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Abstract
Few studies have e\a incd the \,alue ol riparian areas adjacent to streams < I0-m $ide as habitat lbr fore\r birds.In maturc (i0
110 )t and \oung ('10-6ll yr) co.rst.rl forest! oi soulhern Brirish Columbia. we examincd rhe habirat !atues for matc rinter wrcn\
ofriparian arcas adjacent to small stream! and aleas updopc ol these srrcans In both riparian and upsiope a|eas. wrens preferer
li.tlly locarcdne!|s (n =,ll) and songperchc\ (n = 77) in disrurbed \ires wi!h lewertrees thanrandomty loiated sires. Hyctiological
processes assocrrled wilh sfeams. mortalit) of domjnanl canop) rrecs or upfooled rrees can pfoduce these disrurbed sirc5. ln
mrture rorc\1. \trnter \\rcns chose stream bunks and uplumed loot masscs $hen available tir building iheir nests $ ith most ncsr
substratcs located \\'ithin 5 ln of small nrean\. In both louDg and malure tbfests. the,- also cho*c rrers ear smJll srreilnr! Js
locations lbr song perchc\. Winter lvrens ma! use arcas closer to strcams lvhen a\ailable becaLrse channet momholosv. the
associated hclerogeneou! fol1rd strucrure. and microclimalc likel),provide optimal ncning:rnd r,,rrg1ng hahrmr Our rJ,terctr
\uppofis oferalion.rl efforts by ibrest managcrs ro consenc rlructures near small \ffeams and in uDsloDe areas bccause these
slruclures maintain loDg-terll] habirat vahes tbr wjtdtile such as winter r.rens.

Introduction

Riparian habitats provide rcsources to wildlile that
complement those available in fbrested upslope
habitats au'ay from streams (Raedeke 19813). These
rnclude \r,tter. unique microclimate. and struc-
tumlly diverse and disturbcd sites. Such sites in
fbrests arc characterized by complex vertical veg-
etation structure associated with the riparian for-
est cdge interfaccs. and openings in the under-
story and ovcrstory canopy (Gregory ct al. 1991.
Vollcr 1998). Opcnings in thc ove$tory canopy
thatresult liom streamprocesses are called edaphic
gaps (Lcnzman et al. 1996). Monaiity of stand-
ing canopy dominants and uprooted tees, reterred
to as gapnakers. also produce open and disturbed
sites but these are callcd developmental gaps
(Lcnzman et al. 1996). Devclopmental gaps may
contribute to the canopy opening above streams
and in areas away f'rom sffeams providing struc-
tural heterogeneity in rhe foreit (Spies et al. 1990.
Lefizman et al. 1996). Gaps havc distinct micro-
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climates in their understory because higher l ight
intensities occur without shading fron] the over-
story canopy. Furthemore. greater amounts of
moisture accumulate because the canopy does not
intercept rain and lewer roots rcmove water (Blake
and Hoppes 1986. Schaetzl et al. 1989. Shure and
Phil l ips 1991). Uprooring oftuees can creatc pits
that t'lood and drain poorly thercby becoming 1o-
cally wet sites (Beatty and Stone 1986).

Few studies in thc Pacific North\\,est of North
America havc determined for forest birds the
imporlance of riparian habitats of small streams
relatiyc to habitats upslope, and how bestto manage
these ripadan habitats (Carey 1988. McGarigal
and Mccomb 1992, Kinley andNewhouse 1997.
H la l  lqqq , .  As  uc l l .  the  l r : tn . i l i on  in  \e !e r l r
tion composition and structure from riparian ar-
eas upslope into the adjacent fbrest is otien subtle
in temperate and boreal forest stands, particularly
when sbeams lack floodplains (Gregory et al. 199l.
Naiman et al. 1993. Wiebc and Martin I 998). In
Brit ish Columbia. this subtlety has obscured the
necd to manage habitats along small streans tor
terrestrial wildlifc. Instead, pl cement of resen'es
or managemcnt zones is directed toward streams
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that are fish bearing or \\,ithin community water-
sheds (B.C. Ministry of Forests and B.C. Minis-
try of Environment l995). Wc theretbre srudied
habitat sclection by winter wrcns. a common for-
est insectivore, to inrprove our unde$tanding on
how the forest surounding small streams can
provide habitat for wildlite.

The winter wren is significantly more abun-
dant in oid-growth forest compared to 40-80-yr
second-growth in thc south coast nainland re-
gion ofBrit ish Columbia. but nearly absent from
clearcut blocks of< 5-vr since harvest (Savard et
al. i lr prerr). Yet age alone can be a poor criterion
tbr managing habitats 1br wildlife (Rotenbery
and Wiens 1980, Hayes ct al. 1997. Waldien ct
r1 .  2000) .  In  the  P.L ,  i t i i  Nonhu e . t .  u  i r r re r  w rens
are norc numerous in structurally diverse stands
(Carey et al. 1991, Hansen et al. l995) and asso-
ciated with riparian habitats (Barrows 1986,
McGarigal and McComb 1992. Kinley and
Newhouse 1997). Our main objective was to de-
termine in the drier coastal tenpemte rainforest
whethcr riparian habitats of small streams (< l0
m-wide, including seeps with surface water) are
selected by male wintel wrens for territories and
ncsting because olresources thiit differ from those
available in upslope habitats away fronr streams.

