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"tv.en Janu.ry 1980 and Jun. 1986, tb Aluka POIlU Authority (APA)
c.ontuct~ with the G... Divisioa of the A1ulta Depan-nt of Fbb and
a... (ADF&G) to provide fi.ld date and re~tiOll.S to be u..ci for
......in. pot.ntia1 Upact. and d.valopi.D1 opti~ for .iti.ati.ll,
!llpacu of the propo• .ci Su.iua Hydroelectric Proj.ct OD IlOO•• ,

uribou, brown bear, black bear, 0.11 .beep. volf, wolv.rin., eDd.
be11lkha whal... ADF&G vas ODl,. 0IlI. of aan,. participat. ill this
proar_. Iofo~tiOD OD birds, a.all .....11, furbearen, and
V.I.tation w.. collact.ci b,. the Univ.rsity of Al..ka &lid private
eouu1tina fu.s.

Fo~lly, ADF&G'. ro:. w.. to coll.ct data wbich cotlld be u.ad to
describe the base1in., pre-projact coadition.. Thi. infonatioD w..
• uppl....ted with data frOll otber ADn.G .tudiu. B...lill. conditions
v.ra defin.d to inc.lude proc••••• wbich .ipt be .ufficiently naai­
the to dtb.r direct or indir.ct projec.t induced Upacta to alt.r tb.
dyD_ic.a: of tb. wildlife populaUOM. Th. r&llponaibilit,. of Upact
.......-Dt and .iti.aUOD planoill., vas ..dped by UA to .evual
private c.onaultia. fu.s. ADF&G .uf( worked. closel,. witb tb.n
f1~, but onl,. in an advi.ory capacity.

Th. proj.ct w.. eanc.ell.d before th. tepact ......-.at and _iUlation
.. \a:DIl.in. proc..... vere e.e-pl.t.. In an .ffort to praserve the
jUdg.-..nta and id... of the autbora .t the tenination of th. proj.ct,
th. .cop. of this report ha. be.n expand.d to inc Iud. _atuial
rel.tinl to Urpact asnsa--.nt and .itisation planniD" StatMenta do
Dot D.c••••rily repre.ent th. views of the API. or its contractors.
Conj.ctural stataaenta sa.et~ ar. includ.d in the hope tbat they
••, ••rv... hypoth••as to guide future worlt, should th. project b.
reactivated.

lb. followinl li.t of reports cOllplet.ly cover all of th. G...
Division'. contributions to the project. It should not b. D.C. ry
for the re.der to c.onau1t the .any pro.ren =.ports.

Modafferi, R. D. 1987. Susitna Hydroe1.ctric Proj.ct, Bfl G...
Studie•• Final Report Vol. I • Hoos•• Downstre... Alaska Dept.
of Fish aod a....

B.Uard, W. B. aod J. S. Vhitaan. 1987. SUSitD. Hydroal.ctric
Proj.ct, Bil a.- Studi.. , FiDel Report. Vol. II • Kooa. ­
Up.tre... Alaska Dept. of Fisb and Gsae.

Beclter, E. F. and V. D. Steil.n. 1987. Susitna Hydroelectric
Proj.ct, IIiI G... Scudi... Final R_port, Vol. III • ~. for.._
bioaau in th_ Iliddl. Susitna River basin, Alaslta. Alash Dept.
of Fish and a....

Becker, E. F. 1987. Susitna Hydroel.c.tric Proj.ct. Ilia G..
Studies. Final Report. Vol. VI Hoose C.rryin. Cap.city
Esti.u.u. Alaska Dept. of Fiah and G....
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Final Report.
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Tenlteraley, N. G. 1914. SusitDa Hydroelactric Project. Bil GlUH
Studi... Final Raport. Vol. VIII - Dall Sbeep. Aluka Dept. of
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lallard, W. B., J. S. VhiUND, and C. L. GardDer. 1987. £eoloU" of
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IN"l'ROOO'C'I'ION

The propoeed Sualtna Hydroelectric Project: conabt. or
3 ..jar devalopaanta on the Sualtna River, approxia&taly 180
.il•• north and •••t of Anchoraqa, Ala.ka. The first ph•••
would be the W.t.a.na stag_ I .arth-till caa and •••oci.ted.
power and c.-p taclIlt!... The Watana Daa .ita would be
located at river ail_ 184 above the aouth of the Suaitna
River, in a broad O-ahaped valley approxiaataly 2.5 .11••
upriver tra. the Tau-ana Cr••k eonfluence. The daa would
er••ee a r •••rvolr approxiaataly 39 all•• long with •
aaxiaua width of about 3 .11•• (excluding tributer!•• ), and
have a aurt.c. ara. of 14,900 acr•• at the ncraal aaximua
operatinq laval ot 2,025 t ••t ••an ••• laval, (MSL). Th•
••cond atag. would be the Devil CAnyon Stag. II concrete
arch daa and •••ociated taciliti... The Devil canyon Daa
.ita would be located. in the Devil canyon qorga at river
-.11. 152 of the Suaitna Riv.r, approxiJlately 32 ail•• doVll
river traa the Watana Daa .ita. It would tora a re.e~oir

approxiaately 26 .ile. long with a .urtace area ot 7,800
acre. at the noraal operatinq level of 1,455 teet HSL.
Staq. III would con.i.t of rai.inq the Watana da.a to create
a re.ervoir 48 aile. long and having a .urtac. area ot
38,000 acr... Kaxiaua width ot the Stage III re.ervoir
would be approxiaately 5 .ile••

Con.truction and operation of the Watana and Devil
canyon hydroelectric d... in the aiddle 5u.itna River Ba.in
(Pig. 1) would re.ult in both peraanent and teaporary lo••e.
ot habitat tor soo.e (~~~). Approxi.ately 12
.quare aile. ot land area would be permane~tly inundated,
and anothar 24 .quar••il•• taaporarily di.turbed a. a
re.ult ot the projact. Lo•• ot the veqatat.ion qrowing thera
to ra.ervoir inundat.ion, caap facilitie., borrow .ite., and
other .ource. repra.ant. a 10.. of capacity to .upport .oo.e
population.. Lo•• ot habitat carrying capacity would be the
priaary iapact on aoo.. ot hydroelactric d.velopaant 1n the
suaitna ba.in.

!apace. ot the 5u.itna Hydroel.ctric Proj.ct on the
10.. ot .00.. habitat will be ba.ed on an a•••••••nt ot tha
10•• ot carrying capacity ot the aftected area. Hutritional
carrying capacity i. detined a. the nuab.r of h.althy
individual. that can b••aintained in a de.iqnated ar.a for
a .pacified tiae period. Matheaatical .od.l. of range food
.upply and ani..1 food habit. hava been u••d to a.ti.ata
habitat carrying capacity tor roe daar (~Ya capreolu.)
(Bobeck 1977), au1e deer (04oc011,u. ha.ioDu. heaionu.)
(Wall.o at al. 1977), white-tailad da.r (~yirqini.nu.)

(Potvin and Huot 1983), and alk(~~ nIlaon1)
(Hobb. at a1. 1982, Hobb. and Swift 1985).

In Ala.ka, ra.aarch haa bean undarway to modity the
genaralized ruainant subaodel dev.loped by Swift (1983) to
saka it .pacific to aoo•• (Raga11n at a1. 1985, 1986,
Schwartz at a1. 1984, 1986a, 1986b). Tha model ha. baan
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developed, t ••ted, and verified on the Kenai Peninaula
(Jlul>bert 1987).

In 19.3 it v•• decided. to adapt the .00•• carrying
capacity .oda1 to ...... lap.cta of the propoaed Suaitn.
Hydroelectric Project on aoo... Thi••odel, coupled. with
.rea-~itlc !ntoraat!on on aoo•• , provided the ••ana tor
the iapact .....eaent and aitiqation planninq in conjunction
with hydroelectrie devalopaent 1n Ala.ka. Thi. approach tor
iJlpac:t. .._~t haa not previously been uaed tor aoo••.
DeYel~t of the .adel rapr•••nta a .ajar advanc...nt in
........at of the iJlpacea of .an'. activit!•• on a tr••­
rall91J'1q population of an1ula.

The oJ)jec1:1va of thi. atudy va. to provide an ••till.t.
ot the a.ount of ~rovae that i. available to aoo.. 1n the
aiMl. suaitna Ba.in. ni•••t1u.ta va. an ••••nti.l
el~t ot the aooaa carryinq capacity .ode1.

D!.lr1nq the aprinq and au.aer of 1982 and. 1983
praltainary brow.. inventory studi.. vera conducted to .aka
tint detenl1.nat!oM of the veq.tation t.ype. and brow••
• peei.. .c.t h.avily utilized by ace.. in tha ar.a. to be
atfected. by the project, and to dete~in. the .o.t coat.­
effect.iv. _thad ot • .-pling bioaaa. of brow•••pecie•.
veqatation aappinq, utilizing new aerial photography
tachnique., v•• initiated in 1984 to provide detailed maps
upon which brow•• bioaaa. could be at.ratitied. The
.tratified veg.tat.ion ..p fo~ the ....pl. tr.... , and va•
•••antial for obtaining an a.t.iaat. of brow•• bioaa•••

Thia proj.ct va. a joint .ttort bet.wa.n the Ala.ka
Depar't3ent ot Fiab. and Gue and LGL Ala.ka R•••arch
Aa~iat.a. Th. li.t of people vbo have contributed to the
COIIplation ot tha browse inventory .tudy during 1984 and
1t15 i. axtenaiv.. W. "ould like to e.pecially thank: Dr •
• aY'W a.;alin (ADF6C) tor bi. guidance in tha initial
planninq ataga. and tor bia a••iat.ance in iapl...ntinq tha
ADP6G int..rn proqraa. SuzAnna Killar (ADP6C) ba. be.n of
invaluabla a••i.t.anc. in coaput.er proqraaainq, proqraa
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sTeor AREA

Th. 1,021-.quara-aila .tudy ara. i. locatad in the
aiddla Su.itn. Rivar b••in, upatra.. ot the aouth of Devil
canyon (Piq. 1). study .r•• boundaria. were defined by
Ballard et a1. (1983), a. the wpriaary zona of iapact" tor
aoo... Z1evation. ranqa troa about 900 taet (274 a) on tha
riv.r at the aouth ot Devil Canyon to 6,255 taet (1,907 a)
at the top of Nt. Watana. Tha river alevation rha. to
approxiaat.ly 2,500 teet (746 a) wbere the Denali Highway
cro.... the Suaiena Riv.r. Topograpby ot the .tudy araa has
been .tronqly in.tluancad. })y paat glacial action and
a••ociated .tra.. and rivar aroaion, ra.ultinq in a bro.d 0­
ahaped vallay occupied. by the Suaitna River. Th. rivar
chann.l alope. ara vary .ta.p naar Devil Canyon and becoae
leaa .taep and wider at the aaatarn end of the atudy ara.,
north ot the confluanca ot the Tyona Rivar. Tarrace. above
the rivar channal ara approxiaat.ly 2,000-2,500 ta.t (610­
762 a) in alavatlon and aaJca up the aajority ot the .tudy
area.

McXendrick at al. (1982) aapped 16 vaqetation typaa in
the aiddle and uppar Su.itna River baain at l.vala III or IV
of tha cla••itication ayat.. devaloped by Vi.rack and
Cyme•• (1980). The plant co-.unitia. ara .trongly
intluenced by ait. topography, aoil., and aoi.ture regiaa••
Th••taap, wall-drained. riv.r channel alopa. ara doainated.
by tore.t co..unitia••uch a. aixed. paper birch (~
papyri tara) and white-apruce (~~) tora.t. and opan
coniterou. fora.t. on both .ida. of tha rivar. Benchaa
above the rivar priaarily contain .hrub co..unitia.
doainated by re.in birch (~ glandulo.l) on tha driar .ita.,
wbite-.pruee tor••t. on the well-drainad .lopa., and black
.pruca (~~) for••t. on tha wattar .ite.. Willows
(.s.a..u.x), priaarlly di..ondlaaf willow (Lo~), graylaaf
willow (L~), Richard.on willow (.L.. lI.DAt.lJ, and
taltle.t willow (~ AlaxaD.i.), do.inata the .hrub
co..unitie. in the watter .it•• on upland slopa. and in the
coniterou, tore.t.. Alpine vegatation typa. occur at the
higba.t elevation•.
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TIM prt.a.ry objective of 'thi. report vaa to ••taat.
the~ of' b~. that 1. available to -.00•• c1uring the
wintar. on.- utiaat.. viII then bel U8ed to generate
carryinq capacity utiaat•• ot .co•• in the Suaitna sasin.
In 'the initial ph••• of thia project, it vaa d.ecl<lec.l to
atratify villow biou•• on the ))a.l. of a veqatation .eop.
CUe to 1) our inability to produce accurate atratification
up. for uch villow epeel.. and 2) the inherant -..pI inq
prObl... involved wl~~ uainq • atratification ach... tor
ncb ~1.. , it va. cleclded to atratify on iAJJ.x b1oaa••.
The co.bi.n1.nq of the varloue vl11~ epeci•• cauaed ua to
~ ....-pt,lona about the availability of the varioue
willow ~1_.

Willow blou•••trata vera developed and analyzed. uainq
coab1.ned b1,.... of all vill0V8, baaad on the •••\aptian
that all willow 8peCl_ available to wintering aoo.. in the
atudy area were equally preferred (and aub••quently
co~), or at l ...t not 8peCltically avoided by the and
of winter. A aecond •••u.ptlon va. that ditterant villow
8S*'i.. were equally available to vinterinq aoo... In
reality, not all ~i.a were equally available bacauae each
8peOie. had a di.t1nct raqional diatribution and thus a
ditterent daqrae ot accaa.ibility.

_in birch ia an 1aportant under.tory co~nant ot
aany vaqatation type. in the Su.itna Study area (staiger. et
al. 1913). However, it va. not • .-pled during this atudy
beeauae: 1) it i. very t1ae con.uaing to r.-ove the -.all
tvip ot thia ~i.. (St.iger. and Hela 1984) I and 2) it
c~ only 11' ot the average .ooa. di.t in thi. region
(St.igera aDd Beeker 1916). Reain birch, tor the purpo•••
ot thl••tu4y, vaa conaidered to be non-liaitinq either in
diatribution or abundanca. Ruin birch bioaa..a waa .aaWled
to be available to the extant that aoo.e voluntarily liait
their Inbka.

A vegetation aap ot the atudy area vaa prepared by R.A.
ltreiq and As.ociat.a, Inc. The atudy araa vaa upped to
level IV ot the Vierack et al. (1982) vegetation
claaaitication ayat.., uaing 40 acr•• (16.19 hectarea) aa
the aint.ua polygon aize. The underatory cover ot willOW,
raain birch, and alder (Alma) vaa claaaitied into the
tollowing categoriea: 0-4', 5-25', 26-50t, 51-75t, and 76­
lOOt cover (a.e Appendix A). The upping vaa done by photo­
interpretation of color infrared (CIR~ photographa. Ground­
truthinq vaa dona by the aappera and from infor1l&tion
collected. durinq the 1984 aa.plinq .ea80n.

Vegetation ...pling waa eond~cted fro. July 9 through
Auquat 22, 1984 and tro. July 11 through Auguat 25, 1985.
Durinq the tirst pha.e ot the 1984 aa-pling ettort, 5
1:60,000 acale CIR photoa vere aubjectivaly cho.en to cover
the eaat-v.at gradient of the .iddle Su.itna River basin.
Uaing a two-.tage a&apl. d••ign (cochran 1977), the tirst
ataqe being l-.ile lina tranaecta and the aacond atag.
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consisting of square-••tar plot., th••• ara•• war. aaapled
and. eha aaount of current annual qrovth bloaa•• (CAG) of
willow and paper birch pr••ent was ••tl.ate4. Whole
aountain cranberry (yocciniua yitia-ida•• ) plant. war.
clipped at qround laval. To aax1aize the nuaber of
dirterant veqatation polyqon. tor which brev.. bio.a.. data
vcr. obtained, the tta.n.eaet. vera qiven a north-south
orientation which corr••ponded to the ..jar elavation-aspect
gradient. A total of 36 transecta va....pled and provided
data uee4 to stratify the study ara. into willow CAG atrato.

Aftar th••• 36 tran••ct. ware ...pled, the stUdy ara.
v•• divided into 3 population.: the Wotan. population
(popUlation 8), the Devil Canyon popUlation (population 0),
and the out.ide population (population A), to facilitate
aaapllnq durinq the ••cond ph••• of the aaaplinq effort.
Population B va. created to tacilitate inten.ive aamplinq ot
brov.e vithin the propoaed Watana apoundaent. The upper
elevational bound.ry ot population B va. the 2,200 toot
contour; vben nece••ary the boundarie. vere extended above
2,200 teet to ..intain ••inLaua vidth ot 0.5 .ile.
Population D va. cre.ted to tacilitat. int.n.iv. brow.e
• .-plinq vithin the propo.ed Devil Canyon apouncment. Th.
upper .lavation boundary ot popul.tion D was the 1,500 toot
contour1 when n.c••••ry the boundary v.. ext.nded above
1,500 t ••t to ..int.in a .iniaua vidth ot 0.5 ~i!•.
Popul.tion A con.i.ted ot tha reaaininq ara. within tha
.tudy araa and b.low tha 3,.00 toot contour; the araa above
the 3,400 toot contour va. dal.ted sinca 97' ot all wintar
ob.arvation. ot -eo.a in tha .tudy araa occurr.d at or b.low
thi. alevation (Ballard at al. 1983).

curinq the .acond pha•• ot the 198. laason, 72
tran••ct. w.r....pled in the 3 population.. The nUJlbar- ot
tran••ct. •..pl.d per population va. v.ight.d by the
proportion ot ar.a, within .ach population, that wa•
• cheduled to be inundated by the d... , and the perc.iv.d
variation in villow bioaa•• p.r population: ot the 72
tr.n.ect., 49 v.re eondueted in popUlation A, 15 in
population B, and 8 in population D. On.-aile trana.et.
v.re used to ..-pl. popul.tion A, while 0.5-.ile trana.cta
w.re used to ...ple the othar 2 population. due to th.ir
narrov ahape. In total, 108 tran••eta w.r. compl.t.d during
the au.aer ot 1984.

Pour qroup. ot tranaect. w.re rando.ly aeleetad tro. a
1:63,360 .eal. USGS topoqraphy map at the study ~r.a.

Tran••ct. vere than tranaterred to both 1:60,000 acale CIR
and 1:44,000 acale true-color photographs (when available)
tor us. by the tield erew.. Accurate transter ot the
tran.ect. to tha aerial photograph. was tacilitated through
u.a ot a Map-o-qraph. Craw. ua.d the 1:60,000 acale CIR and
the 1:24,000 .cale photoqraphy, wben available, tor locating
tran••ct .tartinq point.. Helicopter. wera u.ad to
tranaport the crawa, aach con.i.ting ot 2 p.opla, to the
landing zone cloa.at to the tran.ect atarting point. When a
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crew could not a droppecl ott at the .tart.inq point,
oriene_r1nq ..thoda were uaed eo reach thi. point.

Plot. were ran40aly .elect.ed, without replac..ene,
alonq the tranaect, and ..-pled it they tell within the
population at interut. The nu:aber at plota ..-pled per
tranaect varied traa 20 to 30 .. WI aetapted to .axialze
tJle averap nuaber at plata a 2-aan crew could cowplete in a
day. The nUJlber at plata ..-pled vaa chanqed upon the
cowplation ot a randoaly ••leceed qroup at tran.ecta.
Twenty-two plata per tran.ece wara uaed attar the tir.t tew_.

once at the transect .tart.i.nq point, tha crew would.
ori&.1t th-.lv.. to a prucr1bed coapa•• h.ad.inq and, qo the
apacitied nUJlber at _ten to the tint plot. All eU.unc••
wera ....ureel aloneJ a tran••ct uaiJ!9 a lOO-Mt.r tapa. A
atraighe-lina couzwa vaa ..intained uainq a hand-hald
coapaaa. It the average atraiqht-lina alopa atveen
aucc..aive plata exceeded 15 deqr.-., tha diatanca trav.led
atveen auceeaaiva plata vaa corrected, tor .lope, to tha
neareat _tar. Ttlla vaa done to adjuat qround diatanca. to
..tch tha planar diatanca on the two-di..naional aerial
photoqrapha. Di.crapanci_ betveen tield eranaac:t locationa
and "I' locationa were d.OCUMnted, when known, to •••ura
accurata poat-atratltication.

