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Abstract
I )un g 1988 198q. 2:  \ t rer im habi ta!  at t r jbulcs $cre Deasured . rnd comparcd bct$een '10 ber\ef  da \ i lcs l rd 7:  unoccupied
s(rc,rrn silcs to identif,! .rttfibules ascocirtcd \iith d.rn-\ite \electioll bv bcrlcr (Cdrlor crrizr&nji!) in slr.rms of ihe Drift Cr!'ck
Ba\ in.  L i rcoln Count) .  Ofegon. Bea!cr  bui l t  dunsin r fe.rs $ i rh widc \d lcv l loors:  nafrou.  10$ gradicnt  st reans:  h igh grasv
scdgc co!cr:.rnd lo$ red rldef (.1rrr! /llb/d) rrnd sl ub ro\er. tinoccupicd sites lacked the\e characlcrinics. A discdmininl
tuncho rndcl coffectl] clrL\sified 8l? olbca\cr dam sites and 88ta of rnoccupicd nrellnl sites $ irh a chancc coffected classi
fication ratc ol 69tl (Cohen \ (dpd statistic). we uscd 3 geonrrphic rttrjbures (strcan wrdth, gradient. and !allc] tloof $idth)
und developcd a nc\L Habitrt Suit.rbiliII Index (llSl) nodel ti]| the basin. l-and nranageh can use the di\crjminanl functim nlodel
or lhcHSl nodcl to i lnent(n\  poienr ia l  bearcr  dxm si re\  a long streams of thc Orcgon Coast  Range. In iomrat ion obtr ined f ,om
our habiml chssilicLrtion model\ can bc i coDor.rred into pl.rns to prescr!c unique riprrian habirarr maint.rined b) berver

Introduction

Ovcr 60 mill ion beaver (Casrrrr catadensi.\) u'e
estimited to ha\,e inhabitcd rivers. streans, and
lakes of North America (Seton l929). Prior tcr
settleoleot by Europctrns. drainage systems. which
.upp, ' r l . ( l  thc .e  l r rg (  bca \er  F ,pu l . r l i , ,n . .  uere
characterized by having multiple main channels
braided rvith nurrerous small side channcls and
sloughs (Sedell and Froggatt 198.1). Follou'ing
scttlement, flr trappers exploitcci beaver popula
tlons to netlr cxtinction b1 1900 (Anderson 196:l).
Subsequentlv. human aclilities drasticallv altered
the ecological clraracteristics of streams and ri\-
crs. Stream clearings rcmoved in-stream stmc
tures. such as large \lrrody debris and boulders.
fron channels to secure navigation on ri lers and
simplitied cornplex channel structures (Sedell and
Froggan 198:l). As a result, many small sicle-
channels and sloughs, which once were occupied
by numerous bcaver colonies. have disappeared
from large streams and dvers (Scdell and Froggatt
l9E:1). In recent ycars, populatiol managencnt
and reinlroduction eftinls have brought beaver
populations back to 6 l2 n.ri l l ion individuals in
North Anerica (Anderson 1964. Bravton 198,1.
Applc 1985. Naiman et al. 1988). Characteristics
of stream geomorphologv and hydrology, and the
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distribution of suitable beaver habitats in thc
modern drainage systcms. have becone quite dif-
fercnt fron thosc in the prc-settlentcnt systeIns.
In mountain strcams ofthe Oregon Coast Rangc.
beaver dams arc no\v nore colnmonly tbund in
small. lower order tributaries than in large chan-
nels within Lhc drainage systems. A recent esti
mate indicates that there arc approximately 70.(X)0
beaver in Oregon of rvhich half occur in these
coastal streams (Guthrie and Sedell 19ii l3).

To  er  Juatc  h rb imt  .u i t ; rb i l iq  tb r  ber re r  r r r r i , ' u r
habitaL classificrtion nodels have been developed
(Slough and Sadleir 1977. Allen I983. Howard
and Larson 19E5. Beier and Banctt 1987). Among
these nodels. the U.S. Fish and Wildli le Scn'ice
developed a Habitat Suitability Index (HSI) model
that was potentiallv applicable throu-qhout the range
olthe beaver (Allen 1983). Despite its widc geo-
graphical scope. the U.S. Fish and Wildli le HSI
model was not sensitive enough to accommodate
vadability in local conditions ofthe Oregon Coast
Range, and it classified an unusually high pro-
nor l ion  r78 '  r  o l 'be i r re r -uno\ ' cup i rJ . i t c ,  r .  op-
tinal habitats (Suzuki 1992).