Territories of birds include habitats that can
provide fbod. nest sites. security cover. and shel-
ter (Maftin and Roper 1988). As well within these
habitats, song perchcs are used by male winter
$'rens to adveftise and defend thcir teritory, to
attract mates. and lo advertise potential ncsts
(Arnrs t rong lq5r r .  Car \un  1980r .  Ne. r  . i re r .  a .
microhabitats \\,ithin thc territory, may be a ma-
jor factor that inlluences placement ofterritories
by birds (Matsuoka et al. 1997). Male u,inter wrens
usually weave several nests from moss and twigs
within available cavities in their territories
(Armstroug 1956, Armstrong and Whitehouse
1977, Wesolowski 1983). Winter wrens in coastal
British Columbia raise one or more broods from
rnid-April to mid-July and some males arc po-
lygynous (Mclachlin 1983). Long-term habitat
needs arc inlpoftant tbr $'inter wrens because they
are site tenacious and can occupy the same terri-
tories in successivc years. Streams and canopy
gaps nay be key criteda used by winter wrens to
ensure they place themselvcs in high quality habitat
for nesting or fbraging (Fretwcll and Lucas 1969,
Cody l981. Orians and Wittenberger 1991, Sodhi
et al. 1999).
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We used two approaches to study winter wl'ens.
For onc approach, we examined differences in
habitat use by winter wrens obseNed in two se-
ral stages. In 1996, we comparcd microhabitat
used by winter wrens at singing locations bctween
young structurally unifonn forcst (,10-60 yr) and
mature structurally hetcrogeneous forest (80- 120
yr). We hypothesized that winter wrens should
be positively associated \\"ith streams in both se-
ra l  \ t rge .  i f chr rac le r i \ t i c \  unrquL.  l r r . t re i lms in -
fluence the spatial distribution of wrens. How-
ever. if streams only provide favorable habitats
(e.9.. structure) under particular conditions of
disturbance history or stage ofstand development.
then the response of winter $;rens to strcams would
likely differ between seral stages. We expectcd
that the i mpofiance of riparian habitat for cnhancing
stand capability to suppofi tencstrial wildlife such
as the winter wren varies among stands. bul is
likely greater in structurally unifom tbrests. For
our other apprcach. in the mature forest. we tested
during 1995 and 1996 ifwinter wrens nested (nest
substrates and nest sites) closer to small streams
when available, and if the occurrence of nesting
habitat is an important tactor fbr selection of ter-
ritories by males.

Study Area

Our study area was along south coastal Bdtish
Columbia betwecn Roberts Creek and Powell River
(49'35'N. 123"38'Wi elevation 350 to 5-50 m).
Warrn, relatively dry summers, and moist. mild
wintels, with little snowfall arc typical in this rc-
gion. Thc study lLrea was mostly within the Coastal
Westem Hcmlock Dry Marit ime Subzone
(CWHdn). although parts were transitional be
tween the CWHdm and the Coastal Westem Hcm-
lock Submontane Very Wet Marit ime vanant
(CWHvml) (Meidinger and Pojar 1991. Green
and Klinka 1994). The CWHdm is dominated by
Douglas-fir l.Pseudotsuga ner:ie.!ll), western
henlock (?sriga /rereropi,) l/a) and lesser tmounts
of westem redcedar (.Thuja plicatal. Douglas-fir
is replaced by Pacific sllver fir (Abies omabilisl
in the transitional area. The forest undcrstory is
sparse and patchy. dominated b1- salal (Gaulth-
eria shallon), sword letn (.Pol!stichutn munitun),
and red huckleberry (.Uqccinium panilolium) or
with Alaskan blueberry (Vactlnfum qleskoense)
in the tmnsitioDal area. Streams in our study area
werc mostly < l0 m-wide on gentle slopes (gra-
dients < l l.5'). Generally, those with channels



5-10 m wide had water rhroughout the breeding
season, undercut banks along most ofthcir length.
gull ied topography. and gaps in the overstory
canopy along nost ofthe stream course. Streams
with channels < 5 m-wide were usually seasonal
u,ith sporadic undercut banks and fe$'canop)' gaps.
Our definit ion of small streams included seeps
with frec sudace water during the breeding sea-
son because sites with moist soils can also dilfcr
in stand structure. microclimate and associatcd
plant and insect communities (Wesolowski I 983.
Holmes and Robinson 1988, Tobalske er al. 1991.
Sohdi et. a]. 1999). Over thc past century, diff 'er-
ent fbrest harvesting regimes were used in our
study area. The young fbrest stands regenerated
afterclearcut han'esting, $,hercas the mature lbrest
stands originated after fire but had single tree se
lection harvcsting for large diameter remnant
redcedar. The study sites wcre on Crown Land
(Timber Sale License area of the Small Business
Forest Enterpdse Program. Brit ish Colurnbia
Ministry of Forcsts) and within Block I of Tree
Farm License 39 of Weverhaeuser Co. Ltd.

Methods

Winter Wren Sampl ng

We used two survey methods during the winter
wren active breeding season from late April to
early June. trom suffise to4 hr after sunrise (Vemer
1985). During 1996, in both young and mature
1orcst. we used transects over the entire study arca
to locate singing winter u'rens and their song
perches (rllen locations). In randomly selected
stands fronr those accessible to us. we placed 500-
m transects, a minimum of,100 m apart and par-
allel to the contoufs, to obtain a range ofdistinces
trom streams ( 10 m wide. We conducted one
survey aiong each transect and flaggcd all winter
wren song perches that u'ere detected \\,ithin 150
m of either side of the l ine (our estimated maxi-
mum detection distance for wintcr wrens). If a
slnging wren moved fiom its song perch before
we located the perch. we estimated its original
location within 5 m. For each wren location, we
randomly selected and flagged a location on the
same tlansect within the 150-m boundaries. The
sample ofrandom locations provided an estimate
of habitat available to winter wrcns. OuI meth-
ods did not account fi)r possible non-breeding
singing males or for individuals singing away from
territories (Haila et al. 1989. Van Horne 1995).