At each plot tha tollowing intor.ation wa. recorded:
tranaect nuaber; plot mmbar: data: crav coda: di.tanca
....urad tro- laat plot: alavation (taat): a.pact (degraa
aat.Dth): elope (deqrae.); local topoqraphy within a 100-

o toot radiua at tha plot (convex, .t.pla .lope, concava, or
ca.plex): surtaca dra1naq. within a lOa-toot radiua at the
plot (taat, interMldiata, or ponded): aita aoi.tur. within a
lOa-toot radiua at tha plot (vary dry, dry, aci.t, or wat);
land.cape ••~einq within a 0.5-aila radius at tha plot
(tlae, undulatinq tlat., hill.-aounta1na (it hill.­
aountaina, then whethar tha la.nd8cape aaeeinq vaa on tha
vallay tloor, lover ana-third. ot tha .lope, or the ridqa
crut}): Viereck at a1. (1982) laval IV V8getation
cla••ification (.aa Appendix A tor tha cla••iticationa and
coda. uaad): percant canopy, by qanu., tor willow, raain
birch, and aldar (0-0', 1-1-.', 2-5-25'. 3-26-50', .-51-75'.
5-76-100' covar).

A 1 x l-..ter-.quare plot va. po.itioned parallel to
tha lina ot travel, and. at tha end point at the distance
..aauraent. Th. plot true was .levated. 50 ea above t.ha
ground. by ..tal .tak•• and cla.p., and oriented parallel to
the qround aurtac.. Th. currant-annual-qrowth twiq. were
clipped and placed in paper beq. by h.iqht cateqoriea and
.pacie. tor diaaondleat willow, qraylaat willow, Richardaon
willow, teltleat willow, one ahrub qen.ra (other willow
.pecie.). and paper birch. H.iqhe .trata wara to be u••d to
adjuae t.h. aaaunt ot torage that b available durinq the
winter ae varioua anov deptha. The 2 height atrata u.ed
vere a-50 ca, and 50-250 ca. The 250-ca .axt.ua heiqht wa.
not ob.arved it the diuetar-at-bre••t-height (dbh) ot the
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• hrub at_ va. 1••• ~an 2.5 ca. All eurrent-annual-qrowth
twig_ u.,t. vua within the vertical boundari •• of the plot
vera clipped. A 20 x .!SO-a aubplot v•• poaitioned. at. qround
leval within the larcj'u l-a-aquara plot, parallal to the
lin. of travel and atarting at the end point. of the cUatanca
....ureaant. All aountain cranberry leav.. and. twig&
occurrinq within the vartical border. ot the aubplot war.
clipped lUld baqqed. -

All field data var. racorded on Epaon BX-20 notebook
coaputara ¥bleb were proqr.-.d to pr01lpt craw aeabera tor
data input at .ach plot. Data var. tranaferred directly
troa the Epeon to an IlIII PC-XT coaputar. located. at ba••
caap, at the and of .ach day. One. 1n the IBM PC-)(T the
fi.ld data war. run tbrouqh toraat, error cheek, and aort
proqr... to enaura high quality and orqanization of data.
Piald vork ended on Auquat 22, 1984.

Collected plant ..tari.l va. brought to the fi.ld
laboratory .ach avaninq. Bag-a of .-.ple. brouqht into the
laboratory v.re checked again.t a li.t ot the bag. that
ahould have been pr•••nt, a. deterained by data entered into
the tield coaputers. Bag. vere placed in drying avena and
dried at 60 C tor at lea.t 72 hour. prior to proce••ing.
Leave. and toreiqn ..terial vere .eparated troa the ~wig.,

and the twig. were then redriad and weighed to the neare.t
one-hundredth qr.. on a Mettler PC4400 electronic balance.
The veiqht., tran.ect n\laber, plot n\laber, craw code,
specie., and he1qht atrata were reeordad on an Epson KX-20
ca.puter. Laboratory data wera tranaterred directly tro.
the Epaon to the I8K PC-XT computer, whare they were run
t.b.rouqb toraat, error cheek, and aort proqraaa to ensure
data quality and organization. The lab data. were than
..rged with the tield data, and another error checkinq
proqraa report4d. .ia..tchea betwean the field data and the
weight data. When error. were di.covered, all ettort va•
..de to illaadiately deteraine the source and rectity the..

Altar returning troa the tield, the transect lines were
transterred. rroa the aerial photos to vegetation ..p
overlay. that corresponded to the photos. The distance
between veqetation polygon inter.ection. with the tran.ect
l1ne wa. digitized. 'rca this intoraation every plot in the
tran.ect could be ela••itied into a veqetation polygon by
eoaparinq the diqitized di.tance. a••ociatnd with polygon
inter.ection. with the di.tanc. ot the plot tro. the
trenaect .tarting point. Plot. occurring ae the bord.r ot
polyqon int.r.eetion. (within SO .et.ra) w.re checked
agatn.t vegetation call. ..de by the crew to prevent
iaproper cla••itication due to sourc.s ot error introduced
in the trenaeat tran.ter and diqitizinq proc.... It was
te1t that plot location. were aecurat. to within 50 .eters.

The 36 pha.e-one .tratitication transect. and portion.
at 21 pha.e-two 1984 tran.ect., vhieh tell in veqatation
type. ~ot covered by the 36 phase-one stratitication
tran.ect., wera analyzed to provide the data ba.e tro. which
the stratitieation aap va. developed. For aach plot, willow
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bioaa.. intoraation, pooled ov.r height .tr.ta and willow
epee!.., wa. coabined with the v..;.tation call. Mean vl110v
blc.&a. per .quar...t.r, by veq.tatlon call and population,
w.. than calculated. A k.....ana clu.t.r proqr.. va. run on a
CDC Cybar 700 ca.put.r, u.1nq BKDP (Dixon 1981). A c.ntroid
linkage algoritha that utilized Euclid.an di.tanc•• va. u.ed
on th. willow bioaa.. av.rag.. to d.t.rain. rang.. ot willow
bioaa.•• in Ncb .trata. Ba.ed on thi. intoraation and
cc.pari.on8 betwean averag. bioaa.. and av.rag. villow cov.r
cla••iticat!ona, a willow biaaa•••tratitication .ch... va.
dev.loped tor the v~etation polY9ona tor which data v.r.
available. R.lationshipa betv.en villow biaaa•• and oth.r
r.corded .it. tactor. auch •••lavation, .10pe, and. a.pact
ware al.o inv••tiqatad to d.t.raine it atrata .hou1d be
turth.r .ubdivided. Thi. pr.11ainary .tratitication .ch...
v•• expanded, ba.ed on the •••Wlption that ..jor veg.t.tion
type. with .iail.r villow cav.r c.ll••hou1d be cl•••iti.d
into 11k••tr.ta, to includ. avery vaq.tation polygon th.t
occurred within tb.e atudy ar.a. a.pr••ant.tiv. veq.tation
polyqon type. vith in.uttici.nt data v.r••urv.y.d in the
••r1y .~r ot 1985 and .ub.equantly cl•••iti.d into
atrate. Th. tini~hed atratitication ach... i. Ii.ted in
Appendix B.

OUrlnq the 1985 ti.ld .ea.on, ...pling .ttort va.
optiaized by calculating atrata ••ana, varianc•• , and 80t
contid.nce intarval. tor .ach population on a bi-.onthly
ba.i. and allocating trana.ct. to •••t the ••t pr.ci.ion
goal. ot 80t contid.nc. interv.1. with ranq•••qu.l to tvic.
the point .atiaat.. A tvo-at.g. r.tio-to.... iz•••tiaator
(Cochran 1977) va. uaed to p.rtor-. th••• calculation8. Th.
l.ngth ot th. t~an.eet .eqa.nt in the .trata va. uaed to
v.ight the ratio. Tran.act. w.r. allocatad by r.ndoaly
locatinq th.ir .idpoint vithin the atr.ta ot int.r.at u.inq
• Pria. eaaput.r and Arc-Into .ottvara. Tran••cta v.r.
q.n.rat.1 by the co.put.r on a USGS qu.dr.ngl. b.....p,
over-laid vith the ..tching USGS ..p, and hand-tran.t.rred
to aarial photoqrapha •• d.acr!bad tor 1984. To incr.~••
the • .-p1. aiz., .11 tren.ect. in 1985 vera 0.5 .i1. in
l.ngth and h.d 11 plot. par tran••ct, allowing aach crav to
caapl.t. 2 tranaact. par d.y. Thr•• hundr.d thirty thr••
on.-.i1. tr.na.ct. v.r••a.pled in 1985, with 164 in
popu1.tion A, 126 In popul.tion B, .nd 43 in popul.tion D.

Th. fiald .athod. uaed during 1985 vara the .... a.
tho....ployed during the 1984 fiald ••••on with the
.xception ot: 1) .ountain cranberry bio•••• va. not clipp.d;
2) loc.l topoqraphy, .it••oiature, .nd land.c.p. w.r. not
r.corded; 3) canopy cov.r and b.rry intoraation ot dwarf
ahruba and torb. wara recorded tor. concurrent ba.r .tudy;
and 4) the proportion ot the elo••at 8 willow pl.nt. within
, • ot the plot location .tak. that had b••n brow••d in
thair racent (••g., 5-ya.r) hi.tory v•• recorded. During
the 1985 ti.ld ••••on, .10pa .djuataanta war...d. vhan the
alop. va. gr.at.r than 10 degr... ver.u. 15 degre.. u••d in
1984. Elaven calibration tranaact. vara •••pled to

-- .-----
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deter-ine it there was a ditterence in the production at
willow CAD between 1984 and 1985. Calibration transects
conaisted at reconductinq all 1984 transect seqaents located
in high, -.diu. ahrub, or -.diu. torest strata of population
A. Plot spacing vas offset by 1 • between years to pair the
observationa without overlapping previously clipped plots.
Ditferenee. in willow bioaas. between years for each stratum
were calculated. and the average difference per atratua,
along with sta~Jard errors, wa. ca.puted using tvo-stage
ratio-to-aiae foraulae. This data set formed the basis for
testing vheth~r there was a year ettect in willow biomass
during the 2··year course of thA study. Significance level
for all .t£~istical test. va. set at alpha - 0.05.

RESULTS

piatribution of Brpya.
The ca.pleted vegetation map of the study area contains

9014 vegetation polygona, consisting of Viereck et al.
(1782) level IV vegetation calls. The k-means
cla..iticetion identitied 7 strata classifications which
were used in the construction of a stratification map of
willow bioaass. The.e 7 classitications were designated as
high, aediua-foreat, aediu.-shrub, low, very-low, scarce,
and zero willow bio.... strata. The stratification map
consi.ted of 7, 6, and 4 strata classifications in
population. A (Figure 3), B (Figure 4), and D (Figure 5),
respectiv~ly. The reader is cautioned that the 3 maps
aentioned above ere drawn at difterent scales. In
popUlation 8, the medium-shrub and medium-f~rest strata were
co~ined to tora a J\edium stratum, since the acreage of the
mediu.-ahrub stratua wa. minute. In popUlation 0, the
aediua-shrub and medium-torest strata classifications were
luaped with the low stratum, again due to minute acreages in
the aediua strata.

The scerce (35.1'), very-low (24.6'), and low (22.6')
strata composed the majority ot population A (Table 1). The
scarce (41.6'), very-low (33.9'), and low (16.7') strata
also composed the majority at population 8 (Table 1). The
.earce (41.2') and very-low (49.5') strata composed the
aajority ot population D (Table 1).

Paired aample t-te.ts ot ditt.rences in the biomass of
willow tor the high, medium-shrub, and medium-forest strata
of popUlation A between 1984 and 1985 were inconclusive
(Table 2). Based on these reSUlts, it was decided to pool
the willow biomass data over years, even though the power to
detect a ditterence between years was low. Pooling of the
data r ••ulted in the biomaRs estimates being more heavily
weighted by 1985 data than by the 1984 data.

Osing a two-stage ratio-to-size estimator (Appendix e),
the .stiaated probability at a square meter containing
diaaondleaf willow (Table 45), grayleat willow (Table 46),
Richardson willow (Table 47), teltleat willow (Table 48),
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uncl•••ifled willow (Table 49), and r.achable paper birch
(Table 50) va. calculated for every atratua-population
coabination. Th••• probabilities provl~. a crude ••timate
of brow-a epeei•• distribution. The probability ot
encountering a particular speci.. in a square-aater plot was
calculated for .ach population (Table 51). Due to .aa11
• .-ple aia•• , averag_ plant height tor .ach spec i •• vas not
calculated.

0.1ng. two-stage ratio-to-size ••tiaator (Appendix C),
av.req_ bioaa•• of paper birch (Table J) alonq with standard
erron of the _an, vere calculated tor the various strata­
population coabination.. Mean. and their standard errors
were alao calculated tor paper birch bio...., by population
and atrata, for below and above 50 c. height categories
(Tabl•• 4 and 5 r ••peetively). Average bio.as8 of willow,
and standard errors of the mean were calculated by
population and strata tor combined height, below 50 em, and
above 50 em height categorids (Table. 6, 7, and 8
re.pectively). The two-.tage ratio-to-size estimator
proAuce••lightly bia.ed e.timate. of the .ean; almost all
of the e.tiaate. had a bias of Ie•• than l' (Appendix C).
The larqe.t bias va. 4.4' of the -.an villow bio...s found
below 50 ca in the very low strata of population 0 (Devil
Canyon). A two-.tage, .iaple randoa ...ple e.ti..tor
(Appendix C) va. used to e.tiaate the average bio.... ot
aountain cranberry, by population, and an 80' confidence
interval about that average (Table 9).

Kean willow, paper birch, and .ountain cranberry
bio.... along with their .~andard error. was calculated for
each population u.ing .trata covariance. and weighted aeans
(Table 10, Appendix C). Kean willow biomass vas
.ignificantly difterent and appeared to be greater in
popUlation A (outside the impoundments) than in either
population B (P-0.0036), or population 0 (P<O.OOOl). Willow
bioma•• was not significantly different between population B
and popUlation 0 (P-0.1528). Biomas. of paper birch was
significantly ditterent and appeared to be gr.a~er in
popUlation B than in popUlation A (P-0.0020). Biomass of
paper birch in population 0 (Devils canyon) was not
.ignificantly ditterent from either population A (P-0.OSS8)
or popUlation B (P-0.4412). Mean mountain cranberry biomass
va••ignificantly different and appeared to be greater in
population B than in population A (P<O.OOOl) but popUlation
o va. not .ignificantly different frOm either population A
(P-O.2502) or population 8 (P-O.1902).

Mean willow and paper ~irch biomass below 50 cm in
height, and their standard errors, were calculated for each
popUlation (Table 11). Mean willow biomass below 50 em ~n

height was significantly different and appeared to be lower
tor population 0 than tor either population A (P<O.OODI) or
population B (P-D.OOBB); popUlations A and 8 were not
significantly different (P-O.7642). paper birch biomass
below 50 em was significantly different and appeared to be
lower for popUlation A than population 8 (P-D.0244).
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Population D vaa not significantly difterent trom either
population A (P-O.0950) or population 8 (P-0.0750).

w.an willow and paper birch biom... above 50 ca in
height, and their standard errors, were calculated tor each
population (Table 12). M••n willow bio.... above 50 ~ was
alqnificantly different and appeared to be gr••ter tor
population A than eitber populations B (P<O.OOOl) or 0
(P<O.OOOl). Population. 8 and D were not significantly
different (P-0.&612). Paper birch bio.... above 50 ca was
siqnificantly difterent and appeared to be lower in
population A than in population B (P-O.0182). Population 0
va. not alqnltlcantly different from either population A
(POO.0150) or papulation B (POO.1'•• ).

The precision goal of obtaining 80t confidence
intervals tor ..an willow bioaass ~ith • range of less than
twice the -.an va...t tor all height, strata, and
population ~inationa. This precision goal for pooled
beiqht categori.. of paper birch was ..t in all strata and
population coabination. except the low and scarce strata of
population A. the -.diu. strata of population B, and the
zero .crate of population D. This goal for paper birch
below 50 ca in height wa••et in all strata and population
coabinationa except the zero strata of population D, while
in the above 50 ca height category this goal was met in all
.trata and population coabinationi except the low strata of
population A, the mediua and low strata of popUlation B, and
the zero atrata of popUlation D.

The aajority of population B (98.4'), allot population
0, and 63.6' at population t were 1n strata with a mean
willow bioaaa. at 2.00 ga/_ or less, in both the pooled and
greater than 50 em height cateqorie.. Par willow biomass
pooled over height categories the majority ot the area in
population A (96.1') and poPUl!tion B (97.0') was in strata
with willow .ean. of 1.00 qa/_ or greater versus 0' of
popula~lon D. For willow biomass greater than 50 ca in
height the aajority of the are. in popul!tion A (70.0') was
in .trata with willow ..ans of 1.00 gm/m or greater versus
4.8' of popuv~t~on Band 0' at popUlation D.

The ..OW1t of acreage that could be lost, by stratum,
was calculated tor each atage of the Susitna cam Project
(Table. 13, 14, and 15). In terms of the amount of non­
water acreage lost due to construction, stage I will result
in the larg..t lo.s (17,287 acres), followed closely by
sta~ III (17,123 acr••), Stage II would cause the least
a~re.9. (6,893 acres) to be lost.

8ig.... Los. by Prgject Feature
The amount of willow biomass, brok.n down by project

teature and strata, that would be lost due to the
construction ot Stages I through III, is recorded in Tables
16-18 re.pectively. The upper SO, confidence limit on the
..aunt of willow biomass that would be lost due to the
con.truction Stages I through III, 1s recorded in Tables 19­
21 re.pectively. The amount ot willow biomass above 50 em



20

in height, broken down by project f ••ture and atrata, that
would be loat. due t.o the conatruction of the stag•• I
thl'OUC)b III i. given in Tabl•• 22-24 r ••peetivGly, with the
upper 80' confidence Ii.ita recorded in Tabl•• 25-27.

The • .aunt of paper birch bioaa•• , broken down by
project f ••ture and atrata, that would be loat due to the
construction of Stags. I through III, i. givan In Tabl•• 28­
30 re.pectively, with upper 80t confidence Ii.ita recorded
in Tabl•• JI-JJ re.pectively. The.-ount of paper birch
bioaa.. above 50 CIt in height, broken down by project
feature and atrata, that would be lost. due to stag•• I
tbrouqh III 1. given 1n Tabl•• 34-36 respectively, with the
upper 80t confidenca Ii.ita given in Tables 37-39
rupectively.

The ..t.i..ted UlOunt and the 80t upper confidence
••t.iaat. of the aaount of .auntain cranberry bioaa.. that
would be lost due to atag. I i. giv~ in Tabl. 40, in Table
41 for Stag_ II, .nd in T.bl_ 42 for st.ge III.

The conatruction of the st.ge I i~undaent will re.ult
in an ••ti..ted 10•• of 74,430 kg of willow bio...., 6,788
kg of paper birch bio.-•• , and. 1,928,182 kg of aountain
eranberry bioaa•• (Table 43). The upper 80' confid.nc.
ll.tt on thi. forage 10•• would be 98,396 kg ot willow
bic.a.., 11,101 k9 of paper birch bio.-•• , a~d 2,247,670 kg
of .auntain cranberry bio.... (Table 43). Furthe~ore, it
i •••tiaated that 32,886 kg of the willow bioaa•• and 5,000
kg of the paper birch bic.••• (Table 44) will be lo.t trom
ttle above 50 ca height c.tegory. The upper 80' confidence
ltait. on the aaount of bio.-•• lo.t froa the above 50 em in
height category would be 46,097 kg of willow and 8,397 kg ot
paper birch bio.... (Table 44).

