
Jeftrey R. Waters, Cynthia J. Zabel, Kevin S. McKelvey , and Hartwell H. Welsh, Jr USDA Forest Serv ce, Pacif c
Southwest Research Station, 1700 BaVV e$r Drive. Arcata Ca lorn a 95521

Vegetation Patterns and Abundances of Amphibians and Small
Mammals Along Small Streams in a Northwestern California Watershed

Abstract
Our goal $,as to dcscribc und e!aiuale patterns of associalion bctueen stream size and abundanccs of amphibiaDs and small
mammals in a northrcstcm Calilbmia watershed. We sampled populadons al'12 stream sites and eight upland siGs within a 100-
kmr !l atershcd in 1995 and 1996. Stream reaches sampled rangcd liom poorly defined channels that rarcl) llowed ro lo-m-\'"'ide
channels wj!h pcrenniul llow The majorit\' ofreaches flo\\'cd onl,,- intenniltenrly. Aquatic vertebratcs were sampled by conduct
ing arca consuained surlers. and terfestrial vertebrales were sanpled along thfee,l5-mlong ransects using coler boards. driti
tcncc/piliall uap arrays, and t$o types of li\,'e trap. Vcgcladon characteristics lvere strongly associared wirh measufes of sream
size. espcciallv channel width. Compared ro upland silcs. mcan nunbers ofplant species jn ihe hcrbaceous layer were signifi
cantly greater along slreams with acli!e channel \\'idths as small as 0.9 1.3 m. Larval Pacific giant salamanders (rt.dtr,rr.rdrn
i.,r1.br.orrlr) $,ere tbund onlv in slream reaches with continuous flow or in channels >2.:1-n \tide. and lar|al railed frogs (Ar..Jplrr
t/lldi) rvere found only at silcs wilh conlinuous or nearly continuous flow. Alleni chipnunks (i'i?mar r.,na, and dccr nice
lPennl)scu\ nunicuhttui) occuncd at nearl) elery site sampled but wcrc more aburdanr at reaches along largcr srcams rhan ar
feaches along smaller sircams or at uplard sites. None of the vertebratc species evaluated was significantly associared wiih
inlermitient rtrearns ha\ing channels less than abour 2-m \\'ide and drainage dreas less than about l0 ha. Our results proride
additional information on thc ecological role ofsmall. intermittent sEcams.

lntroduction

Most of the lesearch on riparian wild]ite habitat
associations in the u, estem United States has becn
conducted along relatively larye, permrurently flow
ing strelLms orrivers, and many ofthe studies have
been conducted in arid or semiarid regions. Un-
der  these cond i t ion .  r ip i l r ian  \ege la l i ( 'n  i \  ryp i -
cally stucturally and compositionally distinct from
up land regetu t ion .  as  r re  w i id l i fe  cor rmun i t ies
(Anderson and Ohman i977, Szaro 1980. Szaro
and Jakle 1985, Thomas et al. 1979, Tubbs l9li0).
ln moist coniferous fbrcsts in the Pacific North-
west. vegetation along small streams is typically
less distinct t iom upland vegetation. Some stud-
ies of bird or small nammal conrmunities along
small pcrcnnial streams in the Pacific No hwest
fbund significantly greater specics richness and
total abundance in riparian habitat compared to
upland habitat (Cross 1985, Doyle 1990), butother
studies did not (Gomez and Anthony J998,
McComb ct al. 1993a, McGarigal and McComb
1992). Each of these studies found compositional
differences between riparian and upland habitats:
ccrtain species were associated with riparian habi-
tats and others with upland habitats. Few studies
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have compared patterns of wildlife habitat use or
characteristics of wildlife communities among
different-sized streams in the Pacific Northwest.
Lock and Naiman (1998) found that bird species
richncss and abundance were significantly greater
along larger rivers (67- 1,10 rn in width) than along
smaller rivers (12 2l m in width) on the Olym
pic Peninsula in Washington.

Because they have small drainage areas, small
strcams in the upper-basin portions of the chan-
nel network typically flow only intermirtently
(Montgomery andBuffrngton 1998).Also, in many
pafis of the Pacific Northwest. precipitation is
highly seasonal, and many strcam channels stop
flowing during periods oflittle prccipitation. Very
little has been published on wildlife habitat use
along intermittent streams. Under the Record of
Decr:ron l i \r rhe Nonhwe.t Foresl Plan, ineminent
slreams are included in a \)irem of riparirn rc-
serves and require buffer strips unles! watershed
analysis can show bulfers are unnecessary (USDA
Forest Seryice and USDI Bureau of Land Man-
apement  Igq4 r .  In  the  Record  o I  Dec i . ion .  in lc r -
mittent streams are defined as "...any nonperma-
nent flowing drainagc t'eature having a definable
channel and evidence of annual scour or deposi
tion." On 13 national forests in Oregon and
Washington, channels classified as tntermittent
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comprised an average of about two-thirds of es-
timated total channel length (USDA Forest Ser
vice et al. 1993:Table V G ,1). Although forested
areas along small intennittent sffeams influence
a variety of ecological processes (USDA Forest
Service et al. 1993). intbnnation on the value of
these habitats for $'ildlife will add to our under
standing of thc ccological role of these streams
r r r r rJ  he lp  gu iJe  p , ' l i i )  re lu leJ  lo  in le rmi l len t
streams.