During 1995 and 1996 in five study blocks of
a south aspect. mature forest stand located at the
Robefis Creek Study Forcsr, we mapped territo-
ries of winter wrens and identitied their nest sites
and nesting substrates. We randomly selected Iive
sfeams, 5-10 m wide. tiom those available in l995
then wg randomly Iocated and centered on cach
a l2-ha (,100 m-wide x 300 m-long.) study block
with a 25 x 25-m survey grid. Although centered
on a sfcam 5- 10 m,wide each study block in
cluded streans < 5 m-wide and seeps. This dc-
sign facilitated examination of the sparial distri
bution of teritories and nests inrelation to steams
5 l0 m-wide and < 5 m-wide. We included these
< 5  m u  ide . t rc . rm.  becru .e  the l  i l re  common in
coastal fbrests and differ in stmcturc compared
to streams 5- 10 m-wide. In 1996, u,e expanded
the study blocks to 27-ha (600-m widc x.150-m
long). We conducted l6-20 winter wren sun'eys
each yea[ in these study blocks recording all ob-
scrvations (visual, singing and counter-singing.
mating displays. and nesting behaviols) (Verner
1985). Our mapping accuracy was improved by
captudng (Falls 1981) and banding nales in 1995
(24135 temitodes) and 1996 (19/45 terrirodes.).
We used two or three color-coded plastic bands
in unique combinations and a numbered alumi
num band provided by Environment Canada.
During suneys. wc located most nests through
obseryations of displaying males or of birds car
rying either nesting material or food (Martin and
Geupel 1993). In addition. we located nesrs us-
ing searches focused in the vicinity ofsong perches
in teritories (Ganon 1980). To minimize attracting
predators to nests, we flagged l0 m fronr nests
and measured habitat attributes alter the young
had flcdged.

Habitat N,4easurements

We measuredhabitat attributes on transects at wren
and mndom locations. Also, we measured habi-
lat lttrlbutes at nests al]d in the five 27 ha study
b locL : '  a l  the  50  I  50-m po in ls  I  n  =  . t  l5 :  b5  per
grid) on the 25 x 25-m suncy grids. We mea-
sured slope and aspcct at all sample locatiol]s.
For wren and random locations. we used 0.20-ha
slope corrccted circular plots and estimated per-
cent overstory tree canopy cover (cvergreen, de-
clduous. and combined) for dominant, codomi-
nant, intermediate. and total canopy classes. Using
0.01  ha  .1 , 'pe-conec ted  c i r \uh l  p lo rs -  ue  es l i
mated percent cover of herbs, ferns. shrubs
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(individually and combined as total undcrstoly
vegetalion), moss. rock. exposed soil, and h'ee
canopy (evergreen, deciduous. combined) in hcight
strata (< 0.5 m,0.5 < 2.0 m. > 2.0 m. > 0.5 m,
and tolal combined). At nests and 50 x 50-m sur
vey grid points, we used slopc-corrected nested
circular plots. We measured understory \,egeta
tion for the stratum < 0.5 m-high in 0.002-haplots
and we used 0.01 ha plots lbr overstory canopy
cover and understo[y vegetation in stratr > 0.5
m-high and total combined, and to count stems
oftrees and snags < l0 cn dbh. ln addition to the
above habitat attribules mcasured at wren and
random locations, we estimated percent cover of
dcciduous and evergreen shrubs individually and
combined, and we estinated pcrccnt ground cover
(rock and duft). In 0.02-haplots. we counted stems
oftrees and snags 2 l0 cm dbh (Luttcrmerding et
al. 1990) and numbers and typcs ofupturned root
milsses as prirne with loose soil and rootlets for
nests or as other We estimated percent cover of
strata using the mean from two visual estimates
o l  rhc  rc f l i ca l  p ru je r . t ion  o l  rhe  vegerar ion
(Luttemerding et al. 1990).

To dcscribe horizontal tbrest structure at all
sample locations, we measured distance to the
nearest strcam (including noticeable seeps), the
nearest uptumed root mass. and mean distance
to overstory canopy and understory canopy (>0.5
m high) trees and snags (Noon 1981, Morrison
ctal. 1992). Mean distance was calculated using
a plotless method. Each k)cation was divided into
four 90'quadrants fiom a random orientation and
the nearest distance to each of the attdbules was
measured in cach quadrant. We used randomly
placed line-intercept transccts (Marshrll et al. 2000)
for cstimlting volume of downed wood by piece
size diameter classes (2-6.1 -29,30-49.50 71,
) 75; and ) 50, ) 30, ) 7 cm) and decay4rardncss
classes (> 507a decav, blocka or soil wood: ( 507c
decay hard, intacl; and frcsh). At $ ren and ran-
dom locations. we used two 12.5-n l inc-inter-
ccpl lrcn:ect: Irl irr ( J rl r c)0' anlle ibr min imunr
e f lbn .  But  $e  u .ed  lh ree  12 .5-m l ine- in te r rep t
transects placed in a rundomly oriented spoke with
60'angles at the 50 x 50-m survcy grid points
aDd at the nest sites, rlso using these measures to
estimate availabjl ity of nest stuctures. Wc cal-
culated density of tree stems and snags per ha by
diameter (< 10, l0-29. 30 49, 50 7.1. > 7-5; and >
50, > 30. > l0 cm dbh). canopy. and decav and
hardness (hard outside o[ soft outside) c]asses.
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Stat stical Ana yses of Song Perch Locat ons

