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Streams in the Oregon Coast Range

Abstract
\\'e examined the associatior bel*een stream reach Irnd riparian conditions influcnccd by bcavers wilh caplure ratcs of smali
mamnals ard xmphibians. \\t comparcd lcgctalion strucrurc and capNre rares ofsmall mamnrals and amphibians between stream
reaches occupicd by bcalcr and unoccupicd rcachcs in 5 streams in rhe Oregon Coasr Range. Percent co\'€r by stinking curranr and
all lhrub! cornbincd was lower at occrpied than unoccupied reaches. Cover by elderberry grasses, and sedgeswas higher at occupied
rhan unoccupicd rcaches. Clapiure rates ofindividual \pecies of small manmals and amphibians did not ditrer betweeD beaveFoccu-
picd and unoccupied reachei (/ > 0.1). Howe\er capture rates ofspecies typically found in either early successional stages of ponds
scrc highcr in bcalcr occupied areas. For instance. combined capture rates for 3 species ofmicrotine loles lvere consistentl) highel
rl occupicd fian at unoccupicd reaches (l' < 0.1). F\rther vaflability in capture mtes was higher among occupied than unoccupied
reaches ior 5 rpccics ol s all arnmals (P< 0.1). we hypothesize thatthe high \ariability in capturc rates is associated wirh more
divers. \cgclati\c and ph,"- sical characteri stics arbeaver'occupied reaches. We also hypothesize that analyses conducted at larger spatial
scalcs. i.cluding wholc rvatcrsheds. ina! releal corrtribuiions of bealer to riparian arra helemgeneity and veftebrate diversi!-.

Introduction

Beaver (Ca.rtor canadensis) altcr riparian areas
through cutting woody plants and building dams
(Naiman et al. 19881. Beaver dams modity stream
hydrology, accumulate sedimcnts. and increase
wetted surface area of the channel (Gard 1961,
Naiman ct al. 1986). Beaver dams form pools
th t often beneiit treut (.SaLmo spp.; Gard 1961)
and coho salnon (Ortc or hrnt htrs kisutt: h, Bt'sret
et al. 1992). Streamside areas flooded by beaver
ofien function as wetliinds that provide habitat for
watedowl (Beard I953. Renouf 1972), furbearers
(Beard 1953. Rutherlbrd 1955), and non-gamc
birds (Hair et al. 1978). Herbivory by beaver can
reduce biomass and change the structure and
composition of riparian fbrests (Johnston and
Naiman 1990).

Despite the well-documcntcd influence of
beaver on a wide vadety of vertebrates. Iittle is
knov n regarding how beaver influence habitat for
small mammals and arnphibians (Medin and Clary
1991 ). Wc arc not aware ol any published studies
that r\ iei\ed i l)\rrciirt iun: bel rr een be.rver rctir i l ie.
and arnphibians. Strcamsides generally support
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more small mammals (Mccomb et al. 1993) and
amphibians (Gomez andAnthony 1996) and more
diverse small mammal communities (Mccomb
et. al 1993) than upslope areas in the Oregon
Coast Range. Deciduous riparian fbrests support
c  p rn icu lc r ly  d i \e rse  sml l l  mammr l  com mu n  i t1
in the Oregon Coast Range (Gomez and Anthony
1996, Gomez andArthony 1998). Beaver are often
associated with deciduous riparian forests and
they preferentially fonge on deciduous trees and
sbrubs (Jenkins 1979, Bruner 1990). Consequently,
the disturbances caused by beaver may influence
habitat quality for small marnmals and amphib
ians. For instancc. changes in strcam hydrology
and rates ofsedimentation caused by beaver might
influence the abundance of amphibian species that
require either clear-flowing streams or polds for
reproduction. Fufthemore, small mammal spe-
cies that are primarily associated with early seral
plant communities might be positively influenced
by openings created by beaver (Medin and Clary
1991). On the otherhand. intcnse bcaverherbivory
might negatively inlluence the abundance and
habitat quality of those species that are primarily
associated with dense riparian forests.

Our objectives were l) to compare vegetative
and geophysical structure of habitat between



beaver-occupied and unoccupied reaches and 2) to
compare relative abund nce and community struc-
ture of small mammals and amphibians between
bcavcr-occupicd and unoccupied reaches.

