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Abstract
Wc nudicd lhc abundancc. di\ribulion. and habil.rt .rssoci.rtions of the aqurric-fofaging fiparian assocjalcd \crlcbrir(c cLnnDu-
nil) along lbul srcrm basin\ trirnsccting munaged lbrests in ihe Ofegon Coast Range. 1992 199,1. Thc riparian associated
connnunit) we obseNed consi\ted priDruil) of bifds $ith fe$ obserlalions of manrnrals. Bcltcd knglishers (C.,ftr d1.\rr).
, {ner icandippers(Cac1l . l ' l . , I l .d l l l l ) ,g |e. l tb lueheron: |Aeuherol iu) .andnral lards(Af. rJ/ ' . t
of these observ t io n \, but $e obse n ed on ly o ne gfout (> l i ndi\.'idual obsen cd iogclhcr ) iiom dris corlnunit) fin eac h k iloJneter
ofstrean \urve)ed. Bifd rbundances nong !ears \{ere not diifercn! (all P>0.05). Spccies distribution \\'as.rfected by strea
ordef, strern b siD. nd seasor inerch species, but to varying degrees. Belred kingfshcrs. conlnon mergansers (rv.r..grr /r?rga"J"r).
Sreat  bLue herons,  green hetoi : \R tu1t i tu!nrknux).andmxl lxrdslvere 'noreabundanr in1arycr.6 'orderstreansth.rn insmal ler .
:1" ordcr \rcli1\ (P < 0.05). Dippers used step channel units dispropoflidrally more and rifilcs disproportionatel) less than
crpccrcd (P< 0.5). Sinil.rrl), kirgllshers used felver rifiles .rnd mofe pool channel units than $a! cxpccrcd (P< 0.5). Ker- hrbrtat
cotnponents that werc predictile of use were specie\ specific. N{o\t notably. the presence ola iorcsrcd riparirn urer. stfeamside
lrees, rmd \,alley $, 1Is thrt co n\tr.rin the stferm $ efe im portanr predictors of usc bv thc thJcc mos t ubu ndant spec ies: d ippers.
kingfinreI\, lLnd grert blue herdrs. Monitodng progra s io assess populalion\ of dcse species in nlountainous habitat mlrll bc
\ersitive to the potentirl effects of strexm order. basin. and scason and cncompass a large spatial and tempofal extent.

lntroduction

The forest lands of westcm Orcgon and Wash-
ilgton are sone of the most productive in the world
(Franklin and Dyrness 1973. Wadng and Franklin
1979). Morc than 78% of the approximately 35
nillion acres west of the cfest of the Cascade Range
is fbrcstt:d (Bro*,n and Cunis J9E5) and inten-
sively rnanaged fbr the production of wood prod
ucts. Riparian areas transccting thcsc managed
tbrests arc subject to conflicting land use demands
ti)r development lnd tirnber harvest as well as
protcction lbr watcr quality and tish and wildlit 'e
habitat.

Riparian areas are inportant to wildlife (tsull
1978, Thonas et al. 1979. Oaklcv ct al. l9li5),
but little is known about the extent of the ripar
itrn-n i ldlife associations in the Pacific Nolthwest
(McGarigal and McComb 1988.t. Prior ro 1971,
tinber ha est or private, state. and. to a lesser
dcgrcc, ttdcral )ands proceeded \r ' i thout concern
1br riparian areas, and harvest units ofler hlvc
cxtcndcd to thc strcam s edge. Hovever. the Or-
egon Forest Practices Act mandated decreased
harvesl along strcatrs and thc retention of for-
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ested ripariaD areas to protect water quality and
hsh populations. The usc by and importance of
lbrested butler stdps to wildlife was largcly un-
known. In western Oregon andWashington. 87%
(n = :11,1) of the residcnt species of amphibians,
ren t i le . .  b i rd . .  and mamrna ls  u : (  r ip r r i i rn  / , ,ne .
or wctlands (Oakley et al. 1985), and l0clr arc
noted as using specialized habitats within ripar-
ian zones. ln thc Oregon Coast Range. most in
formation iu riparian associated wildlifc is quali-
lativc with sonre quantitative intbrmation on small
manmals (Anthony ct al. 1987b, Corn and Bury
199Ia. Suzuki 1992, McComb ct al. 1993. Comez
andAnthony 1996), amphibians (Bury l988,Com
and Bun' l99lb. Gomez 1992. Vesely J996). and
songb i rds  (Carey  19811.  Care) '  e t  a l .  1991,
McGadgal ard McComb 1992). Even less is
known about the subset of terestrial veflcbrates
that are considered riprrian obligates (Anthony
et al. 1987a). those that depcnd on the stream lbr
tirraging or reproduction.

Wcknuu r r l  n r r  l . r rge- rc i r le .  in tc r  bas in .u r ru ) '
of aquatic fbraging species or assessmcnts offactors
affecting their abundance and distribution. Yel
recent lederal and state guidelincs (c.g., FEMAT
1993, Oregon Forest Practices Act 1994) stipu-
late riparian reserves and require nonitoring pro-
glams for selected specics. Thus, the purpose of
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this study was to assess the breeding abundance.
disfibution. and habitat relrt ionships of selected
aquatic-fbraging riparian-obligate and associated
species in the Oregon Coast Rangc. Wc cvalu-
ated habitat associations at three spatial scales
(Johnson 1980) of increasing specificit l,: large-
scale habitat patches (Johnson's 2nd lcvcl; ripar-
ian zone and strean-rside features: hereafter, stream-
sidc habitat): specil ic habitat prtches (3rd level;
selection among stream channel units): and se-
lection within cach patch (4th level; discrimina-
tion within each channel unit: hereafter. stream
habitat). Specifically, we tested the hypotheses
that: l) the distribution and abundance of each
species did not di11-er within and among basins,
2) spccies used habitat types in proportion to their
availability. and 3) the stream and streanside
habitat u,here wc obscrved species was not clif-
terent tiom available habitats.

Methods

Study Areas

We surveycd Drift Creck, Lobster Creek, Lake
Creek, and Five Rivers basins in the central Or
egon Coast Range. Thcscbasins were in Benton,
Lane, and Lincoh counties and drained inlo thc
Alsea and Siuslau' rivers. 6-23 km east of the Pacific
Ocean. Wc sclccted these basins arbitrari ly be-
cause of logistical constraints. Thesc basins wcre
all in thc ccntral Coast Range and had similar'
elevation. gradient, vegetation. and managcmcnt
regines. Thc topo-qraphv wils steep with moder-
ately llat vallevs. Stream bed elevation ran-qcd
frorn 3 to 365 rn above sea level. Average stfean
gradicnt was generallv <:1% (rrnge 0.5-5%), but
was higher in smaller streams. Thc nrarit ime cli-
mate was character-ized by mild rvet *inters and
coo l  dD .un t rner . .  Ar r l l f rc  rnnur l  p ruc ip i lu l i , ,n
varied geographicallv and was 180-300 cm, rvith
75 85% fall ing during Octobcr-March. Mean
temperature was seldom below 0'C in the win-
tcr. and summer tenrperatures were generally less
than 27'C (Franklin ancl Dyrncss 1973.). A nro-
saic of federall-v and privately managed lbrests
dominated the upslopc arcas adjacent to these
strcams; pastures $'ere common tlong the lower'
poltions. All basins had exlensive nctworks of
roads fiom past timber ha est activifies. with the
exception of thc Drit i Creek Wilderness Area.
Upslope yegetation was charactcristic ofthe west-
crn hcnr lock ( Lrrrgc he t e r op lt llo) zone lFrarlklin

and Dyrness 1973) dominated by Douglas fir '
(P s e uclots ugq rneflziesll), westem hemlock. westem
redcedar ( Ihaja plicatu)- aDd red alder (Ahrs
ruDra). Upslope seral stages ranged from rcccntly
han'ested to mature forests. Riparian areas were
typically tbrested by red alder, Douglas fir, bigleaf
naple (At er muc ropft_r'l1lrn ). and wcstcm redcedar

Stream Surveys

We survcycd the entire width (3 l5 rn rcnge) of
strcams on fixrt. walking upstream (257. of sur
veys) or downstrearn (75%,) within the wcttcd
stream channel. No attcmpt was made to survey
areas greater than 5 rn hom the stream edges. We
surveyed portions of 5th- and 6th-ordcr streams
that were too decp to be readily walked by float
ing downstrcam in inflatable kayaks on 19 days
(<127r of survey days). We conducted surveys
between 0715 and 1756 hours [mean survey mid-
point was 1041 hours. mcan survey rate was 1.2
km / hour (n = 396)1. We excluded a 9.,1 kn seg-
mert of Lobster Creek and the lower 2ll krn of
Drift Crcck because of access problen.rs.