To oul knorvledge. no habitat classit ' ication
modcls have been developed fbr the streams of
the Oregon Coast Range. and none ofthe existing



models are applicable in the legion. Our objec
tives were: l) to describe the distdbution and
abundance ofbeaverdams in the Drift Creek Basin
of the Oregon Coast Range. 2) to describe habi-
tat vadables associated \\"ith beavcr dans in the
basin, and 3) to clcvclop habitat classification
models for bcaver that identity stream reachcs
polcntially suitable lbr beaver dam sites within
the basin.

Study Area and Methods

The Drif i Creek Basin is located in the rvestern
slope ol thc centlal Oregon Coast Rangc, Lin
coln County, Oregoo (Figure 1). Dril i  Creek and
its tdbutades drain 179 kmr in area, and eleva-
tjon of the drainage ranges lionl sea level to 860
m. Red alder (.ALnus ruhrtt) and Douglas-tlr
(P.\eudotsuga nknaic"rii) were the most coDrmon
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tlee species foLrnd throughoul the area. Other tree
species includcd western henlock (7.iri.ga
h ete I op lr- I I d). \\' estern redcedar (Th uj a p l ic ata),
and bigleafnaple (,4 cer nncrophyl[unt). Salmo
nberry (.Rubus spectdlrl1i.r) was the dominant uo-
derstory-shrub spccics. Other unde$tory vegeta-
tion included vine maple (A. cir.i?.rarr), elderbenf
lSunbucus rttcemostil. thimbleberry (R.
pa^,rflonrs). stinking curraDt (RiDcs lrrudelr.rrr),
Calilbnria hazel ( Co r1'l us c rt rn ut a). hucklebery
(.Uacciniunt pa rr ilol iirz). devil's clnb (Op lopunox
horidunt), wcslern swordfern (Poltstichunr
nrirallaz), sedges (Care,t spp.). and various forbs
and grasses.

h the lall of 1981j and 1989, rve surveyed
streams of the Drit't Creck Basin on foot and Io
cated beaver dams on topogmphic maps (scale
I :2'1000). Sun'eys conducted by tisheries scicntists
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rn Lhc sunrmeL of 1988 and 19E9 pror,ided addi-
tional localions olbeaver dans and nteasuremelts
ofchannei geomorphology in other streams in the
basin (Schwaflz 1991.). Based on bcaver danr
locations. each streanl \!as clit ided into beaver-
occupied and bcaver-unoccupied scctions (Fig
urc 1). Beavel occLrpicd sections were character-
rzed b\ presence of darls and ponds that wcrc
acti\,ely rnaintained by beavers. Unoccupied sec
tions wcre strealn sections without beaver dams;
horle\,er. these sections might be occupicd by bank-
dwelling bcarers.

We conductcd a hrbitat sun ey at.10 randomly
seleclcd beaver dan sitcs within the beaver-oc-
cupied sections and 72 randomly selccted points
within thc beaver-unoccupicd sections ol steams.
Because verv lew dams were tbutd on thc ,lth-
orcier and 5th order scctions of Dril i  Crcek. all
sampling points for hrbitat survey $crc selected
in lst to 3rd-order- streams. Twentv-two vari
ablcs. rvhich represenl channel geomorphologl.
cover by vegelative layers. and covcr by shrubs
and trec species. \\ere neasured during the sur-
rey (Table 2. Suzuki 1992). We measured strcanr
*iclth and valley-l1oor $idth with a nlctcr tape
and strean depth with a measuring srick. Mea
surenenls ol stream widtl] and dcpth reUected
thc bank-tull dinensions of channels. At cach
beaver da|n-sitc. stream width and depth rvere
measurcd rt a point immediatclv downstrean lron
the dam. Thus. thc measurement reflccted the
original channel characteri stics. Vallcy-floor u'idth
$as measurcd to reflect the width of a 100 year
flood plain. Stream gradient was measured by
sishting a clinometer ovcr the distance of 20-m
upstrealn and 20-m dowtstleam front a sampling
point. and the a\,erage gradient Ias calculated for
cach site. We Lrscd a clinonteter and nreasured
the angle of bank slope over the distance of 20 m
upslope liom the channel ccnter. The average
slope ol banks on both siclcs ol the stream was
calculated tbr each silc. Vegetative variablcs were
ocularly estimated within a 20-n raclius plot and
\\ ' i lhin a nested l0 m radius plot. These plots
were centereclon a randonlly assigned strcam bant.
Percent cor.cr of trees and shrubs was estimated
within the 20-nr mdius plot, and percent covcr of
herbaceous vegetation (grass/sedge. forb. and t'crn)
\\as estimated within a nested l0 m raclius plot.