The con.truction of the Stage II impoundm.nt will
result in an eat1aated 10•• of 10,513 kg of willow biomass,
3,731 kg of paper birch bioma•• , and 538,514 kg of mountain
cranberry bioaa•• (Table 43). The upper 80t confidence
limita on th... e.ti..ted 10•••• would be 15,938 kg of
willow biaaa•• , 7,431 kg of paper birch bioma•• , and 736,493
kg of aountain cranberry bio.... (Table 43). Of the biomass
lo.t in the con.truction of Stag. II impoundment,
approxtaately 7,709 kg of willow bioma•• Qnd 2,968 kg ot
paper birch bio.... (Tabl. 44) will b. lost trom the above
50 em height category. Th. upper 80t confid.nce estimates
of the.e 10•••• are 12,303 kg of willow biomass and 5,876 kg
of paper birch bio.... (Table 44).

The con.truction of the Stage III impoundment will
r ••ult 1n an esttaated 10•• of 156,160 kg of willow biomass
and 16,650 kg of paper birch biomass. In the above 50 em
height c.tegory, approxiaately 68,723 kg ot willow biomass
and 11,894 kg of paper birch biomass will be lost due the
construction of the stage III impoundment.

Ayaillbility of Brow••
Although an accurate estimate ot the amount of willow

browse present in the 3 population. wa. obtained, the amount



of that brow.. available to aoo.. during the winter va. the
real par_tar of' inter••t. In ONU to qet an indirect
bancUe on thl. par...tar, data on the proportion of willow
It"l...anta which vera brovaed var. eollected. The r.apen••
variOla va. cUchotcmoua (proportion of' plant. brovaed.
varsua nO'" brovaed) 1 thua, an ordinal log-it JIOd,al (Aqr••tl,
19So&) eoula.. -~ to datamlna how vall population and
plant denalty axp... (n the proportion of plant. brovaad. An
ordi.n.al. loglt .cxJ.al '" tit to t.ba ratio of' brow.eel to
unbrowae4 willow plan~. thin 5 • at the plot location
atalte. The ata tor poPUL.tion D (Devil canyon) va. not
well behaved, priaarl1y due to extreaely 11 a.-pla .1z••
at 801M plant denaiti.. , and. ••• ruult th data var.
ezcluded fran 'the rnaly.i.. The obaerved. odes. of • v1110w
plant belnq brcnMed varaue not browsed, i. qlven by
population 1n Figura 2A. The beat .cdal (P)O.728)
explalninq difterene.. 1n br~i"9 pr••aura on willow plants
between population A and 8 vaa:

In(a2jk1aljk) • 0.2.2•• + OjP + 0.0'9'6(dk - a) :
where: alP -0.32230 to: PopUlation A,

.2P - 0.32230 for PopUlation a, and

dx - -3.5 + (x-l)*l.O : k-l,2, ••• ,8 (Fiqure 28).

The dx value. were u.ed to indicate the varioua levele of
plant denaity (x). The r ••ult. c.n be .xpr•••ed in t.naa of
the expected odd. that a willow plant is browsed tor • giv.n
plant dan.ity and giv.n population. Th••xp.cted odds of •
willow plant being browsed v.rsus not browsad iner••••d at
the .... rat. (1.07236) for both popul.tiona, a. plant
d~ity iner.a••• by on. plant. How.ver, .ftar the data
wera adjuatad tor plant d.n.iti•• , a signific.ntly (P<0.05)
hiqher proportion of browsed plants v.s tound in popUlation
8 (••tana popul.tion) than in popul.tion A (out.ide
iapoundJoento).

Ordinal logit _odel••xpl.ining brow.ing prassur. on
villowa vara fit tor e.ch popul.tion, with poaaible
explanatory variabl•• ineluding plant danaity and elav.tion.
The be.t .cd.l (0.25<P<0.50) predicting the brow.ing
pra.sure on viI lows in population 8 (Watana impoundm.nt)
v•• :

In(a2jk1aljk) - O••gg,•• (Piquro 3).

Tha beat .od.l (0.50<P<0.75) pr.dicting browsing pr••sur. on
willow. in population A (non-t.poundment) vas :

In(-2jX/-ljx) - 0.170664 - 0.302710(.j - e) (Fiqure 4).

Zlevation categories w.r. index.d by j, j- 1,2, •.. ,6, and
weighted by ej' ej - -2.5 + (j-l)*l.O, whera j-l d.noted the
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elevation band froa 2200-2400 feet. The expected odd. that
• willow plant wa. brovaed veraua unbrov.ed increa••d at the
.... rate (1.3535) a. elevation increa.ed 1 category.

DISCUSSION

Willgy Utilization
Intoraation tro. the literature and fro. the data that

hae been collected on utilization ot willowe in the .iddle
ba.in etudy area, .upport. our a••uaption that willow plants
ot difterent apecie. are equally available, in taraa ot
regional availability and levela ot utilization. Thu., when
willow bioaaa. data are coabined over .peeie., it will not
atfect the carrying capacity e.tiaate.. Steiger. et al.
(1983: 192) found atailar utilization levela ot twig...ong
diaaondleat, qrayleat, and Richard.on willow. within tha 5
difterent vaqetation type. aa.pled in which 2 or .era ot
tho.a .pecie. occurred toqathar. Kurte (1961) indicated
that ot the .ora than 20 apacie. ot willows in Denali park,
teltleat, di..ondlaaf, and Richardson willow. were
particularly well liked by .oo.e. Milke'. findinga agree
clo.ely with tho.e ot Kurie (1969: 17), in which teltleaf,
diaaondleaf, and Richardaon willow were all ranked high on
li.t. of apparent preterence. of .oo.e for certain willow
.pecie. at 7 interior Ala.ka stUdy areaa (Milke 1969: 19­
21). Machida (1979) al.o ranked teltleat and di..ondleat
willow. at the top ot a pret.renc~ liat for moo.e in
interior Ala.ka.

In contra.t, Milke (1969: 19-21) ranked qrayleat willow
near the betto. of hi••peci•• preference li.t. Steiger. et
al. (1983: ~9-61) took exception to this low ranking, for
the .iddle Su.itna ba.in. FUrth.rmore, th.y hypothe.ized
that relativ.ly low den.itie. and inter.peraion ot qrayl.af
willow ..ong other, .ore highly preferr.d, willow .peci•• in
the su.itna ba.in had re.ulted in higher utilization levels,
tor thi••p.eie., than tho•• ob.erved by Milke (1969). It
..... probable ehat thi. type ot pheno.enon is alao
occurring with oth.r lower-utilization apecie., .ueh ••
ald.r and r ••in birch.

Thi••tudy ha. docuaent.d that di..ondleat willow makes
up a large proportion ot the total willow bio.... in the
.iddle ba.in, particularly in high.r-elevation "willow
tielda." OUr ob.ervation. did not sugge.t widely divergent
l.vel. of utilization among willow speci•• in the ab.ence ot
highly preferred feltleat willow. Th. distribution of
teltl.at willow is generally confined to active drainage
tl~od plain. ranging in size tro. riparian zone. of ••all
tributary .tr.... to the banks of the susitna River.
Rea.on. that thi••pecies s.... to be preferred might
include it. palatability, and its availability in deep anow
when other willow speciea are buri.d (Mould 1977, Milke
1969, Machida 1979). In spite ot their decided preference
for feltle.t willow, moos. do not concentrate their foraging



activiti•• on the twiga of this epeci•• until .id~to-lat.

winter. In the aiddla b••in, 1lOO•• appeared to brov•• all
available villova and did not concentrate on t.ltl•• t willow
at the low••t elevaeion. until latar 1n the winter when
moo•• tended to mova to the lower elevation.; this aov...nt
tended to coincide with incraaainq .nov daptM at the higher
.levationa. Por ~l•• .co•• had browaed vary little ot
the concentrated taltl•• t willow atand near the mouth of
Watana creek and alonq Devil Cr••k by ••rly Deeeaber 1984,
but had raaaved nearly allot the currant annual qrowth by
.arly Karch 1985.

Pro- the atandpoint ot palatability and plant haiqht,
talel•• t willow i. difterent fro. all othar doainant willow
apeci•• in tha b••in. Por that rea.on alone it might b.
arqued that taltl•• t willow .hould have b••n ••paratad from
the oebU' epeei•• in the analyai.. How.v.r, ti.ld.
ob.erv.tio~ .ugge.t that wber. teltleat willow baa been
beavily brow.ed (70-90t), all other willow. intermixed with
it (pred.oainantly dia-ondleat willow) were al.o heavily
browsed. (40-90t). Throuqbout the .tudy area, it can b.
gen.ralized. that all willow .peci.. qrowing at a particular
.it. rec.iv. coaparabl. l.v.l. ot brow.ing.

'.ltl••t willow i. al.o di.tinct, due to it. tall.r
plant b.ight, tro. the oth.r willov .pecie. that vere
a..pled. Plant heigbt i. probably not a ••riou. tactor
att.ctinq availability until January wben anow d.pth. beqin
to approach level. that can .everely r.strict toraqinq
.av..ent.. The tall.r .p.cie., such a. teltleat willow,
becaae .are important a. the wint.r proqr..... and qreater
snov d.pths .ax. abort.r plan~. harder tor .oo.e to obtain.
Thi. phano.enon u.ually occur. tro. January to April. Ev.n
though plant h.ight .ttacta the local availability at torage
bio...., it probably do•• not invalidate our conclu.ion that
regional availability at torag. i' mar. important to
toraginq aoo•• than plant h.ight (i ••• , toraga availability)
on a eita-specitic ba.i••

Annual variation in cAe Bioma••
sa.ed on tha intormation collect.d trom the calibration

tran.ect., it wa, decided. to pool the 1984 and 1985 data,
evan though the power to detect a dittarenca betwaan tha
data ot th••• 2 years va. low. This poolinq rasulted in
tha bioma•• astimata. bainq more heavily weighted toward the
1985 data s.t, .inca most ot the tran.acts wara s..plad
durinq that tiald ••ason. Field observations during late
sprinq, on tha phenological davelop.ant ot willow and paper
birch plant., suggastad that spring cama latar in 1985 than
1984. It this wara true, then biomass production, it
ditterant b.tween the.a 2 years, would be lowar in 1985.
This lowar production would ra.ult in conservativa biomass
astimatas, it 1984 is assumad to be an avaraga yaar with
raqard to phenological devalopment. Secaus. thera is an
ab••nca ot mora pracisa data tor detarmining which ot thesa
2 yaar. i. most represantativa, And dua to tha tA~t that a
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ditterenee between th••• 2 year. haa not b••n quantitatively
d..onatrated, it i. talt that the pooled data qive bioma••
••tiaat•• that ar. preci•• enough for aitigatlcn purpo•••.

~ nl·tribytion
Population B, which eontain. the Metana iapoundJllent,

can be generalized a. having the high••t paper birch and
.ounta!n cranberry biaaa.. coneentration. of the 3
population.. Thi' population ba•• fairly lev relativa
concentration of willow bio.... , though the aaaunt of total
brov.. bio.... above 50 ca in hlight eon,l,t, aainly ot
willow. Population A ha. the high••t concentration of
willow, of wbich the high••t danaiti•• tend to be found
above the tr•• I1n. in ,ithar riparian habitat or on wat
elope.. Thi. population bad the low••t concentrations ot
paper birch an4 JIOunUln cranberry biOJla... Population 0
can be characterized ••• vary at.ep canyon with very low
relative aaount. of willow bio.... and moderate amount. of
.auntain cranberry and paper birch bi~maa.. Baaed on the
browse inventory reault., which were fairly preci.e
considering the va.tne•• of the .tudy area, it could be
concluded that population A produce. more moo.e browse above
~o ca in heiqht than either of the o~her 2 popUlation.,
which contain the upoundaenta.

pi.tribYtigD gf Brgw.ing Pre••ure
Th. proportion of browaed willow plants found in the

Watana upoundaent wa. 8iqnificantly greater than that found
out.ide the upoundaent. Brow.inq pre.sure on willow.
out.ide of the upoundaent. increased with decrea.ing
elevation at a con.tant rate; .tarting at 3400 feet the
expected odd. a willow plant i. brow.ed ver.u. not browsed
incr..... by 35.4' a. elevation decrea.e. by 200 feet. The
odda that a willow plant 1. browsed versus not browsed
appeared to b. constant, over elevation, in the Watana
impoun<:ment. Ballard and Whit:aa.n (1986) hypothe.ized that
aoo•• were aore likely to u.e the Watana impoundment in
.evere winter. than in mild one.. Their data sugge.t that
the highe.t u.. of the Watan. impoundment occurs durinq the
winter period (February 1 throuqh April 30) and, in qeneral,
the aoo•• population exhibit. move.ent. toward lower
el.vationa during this period. Their analy.is of habitat
u.e by moo.e .how. that .trata in the Watana impoundment are
.elected for while almo.t all .trata in the area outsida
thi. impoundment ara avoidad.

The a.timata of tha amount of brow.a bioma.. that is
availabla to mOO•• in the middle Susitna ba.in i. one ot the
mo.t crucial parameter. in the carryinq capacity .odel
(Hubbart 1987). To astimata tha amount of brow.a bioma••
pra.ant in tha study araa was diffiCUlt, but to datarmine
the proportion ot that brow.e availabla to moo.e durinq tha
winter period i. avan mora ditticult to quantify.

The data on proportion ot willow plants brow.ad, the
re.ult. trom analyzinq observation. ot moo.a locations, and
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the tact that ~. higher alavation area., out.ida the
iIIpoun4aent, bav. biqbar willow productivity than the lover
alevation are•• 1nalcSa the W.tana .1apou.ncment i. conai.tent
with 1:he bypoth••_ that. 1arq& a.ount of the bioaa•• found
at hiper -.lev.tiona i. not available to aoo•• durinq
winter. It the bypath••i. ware tal•• , than on. would. not
expect IlOO•• to aova toward lover elevation., away fro. the
very productive ·willow ti.law found above tr•• lin.,
eapec!ally during tt..-. of au••• auch •• the winter period.
It availability ot brovaa were equal betveen the Watana
iJIpoundIIent and the area outalda the. t.pounct.ant, than it
would. be expectlMS that the proportion ot willow plant.
browsed vould not be qr_ter in the i.apouncblent whare
productivity of willow bloaa•• 1. lover. However, there
doe. as1at a dlft.rene.. in proportion of willow plant.
brawaed between the 2 apatially cSt.tinct popUlation.. This
evidence alonq with deer__in; brovainq pr••aura .a
elevation incr..... in the non-.1JIpoundaent ara•• , auqq••ts
that a di.crepancy in availability at willow torage bioaaas
-.xi.ta in at l.a.t .cae at the high.r-elevation area.
out.id. at the Matana iapouncD.nt..

The causa. of willow bioaa.. b6ing 1... available at
bigbar .l.vation. are not. fully und.r.~ood, thougb c.rtain
par...tera are known to influence brows. availabilit.y during
wint.er. 1n gen.ral, •••l.vation incr••••• anov depth also
incr••••• (Steigers et .1. 19S6). Moen and saverinqhau.
(19S1) reported that white-tailed daer (9d9Coi1,ua
yiminieou.) ih Kev York bave a bet.tar chance of over-winter
survival by yarding and con.erving energy in area. at d.nse
coniter cav.r and .uitabl. topography v.r.u. aor. expo.ed
.r.... Th. rea.on conifar area. at. tha low.r .levation. are
being .el.cted for acre fr.quently by wintering aoo.. aight
al.o be .xplained by tha ben.fit. of incr.a.ed cov.r and
energy conservation. U.e of the lover .l.vation. aight
r ••ul t in a better enerqy balance tor aoo.e than they could
obtain by over-vintering in the aore expo.ed araa ot
population A, even thougb aore brow.e i. found there. There
are probably .everal other factor. cau.ing brow.e in the
expo.ed ar.as of' population A to be le•• availabla, and it
i. highly likely that there ara interaction. aaong the
various factor••

Brow.e Utilization Rote
The extent to which a plant continua. to b. a .ource of'

1IOO.e browse, over t1ae, i. a function of the ..ount of'
brow.ing pre••ura that plant has received. Thus, tha aJIl.cunt
of utilization a plant can with.tand over tiaa i. of
intare.t, .inca the browse invantory data was priaarily
intended t.o be u.ed in acdeling aoo•• carrying capacity over
tiae, througb u•• of a carrying capacity acd.l.

Tha data v. coll.cted on tha proportion of' willow
plant. that v.r. brow.ed do.. not provide insights into the
brow.ing int.n.ity b.ing su.tain.d by individual plant••
st.iger. at al. (19S3) raportad twig utilization lavals

25
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ranqinq trca 4-30' tor 3 willow epeel•• (d1aaon41e.t,
qrayl...t, and t_IU..t willow) collecttld in 10 clift.rent.
veqatat.ion typea occurriDq within the aic1d.le sualtna River
be.in. Th.....tJ..at.. vere bi••ad low, becaue. n~-qrowt.h

tviqa fro-. the current.~ vere counted .a unbrovaed.
twig.. In heavily brovaed area., ..-pled tor anov depth
4urlnq lat. Karch 19815, ocular utiaat•• at twiga r.-oved
!rca individual plante ranqed trca 60t to aver 95' (Staiqars
at a1. 19"). Intor1l&tlon trca th... at.ucti•• 1. the beat
currently availabla tor l.v.l. at willow twig utilization by
vinter.1nq -00.. in the atudy ar_.

11:1 c ._nded, level. of twig ut.ilization in other atudi••
have varied becauae of cl1ttu.nc.. in llpeci.. ..-pled.,
elUate, and..e1:hocla used. to ident.ify and eount. tvlqa.
However, aeveral -rul•• of thuaJ:)- have beca.e ••tell.hed
tor bardvoocl brovae: 1) twig utiliaation laval. of up to 30'
can 1nereaae product.lon (Krattinq at ale 1966) I 2) annual
rcaoval of 50t of the twiqa can occur without • reduction in
total production (Uc.tou. 1952, Itraftinq et a1. 1966, Wolft
1976, Wolff 1978): and 3) Shrub. can withatand up to lOOt
utilization without peraanant daaage, but thi. high level
cannot be auatained tor .are than 3 con.ecutive year.
without decrea.e. in vigor and production (Wolff 1978, Wolff
.tal.19'3).

will0V8 appear to be capabl. of with.tanding relatively
biqh utilization level. while .till ..intaining
productivity, particularly on riparian flood plain. where
nutrient concentrations are al.o hiqh. Riparian f.ltl.at
willows in the suaitna Stue1y ar.a reqularly experience
winter utilization lev.l. exceedinq 90t of th.ir curr.nt
a.rmual CJrOVt.h vbil. reproducing new twiq. up to 1. 3 • lonq
the fo11ovinq au.aer. In the ca•• of feltleat willow, biqh
croppinq rat•• and. the re.ultant .t_ breakaq. hind.r. the
plenta frca rapic1ly qrovinq out of reach of .00•••

Local utilization of Shrub. in tha Su.itna .tue1y ar.a
vari.. by di.tribution and den.ity of wintaring aoo•• ,
t1ainq of utilization, and. both the quantity and
availability of forage bioaa•• over a .pecified tt.. period..
However, to praci.ely e.tiaata a r.ca.aended utilization
rate for foraq••hrub. aero•• the entire .tudy area, one
would need to place the qreateat -.pha.i. on tho.e local
area. rac.ivinq the burden of the .id-to-late winter
(January-April) brow.inq, when aoo.e population. are
concentrated on a liaited ranqe. Avaraga annual utilization
rate., for thi. period, of 60t ot the current-annual-growth
twiq., i. recoaaended for all forage .pecie. except faltlaat
willow, tor which 70t i. raco..ended. For all .pecia., loot
of tha twiq. could b. r_oved tor 3 con••cutiv. wint.r.
without detriaental 10•• of habitat valu••

Ba.ed on the above di.cu••ion, it ..... evid.nt that
floodinq the Watana iapoundaent would have a qreat.r i~ct

on moo.e wint.r brow.e than .uqg••t.d by av.rag. bioaa.. per
unit area alan.. It i. very difficult to ••ti..te the
aacunt of aoo•• brow•• , abov. 50 ca in h.ight, that i. not



.v.l1&J)1. to aoo.. durinq the vint.r. Th. aaount not
avail&J)l. in population A probably !ncr..... with vinter
.nuity, .inc. the ..jority of thi. popul.tion i. above the
tr.. lin. and thua expo.ed to the tull brunt of winter
.to~. The Devil canyon iapoUl'ldaent i. ah.ltered fro.
watu .to~ but ha. a v.ry low production of both willow
and. paper birch brovae per unit ar-, not all of which i.
av.il&J)l. due to the~ .t..pn... of .0.. ..etion. of
the canyon. Thi., plua the ...~l .ize of the Devil Canyon
iapoundaant coapared with the .he of the Watana
J.-poundaent, .uqq••ta that the conatruction of the Watan.
iapoundaant would have a auch qrut.r J.-p.ct on aoo.e winter
habitat than the conatruction of ju.t a Devil canyon du.