We used an unbalanced, completely randon
ized, split-plot. factorial analysis of vadancc (Steel
et al. 1997) (ANOVA) to determine whether winter
wrens in young and mature tbrest! placed their
territories closer to sffeams than would be at ran-
dorn and to assess habitat selection at their song
perches. We set oul significance level at P ( 0.05.
We groupcd transects within the same general arca
(usuaLly a rvatershed) into blocks. and these blocks
wcre nested $,ithin seral stage (10blocks in young
forest, 9 blocks in mature forest). The ANOVA
deten.nined which habitat attributes (response
variables.l had signiticant between group differ
ences for a) the two scral stages (young and ma
turc) and b) the two types oflocations (wrcn and
random). Seral stage was the whole plot lactor
and location \\"as the split plot lactor. The experi-
mental units for the \\,hole plot factor $,ere the
blocks ncstcd within seral stage. We eliminatcd
habitat attributes that were inftequent across lo-
cations and one attribute fbr pairs of atffibutes
that were highly corclated (r ) 0.70) and had a
similar ecological interpretation. A rank transfbr-
mation was used on all habitat attributes 10 nor-
malize the residuals. Howevcr. cstimated Ieast
square rneans and standard errors u,ere calculated
using the unranked data.

We used a logistic regression model to deter-
mine a resource selection function fiat identiUes
those habitat attributes that best convey thc prob-
ability of a wren location in these fbrest stands
(Brennan et al. l98,1. Manly et al. 1993). The re-
sourcc selection function w(xL, x.....,xr) is direcdy
propoftional to the unknown resource sclection
probabil i ly function. It is estimated by modeling
the conditional probability tbat an obsefr'ation hav-
ing a paLrticular set of habitat attributes will be
fbund at a wren location rather than at a random
location, given that the observation is at one ol
the two locations (McCullagh and Nelder 1989,
Manly et al. 1993). The habitat attributes used as
covariates 1br the logistic regression model were
those for which the ANOVA revealed significant
differenccs in their amounts between wren and
random locations. The logistic regression analy
sis proceeded in tu'o steps. First. we uscd a mixed
model logistic regression to determine whether
seral stage had a signiticant effect on the condi-
tional probability outlined above. The SAS macro
GLIMMIX (Littell et al. 1996) vas used ro find



restricted (residual) pseudo likelihood (REPL)
p i l rameler  c \ t imr lc : ' .  The lu l l  mode l  i s :
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whele t,,u is thc probability that an obseryation
in a particular block and having a pafiicular set
of habitat attributes {xr,x,,....x,,} wil l be found
in the wren Iocation rather than the random Ioca-
tion, given that it is one ofthese locationsi Fis the
overall intercept; siis thc eft'ect of seral stage (i =
1,2): a,,,, is the random block efl 'ect a,,, - N(0,o;)
0 = I .2,. . .,19), which is nested within seral stage:
0,,0,,....Fn are the.egression parameters. and the
observations are indexed by k = 1,2....,148. Fol-
lowing the non significant cfTect of seral stage
along with negligible block-to-block variabilitl',
we streamlined thc nrodel and incorporated all
random and wren locations in a simple logistic
regression. Non significant habitat attributes were
also dropped producing a simplified model with
only q < p regression panmeters. where ail pa-
rametcrs are defined as in Equation 1:

' '* (D = u * B,., * B.x., +...+ 8,x,, t2l

We will discuss [2] in the remainder ofthe paper,
even lhough the actual resoruce selection func-
tion is of the form: *(x,.x.,...,xu) = B,x,u + p,x,,
+ . . .+pqxq l .

Stat stica Analyses of Nests and Nest Sites

Wc used log-likelihood Chi square (G) tests and
Bonfenoni-adjusted Z-tests with 95 c/c confidence
interyals to test winter wren selectivity for nest
substrates and nest substrate locations during 1995
and 1996 (Neu et al. 1974, Manly et al. 1993).
We pooled ncsts tiom both breeding sea-rons be-
cause wrcns reused nests between years. We poolcd
occupied and unoccupicd nests because there were
no identifiable criteria of unoccupied nests that
distinguished lhcm as dummy nests or as repre-
senting lower quality nest sites (Carson 1980,
we:olo!', \ki lqSl). Vule' did nol or er-winlcr ar
thc study area. therefore we reasoned thc cntire
area was initially available each spring and we
dellned available habitat as the proportion of 50
x 50-m survey grid points (n = 365) within each
catcgory. Ifteritoriality limits ar''ailability. we may
have overestimated abundance of less common

attributes including stream channel and bank,
upturned root masses, and remnant old cut stumps.
To determine whether rnales selected for type of
ne\l \ub\tralc. ue used the lollowing c:rrt.gurie.
b r .ed  on  our  f i c ld  ob \er \c l ion \ :  log ' :  snag.  in -
c lud ing  nesrs  beh ind  bark .  ne . r '  in  l . re r ice .  o r
nests in a remnant old cut stump; uptumed root
masses; stream banks; and branches on trees or
snags. For tcsting whether nest locations selected
by males were independent ofdistancc to streom,
u'e used five distance categories fiom streams and
not iceab le  secps  (0 -5 ,6 -10 ,  l l  50 .51-100,  101-
300 rn). The 0-5-m category includes the influ
ence ofriparian channels on vegetation cxtended
up to 5 m on each side of streams. The 6-10-m
category is transitional between riparian and
upslope areas. The 5l-100-m category is differ-
entiated from the I I -50-m and 101-300-m cat-
egories because 5l m is greater than the mean
distance to water in the stand (50-m) and winter
wrens were commonly observed to fly between
locations up to 100 m apart.