Habitat variables werc exrmined lbr norntal-
it), by nonnal probabilit) plot and ly. the Shapiro
Wi lk  s ta t i s t i c  (SAS Ins t i ru te  Inc .  1990:6271.

10.1 Suzuki and McConb

Logalithmic and square rool transfblmations were
attemptcd on all non normal valiables. Either
original or translbrrned variables tvith near nor-
mal distdbutions rvere compared betu'een dam
sites and unoccupied sites wiLh Student's I tcsts
(SAS Institutc Inc. 1989:l633). Non-rormal vari-
ables, which could not be transtbrmed (l i/< 0.7),
rvere compared between dam sites and unrrccu
pied sites u'ith Wilcoxon r nk suln lcsts (SAS
IDStilutc Inc. 1 989: l 198).

Wc used stepu'ise discriminant analvsis to se
l<( l  i r  ( , ' rnh i r i r i i on  o l  r r r i rh le .  u j t i ch  6 t . r  . c f i r ,
rated dam sites from unoccupied sites (SAS In-
slitute Inc. 1989:1'193). The vadablc selection
did not rely on the results of the t-tests. Linear
conelations bct\\'een all possiblc pairs ofthe vari-
lbles rvere examined rvith Pearson s correlalion
coef l l c ien t  (Doore  and Pcck  1986: l l3 ) .
Multicollineadty among the variablcs u'as reduced
by testing correliltcd vlriables (r'> 0.6) sepiilatelv
in a stepwise discrirninrnt analysis. Ail possible
combinations ofthese variables wcre tested. Lincar
discdminanl function analysis. using the seleclcd
conbination of variables. rvas used to deveiop a
habitat classification model (SAS Institute lnc.
l9E9:,15). Thc l inerr combination of variables
that maximized thc correct classification level with
a l ineu discriminant t inction anaiysis rvas cho-
sen as a fi lal classification model.

We developed a ncw Habitat Suitabil ity Index
(HSl) model 1br bearcr in the Drift Creek Basin
using variables thal the discr-iminant lunction
analysis identif ied as potcntially imporlant in dis
tinguishing between dam-sites and unoccupied
sltes. Using relative frequency distribulion of
beavcr dams over the gradient of each habitat
lariable (Figure 2). rve adjusted valucs of all the
indices to meet characreristics ofthe strcam habitat
usecl by beaver in the basin.

Results

Densrty and D str ibut ion of  Beaver Dams
The stream survev covering 6-5 km of Driti Creek
and its tributaries firund 170 beaver danrs ofwhich
166 dans (98%) were lburd in l st- to 3rd-order
streiims (map scalc 1:24000). Only 4 drms (212,)
wcre tbund in the,lth-order section, and none u'ere
found in 5th-order section ofDrilt Creek. Average
strean widths incrcased fron lst ordcr tributrLries
to the -5th-ordermain stem ofthe Drilt Creek while
average stream gradients decrcased (Tlbie l). Dant
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densiry was high in lst-order and 2nd-order streams
and decreasccl in 3rd-order streans and.+th or
der streams (Table l). The overall drm density
rvas 2.6 dans/km.