SllIlIWlY

Th. priaary 1apact on ~•• of the propo.ed. suaitna
By4roelect.ric Project would be the 10•• of JIOO•• haDit:t.
Therefore, it vaa decided that an nt of the 10•• at
1IOO8e c:arryinq capacity, ba.w1 on a aoo•• c.rryinq c.pacity
lIod.l, would be a .ean1nqtul way to ••••ur. the t.pact. ot
the propo.ed project on .00... Nutrition.l c.rryinq
capacity i. detined •• the nuaber of h••lthy individual.
that can be ..intainad in • d••iqnated .r•• tor a .pecified
period of tiaa. On. at the -ajar input. to the carryinq
capacity -.od.l ia the ..aunt at brovae th.t ia available to
JIOO•• <lurinq tha vinter. Th•••tiaation e-t thi. parea.tar
va. the pr1aary Objective ot thia atudy.

A .tratified tvo-.taq••.-p1inq de.iqn va. u.ed. to
a.tiaata tha aaount of villow, paper birch, and mountain
cr.nb.rry br~e that i. containe<l in the priaary impact
zan., which va. <leline.ted on the ba.i. ot movement. at
radio-collared aoo... The .tudy are. v•• broken up into 3
.ub-.tudy .re•• , the Devil canyon Popul.tion (population D),
the Wata.na IJrpoundaent Population (population B), and the
r ...ininq ar.. (popUlation A). R••in birch v•••••\mad to
be a non-liaitinq brow•• it.., dua to it. ubiquitaua
di.tribution. The up.ct of .nov dapth on brow.e
availability v•• crudely .<ljuatec1 tor by calculati!\q tha
..aunt at brow.a bi01l&a. &bove 50 01 in haight.

Will~ ~row•• gr••tar than 50 ca in height v•• h~9b~r.

(1. 72 ~/. ) out.ida the impoundJIenia (popul.tion A) th.n
lnaide aiser tha Matana (0.47 qa;. ) or tha Cavil Canyon
(0.35 ~/. ) I1llpoundaant.. p.p!r birch. bio•••• &bov. 50 em
in height v•• lover (0.007 qa/a ) out.ide ot tha 2
iapoundllent. th.n in ei~ar the Watan. (0.063 ~/. ) or
Devil canyon (0.051 ~/. ) I1lpoundAanta. Kountain cr.nbarry
brow.e appa!re<l to be qreater in the Watana Impoun~ent

(28.01 qlI/. ) than in either the Cevil Canyon IJllpounclllent
(19.74 qlI/.2) or the araa. out.i<le at the impoundment.
(13.31 qa/J112). a••ed on upper 80t contidenca limit., the
con.truction at either staga I or III (Watan. Impounda.nt.)
will re.ult in a 10•• at about 4 time. more villow bio••••
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(over 50 CIl 1n height) than the conatructlon of the Stag_ II
~t: (Devil canyon). _ed on up~r 80t confidence
l1a1U, the corwtruct.lon of either sug_ I or III will
reault in • l~. ot aJ>out; 1.. t~• .ara willow bioaaaa
(over 50 ca in height) 'than the cenatruction of t:!la Stag_ II
~t. Baeed on the above flqurea, it would appear
that the conatructlon of the W.tana Daa. either Staqe I or
both Stag•• I and III, will have • tar larger t.pact than
the OOIl8truet.lon of the Devil canyon Daa. In general,
willow ~1c.aa. over 50 ca 1n beight va. about .2.5 ti_.
qreater than paper birch biaaa.. over 50 ca 1n height in
Stag. II, and 5 ttaaa qraatar in Stag•• I or III.

'l'be ..jorlty of the brow-a v•• found. out.id. of the
i..apoundMDt area.. ni. out..ida ara alao had higher willow
productivity than any of the propoaed apouncm-nta.
H~.r, a loqlt: reqr•••lon sodal on the proportion of
villow planta that vara browsed, ahowed. beavier brovainq
pr...ure occurring in the WataM t.poun<mant than 1n ara••
outel4e of the t.po~ta, and brow.in; pre.aura
cSecr_1n9 with incr...1nq elevation in the non-iapoundaent
ar_. Thi. difference would indicat:e that: not all of the
willow brow-e found out.ide of the propo.e4 UpouncD.ent. i.
available to ~.. in the vinter. Incr_inq anov deptha
vith lncreaainq elevation i. one ..chani_ that: vould
explain the 4ifferent: level. of brovainq pre••ure. The
extent: t:o ¥bieb brovae outaie1e of the propo.e4 J..poundaent.
i. not: available to aoose i. not tully known at thi. ti•• ,
nor i. it likely to ever be tully known.
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3.20
4'.49
41.24
J..ll
99.99

6.27
1.95
5.50

22.64
24.63
35.07

--2...U
100.00

0.65
4.16

16.68
33.91
41.56
..L.ll
99.99

Proportion of
population (t)

255.9
3,952.3
3,293.6
----U.L..I.
7,9'5.9

Aroa (ha)

129.0
820.0

3,287.1
6,682.1
8,190.2

59',Q
19, 70tL 4

U,42!.7
4,"".2

12,"'.0
52,08'.3
56,669.3
80,706."
9,O?l.'

230,09'.6

81gb
Mec11ua-For••t
Jledlua-Shrub
Lev
Very-Low
Scaree
lam
TOTAL

St.rata

81gb_1_
Lev
very-Low
Scare.
lam
TOTAL

Lev
Very-Lev
Scarc.
lam
TOTAL

A
(Jlon­
IlIPOW"Iaont)

B
(Wat.ana
IJIPO..-nt)

Tattle 1. Percent ar.., broken d.own by population, of willow
bioaaaa .trata.

D
(Devil canyon
Iapoundllent)

Population
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Tabl. 2. oitterene•• in willow biaaa•• betw••n 1984 and
1985 tor the high, .ediu.-tor••t. and .ed!u.-shrub strata ot
population A.

X1984 -XUS5 Pover ot t ••t

(ga/a2 )
(2-tailed t ••t)

Strata S.E. P value II pha-.05 (.10)

High -1.38 5.37 P>O.25 0.038 (0.075)

Mediu.-For••e 1.73 4.17 P>O.25 0.025 (0.06)

Mediua-Shrub 1.67 3.62 P>O.25 0.045 (0.08)

All Medluaa 1. 72 3.43 P>O.25 0.05 (0.10)
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Table J. M••n paper birch bio.... and .tandard error,
pooled over height cateqori•• , by population and atrata .

Moan • E
Population Strata (91'/a') (9"/a') dt

Biqh 0.000 0.000 70
Mediua-P'or••t 0.000 0.000 ,... Kediua-ShrUb 0.000 00000. 5>

(Kon- Low 0.030 0.030 n
IJIpounclaant) very-Lov 0.000 0.000, 7J

Scare. 0.004 0.004 93
Zero 0.000 0.000 "
Higb 0.000 0.000. '0

8 lIodiUII 0.013 0.011 41
(watana Low 0.030 0.023 ..
I~und:aent) Very-Low 0.109 0.053 .9

Searc. 0.106 0.051 6.
Zero 0.129 0.058 1.

Low 0.002 0.000* 10
0 Very-Low 0.000 0.000 13

(Devil canyon Scarce 0.114 0.049. 3.
Iapoundaent) Zero 0.270 0.196 17

• denot•• zero value duo to rounding

•denot•• eo' c.t. with a rang. > 2X
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cit

.0
1)
)4

17

20
41
56..
6.
15

70
2.
52
72
7).)
27

0.000
0.000
0.002,
0.053

0.000
0.000
0.000
0.000
0.000
0.000·
0.000

0.000
0.003
0.006
0.032
0.011
0.017

0.000
0.000
0.003
0.056

0.000
0.000
0.000
0.000
0.000.
0.000
0.000

0.000
0.003
0.007
0.046
0.021
0.03.

'" danot.. zero value due to roundinq

• denot•• 80t C.l. with a ranqa > 2X

Low
vary-Low
Scare.
Zaro

Sigh
_iua
Low
vary-Lev
Scaree
Zaro

Sigh
Kecliua-P'or••t
Mec:Uua-Sbrul::l
Low
vary-Low
Searce
Zero

Strata

a
(Wetana
I~nt)

Table ... Mean pa;.r birch bio.... and. atandard error, belov
50 ca in haight, by population and atrate.

A
(Non­
Iapouncm.nt)

D
(Devil canyon
Iapoundaent)

Population
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dt

20
41
56
5.
68
15

10
13
34
17

70
28
52
72
73
.3
27

0.000
0.000
0.000,
0.024
0.000
0.002
0.000

0.000,
0.010,
0.017
0.028
O.OU
0.047

0.000·
0.000

~:~::'

0.002
0.000
0.091
0.214

0.000
0.000
0.000
0.025
0.000
0.003
0.000

0.000
0.010
0.023
0.062
0.085
0.095

strata

• denote. zero value due to roundinq

, denote. 80l c.r. with a rang. > 2X

Low
Very-Low
Scarce
Zero

High
Mediua-Fore.t
Me4iua-Shrub
Low
Very-Low
Scarce
Zero

Higb
Med1UJ1
Low
Very-t.ov
Scarce
Zero

Table 5. Mean paper birch bloaa•• and atandard error, above
50 ca in height, by population and atrata.

Population

o
(cevil canyon
rapoundaent)

B
(Watana
rapoundaent)



T~l. 6. Ilaan willow bio.... and atandard error, pooled
aver height categorl•• , by population and atrate.

34

dt

10
13
34
17

70
2.
52
72
73
93
27

20
41
5.
59

••15

2.U
0.58
0.25
0.29
0.22
0.11

0.89
1.43
0.5.
0.70
0.33
0.20
0.40

0.08
0.46
0.11
0.04

6.20
5.09
3.27
3.09
1.99
1.14
0.70

6.86
1. 7.
1.16
1.05
1.01
0.20

0.17
0.77
0.20
0.05

* danot.. zero value due to roundinq

• danot•• 80' c.r. with. ranqa > 2X

Strata

8iqh
KecUua-Por••t
Kediua-Shrub
Low
very-Low
Scare.
Zero

8iqh
lledi...
Low
Vary-Lov
Scare.
Zaro

Low
very-Low
Scarce
Zero

8
(watana
IapoUDCDent)

Population

o
(Devil Canyon
IJIpoundaent)

..
(Non­
llOpOunclaent)
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df

10
13
3.
17

20
U
56
5.
6.
15

70
2.
52
72
73
.3
27

0.17
0.62
0.16
0.10
0.16
0.06
0.06

0.87
0.11
0.13
0.16
0.17
0.04

0.07
0.10
0.03
0.02

0.15
0.19
0.05
0.03

1.0.
1."
0.84
0.13
0.50
0.34
0.12

2.18
0.49
0.62
0.59
0.67
0.09

Suata

* ~.not.. zero value due to rounding

• danot•• 80t C.l. with. rang. > 2X

High
_i...
X­
vary-Low
Scaree
Zero

X­
vary-Low
Scare.
Zero

High
Kedlua-Por••t
Mec11ua-Sbrub
X-
Vary-Low
Scare.
Zero

A
(lton­
IapoundJlant)

....-:-----.........""._- - .

D
co-vi! canyon
I~unda.nt)

Tabl_ 7. Mean wUlow bioaa•• and atandar<! error bellow 50 ell.

in height, by population and atrate.

Popul!.t1on

B
(Watana
Iapounct.ent)



Tabl. 8. Mean villow bio.... and .tandard error, above 50
ea in h.ight, by population and .trate.

36

dt

10
2.
52
12
13
93
21

20
U
56
59
6.
15

le
13
34
11

0.83
1.10
0.47
0.68
0.28
0.16
0.36

1.90
0.54
0.17
0.15
0.10
0.09

0.01
0.40
0.10
0.01

5.01
3.41
2.43
2.36
1.49
0.80
0.58

4.69
1.25
0.54
0.46
0.34
0.11

0.01
0.58
0.15
0.01

Strata

• denote. z.ro value due to roundinq

denot•• 80t C.l. vith a ranqe > 2X

High
Mediua-Fore.t
MecUua-Shrub
Low
very-Low
Seare.
Z.ro

High
Jled.iua
Low
Very-LeV
Searee
Z.ro

Low
Very-Lev
Seare.
Zero

o
(Devil canyon
llIpOundaant)

Population

A
(Non­
l~undJt.nt)

B
(watana
lJIPOundaent)
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(12.21, 27.19)

(11.05, 15.55)

(23.35, 32.65)

80\ contldenC! Interval
(gm/m )

28.01

19.74

13.31

Xean
(gm/m2 )

PopulatIon

Table 9. Mean .auntain cranberry bioaa•• and 80\ confidence
interval by population.

o
(Dev11 canyon
Iapoundaent)

B
(Vatana
I~nt)

A
(lI'on­
Iapouncaent)



Table 10. Averaqe bioaa•• and aundard errora ot willow,
peper birdb. and aountain cranberry in population. A, 8, and
D.

Mean std. Er~or

Poraq:e-Group Population (lJ1I/a2 ) (lJ1I/a )

A 2.28 0.16
willow 8 1.09 0.37

D 0.47 0.22

A 0.007 0.006
paper Birch 8 0.092 0.028

D 0.062 0.028

A 13.31 1. 73
Cranberry 8 28.01 3.46

D 19.74 5.29



Tabl. 11. Averag. bioaa•• and atandard errora ot willow and
paper bireh below 50 c-. in height tor population. A, B, and
D.

lIean Std. Esor
roraqe-Group Population (ga/a2 ) (ga/a )

A 0.56 0.09
Willow B 0.62 0.18

0 0.12 0.06

A 0.000 0.000
paper Birch B o.o:n 0.012

0 0.005 0.003

J'



Table 12. Averag. biOla••• and .~and.rd error. ot w11low and
paper birch above 50 ca in height tor popUlation. A, B, and
D.

....n Std. E50r
p'oraCJe-Group Population (gal.') (9"/. )

A 1. 72 0.22
Willow • 0.47 0.20

D 0.35 0.19

A 0.007 0.006
Paper Birch • 0.063 0.023

D 0.051 0.024
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5 - Figure 6 ahows the location ot the varioua t.ature••

Tabl. 13. Acre. ot torag. bioaa•••tratua to be peraan.ntly
or te.porarily lo.t by tacility, tor Stag. t. Onl•••
otbarvi•• denoted with a tootnot., all pot.ntial tor torage
bioaa•• production i. con.id.red peraanently lo.t.

4 - Include. the airport (44 acre.), Watana con.truction
road. (80 acre.), and the tran••ission lin••witchyards
at Watana (12 acres) and tor Gold Creek (16 acres).
Approxiaately 30 acre. u••d in building con.truction
road. will b. rehabilitated.

very
Low Low Scarce Zero TotalHigh lIec1iua

Project
r.atur.

A - Located priaarily within Population A.

B - Indicat•• aediua· .hrub acr.ag•••

1 - Includ•• only the Denali Highway-Watana ace••• road.
Aaauaed an av.rage clearinq vidth at 100 t ••t tor this
43.6-.i1. road. Approxiaately 40 t ••t at this width
vill be reveqetated att.r the acce.. road i.
con.tructed.

r.poundaent 1.3 1•• 1490 3268 8190 2001 15301

Ace••• RoadlA •• 7.8 104 •• 13 • 2. ...
ca.pe2 0 0 2. •• 174 0 2••

!Iorrov Pita3 0 0 77 275 .41 25 1018

other4 1 7 0 50 .. 0 152

Total 280 251 1697 3769 9235 2054 17287

2 - Include. the Watana construction caap and village••
Approxiaat.ly 200 acr•• vill be rehabilitated tollowing
the coapl.tion at Stag. III.

3 - Includes proportionally 1/3 at the area at quarry ait.
A, 2/3 ot the ar.a ot borrow pit 0, and 2/3 at the area
at borrow pit E that i. above the Devil Canyon
t-poun~.nt. All quarry and borrow pit area. will be
rehabilit~lted.



Table 14. Acr•• at toraqe bio.....tratua to be permanently
or t.-porarily lo.t by tacility, tor Staqe II. Unle••
otherwi.e denoted vith a tootnote, all potential for foraqa
bloaa•• production i. con.idered peraanently lo.t.

Project.
Feature Hiqb Mediua Lew

very
Low Scarce Zero Total

Iapounclaent 0 ..r. .. 323 3502 1684 5606

Acce•• RoadlB 75 .c 1~. 157 100 23 '.7
caap.2 0 0 23 0 141 3. 200

Borrow PitsJ 0 :nA 1 252 85 0 445

other· 0 0 14 • 80 .3 175

Total 75 152 182 7.0 3928 1806 6893

A - Treated a. low .trata of popUlation D.

B - Located primarily within population A.

C - Indicate. mediua .hrub acreaqe••

1 - Inelude. only the Watana-oevil Canyon acce•• road.
Aa.tmed an average clearing width ot 100 teet tor this
38.6-.ile road. Approxt.&tely 40 teet ot this width
viII be reveqetated atter the acce.. road i.
con.tructed..

2 - Include. the Devil Canyon con.truction camp and
village., which will be rehabilitated tollowinq the
complation at Stage III.

3 - Include. quarry .ite K. All quarry and borrow pit areas
will be rehabilitated.

4 - Include. the railroad (7J acre.), railhead tacility (40
acre.), Devil Canyon con.truction roads (50 acre.), and
the Devil Canyon tran••ia.ion line awitchyarde (12
acre.). Approximately 22 acre. cleared tor the
railroad and 19 acre. cleared tor construction roads
viII be rehabilitated after con.truction.

5 - Figure 6 shows the location of the various features.
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Tabl. 15. Acr_ ot for.q_ bloaa•• atratu. to be peraanantly
or t.-porarily leat by facility, for Stag_ III. Un1•••
othervi•• denoted with. footnote, all potential tor forage
bla.a•• produ~lon i. co~id.red peraanantly loat.

P:'oj ect Vary
P'••~ur. High Medlua Low Low S«.:aree Zero 'rotal

--....1 .. .63 2893 6531 a.. 5.7. 16376

Borrow Pit.2 • • 6. 164 '31 1. 747

Total a. '43 2933 l5695 1380 5486 17123

1 - Includ•• only the ara. lnundate4 ~y Stag_ III.

2 - Includ•• proportionally 2/3 of tha ar•• of bor:'ov ~lt A,
1/3 ot the area of borrow pit D, and 1/3 of the ar•• of
borrow pit B that ia GOV. the Devil canyon i~unda.nt.

3 - Figura 6 ahove the location of the varioue f.atur•••

All borrow pit ara•• will be rehabilitated.

------
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Table 16. Jtq of willow bioaae., pooled over haiqht
catecJOria., to be peraanently or t.-porarily lo.t by
facility and .tratua, for Staqa I. Unla•• otharwi.a danoted
with a footnote, all potential for foraga bia.a•• produ~ion

i. eon.idared per.anently lo.t.

Proj:::ect..-------------,v...;;:ry;;---------
Faatura Riqh Kad~1Ja Low Lev Searca Zaro Total

Iapoundaant 5081 1190 6995 13887 33476 H2O 62248

Acea•• M U 2409 10068 1301 70. 627 7. 6130

C.-p.2 0 0 122 374 711 0 1207

Borrow Pita3 0 0 362 1169 2620 20 4170

Othar4 2' •• 0 213 314 0 674

Total 7517 2245 8779 16351 37819 1919 74430

A - ~ated priaarily within Population A.

