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Abstract
Britjsh Columbia forestry guidelines requirc riparian management areas of20 to 50 m wid$ betwccn small streams and cutblocks.
composed of reserve zones (no timber hanest) and/or management zones (limited timber harves0. Cuidelines in Kootenai
Nari,,rnal Forest, Montana. limit fbrest huvesting for 30 m adjacent 1(l permanenl stfeams. As one slep in providing a basis lo
assess such guidclines. we compared (1) habitat strucrure betwccn spruce-dominared dparian forest and pine-dominated upland
f'rrest, (2) breeding bird characterisitics (density of detections. spccics richnesr, lpecies diversity and species equitability) be
tween riparian and upland tbrest. and (3) breeding bird characterisilics bctween riparian resen'e zones ofvrrious widths (aveng

ing 70. 37. or 14 m wide). The study occurred in the Montane Sprucc biogeoclimalic zone of southeastern British Colunbia. ln
felation to upland forest. nparian forest had greater tall shrub and canopy covet but felver live trees. Snag densily, low shrub
cover. and coarse woody debris did not difter at P<0.05. The two habitat types did not difTer in mean bird species richncs s per site.
bul riparian forest had greater species diversity and spccies equirabilit]'. greater density of all species combincd. atd greater

density of thrcc indivjdual species. The density of all birds combined. all riparian-associated birds combined. and t})Jcc of the
four riperian associatcd species increased with increasing reserle zonc widlh. Species diversity and species equilability did no1
differ significantly anong treatments.

Thc widths ofriparian managemenr areas requircd under cunent British Colunbia and Kootenai National Forest gujdelines

are considerabl_v nanower than the widest caregory ofreserves inlestigated in this study (70 nl). Our dala indicate that prescribed

dparian management areas under cunent guidclines will have loner densities of total birds and ofripatlan associaled birds than
ifreserres \\'ere reouired to arerase 70 m in width.

lntroduction

Riparian habitats are considered essential for many
wildlife species because of high plant and anr-
mal productivity, complex habitat stlrcturc. prox-
imity to water, and role as movement corridors
(Thomas et al. 1979b, Morgan andWetmore 1986,
Bunnell et al. l992, Bunnell and Dupuis 1993,
Naiman et al. 1993, Stevens et al. 1995). In the
Montane Spruce biogeoclimatic zone of British
Columbia, where this study occurred, approxi-
mately 65clo of vertebrate species are associated
with riparian areas (Bunnell and Dupuis 1993).

The Forest Practices Code of British Colum-
bia rcquires that forest managen maintain ripar-
ian management areas (RMAs) between cutblocks
and streams, consisting ofriparian reserve zones
(RRZs) with no forest harvest and dparian man-
agement zones (RMZS) with limited harvest. The
width of these zones is variable. depending on a
stream's channel width and its value fbr fisheries
or as a domestic water supply. For strcams less
than 20 m wide. reserve zones vary from 0 to 30
m and management zones vary from 20 to 30 m,
for a toral of 20 to 50 m (BC Minisry ofForests
and BC Environment 1995). The national lbrest

nearest to the study area is Kootenai, in northem
Montana. Guidelines lbr Kootenai National Forest
require that permanent streams be buffered by
streamside management zones (SMZs) that are
generally 30 m wide and in which only limited
timber harvesting is permitted (Kootenai National
Forest 199,1).

In  wesrem Nor th  Amer ic r .  I i t t le  r ipur i rn  re -
search has been specific to conifer-dominated ri-
parian habitats of dry to mesic inland montane
regions. However, it is well established that the
creation of edge and the ratio of edge to interior
forest habitat have significant effects on faunal
characteristics (Thomas et al. 1979a, Strelke and
Dickson 1980, Kroodsma 1982, Hansson 1983,
Kroodsma 1984, Wilcove 1985, Thompson et al.
.[992. Faaborg et al. 1993). Recently, several stud-
ies have specifically addressed the effects of the
width of riparian reserve zones or management
zones on bird community characteristics. Nar-
row reserves generally tail to provide habitat for
the complete range of naturally-occurring bird
species (Stauffer and Best 1980, Croonquist and
Brooks 1993, Spackman and Hughes 199,1,
Darr'eau et al. l995.Gyug 1995), but results differ
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between landscapes. In some situations, no ma-
jor difl'erences are apparent even over a broad
range ofriparian rcserve zone widths (Snith rnd
Schael'er 1992). Furthermore. McGarigal and
VcContb I lQa2 r rcp.n rr r '.rsc u here riparian u r rnes
exhibit lower species diversity and density than
upland sitcs. Theretbre, it is not clear to what
extent current forestry guidelines wil l maintain
lhc ecological values of riparian habitats of Lhc
inland Northwcst.