For determining habitats selected by malcs at
nests, we used Multivariate Analysis ofVadance
(MANOVA) (SAS lnstitute lnc. ]988: Tabachnick
and Fidell 19t19). We compared nest sitcs with
non-nest sites within terrilories, defining non nest
sites as the closest (> 25 m) 50 x 50-m survey
grid point within the territory that lacked nests.
We randomly selected one nest in teritories with
multiple nests. For the analyses, we also needed
to separate into different sftata those nest sites in
the channel and along the immediate edges of
strcams 5- 10 m-wide (5- 10-m channel) from the
other nests beyond the 5-10-m channel (other).
This ensured that the non-nest sites paired with
nest sites of these largcr channels had the same
general characteristic forest structure and topog
raphy for measuring habitat selection within the
teritory. Therefore. we paired nest sites and non-
nest sites by territory. year. and krcation (5- l0-m
channel, n = 10: other. n = 37). Habitat attributes
within these pairs were used as the multivariate
response because ofthe dependence between nest
and non nest sites occurring within the same ter-
ritory in the same year. For the MANOVA, we
tested tbr differences in amounts of habitat at
tnbutes between 5-10-m channel and other nest
sites, and for differences between nest and non-
nest sites.Ifan interaction fbr a particular attribute
occutaed between 5 10-m channel and other nest
sites, then we tested fbr difterences between nest
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and non-nest sites within each of thesc catego-
ries sepalatcly, corrected fbr experiment-q'ise enor.
Residuals were examined lbr homogencity of
variance and nonr.rality. We reduced thc number
of habitat variables analyzed by elirninating one
attdbute of a pair of attributcs that were hjghly
correlated (r > 0.70) and had similar ecological
interpretations.

Results

Song Perches

Wc identified 77 wren locations in 1996. Fony
winter wrcns wcre located along 9.12 km ofhansect
in young forest compared to 37 along 9.30 km in
maturc tbrest. Foufteen percent (l I / 77) of the
uren locations were estimated as within 5 m of
the actual location and hence. fbr these we could
not idcntity type ofsong perch structures. For the
remaining 66 song perchcs. winter wrens used
downed wood (9), uptun]ed root masses (9), snags
(30). and lrees ( l8). Wc measured 75 random Io-
catioos in young (37) and mature (38) Ibrcst.

Few ofthe habitatvadables we sampled showed
that the structure ofthe forest differed significantly
between the two seral stages. Generally. young
strLnds compared to mature stands had morc closely
spaced understory snags and root masses, less
coverage of < 0.5 m-high vegetation. and a rnore
promi nent deciduous overstory component (Table
l). In contmst, wren locations compared to ran-

dom locations had ovcrstory trees spaced fafiher
rp rn  nd  \ i ln i l l can l  l y  less  covcr  o f  \  cgcr r r ion  <
0.5 m-high, including < 0.5 m-high shmb and moss
(Table l). From these findings. wc int'er that the
lower strata likely had a combination ofcxposed
mineral soil, rock, water, and downed wood. ln
both seral stages combined, we also observed that
wren locations were significantly closerto steams
lhan rcndom L,cdri, \n. rlrhuulh high \ aritnce u a\
associated $'ith thjs measure (Table 1). There was
a significant interaction bet$'een seral stage and
type of location for the total volunre of downed
wood (P = 0.0,1) suggesting its impoftance likely
varied between seral stages. However. wc did not
detect any signilicant rclationships betwecn wren
location. .rnd \ olurne r' l  dou n wood lor an5 piccc
size diameter class.

For the full mixed modcl logistic regression
(Equation 1), we used mean distance to overstory
tree (Over). cover of moss (Moss). cover of veg-
ctation < 0.5 m-hjgh (Veg). and distance to stream
(Str). We eliminated shrub < 0.5 m-high because
it is a component ofvegetation < 0.5 m-high (Table
1). Seral stage did not have a signiticant eff'cct in
the modcl and it $ as eliminated from further analy-
ses (Table 2). In the full model, both mean dis-
tance to oventorJ tree and cover of moss were
significant at predicting the conditional probability
that winter wrens would use a location in either
seral stage (Table 2). The simple logistic regrcs-
sion best-fit model (Equation 2) also identif ied

TABLE 1. Results ffoln sflit-plotANOVA for differcnccs bel$ ecn voung 0r = 77) and mrtufe (n= 75) seral slagc\ ominellectr
d f l , l 7 ) . a n d b e t w e e n \ \ r e n i n = 7 7 ) a n d r a n d o m ( n = 7 5 ) l o c a r i o n s ( s p l i t - p l o r e f f e c r ; d f 1 , l 7 ) u s i n g r a n k h n s l b m e d
habitat attributes for lhe ANOVA. I-cast squarc neans and standard ernrs lvere calculated using unllanslbnned data.

Habirar altribulc
l\fean (SE) \'lain ellect

Young N1amre F P
Me.rnlSEl Spl{.!l!!!li!q!

Random WreD ts P

Distance to strerm (m)

Nlerr distance to olefstu) tfee (m)

Niean distancc ro undersbr] snag (m)

Distrnce to foor mass (m)i

Dcciduous olerslorv canop] co!er (q.)

