models' simulating
‘_eQen"aged forest management ‘Given. that'itdisfde$irab1e to

'“link'hahitat evaluatzon to forest management processes,

s

'-YVegetation“ succession models of greatest ut111ty-are those

rwhlch 1ncorporate forest harvest and, through comprehen51ve
& > o S
; 51mulat10n; ;of_ vegetattve; attributesq pred1ct habltat

atameters of 1nterest

-

*'yﬁwxxﬂSmall _ scale , models'f ut111zed in forest habltat
d . - :

K I
N ".l :

4)p&edwyt1ons are, for example,.TwIGS (Brand et al. 1986) and

;quptxons of EORET (Smlth 1986)"5 Such models have beenh

r.s' *’," “

F

PJ e‘ models has 1hvolved predlctlons 1n eastern deglduousf;

S v

NN
such 5% ?ORPBAﬁk (Johnson, Stuart and Cr1m 1986) 'MUSYC

_(Johnson apd Jones&fR?Q), Tlmber RAM (Navon 1971), DYNAV-S"WI"
.__—\-——b-r———n—————- :
' *JABOWA (West et alu g981 Shugart 1984) type models have
also been used for th1s’purp05e. R .

s

.”“-;tsqundé! uneven aged management.n Large ;scale models,*;hb



Choll : ‘ ' " ’ L o ' .-,v L L i - P X _.' o .:'3“1".. "

:986) and forest 1nventory pro;ect1on models suchj}i
PROGNOSIS (Moeur 1986) pred1ct vegetatlon parameters in

o 'even ‘aged stands or evq% aged stand aggregatlons (forests)
FORPLAN DYNAST and PROGNOSIS have all been used to predlct

'vegetat1ve parameters relevant to habLtat evaluatlons (Moeurﬁ.?y

1986, Klrkmanb et v;; 1986 Benson and Laudenslayer 1986
Holthausen 1986) | & |

=,

Important ‘con51derat1onsA}regardlng the su1tab111ty of:
these models for prOJect1on of yaldl1fe habltat parameters f‘
{s‘ that - they7»(Mayer a|986) be°}appropr1ate for the forest
management system (even aged or uneven- aged or both) under‘-*”
analy51s' thelr .use .,shonld -be@ cost. effectlvef Tng theﬁb

: shduld pred1ct wildlife hahitat parameters requ1red by
) ’ / -.“é}'.]
;habltat models for pred1ct1ons of hab1tat su1tab111ty

. Spec1es-hab1tat relatlonshxp models

'Spec1e5' habltat relatlonshlp models, as descrlbed 1n
Chapterd3 predlct habltat su1tab111ty of a g1ven area for a

ﬂglven .spec1es or. spec1es gu1ld The bas;c model postulates

:that hab1tat requlrements (energy,y nutrlents,v temporary
'shelter, and ant1predator cover) are a functlon of communlty
’-dstructure,“whlch changes predlctably as success1on proceeds

'_ﬂBunnell and Eastman 1976) onsequently scalar 1nd1ces of

':habitat gualrty: can be 5der1ved by“asse551ng‘-structural
l:.attrijtes" of 'successional seres, and  the ﬁspatial

(vertical “and "horizontal) **distribntion" of structural

——-——————_————-—'——

“"Canopy closure; stem dens1ty, coverage and type of
understory, etc. - .

v



attr1butes.

3

Spec1es hab1tat models exlst 1n'agvarietyxof”ﬁf0rms, Aj‘

:ff%Z;;hﬁ

' model exh1b1t1ng the f1rst level of complexfty'is_one which" .

postulates a hab1tat value from a given'habltat patcthMayerﬂ

1986) The_ est1mate of capab111ty ¥s" a reflectlon of the‘l"

status of llfe requ151te§ for a: glven!%gecles.-An example ofvp
vegetatlve attr1butes 'Whi <ould be ut111zed to der1ve’p
habltat 1nd1ces exh1b1t1ng level one complexlty are spec1esf
rlchness estlmates. The second\\eéel of comalexlty 1nvolves