Study Area and Methods

Our study was conducted in 5 perennial lst and
2nd-order strgams in the $estern slope 0f the
Oregon Coast Range, Lincoln County, Oregon
(Figurc 1). Strcams pass through steep and deeply
cut mountain valleys; elevation ranges frcm near
sea level to 860 m. The climate of the Oregon Coast
Range is maritime characterized by wet. mild
winters and cool. relatively dry summers: annual
temperature avenges 10'C and precipitation aver-
ages 250 cm (Franklin and Dyrness 1988:38-42).
The study alea lies within the western hemlock
(Tsuga hetetoph1-I|a) vegetation zone (Franklin
and Dymess l988:70'88). Forest stands adjacent
to 2 streams were 10-30 years old; the other 3
sffeams were adjacent to young stands on I side
and stands 100-1,10 years old on the other side.
Red aldcr (A/zirs r&Drri) was the most dominant

tree species along the 5 streams. Douglas-lir
(Pseudotsuga nenzle.rli) was present but usually
tbund >30 m away ftom the stream. Understory
vegetation was dominated by salmonbcnv (R&rr.t
spectabiLi.t l.

Within each stream, we subjectively selected
a pair of beaver-occupied and bcavcr-unoccupied
reaches (Figure I ). Each pat ofreaches was similar
in stream order (1st or 2nd order). stream gt-adi-
ent (< 57.), and stand age. Within each reach, we
established a 180-m transect parallcl to and ll m
tiom the stream on each side of the stream. We
also established a l80-m riparian-fringe transect
approxinately 20 m liom I of the streamside
l ransec l \  r t  c rch  reJr 'h .  T rupp ing . tJ l iun \  $ere
established every 20 m along each transect. One
pitfall trap (double-deep Ne. l0 tin can) and 2
Museum Special traps were placed at each trapping
station. The Museum Specials were baited vith
rolled oats and peanut butter. No bait was used in
the pitfall traps. The pitfall traps were activated on
the second week of September, 1989 and rcmained
open fbr 30 days. Alier30days of intermrssron. we

Figurc 1. Location of nudy sitcs in thc ccnll1ll Oregon Coast Range. Lincoln CouDt). Ore:ron.
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reactivated the pitfall traps on the second week of
Novcmber, 191i9 and kept thcm open fbr another
30 days. Thc Museum Specials u'erc operated fbr.
3 consecutive days duri11g Septelnber, 1989. The
pitlall traps were checked weekly and the Museun
Specials were checked daily. We measured 28
\'adables that chafacterized lloristics, \'egetation
structLrre, do$'ned wood. ;ind geomorphology at
a l0 m radius plot centered on each pitfall trap
(Suzuki 1992:.11-43). We measured habitar vari-
ables fiorn August Scptembcr 1989

We compared capturcs per 100 trap nights
(TN) ol small nranulal and arnphibian species
wlth > 20 total captures betwcen beaver-occupied
and unoccupied rcaches with Wilcoxon signed-
rank tests (SAS Instirutc 1990:626). Wc rested fbr
equality ofvariances in capturc rates ofvefiebrates
between beaver-occupied aDd unoccupied reaches
with F-tests: F was the mtio of tl.te larger to the
smaller sample \,ariance in capturc rates bctween
beaver-occupied and unoccupicd reaches (Stecl
ard Tonie l9E0:l l1-l l2). We compared habitat
variablesbctweenbcner occupiedandunoccupied
reaches with paired t tests. In cases $'here habitat
\,aiablcs were not nonnally distributed we uscd
ilpplopriate transfbmations (lo-s c or square root)
to rmprove the distribution of variables in the
paired r tests. We considercd results with p < 0.1
a! stalistically significant in a1l analyses.