B - Indicata. aediua .hrub acr.ag••.

1 - Includa. only tha Danali Hiqhway-Watana acca•• road.
Aa.uaed an avaraqa claaring width of 100 faat for this
43.6-aila road. Approx~taly 40 faat of thi. vidth
vill be raveqatated. aftar tha acca•• road i.
con.tructed.

2 - Includa. the Matana con.truction c..p and villaq.s.
Approxiaat.ly 200 acra. vill be rehabilitated. following
tha coapl.tion of Staq. III.

3 - Includ•• proportionally 1/3 of tha ar•• of quarry .it.
A, 2/3 of the ar.a of borrow pit 0, and 2/3 of the ar.a
of borrow pit! that is above tha Devil canyon
i.apoundaant. All quarry and borrow pit ar••• will ba
rehabllJ.tated.

4 - Includes the airport (44 acr•• ), watana con.truction
road. (80 acr.s), and the tran••i ••ion lin. s"itchyard.
at WatL~a (12 acr••) and for Gold Creak (16 acre.).
Approxiaately 30 acr•• u.ed in building construction
road. vill be rehabilitated.
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Table 17. 1(9 of willow bioaal!II, pooled over height
categori.., to be permanently or t.mporarily lost by stratum
and facility, for Staq8 II. Unl••• oth~rwi8e denoted with a
footnote, all potential for torag. bie.... production is
considered permanently loat.

Project Very
r.ature High MediUJI Low Low Scarce Zero Total

IapouncDent 0 ,." 33 1007 2835 341 4249

Ace••• Rd'S 1882 7.C 1326 1264 461 .5 5078

eaap.2 0 0 1. 0 11. 7 137

Borrow Pit.) 0 67" 1 785 77 0 .30

other4 0 0 10 25 73 13 120

ToU1 1882 180 1385 J081 3560 42. 10513

.. - Treated a. low atrata of popUlation D.

S - Located primarily within population ...
C - Indicates medium shrub acreages.

1 - Include. only the wetana-nevil canyon access road.
Asauaed an average cl.~rinq width of 100 t.et for this
38.6-m11. road. Approxiaately 40 feet of this width
will be revegetated after the access road is
constructed.

2 - Include. the Devil Canyon construction camp and
villages, which will be rehabilitated rollowing the
c~pletion or stage III.

3 - Include. quarry site K. All quarry and borrow pit areas
will be rehabilitated.

4 - Includes the railroad (73 acre.), railhead facility (40
acre.), Devil Canyon conatruction roads (50 acres), and
the Devil Canyon transmission line switchyards (12
acre.). Approximately 22 acre. cleared for the
railroad and 19 acres cleared for cons~ruction roads
vill be rehabilitated after construction.
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Table 18. Kq of willow biomass, pooled over height
categorie., to be peraanently or te.porarily lost by
facility and stratua, for stage III. Unle.s otherwise
denoted with a footnote, all potential for forage biomass
production is considered permanently lost.

project Very
Feature High ".diu. Low Low Scarce Zero Total

Impoundmentl 2388 3824 13581 27753 3470 4431 55446

8o=ow Pit.2 0 0 188 .91 2170 10 3065

Total 2388 3824 13769 28449 5641 4440 58511

1 - Includes only the area inundated by stage III.

2 - Includes proportionally 2/3 of the area of borrow pit A,
1/3 of the area of borrow pit D, and 1/3 ot the area of
borrow pit E that is above the uevil Canyon impoundment.

All borrow pit areas will be rehabilitated.

-
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A - Located priaarily within Population A.

Table 19. upper 80l confidence 11a1t of kg ot willow
~ioaa•• , pooled over height categori•• , to b. peraanantly or
t.-porarily loet by facility and atratua, tor Stag. I.

very
Lev Low Scare. Zero TotalHigh Mec:Uua

Project
Feature

I~uncDent 1473 1703 892_ 18913 43088 283. 82935

Aee.... P.dlA 2856 1221B 1679 .5. 771 13' 7524

caap.2 0 0 15. 50. '15 0 1580

Borrov Pit.3 0 0 461 1592 3372 35 5461

Other" U 71 0 3.' ••5 0 ••5

Total 10369 2995 11221 22161 48641 3009 98396

B - Indicat•••edlua shrub acr.ag•••

1 - Includ•• only the Denali Highway-Wetan. ace••• road.
A••uaed an averag_ el••ring width ot 100 teet tor this
43.6-.11. road. Apprcxiaataly 40 t ••t ot this width
vill be raveqatated attar the ace... road i.
constructed.

4 - Include. the airport (44 acr•• ), watana con.truction
road. (80 acre.), and the tran..iaaion lir.e awitchyarda
at Watana (12 acrea) and for Gold Cr.ek (16 acre.).
Approxiaately 30 acr•• uaed in buildinq conatruction
road. will be rehabilitated.

2: - Includ•• the watana·conatructlon camp and villag•••
Approxiaataly 200 .cr.~ vill b. rehabilitated follovinq
the ca.pl.tion of staq. III.

3 - Includ•• proportionally 1/3 of the area of quarry .ite
A, 2/3 of the ar.a of Dorrow pit C, and 2/3 of the are.
of borrow pit ! that i. above the Devil canyon
iapouna.mt. All quarry and borrow pit are•• vill be
rehabilitated.
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Table 20. upper lOt confidence U.it ot kg ot willow
bioaa.. , pooled over height categoriea, to be per.aanently or
temporarily loat by tacility and atratua, tor stage II.
tJnl... othervbe denoted with a tootnote, all pot.ntial tor
torage bioaa•• producticn i. considered peraanently loat.

4 - Includ•• the railroad (73 acr•• ), railh.ad tacility (40
acre.), Devil Canyon con.truction road. (50 acre.), and
th. Devil canyon tran_i8.ion line ."itchyard. (12
acr••). Approxlaat.ly 22 acre. cl.ar.d tor the
railroad and 19 acr.. cl.ared tor construction road.
viII b. rehabilitated a~t.r con.truction.

Vary
Low Low Scaree Zero TotalHigh Ke4iua

~t 0 56" .4 1117 4960 6.2 7569

Acce•• RdlS 2231 ..C 1712 1531 .67 11. 6251

C&JIp.2 0 0 26 0 200 15 240

Borrow Pit.3 0 110" 1 1418 13. 0 1'63

other4 0 0 16 .. 12. 26 214

Total 2231 262 1809 4811 5989 .36 15938

A ~ Tr..ted. a. low .trata ot population D.

8 - Located prlaarily within population A.

C - Indicat•••ediua .hrub acreage••

1 - Includ.. only the Watana-Devll Canyon acce•• road.
~.uaed an averag. claarinq width ot 100 teet tor thi.
31.6-.ile road. Approxtaately 40 teet ot thia width
will be reveq.tated attar the acc••• road i.
constructed •

2 - Includ.. the Devil c:a.nyon construction ca.llp and
villag•• , which vill b. rehabilitat.d tolloving the
coapletion ot Stag. III.

3 - Includ•• quarry .it. K. All quarry and borrow pit ar.a.
vi11 be rehabilitated.

Project
Peature
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Tabl. 21. Upper 80t eonfidence liait ot kg ot willow
biaaa•• , pooled aver beight categori•• , to be peraanently or
t.-porarily loat by faeility and atratua, tor Stag_ III.
unl••• oebarvi•• denoted with. fOC'tnot., all potential for
forage bioaaaa production 1_ conaidered paraanantly lost.

Project very
Peature High Madiu-. Lev Lev Scarc. Zero Total

bpoundJlent1 3512 5.72 17328 37796 4467 7754 76328

Borrow Pit.2 0 0 2.0 .n 279' 17 3999

Total 3512 5472 17567 38745 1260 7771 80327

1 - Includ•• only the ara. inundated by stag. III.

2 - Includ•• proportionally 2/3 of the ara. of borrow pit A,
1/3 of the ara. of borrow pit D, and 1/3 of the ara. of
borrow pit E that 1s above the Devil canyon impoundment.

All borrow pit ara•• will b. rehabilitated.



4 - Include. the airport (44 acre.), Watana con.truction
road. (80 acre.), and the tran..i ••ion line .witchyard.
at Watana (12 acre.) and tor Gold Creek (16 acre.• ).
Approxiaately 30 acre. u.ed in building con.truction
road. viII be rehabilitated.

Table 22. Kg of willow bio..sa over 50 em in heiqht, to be
peraanently or e..per.rily loat by facility and atratua, for
Stag. I. Unl••• otherwiae denotad with a tootnot., all
potential tor toraga bl0.~.. production i. conaidered
peraanently loat.

A - Located primarily within PopUlation A.

B - Indicat••••diu-. shrub acraag•••

1 - Includ•• only the Denali Highway-Watana ace••• road.
Aaauaed an averaga claaring width ot 100 t ••t tor this
43.S-ail. road. Approxiaataly 40 t ••t ot this width
will be rav.qatatad attar the ace... road i.
constructed.
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very
Low Scare. Zaro TotAlHIgh )!ediua

Project
P.ature

2 - Includ•• the Wetana construction camp and village••
Approxiaately 200 acre. will be rehabilitated tollowing
the co_pletion ot Stage III.

3 - Include. proportionally 1/3 ot the area ot quarry site
A, 2/3 ot the area ot borrow pit 0, and 2/3 ot the area
ot borrow pit E that i. above the Devil Canyon
apoundJIent. All quarry and borrow pit areas will be
rehabilitated.

. IJIPOundaant 3473 855 3256 6084 11269 891 25828

Ace••• M U 1970 747B •• 3 531 ..0 00 4747

ca.pa2 0 0 57 16' 239 0 '00

Borrow Pit.) 0 0 108 512 882 11 1573

Other' ,. 35 0 .3 12' 0 277

Tot.al 5462 1638 4475 7383 12960 .08 32886



Table 23. Kq of willow bioaa•• over 50 ca in height, to be
peraanently or t ..porarily lo.t by facility and .tratua, tor
Stage II. Unle•• otherwi.e denoted with a tootnote, all
patantial tor forage biaaa.. production is con.idered
peraanently lo.t.

A - Treated a. low .trata ot population D.

B - Locatad prt.arily within population A.

C - Indicate••adiU». .hrub acraaga••

1 - Include. only tha Watana-Devil canyon acce•• road.
Aa.uaed an average clearing width of 100 teet tor this
38.6-.ile road. Approximately 40 faet of this width
will be revegetated after the acce.. road i.
con.~ruc~ed.

51

Vary
Low Scarce Zero TotalLevHigh Keditm

Iapoundment 0 2" 2 75. 2126 •• 2956

Acce•• Rd'B 1539 ..C 1012 9'7 324 54 3935

Cup.2 0 0 1 0 •• 2 ••
Borro.., Pit.3 0 ," 0 592 5' 0 ."
Other4 0 0 1 19 55 3 77

Total 1"39 .5 1016 :U15 2648 12. 7709

Project
Feature

2 - Includ.. the Devil Canyon construction camp and
village., which will be rehabilitated followinq the
coapletion of Stage III.

3 - Include. quarry .ite K. All quarry and borrow pit areas
will be rababilitated .

• - Include. the railroad (73 acre.), railhead facility (40
acre.), Cevil Canyon con.truction road_ (50 acre.), and
the Devil canyon tran••i ••ion 11ne swltchyard. (12
acre.). Approxi.ately 22 acres cleared for the
railroad and 19 acre. cleared for construction roads
will b. rehabilitated after con.truction.
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Table 24. Kg of willow bio•••• over 50 em in height, to be
peraanently or t.-porari1y lo.t by facility and stratum, tor
stage III. Onle•• otherwi.e denoted with a tootnote, .11
potential for for.g_ bioaa.. prod~ction i. considered
peraa..~ently 10.t.

Project very
Fe.ture High Ke4iua. Low Low Scarce Zero Total

I.poundaent1 1632 27.7 6322 12158 1168 2437 26465

Bo=ov Pit.2 0 0 87 30. 731 • 1129

Total :'632 2747 6410 12464 1899 2442 27593

1 - Includ~. only the .re. inund.ted by st.ge III.

2 - Inclu,e. proportionally 2/3 ot the .re. ot borrow pit A,
1/3 ot the .re. ot ))orrow pit 0, and 1/3 ot the are. ot
borrow pit E that i. above the Devil Canyon apoungent.

All borrow pit .rea. will be rehabilitated.



Table 25. Upper 80' confidence limit of the kg of willow
bio.... over 50 CD in height, to be peraanently or
te.por.rily lo.t by facility and atr.tua, for St.ge I.
Onle•• otherwi.e denoted with • footnote, all potenti.l for
forage bio•••• production ia con.idered permanently lost.

Project Very
re.ture High Kediua Low Low Scarce Zero Total

Iapound.ent 5340 1334 4583 8597 15247 1782 36881

Acce•• RdlA 2386 9358 1360 659 556 119 6014

caapa2 0 0 80 232 324 0 635

Borrow Pit.3 0 0 237 723 1193 22 2176

other4 29 55 0 132 175 0 391

Total 7754 2324 6259 10342 17495 1923 46097

A - Located primarily within Population A.

8 - Indicates medium shrub acreages.

1 - Includes only the Denali Highway-Watana access road.
Assumed an average clearing width of 100 feet for this
43.6-.ile road. Approximately 40 feet of this width
will be revegetated after the access road is
constructed.

2 - Include. the Watana construction camp and villages.
Approximately 200 acre. will be rehabilitated following
the completion of Stage III.

3 - Includes proportionally 1/3 of the area of quarry site
A, 2/3 of the area of borrow pit 0, and 2/3 of the area
of borrow pit E that is above the Devil canyon
impounrlaent. All quarry and borrow pit areas will be
rehabilitated.

4 - Includes the airport (44 acres), watana construction
road. (80 acres), and the transmission line switchyards
at Watana (12 acres) and for Gold Creek (16 acres).
Approximately 30 acres used in building construction
roads will be rehabilitated.
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Table 26. Upper 80' confidence li.it on the kg of willow
bioaa•• over 50 ca in height, to be peraanently or
t-.porarily loat by facility and stratum, tor Stage II.
Un1••• otherwiae denoted with a footnote, all potential tor
forage biomas. production i. considered permanently lost.

Project Very
Feature High Mediu. Low Low Scarce Zero Total

I~unda.nt 0 41. 4 1464 4110 13B 5118

Ace••• Rd'8 1864 74C 1386 1176 400 08 5005

caap.2 0 0 2 0 1BB 3 170

Borrow Pit.) 0 81. 0 1142 112 0 1262

other" 0 0 1 3B lOB 5 148

Total 1864 8B 1393 3818 4901 242 12303

A - Treated •• low strata of population O.

8 - Located priaarily within popUlation A.

C - Indicat•••ediua shrub acreag•••

1 - Include. only the Watana-oevil Canyon access road.
~.uaed an average clearing width of 100 teet for this
38.6-.118 road. Approxiaately 40 teet of this width
viII be revegetated atter the access road is
constructed.

2 - Includes the Devil Canyon construction camp and
villag.s, which will be rehabilitated following the
ca.pletion ot Stage III.
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3 - Include. quarry site X. All quarry and borrow pit areas
will be rehabilitated.

4 - Include. the railroad (73 acres), railhead tacility (40
acr.s), Devil Canyon construction roads (50 acres), and
the Devil canyon transmission line switchyards (12
acres). Approximately 22 acres cleared for the
railroad and 19 acres cleared tor construction roads
will be rehabilitated after construction.
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Table 27. Upper 80t eontidenee limit on the kg ot willow
bioaa•• over 50 C1l in height, to be pe~anent1y or
t.-porarily 10.t by .tratua and taei1ity, tor Stage III.
Unle•• otherwi.e denoted with a tootnote, all potential tor
torage bio.a•• produetion i. eoneidered permanently lost.

Project Very
'eaturtl H1gh Kediu. Lov Lov Searee Zero Total

r.pounda.ent l 2509 4285 8898 17180 1581 .874 )9)27

Ilorrov Pit.2 0 0 123 431 ••• 11 1554

Total 2509 .285 9021 17612 2569 4884 40881

1 - Include. only the are. inundated by stage III.

2 • Include. proportionally 2/) at the area ot borrow pit A,
1/3 ot the area at borrow pit 0, and 1/) ot the area at
borrow pit E that ie above the Devil Canyon iJDpoundJr.ent.

All borrow pit area. will be rehabilitated.
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Tabl. 21. Xq ot paper birch bio.... pooled ov.r height
categorie., to be peraanently or t-.porarily lo.t by
tacility and .tratua tor Staq. t. Onl••• otherwi.e denot.d
with a tootnote, all potential tor torage bioma•• production
i. conaic1arlld perunently lo.-e.

PrO) act very
p_tur. High Hed.iua Lev Lev Scarce Zero Total

I~e 0 • 181 1428 3513 10.5 6176

Aec••• RdU 0 o· 13 0 2 0 15

CaJql.2 0 0 3 3. 75 0 n6

Borrow Pita3 0 0 • 120 275 13 418

other· 0 0 0 22 40 0 63

Total 0 • 206 1609 3906 1058 6788

A - Located priaarily within Population A.

B - Indicat•• aediua .hrub acr.ag•••

1 - Includ•• only the Danali Highvay-Watana ace••• road.
Aa.uaed an av.rage cl.aring vidth or 100 teet tor this
43.6-ail. road. Approx~t.ly 40 t ••t ot this vidth
vill be reveq.tated. atter the ace... road i.
constructed..

2 - Include. the Watana conatruetion eamp and villaq•••
Approxiaately 200 acr•• vill be rehabilitated tolloving
the cOllpletlon ot Stage III.

3 - Include. proportionally 1/3 ot the area ot quarry .ite
A, 2/3 ot th. area ot borrov pit D, and 2/3 ot the ar.a
ot borrow pit E that is above the Devil Canyon
iapoundmant. All quarry and borrOW' pit ar.a. "'ill be
rtlhabilitated. •

• - Include. the airport , •• acr••), Watana con.truction
road. (80 acr••), . nd the tran••i ••ion lin••vitchyard.
at Matana (12 acr••) and tor Gold Cr••k (16 acr••).
Approxiaately 30 acre. u.ed in building construction
roads vill be rehabilitated.



Tabl. 29. ltq of paper birch bloaa•• pooled. over heiqht.
categert•• , to ~ peraanantly or temporarily le.e by
facilit.y and. atratua, tor stag. II. Unl••• oUarvi••
denoted with • footD~., all potential tor toraga bioaa••
production 1. conaldared. penaanently lo.t.

Projact Vary
F••~ur. High Medlua Low Low Scare. Zero Total

Iapouncm.nt 0 oA 0 0 1616 1840 3451

Ace••• Rd1S 0 oC 13 0 2 0 ,.
Caap.2 0 0 0 0 •• 39 10.

Borrow Pit.3 0 1" 0 0 .. 0 ..
other4 0 0 0 0 ., •• 110

Tot.l 0 1 14 0 1768 1948 37)1

A - Treated .a low aerata ot population D.

B - Located priaarl1y within popUlation A.

C - Indicat•• aadiua ahrub acr••qs••

I - Includ.. only the Watana-cevl1 canyon ace... road.
Aaauaad an averaga claarlnq via.ch of 100 t ••t. for thi.
31.6-alla road. Approxiaataly 40 t ••t of uta width
viII be reveqatated attar the ace... road i.
con.eructed.

:2 - Includ•• the Devil Canyon construction cup and
villag•• , which will be rehabilitated folloving the
coapletlon ot staq. III.
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3 - Include. quarry .it. K. All quarry and borrow pit area.
will be rehabilitated.

4 - Include. the railroad (73 acre.), railhead tacility (40
acr.a), oevil canyon conatruction road. (50 acre.), and
the Devil Canyon tran••i •• ion lin. awitchya.rd. (12
acre.). Approxiaately 22 acre. cleared tor the
railroad and 19 acre. cleared tor con.truction road.
will be rehabilitated atter con.truction.



Tabl_ 30. 1tcJ ot paper ))lrch biOla&•• pooled over height
ca~rl.., to be ~tly or te.porarily Ioat by
facility and nratUII, tor 8taqa III. Onl••• otharvl••
daDoted with • footnote, all ~antl.1 for foraqa bloaa••
production 1. conelc1ered peraanently loat.