Y

4! the evaluat1on of | number of hab1€at patches to assess the

«

status, of several lee requ151tes and asgoc1ated spec1al‘m

;%aﬁlw* ﬁabﬁtat F@gd?féﬁghts fori elther.‘aﬂ s1ngle spec1es d:' aL.TE
| '}-sp&c1es group Indlces derived"for elk sin Chapter 3 and
wisdom et‘al (1986) are examples of level 2 habltat models

evel 3 1ncludes the assessment of an aggregatlon o£ habltatv

patché?’ to” der1ve productlve ;capaballty or populatlon"‘

- estlmates for a g1ven spec1es on a spec1f1ed land area.‘
A rev1ew of the types of s1ngle spec1es habltat _models

ut111zed for_ predlctlng habltat ,suxtab111ty 1s g1ven by -

Berry (1986) Habltat su1tab111ty 1nd1ces (HSI) developed“'

by the Us. Flsh and Wlldllfe Serv1ce as part of the Habltat'“‘

Evaluatlon Procedures (HEP) program (US FlSh and W11dl1fe.fﬁ

Servlce: 1981) ,1nvolve 'the measurement fV;a‘ series of’

var1ables to generate pa -scalar' 1ndex dep1ct1ng ;carrying~»l

‘capac1ty of the hab1tat Habltat Capab111ty models (HC) arelﬁ'

HSI model counterparts developed by the US Forest Serv1ce;

: HC models predlct the habltat su1tab111ty requ1red to.

Lo



- I

_ malntaln‘ a glven populatlon level fofg.a spec1es through

£

- generatlon of - the habltat capab111ty coeff1c1ent, a we1ghted

redlct
GP

;lfcondgi-
o e _‘».",‘){_

v s

:mean zof’ 1nd1ces descrlblng statUS of vegetatlon offerlng

reproduct1on, feedlng and restlng 51tes.."f o L

-Regre551on'- models 1nvolve statlstlcal vregre551ons df
;'relatlng varqables tc>€? spec1es habitat use (or some other

*1nd1cator of habltat su1tab111ty).aG1ven that‘_th&_ebundance

y

of a spec1es can be'lpredlcted w1th regre551on -analysis;b

o

" these models - cén‘"be' eff1c1entﬁipred1ctors of - ‘habitat

i

su1tab111ty Flnally, pattern--recognltxon'.models ,(?ATRﬁé)

?lof; that water body (Johnson

Species notes .

To bu11d spec1e5rhab1tat models,.v_n* informationﬂ base.

regardxng the -spEC;es and it”s, hab1tat -requ1rements 1s

4

";ab111ty through use  ofn a’iseef_oﬁj

,por-'example, a condition of

dy of water;;' and' attr1butes

R

ﬂAnserlds (ducks)v would " be 'éhé?

.".;

needed Harcombe (1984) summar1zes attrlbutes' of th1s-

‘distribution, =hab1tat,}' spec1a1 hab1tat ~-and( Thabita;.

A

requ1rements, breedlng, texr1tory/home range 51ze, and food

habltat requlrements. An, >1nformat1on,‘source useful' fof

W , o ‘-

;oonoerning‘ ‘spec1es ~‘taxbn0my,- ' Status, - "abundance, -

v. ) ',‘ ., . . L ) } . ‘
habltat pred1ct1ons w1th1nf timber - haryestﬁ,,schedullng

1nformat10n base. 'Sbeciilca%ly_.suggested is;'lhformatlonnf
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s Av‘;'.m "'A i.'.

sgenar1os offers quantltat1ve measurements‘ (as ‘opposed to W;
v;,subgectlve' measurements) | ~th résponse'—of ,Sp@CleSxtQé.:
-vegetatlve parameters. EXamples of spec1e§bnarrat1veS?cani e?id7
| '.'-found in Ve'rner and “Boss (1980)& s w % |
Q;Integrated comput;ng ,ystems ﬁc,d" i;f* ~,v*;_' | _

| .:T“ utlllze spec1as models and the" accompany1ng hab1tat;un"

N, Lo o
' data base so that future 1mpacts of' harvest JEchedullng
'_'scenarlos» onf b1tats can be obtalned spat1al dlstrrbutlond“

-,

-_of habltat compOnents on both a vertlcal .and horlzontalf;;:
{scale-lis_ requ;red (Bunnell and Eastman 1976) for example,ﬁs[
"v‘lntersper51on Whlch is Ia stlpulatloh\ of th hor1zontalu;;‘
‘destrlbut1on‘dof hab1tat components, must be quantltatlvelygkﬂ
"assessed These quantltatlve assessments naren requ1red _ho£

only to- establlsh quant1tat1ve alteratlons by t1mber harvestlh
:scenar1os On‘ 1ntersper51on 1tself but- also -for‘ futuredg.
’\Investlgatlons Vrelatlng 1nterspers;on to habltat use by a.;'
' glven spec1es. GIS have .been suggested for th1s' purposeﬂ_f
:(Mayer 1986 Baskerv1lle 1985 Davas$fnd Déﬂaln 1986 ‘Chapel'fb,
‘:1986) Consequently, an addltlonal\{con51deratlon .{n'gthE} .
"'de51gn of - 1ntegrated computerlzed model1ng;systems may be:‘_t