In this study we evaluate associations between
stream size and patlems of occurrence and abun-
dancc ol amphibians and small marrnrals within
a watenhed in northwestern Califomia. Sample
sites ranged from smal1, poorly defincd channcls
where surtace water rarely tlowed. to channels
up to l0-nr u'ide with surtace \\"ater continuously
present. We especially u'anted to detennine if there
rvere species associated with small intermittent
streans. This was a descriptive and correlative
study within a single $atershed. We repod re-
sults ofstatistical tests to facilitate description and
interpretation of pattern. not to make statistical
infcrcncc to other wrtersheds. We first evaluate
associatiurs between stream size and vggetation
characteristics across the range of sample sites.
Ne\t, we describe pattems ofoccurence of aquatic
vertebrates. Final1y. we evaluate associations be-
tween stream size and patterns ofoccunence and
abundance of terrestrial vefiebrates.

Study Area

We conducled our study within the Pilot Creek
\\,alcrshcd. locatcd in th(] North Coast Ranges
geographic subdivision of northwestern Califbr-
nia (Hickman 1993. Welsh 199,1). The watershed
iies rvithin the Six Rivers National Forest and
straddles Humboldt and Tlinity Counties (Fig-
ure l). The watershed is located about 55 km in
land from the Pacific Ocean and drains into the
Mad River about 130 kn above its mouth. Pilot
Creek drains an area approximately 100 kmr.
Franciscan Formation sedimentary rocks and schist
underlie most of thc wa{crshcd. Thc watershed is
lar enough inl; ind that it rarely receives summer
lu ! :  .umrners  i r re  ho t  Jnd  dr )  ( lo ta l  p rec ip i la t ion
in June, July, and August avenges about,+ cm).
Average annual precipitation is about 200 cm. Areas
between about 600 and 1.350 trl recelve a mix-
ture of snow and rain during the $inter and ar-
eas above 1.350 m typically hold sno$'through
out the winter (USDA Forest Scrvicc 1994).

Vegetation in our study area was classified as
mixed-evergreen forest (Sawyer et al. 1988). Stands
in u'hich we worked were unmanaged and domi-
natedby conifers about 80 l00years old and large-
diameter (>100-cm diameter at breast height). old
llfc. \\ i lh f irC :crr.. The dominJnt tree .pecie5
was Douglas-fir (Pseudotstrgo nenziesii). Other
common tree species includcd white fir (Abie.i
coircolor). incense ced::r (C aloc e drus decurrens),
canyon live oak (Qaercus cftry'so/epls), black oak
(Q. kelloggii). and big-leaf maple (Acer
mucrophyllunr). The forest understory was rela
tively open: con.rmon shrubs included hazelnut
(Corylus cornuta), ground rose (Rosa splthanec),
and Calitbmia blackberry (-Rabus ursiirrs). Com-
mon ground coverplants included westcnr sword
fem ( P o ly s t i c h un mu n i t um), Qr e gon- gr ape (.8 e r
be ri s aqulb Ii um). hound's tongue (C_rrrrglossurr
grairde), snowberry ( S,-npho r ic a rpos sp.), y erba
<le selv a (Whipplea mo(le st(). stinflo.'.ier (Trientdlis
lalilirlia). bedsffaw (Gdlitun sp.). and Hookcr's
f airy -bell' ( D i s p o r un ho o ke r i).

Methods

We attempted to reduce environmental variation
due to sources other than stream size by rcstrict-
ing potential sample sites to areas with the sane
bedrock and similar elevation, forest cover, and
geomorphology. We first used geologic maps to
constrain potential sample sites to parts of the
watershed underJain by Franciscan Formation
sedimentary rocks (primarily sandstone and shale).
We restricted potential sample sites to an eleva-
tion range of about 1,000 to 1,300 m and to areas
dominated by maturc conit'er fbrest that had not
been previously Iogged.