As one step in providing an empirical basis to
:ls.es: !:uidcline\. $ e compared I l) hahitat strucrure
between riparian and upland tbrest, (2) brceding
bird characterisitics between riparian and upland
forest, and (3) breeding bird characteristics be-
t$'een iparian reserve zones ofvarious widths in
the Montane Spruce biogeoclimatic zone ofsouth-
eastem Bdtish Columbia.

Methods

This study occurred in the "Dry, Cool Montane
Spmce" (MSdk) biogeoclimatic subzone of the
lnvermere Forest District in southeastem Brit ish
Columbia (Figure l) at elevations of I 100 to 1300
m. Mean annual precipitation fbr the MSdk is
590 nur. with a mean summer temperature of about
8.5'C and a mean winter temperature of about

3.0'C (Braunandl and Curran 1992). Fifteen
study sitcs were established adjacent to streams
with channels I to 10 m wide. paralleling one
side ofthe stream lbr 300 m and extending upslope
fbr 100 m. Sites wcre a minimum of 500mapart
at the closcst points. The forested area in each
site included dparian fbrest on historic floodplains
and upJand fbrest farther upslope, and was 80 to

1,10 years oJd. Sites exhibited complex vegeta-
tional pattems, but based on the MSdk classifi
cation (Braumandl and Curran I992), riparian
fbrest corresponded most closely to the "hybdd

white spruce - dogwood ho$etail" (Pice.r glarca
s engelmanni - Contus stolonifera - Equisetum
an'eirse) series. and upland fbrest was most sinilar
to thc 'lodgepole pine - Oregon grape pinegrass"
(Pinus t:ontorta - Mahonia uquifoliun Calano-
grtstis rubescens) sedes. Control sites contained
only riparian and upland forest, while treatments
included recent clearcuts (<l to 5 years old) at
the upslope end. The three teatments wereclassed
as narrow, medium or wide resen'e zones. accord-
ing to the width of forest remaining between the
cutblock and the stream (Table I and Figure 2).
These strips of forest corresponded to RRZs of
Forest Practices Code nomenclature, and included
both riparian and upland vegetation. Forest on
the opposite side ofthe stream from each site was
in a mature, uncut state and was vegetationally
similar to the study site. Habitat types in all sites
were mapped at l: 1000 scale, based on fansects
run perpendicular to the strcam at 25-m intervals.
The forested areaofeach site was determinedusing
a digital planimeter, then divided by 300 m to
yield the mean width of each reserve zone.

Coarse woody debris (CWD) volumes were
assessed using the method ofLofroth ( 1992). and
included all pieces 210 cm diameter on one 200-
m tnnsect per habitat type at 15 sites. Sampling
methods for vegetative characteristics were modi-
fied from provincial standards (Habitat Monitor-
ing Committee 1990) because the linear nature
of our ripaLrian sites and the habitat units within

TABLE 1. Chatacteristic! of 15 riparian \tLidy sites in the Moniane Spruce 7onc. ln\ermefe Foresr Dislrict. B.C., 19939 199,1

a o | l t r n l  l J ( r  r e n .

Charr ! tcr i , t ic
Wide Mcdium N-arrow

Reservc Zone Resene Zone Reserve Zone

S.rmple Size

Width ol Riparian Forest (m)

Width of Lrpland Fore\l (n)

TdalWidth of RRZ (m)

Width of Curblock 0n)

Tolal Sitc \lidth 0r)

Length Parallel to Strean 0n)

Slope (L=<10' l . :  H=>10% )

\lean (Range)

Mern (Rarge)

Mean (Range)

Mcan (Range)

5

27 (9 :15)

73 (55-91)

t00

:r00

2N.2S.1W

lL.:lH

3

25 (r r 4.1)
,15 (29 54)