PrOject Vary
?eature Bi9h Jto4iua I.- I.- Searee Zoro Total

~t1 0 •• 351 2855 3•• 2858 15456

Borrow Pita' 0 0 5 ,. .28 • 311

Total 0 29 35. 2926 5•• 2864 '-'67

1 - Includ•• only the ar•• inundated by staq. III.

2 - Includ•• proportionally 2/3 ot the ar_ ot borrow pit A,
1/3 of the area of borrow pit 0, and 1/3 ot the ar•• ot
borrow pit B that 1. above the o.vil canyon apoundaant.

All borrow pit ara•• will be rehabilitated.

5.



Tabl. 31. Opper 80t confidence liait on kg ot paper birch
bloaa•• pooled over height cate;ori•• , to be paraanantly or
t.aporarl1y loee by facility and atratua tor Stag. I.
Un1••• othervl•• denoted with • footnote, all potential tor
torag_ bloaa•• production 1_ conaldered peraanently leet.

Project vory
, ••tura Hiqh Med!UJI Low Low Scare. Zero Total

z.poundaent 0 19 35. 2341 5701 1676 10092

Ace••• RdU 0 0· 2. 0 5 0 34

c..p.2 0 0 • ., 121 0 "0

Bo=ov Pit.' 0 0 ,. "7 u. n ..,
other" 0 1 0 ,. .5 0 102

Total 0 1. 40. 2&37 6339 1691 11101

A - Located priaarily within Population A.

B - Indicat••••diu. ahrub acr.ag•••

1 - Includ•• only the Denal! Hlqhvay-Watana ace••• road.
Aaauaed an averaqa cl••ring vidth of 100 t ••t tor thi.
43.6-al1. road. Approxiaataly 40 t ••t ot tbi. width
vill be ravegatatad attar the ace... road i.
con.trueted.

2 - Includ•• the Watana eonatruetion ca.p and villag•••
Approxiaataly 200 acre. viII be rehabilitated tollowinq
the coapletion ot Staqe III.

3 - Includes proportionally 1/3 ot the area ot quarry .it~

A, 2/3 ot the area ot borrow pit D, and 2/3 ot the area
ot borrow pit E that i. above the Devil canyon
bpoundaent. All quarry and borrow pit areas will be
rehabilitated.

4 - Includes the airport (44 acres), Watan. construction
roads (80 acr••), and the tran••i ••ion line .witchyarda
at Watan. (12 acr•• ) and tor Gold Cr••k (16 acr.s).
APP4oxaat.ly 30 acr.s used in building construction
~oads viII be rehabilitated.
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Table 32. Oppe.r lOt: contidence Ibit: on kg ot paper Dirch
blaaa.. pooled over height: C&t~orl... t.o be peru.nently or
t..-porarl1y loat by facility and. at.rat.u:a, for Stag_ II.
nnl... o~.rvi•• denoted with • footnote, all pot.antial tor
forag. Dloaa•• production 1_ con.let.red par-anently loat.

Project vory
, ..tur. High Jledlua Lev Lev Scare. Zero Total

I~undJIent 0 oA 0 0 2792 4103 6896

Ace... RdlB 0 OC 30 0 • 0 33

ca.po2 0 0 0 0 U2 •• 200

Borrow Pit.3 0 1" 0 0 76 0 77

other· 0 0 0 0 72 154 22.

Total 0 1 30 0 3056 4344 7431

A - Tr.ateel a. low atrata ot population D.

B - tee.ted priaarily within population A.

C - Indicat•• .-diu. ahrub acr••g•••

1 - Includ•• only the watana-Devl1 canyon aee••• roact.
~.ua.4 an average cl••ring width ot 100 t ••t tor thi.
31.6-.11. road. A.pproxiaataly 40 t ••t of thi. width
vill be reveqatate4 attar the ace... road i.
ccnatructlld •

2 - Includ.. the Devil canyon conatruction camp and
villaq•• , which vill be rehabilitated folloving the
co.platlon of 5ta9. III.

3 - Includ•• quarry ait.• K. All quarry and borrow pit araas
vill ba rehabilitatad •

• - Includ•• the railroad (73 acra.), railhead facility (40
acr••), cavil canyon con.truction road. (50 acre.). and
the Devil canyon trans.b.lon line avitchyard.. (12
acra.). Approxiaataly 22 acras cleared tor the
railroad and 19 acre. cleared tor conatruction road.
will b. rehabilitated atter con.truction.
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Table 33. Upper 80' confidence 11ait on kg of paper birch
bioaaaa pooled over height cateqorie., to be peraanent1y or
teaporari1y 10.t by facility and .tratua, for Stage III.
Unl_a othervi.e denoted. with a tootnote, all potential for
forage bioaa•• production i. considered. peraanent1y lo.t.

Project Very
:Feature High Med.iua Low Low Scarce Zero Total

t~undJIent1 0 5. "1 4678 5.1 4586 10605

Borrow Pit.2 0 0 10 US 370 10 507

Total 0 5. 700 4796 ••1 4596 11112

1 - Include. only the .re. inundated. by Stage III.

2 - Include. proportionally 2/3 of the are. of borrow pit A,
1/3 of the area of borrow pit 0, and 1/3 of the area of
borrow pit! that i. above the Devil canyon iapouncment.

All borrow pit area. will be rehabilitated..



Table 34. ltq of paper birch bioaa•• over 50 C1lI 1n height,
to be peraanently or t ..porarily loat by taCilitr and
atratua tor Staq. I. unl••• othervb. denotad. 'rI th •
footnote, .11 potential tor forag. bioaa.. production 1.
cona!4ared peraanently loat.

Projea vary
Peat.ure Biqh Modiua Lov Lev Scarce Zero Total

IJIpoundr.ent 0 7 130 820 2817 ,.. 4552

Ace••• RdU 0 08 11 0 2 0 12

ca.pa2 0 0 2 22 .0 0 8.

Borrow Pita:] 0 0 7 .9 221 10 30.

other4 0 0 0 13 32 0 ..
Total 0 7 159 92. 3132 77. 5000

A - Located pr1aarily within Population A.

8 - Indicat•• aediua shrub acr.ag•••

1 - Includ•• only the Danel! Hiqhway-Watana acee•• road.
Aaauaed an average cl.aring width of lOa t ••t tor this
43.6-&11_ road.. Approxlaataly 40 t ••t of this width
viII be rev.;atated attar the ace... road 1s
c:orwtructed.

:2 - Includ•• the W~tan. construction ca.p and villag••.
Approxiaataly 200 .cr.. will b. rehabilitated folloving
the ca.plation of Stag. III.

3 - Includ•• proportionally 1/3 ot the area ot quarry site
A, 2/3 ot the ar•• ot borrow pit C, and 2/3 ot the area
ot borrow pit! th.t 18 above the Devil canyon
upolJ.lUhent. All quarry anG borrow pit areas will b.
rahabllitated.

4 - Include. the airport (44 acr•• ), Watana conatruction
roada (80 acr..), and the tran.mi••ion line awitchyards
at Watana (12 acr•• ) and tor Gold Creek (16 acr.,).
Approx:i-.ately 30 acr.. u.ed in bulldinq cor..truction
roada vill b. rehabilitated.
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Tabl. 35. xq ot paper birch bio•••• over 50 ca in haight,
to be peraanently or teaporarily loee by facility and
atratua, for Staqa II. Unl••• othaN!•• denoted with a
footnote, all potential for foraqa bio.... production 1.
considered peraanantly lost.

Project vary
Feature High )If.diu:. Low Low Scarc. Zero Total

I>opoundaent 0 0" 0 0 1290 1458 2749

Ace••• RL1'B 0 OC 11 0 1 0 12

caap.2 0 0 0 0 52 31 B3

Bo=ow Pit.] 0 1" 0 0 35 0 3.

other4- 0 0 0 0 33 55 BB

Total 0 1 11 0 1411 15•• 2968

A - Treated .a low atrata ot population D.

B - Located priaarily within population A.

C - Indicat•••ediua shrub acr.ag•••

1 - Includ•• only tha Watan.-Dev!l canyon ace••• road.
Aaauaed an averaqa clearing width ot 100 t.at for this
3'.6-.dla road. Approxiaataly 40 teat of this width
will be raveqatated attar tha ace••• road t­
constructed.

2 - Include. the Devil Canyon construction ca.p and
villag•• , which will be rahabllitated tOllowing the
coapletion ot Stage III.

3 - ~nclude. quarry .ite K. All quarry and borrow pit areas
will be rehabilitated.

4 - Include. the railroad (73 acre.), railhead tacility (40
aere.), Devil Canyon conatruction roada (50 acres), and
the Devil canyon tran.aiaaion 11ne awi~chyard. (12
acre.). Approxi.ately 22 acre. cleared tor the
railroad and 19 acre. cleared tor construction road.
vill be rehabilitated atter conatruction.



Table 36. X9 of paper birch bie•••• over 50 ca 1n haight,
to be peraanantly or t ..porarily loae by facility and
atratlD, tor stag. III. Unl••• otharvia. denoted with a
tootnot., all potential tor forag_ bioaa•• production i.
conaidered peraanantly loat.

Project Vory
F_ture High Kec11ua Lov Lov Scarce Zero Total

tapoundaent.1 0 22 2•• 1639 2.2 2105 4327

Borrow Pit.2 0 0 • 41 ,., • 2'2

Total 0 22 273 1680 47. 2109 4559

1 - Includ•• only the ara. inundated by Staq. ItI.

••

:2 - Includ•• proportionally 2/3 of the are. of borrow pit A,
1/3 of tha ara. of borrow pit D, and 1/3 of the ara. of
borrow pit! that 1. above tha oevil Canyon impoundment.

All borrow pit areas viII be rehabilitated.



Table 37. upper 80t confidence li_it of kg ot paper birch
bio.... over 50 ca in height, to be peraanently or
t ..porarily loat by facility and .tratua for Sta9_ I.
Unle•• otherwi.e denoted with a tootnote, all potential tor
forage bioaa•• production i. con.idered peraan.ntly lo.t.

Project very
Peature H1gb Kec1iu- Lov Lov Scare. Z.ro Total

I~undaent 0 10 '08 1296 4740 1280 76J9

Ace••• RellA 0 08 27 0 , 0 Jl

Cup.2 0 0 5 '5 101 0 141

Borrow Pit.3 0 0 10 100 371 1. 512

other4 0 1 0 20 54 0 75

Total 0 1. ,.. 1460 5269 1296 8397

A - Located priaarily within Population A.

8 - Indicate. aediua .hrub acreage••

1 - Include. only the Danali Highway-Watana ace••• road.
Aa.UJaed an averag. cl.aring width ot 100 t.et for thi.
43.6-.il. road. Approxiaat.ly 40 feet of thi. width
will be reveqetated after the acca•• road i.
con.tructed.

2 - Include. the Watana con.truct ~n c..p and villaga••
Approxiaately 200 acra. will b~ rehabilitated following
the ca.pletion of Stage lIt.

3 - Include. proportionally 1/3 ot the area of quarry .ite
A, 2/3 of the ar•• ot borrow pit D, and 2/3 ot the area
ot borrow pit E that is above the Devil canyon
t..poundaent. All quarry and borrow pit area. will be
rehabilitated.

4 - Include. the airport (44 acra.), Watana con.truction
road. (80 acre.), and the tran••i ••ion line .witchyard.
at Wetana (12 acre.) and tor Gold Craak (16 acra.).
Approximately 30 acre. u.ed in building con.truction
road. will be rehabilitated.
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Table 38. Opper 80t confidence liait of kg of paper birch
bi~•• over 50 ca in height:, to ))e penaanantly or
t.-porarUy loat by tacility &..acl atratua, tor staga II.
unl••• otherwi•• denoted v1.th • footnot., all potential tor
forag. bioaa•• production i. con.iei.red paraanantly lo.~.

Project vory
F.ature Biqh Medl\m Low Low Scarce ~.ro Total

x-poundaent 0
.,..

0 0 2211 3237 5449

Ace••• Rd'S 0 OC 28 0 2 0 30

COJIpo2 0 0 0 0 8. 6. 158

Borrow Pie.' 0 1" 0 0 60 0 61

other" 0 0 0 0 57 121 178

Total 0 1 29 0 2419 3428 5876

A - Tr.ated a. low atrate ot population D.

B - Located prtaarily within population A.

C - Indicat•••ediua ahrub acr••g•••

1 - Includ•• only the watane-Devil Canyon ace••• road.
A8au.e4 an Averaq. clearing "idth of 100 t ••t for this
38.6-.11. road. Approxiaataly 40 t ••t of this w1dth
viII De raveqatate4 .ttar the ace••• road i.
conatructed..

2 - Includ.. the Devil canyon conatruction caap and
villag•• , which vill be rehabilitated folloving the
cc.pl.tion of Stage III.

3 - Includ•• quarry .it. K. All quarry and borrov pit areas
vill be rehabilitated.

4 - Includ•• th. rAilroad (13 acr••), railhead facility (40
acr••), Devil Canyon construction roads (50 a~r••). and
the Devil canyon tran..is.ion lin. svitchyard. (12
acr••). Approxiaat.ly 22 .cr•• cleared for the
railroad and 19 acre. cleared for construction roads
vill be rehabilitated att.r construction.
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Table 39. Opper 80' confidence Ii_it on kq ot paper birch
bioaa•• over 50 CJl 1n height, to be pe~.ntly or
teaporarl1y lo.t by facility and etratua, for Stag_ III.
unl••• otbervi•• denoted with • footnote, all potential tor
torag_ bioaa•• production is conaidered permanently lost.

Projoct very
Feature High Mediu. Lov Lev Scarce Zero Total

r.pouncment1 0 51 5'7 2590 .., 3500 7229

Bo=ov Pit.2 0 0 B 65 )07 B )BB

Total 0 51 605 2655 7•• 3508 7618

1 - Include. only the are. inundated by Stag_ III.

2 - Inelud•• proportionally 2/3 of the are. of borrow pit A,
1/3 ot the ar•• of borrow pit D, and 1/3 of the are. ot
borrow pit E that 1. above the Devil Canyon impoundJlent.

All borrow pit are•• will be rehabilitated.



Tabl. 40. )(g ot .aunt.ain era..nberry to b. pe~n.ntly or
tapo=ar!ly l~t. by tac11ity tor stag. I. Unl••• oth.rvb.
denoted vith • tootnot., all pot.ential tor torag. biaaa••
production i. conaidered pe~.nt.ly lo.t.

Project ...... Upper 80\ C.L.
F_t.ure Itt. cranberry Itt. cranberry_t

1,734,467 2,021,791

Ace••• RdU 28,441 32,228

c..pe2 32,647 38,055

Borrow Pita3 115,397 134,513

Oth.r4 17,230 20,084
--------- --------

Total 1,928,1'2 2,247,670

A - Locat.ed prtaarily vithin Population A.

1 - Includ•• only th. Denali Highvay-Watana ace••• road.
Aa.uaed an average clearing "idth of 100 f.et for this
43.6-aile road. Approxi..t.ely 40 fe.t of this width
viII ~ reveqetated after the acce•• rJad i.
conatructed •

2 - Includ•• the Watana con.truction caap and village••
Approxiaately 200 acre. viII be rehabilitated following
the ca.pletion ot staqe III.

3 - Includ•• proportionally 1/3 of the ar.a of quarry .ite
A, 2/3 ot the area of borrow pit 0, and 2/3 of the ar.a
of ~rrov pit E that i. above the Devil Canyon
iapoundaent. All quarry and borrow pit area. w111 be
rmabilitated.

4 - Inclu1e. the airport (44 acr••), Watana con.truction
road. :80 acre.), and the tran••i •• ion line ."itchyards
at Watana (12 acr••) and for Gold Cre.k (16 acr•• ).
Approxiaat.ly 30 acr•• u.ed in building construction
road. will be rehabilitated.
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Ta})le .1. ICq of .ountain cranberry to be pe~nentl}' or
taaporarily lo.t by facility for stage II. Unle•• otherwl.e
denoted with a footnote, all potential for forage bio....
production i. considered pe~nently lo.t.

Project lIoan Upper 80"' C. L.
:reature lit. cranberry lit. Cranberry

tapoum-nt U1,851 6115,813

Acce•• M U 25,155 29,389

C.-p.2 15,918 22,008

Borrow Pit.3 35,550 48,9157

Other4 13,980 19,251
--------- --------

Total 538,514 136,.93

A - Located priaarily within Population A.

1 - Include. only the Denali Highway-Watana acee•• road.
Aa.uaed an average clearing width ot 100 teet tor thb
43.6-.il. road. Approxiaately 40 t.et ot thi. vidth
will be reveq.tated att.r the ace... road 1.
con.trueted.

2 - Include. the Watana con.truetion ca.p and village••
Approxiaately 200 acre. will be rehabilitated tolleving
the cc.pletion ot stage III.

3 - Include. proportionally 1/3 ot the area ot quarry eit.
A, 2/3 ot the area ot borrow pit D, and 2/3 ot the area
ot borrev pit E that ia above the Devil canyon
apoundaant. All quarry and borrow pit area. will be
rehabilitated.

4 - Include. the airport (44 acre.), Watana con.truction
road. (80 acre.), and the tran••iu.ion lin••wltchyards
at Watana (12 acr•• ) and tor Gold Creek (16 acre.).
Approxiaately 30 acr•• u••d in building con.truction
road. viII be rehabilitated.



Table 42. Kg ot .aunt.1n cranberry to b. permanently or
t ..porarl1y loet by facility tor Stag. III. Un1•••
otherwi•• denoted with a tootnote, all potantial tor torage
bioaa•• production 1. considered paraanantly lost.

Project Mean Upper ao' C.1..
P••tur. lit. cra.""lbarry Mt. cranberry

I-.pounaent 1,856,326 2,163,835

Borrow Pit.l 84,677 99,705

--------- _._._------
Total 1,941,003 2,262,540

1 - Inelud•• proportionally 1/3 of,th. are. ot' quarry .it.
A, 2/3 ot the ar•• ot borrev pit D, and 2/3 ot' the ara.
ot' borrow pit ! tha~ i. above the o.vil canyon
1apoun~nt. All quarry and borrow pit ara•• w~ll b.
rehabilitated..
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Ta))le 43. 'l'he..an and upper 80' confidence lb,it on the
.-aunt of ~i~. lo.t, by .tag. and .peci••.

PieliCi£ Poraqe- Bloaa•• 80t Opper LI.lt
au.,. Group (J<gl (J<gl

willow 74,430 98,396
I Paper Birch 6,788 11,101

lit. Cranberry 1,928,182 2,247,670

willow 10,513 15,938
II Paper Birch 3,731 7,431

Kt. cranberry 538,514 736,493

Willow 58,511 80,327
III Paper Birch Ii,767 11,114:

lit. CrOJlberry 1,941,003 2,262,540
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Table 44. Th••ean and 'Jpper 80," contidence liJIit on the
-.ount at bioaa.. (above 50 c. in height) lo.t, by .taqe and
.peeie••

Pro3.~
Stage

I

II

III

'orage- slo.... 80i Upper LI.It
Croup (1<9) (1<9)

Willow 32,886 46,097
Paper Bireb 5,000 8,397

Willow 7,709 12,303
Paper Birch 2,968 5,876

willow 27,593 40,881
Paper Birch 4,559 7,618
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Table 45. Th•••tiaated ;robabl11ty, and. .tend.arl! error I of
• plot containing dlaaondl••r willow, by population and
atrat••

PopulatIon Strata ProportIon SE

A Higb 0.490 0.032
A X-.11u. !'or.at 0.46. 0.070
A KediUJI Shrub 0.401 0.04.
A Low 0.343 0.034
A Vary Lev 0.275 0.031
A Scarc. 0.202 0.023
A Zaro 0.085 0.023

• H1gb 0.336 0.066

• lIoodillJl 0.229 0.043

• Low 0.244 0.033

• Vary 1 v 0.147 0.027

• Scarea 0.lS8 0.035

• Zaro 0.095 0.062

0 Low 0.157 0.066
0 Vary Lev 0.219 0.076
0 Scarc. 0.04' 0.014
0 Zaro 0.009 0.010
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Tabl. 46. Tbe ..tiaated probability, and atandard error, ot
a plot containinq qreyl••t willow, by population and. atrat•.