Results and Discussion

Bcaver occupied rcaches had lowcr percent cover
h1 to t r l  rh rub . .  r r r l l sh luh . .  rnd : r ink ingr  cur r rn r r
( Ribe s bmdeosutn) than unoccupicd reachcs (Tablc
l). ln contfast. percent cover by grasses. sedges.
and elderbcrries (Sdr??bricts iacczo.ia) werc higher
along occupied reaches than at unoccupicd reachcs.
Beavcr alter species composition of riparian plant
communitics by selectively remor.ing pref'erred
spccies and by indircctl)' slimulating the growrh ol
avoided spccies (Btrrnes and Dibble 1988. Johnston
and Nainrar 1990). In rhe Oregon Coast Range.
beavcr most ofien cut red alcler. salmonbenv. and
vine maple (Ater cirt inatwn) stems 2-9 cm in
diametcr (Bruncr 1990). Therctin-e. thc selec[ive
fbraging by beaver probabll decrcased cover
of prelened shrub species. cspecially in thc trl l
shrub layer ( I .4 3.9 m in hcighr) and indirectty
stimulated the growth ofunbro$'sed species, such
as elderbelr)'. The high percenl cover by grasscs
and sodges at beaver-occupied reacrcs may oe
a result of renoval of tall shrubs by beaver and
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increased soil moisture due to the high watertable
(Taylor 1970, Beicr and Barretr 1987).

\\t captured 838 individuals of I6 species of
small mammals and 131 inctividuals of 9 species
of amphibian at beaver occupied reaches. Fewcr
individuals (693) and species ( l5 ) of small miim
rnals and contprLrablc numbers (133) and species
(8) of amphibians were captured on unoccupied
reaches comparcd to occupied reaches. Some bea-
ver-occupiedrcaches supportcd high abundances
tor pond-breeding anphibians (i.e., rough skinned
newls fTZrricld granul.osal and nofihweste[r.)
salanranders lAn bt.stonn gracllel and several
species of small mammals that are associated
with herbaceous riparian or earlv-scral vegetation
(Figures 2 and 3). but no species of small mar.rmal
oramphibian diff'cred significantly in capture mtes
betweenbeaver-occupicd reaches aurd unoccupied
rciiches (P > 0.1). Nonetheless. given the observed
diflcrences in regetation structure and composition
betwecn occupied and unoccupied stream leaches.
we hypothesized that rhc tbllowing species collec-
tively should have highel capture rates at occupied
reaches: creeping voles ((.Microtus orego i-Goerts
196.11, Townsend's voles ((M. tou.nsendii. Goerts
1964), long-tailed voles (M. longicutulu.s,Maser
et al. 1981:210), vagrant shrews (Sore_r |agrcnr.
Hooven et al. 1975. BolTecco et al. l979), pacil ic

.lumping mice ((.Z.tpus tritlot u.t- Borrecco ct
al. 1979), deer mice (Peroz_r.rcrs nanitulqtus.
Gashwiler 1970. Hooven and Black 1976, Cross
1985), northwcstem salamanders (Lconard et al.
t993:2,1). and rough-skinned newts (Leonard er
a]. 1993:56). Avcrilge capture rates collectively
among thesc specics was higher at occupied (i
= 6.89 clptures per l00TN) rhan at unoccupied
(i=:1.06 captures per 100 TN) srreanr reaches.
For  ins tance.  c . rp tu rc  la te .  fo r  J  M/ ,  /? , / r / \ :pec ie .
combined (creeping vole, Townsend's vole, and
long-Ltri led vole) was higher at beaver occupied
reaches than at unocclrpied reaches (p = 0.063).
The consisrently high capturc rates frtr Micrcttus
al bellver-occupicd reaches probably was related
to the presence of the densc cover of grasses anrl
sedges near the water. Graminoid vegetation,
which provides food and cover. and the presencc
of water ilre thc primary factors that influence
distibutions and abundurcc of Microtus (Getz
1985:288) .

There wts ilconsistency in capture ratcs among
beavcr-occupied reaches. lndeed. variabil ity in
capture rates $,as highcr among beatcr-occupied



TABLE l. Vcgerari\c and gcomorphic charactrinics of 5 paiN ol bcalcr occupi.d rnd unoccupied siles in the Oregon Cor\t
Rangc. Lincoln Cou.!v Orcgon. l9lj9.

Characteristic
Nlean {5h)

Occupied Unoccupicd P,

vegetative Cover (E )

Rcd aldcr

Douglas l i r

ElderbelT!