TABLE l .  Colnpuison ol  nean (SE) \ t fcarr  $rdlhs rnd
suclrn gradicnls. and bea\er dam densil] among
nrcim\ wi!h difierent orders. Drift Creek Brsin.
L incoln Counr) .  Ofegon, 1988 1989.

L\BLB2. a l ( )Jnprf is(nr  of  mern (SE) habi l .Lr  \ ' . r f iables be-
I$een the ber\er  drnl  s i les l t l1d unoccupied
slrca r  s i t ! ' \ .  Dr i l i  Crcck Basin.  l - incoln CounlJ.
Oregon. 1988- 1989

Drln sirc\ Unoccupicd
(?r=10) (n=7l i  P \a luc

Srcun ordcr Widrh (nr) Cradienr ( tZ) Dams/km

G€o'norphic
Stre.rm \\'idth 0n)
Srrcxn dcplh 0n)

. 1 .1  (0 .1 )  1 .E  r0 . l )  0 .1192
0.7 (0.1 ) 0.7 (0. 1 ) ( l . l5l tq

l \ 1
2nd

.lth

5tlr

1 .1

1 .5
0.5
U.U

3 . r (0 .  r 1
.1.6(0.1)
6 : ( ) : )

1 .12 (0 .2 )
16.3(0.3)

1.0(0.-1)
3.0().3)
l . r ( ) . 1 i
l . l ( ) . r )
0 .7 {0 .1 )

Stream grxdient  ( tZ)  1.2 (0.1)  3.9 ( l . l )  0.0007
vaLle""-  l loor  \L idrh {nt  12.8(1.0)  l l .7( l . . l l  0 .0001
B . r n k  s l o p c  ( ? .  )  - 1 1 . 8 ( 1 . 0 )  . 1 5 . 6 ( 2 . 8 )  0 . 0 0 1 5

'Thc 
strca r ordcr was deteflnined ftom the U.S. Geological

SuI \er  lopogfaphic map (scr le l :2,1000).

t " n m n r r i c n n  ^ f  H t h  t r t  \ / t . i t h  a (

Pcrccnt covcr of Califomia hazel. thimblebery,
and huckleberry could not be transtbrmed to at-
tain nomral distdbutions. None of these three
valiables were different between dam sites and
unoccupiccl-strcam sites with Wilcoxon rank sum
lests (Table 2). We were able to test l9 normally-
distributed variables with Studcnt's t-lests. Strean
gradient and bank slopc were lower at dam sites
and thc vallcy floor width was wider at dam sites
than at unoccupied-stream sites (Table 2). Bea-
ver-dam sites had higher percent cover by tbrbs
and grasses/sedges and had lower percent cover
by ferns. shrubs. midstory lrees. and total tree
canopy than unoccupied stream sites. Red alder.
salmonber)', and stinking currant covcr-wcrc lower
at dam sites than at unoccupicd sites. Elderbelay
cover rl'rs highcr at dam sites than at unoccupied
strean s itcs.

Dlscr imlnant Ana ysis

Strong corrclations were found bet\\"een stream
width and depth (r = + 0.60), valley l loor width
ald bzurk slope (r= - 0.70), shrub cover and salmo-
nbery cover (/ = + 0.70). and trcc-canopy cover
and red aider covcr (r = + 0.92). Correlated vari
ables were tesled separately in discriminant analy-
.e . .  Othcr  | r r i rb le :  ine luJcJ  i r r  the  J i r i r i rn in rn t
analysis were firrb covcr. fcrn cover, grass/sedge
cover. and Douglas lir cor,er.

Three untransformed geomorphic variables
(stream width, strean gradient, and valley floor
width) and 3 untransfoflDed vegetative varirbles
(k)tal shrub covcr grass/sedge cover, and red alder
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\tgctatirc
Trce cmoPr' (qi ) l8.E (2.,11

Olcrstory l rcc ( ta)  l l .6 (1.1)

Nl idslor)  l rcc (%l 20.1 ( l . l )

Shrub canop] ( . . t ;  )  56.0(1.O
Bire l round 1?) 9.0 (1. ,1)

Crass/sedge cover (" i )  59.0 (5.0)

Forb Coler  ( ' , t )  .15.0 ( : .0)