PopulatIon Strata ProportIon SE

A Higb 0.020 0.009
A JItldiua Por••t 0.000 0.000
A Jledlua Shrub 0.011 0.008
A X- 0.010 0.007
A Very Low 0.008 0.004
A Scarc. 0.006 0.004
A Zero 0.000 0.000

B 81gb 0.022 0.023
B lIOcl1ua 0.050 0.018
B X- 0.039 0.017
B Vory Low 0.057 0.017
B Scarc. 0.009 '0.005
B Z.ra 0.010 0.009

0 Low 0.000 0.000
0 Vory Low 0.016 0.01'
0 Scarc. 0.000 0.000
0 Zora 0.000 0.000



Table .7. Th. ut.1aated probabilit.y, and .t.andard error, ot
a plot. eont.a1n1.nq RicM.rdaon willow, by populat.ion and.
.tnta.

POPUlat.Ion SU'ata ProportIon SE

A aigll 0.061 0.016
A -- Po~t. 0.100 0.032
A _1_ Sbrub 0.0.1 0.020
A lDv O.O!H 0.015
A Very Low 0.0.1 0.016
A Sear.,. 0.019 0.001
A Zero O.OOt O.OOt

a 81g1l 0.063 0.051
B 1lecl1_ 0.062 0.024
B lDv 0.04t 0.019
B very Low 0.0.5 0.015
B Scarce 0.021 0.010
B Zero 0.010 O.OOg

0 lDv 0.000 0.000
0 Very Low 0.014 0.014
0 Scare. 0.006 0.006
0 Zero 0.000 0.000
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Table 48. Th...tiAater1 pro1Ml:tility, and. atandard error, or
• plot contalnin; t.lel•• t willow, by population and atrata.

POPUlatIon Strata ProportIon SR

A H1gb 0.015 0.00'
A Jlecl1ua roreat 0.001 0.007
A Kediua Sh.r'ub 0.003 0.003
A Low 0.001 0.004
A vary Low 0.000 0.000
A Scare. 0.002 0.002
A Zero 0.006 0.005

8 H1Vh 0.134 0.071
8 lled1... 0.026 0.011
8 Low 0.015 0.009
8 Vary Low 0.013 0.006
8 Scare. 0.022 0.009
8 Zero 0.011 0.011

D Low 0.000 0.000
D Vary Low 0.000 0.000
D scarc. 0.000 0.000
D Zero 0.000 0.000
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Tabl. 49. Th_ ••tiaated probability, and atandard error, e!
• plot ccntaininq unknown willow., by population and atrata.

POP\iIaelon Strata ProportIon S!

A Biqh 0.072 0.017
A Med.lua Por••t 0.115 0.034
A Kediua Shrub 0.053 0.016
A Lev 0.073 0.024
A Vary Low 0.049 0.013
A Scarc. 0.033 0.008
A Zero 0.031 0.017

B Bi'lb 0.247 0.098
B lIecU...m 0.072 0.02'
B Lev 0.109 0.021
B Very Lev 0.070 0.0:14,

" Searc. 0.083 0.022

" Zaro 0.051 0.029

D Lev 0.012 0.01:2
D Vary Low 0.028 0.018
D Scare. 0.006 0.006
D Zero 0.018 0.019

___oj
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Table 50. Th•••tl..ted probability, and etandard error, at
• plot containinq reachable paper birch, by population and
at.r.ta.

POPUlatIon Strata ProportIon 58

A H1qh 0.000 0.000
A IIecllWl por••t 0.000 0.000
A lledlua Shrub .... 000 0.000
A X- 0.00. 0.004
A Vary Low 0.000 0.000
A Scarc. 0.007 0.004
A Zero 0.000 0.000

• H1qh 0.000 0.000

• JCod1ua 0.010 o.ooa
• X- 0.00" 0.003

• very X- 0.032 0.010

• Sc.rce 0.044 0.01«5

• Zero 0.137 0.049

D X- 0.010 0.010
D Vary Low 0.000 0.000
D Scare. 0.057 0.019
D Zero 0.Oa5 0.044
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Tab1. 51- Th•••ti.-ted probability, and .tandard error, of
a plot containing r.achab1. paper birch, diaaondleat,
gr.y1.at, Richard.on, t.1t1.at, and unknown willows, by
population.

PopulatIon specI•• ProportIon S.

A Oiuondl.at 0.281 0.0137
a wl110w 0.183 0.018.8
0 0.133 0.0396

A Gray1••r 0.008 0.0033
a willow 0.032 0.0070
0 0.008 0.0075

A Richard.on 0.039 0.0067
a willow 0.038 0.0083
0 0.009 0.0070

A Fdt,l.at 0.004 0.0012
a willow 0.019 0.0048
0 0.000 0.0000

A Unknown 0.048 0.0073
a willow 0.083 0.0131
0 0.018 0.0093

A R.achable 0.003 0.0017
a Paper 0.034 0.0080
0 Birch 0.029 0.0082
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BROWSING PRESSURE ON WILLOWS
FtJUft J. 'N THE WATANA-IIotPOUNOIolENT BY ElEVATION
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BROWSING PRESSURE ON WILLOWS
Fi'Unl 4. IN TIiE NON-ltolPOUNOtolENT BY ELEVATION
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Sul1tDa Hydroelectric Project Va.etation ~.pplnl

Source: l.A. Irail , A••ociat•• , Inc.
K&ppiQI La.and (ilevidon 2)

Ju.na lS. 1984

Kapp1na le.and 11 bued l'rtaarily OD the 1982 Rn1l10l1 of Pulimioary

CI...ificatioD for Va.atatioc ot .uuk.a (Viand: et d. 1982). Hod1flc:ulons to the

cla..iflcatlon ...d. a•• resuLt of the Alaska ValetatioD CludHeuion \lork.ahop

(Ancheu._ - hbruaTY 21, 1984) ara alao lncorporatad.. Leval 4 c..Ulorhs racopbad

1n tb.b study aua, but not aaud io Viereck at .1. (1982). ara ladicated by an

asterhlt (<II).

The follovlDI .,uolo" dull0 is und 00 the up.:

S point scale-
o 0-4% cover
I S-25% coval'
2 26-50% covu
) Sl-75% cover
4 • 16-100% cover

Viereck Level It It, III call 1 r Vhreck

Co_nity ClanificatioD Do:b

Shrub Covu C1..... ~OI02
Wl11ov---
Birch (Shrub
, Dwarf only)

Aldn -------'

Level tv call

Do:b + SLo:bv
002 ZiO

Major caponeat ---------1
H.inor component
(not leu than 25%
of unit area) ---------------
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I\PPE:lDJX A

AIaalu Ve.etadoD Cl..aHication Unlt lia.. (Viueck et a1. 1982)
Susltna Veaetation
Mappinl Cnit Sruol

A. Dwarf Tru
Conifer

1. Cloud
(60-l00%)

1. Forut

2. Scrub

A. Conlhr

I. Broadiut

C. Mixed

l. Cloud
(60-100%)

2. Op.a
(25-60%)

). Woodland
( 10-25%)

l. Cloud
(60-100%)

2. Op••
(25-60%)

). Woodland
( 10-25%)

l. Cloud
(60-1001)

2. Open
(25-60%)

3. Woodland
( lO-25%)

2. Open
(25-60%)

3. Io'oodland
(l0-25%)

I) White Spruce Cc:w
L) Black Spruce CC:ID.
H) Blaclt • White Spruce CC:lIV

F) White Sprue. CO:\I
C) Black Spruce Co:m
H) Black' White Spruce CO:lIlW

C) Whlte Spruce C":,,
D) Black Spruce CW:ID.
E) Black , Whlte Spruce C\I:.,

8) Black CottoDWOod Oc:o
C) Bah.. Poplar Oc:p
D) Paper Birch Dc:b
E) .upea Dc:a
F) Blrch - Aspea Dc:ba

A) Papu Birch Do:b
8) .upen Do:a
C) Bah.. Poplar Do:p

A) Papu Birch Dv:b
8) Poplar Dw:p
C) Paper Birch - Poplar Dw:bp

A) Spruce - Blrch Mc:sb
8) Spruce - Birch - Poplar Mc:sbp
C) Spruce - Birch - Aspen Mc:.ba
D) .upen - Spruce Mc:a.
E) Poplar - Spruce Mc:p.

A) Spruce - Birch Mo:ab
8) Aspen - Spruce Mo:a.
C) Spruce - Birch - Poplar Mo:sbp
D) Spruce Poplar !1o:sp

A) Spruce - Birch :iw: sb
8) Spruce Popbr :iw:sp
C) Spruce - Birch - Poplar ~w:sbp

FCc

FCo

Fel,;
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APPEl;OIX "-

IroacUed
1. Clo••eI Fll<

(60-1001)

2. Op.. Fllo
(2s-601)

) . ....la.. ...
00-251)

Mixed
1. Clo••• r.!c

(60-1001)

2. Opo. "'"(25-601)

). Woodlaftd. "'"00-25%)

B. Tall Shrub 1. Clo••d AJ Willow STc:v
(7S-loot) 8J Alder 5Te: L

CJ Shrub Birch STc:b
OJ Alcler - Wnlow 5Te:1v
£J Sbtub Birch - Willow SIc:bv
oJ Alder - Shrub Birch -

WUlow STc:lbv

2. Opsn A) 10'1110" 5to:v
(25-751) 8) Aldn 5To:1

CJ Shru Birch STo:b
OJ Aldar - Willow 5To: Iv
EJ Shrub Birch - Wlllow 5To:bv
0) Alder - Shrub Birch STo:lb

O. Low Shrub 1. Cloud A) Dwarf Streh SLc:b
(75-l00l) 'J Low \l1l1ow St.;:"

CJ Ovarf I1rch - Low Willov Slc:bv
0) Erleae.oua Shrub Tundt'& SLea

2. Open AJ Overf Birch SLo:b
(25-75%) ') low Willow SLo:"

C) Overf Birch - Willow Slo:bv
0) Low Alder SLo: 1
J) Ericae.oua Shrub -

SpMlnu-. BOI Slo au
S) W1l1ov Gr... Tundra Sto VI
T) Birch & Ericaeaous Shrub Sto b.
0) Ericse.cua Shrub SLo e



). Barbaeaou. A. Craainoid I. Dry
2. Muic
J. W.,

.) W.t Sed.e Maadov
C) W.t Sad•• - Herb
K) S.d.. - Mo.. Boa

I. Dry
C) Alpina Herb.

2. Kuic
J. Wet

1. Mo••••
2. Lichena

I. fr••h vaUr

4. Spana
Va.atation

,. larrao

D. Dwarf Shrub

I. Forb

C. Iryoid

D. Aquatic

A. foran
B. Scrub
C. Harbac.ou.

A. Bedrock

A?P~!DL~ A

1. Cloud
(7'-100%)

2. Opan
(25-751)

A) Mat • Cu.hion - S.d••
B) Mat • Cushion - Cra..
D) C••dop.
G) L"., Eric.caou. Shrub

E) Low Willow
.) Ericacaou. Shrub

SMc

SMc:.
SMc:a
SMc:j
SMc:.

SMo
SMo:w
SMo:.

Hed
He.
H""
HCv;.
HCv:.h
KCv:&f11

Hrd
HFd:h
Hr.
iifv

H'.
HII

HAt

P'
Po
Ph

o
Db



APPZIlDIX B
InLLOll STRATIFICATIOIl SCIIElIE

... STRATA HIGH
CO:1lIl3-- .3-- HIGH

CO:1lIl301 SLOtW300 BIGB

CO:XW4-- .4-- HIGH

)(0:1&212
SLC:BW320 GI:2000 HIGH

MO:8B212
SLC:BW320 1.2000 HIGH

MO:S8310
GI2000 HIGB

SLC:B3--
BIGB

SLC:&W2-- .4-- HIGH

SLC:BW3--
HIGH

SLC:BW3-- SLO:BEG01O HIGH

SLC:SW'--
BIGB

SLC:LIl3--
RIGB

aLe:"3--
HIGH

St.e:W3-- +0-- HIGH

SLC:W3-- +1-- BIGB

SLC:W3-- +2-- HIGH

SLC:1I3-· +3-- BIGB

SLC:W3-- SilO BIGB

St.e:W4 +1-- HIGH

BLe:""--
HIGH

SLC:W4-- .4-- HIGH

51.0:8320 ew:W210 81GB

51.O:8W310
BIGH

SLO:BW320
HIGH

SLO:W3--
HIGH

SLO:W3-- +1-- BIGH

SLO:W3-- BGlI BIGB

SLO:W3-- 51.0:1.003 BIGH

SLO:W3"'- STO:LOO3
BIGH

SUl:lI.--
BIGB

51.O:WG3--
BIGB

SLO:WG3-" 1-- BIGB

Sl.D:WG3-- BGW HIGH

SLO:WG300 CO:MW210
HIGH

SLO:WG310
HIGH

STe:W3--
BIGH

STetW311
BIGB

sTe:""--
8IGH

STO:L4--
HIGH

STO:W3--
HIGH

95

ELEVATION WILLOW-STRATA
KAJOR VZGZ'l'ATION COMPLEX



APPENDIX 8
WILLOW STRATIPICATION SCHEME

XAJOR VEGETATIOIf COMPLEX

.. STRATA KEDIUH"FOREST
KEDIUH-FOREST
MEDIUM-FOREST
IIEDI1lII-FORZST
MEDIUM-FOREST
IIEDI1lII-FORZST
JllEDIUM-FOREST
UDIUM-FOREST
MEDIUM-FOREST
MEDIUM-FOREST
MEDItJ'X-FOREST
KlDIUM-FO!'..iST
DDIUM-FOREST
MEDIUM-POUST
XEDIOM-FOREST
KlDIt1M-FOREST
MEDltJJ(-FORl:ST
MEDIUM-FOUST
XEDIUM-POREST
JlEDIUM-FOUST
IIEDI1lII-FOREST
K!:DItJK-POREST
MEDIUM-FOREST

BLEVATION WILLOW-STRATA

L2000
GE2000
GEZOOO

SID:WGJ10
SID:WG3-­
+J--
+4--
SLD:8IIJ-­
SID:W]--

HGW
+3--

SLC':BW320

HGW
SID:BW320
SID:BW320

CO:"3....
CO:M300
CO:HWZ"­
CO:KWZ-­
CO: 1I1f2-­
CO:KWZ-­
CO:HW3-­
CO:KW300
ell: 1I1f2-­
CW:KW]-­
CW:JOf3Z0
CW:WZOl
CW:1f3-­
CW:W310
FC03-­
PC03-­
FCWZ10
FCII21l
FCW3-­
MO:SBZ-­
JIQ:SBZ-­
HO:SP3--



APPENDIX a
VIUOW STRATIFICATION Sc:m:KE

lIAJ'OR VEGETATION COllPIZX

.. STRATA KrDIUK-SHRUB
SLC:B2--
SLe:lllI2--
SLC:W2--
SLC:1f2-- HGW
SLC:WG2--
SLC:WG3--
SLQ:BN2-- +3--
SLQ:1ING3--
SLO:"G)-- SIlO
STC:LN3-- 1--
STC:IM3--
STC:!f2--
STO:.'--
STO:L)--
STO:L)-- SLe:ll'.
STO:LW3--
STO:!f2--

ELEVATION WILLOW-STRATA

JlEDIUM-SHRUB
IlEDIUM-SRIWB
JlEI)IUII-SIIIlll1l
IIEDIUII-SIIIlll1l
IlEDIUM-SBROB
JIIDIUJI-SBRUB
IlEDIUJI-SBRtT8
JlEI)IUII-SIIIlll1l
IlEDIUM-SBRtT8
IlEDIUJI-SHROB
IlEDIUJI-SHRUB
IIEDIUII-SIIIlll1l
IIEDIUII-SIIIlll1l
MEDIUJI-SRJltJB
IIEDIUII-SIIIlll1l
IIEDIUII-SIIROB
IIIOrox-SHRUB

"



APPDfDIX II
WILLOW STRATIFICATION SCIlEItt

MAJOR VEGETATION COMPLEX ELEVATION WILLOW-STRATA

•• STRATA LOW
CC:MW3-- LOW
CC:MW3-- CW:MW220 LOW
CC:MW3-- HGW LOW
CC:W3-- LOW
CO:K3-- LOW
CO:MW120 SLC::W310 LOW
CO:XW120 5LC:wel0 LOW
CO:IIW12O SLC:.~]Ol LOW
CO:XW2-- LOW
CO:XW2-- PCOII0 LOW
CO:XW2-- HGW LOW
CO:MW2-- SLC:Bl-- LOW
CO:MW2-- BLC:Hl-- LOW
CO:ltlf2-- 51.0:111-- LOW
CO:MW2-- SLO:IIII2-- LOW
CO:Wl-- +3-- LOW
CO:W3-- LOW
CO:W3-- HGW LOW
CW:IIW2-- LOW
OhKW2:11 S1.O:WG210 LOW
CII':W2-- LOW
CW:W210 51.0:11130 LOW
rCCl-- 51.O:W3-- LOW
rCC2-- LOW
PCC2-- 5LO:BW2-- LOW
FC02-- LOW
rC0210 HGW LOW
rC0210 51.O:BW220 LOW
PCW2-- LOW
rCW210 LOW
PMW:211 5LC::8230 LOW
HGIl LOW
HGW LOW
HGW 51.0:811110 LOW
HGW 5tD:W200 LOW
MC:SB2-- G£2000 LOW
MC:SP2-- G£2000 LOW
KO:SP2-- G£2000 LOW
SLC::80-- +3-- LOW
9LC::80-- +e-- LOW
SLC:: Boeo SLC 11311 LOW
SLC:Bl-- SLC: W3-- LOW
SLC:Bl-- SLC we-- LOW
SLC:81-- 51.0 112-- LOW
SLC:81-- 51.0 W3-- LOW
5LC:!I1-- 5TC we-- LOW
SLC:BE2-- LOW
9LC:BEG2-- LOW
SLC:WIOO LOW
91.O:B2-- LOW

,.



APPENDIX 8
WILLOW STRATIFICATION SCHEME

MAJOR VEGETATION COMPLEX ELEVATION WILLOW-STRATA

SLO H230 LOW
SLO BEG1-- +3-- LOW
SLO IlEG1-- +4-- LOW
SLO BEG2-- LOW
SLO 8G2-- LOW
SLO BW2-- LOW
SLO BW2-- SGIl LOW
S1.O BW210 SLO:U020 LOW
SLO 8W220 S1.O:8130 LOW
SLO .220 S1.O:U120 LOW
SID BW220 S'I'O:LlO3 LOW
SLO BWG2-- LOW
SLO W2-- +3-- LOW
SLO W2-- +4-- LOW
SLO W2-- SGlf LOW
SLO WG2-- LOW
SLO WG2-- SGlf LOW
SLO WG2-- SLO:H020 LOW
SLO WC2-- SLO:BW120 LOW
STC 1M2-- LOW
STO L2-- PH LOW
STO L2-- LOW
STO L2-- SLO:8WlJO LOW
STO LW2-- LOW

..