We used the same data collection mcthods
durlng stlealll surveys among years but the geo-
gmphic extent and thc lcngth of stream surveyed
ditl'ered so that rnultiple research objectives could
be accomplished (Loe-qering I 997). In May-Sep-
tcmber 1992. we used a stratilied random sam-
pling design to select stream segments to survey
in thc tirurbasins. We strrtiiied by basin and sffean.r
order. a stream classificatioD system. Each snrall
unbranched tributafy is a first<rrder stream, two
lirst-order streams join to make a second-order
stream. A third-order strcam is formed by the
joining of two second-order streams. and so on
(Stmhler 1957, Everest et al. 1985). We surveyed
30 km ofstrearn in each basil, distributed equally
(10 km each) among lburth-.lil'th-, and sixth{rder
strcams. The 10 km surveyed in each order was
composed of f ive 2-km survcy units. We ran-
donrly determined the stream and location of thc
startin-q point for each survey unit in each basin
and during each survc1,cycle. We surveyed all
lirur basins every 3-.1 weeks, conpleting a total
of f ive survey cyclcs in 1992. In March-August
1993 and 199,1. we surveved the entire length of
all 4 6th order streams three limcs cach year only
in Drift and Lobster creek basins; Five Rivers and
Lakc Crcck were nt)t surveyed.

We plottcd the init ial locations of individuals
or  g roups  l> l  ind i r  id r ra l  i r t  e l , ' r c  p r , , r i rn i t l  :  e .g . .
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an adult with a brood) of individuals of aviarr and
mammalian species on United States Ceological
Survey (U.S.G.S..) 7.5'topographic rnaps. Wc
plotted only obscrvations of individuals not no-
ticeably afltcted by our prcsence. and rve made
every attempt to ceunt trl l  individuals only once.
We recorded the stream channel itnd streamside
habitat (Appcndix A) at each sighting location
and at raDdomly-detennined locations (sce be
low) to assess habitat asseciations. We catego-
rized the stream channcl habitat at each location
into six gencral units ofincreasing stream gradi-
ent according to Bisson et al. ( 1982): pools, glides.
ritflcs. rapids, cascadcs, and steps (hercafter re
fened to lls channel units). we characterized stream
habitat by the channel unit lcngth. *idth, and dcpth;
channel torm; strcambed substratc size: number
of exposed substrate itcms: numbet of picces of
large rvood; and overhead vegctalive shading of
the streanl. We used channel fonn to indicate if
thc channel containcd a maiority (single or pfl-
mary channel) or minority (secondary or side
channel) of the strean s t()tal l'low volume. We
calegodzed the dominant substrate ofstream beds
into eight size classes bascd on particle size tiom
stnallesr (=2) to ltrrgest (=9) (Platts et al. l983).

We used six vadables to characterize streanr-
side habitat on each side ofthc stream; valley fbnn.
adiacent land use, riparitrn zone o\erstory veg
ctalion, steam bank Vegetation, ovcrstory canopy
cover. and the distance k) human activity- We
charactedzed the overstory iparian zone vegeta-
tion 25-m pelpendicular distance from the stream
at each sighting location. We visually estintated
riparian zonc canopy cover in a 5-n diarneter plol
centerecl 2-5 m perpendicular distarce tiom the
strcam's edge at thc sighting location. We col-
lected data in Lhe tleld and recluced it siorilarly
for riparian zone vcgelation and veFctalion that
was imnrcdiately adjacent to lhe strealn (hercaf-
ter. stream bark vegclation.). In the ficld. lve vi-
sually identif icd fie dominant plant species. de-
lined as thc species or conrnlunit]' with the lugcsl
proporlioD of overstor)' canopy cover. For the
analyses. ve sinplif ied our asscssnent ol veg-
etation lo one binarl, variable indicating if the
dominant vcgctation was a h-cc (woody vegeta-
tion > 5 m tall), or nol; and a second bintry vafl-
able indicating ifthe vegetation was a cotrl ler, or
not. Conit'er trees were Dou-slas-fir(all size classcs
>5 m tall). Sitka sprucc (Pi. ed Jllcfter.!/.!). west
em redcedar, and lvesten hemlock. Non coniter
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trees \\"ere red alder and bigleaf maple. Yottng
Douglas l ir (0-15 ycars, <5 m tall) plantatiors
wcre the only vegetativc category in the non-tree.
conifer group. The fourth group of vegetation
communities that \\,ere not trces and not conifers
wele shrubs, grtrsses. and hetbs and dominated
by eldcrbenl' (.Sunrbucus spp.), cascara (Rfian-
nus purshiano). wil low (Sc/rir spp.). wil low and
salmonberry (RuDn.r speaaDilis), salmonberry, vinc
mrplc (.Ater cin:incrlffr), unidentified grasses or
.eJpc\. l ims or mo\\es. l i  rrh:. ltchcns.eor,l par.rrip
(H e ro cl e u n la n atton), ninebark (Ph-rsot a12rs
r'.?itdtrr), blackberry (RrDris spp.), thinrbleberry
(.Ruhus pa^,i|lorus). stink currant (RiDsr br.lcle-
.r.r&r?). recent cleitrcut with no regeneration, dcvil's
c)ub (Opktptnat horridum). skunk cabbage
(.L!.tichitL!n americaraTr), stinging nettle ( Urtlc.r
r/irftrn). snowbenl (S-rrzpft oriccrpos spp.), horse
tall (.Equisetun spp.), salal (Guultlrcria slnlktn),
and red huckleberry (Vatt iniurn purvi/itliun). Wc
used Hitchcock and Cronquist (1973) to identity
vcgetation.

Hab tat Availabil lty

We used the same stream and streamside vari-
ables to characterize the available habitat as u'e
used to characterize used habitat in June and
August. 1992. In each 2-km survey unit, we ran-
domly sarnplcd a minimum of l0 sites (points or'
locations) including at least three ptxrls. three
glides. three riftles, and all rapids and cascades.
q'hich wcre quite rare. The 10 sample sites wete
d i . l r ihu leL lun i fomr ly  r lonp  the  l - lm ru r re l  un i t .
We used two levels of randomization in the field
to reduce obsenerbias in sclecting available chan-
nel units. Observels randomly selectcd 1) the type
of unit to sarnple (e.g., pool. glide, or riff le), and
2) the direction (upstrcam ordownstream) to ftavel
to the next available unit of that typc. These
methods charactcrized the available channel units
allowing within chtnncl unit comparisons, but they
do not rcpresent lelative abundance ofthese units.
To determjne thc propofiion of each available
channcl unit, we measured each channel unit within
500 m of cach dipper nest ( 1000 m total) in :l

5th order streams (>12 km total) in Drit i and
Lobster creeks.

Statist cal Analyses

We nreasured stream lengths with a nap wheel
on 7.5' ( 1:2.1.000) U.S.G.S. topographic maps and
expressed species abundance as the number of



individuals observed per km of strcanl. We di
vided all observations inte early (Februar)-Junc)
and late (July September) sersons to account tin.
changes in weather patterns and hydrologic re-

-qimcs in the analysis. We used similar sanpling
eftbrt anong basins within scasons.

We used an Analysis of Variance tbr an ur
balanced design (ANOVA; Proc CLM. SAS In-
stitute 1989) tocompare abundances ofeach spe-
cies in 1992 among strcrnl basin, stream order'.
and survey cycle as rvcll as all first order inter
actions. We compared abundance among ycars
with an ANOVA but l imited these anal,yses to
sffeam segments we surveyed all thrcc ycars dur
ing comparable tine periods. We used pairu,ise
/-tests equ ivalent to Fishcr's least significant di1:
ference (LSD) test in thc casc of equal cell sizes
(SAS Institute 1989) tbr conrparisons within
groups. We did not exarnine specific et]'ects of
thc survcy time ofday or weather because such a
design rvas not consistent with othcr rcsearch
objcctives.

We compared the use of channel units b)'
American dippers (Ciriclrr rr?,rlc4rrs) and belted
kingfishers (Ceryle aIc,rrur) relative to a\ailabil-
ity with a simulLaneous confidence intenal com-
parison (Bailey 1980. Cherry 1996). wc dellned
usc as the propoltion ofobselvations il each chan-
nel unit and availabil ity as thc proportion of the
total area of each channel unit. we limited the
analysis to,1-5th-order streams because availability
data were collectcd only in those orders. We con
structed 95dl. confidence intcrvals on use lot eaclt
unit to estinate the true proportion of usc. If lhe
available proponion was less thal the lower limit,
channel units were used nrore than cxpcctcd. lf
thc available proportion was greater than the up-
per l imit. units \\rerc uscd lcss than expected. or
avoided.