10 t61-73)
30 (27-36)

100

300

1N.2E

3H

)
2 l  (  1 3 , 3 1 )

r 6 ( 1 0  2 3 )

37 (33-.13)

63 (5',7 -67 )
100

300

3N.2S

2L.3H

2

l, l  (  l3- 1,1)

t)

l , l  (13-l :1)

86 (86-87)

100

300

] N , I E

2L
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them precluded the use of randomly-oriented
transects. and made it necessary to sample from
smaller plots (4 m mdius) than recommended for
forested habitats. For each habitat type at each
site, fbul circular plots were drawn on habitat maps
using random X and Y coordinates, then trans
fered to the field. Within each plot, the follow-
ing data were recorded: number of snags, num-
ber of trees (>10 m tall), percent canopy cover
(using a spierical densiometer), percent cover of
the tall snrub stratum (2 to 10 m), and percent
cover of the low shrub stratum (<2 m). Two-
tailed t-tests were used to detennine whethervalues
diff:red among habitats. Because the study was
iD:ended to be exploratory rather than compre-
hensive, sample sizes were low and P values were
not adjusted fbr multiple comparisons.

Each site was divided into a bird survey grid
of twelve 50 m x 50 m plots, ananged in an array
of six squares aligned parallel to the stream by
tuo squares deep. The grid covered the entire
300 m x 100 m site. Thus, in all but contols ir
included both the cutblock and the rcscrve zone.
Plot boundaries were marked on l:1000 habitat
maps. Each site was visited three times during
May and June, once in each ofearly, mid and late
moming. On each occasion, an obseryer spent
tive minutes at the center of each plot, marking
locations on habitat maps ofall birds seen or heard
within the plot.

Species richness (number ofbird species) was
tallied lbr each site, and also for each habitat type
in contlols. Bird density (number of detections/
ha) was calculated for each species and for all
species combined. In control sites, dersity was
calculated separately lbr riparian forest and up-
lund lb res t .  R ipar ian- rswrc ia ted  spec ies  were
defined by determining which species'popula
tions were significantly more abundant in dpal-
ian forest than upland forcst in control sites. This
was accomplished using one-tailed t-tests for spe-
cies which general references or other studies
indicated were riparian-associated in similar eco-
systems (Farand 1983a, 1983b, 1983c, Godfrey
1986, Cyug 1995, Scon 1987, Campbell et al.
l990a, 1990b, Peterson 1990, Semenchuk 1992),
and ur ing  tuo- ta i led  t - le \ l \  lo r  ( , lher  {pec ie . .
Densities of each riparian-associated species. all
r iparian-associated species combined, and all
species combined were each compared (ANOVA)
among treatments (narrow. medium or wide re-
serve zone). Contols were used to define dpar-

ian-associated species. as described above. but
were not compared to reserve-zone treatments
because bird use ofstreamside areas may be quali-
tatively dift'erent in reserve zones than in intact
forest, as a result of temporary "packing" into
reserve zones of birds that formerly occurred in
adjacent iogged land (Lehmkuhl et al. 199l, Gyug
l9q5) .  Thu. .  the  presence o fa  b i rd  in  r  re .e r re
zone may not reflect the same level of use or habitat
value that it would in a forest stand widely sepa-
rated fiom cutting. A regression equation was
calculated for resene zone width (m) versus densiq,
of ripadan-associated birds. Riparian-associated
species were determined based on two years of
data but other comparisons were based on one
yea.r. as the tull runge oftreatments was only studied
in one year. Species diversity and species equit-
ability were also compared among habitat types
fbr controls and among treatments using the fbl-
lowing equations (Krebs 1989):

H = -I (p)(tog,op,)
j - t

where:

H = Shannon-Wiener index of species diversity

s = number of species at site

pi = propoftion of sample belonging to i'h species

| - Lll lnn a

where:

I = species equitability

S = number of species in all sites (as an approx-
imation of the number in the community)

Results

In comparison to upland forest, riparian forcsthad
greater canopy cover, a lower density oflive trees,
and greater tall shrub cover (Table 2). CWD vol-
ume, snag density and low shrub cover did not
difter significantly between the two habitat types,
although the calculated P value for CWD (0.19)
suggests the possibility that CWD values were
greater in dpadan forest.