•• STRATA VERY-LOW
CC:M3-- VERY-LOW
CC:MW1-- VERY-LOW
CC:MW1-- +1-- VERY-LOW
CC:MW110- "COllO VERY-LOW
CC:MW120 PCOllO VERY-LOW
CC:MW2-- VERY-LOW
CO:Kl-- SLC:W3-- VERY-LOW
CO:Ml-- SLO:WC3-- VERY-LOW
CO:Jl220 SLO:WG300 VERY-LOW
CO:JNO-- CW:W310 VERY-LOW
CO:MW11O SLC:W.OO VERY-LOll
CO:MW112 VERY-LOW
CO:1OI'112 SLC:W300 VERY-LOW
CO:KW120 VERY-LOll
CO:KW121 VERY-LOll
CO:MW121 STO:L!13 VERY-LOW
CO:Mlf122 VDY-lDW
CO:KW130 SLC:W3-- VERY-LOll
CO:w1-- VERY-LOW
CO:"lOl VERY-LOW
CO:W102 VERY-tDW
CO:Wl1O VERy-toW
CO:W111 VERY-LOW
CO:Wl12 SLO:B120 VERY-LOW
CO:W120 VERY-t,DW
CO:W121 VERY-t,DW
CO:W122 VERY-LOW
CO:W130 VERY-LOW
CO:W2-- VERY-t,DW
CW:XW'1-- VERY-LOW
CW:MW1-- SLO:B120 VERY-LOW
Clf:W103- VERY-LOW
t'W:W10. VERY-WW
CII:VllO VERY-LOW
(."II:Wlll VERY-LOW
CW:Wl12 VERY-LOW
(."II:1f113 VERY-LOW
(."II:W12l VERY-LOW
(."II:w122 VERY-LOW
(."II:w123 VERY-LOW
CW:W130 VERY-LOW
CW:W130 CO:KW220 VERY-LOW
CW:W131 VERY-t,DW
CW:W132 VERY-LOW
CW:WUO VERY-LOW
FCCl-- VERY-LOW
FCCl-- +1-- VERY-LOW
KC:SB1-- GE2000 VERY-LOW
MC:S8l-- +1-- GE2000 VERY-LOW
MC:S8102 CO:W202 GE2000 VERY-LOW

APPENDIX a
WILLOW STRATIPICATION SCHEME

MAJOR VEGETATION COMPLEX ELEVATION WILLOW-STRATA
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.APPElfDIX 8
WILLOW STRATIFICATION SCHEME

KAJOR VEGETATION COMPLEX ELEVATION WILLOW-STRATA

HC:Su..a-- VERY-IDW
MC:SBPIOl GE2000 VERY-IDW
MC:SP1-- G!2000 VERY-IDW
KO:SBO-- GI:2000 VERY-IDW
MO:S81-- GI:2000 VERY-IDW
MO:S8310 L2000 VERY-IDW
MO:S8Pl-- G!2000 VERY-IDW
MO:SP1-- G!2000 VERY-IDW
MW:SB2-- G£2000 VERY-IDW
MW: Su..a 12 G£2000 VERY-IDW
MW:SP2-- GE2000 VERY-LOW
SLC:Bl-- VERY-!DW
SLC:8Wl-- VERY-IDW
SLC:EG2-- VERY-IDW
SLC:L!-- VERY-LOW
SLO:80-- +2-- VERY-LOW
SLO:80-- +3-- VERY-IDW
SID: Bl-- +3-- VERY-LOW
SID:BEO-- +3-- VERY-IDW
SLO:B!l-- +3-- VERY-LOW
SLO:BEG1-- VERY-LOW
SLO:BEG120 SLO:8030 VERY-LOW
SLO:LWl-- VERY-LOW
SLO:W1- VERY"LOW
SID:Wl.... HGW VERY"IDW
SID:Wl-- SilO VERY-LOW
SLO:W100 VERY-LOW
SLO:W100 PH VERY-!DW
SLO:W2-- VERY-IDW
SLO:"2-- +1-- VERY-LOW
SID:W2-- SilO VERY-LOW
SLO:WG1-- VERY-LOW
SLO:WGIOO VERY-LOW
SHC:! +3-- VERY-LOW
SilO +3-- VERY-LOW
SIlO +4-- VERY-LOW
SilO SLC:W410 VERY-LOW
SilO SLO:W310 VERY-LOW
STC Ll-- +2-- VERY-LOW
STC La-- SLC:BW22l VERY-LOW
STC L2-- SLO:BW220 VERY-LOW
STC L22l SilO VERY-LOW
STC LW202 SLC:8040 VERY-LOW
STC LW202 slIe VERY-LOW
51'0 L1-- +2-- VERY-LOW
STO Ll-- SLO:BW220 VERY-LOW
STO 1Ml-- +2-- VERY-IDW
STo WIOO SHO VERY-LOW

101
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APPEliDIX B
WILLOW STRATIFICATION sCl\EIlE

MAJOR VEGETATION COMPLEX ELEVATION WILLOW-STRATA

•• STRATA SCARCE
CC:M1~-

SCARCE

CC:M1-- KG!<
SCARCE

c:<::Hl-- KG1I
SCARCE

c:<::Il2--
SCARCE

ce:Wl--
SCARCE

c:<::111-- +0--
SCARCE

CC:W2--
SCARCE

CC:W2-- S1.O:81 SCARCE

CC:W200
SCARCE

CC:W212
SCARCE

CO:M1--
SCARCE

CO:M1-- +1-- SCARCE

CO:M110 KG!<
SCARCE

CO:Il2--
SCARCE

co: Il211
SCARCE

CO:M220
SCARCE

CO:IlWO--
SCARCE

CO: JlWO-- +0-- SCARCE

CO:JlW100
SCARCE

CO:MW102
SCARCE

CO:HW103
SCARCE

CO:KWllO
SCARCE

CO:KWllO FC0010 SCARCE

CO:KW110 rCW100 SCARCE

CO:HWlll
SCARCE

co:HW113
SCARCE

CO:MW123
SCARCE

CO:MW130
SCARCE

co:KW131
SCARCE

co:KW140
SCARCE

co:wo--
SCARCE

CO:W020
SCARCE

CO:W022
SCARCE

CO:W030
SCARCE

C1I:Hl--
SCARCE

ew:K210 SLO:BE120 SCARCE

C1I:HWO--
SCARCE

ew:WO--
SCARCE

ew:W120
SCARCE

DC:81--
SCARCE

DC:BA1--
SCARCE

DC:BP2--
SCARCE

OC:Pl--
SCARCE

DC:P2--
SCARCE

00:81--
SCARCE

CO:Pl--
SCARCE

00:P2--
SCARCE

OW:Bl--
sCARCE

DW:Pl--
SCARCE

rC01--
SCARCE



APPENDIX B
WILLOW STRATIFICATION SCHDlE

FC01-- +0-- SCAlICE
,COIIO STO:LlO3 SCAlICE
rcwo-- SCAlICE
rcwo-- HGW SCAlICE
Fewl-- SCARCE
HGD SCARCE
MC:SBO-- GE2000 SCAlICE
MC;SBl-- 1.2000 SCAlICE
MC;SBl-- +1-- 1.2000 SCAlICE
MC:S8102 CO:W202 1.2000 SCAlICE
MC:SB2-- 1.2000 SCAlICE
MC:SBAO-- SCARCE
MC:SBAl-- SCAlICE
MC:SBPIOI 1.2000 SCAlICE
MC:SPO-- GE2000 SCAlICE
MC:!Pl-- 1.2000 SCAlICE
MC:SP2-- 1.2000 SCAlICE
KO:580-- 1.2000 SCAlICE
MO:581-- 1.2000 SCAlICE
"0:58PO-- 1.2000 SCARCE
MO:SBPO ...... GE2000 SCARCE
KO:SBPl-- 1.2000 SCAlICE
KO:5PO-- C'E2000 SCARC!
MO:5P1··.... 1.2000 SCAlICE
"0:$P2-- 1.2000 SCARCE
ItO:SP)-- 1.2000 SCAlICE
KW:SBO-- G!200(l SCAlICE
KW:S81-- GI:2000 SCAlICE
MW:SB2-- 1.2000 SCAlICE
MW:SBA212 1.2000 SCAlICE
MW:SPl-- GI2000 SCARCE
MW:SP2-- 1.2000 SCARCE
0 W SCARCE
PF SCAlICE
SLe-B +2 SCAlICE
SLe B +l SCAlICE
SLe 80-- SLe BW2-- SCAlICE
SLe BO-- SID BW2-- SCAlICE
SLe BO-- SID W2-- SCARCE
SLe BO-- sto WG2 6

- SCARCE
SLe 8040 SID waDO SCAlICE
aLe BEO-- SCARCE
SLe BEO-- SI.O:W2-- SCAlICE
aLe 8E030 SLO:W200 SCAlICE
aLe BEl"'- SCARC!
SLe BEGD-- SCARCE
SLC BEG1-- SCAlICE
SLC :£1-- SCARCE
SLC EG1-- SCAlICE
SLO BO-- SCARCE
SLO at-- SCARCE

MAJOR VEGETATION COKPIZX ELEVATION WILLOW-STRATA

10'
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WILLOW S'tRATU'ICATIOH SCHEXE

MAJOR VEGETATION COHPIZX ELEVATION wtLIDW-STRATA.

SID:81-- +Q-- sCAIla
SID:.l-- +1-- sCAIla
S1.O:81-- SIlO SCAIlCZ
SID:UO-- sCAIla
s1.o:uo-- +0-- SCAIlCZ
S1.O.UO-- +1-- sCAIla
SID:DD-- +2-- sCAIla
SLO:H1-- sCAIla
SIDsHl-- +0-- sCAIla
SLOsHl-- +1-- sCAIla
SLO:Hl-- +2-- sCAIla
S1.O:H1-- SIlO SCARa
BIDsBEGO-- SCARa
SLO:8GO-- sCAIla
S1.O:1llI1-- SCARa
SID:.I-- +0-- SCARa
S1.O:1llI1-- +1-- SCARa
SLO:1III'1-- SIlO SCARa
SLO:8WC1-- SCARa
51.O:1t0-- SCARa
ILO:!OlO SCARa
SID:Z1-- SCARa
8LO:!110 SCARa
SLO:EGOIO SCARa
SI,D:EG1-- SCARa
S1.O:1tC1-- SXC SCARa
SLO:EGllO SCARa
SLO:Ll-- SCARa
SIlC SCARa
S1lC +1-- SCARa
SKC +2-- SCARa
S1lC PH SCARa
SMe:! +1-- SCARCZ
SIlO +1-- SCARa
SIlO +2-- SCARa
SIlO SID Bltl10 SCARCE
SIlO SID .210 SCARCE
SIlO SID 8130 SCARa
SIlO SLe BW210 SCARa
SIlO SID B1f220 SCARCE
SIlO SID BWCllo SCARa
SIlO S EllO SCARa
SXO 5"1.0 wI00 SCARCE
SXO SID W200 SCARa
SIlO SID W211 SCARa
SXO SID WGlDa SCARCE
8"0 aTe LUl SCARCE
5"0 SID W210 SCARa
SIlO STe WI01 SCARCE
SItO:!

SIlO "
SCARCE

SIlO:! 51.0 W200 SCARa
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lOS

KAJOR VEGETATION

SMa Elll
SMO W
STC La-­
STC LO-­
STC LO-­
STC Ll-­
STC Ll-­
STC Ll-­
STC ~-­

STC ~-­
STC L2-­
STC LWl-­
STC LWl03
STO 8121
STO 8130
STO LO-­
STO LO-­
STO L003
STO L012
STO Ll-­
STO LJ.-­
STO Ll-­
STO Ll-­
STO LW1--

COMPLEX

SMa:!:
SLO:8Ifll0
o

+0-­
+1--

SI.O:8020

o

SLO:BEG020

1--

SMO
SMO
+0--

ELEVATION WILLOW-STRATA

sCAIla
sCAIla
sCAIla
sCAIla
SCARCE
sCAIla
sCAIla
sCAIla
sCAIla
sCAIla
SCARCE
sCAIla
SCARCE
sCAIla
SCARCE
sCAIla
sCAIla
SCARCE.
SCARCE
SCARCE
SCARCE
SCARCE
SCAIlCE
SCARCE
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MA.10R VEGETATION COMPLEX
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ZEIlO
ZEIlO
ZEIlO
ZEIlO
zno
zno
zno
zna
ZEIlO
zno
zno
zna
ZEllO
zno
ZERO
zno
zno
zna
zno
zno
zno
ZERO
ZERO
ZERO
zno
zno
zna
zno
zno
zno
zno
zno
ZERO
zno
ZERO
ZEllO
ZERO
ZERO
ZEllO
ZERO

L2000
UOOO

UOOO
1.4:000
L2000
L2000

ELEVATION WILLOW-STRATA

HBL
PH
a
slIe

a
SilO

PH
SIlO
STO:LO02

110:580-­
J1C:SPO-­
KC:SP1-­
110:581--

110:580-­
110:881--

•• STRATA ZERO
CC:J10-­
ec:IU-­
ce:Jll-­
CC:Jll-­
ee,1I1-­
CCIMWO-­
ec:lIWl-­
ec:lIWl-­
eC:MO-­
CO:KOOl
CO:JlDlO
DC:AO-­
DC:BO-­
DC:BAO-­
00:80-­
DlI:BO-­
DW:BPO-­
rcoo-­
JlC:SBO-­
MC:SPO-­
MOtSBAO-­
NO'SPO-­
MW:SBO-­
MW:SB1-­
MW:SP1--
a
a
a
a
PH
PH
PH
SLC:BO-­
SLC;!O-­
SlIe:E
SNO
SNO
SilO
SilO
SKO



J) So•• of the listings in the coaplex column do not contain
coapl.ee coaplex code. but rather a nuaber preceded by a '+'
.ign, tor exa.ple 1+3', this nuaber repre.ents any
vegetation polygon occurring in the complex which bas a '3'
in the willow torage co.pon.nt.

4) The .trata code i. only valid tor polygons or the
portions ot polygon. at or above the 2000 toot contour which
meet the conditions ot the major vegetation and complex call
when 'CE~OOO' appears in the elevation coluan.

2) When the 'eoaplex' eoluan 1. not blank, then the
eonditions ot both the .ajor veqatation call and the complex
call havs to b. ..t in order for the Htreta code to be
valid.

5) The strata code is only valid tor polyqon. or portions ot
polygon. below the 2000 toot contour which .eet the
conditions ut the major vegetation and complex call when
'L2000' appears in the elevation column.
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Explanation of the coding key :

1) When the I co.pl.x , coluan is blank and the aajar
vegetation call includ•• d.sh•• ' __ I, this indicat•• that
any coabination of alder and dwarf birch torag. calls that
could occur with th~ level IV Viereck call i. covered under
this strata code ~thl...jar veqetation eall i. listed
under another strata code with a specific alder and dwarf
birch torag. call. When this occurs all ealls that are not
eovered specifically ar. covered by the •• jar veqatatior.
call that u••• d••h•••



wher. i-index.. transect.
j - index.. .trata
k - index•• the population (A,B,D)
I - indexe••peei•• (willow, paper birch, .t. cranb.)
M - denot.. tran.ect lenqth

STATISTICAL RESULTS USED TO ESTIMATE MOOSE FORAGE BIOMASS
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el)

- denote. ..an bio.... p.r .2 tor the i th
tran••ct, j th .tr.t., k th )opulation, and
1 th apeeie.

1ljk1 - denotes m.an bio.... per .2 tor the j th
atrata, k th popUlation, and I th species

"jltl

I) Two atage ratio to size e.tiaator.

A) Bioaa.. per .2 per population-.trata eateqory

So

(3)

e4)

2 nd TERM

q - indexes the plots 1n the 1 th transect, j th
strata, and k th popUlation

mijk - number ot plot. in the 1 th transect, th
strata and k th popUlation

Where

since the tran••ct. wer....pled with replace.ent,
1l-·2ndTERH-O.



C) Bia. of bioaa.. per .2 per population .trata cateqory
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(7)

(5)

(10)

. .
COV(~jk1'~jlk1> •

h • h
.ltl· E A;lk "jltl I E A;lk

j-l j-l

where A - denote. area of the j L~ .trata in the k th pop.

•n n n " "
C1/E "1jltl) C1/E "1j'ltl) E "1jltl"1j.ltlCY1jltlY1j'ltl-Pjkl.j'k1)

i-I 1-1 i-I

n· - denote. the nuaber of tran.eet. with plot. in both the
jth and jl th .trata, for a qiven population (k)

(11)

2 2 - - 2 3• -(II. "jk n )COV(Y1jk1.IIjk)+(.Y1jk1" IIjk/np IIjk)

APPENpIX C

8) Bioaa.. per .2 per population

Not. .jltl· ;TY1jltl/T"jk) - CN .Y1jk11 N ."jk)

• C·Y1jk1/ "Kjk)·

CO)

• (~Yljk1/"Mjk) - (1/~2Kjkn2> COy (Yljk1~k)+ (~Yljk1",2Kjk/llI'3Kjk>

Ba.ed on a 2 nd order Taylor Serie. Approxiaation.
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(17)

D) Probability of epeei•• oecurrence per .2 per
population-atrate category.

(12)

'2 ""• Hjlt"n H jk)'

APPppIl C

.
Where b - denot•• the ••tiaated bias ot ~jkl'

where i-index.. t~un••ct.
j - i~d.x.. atrata
k - inc.x•• the population (A,B,D)
1 - in~.x•• epee i •• (willow, paper birch, mt. cranb.)
M - d.J~t.. tran.eet length

P ijk1 - denote. the proportion ot plot. 1n the 1 th
trana.ct, j th atrata, k th population, that
contain plant. of the 1 th epeci••

Pjk1 - denot•• the ••tiaated probability ot a plot 1n
the j th atrata, and k th population,
contalninq a plant ot the 1 th specie.



Hl

(20)

(22)

(19)

(18)

-ijk - nuaber at plot. in the i th tran.ect,
j th .trata and. k th population

APPlHptX c

2 nd TERII

E) Probability ot .peci•• occurrence per .2 per
population category.

where

n 2 '" '" 2 2
EM 1jk('1jkl - 'jkl) I n(n-l)K

1-1
n A A

+«1/nKM2 ) E M21jk[(M1jk-a1jk)!M1jkJ'1jkl(1-'1jkl)/(a1jk-l)
1-1

----------,------------)

since the tran.ect. were ...pled with replacement,
If • • 2 nd. TERM: • o.

where

where A - d.enote. area at th. j th .trata in the k th pop.

So :

•n n n '" '" '" '"
(liE M1jkl) (liE M1jOkl) E M1jkl"1jOkl('1jkl'ijOkl-'jkl'jOkl)

i-I 1-1 i-I

n* - d.enote. the number at tran.ect. with plot. in both the
jth and. j' th .tra~a, tor a given population (k)



APPENDIX C

r) 8ia. of probabili~y of .pecie. occurrence per m2 per
population category

11'

(24)

oC"wjkl/"Mjk)-C1/.'Mjkn')covfiijklMjkl+(.Wjkla'Mjk/n.3Mjk)

Ba.ed on a 2 n4 order Taylor serie. Approximation.

Note

('5)

C'6)

C27 )

2 2 ....2 ~
So b - C-l/i jk n ) COV(iijkl'~k) + Ciijkl a Mjk!n M jk)'

Where b - denote. the ••tiaated bia. of Pjkl .

....2 n 2
a Mjk - t CMijk - !ijk) I (n-l) (31)

i-l
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II) ordinal loqit aodal tor proportion at willow plants
browsad.

A) Full Kodal.

1) Reqular aodel

1nca2jk,aljk) - Q + 'j + 'k + 'jk (l2)

2) Linear Model

lnca2jk,aljic) • Q + 'j + 8C"'k-"'J + ~j (Wk-W) (ll)

l) QUadratic M~el

In(a2jk,aljk) - Q + 'j + 6C"k-W)2 + ~j(w)c-w12 (34)

8) Model with Ba.t pit

- Reduced Linear Mod.l with no interaction.
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(35)

whe~e j - indexe. population (A, or 8)
k - indexe. plant dan.ity (1,2, ... ,S)
aljk - denote. the nuaber at plot. in tha j th

population and at the k th plant den.ity laval
that "era not brow.ed

m2jk - danote. tha nuaber at plot. in the j th
popUlation and at the k th plant density l.val
that vera brow.ad

Q - danote. tha a.an at tha 2XS loqita
'j - danote. tha deviation at tha cell count tram tha

aaan due to tha j th population
'k - danote. the deviation at tha call count troa the

••an due to tha k th laval at plant dan.ity
6 - danot•• the linaar changa in tha logit due to

plant dan.ity
wk - danot•• tha valua at the k th level at plant
_ den.ity (1,2, .•• ,S)
w - d.note. the ••an laval at plant dana ... ty (4.5)
~j - denota. the additional chanqe in the loqit due to

the interaction at the j th population with the k
th plent den.ity