We developed logistic regression models tir
identify strcam and sfeanside vadables that dis-
tinguished between habitats vhere wc obscrvcd
dippcrs. kingfishers, great blue herons (Arden
herodias). and mallalds (.Atas plat-rhrnt hos)
versus available habitats. Because our objective
was to examine habitat selection patter-ns after
accounting lbr any efttcts of the lbur stream ba-
s i n s ,  t h r e e  q | 1 1 1 1 1 r , r 1 J L r ' ,  o r  l ! \ u  \ c a \ L l n \ .  \ e  i n

cluded six indicator or dLrmmy (0/1.1 variabJes in
all rcgrcssion models (3 for basin + 2 lbr order +
I 1br season). We used a backwrrd sclccLion pro
cedure to remove habitat r,ariables that did not

contr-ibute to the regression moclcl s cxplanalory
pou <r  h r .ed  on  u  d rop- in - , le r  i r r r r  e  te . l  r l  J  : ig -
nif icance level < 0.10. We compared competin-s
models with Ataike's Intbrmation Criterion (AIC)
and selected the model *ith the lowest scole. All
models met the Hosnrcr and Lcmcshow goodness
oI lit test (P> 0.05, Hosmer ardLemeshorv 1989.).
We tested all tirst-ordcr intcractions bctwecn sig-
nihcant main etlects tbr each model after the ini-
tial vaiable selection. All odds ratios fiom lo-
gistic rcglcssion analyses are repolted relative to
a base comparison. thal is, an odds ratio = l. We
excluded lion the analysis of habitat use all ob-
scrvations that may have been alfected by the
presence of the observer. including disturbcd or
agitated birds. or birds in l1ight.

For each species, \r 'e used two nrodels to as-
scss habitat associalions one nodel compared
stream habitats, and another compalcd rdjaccnt.
strcanrsidc habilats. Stream habitat was dynamic
and may have dilfered amolg years, and we coJ-
lected availabil ity data only in 1992. Therefirre.
we analyzed only obscrvations fron l992 when
both use and availabil ity data were collected. In
addition. our sampling objective was to charac
terize the available stream habitat t irr each chrn-
nel unit; thcrcforc, we were l imited to evaluating
stream habitat selection within each chalnel ulit
(e.g.. used vs. available pools). To assess streamside
habitat selection, wc includcd all observations of
used habitat during l992 l99.1andthe availabil-
ity data collected only in 1992 bccause adjacent
sreamside featues (e.g.. a constrained vrlley torm)
were stable, and thcir availabil ity was unlikely to
change anong years.

Results

\\ 'e surueycd 966 km of sLrean (533. 230, and
203 km in 1992, 1993, and 199,1: respectively)
and obscrred 1047 groups ofriparian associated
bilds (967c) and mammals (<.1%. Table 1.).

D is t r ibu t ion  and Abundance

Abundance \\"as distdbuted dillerently among
basins, stleanr orders. and survcl cyclc in 1992
forAmerican dippers (ANOVA. F = 3.3. 52 dt, P
= 0.004), bcltcd kinglishers (F =.1.0, 52 df. P =
0.001.). common rnergansers (F = 2.5.52df, P=
0.024), great blue herons (F= 2.7.52 d1'. P=0.015).
and rnallalcls (F = 2.4,52 df, P = 0.026). but not
for green herons (F = 2.0, 52 df. P = 0.06.1) or
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TABLE 1. Number oi Sroups ob\cr\cd a.d nrcan (SF-) group \i7e of riparian associated species in the Oregon Coast Rangc.
I991- 199.1.

Species Scicnl i Ic .arrc

bel ted k ingf ishef

mrllurd

cd1n1l0n lt)crgan\L'r

unident i t ied ducks
hoodcd nrcrga.scr

do rc\ l ic  duck

ol |cr  b i rd spccics

lbtal

t\ud s pltLt\ trn(ho\

D to t  id .s  t i rc \ t0 t \

Lo l thoAte t  tu  u l lu t ts

PhdktLtu )rn \t)p.

152
l l 8
10.1
l 0 l
)6
25
2 l
1 1
1 0

2
2
5

ill

10'17

l l . 6
l t .3

9.6
2 .5
1.1
2.0
1 .6
1 . 0

0 .2
0 .1
0.5
3 .8

l . 2 l  ( 0 .03 )
1 .26  (0 .01 )

t . 0  (0 )
1 .91 (0 .16 )
1.96 ().39)
5.60 (0.91)
1.05 (0.051
2.18 (0..1O
1 .80  (0 .71 )
l . l 5  ( 0 .25 )
s.50 (2.50)

I (0)

O$cr bid lpccics includcs i1n obserlation of one gfoup each of x bald eagle \Haliaeetus leucocethdlrr). cinn.rmon teal (A'dl

.\dr.?i.,/?). fnidenliued lnerganser. osprcy {P.rrulion htLliu(n^). ardr.rl brcastcd mcrgan\cr (M./gu\ \(rtetori.
] l i c 1 u d c s ] 9 r j v c r o l t e r ( l ' u | r ( | 1 n u d . n \ i s ) . l 8 b e a \ ' e | ( . d J / , r . . d , d l / . , J , J ) . 2 | a c c o o n s ( P | ? | : \ ' o t t 1 o t o . . ^ | 1 t l l l n i n k ( / , j ! { . /

l,\tsLE L Ntean (SE) .rburdarce (indniduals / l0 knl oI slream) oi riparirn rssocill.d birds in:l 6lh order slrcrms in the
Orcgon Coa\t Range. 1991. Values are Ieast-\quafed means ffom the analysis of\rriance nnrdel including streanr
order. brsir. and cyclc cllccls ( = 53 surveys. 5-13 km of srream).

Ancncan bel led
dipper kinglishel

grerl
nelgrnscl bluc hcron mallard rood duckhcron

.l
5
a)

2.8 (0.6).rbr
r . 7  (0 .6 )a
1 . . 1 (0 .9 )  b

0.008

2 .8  (0 .8 )a
1.7 (0.8) b
8 .6  (  1 .0 )  b

0.0001

0 (0.7) a
0.s (0.7) a
,r.0 (0.9) b

0.002

0.9 (0.3) a
1.2 (0.3) ab
2.3 (0.,1) b

0 .015

0 . 1 ( 0 . 1 ) a  l . , l  ( 1 . 2 )  a  0 . 1 ( 0 . . 1 ) a
0.,t  (0.1) rb 6.0 (1.2) b 1.5 (0..1) r '
0 . 6  (0 .2 )b  1 .7  (1 .6 )  b  0 .9 (0 .5 )a

0.029 0.005 0.01J1

rNlea s $ilh tlre same lerlers within each colunln rre not diftefent (Fisher's LSD P > 0.05).

TABLE 3.  \ luan{SL)rbundrncci indi \ iduals/ l0knrofstream)ofr ipar ianassociatedbi fdsinfourbasinsintheOregonCoasl
Itrnge. 1992. \'ulues rre lerLst-\qLr fed nerns ironl the anal,"-sis ol lurituce model including stream order. brsir, rlnd
c,r-c le e l ler ts (n = 5l  sur \cys.  531 km of  nrcam).