Fern cover ( tZ)  11.5 (  l . l )
Red.r ldef  ( tZ )  3.1.5 (2.9)

Dough\- f i r l t i  8.0 (1.8)

salmonbeff ]  ( {  )  ,+6.5 (1.51

Elderbef l t ' (%) 16.0 (  2.1)
V i n e  m a p l e  ( r : )  l 3 . l  ( 2 . 1 )

Sli*ing culrcnl ('i.) 1.9 (1. l)
Cla l i lorn ix ha/c l  ( t t l  2.0 rc.9)
Thi  rb lc bcr t  (?)  LE (  1.9)

l lLrcklcbcny (9; t  1.7 rc.1)

52.9 (t . l )  0.0001
27.8 (1.1) l) .1,f l  1
19.7 ( l . l )  0.0178
65 . I  ( 1 .8 )  0 .0001
7 .6 { t . t )  0 . . 1 .126

25 .1c .1 )  0 .0001
18.9 (t .7) 0.0180
l8 . l  ( 1 . , 1 )  0 .0138
,t7.7 (2.8) 0.{X130
8.1 (1..1) 0.q801

58.2 ( 1.8) 0.0003
10 .1 (1 .3 )  0 .0 .168
l.:1.3 i1.6t 0.661-l
I  r . 0  (  r . 5 )  0 .0039
1.9 (0.9) 0.1,165'
5 .2  (1 .3 )  0 .171 ( |
0.9 (0.,1) 0. l , l l l '

' P-! lues of C.rliibrnia huel, thinlbleberr]. and hucklebelT}
were br\ed on wilcoron rank su!n tcsts, and P !alucs ol olhcr
lariablcs $crc based on St dent s r tesls.

covcr) bcst scparated dam sites fron unoccupied
sites (Table 3). Increasing valley 11ool width and
grass/sedge cover. and decreirsing stream width.
stream gradicnt. rcd aldcr cover. and shrub covcr
rvere positively associated with dam sites. The
model correctly classitied il3Tr ofbcavcr-dam sites
and 887r, of unoccupied stream sites with the
chance-corrcctcd classification rate (Cohcn's
Kdpp./ statistic) of 69%, (Titus et al. 1984). The
Iinear discrininant tunctiiln nrodel was:

DF = + 0.069 * (valley tloor width fml)
- 0.364 * (stream gradient [a/r])
- 0.545 + (stream wid|h Iml)

0.06.1 " (red alder cover f'l.1)
- 0.098 * (shrub cover ft lr].)

+ 0.024 * (grass/sedge cover lQ l)
+  9 . 1 6 7 .  ( 1 )



TABLE -:. Llnstandardizcd nnd mndardized discrimirant
function coefticienls lor habitat \,1rirblcs netr
sufed .rI bexler dxm sitc\ and unoccupicd \itcs.
Dr i f t  Creek Basin.  L incoln (  ount t .  Orcgon.
1 9 8 8  1 9 8 q .

Stream Gradient lndex

Stream Width lndex

Vafirble\ U.standardircd SLandardired

1
0.8
0 6
0.4
o 2

0
Vrllcy lloor $ idth (lnl

Slrcan grrd ieni  (?)

Stream ridth ( l
Red alder cover (af l
Shrub co\cr  (?)

a;rass/sedgc co\cr (q;)

Constrnt

+{).069
0.36.1
0.515

-0.06,1
0.098

+0.02.1
9 .167

+i).855 +0.52 |
- 1 .001  0 . . 1 r . 1
0.960 -0.261
1.,119 0.39,1

-1 . l 19  -0 .501
+0.59,1 +0.111

rCorelat ions bet*een hrbr ta l  lar iables and a discr inr inant

Using DF = 0 as a dil iding point. the discrimi-
nant function clrssit ied positive values (DF>0)
as dam sites and negativc values (DF<0) as un-
occupied sites. Three geomorphic variables,
(strcam gradient. stream $'idth. and valley floor
width) alone corectlv classified 837a ofdam sites
and 67% of unoccupied sites with the chance-
couected classification ratc (KrV?,? statistic) of
507r. The linear discriminant functioo model of
geomorphic variables was:

DF = - 0..18.1 * (strcam width lml)
+ 0.060 + (valley tloor rvidth [m])
- 0.239'. (stream gradient [7c]1

Valley Floor Width Index

2
E

1
0.8
0.6
0.4
0.2

o

+  1 . 2 1 0 . (2) 0 5 i0 15 20 25 30 35 40

Valley Floor widlh (m)

Deve lop  ng  a  New Hab ta t  Su tab  i t y  Index
(HSl )  N/ode l

Wc developed a nev HST model using the habitat
data collected from the Drift Creek Basin. Three
geomorphic attributes. uhich were selected in the
discriminant analysis. werc uscd to construct the
lirllorving indices: strealn gradient index, strean]
width index. and valley floor width index. Each
ildex produces index scores (lS) for a particular
attribute ranging liom IS = 0.0 fbr unsuitable to
IS = L0 foroptinum condition firr dam sites (Fig-
ure 3). An index score of each attribute is intcr-
polated from the inder diagram fi)r a value ofthat
attribute measured at agiYen site (Ficwe 3). Scores
1br the 3 indices are obtaincd lbr a site and com-
p red to deternine an HSI score. which repre-
scnts a measure of overall habitat suitability of a
site for dam buildin-e. In this HSI model. the

Figure 3.  Diagrams oi  der scofe\  fof  , i t ferm gradicni .
stream t!idlh. and valley lloof-\\'irlth index in thc
ner\ H S l model ibr bcalcr brsed on the dat.r ffom
the Df i f t  Creek Basin.  L incoln Count!  Ofe-

s o n . l 9 8 8 - 1 9 8 9

min i rnum .core  r rn i ,np  thc . l  inL le \  . ,o re \  i5  .e
le\'ted !r. rn HST .core of r gir cn .rte.

Stream Gradient lndex

In the Dritt Creek Basin 6?7c ofbeavcr dams vere
found on the slreams that had gradient < 37., (Figure
2). Frequency of dams decreased as slream -qra-
dient increased from 3qr' b 10E . No beavel dams
* ere observed on sffeams with a gradient > l0%.
Thercfore, stream gradients < 36/c werc consid-
e t c d  o p t i m u m  r l S  =  l . 0 t  l L r r  d a r n  \ i l c s .  \ l r c J n l

o  1  2  3  4  5  6  7  0  9  1 0
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gradients > l0% rvele corsidered unsuitable iIS
= 0.0). ancl the suitabil ity ol streanr -eraclient uas
assumed to decline linearly lrom gradient 3% to
11)7r (Figurc 3).

Stream Width lndex

Wc found beaver dans nost frequentl"v on the
streams 3 '+ lrt wide (Figure 2). Danr frequency
dccrcascd as thc slrcams bccamc widcr. No bea-
ver dams u,ere fbund in the streams that had \\"idths
> l0nor<2m. Therefore, streans 3 .+ 1n wide
wer-e considererl optimurn tbr danr sites (lS = L0.
Figure 3), whilc strcam rvidths < 2 m or > I0 m
rvere considerecl unsuitable for dam sites (IS =
0.0). Suitabilit,v of stream width was assumed to
clecline l inearly frorn 3 m to 2 m ancl also f 'nrm.1
m t o  l 0  m .

Valley Floor Width lndex

In the Drif ' t Cleek Basin. bcavcr dams l '-crc mosl
l'requently found on streams that had valley floors
25 - 30 m wide (Figure 2). Seventy-seven per-
ccnt ofdams rvcrc lbund on slrcams thal had val-
ley l1oors > 25 m wide. Tn the U.S. Fish and
Wildlifc HSI model. slreams lhal had valley floors
> .16 n wide were considered optimum as dam
sites (Allen 1983). Although such wicic vallcl
llo.r|r u <re rue in the l rt tu -lrd order mountai|
streams of the Drilt Cleek Basin, we tbund bea-
Ver dams on rlmost all the stream survc,- sitcs
with r,allev floor widths > 50 m. No beaver dams
were tirund on thc strcams that had vallc) lloors
< l0 n u'ide. Therefbre. valle-v floor rvidths > 25
m u ere considercd r)ptimum lit bcrvcr dam silcs
(lS = 1.0. Figure 3) and valley tloor widths < l0
m were considered unsuitable fbr dam sites iIS =
0.0). Suitabil ity ol thc vrl lcy fltxrr rvidth was
assumed to decline l inearly from 25 m to 10 m.