| the ab111ty of these systems to 1nterface--wﬂth geographlc.f

"fdatabases. }ﬂ-
’ Computlng systems are not only useful fqr analysiSw of
RS v

hab1tats for. plannlng purposes.v Inventorles of ex1st1ng »f

_.;habltats can also be conducted through the use “th C°mputerfb
processed remote Sen51ng data (1 e. thematlc mapper, Mayer e

fﬁ; ("'
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) ',To 1mplement the managemeht- system outllned abovF
research 1s requ1red further the? accuracy of model—
a BEN . Lo -, -
pred1ct1ons.,; Thef followlng dlscu5510n,_»therefore, wllbv«-
ey ’ RS e C : = ,\_

;..summarlze aspects of- the system (Chapter . f‘-which_ﬂrequ1re-

addltlonal research 'l“ - fllg',g_ ;\frv..’ A_f?¢iﬁfjh o

';.,;“fh The habltat vegetatlon data utlllzed in thlS study was'f;‘

2 obtalned /from the phase III 1nventor§ (Chapter 2) Although L

- 2

- stand attrlbutes in th}s 1nventory were orlented to forestw,~
. !"‘ :

» /management ’needs, habltat parameters regardlng hldfng‘cover

'\f\\qusé?ty and thermalhcover could be assessed fj:. exlstlnggdf

‘fojstands 'u51ng cLown coverage, helgh¢ and spec1es type codes

———h—___v

N

for understory and overstory canoples. However, to_ 1ncreases'
' rprec151on 1nvhab1tat evaluatlon, 1t has been suggested that

'stand dens1ty oﬁ the understory ]fn mult1 storled stands,‘

C

~ should be conducted for a: greater number of he1ght strata-‘

(Stelfox, pers comm) Al§o, to assess h1d1ng cover ‘gua11ty,g7

‘stand den51ty :iS' more dlrectly -appl;cable- than .crOwna "
4ncoverage (Steliox 1984, 'Nudds 1977, ‘Smithi and Long 1987)

'Consequently, poss ble ghpnges to forest 1nventory whlch may y.

a

‘y’accomodate greater prec15¢on in elk habltat evaluatlon fareh

‘ an'.assessment when p0551b1e, of a. greater var1ety of stand

"&.\ .

he1ghts, and 1n the case of understor1es in multlple storled,:
O P .
,stands, wh1ch are amenable to cla551f1cat1on/descr1pt\pn of

" multiple stand storles,u e1ther-['a3_‘techn1que . allowing .

s



wkmodlfled/del_ayed harvests. | . - E ".'u;

< . o ”\

“cqnver51on of (understory) crown coverage est1mates to stand

'":dens1ty or the dlrect assessment of understory den51t1M§

.~

Other aréas wrthln thé 1nventory requ1r1ng 1mprovement}"

e N

areh.as, follows. .Ahh 1mportant stand attrlbute ,foré'the_'"

'7'assessment of food blomass is stand agex -This{_allows..an

b

"suggested—dn"Bunneil and Eastman _(1976) more, reliable'

areé}‘?al llcks, one of the spec1al hab1tat vrequ1rements”

14

’f‘of aerlal photographs (N1eder1e1tner,; pers.; comm ) When

fr,thls f is : p0551b1e, these '51tes should be -marked )

R

-

schedullng of tlmber harvests and management of habitats can .

. . ">
LN k
P

Vegetatlon succe551on models whlch predlct vegetatzve

parameters w1th1n plant commun;t1es, glven the presence' off

timber harvest r of key 1mportance, 51nce these deplct

,future changes 1n the vegetat1ve attr1butes used to dr1ve
;hab1tat su1tab111ty models.- 4n thls pro;ect 1ntertemporal~

- vegetat1ve changes in. aspen communltles vere 51mu1ated ‘with
P DU R R L ﬁ[' B

'jassessment S of food blomasS (Chapter< 3),_[H¢w¢§er!v.a5_;

.pred1ct;ons f? food blomass may also 1nvolve stand. basalf_

-g”(Chapter' 3); can at t1mes, be 1dent1f1ep through 1nspect10n“"

h 1nventosles. Also,‘durlng forest vaentorles, other ‘spec1al‘”
‘1.hab1tat features should Dbe: de11neated These 1nclude, forg;
fexample, calv1ng areas, trad1t10na1 use areas (summer/w1nter~;
':range) travel corrldors, and whether or not an area 1s used_