Basin
Amefic$ belted common

dippef kingfishef mergrm\er
grcil gl ccll

blue hercn heron nallard $'(Xxlduck

Driii Clrcck
Fne Rn e| \
Lrkc Cicck
Lobsrer Cfeek
P

5.7 (0.1) a 5.-r (0.9) a
2.3 (0.8) b 6.8 (0.9) a
2.6 (0.E) b 7.2 (0.9) r
1 . 2  ( 1 . 0 )  b  6 . 1 ( l . l )  a

0.002 0.,16

1 . 2  ( 0 . 3  )  a  0 . 1 ( 0 . 1 ) a
1.5 (0.3) a 0. |  (0.2) a
0.9 ((1.3).r 0.6 (0.2) a
1.0 (0.,1) a 0.6 (0.2) a

0.21 0.078

1.7 (1..1).r 0.8 (0..1) a
5.9 ( 1.5) ab 0.8 (0.5) a
1 .0  (1 .5 )  ab  0 .9  (0 .5 ) . r
1i.5 ( l .1i) b r-J.8(0.6) a

0.019 0.99

1 .9  (0 .1 ) r
L0 i0. i t)  a
0 .910 .8 )  I
2 . l ( 1 .0 )  i j

0.66

N4erns \ r i th lhe s.rme let tef \  \ \ i th in crch coLumn aue not  d i l lerenL ( f isher 's  LSD P > 0.05)

nood ducks (F = 1.3.52 df. P = 0.27). Dipper
wcrc nrore abundant in 5th than in 6th order
strearns (P < 0.05, Tablc 2). Bcltcd kingfishers.
common mergansers, blue herons. ancl mallards
were nost abundant il 6th order streams and in-
crcascd monotonally fron,lth to 6th o[de[ stlearns
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(P < 0.05. Table 2). Dippers were more abun
dant in Drilt Creek than the other study basins (P
< 0.0-5). whereas mallards were mole abundant
in LobsLcr Crcck than in Dri|t Crcck (P < 0.05,
Table 3). Abundance ofother species did not differ
arnong study basins. Only gr-eat blue heron



abundance differed among seasons (P = 0.01),
with twice as many obseruations after I Jul) Lhan
earlier in the year (i = 1.0. SE = 0.3 vs. x= 1.9.
SE = 0.2 individuals / l0 kn of stream tbr early
and late seasons. respectivel) '). In addition, $'e
[ ,  'unJ  r r ,  '  r r ! r r i l ' i c . r r r t  t  P  <  0 .05  r  in te r ; r .  t i , ,n .  un  r ,  'n !
the main eflects of stream ordcr. basin. and sur-
vey cycle ibr dippers. kingf-rshers. mergansers!
great blue herons. green herons. mallards or u'ood
ducks. There were no signilicanl dil'ferences in
abundancc anrong years tirr any species (l l l  P >
0.07, Loegering 1997). In addition, we detected
nr '  j ru l i ( l l r fe l r t iun  i rm, ,n ! :  the  ;e i r t r  l i ' r  i rn r  .pc -
cics (Durbin Watson D. all P > 0.10.).

Streamside Hab tat Features

Each species was associated with dif lcrcnt land-
scape and riparian zone features. Four variables
distinguished ar eas used byAmerican dippers from
those that were av i lable (logistic reglession.Xl
=211.11df .  P  =  0 .0001.  max.  re -sca led  Rr  =
0.23). We localed dippcrs in iucas whcrc trees
were the dominant riparial zone oventory spe
cies on one or both stream banks (Tablc rl). Ci)m-
pared to strerms with no riparial zone trees (lo
gistic regression odds ratio = l), wc wcrc lcss
likely (90% confldence irterval [CI] on the odds
ratio = 0.3 - 0.9. P = 0.0,17, Table 5) to tind dip-
pcrs rvhcrc lhcrc wcrc ovcrskn-y h-ees on one sidg
of the strcan but trrore likely to furd dippers where
both banks had overstory trees. Dippers were 1.5
to 3.I t ines (90% CI) mole l ikely to be found on
rcachcs constraincd by the valley walls on both
sides of the stream (P = 0.000-5, Table 5) than in
unconstrained stream reaches, and this pattem was
similarbut not as pronounced tin reaches that were
constrained by only one vallel wall (P = 0.27).
Dippers also selected areas whele trees dominated
the vegetation immediately adjacent to thc strcanr
on one or both sides of the str-eam compared to
the available habitat (P = 0.6.1 and P = 0.06. rc-
spectively; Table 5). The interaction between
stream bank trees and constrained vll ley tbrm
explained additional variabil ity in the data (P =
0.06).

Three signiticant variables contributed to the
model for habitat selection by belted kingfishcrs
(Xt = 19, 1 1 df. P = 0.000l. max. re-scaled Rr =
0. 12.). Kingfishers were .1.2 to 24 timcs (90%
CIl more likely to use an area with trees immedi-
ately rdjacent to the stream on both banks (P =
0.0001. Table:l and Tablc 5) than reaches with-

out streamside trees. Howcver. kingfishers were
only 0.5 - 0.9 and 0.4 - 0.8 times (90*,Cl on
odds ratio) as likely to use reachcs with a con-
strained vallcy firrrn on one or both sides of the
stream (both P = 0.02, Table 5) comparcd to un-
constrained reaches (odds ratio = l). They se-
lected strcam sections that u,ere constrailed on
one or both sidcs lcss ofien thrn were available.
Kingfishers also used habitat that was slightly
closer to hLrnlan activity (Table:l) thrn the aYail
able habitat (P = 0.09. Table 5).

Prcsence of riparian trees, the valley forn. and
the distance to hutnan aclivity distinguished be-
tweel arcas used by great blue hcrons and those
available (Xr = 41. 12 df. P = 0.000I, max. re-
scaled R':= 0.11). Hcrons were 0.3 - 0.7 and 0.2
- o.i i t imes (90% CI on odds ratio) as l ikely to
use reaches that were constraincd on one or both
sidcs of the stream than unconstrained reaches
(P = 0.007 and P = 0.03, respectively, Table 5);
they used less constrained valley fonns than were
available (Table:l). Herors were 0.5 0.95 trnd
0.53 - 0.98 timcs (90%CI on odds ratio) as l ikely
t r r  he  lu t rnd  uhere  th (  r ipar i ln  zonc  \ rgc l . r l ion
was trees on one or both sides ofthe stream colr)
pued to treeless riparian zones (odds ratio = 1).
The iDteraction of thc distance to humans and
constrailed valley form also $,as signiticant (P =
0 .02) .

Three variables explained habitat use by nral-
Iards (/: = 89. l l  df, P = 0.0001, max. re-scaled
R: = 0.19): riparian zone canopy cover. valley lbrm
and upslopc land use. Mallrrds were 1.3 to.1.8
times (90% CI) more l ikely to be found whcre
both adjacent upslopes wcrc nranaged fbrests (odds
ratio = 2.5. P = 0.02. Table 5) rather than anothcr
land use type (odds ratio = 1). The likelihood of
use by mallards decreased (odds ratio = 0.68 to
0 . | i5 .q0 ' ,  CJ)  l i r reJ ! .h  l0 ' ;  in \ ' rear (  ino \ ( rs to r )
canopy cover.in the riparian area (odds ratio =
0.76, P = 0.001). Mallards also rvcrc 15% b 537r
as l ikcly (90% CI) b be located on reaches that
$ere  con. t la ined on  ho th  . i t le .  lh r rn  in  unr ' r 'n -
strained reachcs (rdds ratio = 0.3, P = 0.00l).

Chuntel Unit Use und Selection. We located
dippers most often in rift ' les (37%). rapids (27%),
and pools (19%): and kingfishers u'ere tbund
perchcd ovcr pools (474l.), glides (31q. ). and riffles
(16%). The available habitat was composed of
riff les (-57%). rapids (177r). glides (16%), andpools
(10%). Dippers were located on steps morc than
expected and riffles less than expected (Table 6).
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TABLE 5. Variablcs dislinguishing heNeen used and r\'aihble slreamside habit.rt fbr American dippefs, belted kingfishers.
great blue herons. and nallards in thc Oregon Coast liange. l99l-199.1. wald Ir and /'values are iiom logistic
fegression models firted with indic.rtor variables lbr basin. shcanl ordcr. and sca\on. Each !c! ()1 lariablc! rcnaired
aiier backrafd logi\tic fegression elininated others .rt r signilicance level = 0.10. See Loecerirs (1997) lbr nodel
details.

90% conlidence interval
0n odds ralioSpecles

Habltar r'ariahle Wirld s X' Oilil\ tuuur Upper

American dipper
lree dominated fifafian zone (tl)

bolh ba*s
riparian zonc canop! coler (10'l. incre'nentt

trccs on thc ltrcarn bank (%)

both banks
constrained lalle} lbrm

both banks
sireambank trees * constraiDed !ulle) lbrm

b€lf€d kingfishcr
tree\ on the strcaln bank 1-c.)

both bunks
constraincd valle,v ibrm

' both banks
dinancc to hunan icrivirr (km)

great blue heron

trcc donrinated riparian Tone (tl)

- both banks
constramed vr lev forln

both banks
di\tance t0 humrn acti!iti' (kln)

clistance to humans + consraiicd \lllc! lorm
mallard

riparian rone canopr- co!cr (10t2 incrcmcnls)
constraircd vallc) lonn

- borh banks
upslopes lnanuged ibr.st\

both banks

- l .9

2 .3

0.1
3 .6

1 .2
12 .1
1 .6

) . )
tE .6

5 .2
5.,1
2 .8

-r. l
2 .9

1 .1
.1.5
1 .5
5 .6

l 5 .  l

2 .3
10 .6

0 .1
5 .6

0.0.11
0.'1t I
0 . 1 3 1

0.6,12
0.058

0 .273
0.001
0.059

0 . 1 3 5
0.000

0.u22
0.020
0.095

0.075
0.088

0.007
0.013
0.220
0 .01E

0.000

0 .126
0.001

0.751
0 .018

0.,17
1 .35
1 .08

1 .23
1 .52

1 .23

t.6t i

t . l 6
10.07

0.63
0.5.1
0.62

0..19
0.51

0..1.1
0.,12
0.52

0.16

0.65
0.28

1 l . l
2 . 53

0.3
0.7
1 .0

t.2.