HSI scores

T , '  J c t c r t n i t t e  r n  H S I  * , ' r e  l , ' r  J  ! i \ ( n  ' r l r .  r n -
dex scores (lS) for stream gradient, stlearn rvidth.
and valley floor width are obtained tiom the in-
dex diagranrs (Figurc 3). \!c i lssunlc strcam
gradielt, strearn width. and valley floor width
cannot substitutc ti)ronc another to improve ovenll
habitat quality. Among these three attributes, we
assunrc thal thc onc wilh drc least lavorable con
dition lbr clam building. indicated by the lowest
ildex score. is l imiting the over-all h bitat suit-
abil ity of the site. For exanrplc. bcalcr cannot

l08 Suzuki ancl McComb

build dans in very *ide streams (>10 m) even
thou-qh streanr grldients are at optimum condi-
tions (<3%). In these cases, the unlhvorable stlealn
width is l imiLing the overall habitat suitabil ity of
dam sites (Table l). Based or the corcept that
onc factor can l imit habirat suitabil ity (U.S. Fish
and Wildlife Service l98l:103 ESM-3-31). thc
model uses the lowest ildex score (IS) of either
strcan gradicnt indcx, strcam width index, or valley
floor width index as the HSI score of the site.
which represents the measLrre of overall habitat
suitabil ity of the site tbr dam building. For- er-
ample. a hypothetical slream section widr a -ura-
dient of 3%,. a stream width of 6 m. and a valley
tloor width of 15 m would have IS = L0 lbr gra
dient index, IS = 0.7 firr streanr width index. IS =
0.3 for vallev floor width inder. and HSI score =
0.3 (Figurc 3). In this sccnario, the model con-
siders valley lloor \\"idth as limiting the ovenll
habitat suitabil ity of the site.

Discussion

Vegetatlve and Physica Characterist cs of
Beaver Dam S tes

Decreasing red aldel cover and shrub cover. and
increasing grass/sedge cover were positively as-
sociated with dam sites in the first discriminant
lunction model (equation I, Table 3). If the ob
served differences in veggtative vadables bet$,een
dam sites and unoccupied sites were the result of
alteration by beaver the vegetative variables would
not be goodpredictors of potentially suitable sitcs
prior t{) the colonizrtion b_"' beaver (Beier and
B. r | rc l t  IoR7r .  Bcr re r  i rn  c l l c r  \puc ic \  r , , rn l ,L
sition of riparian plant conmunities by remov-
ing pret'erred species and stimulating the growth
of avoidcd specics (Barrcs and Dibblc 1988.
Johnston and Naiman 1990). ln the Oregon Coast
Ralge beaver selectively forage on red aldcr and
salmonberry and avoid tirraging on elderberv
(Bruncr 1990). Thus. thc sclcctive fortging by
beaverprobabl.v leduced the red alder and salmo-
nberry cover and indirectly increased the elder
berry cover at the dan sites. Abundancc of her-
baceous vegetation at the dalll sites was probably
a result of renoval of tree and shrub covcr and
increased soil moisture around the beaver pond
(Beier and Banett 1987). Consequently, thc dis-
criminant model, when vegetative variables were
included. would not l ikelv identif,v potential dam
sitcs in strcams of thc Orcgon Coast Range.



Physical characteristics of stream habitats ha\,e
been founcl to be mt)re important tactors of dan-
site seleclion than vegetilt ive characteristics
(Ho* ar d and Larson 1985. Bcier and Banett 1987).
\!'e fbund that decreilsing gradients and stream
q'idths and increasin-u val1ey floor u'idths were
positively rssociated with dam sites. Beier and
Barctt (l9lj7.) and Howard and Larson (1985)
also indicrted thrt decreasing gradients \\"ere posi-
tilely corrclated rvith dam occurrence, but that
decreasing strcam n iclths $ere negatively corre
lated u'ith dam silc prcscnce.