Vegetation colef < 0.5 m-high (ti)

Shrub < 0.5 nr  h igh co\cr  (q )

N'loss co\,er (+)

2,r2 (87) 19 (91)

3.6 (0.,1) 4.E (0.1)

s.3 (0.8) 8.1 (0.8)

9.7 (1.:1) 18.2 ( 1., t)

21.8 (.1.0) 3.1 (,1.3)

r.  |  (0.9) s.7 (0.9)

3 .1  (0 .9 )  5 .0  (1 .0 )

21.9 (1 .0) +t.',7 (',7 .1)

150 (6,1) l,l2 ( 6,1)

3.9 (0.3) ;1.5 (0.3)

6.5 (0.6) 7.0 (0.6)

l5.2 ( r. , t)  12.7 (1..1)

11.6 (3..1) 13.5 (1.,1)

5.3 (0.6) 3.s (0.8)

.r.8 (0.9) 3.2 (0.9)

l8. l  (5..1) 21.9 (5.5)

0.66 0..12

1.82 0.06

6.,16 0.02

9 .37  0 .01

25.77 <0.01

6.,13 0.02

3.E6 0.01

1 .02  0 .33

10.'1'1 0.01

| 1.77 <0.01

3.21 0.09

1 .68  0 .21

3 .  r 5  0 .10

6.34 0.02

4.29 0.05

1 .11 0.01

Samplc sizc adiusred ibr 1 (distance to root nra\s) and 3 l oss covcr) nissing dala points.
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TABLE L Parameter e stimalcs for thc lull model (Equrtion
l)  Block-ro-block \ i r iabi l i l . -  is  ueated as a ran-
don factof. The inrercepr represen!s thc nalurc
scral stage and S fepfesenls the additional eflccl
ofthc young seral shge over-rnd-abole the ma
..  r ( . ( r - l  . l i ! .  Th ( . r .m:, r (  u l  r "e .  i r f  i t rnre ,  .m-
poDent is  6:= 0.000.

0 7

Eslirnate

Seral Slage

Moss
St f

veg

-1 .085 r
0.2619
0.1706
,0.0100
0.0001
0.0,100

LO\er = mean distancc to overslorv tree, Moss = co|ef of

ff::,,:ff"T*' 
* *serarion <0.5 m high. and srr = dis-

mean distalce to overstory trcc trnd cover ofmoss
l r  the  be . t  p red ic to r .  o [  mr le  u  in lc r  \ \  rcn .  u \ ing
a location (Figures I and 2). The high Reduction
of Deviance ( 2[Logl-(!t)-Logl-(p, l],, F,)l =
13.958. P = 0.0009) reflects the collective sig-
niflcancc of these two factors. Both distance to
stream and covel of vegctation < 0.5 m-high did
nolcontribute significantly to the model. The non-
signilicant Hosmer and Lemeshow Goodness of
Fit statistic indicates closeness between predicted
and observcd probabilities, and suggests the model
is a good tit. The logistic rcgression modcl shows
that the greater thc mean distance to overstory
t ree  the  h ipher  the  probab i l i t l  tha t  u  in rc r  u  ren .
wil l use a location. with a maximum at -15 m

Mean distance to overstory l rees (m)

Figure L Predicted conditional probabilit,v (Equation 2) o1'
a winler wren occupling a localion:

r^ - .  l t t  - ,  "  I
rs mer. drsrrnce n) nerresr oveAtory ffee (overrl

cha.gcs lrom 0 to 15 m while noss co\errge onos\)
i \  h ( l d  J r  l . . . l . m u t c J  I r < - r  l l : ,

Figurc l. Prcdicled coDditional probabiliry (Equalion 2) ol
J  \ \ i n t c r  $ . e  r o . J  r p \ i r !  t r  l . c i r n l :

1,=er 1{ , , r ' .sour ^" . . . / (  +. , . .  . , , ' . " ' " ' ,  " " . . ;

as coref of moss (mossr) changes lion 0 to 100./.
while mean di stance to o|ersrorytrcc (o!cr) is held
at its estinralcd nrcan ('1.2 nt.

(Figure l ). The negative relationship between v ren
locations and cover ol moss has a smaller range
, ' l  l robrh i l i t )  es l im l le .  fo r  p red ie t ing  a  u in te r
wren location (Figure 2). Wrcns are more likely
to occur in sites without moss.

Nests and Nest Sites

We found 99 nests during 1995 and 1996 ofwhich
95 were associated with territories. Tenitories
ranged in size from 0.37 to 2.38 ha. Some tefri-
tories had multiple nests (22% in 1995 and 53%
in 1996.). some territories had single nests (35%
in  1q95.  17r ;  in  l906)  and rn  o rhcr  re r r i l t r r ie . ,
we were unable to llnd any nests (.137o in 1995).
Nests occurrcd at a range ofheights in the undcr-
story ofthe forest (35 cm to 285 cm: mean heights
70 cnr in stream banks to 190 cm on branches).
Male winter wrens showed selectivity for type of
nest substrate (G = 12,+.9. P < 0.01). Uptumed
root masses and streum banks were used more
than expectcd, logs and snags (bart, crevice, and
stump) were all used in proportion to their avaif
abil ity, but branch substates were used less than
expected (Figure 3).