0.9
1 .5

0.9
1 .2

0.5
0.1
o.:l

0.3
0.1

0 .1
0.2
0 .2
r . 3

0.1

0.'1
0 .1

0 6
1 . 3

1.5
1 . 2

).()
10 .5

1 . 1
1 . 1
1 .6

3 .3
2.1.1

0.9
0 .8
1 . 0

0.9

0.7
0.8
t . 2
1 .9

1 . 0
0.5

2 .3
+.n

nuldpi jcar i !c  l ikc l ihood of  use gi len a I -uni t  increr , ie in the value of  a gn'en var iable.  Odds <l  indicr te th.r t  an increase in the
! al uc of th at variable decreases the l ike lihood ol use whefeas odds > l indicrte a srertef likelihood of u se $ ith .Ln incfemenr.Ll
increase in the Yrlue ofthrt \'rrirble.
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TABLE 6 Chrnnel unit use bl American dippers (n = 95j and beltcd kingfishcrs (n =:t2) iD Dfift and Lobster creeks in lhc
Orcgon Coarl Range. I 992 1 99.1. Proportion of ilvaihble habiur c.rlculatcd fiolll rhe arc:r ol 269 channet un iN ftdal
iengrh = 12.271 m. rota l  r i rea = 91.0,17 mr) .

Channcl  uDi t
Nulnber ot of  arr i l . rb le

Yf ' !  (un l rdcnre  l i rn r t  o r r

Lpp. Select ic 'n l

Amcrican dippcr

gl jdc

riffle

Total
bclt€d kingfisher

gl idc

ri*le
irprd

srcp
Tdrl

I
35
)6
3
6

95

t 5
t i l

5
I
tJ
1l

3 l

0.098
0 .162
0.569
0 .167
0.003
!,000

100

0.09E
0 .162
0.569
0 .167
0.003
0.000

100

0 .189
0.07,1
0.168
o.2'71
0.012
1l!01

t00

0 .01 r
0..169
r ) . 31 l
0 .156
0 .01 I

t 00

0.093
{ ) . 0 t8
0.237
0.l5i l
0.001
0 .0 r1

0.00'1
0 .211
0 .  6
0.027
0.00,t

0 . 3 r 1
0 .169
0.503
0.:10.1
0 . 1 1 0
0 .155

0 . r 9 8
0.689
0.512
0.-r70
0 .  t 98

0

0

Proportion ofchanncl units reprcsenl\ expccted bifd obscrlations il cach hahital !va\ used in eracr nroDorrion to avaihbilir!.I Channel units used les\ than (-). nore than (+). or in proporrion (0) !o crpected usc with the J,\u nr on oL pr,,nonronul rLse.

Kingfishers werc tbund over pools more than
expected and d1flcs less than expected (Table 6).
No other spccies had adequatc sample sizes to
assess selection of channcl units.

Stream Hab tat Features

Pool channel units were diff'erent between used
and available habital for dippers (X, =,15, 9 df. P
= 0.0001). kingfishers (X: = 35. 7 df, P = 0.0001).
herons (Xr = 25. I i df, P = 0.002), and mallards
(X2 = 2,1, 8 dt, p = 0.002). pools used by dippers
\lele more likcly to be shorter (Table 7. odds ra-
tio = 0.97. P = 0.06), wider (odds ratio = I t, P =
0.0.1), and had larger substrate items (odds ratio
= 1.,1. P = 0.06, Table 8) than the availabie pools
(odds rutio = I ). Great blue herons and mallards
selectcd pools that were nrore opcn and were in
secondary channels. Both species werc obsen'ed
in sccondary channel pools I I % and 8% of the
time even though thcse pools cornprised only 27c
of the availablc habital. Consequcntly. strcam
sc-sments with pools adjacent 10 the primrry chan-
nel increased the l ikelihood of use by herons and
mallards by 3 to 34 and L.l to l9 times (90% CI:
odds ratios = 9.7 and 5.2: P = 0.003 and P = 0.04.

rcspectlvely). Herons and mallards uscd shaded
strcan segntents less than available. A l07r in-
creasc in sffeam shading decreased the likelihood
of use by approxim ̂tely 23qa and 20% tbr hcr-
ons and mallards (P = 0.002, and P = 0.03. re
spectively: Table 8).

Glide channel units used by kingfishcrs were
differsnt than available glides (Xr = 2,1. 9 df', p =
0.005;Table 8). The likelihood that a kingfisher
would use a glide increased with glide length (odds
ratio = 1.02, P = 0.07). Howevcr, the l ikclihood
of kingfisher use dccreased with incrcasing sub-
sffate size class (rdds ratio = 0.8. P = 0.06) and
the number of exposed substrate items ()dds ra-
t r o = 0 . 9 7 . P = 0 . 0 9 ) .

Riftle use by dippers and kingtishers diflered
than availabil iry (1r = 2,1.7 df. p = 0.001 and Xl
= 18, 8 df. P = 0.025; respectively). The likeli-
hood, \ l  d ipper  u \e  decrc r .ed  u  i th  rn  inercu .e  in
thc number of pieces of large wood in the rifflc
(odds rrtio = 0.94. P = 0.011) compared to the
available habitat (odds ratio = 1). Kingtishers
used riftles that were longer (odds ratio = 1 .05, p
= 0.0,+) and deepcr (odds ratio = 1.1 . P = 0.003)
than the average riff le (odds ratio = 1).
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TABI-E 7. N{ean (SE) srream habilat characterizing \ites used b) ripaian associated birds in the Ofegon CoNt Rrnge. 1992.
; irdicdcs \ariables included in rhe logistic rcgrc\sion model . Loegering ( 1997) coDt.rirs a morc dctdilcd sunnary.

Channeluni t
Species

Charncl  unj t  d imen\ ion\  Channcl

n l-ength (In) Wickh (m) Dcpth (cm) tbnnl

Exposed Lafge

Substrate sLrbstfate wood
sizer (#/100 m) (#/100 nr)

Streanr
shadins

(+)

Pool
Ancrica. dippef :l

bclted kingfi\hef 60
grert blue hercn 37
nrllrrd 17

available habilat 3,12

Cl ide
Americ.Ln dipper
belted knrglisher
great blue hcron
mr lard
a\r i lable habi tat

Riifle

9.9 (1. D* .10.0 (.1.2)
1,1.0 (0.8) 59.0 (6.9)
11 . I  (  1 .1 )  63 . r i  ( 9 .6 )
1 - r . 7  (  t . l l  56 . -1 (6 .8 )
r r.0 (0..1) 56.6 (2.2)

7 . , 1 (0 .9 )  15 .0  (1 .8 )
10 .9  (1 .1 )  17 .6  (2 .9 )
I 1 .1  0 .6 )  t 5 .9  (2 .0 )
11 .5  (1 .5 )  30 .0  ( . 1 .0 )
8.-r 0.3) 15.5 (0.7)

6 . . 1 (0 .6 )  16 . r  0 .1 )
E .8  ( r . 6 )  12 .9  G .01 "
9 .6  (2 .7 )  l l . 3  ( 5 .9 )
r5 . . 1 (1 .0 )  21 .3  (5 . : )
8.0 (0.1) 16.5 (0.5)

6 5 {1.3) 16.7 (-r ' ' l )
10 .0  (1 .0 )  22  I  (  1 .7 )

13.2 (.1.6) -r5.0 (7.6)
l  l . l  ( 1 . 5  )  1 6 . 8 ( 2 . 5 )

6 .6  c .5 )  2E .3  (  l l . l )
7 .8  (  r . 2 )  15 .6  (3 .8 )

,t .8 (.1.7) 7.5 (0.2) 'r '
1 . 7  (1 .7 j  1 .0  0 .3 )

10 .8  (5 .1 ) ' !  6 . , 1 (0 .3 )
8.1 (.1.5)* 6.5 (0..1)
2 .05  (0 .8 )  6 .5  (0 .1 )