Frcquency of beaver dans in the Driti Crcck
basin decreased as stleams becane stccpcr or* ider
(Figure 2). The force creilted by stream t'low is
probably too large for betrvcr to builcl and nrain-
tain dams onhigh gradienl slrcams (>10'l.) oron
wide streanrs (>10 n) with deep channels that
calry large volune of water per unit lcngth
(McCornb et al. 1990). Taylor (1970:1.12) indi-
cated thrt flood damage to beavcr danrs was most
evident on slightly steep and undivided stream
channels. Bmner (1990) rcporrecl that neuly all
beaver dams in.1th- and -5th-order coastal streans
o l  Oregon \ \ ( r (  \ \ l \hc \ l  , ' u t  l r rnur l l '

Valley floor rvidth was also important to dam
site location in the basin. Beaver clams that l lood
a u,ide r,alley l'Ifi)r create ponds with lerge sur
face arca and long perimeter relative to volunle
(Johnston and Nainran 1987). During a flood.
watcr tables may rise only a 1e\\" cm: a series of
such ponds cffectively store u'ater and leduce peak
dischargc (Pllrker et al. l9E5). Beavel dan.is can
also signil icantly rcduce velocity of increased
discharge b1' sprcadin-q streanr llow over a *ider
!allcy floor (Parker et al. 1985). In contrast. bea-
lcr ponds constructed on a high gradient slrcanr
with a narrorv valley lloor tend to be small in sur-
f 'acc area and perimeter relative to volumc
(Johnstr)n and Naiman 1987). During a l1ood.
lhe \\,alcrlcvcl olsuch ponds car increase drasti
cally; thcrclore. the ponds are not ellective at re-
ducing peak discharge and llow velocity. Con-
sequently. beaver dams in narrorv lallcys are
probably more susceptible to being rvashed out
during floods than those in rvit le lallcls.

C ass f catlon l\,4odels and N,4anagement
mpl lca t ions

Basedon the 3 geomorphic varirbles {streun width,
stream gradicnl. \ 'al ley tloor rvidth). the nerv HSI
model can be used to evaluate suitabil itv of stream

siLcs as dam sites. Altemativeh,, the discrimi
nant function moclcl with the same geonorpltic
vuiablcs (equation 2) can be usedto classity streanr
sites as either dan siles or unoccupied sites.

The HSI model and the discriminant tunction
model can be best applied lbr streams of thc Drift
Creek Basin lnd should be applicable for othcr
streams of the Oregon Coast Range as long as
geomorphology rnd hydrology are similar Lo those
of the Dfiti Creek Basin. Wc recommend that
our models bc tcsted in \latersheds in dil lcrcnt
p f , rg r i rph i (  loc l t ion '  u i th  r l r r r ru .  enr , i r r 'nn ten
tal conditions to ensure a widel geographic scope
of applicabil ity.

Our habitat modcls crnnot predict local bca-
ver populations or habitat suitabil ity fbr bank
dwelling beavcrs; h<xvever, r'ildlile managers can
Lrsc thcse models to inventory polential beaver--
dam sites along strcams ofthe Or.egon Coast Rangc.
Infbrmation obtained tiom our models can be
incorporated into plans to preserve riptrrian habi-
tats because beavcr dams lnd associated beatcr
activit ies influence various ccological attributes
and processes. including abundance and com-
munity structures ofaquatic and tcrrestrilll organ
isms (Rutherlbrd 1955. Reese and Hair 1976.
McDowell and Naiman 1986. Bruner 1990), r 'eg
e ta l ion  dynamics  (Barnes  and D ibb lc  198E,
Johnston and Naiman 1990). biochemical path-
uays (Naiman et al. 1986. Naiman et al. 19881.
and sediment transport (Parker et al. 1985 ). Ulti-
mately, these neu' habitat classit ' ication models
will help land managers consider ho\\" to mini-
r r r i ze  the  rd rer .<  in f luence o f  l rn , l  u .e  n r ! l \ l i Lc \
on uniquc riparian hrbitats maintained bv berver.
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