Males showed selectivity for streams < l0 m
wide when building their nests (G = 30.2, P <
0.01; Figure ,+), although sfcams < 5 m-wide
tended to become dry by Iate May to early Junc.
All nests in steam banks (12) and in upturned
root masses (20) were < 5 m fiom stredms. Nests
in other substrates occufled over a range of dis-
tances, but 527c were also ( 5 m from a strcam
(15 of38 log nests, l6 of23 snag nests including

0.12
0.s.1
0.li 1
0.05
0.86
0.16

1 2  1 4  1 6

0
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Flgure L Proportions of substrates in rhich male \\inrer
wrens built nestr compared to proportions of sub
stfates alailable in the Roberts Cfeek Studt Fofest
\i ith 95% confidence intervals (Bonferroni-ad-
j u s r e d Z r e s t s . K = 7 ) .

stumps, and 4 of 6 branch nests). Nests occured
in propoftion to habitat availabil ity in the 6- l0-
m and 51- 100-m distancc catcgorics from strcams.
Fewer nests than expected were located in the I l-
50-m category. Although some nests werc > 100
m fiom a stream. fet! 'winter wrens tended to usg
these locations.

t%
Dbtan@ lrom.tre.m (m)

Figure:1. Proportions of *inter wrcn ncns and arailability
ofhabitat a! diffircnt dislanccs liom sreams in lhe
Robcrts Crcck Studv Forcsr with 957. co idence
intervals (Bonfenoni adjuncd Z lcsts. K = 5).

Some habitat attributes differed between nest
and non-nest sites, but thesc difflrences were not
consistent for the 5 l0-m channel nest sites and
the other nest sites beyond the 5 l0 m channels
'Table 3). Conrpaled to non-ne.t riter. nc.t . iter
beyond the5-10-m channels hrd signilicantly fewer
live stems () 50, 30-49. and ) 10 cm dbh classes),
live stems and snags combined (30-,19 cm dbh

E

TABLI 3. Mean habild atuibutes ar nest siles and paired non nesr sites (nultivaiate response) by habitat type (channel. i.e., 5-
10 ln and orher, i.e., .r$a)- lion 5 10 m channels). Signilicant (P < 0.05) values ffom the MANOVA are presented
separately by habitat tlpe if an inleracdon was dclected or pooled over habilal rypes if no interacrion was detected.

Habitat attribure
\csl sitc N_on ncsl sirc \{ANOVA

Habital type Mean SE Mean SE df(n, d) F P

Dorned $,ood l0 - .19 cm (m' /ha)

Lile \tems 30 - ,19 cm dbh (stems/ha)

Lilc slcms and rnags 30 ,19 cnl dbh (ncms/ha)

Li\e stens > 50 cm dbh lstens,tr)

I - i !c  \ lcn\  > l0 cm db|  (s lcn\ /ha)

Live stems < 10 cm dbh (stems/ha)

Li\e stems and snags < l0 cln dbh (srems^ra)

LiIe ste s and snags > 75 c dhh (stemsfira)

l,i!c stc s and lnags > 50 cm dbh (s!cns,tia)

Distance to uptumed root nass 0r)

I)eclduous shrub cover (t/.)

Ground co!er (-o.)

Channel  1.10.6

0thcr 94.1

Channel  I  l5

Other 99

Channcl  l , t5

Olhcr 137

Channel 95

Othef  107

Channcl 101)

Orhef 4il1

Pooled l l l

Pooled 505

Pooled 3 |

Poolcd l3l

Pooled 9.0

Pooled 5..1

Pooled 82.0

18 .1  11 .6  18 .8

13 .0  t 21 .1  11 .9

t0 85 22

l l  l 3 l  2 1

25  110  )1

1,1 251 )',7

23 85 22

12  181  22

11 325 62

1O '7)'7 ,10

lt  92t 203

51 1 127 l0, l

5 1 2  1 1

l t  201  20

L , t  12 .8  1 .1

1.0 3..1 0.6

2.2 88.5 L0

r,9 ,1.15 0.06

1.36 .1.50 0.0,1

1.9 0.89 0.37

1.36 21.96 <0.01

1 .9  1 .15  0 .31

1.16 1',7.63 <0.01

1 ,9  0 .13  0 .73

1,36 12.,19 <0.01

1.9 0.871 0.36

1 .36  21 .9 t  <0 .01

r.,16 8.62 0.01
1.,16 8.,10 0.01

1.16 6.0,1 0.02

1.16 12.35 <0.01

1.,r5 1.93 0.05

1.,16 5.02 0.03

1.,16 7.55 0.01
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class), a,rd volumes ofmedium sized do\\,ned wood
in the 3(149 cm dianeterpiece sizc class.Yet these
, len ' i t ie .  o f  i i ve  s tenr :  Jnd  \n i l ! \  a t  th<  ne . t  . i l e \
beyond 5 10-m channels u'ere similar to thosc
mcasured ot both nest and non-ncst sites in 5- l0
mchannel alctrs (Table 3). Seven additional habitat
attributes also indicated diffcrcnces between nest
andnon-nest sites using the pooled nest sites (Table
3). Nest sites compared to non-nest sites had l'ewer
[\ 'e stems (< 10 cm dbh class), l ive stems and
snags combined () 7-5, ) 50, < l0 cnr dbh classes.l.
and less exposcd ground of duff and rock. Cover
ofdeciduous shrubs was gleater and root masses
were closer to the nest subsffate.

Discussion

Habitat Va ues of Small Streams

In both young and mature stands. the locatlons
o l -song i l c rch( . .  thu '  te r i to r ie .  o f  u  in lc r  u  re r r .
were associated with streams (Table l). Fu{hcr-
more. the overall lack ofinteractions between serul
stage and type of location indicated that wintcr
wrens. independent of stand age and stage of se
rai development. selected a suite of habitat at
tdbutes to provide optimal habitat (Table 1). Winter
$rens did not appear lo use habitat diflerently as
the forest developed from young to maturc. and
this finding t'unhcr supports that age alone can
be a poorcriterion for managing hrbitats lbrwild
life (Rotenberry ard Wicns I 980, Hayes et al. I 997.
Waldien et al. 2000). Instead, occurrcnce and dis-
tribution of structural attributes and small streams
with their uniquc characteristics. such as channcl
morphology (sh€an banks). influenced the spa
tial distribution of winter wrens in both seral stages
of coastal temperatc forests.