3.6 (3.5) 7.6 (0.2)
0 (0) 7..1(o.r)*
0 (0) 7.6 ().6)
0 (0) 8.1 ().3)
0  (0 )  7 .5  (0 . l l

1 . 7  ( l . 7 )  7 .5  (0 .1 )
0 (D 7..1 (0.3j
0  (0 )  6 .5  (1 .0 )
0 (0) E.5 (0.5)

1.5 (r-J.6) 7.6 (0. l)

0 (0) 8.0 ().3)
0 (0) 8..1(0. r)

0 (0) 8.3 (1.3)
9 .1  (8 .7 )  8 .1 (0 .2 )

0 (0) 11.2 (0..1)
0  (0 )  8 .9  (0 .11

I 1.9 (3.: l)  2. '1 (1..1)
2.s (0.7) 0.8 (0.2)*
3.1 (1.2) 2.,r (0.6)
4.t (3.2) {\ .1 0.2)
8.2 (2.0) .1.5 (1.0)

20 .1  ( ' 1 .5 )  2 .1 (1 .1 )
, 1 .1 (1 . s )+  l . r  ( 0 .1 )
9 .5  (3 .5 )  2 .0  ( r . 2 )
-1.9 (1.8) l . :1(0.61
30.9 (5.0) 1..1(0.7)

61.2 06.1) l . ,r  (0.3)*
57.31:11.0) 0.7 (0.5)
1 .9  (1 .2 )  52 . r  ( s l . l )
12 .1  ( . r . 1 )  0  (D
s7.3 (5.1) 6.7 c. l)

68 .6  ( l ] . 9 )  2 .6  (  r . ] )
37.9 (8.5) 2.0 (0.7)

25..1 (11.,1) 1.0 (0.6)
lE.9 (s.,r) 0.6 (0..1)

75 .  |  ( 10 .8 )  20 .1  ( l r . l )
101.0 (,15.6) 99.7 (90.1)

t 8
33

t 1
337

19 .1  (3 .7 )+
109  (32 . l )
Dl (.11.8)
'76.3 (21.9)
16.O (9. /  )

r - 1 .5  (  1 .5 )
2.1.9 (5.9) '
l l . 9  ( 2 .7  )
17.3 (2.{ l)
l5 (0.7)

11 .8  ( l . , 1 )
20.7 (3.7 )t ,
21 .7  (E . t )
15 .9  ( l . l )
1,1.2 (0.6)

6 .3  ( l  l )
8 . 5  ( 1 . 1 )

10 .0  (15 . { ) )
I  1 .5  (3 . ( ) )

L l  ( l . l )
l . 8  r  l . 6 )

37 . . 1 (5 .6 )
23.3 (3.2)
2 l . r  ( 3 .6 ) *
r9 . . 113 .0 ) *
32.5 (1.,1)

,11.6 (5.21
27 .9 G.2)
29.0 (9.1)
21.s (1.,r)
37 .2  (1 .5 )

.I t .2 G.9)
3.1.7 (9.1)

I 8 .  u  (10 .1 )
10 .0  (3 .5 )
16 .9  . 5 )

.12.9 (9.1)
16.5 (.1., t)

63.3 (8.8)
.15.9 (9..1)

.1.1.2 ( I l.l)
.1{1.7 (6.3)

Anerican dipp!'r 5t)
belcd k i rgt isher l , l
grca! hlue herm -l

mallrrd .l

available hahitat 3'1'1
Rapid

Anerictrn dippcr ll

a\ ailable habiral ,15

Amefican dippcr 3
Lr\dhblc habilat l l

Step
,{neican dipper 6

ala i lable habi lat  l9

Species rbund|nce and habira! ieatures may vaN rilnong brsin. srrcam order and season. Pfesented nleans pool all ob\cr\alions

wheretrs rhc \u(istica! r'irodels .r\sessmg habilal \clccrion tirst account for diftererces inhercnl lo ba\in. strca order, and sea'ion

bclbrc identiliing h.rbrtlt \elecrion p.rllcrns. Consequenrl], the poolcd l1rcrns na,,- mask rnore substantialdifferences.

rPercent  of  locat ions i r  lhc secondafy chrnnel .
' Sizc class of the a!efage \ubstrllc pafliclc from the \nr.Llle\t (cla] = l) lo largcsl (bcdrock = 9. Appendix A).

Discussion

Dlstr  but ion and Abu ndance

All riparian associated birds we studicd differed
in abundance and distribution arnong stream ba-
sins and stream ordcrs. Factors explirining thesc
differences includc difltrences in the response of
these species to basin and stleam order differenccs
in geomorphology, topograph,v. hydrology, and
riparian zone vegetation (Loegering 1997). Dif-
t'erenccs in abundance among basins likel"v re
tlected the ditfcrences il the geornorphology of
those basins. Only dippels wele more abundanl

in Drifi Crcck than in other basins, Drilt Creek
was the highest gradientbasin. and dippers typi-
cally' inhabit swift mountain streams (Kingery
1996). Mallards were more abundant in Lobster
Creek than in other basins. and Lobster Creek
was a low-gradicnt strean with many pools and
slow water channel units. The juxtaposition of
grass dominated agricultural lands and these low-
gradient streams in Lobster Crcck may be im
portant ti)r mallard brood rearing because most
of the gloups we observed were adult females
with young. Regardless of thc underlying geo
morphic and managcment differences among the
firur basins, kingfishers were similarly abundant
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TABI-E 8. Variables dislingujshing be$'een used and uvailablc stream channel uDits lbr Ancrican dippers. belted kingfishers.
grear bhrc hcrors. and mallafds in rhe Orcgon Coast Range, 1992. wald Xr and P \alues are fron logistic regrcssior

modcls fitted lvith indicator lariables tbr basin. strean ordcr. and lcason. Each set of \'.rriablc! rcmained atter

back$ffd logistic regressi|)lr clirninated orhers rt a signilicancc lcvcl= 0.10. See Loegerins (1997) fornrodeldetails.

Spccie\
wald s Il Odds nlio

90+ confidence mtenal
on odd\ ratio

Lo\ef Upper

]\mcrican dipper

Len-cth
widrh

Substrate Size

Ri11lc
Piece! of$'(xxl/ 100 ln2

belted kingfisher

$bod / 100 'n2

Ci l ide
Length
Substrr tc  SiTc
Erposcd rocks / 100 m:

Rillc
r-cngrn
I)epth

grcat blue hcron
Pool

Shade (  lOt t  incremcnts)
SecoDdary Chnnncl\

mallard
Pool

Shud. (107.  lncremenis)

Sccolrdarv Channels

1 .5
1.2
3 .6

3.0

2 .2

3 . 1
3 .1
).9

,1.1,r
8.E,r

10 .0
8.9

,1.3

0.063
0.0:11
0.057

0.083

0. 1.1 I

0.07,1
0.056
0.091

0.0,12
0.003

0.002
0.003

o.021
0.019

1 .0
I l
1 .4

0.9

0.9

r . 0
0.8
l.{J

1 .05
1 .10

0.8
9.1

0 .8
5.2

0.9
1 .0
t . l l

0.9

u.t

Lt)

0.9

r . 0
1 . 0

0.1
2 8

0.1

l . u
1 .2
1 . 8

1 .0

1 .0

I t)
1 . 0
1 . 0

l . l
1 . 2

0.9
13 .9

l9 . l

Niul t i f l icr tne l ikel ihood ol  usegi lenal-uni t i rcreascin lhc\alueofagi lenvar iable.Odds<l indicatethatanincfeaseinthe
!.r1ue of that variablc decreases the likelihood of use rvhereas odds >1 indicnrc a grcaler likelihood of use \tith rn incrcmcnlal

incrcasc in the lalue ol thrt variablc.

throughout thc study area. However. kingfisher
abundance may have been amcliorated because
they will readily use a number of ditlerent sub-
stratcs lbl nesting burrows (Hamas 199.1). These
include road cuts (Bent 19,+0) along the exten
sivcly roaded study area, as well as cut banks
along the stream (Davis 1982) and banks created
by headwall tailures (pe$. obs.). In addition, they
can range a great distance fiom ncst sites and may
Dest up to 2.rl km from the $,ater (Hamas 1974.
Prose 1985).