Rcd hucklcbcr]

( \ i tLt in i lm t )  ntb l i  n)

Sti*ing cuurnl

Thimblcb.lTy (Rirb&r p.rn d.)nr.!)

Total shrub

Gfass

Sedge

Forb

Fem

!loss

Bare ground

Cover br-' \'€rtical Stratn (E )

O!ertory tree (> 20 m in height)

l\'lid\tor] tree (,1- 19 m)

nLl l  shrub (  i . .1-3.9 m)

Low shrub (0 '1.3 nt

Ilcft

Tree Densify (no"/ha)

Red alder

Douglas-fir

Log D€nsify (no.Aa)

Total logs (all diameter classes)

Smal l  logr  (  l0 l9cnr)

Vcdiunr logs (10 ,19 c )

Largc logs (> 50 cm)

Other variables

l-ilter deplh (nrm)

Bank Slope ( f . )

21.6 (,r.5)

12.3 (3.2)

,12.1(: l . l )

1.7 (3.5)

1.6 \2. ' ,7)

2.0 (0.9)

1.3 (0.,1)

.r.9 (2.1)

,16.3 (.1.7)

28 .1  (6 .7 )

11 .7  (1 .0 )

33.6 (3.9)

16.6 (3.,1)

l ] . 9  ( 3 . s )

13 .0  (3 .1 )

2,r.9 (1.9)

3 8.2 (6.7)

32.s 12.2)

s8.2 (5.0)

86 .8  (21 .9 )

59.2 ( 1.1.0)

130.9 (16.0)

22.3 (s.,r)

82.r  (9 .1)
26.5 (8.0)

21 .5 (2.1)

33.8 (5.6)

1,1.3 (9.7)

9.1(3..1)

51.9 l ]  .6)

7 . 1  1 t . 9 )

1.8 (0.8)

2 . 1 ( 1 . 2 )

5. '1(2.2)

5 .9  (3 .1 )

58.2 (6.3)

I7.0 (6..1)

3..1 (1.9)

20.6 (2.8)

E .5  (1 .6 )

3s.0 (9. '1)

21.9 (3.9)

5,r. .1(8.1)

25.9 (3.0)

51 .0  (3 .9 )

99.7 (35.1)

5 l . . 1  ( 21 .5 )

158 .1  (36 .9 )

3 r . 1 (8 .1 )

95 . r  ( 28 .  r )

r  1 . 6  ( r  1 .  r )

31 .8  (2 .1 )

37.2 (6.0)

0.105

0.661

0 .168

0.811

0 . 0 1 9 :

0.812

0 002 ***

0 .618

<0.00t *+++

0.021 ,, , ,

0.060 1,

0.780

0.896

o.2)l

0 .111

0 . 1  t 2

0.990

0.091 *

0 . 2 1 I

0 . l 0 l

0.522

0.rE2

0.: l l  I

0.228

0.651

0.,t26

0.123

0.6.10

' P lalues iiom paired 1 tes|s conpa ng neans berween bealer occupied and uroccupied siGs (* P < 0.1. *+ P < {1.05.
; ; :  P  <  0 0 1 .  * * * *  P  <  0 . 0 0 1 )
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Figurc 2. Associadons ol snall malnnul species (caplure\ per 100 or l000lrap nighls) rvith beaveFoccupied and unoccupied
rcaches in 5 percnnial 1st- to lnd-order streams in the Orcgon Coasl Range. Lincoln County, Oregon. 1989 ScieDriiic
names ol species not Dentioned in the texr: marsh shrcw (^toru,r I'rr./ir"ii), Pacillc shrew (t 1d.fi.&r). Trowbridge s
shre\i (S. rr"or,r/ldgii), rvhile-footed vole (A/brri'nu.l .rlripc.i). westem red-backed vole (C/.'t 'n non\s calilarnicus),
shrcs nole (,\'€rJ.drr.lrr girrs,rl, coast mole (ty?a'i r,/.rri&.r). Townsend's chipmunk (Idrrir! &,r'rr?r/ii). western
pocket gophcr (Ilrrrrnr.r rr?.r.'./rrd). and efmme (Multela ennnwa).