The heterogeneous forest structurc associated
with strcams was important for providing winter
wrcns u ith nesting oppoltunities. Nests were Io-
cated closer to streams relative to their availabil-
ity (Figure,+) and wrens chose types of nest sub
strates (Figurc 3) associated with small streams.
Yet. $,rens selected sirri lar nest sites whether
adjaccnt to streams 5-10 m wide that had struc-
turally distinct riparian areas including banks.
oversto[y gap and vegetation or \\"hether in othcr
areas a\\'ay tiom these -5 l0 m channels (Table
3). Hou'ever, fewer differenccs were apparent
bctween the tbrgst structure of nest and non-nest
sites near slreams 5-10 rn-wide. than elsewhere

(Table 3). A nalc may build several ncsts in his
telfitory. but lewer nests may be built in less fa-
vorable habitat (Annstrong I 956. Annstrong and
Whitehouse 1977). Thus, when establishing their
territories males may select for streams to obtain
more nesting oppofiunities.In turn, the structure
contributed by vegetation and terrain charactcr-
isl ics of streans 5 l0 m-wide may ofler more
potential oppofiunities tbr wrens than do streams
< 5 m wide (Table 3). Other than nesting oppor
tunities. factors that likely contribute to habitat
selection of winter wrens are higher tbrage qual
ity (Amstrong 1956. Mclachlin 1983, Holmes
and Robinson 19118, Van Home and Bader 1990)
and thermoregulation (Armstrong and Whitehouse
1977). and we hypothesize that riparian habitars
may positively influence these tilcton (Waterhouse
r998).

Gaps in Ups ope Hab tats

Although winter wrens selected fbr song perches
and nests nearer to streams whcn available. they
also used habitats upslope of streams (Tablc 1,
F igu lc  4  t .  I  o r  e r rmp le .  s l re l rn  loc : l ion  u  r .  no l
sclected as a significant predictor of song perch
location in the logistic rcgressions (Table 2). Thus.
winter wrens use a range of habit t conditions
1br nesting and singing. The similarity between
nest and song perch nicrohabitat patches is cx-
pected because males often use thc nest subsffate
ils a song perch whcn they are advertising the nest
(Garson 1980).

Nests u'ithin teritories, and songperches within
the surrounding young and mature forest were at
relatively open sites in thc tbrest understory (Tables
l.I r. Our lugi.t jc renression model 'uggesr. u inrer
\\"rens are more likely to sing in open sites be
causc it was more probable that wrens would oc-
cur in locations with a l0- l5 m mean disLance to
an overstory tree. In either the young or mature
forest, this mean distance suggests a gap in the
oveistory canopy. However. our pcrcent estimates
ol overstory canopy cover wefe not significantly
lower at wren locations or nest sites comp;Lred to
the sunounding forest. Thercfore unde$tory con-
d i l ionr  l \ .o (  i i r led  w i th  g rp .  mu1 he more  in rpor -
tanl fbr winterwrcns because lateral branch growth
diminishes the size ofthe overstory gap. The lack
tll moss cover and the significant association of
uptuned rool tnasses with wren locations and nest
sites confirm that wrens select disturbed sites.

Winler Wren Breeding Hahitrr 14.1



Disturbcd sites had stream banks or residual
developmental gapnakers including snags. root
masses. and downed wood available for nest sub-
. r laLe .  rF igure  41 .  Dur ing  the  breed ing  se lson in
1996, we obsen'ed that watercollected in pits from
uprooted trees turning these disturbed sites into
locally wet sites. This process creates distinct
microclimates (Beatty and Stone 1986, Schaetzl
et al. 1989) and likely providcs fine scaled sites
forforaging and nesting. The \\,inter wren in other
regions is associated with areas of localizcd dis
twb?ulce that have canopy openings. downed wood.
upturned roots, and with dense understory veg-
etation (Wesolowski 1983. Holmes and Robinson
1988, Carey et al. 1991. Tobalske et al. 1991).
Thus. nest substrates and nest sites selected by
wintcr wrens are otten crcated through proccsses
of succession and natural disturbance (Spies et
al. 1990, Lertzman et al. 1996) and ale l inked
directly to gaps. The structurc and microclimatc
u l  dcr  e lopmcntu l  gups  pror  idc  a l te rnu le  nc . t ing
and lbraging habitats in upslopc areas and fur-
ther enhance the value of streamside habitats for
winter wrens.

Although our research is limited to the wintel
wren, it is likcly that other wildlil'e in the drier
Coastal Westem Hemlock Dry Maritime Subzone
(CWHdm) benefii ftom the distinct habitat qualities
of small streams including channel morphology.
lu rc . l  . ln tc tu re  anJ  n l i ( roe l ima le  thu l  J re  l . soc i
ated with winter wrens. Rcserve areas or aggre-
gates offorest structure retained adjacent to small
streanls or seeps can be uscd to manage for stlcam-
side habitats. Some management options avail-
ablc in British Columbia for rctaining fbrest stmc
ture and associated wildlife habitat within stands
includc retention of small patches of trees (wild-
life tree patches) and ripanan managcment areas
that rre cstablished adjacent to streams (B.C.
Ministry of Forcsts and B.C. Ministry of Envi-
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