Within controls. species richness was similar
between riparian forest and upland forest: mean
richness per site was 7.3 for both riparian and
upland, while total richness tbr all five sites was
22 for riparian and 19 for upland. Bird density
was higher in riparian forest than in upland forest

Riparian Reserve Zone Birds 79



TABLE I Ripafirn linest and upland forcsl habitar athibutes
in 15 nalure st nds ofthe N{ontane Sprucc rolte.
Inverme.e Forcn Distr ic t ,  B.C..  1993-199.1.

Habilat Arribulcs Ripdian Forest Upland Forest r Ten

mean SE lnean SE

l l
2
56
.10

2
3

79  13  0 .19
61 3 <0.01
82 85 0.04
116  11  0 .91
t0 I 0.05
2 t  2  0 .59

tbr all species combined ( 12.2 versus 6.5 detec-
tions/ha, p=0.03) and for three individual species:
golden-crowned kinglets (Regrllls sutrapd: 3.8
versus 2.3. p=0.04), Hammond's flycatcher
(Enpidonttx lnmmoirdill 1.7 versus 0.5, p=0.03)
and w i nter w r et (Tro g kt th t e s t ro g I o cl 2- t e.; ; 0.5
versus 0.0, p=0.01). Species diversity and spe-
cies equitability were also higher in rhe riparian
(H^,"=0.96, H.".=0.86; Jo,u=0.62, Jr".=0.55).
Species densities by habitat type arc summarized
in Table 3.

Riparian-associated birds were considered k)
be the thrce having greater densities in the dpar-
ian than upland, plus the Townsend's warbler
(.Dendrcica townsendl)r. Densities of these tbur
species combined differed bet*een treatments
(ANOVA, P<0.01; Table 4). This was also true
fbr each of the dparian-associated species indi-
vidually (P<0.0 1 ). except Hammond's fl ycatcher
(P=0.26). The regression of reserve zone width
versus density of riparian-associated birds (Fig
ure 3) had a correlation coefficient (R2) of 0.803
and the regression equation:

y = 0.093x - 0.303, where
y = density ofriparian-associated birds (detec-

tionsfta)

x = reserve zone width (m)

ln addition, the density of all species com-
bined differed significantly among fteatments. with
higher densities in wider sites (Table 4). How
ever, species diversity and species equitability per
site did not dilfer significantly between treatments
(P=0.15), with mean values of Hnoo=0.8,1.
Hn,uo=O.7 l, H*o=0.89 and J\iR=0.54, JMED=0.46,
J*u,=0.58. Densities by treatment for each spe-
cies are summarized in Table 3.

Discussion

The diflerences between riparian fbrest and up-
land forest for several of the habitat aftributes
indicate that these forest types provided differ-
ent environments. For example. riparian fbrest
provided greater canopy cover with fewer trees,
greater tall shrub cover and possibly rnore CWD
than upland fbrest. These differences emphasize
the impofiance of maintaining the rip.rrian forest's
structural attributes to provide landscape-scale
hrhitut rariabil iry. particularl l hecru.e .pccie. cln
be strongly associated with particular structural
patterns (Marzluff and Lyon 1983, Sharpe 1996),
and riparian forest composes a relatively snrall
parl of the landscape.

We found bird density. species diversity and
species equitability to be higher and species rich-
ness to be similar in riparian forest compared to
adjacent upland forest. This was true despite the
riparian fbrest pofiion ofcontrol sites being con-
siderably smaller than the upland ponion (recall
Table l). These results suggest that, at least at
the stand level, riparian areas have a dispropor-
tionately high value in maintaining diverse avi-
faunas in conif'er-dominated lbrcsts of the Mon
tane Spmce zone. Therefore. guidelines intended
to maintain ripadan forest arejustifiable trom an
avian perspective. Ow results are consistent with
the findings of many other authors who reported
greater abundance or diversity of birds in ripar-
ian areas compared to upland areas (Thomas et
al. 1979a. Stauffer and Best 1980, Emmedch and
Vohs l982,  Knopf  1985,  Bunne l l  e t  a l .  1991,
Croonquist andBrooks 1993. Leung and Simpson
1994). However, the results of several studies
indicated patterns opposite to this. Mccarigal
and McComb (l992) found that upland forest in
the wet coastal region of Oregon had more di
verse avifaunas and higher populations than ad-
jacent riparian forest. The authors ofthe Oregon
study suggested that their study area. relative to
more arid regions, showed less contrast between
dpadan and upland habitats in terms ot water
availability, microcl imate, and sttuctuml comp]ex-
ity. In fact, overstory cover, low shrub cover, snag
density and conifer basal area were all greater in
upland than riparian areas in their study. Habitat
use by some individual species also differed greatly
between our study and the Oregon study. We found
golden-crowned knglets and Hammond's flycatch-
ers to be more abundant in riparian forest. and