reaches than among unoccupied reaches for the
following species: Pacil ic jumping mice (Frl =
17.24, P = 0.009), creeping vole (F+1 = 8.56. P =
0.031), Townsend's volc (F]l = 8.1 8, P = 0.033),
long{ailed voles ({. = 15.94, P = 0.010), and
vagrant shrews (F4.r = 40.98, P = 0.002). The hieh
variability in capture rates may reflect a dive$ity of
vegetative conditions among the bcaver-occupied
relches. Vegetation at beaver occupiedreaches can
be highlv variablc tbr many reasons. For example,
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differences in geomoryhology can conffibute to
variability in foraging pattems, as well as shape and
size of beaver ponds (Johnston and Naiman I 987).
Variability in vegetation structure rLnd composition
also can occur because ofthe differences in initial
vegetation type, successional stage of the pond.
and hydrology among occupied reaches (Naiman
et al. 1988). In Califomia. there are at least the
foliowing 4 successional stages ofbcaver ponds:
unsiltedponds, shallow sedge-marsh, grass-scdge
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Red-legged frog
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Coasial biled frog
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Figure 3. Associaiions of amphibian species (captures per 1000 trap nights) r'ith bealer occupied and unoccupied reachcs in
5 perennial ln to 2nd order slrcams in the Oregon Coart Range. Lincoln County. Oregon. 1989. Scieniific namcs of
specics no! nrcntic'ned in the te\t: southern torrent salanrander (Rlna.?trita nriegatus), lvestern red-backed sala
malJdet (Plethodon r(hi(!/rrn). coashl tailed frog lAffaphus ltuei), ted'leggcd ftog \Rana durora),ens.rtina (EiNdltn.r
.,r./rr.lr1r.;t). coastal gian! salamander (ri.drrptadan tenehnxus). and Dunn's salamander (Pl.rro(lotl dun it.

rneadow, and dry grass meadow (Taylor 1970).
In boreal tbrest,32 wetland vegetation types
are associated with beaver ponds, and general
successional stages of ponds include cmergent
marsh, bogs, forested wetlands, and open water
ponds (Naiman et al. 1988). lndeed, a study that
examines animal community relationships with
successional stages of beaver pond development
may reveal a series of species associated with
various seral stages. On a scale ofan entire drain-
agc basin over a long period of time, the various
ecological conditions provided by beaver activities
night contribute to a diversity of vegetative condi-
tions and associated diversity of small mammal
and amphibian communities in much the same
way that landscape complexity is associated with
small mammal and amphibian diversity (Martin
and McComb 2002, 2003).

Scope and Limitations

We identilied the scope and limitations ofour study
to ensurc the appropriate use of the researchresults
and to suggest improvement of study design and

future areas of research. First. the gcographjcal
.cope o l  th is ' tud1 ua5 ls l  lo2nd-ordcrmuunt r in
streams ofthe central Oregon Coast Range occu-
pied by beaver Because influences ofbeaver could
be different in regions of arid climate or gentle
topography, the results may not be applicable
to other regions. Second, we compared only 5
pairs of beaver-occupied and unoccupied reaches.
Considering the high variability of ecological
conditions among beaver-occupied reaches, we
feel that our sample size may not have adequate
statistical power to rcject the null hypothesis at
a = 0.1. Third, we sampled vertebrates dudng
only one year. Consequently, we could not ac-
count for variability between years in the analysis
and did not address long-term population trends
of vertebrates between beaver-occupied and un-
occupied reaches. Fourth, small mammals and
amphibians were collected in fall; therefbre, we
were not able to address seasonal variability in
abundance of small mammals and amphibians.
Although differences in hydrology and vegeta-
tion may be most pronounced in the fall after a
prolonged dry period, many species breed in spring,
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so differert results might be expectcd if sampling
were conducted in spring. Filth, wc consider the
influence of beaver at the scale of strcam reach
and did not consider lelationships at watershcd
scales. We might detect differences in abundancc
of small mammals and amphibians if watersheds
with high bcavcr populations were compared to
watcrsheds with low populations. Further study
is necessary to understand the influence ofbeaver
on snrall mammals and amphibians among seral
stages and over l lrger spatial scales.
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