_on~afseasonal (as Qpposed'to yearrround) basls. Subsequentf

_then be co- ord1nated to ma1nta1n habltats by, for example,’a:>

Adeletlon gofv stand- agggggates from ,the: lang- base; or, -
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S

: ‘. . § N . A
qmp1r1ca11y der1Ved stat1st1cs dep1ctf§g changes bpewse

K

and herbage.: Idfally these parameters,.as well as others 5f~i

- AR S I A Rt REE T S ";i_ e { SRR R 7 T

"

e

"allowxng derlvatfon of thermal cover: status, h1d1ng ‘cover o

‘ status, w1nter,

» used by habltat su:tab111ty models EVViASh well varlousyf

S

yd summer fgod status, should Bezpredlcted

by vegetatlon success1od’ models. Also,. success:onf models

. B o

should'allow the 1ncorporat1on of data that accounts fqr the

fert111zatlon, herb1c1de treatment muneVen aged management)
. e

and 51te quallty on the development df vegetat1ve attrlbutes

N
stand types Should be assessed by succé551on models, 51noe

-1nfluence-of var1ous stand tending practlces (thlnnlng, -

development of habltat components wlthlm seral communltres 1

-
14

g 1mpo:tant con51deratlon in. the deplctgon‘dof _1ntertemporal

5‘ wlll dlfferﬁ from cl1max communltles (Harcombe 1984) An

'browse : ylelds ©is .the 1nherent ;variability in browse

L

product1on (Telfer pers comm Moeur '1986)“ ‘Also;, Stelfox

con1ferous stands than Westwortm al. (1984) document ;tor

‘!bspen domlnated communltles,‘lndlcatlng that var1ab111ty in

browse productzon may ex1st among site. types.

N

__%" VU51ng . _the habxtat ,evaluatlon system specifiedﬂ-in

\"

*JﬁChapter'3 if tlmber harvest schedullng models are"- TvbeL

’ N

: uSed; as 1nput to'fa ,co- ordlnated habltat tlmber harvest

/’°See Smith (1986) Brand et al. (1986)

planning»vprocess,z'J mod1f1catlons ' .‘gzﬁdels ' portraylng
d

Moeur (1986) ‘for
descn1pt1ons of how various vegetatlon succession gnd timber

- supply .analysis models can be used to generate est;mates_of

‘habitat 5u1tab111ty. o ¥ R
?'To—schedule maximum .timber volumes over - tlme, subject to
constra1nts of‘m1mamum habltat (standards) '

(x'(1984) documents h1gher annual browse_ productlon underv”‘

> .
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":,tlmbdr supply analy51s problems may be reguiredf77'r> large B

L —

fhscale' appllcat1ons‘~ When large stamd aggregates (tlmber

'
\

'fijclasses) are’ scheduled the poss1b111ty for large eVen agéd

. fland areas: develops_fié' 5‘ ‘given tlmber type con51st§ of

]:’contlguous stands.-slnce the presence of . large even 'aged

rareas creates ‘%ou 1nd1ces of 1ntersper51on, the preventlon

Hof the1r occurrehCe requ1res that a greater number of tlmber.d'

: q_classes be; deflﬁed ThlS allows control over when var1ous ..

\

’1nt “sper51on

tlmber classes 1ncreases f%:he p0551b111ty

' ds

'f'dlsaggregatlon;?

he' a*.costly and 1nfea51ble approach A

_ve to thlS problem,- howeVer, 19 to 'use

. e . X
"operatlonal verslon of FORPLAN (ver51on 2) (Johnson,vStuart

Coa et g

:bsand Crlm 1986) ::vv;,‘ ;.“”??‘

Slmllarly, large scale hab1tat evaluat1ons w1th~th1s

"system (Chapter 2) u51ng models w1th capab111t1es 51m1lar to df:

'»that‘ of~ MUSYC may also pose dlfflculty due to. the need to

—— o — i

221 'this respect, MUSYC (Johnson and Jones 1979) has the

.{{%;m;tsl;on_ t1mber classes wh1ch harvest:

“'hﬁfcanf fea51bly sequence._ Consequently,

‘excercases w1th MUSYC '(inﬂfthe Model :I'

: ndlces '"f@hapter 4)*5. However,. ,thﬁ‘;'

:'n_stands are sequenced and may allow the‘ ma1ntenance :of,fff

e

“ability to sequence 400 timber classes, howqyer, to. ma1nta1n.