CwD (n 'Aa) l0 l

Canopy colcr (q ) 11

Lile trees (\tems/ha) 666

Snags lctems,ha) 169

Tall shrubs (tZ.co\'ef) l5

Low,ihrubc (9: covcr) 23

80 Kinley and Newhouse



TABLE 3. Mean densit) (detections,4ra) ofbird\ iD 3-ha sites .rdiaceni io streams in ihe luontane Spruce zone, Invermere Fbrest
Distric!. B.C. Comparisons of lbrcsr rlpc arc poolcd lbr 1993 and 199,1. and lhose of reserve zone width are from
199'1.

Specics ! Tes!

Foresl Typc
Riparian Upland

(n=5) (n=51

Reserve Zone Tlpe
Widc Nlcdium Narrow
(n=3) (n=5) (n=2) ANOVA

tTutdt6 tnisraturius)
Black cappid Chickadee

\Pdtu\ dtticttpi11usJ
Bro\tn Creeper

(C. rthiu dt|eri(and)
Bro',r'n hcadcd Cowbird

lM0lothru\  eter)
Calliopc Hunmjngbird

(Stellula cullioF)
Cedar \\'axwing

lBonb\itia &tn in)
Chippillg Sparrow

lSt)i.elh putserinu)

Dark-eled Junco
\Junco hrenlalit)

Golden-crowned Kinglet
(ReRulLts sdtrapa)

Gray Jay

lPerisorcus candde sis)
Grert Cr:lv O$l

Hairy- Woodpcckcr
(PiL0ifus rillosu!)

Hammond s Fl) ' .carcher

I L nt id o ntLt h d nnntftr i i)
Nf acGillivray s \4'arbler

(Oporcnt\ tolniei)
Mountain Chickadee

(t'utut ga,theli)

Oli!e-sided Flycatcher

\Co topus borcalis)
Pileated \\bodpecker

lDtlcopus pileatus)

(Pinicold enucleatoa
Pine Siskin

(Carduelis pinus)

Purple Finch
(Carp)daus purputeu')

Red Crolsbill
(Ln\ir.t cutrirosrra)

Red breasted Nuthatch
(Sitta tanadensit)

Red-naped Sapsucker
( S fi ," rd p i c us nut ha t i s )

Ruby-cfowned Kinglet

lRegul s calendula)