The abundance of riparian associated species
difl'ercd by slream order and likely reflects the
ccology and behavior of thc birds we observed.
Mallalds and mergansers often used streanrs as
loating and brood rearing habitat. and thcir abun
dance was greatest lo*er in the basins. Both the

frequency and extcntofmicro habitats with lower
streanr velocities was greater here, allowing birds
to expend minimal energy to maintain position.
However, most dippers. kingfishers. and herons
we obsen'ed were actively tbraging and their abun-
dance likely reflected their selection offoraging
habitat. Dipper associations with streams <15 m
wide and nest sites on stream-side clilli (Kingery
1996, Loegering 1997) l ikely l inited dipper dis-
tribution to the lower order, highcr gradient,
streams. Similarly, herons fbund more suitable
foraging micro-habitat, such as slor-moving, off-
channel pools (e.g., Butler 1992). in thc larger
streams lower in the basins.

Riparian-associated birds in the Oregon Coast
Range were generally less abundant than else-
where in North America. Dippers were over '+
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times more abundant in Montana and Colorado.
Sull ivan (l973) and Price and tsock (1983) r'e
pofi breeding deDsities >1.0 nests / km and Ealey
( 1977) observed L2 Dlrds / km compared to 0.2
0.5 Dinis / kn in our study. The 5th-order reach
of Drifi Creek, with the most abundant dipper
population, was marginally comparable (i = 0.97
birds / km. SE = 0. 13, n = l2 surveys). Parsons
(1975) found 1-:l dippcrs /kn during the wintcr
in the Oregon Cascades. The breeding density
o l -  tu ra ' i rn  d ipper .  r  ( . ,  i  n t l  u  :  t  in  Europe ar  c r
aged >l adult / km (Ormerod et al. 1985. Daulne
1990. Vickery l99l). Availabil ity of nest sites
may have limited the overall abundance of dip-
pers in our study arca (Loegcring 1997) as has
been concluded elsewhere (Price and Bock 1983,
Fite 191i4. Kin-qery 1996). Streams where we saw
dippcrs oftcn had ncsts ncarby. Howcvcr, wc mrcly
saw dippers in strean1s that contained no suitable
nest sites, regaldless of the apparent ecological
similarity Lo streans where dippers where present.

Abundance of kinglishers in iitih ard sixth-
order streams was nearly I individual / km of
strean, whereas all other species were less than
hr l I  th r t  rbundrnce.  Brecd inp  den. i t ie .  in  s im i -
Lar sized streams in Pennsylvania werc compa-
rab)e (Brooks and Davis 1987): however. in Ohio,
breeding densities were nearly tbur times larger
(Dar is  Iq82) .  S tud ie .  o f  k ing l i .hc r .  in  moun
tailous habitat are few.

Overall, we saw slightly morc than onc group
of riparian-associatcd specics for each kilome-
tcr of stream surveyed but no single species was
very abundant. Although we believe there is no
altcrnative way to sample this community, future
re 'e . r reh  mu. l  c \nc( l  Ihc  I lh , ' r - in tcnr i ru  n r r ru rc
o l  these s tuJ ie . .  \ l ru .  uhunt lu r r .e  e . t i rn r te .  mu)
have been biased because of different probabil i-
t jes ofdetecting and identifying each species. This
h i r .  ma)  hure  hccn grc l l c : l  in  \ t rc r rn  rc ( l i . ,n \
with ditf icult fboting whcrc thc obscrvcr split ar
tention bet\a,ecn l&)king ahcad and carcfully plac-
ing nerrly every step. AJthough u'e did not di-
rectly quantity this bias, we ofter this assessment.
Dippers were likely censused. They seldom leave
the course of the strean (Kingerl' 1996), and did
not avoid human contact. Kingtlshers and her-
ons, however, occasionally left the area quietly
and some birds mal have been misscd by an ob-
server. Moreover. the low incidence of mammals
in our study likely refJects the bias of our day-
tine suNeys ard l]ot the relative abundance of
these specics.

Streamside Habitat Assoc at on

Selection of streamsidc habitat by dippers, king
fishers, herons, ancl mallards was disproportional
to availability. and the valley fonn was the only
l r , .  to r  in rpon i rn t  lo  u l l  lbur .pec ies .  D ippersnere
associated with streams having riparian zones and
stream banks dominated by trees on both sides.
This was especially important because dippen werc
more abundant in the smallcr. high gradient
streams, where lbrests managed for timber pro
duction were comn]on in the Orcgon Coast Range.
C, rn . t ru ined r r l le l  Io rms a l .o  were  impor lan t
predictors of dipper use, a l ikely correlate of their
affinity to mountain strcams (Kingery 1996).

Kingfi sher's association with streamside habitat
in less constrained reaches and thc prcsence of
stream-side trees are a consequence of its forag-
ing ecolo-qy. Kingtishers were associated with
the prcscncc oftrces on the stream banks, yetthese
features occurred <7% of the time. Presumably
trces on thc stream bank provide perches tiom
which kingfishers detcct prey; mostofthe perched
birds we obsen'ed were on the branchcs ofstream-
side trees. Moreover. kingfishers are generally
absent fiom habitats lacking perches (Hamas 199,1.
Root 1988). Kingfishers may be simply respond-
ing to salmonid abundances when selecting to lbr-
age in less constrained stream reaches. In the
Oregon Cascades. cu ttbroat ( Oncorhtnt ltus t larki)
and rainbow (O. mtkiss) ffout abundance in un-
constrained reaches u'as more than double than
in adjacent constraincd rcaches (Mrxrre and Cre-
gory 1989). Great blue herons also may bc re-
sponding to prey abundances as the), sclccted
stream reaches in less colrstmined valleys.

Dippcrs, kingfishers. and mallards were asso-
ciated in some way with a trcc-dominated ripar-
ian zone: however, the minimum or optimum ri-
purirn hufler strip thut is needed ihr the.e specie.
is unclsar. We did not evaluate difl'erent widths
of riparian buft 'er strips but l imited our evalua-
tion ofthc riparian forest to a single plot 25 meters
fiom the strcam at cach point a bird was located.
Current lore't prircti(c: rulc. proteeting riparirn
areas genelally meet or exceed this distalcc on
federal land, but not on private lands. Ripadan
reseNes on ttdcral lands require l imited or no
hcr le . t  w i th in  a l  m l t00 ' )  r r f  f i :h -he . r r ing  s t re i rm.
(FEMAI 1993). ln contrast, Oregon Forest Prac-
tices Rules call for riparian management areas
with requirements to retain targctcd sk)cking levels
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$'ithin 30 m ( 100') of the stream on state and pri-
vate lands. The exteDt that these stocking Jcvcls
adequately provide habitat firr riparian assoclated
species remains unclear. Many vertebrates, es-
pecially riparian mammals, fepti les. and amphib-
ians, tuc active within 60 m of water (Brinson et
al. 1981). Consequently, establishjng the appro-
priatc bulfer-strip width must considerlactors such
as the target species or community, location wilhin
the stream basin. rnd the composition of the cur
rent riparian zonc. Harvest of strean-side trees
has bccn conlmoDplace and nany streams have
litt lc or no legacy of large trees that can contrib-
utc largc wood to the stleam. Minimum coniter
stocking levels (Oregon Forest Practices Act 1994)
developed to retain and recr-uit large wood may
change the composition of hardrvood-dominated
riparian arcas in the Coast Range. Forlunately.
dippers. kingfishers. and great blue herons ap-
pear to respond to the ripar-ian tbrest structurc and
not whetl 'rer the tbrest is coniferous or deciduous.

Channe Un i t  Se lec t  on

Dippcrs and kingfishe$ werc found alongthe same
streams; horvever, they selected diflerent chan-
nel units early in the breeding season. Although
we lbund dippers less ot'ten than cxpccted in ffle
un i l . .  i t  i .  i rnpor l i rn l  l , '  n  Ie  Ih i r l  thu .u  un i t .  rcp
fesent >307. of observed usc and >567c of the
available habitat. Whilc thcy may use dispropor
tionately f'cwcr rifl1es, dippers u,ere observed fbr-
aging ne;uly one tl.ird ofthe time in riffles (unpubl.
data) and riflles may providc importanl tbraging
habitat during other timc pcriods (e.g., brood rear
ing; l-oegering 1997).

KiDgfishers strongly selected poels iind avoidcd
riffles in this ltudy. Conversely. firlaging king-
fishers selected ritl'les. rathcr than pools ir Penn
sylvania ard Ohio (Davis l982. Brooks and Davis
1987); specif-rcally, the do$'nstream tail-r)ut tran-
sition to pools rvithin riflles *ere selected (Brooks
and Davis 1987). Although seemingly contra-
dictor.v. these obseNations are consistcnt in that
the kingtishers were responding k) f ish distribu
tions. Brooks and Davis (1987) observed fish
abundance was greatest in the downstream por-
tion ofrif l les. and we believe their study streams
may havc bccn lower gradient than those in our
stud,y. Hamas ( 1994) hypothcsizcd thal "fast cur
rents that reduce visibil i ty ' may reduce fbraging
cflectiveness. Most of our observations were ol
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birds perchcd ovcr the strean and presumably
fbraging. Thc tirurth- and filih-order streams we
evaluatcd wcre high gradient (l 3%) with higher
surf'acc turbulence and visual disturbance than in
Pennsylvrn ia or Ohio. Moreover, salmonids, pri
mar i l y  iuven i le  coho sa lmon (Oncorhynchus
ilsrrtt lr), were more abundant in pools (Phil l ips
1986, Bisson et al. 1988, Schlosser l99l).