. unique identification codes for each timbet class (to. allow

¢ontrol over the sequencing of individual stands) thev~,
‘ ”capac1ty to sequence t1mber classes 1s smaller than 400

as allocatlon*ZQne 'schedulzng ch01ces inn”y'an”

. w3
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jt f 11m1t aggregat1on cof stands by the stand type descr1ptors
et (Chapter 4) ThlS may%supercede capab111t1es of the model to
: sequence tlmber : classes. Fofi large~ scale 'evaluatlon,'

—

that.a larger number of tlmber claSSes can be scheduled -

o . . %

As well T}larger array f 1dent1f1er cqmb1nat1ons_ ls"

requ1red o that in-?the_ M@DEL I+formulat1on,'a.greateri

-

therefore, the capab111t1es of MUSYC may haye to be expanded:lf

number of timber classes can be accomodated L e T

Models“whlch relate hab:tat sultabillty tova serles ofi‘

habltat components (vegetatlve attr1butes) are another key"p*»

cdﬁponent : in_"af,co ordlnated hab1tat tlmber “system._fAl”

cr1t1cal step 1n the development of a rellable model 15 that

relatlonshxp w1th an 1nd1cator of habltat suxtab1ﬁ1ty (l'e.'
b

' ﬂit' be -valldated through assessment& of }/s staﬁlstlcall.v

habltat au by 'af spec1es- populatlon growth/condltlon L

¢

Lo ‘:1nd1o§$x etc ) W1th regardsl,to va11datlon, 'it has beenn

@

.

suggested that the 1nformatlon base upon Whlch to bu1ld suchf'

P

msdels S; often 1nadequate (Lovel 1981). Consequently,:l

s

_}\research whlch generates a rellable 1nformatlon base for the

, . \ A . A . ‘.‘l. :

f constructlon of models 1s regu1red _ . ';,y
A ~ \ . ' ' Q ' N

‘ Addltlonal ‘work requ1red to 1mprove the habltat modeltg'

presented in Chapter 3 1nclud s the 1ncorporatloh 1of road‘*

densnty and 1t s 1nf1uence of elk habltat su1€ab111Qy. G1ven31

| cutblock Jayout patterns, how does one eff1c1ent1y ﬂaccount'pd

for i‘the‘- effect v o§ ‘future road layouts 'on:,habitat:

" AR S~
su1tab111ty7 I addition, “habitat - su;tablllty; indices

. ‘;presented in previous chapters are '@enerated under the

. R L X - e S )
L . A H ; oo
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'_cllmat1C'

V-ucutblocks, and if so, hOw muqy\"A 

lt more effic1ently

AN 4 . @ :
- «summarlzlngﬁand search operat1ons. To sxmu at

. ’changes' in-vEBe\\dataEase, large scale changéSM

S

| Mult1ple*‘model a'varlety of

*

changes }inﬂb

R P -rl'~' .
in the* y&ar ' j k % fall). Are these areas of
Cog T RS I Dy ¥
’ ' ,' .'2
~,greater value to e%i than the f,b, & regenerate on

RR NS

fﬂ* L
;an 1ntegrated

°

fcomputlng* system:_ evaluat1ons of

ayat

reglmes 'can* be ,made

habitats'gef ratedf

neds ““%o ‘process large
datafll s, geographlc é%tabases and software wh1ch processcs

LN -

them shoul ' as eff1c1ent as p0551bleﬂ part1cularly durlng

\1ntertemporal

TR s ‘.

,f attr1but0

RN - ’-'{v

_ values also; may ' be requ1red and ‘ so,, mustg also ~be

ﬁ.accomodated e£f1c1ently A llnkage between computlng systems

c . P

,' «;;nd a geographlc 1nformat10n system whlch allows qu1ck ;and

large scale flle ‘transfers is‘ also requ1red.,,Due to a.

B Vafiety of. technlques ut111zed r:i the . analys;s -off

al 1986 Wh1ttaker and Mcd%én 1976

1ntes$per51on (WLsdom
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" 'VI11, APPENDIX I1I. Geograph;c dnstrxbut1on and conf:guratlon‘ -

‘ 'of habltat components.

Q

' $ymbology_at the bottom of the follow1ng '1llustrat10ns can

be *deceded"u51ng the followlng examples as a gu1de. on all

figures, the black areas represent habltat components.

.o

4

o - T ,
il.e. P1WF-"r.eriod 1 (or, after 5 years 1nto
the plannlng horizon) wrnter food .

Qr.browse, : :L.. L . ot

;i.e. P12HC Period 12 (after 12%5 ( 60) years
7. . '

3/2/’ into the plannlng horlzon) ‘ ,' - K

'hldlng cover or securlty cover.

i.e. PSF: . Period Of(preSent caonditions)

summer food or grasses and forbs.

B ¢

i; P16TC Perlod 16 (after 80 years into the
' 3 YR : e S
plannlni hofnqpn? thermal cover.
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