r!ra! 5L !!q! 5L I]]ca! SL loeaa SL -L
0.03 0.03 0.00 0.00 0.7E

u.00 0.00 0.00 0.00 0.35

0.00 0.00 0.06 0.06 0.35

0.09 0.06

0.03 0.03

0.00 0.00

0.03 0.03

0 .  t 4  0 .1  I

3.76 0.66

0 . l 5  0 . 1 5

0.06 0.06

1 .73  0 .56

0.06 0.06

0.00 0.00

0.04 0.0.1

0.59 0.38

0.02 0.02

0.05 0.05

0.02 0.02

0.02 0.02

0. '19 0.11

2 .31  0 .35

0.00 0.00

0.00 0.00

0.11 0.11

0.00 0.00

0.02 0.02

0.00 0.00

0.68 0.27

I!]c!! 5L
0.0'1 0.04

0.05 0.0s

0.0,1 0.04

0.00 0.00

0.09 0.09

0.84 0.25

2.9',7 0.22

0. r8 0.04

0.04 0.0.1

).02 0.11

0.00 0.00

0.09 0.09

0.0,1 0.011

1.08 0.76

0.0,1 0.0,1

2 .30  2 .11

0.tr4 0.0:l

0.00 0.00

0.0'1 0.104

0.35

0.80

0.3-l

0.i17

0.06

+0.0,1

0.33

0.33

*0.03

0.33

0.33

0.33

0.8,1

0.91 0.9r 0.62 0.50 0.78

0.03 0.03 0.09 0.06 0.19

0.54 0.5'+ 0.00 0.00 0.33

0.03 0.03 0.06 0.05 0.58

0.00 0.00 0.06 0.06 0.13

0.09 0.09 0.06 0.06 0.96

0.71 0..r5 0.r8 0.r8 0.80

t.44 0.22 0.62 0.39 0.01

0.00 0.00 0.00 0.00 0.01

0.00 0.00 0.00 0.00 0.3s

1 .19  0 .30  0 .62  0 .5 t  0 .26

0.00 0.00 0.06 0.06 0.r3

0.00 0.00 0.00 0.00 0.35

0.00 0.00 0.00 0.00 0.35

0.54 0.20 0.76 0.38 0.67

0.00 0.0 0.00 0.00 0.35

0.09 0.09 0.06 0.06 0.3,r

0.03 0.03 0.13 0.13 0.50

0.00  0 .00  0 . r7  0 .17  0 . r3

0.31 0.28 0106 0.06 0.70

conllnucd. ncxl page
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TABLE 3. condnued

Species

Forcsl Type
Ripaian Upland

(n=51 | Test

Rcserve Zone Type
Wide Mediun Narrow
(n=3) (n=5) (n=2) ANovA

Rufous Hulnmingbird

6cLasphorus n[L )
Solitar! Virco

\Virco \olituriIs)
Spruce Grouse

\De, rasapus candulen'i5J
Swrinson s Thrush

(Cutharus ustuLan6)
Townsend s Warbler

(Denlnxn touse/..lii)
Varied Thrush

l lxor tus Id. t , ius)
\\'arbling Virco

\\Ireo giltus)

( P rntaga I ullari( iTta)
White winged Crossbill

(l.orid le copten)

(Tn g I otl ) t e I trc s lot^ t e s)
Ycllo$ rumped \Varbler

(Dendrcica connata)

!rE!!r SL Eelrn -SL

0.00 0.0 0.02 0.02

0.00 0.00 0. l5 0.09

0.1I 0.07 0.00 0.00

0.30 0.11 0.36 0.16

1.26 0.17 0.67 0.33

0.20 0. r2 0.05 0.05

0.00 0.00 0.08 0.08

0 . l 7  0 .12  0 .00  0 .00

0.,19 0.17 0.00 0.00

0 .25  0 .13  0 .30  0 .11

lscdn,sl ae!! _g L

0.03 0.03 0.00 0.00 0.25

0.00 0.00 0.00 0.00 0.24

0 .20  0 .08  0 .11  0 . l l  0 .14 )

0.17 0.12 0.06 0.06 0.01

0.00 0.00 0.00 0.00 0.05

0.00 0.00 0.00 0.00 0.07

0.00 0.00 0.00 0.00 0.35

0.33

0 . l 2

0 . r 5

0.16

*0 .16

*0 .13

0.33

0 . 1 /

*0 .01

0.19

0.00 0.00

0.:18 0.35

!]c4! lL

0.09 0.05

0.:14 0.37

0.98 0.55

l.r-J 0.27

0.09 0.05

o.23 0.22

0.25 0.25

0.,13 0.15

0 .21  0 . l r

0.06 0.06 0.01

0.2:1 0.01 0./9

"  P values are based on onc la i led t - test \  for  spccies which other L i lcruture indicated wcre r ipar ian-associated in s imi lar
ecosyslems. and on two ta i lcd I  lests for  o lher species (see methods).  Species for  vhich one-rai led tests were done are
indicated wirh an * .

TABLE '1. Mean dcnsily (detections,fta*) of all bird species combined and of riparian associated birds in ten 3-ha sires that
iDcluded ripanan reserve zone\ in the Montane Spruce zone.lnvermere Forest Disfict, B.C., 199:1.

Wide Res. Zone Medium Re!. Zonc Narro{'Res. Zone ANOVA

Species mean SE SE

All riparian-associated spp.