Stream Hab tat Association

Charnel unit length. rvidth. and dcpth, sccond-
ary channels, wood, substrate size. exposed sub-
strrtc itcnrs, and strean shading wele useful in
discriminating bctwccn pools, glides, and riff les
that were used versus those availablc; however,
many confidence intervals on thc odds ratio indi-
cated marginal statistical signil lcance and lorv
sti,rt istical power (i.e.. spanning or approaching
1.0). Channel heterogeneity and structural com-
plexity were impofiant t-eatures. Pools that were
in a sccondary or side channel with less shade
were more likely to bc uscd by mallards and great
blue herons. Gcnsrall)'. these pools had sustained
llow during thc wintcr monlhs when strean flow
was highest. Howcver, as flow volume decreases
throughout the summer, thc pools were partially
or entirely cut off trom the main channel, trap-
ping prey or creating a curent liee loafing site.

Belted kingfishers strongly selectcd sitcs with
trees on both stream banks. and they werc located
above pools more than expected based on chan-
nel unit availabil ity. However, kinglishcrs wcrc
less l ikely to use pools with more wood in them.
This paradox may be the result of histodcal har-
vest extending to the stream, thereby eliminating
recruitment of large wtxrcl during thc pasl lwo
decades. Alternatively. the increase in channel
unit complexity because ofwood may rcduce king-
tisher foraging etl iciency (c.g., Kclly 19961 and
high complexity units would be used less fre-
quently. In addition, kingfishers were located above
riftlcs lcss liequently than expected, but the like
lihood ol t inding them ovcr a ritf lc increascd with
increasing strerm depth.

Finrl ly, we recognizc a numbcr of l imitations
ofthis study. We chose the four study basins sub-
.jectively. represcnting a non-random samplc of
the Orcgon Coasl Range. Consequently, inference
of abundance to larger geographic scales beyond
these basins should be done with caution. Although



several inrporlant habitat vadables $'ere idcnti-
f ied by the logistic regression models, none ex-
plainccl >25% of the observed variabil ity (Rr).
Although the variablcs identified by the habitat
selection nodels contributed to the model's fit
and as a whole were important descriptors of the
habitat use patterns we observed, they individu-
ally $ere not different frorn a zero etTect (i.c..
90% CI on the odds ratio included or approached
1.0). In part. this may be attf ibuted to the natural
variability in the environmenl, vadable habitat
selection pattems for each species, and variabil
ity among the stream orders and basins we stud-
ied. Fulher improvemcnt of sampling techniques,
habitat quantif ication, and lbcusing on a more
'p rc i f i c  spa t ia l  rnd  temf , ' ra l  . ( r l c  rncy  i rnprove
the study's explanatory power but also may dc-
crease the generality.

N lanagement  lmp l ica t lons

Because these systems are intensively managed
for lore't pr, 'duets. we offcr these \ueFe\lir 'n\.
Managers should consider the basic ecological
intirrmation on species composition, abundance,
and habitat associations of riparian-associated
species, including terrestrial riparian-associated
species not addrcssed by this study, when retin-
ing the goals and objectives ofriparian zone man-
agement. Monitoring programs to assess popu-
lations of thcse species must be sensitive to the
potential effects of strcam order. basin. and sea
son. The low abundance and sparse dishibution
of these specics in the Oregon Coast Ran-ee pro-
vide additional challenges in evaluating thc cu-
lnulative effects ofmanagement u,ithin and among
basins. Population level responses nray bc dif-
f icult to quantiq' at the scale of most silvicultural
c \penmcr ) ls  re .p . .  20U-m l , ,ng  r i l r r i rn  n t rnag(
nent zones). Monitoring plans and nparian zone
manrgement altempts should consider a lar-{e
spatirl (c.g.. watersheds) and temporal extent lo
deiect spccics presence ald account tirr difftr-
enccs in abundance among basin and ordcr.
Monitoring at smaller spatial scales could bc in-
adequate and allorv cumulative impacts on the
entire watershed to go undctected. We strongly
rccommend an .r pri.rri assessnent of study ob-
jectives and statistical po$,er to evaluatc thc po-
tential success of the proiect.

Trccs on the bank imnediately adjacent to the
strcanl were associated with increasing Iikelihood

of use by dippers rnd kin-qfishcrs, tl're lwo most
abundant spccies. Management regimes and sil-
vicultural prescriptions should retain or establish
strcanside trees. Riparian zones dominatcd by
tree species were posilively associated with dip-
pers. and were present at 957. of our dipper ob-
servations. However. appropriate riparian bufler
stdp widths need to be evaluated al a valiety of
spatial scales.

Few attdbutes were different between uscd and
availrble channcl uniLs. and most signilicant vrri-
ables would be diltcult to successf'ul1y manage
(e.9.. substrate size). Riparian zone nanagenert
should include aspccts that naintain sffeanchi:nnel
hcterogeneit.v. allow the stream to interact with
the flood plain, and includc secondary and alter
natc channels witlin the riparian tbrest. Policies
that encouragc chalnel heterogeneity and retain
large wood also would benefit riparian-associatcd
species by providing varied habitats, although
kingfishers were negatively associated with wood
in pools.

Wildlife associated with riparian areas arc
important rcsources. As riparian areas become
more iDtensively managed, the challcngc will be
to create strategies that do not compromise the
ecological requirements of riparian-associalcd
species. Ettorts to monitor and maintain stream
systems with good water quality and sustainable
populations of aquatic invertebrates and vcftcbrabs
should protect thc resources needed by ipanan
obligates. Conservation strategies devclopcd lbr
terrcstrial ripadaD wildlife. fish. and aquatic habitat
(e.g., Bisson et al. 1992. FEMAT 1993. Thomas
. t  o1 .  l t t ' t  t : J2- -482)  thJ l  f t , .u '  t ,n  Ihc  rc \ lu ra l io r )
and nraintcnance of physical and biological in-
tegrity of aquatic s1'stems (Karr et al. 1986. Karr'
l09 l .  \ r imrn  e l  J l  lqg2r  \h ( 'u ld  p ru tcc t  r ip r r
ian associated species as vell.
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Appendix A,

Habitat \ariables assessed at bird location\ and randomly-selected points along Oregon Coast Range srreanrs. 1992 199.1.

U l s

Stream habitat

channcl unil

length, width. and depth

exposed subslratc

Streamside habitat

valley ibrm

adjacent land use

iparianzonc vcgctation

and strcam bank vegetalion

human rctr!itv

pool. glide. rifile. rapid. cascade. step (trom Bisson clal. 1982)

single or primary vs. secondary, telliary, or side chanDel

8 sire classes based on pardcle size: clay (<0.00,1 rnm), sih (0.00,1-0.062 mnr, sand
(0.062 2 mm). small gravel (2 32 nm). large gra\'el (32 64 mm). cobblc (64 500 mm),
bolder (500-2000 mm), and bedrock (>2000 mm) (Plafis et al. I983)

nu rbcr / mr of cxposcd rocks <0.25 m high and surroundcd by waler in lhe channel [nit

number / mr of pieces >l m long and 0.3 m diameter in the channel unit
'  , ' f n r e i | l r  ' \ l J e J  f r , ' m  d i r e . r l )  a b , , r e  b )  \ e p e r i r r i n n

unconstrained or constr ined (lalley floor < twice the active channel *'idth)

managed fbrest\ or not

Do mi nanr slecies at each loc.rtidr feduced io 2 i ndicator \,'ariab les for I ) the prescncc of
trees tallef than 5 Ill |eNus drrubs. gmsses, of herbaceous plants and 2) whether thc vcg
etrti(D utls coniferous or not

tZ canopt colef of adircenr forest olefstofy !imall) estrnated in a 5-m diameter plot l5

dist.rnce (m) to ncdrcsl rrca licqucnlcd by hLrmans (c.g.. road\. d\iellings. etc.)

Evaluated 25-ln perpen(iicuhr disrancc lioln lhc slrcan bank.
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