Golden-cf owDed Kinglel

Hammond s Flycatcher

Townsend s Warbler

13.7 0.9

6.5 0.',7

3.0 0.2

2.0 0.7
L l  0 .3

0.,1 0.1

5.3
2.8
1 .4
t . 2
0.2
0.0

0.1
0.3
0.2
0.3
0 .1
0.0

,t.3

1.,1
0.6
0.6
0 .1
0 .1

0 . 1

0 4

0.5

0 . 1

0 .1

<0.01

<0.01

<0.01

0.26

<0.01

0.01

* based on rotal area in each site. which included riparian and upland forest plus cutblock

winter wrens to occur only in riparian fbrest,
whereas in coastal Oregon, Hammond's flycatchers
occuned only in upland sites, golden-crowned
kinglets were more abundant in upland sites, and
winter wrens were less abundant but present in
upland sites. InVetrnonl. Spackman and Hughes
(1994) found the greatest bird abundance on

transects that were the greatest distance ftom the
high water mark of streams (>150 m). Murray
and Stauffer (1995) found in Virginia that some
specres were positively and some were negatively
associated with the riparian, with no significant
overa l l  l rends  in  re la t i \e  abundance or  spec ie .
nchness. The results of these latter three studies
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Figure 3. Density ofriparian associated birds ir 10100 m wide siles that included riparian reserve

zoner in the Montane Spruce zone. lnve lcre Forest District. B.C., 199'1.

indicate that the value of riparian habitat to agiven
species, guild or community may dift'er widely
between regions. Simi)arly, Knopf (1985) tbund
that the relative significance ofriparian nreas varied
along an elevational gradient. Our research and
much ofthe literature generally suppofithe theory
that riparian areas are disproporionately impor-
tant in maintaining diverse, abundant avilaunas,
but their value cannot be generalized between
regions or elevations. Management must there-
tbre be based upon a local understanding of the
distinctiveness of dparian habitat relatlve to up-
land habitat.

We found densities of riparian-associated birds
and ofall bird species combined to increase wlth
width for riparian reserve zones averaging 1,1, 37
and 70 m. It is not kno$n how f'ar this trend
would continue fbr even wider reserve zones.
Controls were not comparcd to this trend because
they had no definable width (there was no adja-
cent cutblock) and because habitat use by birds
was probably qualitatively different in the con-
tiguous forest of the controls, comparcd to the
stdps of fbrest and edge that made up the treat-
ments. The observed pattem of increasing bird
density with increasing rese e zone width oc-
curred despite our cgnsus areas being the same
width (100 m) for all reserve zone widths, the
true riparian vegetation being intact in all sites.
andthe opposite bank providing a continuous block

of intact tbrest. Given these facts, our results
suggest that for nanower reserves 1) bird popu
lations did not fully compensate for lost habitat
by "packing" into a smaller fbrested area, as oc-
curs in some fragmented tbrests (Lehmkuhl et al.
1991), or by making use ofthe adjacent cutblock,
2) riparian habitat value may be allected when
adjacent upland forest is cut, even if the riparian
i tsc l I  i s  no t  cu t .  rnd  J )  narouer  r ip r r ian  re .e r re
zones are of less value than wider reserve zones,
even if fbrest on the opposite side of the stream
is intact. The 1ow habitat value of narrow and
medium reserve zones rclative to wide reserye
zones is consistent with most other studies. Three
of the four species that we considered to be ri-
padan associates and were sensitlve to reserve
zone width (Townsend's warbler, winter wren and
golden crowned kinglet) were also found to be
sensitive to fbrested riparian corridor width by
Gyug (1995) in habitats very similar to those we
studied. Gyug found far fewer individuals of these
species in reserve zones less than 50 m compared
to those greater than 100 m, based on sites hav-
ing reserve zones and cutblocks on both sides of
the sfeam. InQuebec, Darveau et al. (1995) found
that dpadan reserve strips 60 m wide supported
forest dwelling birds in a pattern similar to con-
trols. but that strips 20 or 40 m wide did not. In
Iowa, Stauffer and Best (1980) found a positive
correlation between reserve width and bird spe-
cies richness for sites ranging from l0 to 250 m
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wide. Croonquist and Brooks (1993) noted that
sensitive species were absgnt from riparian re-
sen es <25 m wide, and that reserves >125 mwidc
were needed to suppofi a near natural avifauna in
Pennsylvania. Spacknan and Hughes (1994) found
that riparian corridors ofabout 175 m were needed
to maintain 95'l. of the bird species found in con-
trol sites inVemont. In contrast. Smith and Schaeler
(1992) tbund very little difference in bird commu
nity chancteristics between riparian reserves 20 to
60 m wide and those 75 to 150 m wide on urban
steams in Flodda, but felt this may have rcflected
an inadequate range of widths studied.

Differences in habitat characteristics and bird
communities between riparian and upland forests
\uppor l  Ihe  prac t rce  o I  In i ] ln t r in ing  re \e rve :  in
streamside forest. There are undoubtedly some
species that are less abundant or less active in
spruce dominated riparian forest than in lodge-
pole pine-dominated upland forest. However,
given the rarity of riparian fbrest relative to up-
land forest, differences in habitat attributes be-
tween riparian and upland, and the high species
d i re rs i r ;  rnd  rbundrnce in  rhe  r ipar i i ln .  i r  i sp ru-
dent  to  p re fe ren t ia l l ;  p r r r r  ide  prorecr i re  manuge
ment to riparian habitats in the Montane Spruce
zone.  Where  p f f t ia l  cu t r ing  occurs  in  r ipar ian
forest, the differences in forest attdbutes that make
nparian habitar unique from upland habitat should
be maintained. Riparian wildlife might benetit
ifprescribed volumes oftimber were removed in
patches rather than unifbrmly. to ensure that at
least part of the riparian habitat maintains its
uniqueness and high habirat suitabiliry. This hy-
pothesis requires investigation, as it might also
result in greater habitat fragmentation per vol-
ume of t imber removed.

Depending on channel width, British Colum
bia guidelines require RMAs of 20 to 50 m on
small streams, with only a portion of this being
an RRZ and thereby being free from forest har
yesting (BC Ministry of Foresrs and BC Envi-
ronment 1995). Based on those guidelines, RMAs
in the Montane Spruce zone may have consider-
ably lower bird densities, including those of d-
parian associates. than they would if they wer.e
70 m wide. A similar situation is l ikely ro occur
in Kootenai National Forest, where timber har-
vesting is restricted only in SMZs 30 m wide
(Kootenai National Forest 1994). Fudhermore,
even the widest reserve zones studied, if isolated
from contiguous mature forest, would probably
be several orders ofmagnitude too small to main-

tain all species of neotropical migrants because
of the small anount of habitat arrd expected high
rates of nest predation and brood parasitism
(Faaborg et al. 1993). Thus, ifone goal of ripar-
lan management tS to Support neir,r natural denSi
ties of riparian-associated birds a nd maintain di-
verse avitaunas at the stand level, ,it appears that
RMAs or SMZs should be wider th an currently
required under Brit ish Columbia o,. Kootenai
National Forest guidelines. and should r rot be iso-
lated from larger stands of mature fbresL..

Current riparian management guidelines. in B.C.
are not based on vegetational characteristi cs. A"riparian" management area will consist al_ most
entircly of upland fbrest when the blnd of ril rar
ian vegetation is narrow, or altgrnatively, $
maintain only a poftion of the riparian forest whe
that vegetation type extends a great distance fron
the stream. This is likely because guidelines werr
developed to maintain recreational, aesthetic, tish-
eries and hydrological values, nor just wildlife
values. However. wildlife values and many other
values could more adequately be maintained if
prescribed widths of reserve zones. management
zones lnd  RMAs a :  a  u  ho le  were  \een a5  min i -
mums, with provisions to enlarge them where ri-
parian habitat extended greater distances from the
stream, regardless of chamel width, fisheries va1ue,
or use of a stream as a domestic water supply.
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Notes

1. The 1 lest for whether rhe Townsend,s warbier occurs at
greater density in rhe dparian ihan the upland yietded a
P value of  0.16,  uhich is  general ly  beyond acceprable
significance. However. a morc ertensivc study in !ery
similarhabitat (Cyug 1995) found rhis species ro be )re
common ln lhe r ipa. ian (P=0.01).  so i r  is  inc luded wi |h
o l h e f  r i D c t i J n  t r . . o c t . r r ( ,  i r . r n r . ) . e .  " t  , h < . r  f e . n o n . ( t , ,
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