Within these potential sample areas we traversed
stream channels with at least some sign of flu-
vial deposition or scourto identify potential sample
sites in spring 1995. We identified channel scg-
men l .  275 rn  long a t  u  h ich  r  h rb i t l t  p r rch  >75-
m wide on at least one side of the channel met
the fbllowing criteria: slope. aspect, and vegcta-
tion were relatiyely homogencous; there was no
cvidcncc ofrecent disturbance; and hil lside slope
*,as (60%. Potential sample sites also had to be
separated by 2125 m. The aboveconditions greatly
restricted the number of potential sites, so we
sampled all ,12 stream sites that met thcse crite-
ria. During spring 1996 we also identit ied 15
potential upland sites. Upland sites had to mcet
the above habitat conditioDs and be located )125
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m fion any stleam channcl. We randomly selected
eight of these l5 sites to san]ple in 1996.

At each of the ,12 stream sites and cight up-
land sites. we established three parallel transects.
each 45-m long. The riparian transect was located
adjacert to the edge of thc active channel. the
midslope trarsect l5 m above thc riparian transect,
and the upslope transect 25 m above the midslope
fansect (40 m above the riparian transect). Tnnsect
Iength and spacing was the same for upland sites.
cvcn though the relative positions of riparian,
midslopc, and upslope transects were ifrc]evant.

We used three measurcs to describe stream size
orflow First. we determined aleragechannel width
by measuring the width of the active channel at
20 systematically located points along the 45-m
Jength ofchannel adjacent to the riparian transect
in August 1995. We recorded a zero for channel
width at a point ifthere was no fluvial deposition
visible. Second. we estimated the percentage of
the :15 m channel length covered by water using
a point intercept nlethod. We determined pres-
ence of surface water at 20 systematically located
points in 1995 and at,+5 systematically located
points in 1996. Percent water cover was estimated
three times in 1995 from August to September
and tlve times in 1996 from May to September.
Third. we estimated drainage area for all42 stream
sites. We used a global positioning system (GPS)
to accurately locate positions of stueam sites and
a geographic information system (GIS) to create
a map with three laye$ ofinfonnation: a contour
coveragc. a stream-channel layer c|eated by a
geographer based on contour crenulations, and
the stream-site point locations. We then drew
watershed boundarics above each stream site based
on contour lines and estimated drainage area by
obtaining the arca calculation fbr each of these
polygons using Arc,{nfo (Environmental Systems
Research Institute 1998).

Vegetation was sampled during late June and
early July 1996. Species and diameter at breast
height (dbh) were recorded fbr all trees within an
area ,1-m wide by 45-m long along each of the
three transects. Shrub cover was cstimated along
e lch  45- rn lon8 t ran \ec l  u \ ing  rhe  l ine  in rerccpr
method. We recorded all logs ()i.0-m long and
lo-cm wide) that crossed each transect and mea-
\u reL l  lhe i r  J iumeter  a l  lhe  po in l  o f  in te r \e ! l i tn .
Ground coverwas estimated visually in eight0.75-
by 0.75-m square plots systematically positioned

along each transect. We also identitled vascular
plants within an area 4-m wide by,15-m long along
each transect. Plant taxonomy follows Hicknlan
(1993) .

We conducted sffeam sur,/eys to sample aquatic
vertebrate populations at each of the 42 stream
sites. These were area consffaincd surveys con
ducted within the active channel along the 45-m
length adjacent to each ripirLdan transect. Two to
three people slowly and systematically walked
up the channel searching for amphibians on the
channel bed and under rocks greater than about
l0 cm in diameter that could be easily reached
and moved. We conducted three surveys at each
site in l995 (10- 16 August, 22-29 August, and 6-
14 September) and three in 1996 ( l3-16 May. 12-
19 June, and l2- l8 July).

We used one coverboard anay. two drift fence/
pitfall trap anays, four Sherman live traps (8 by
9 by 23 cm), and two Tomaha\\,k live traps ( I 3
by l3 by 4l cm) systematicclly positioned along
each transect to samplc populations of small ter-
rcstrial vertebmtes (Figure 2). Individual cover
boards werc 25 by 15 by 2 cm and placed in a
three by three array (gaps between boards were
1-5 mn) at the midpoint of cach transecr. Drift
fences were 5-m long and made by stapling fi-
berglass screening to wooden stakes. At each end
of the drifi fence was a pitfall trap with a cover
board on top. Pitfall traps were made by taping
together two number 10 coflee cans and insert-
ing a plastic sleeve to reduce cscapes

During the surnmers of 1995 and 1996 we
sampled vertebrates during four sample periods,
each 3  t rap-n igh ts  longr rhe42: r ream \ i re \  uere
sampled in both 1995 and l996, and the 8 upland
sites were sampled only in 1996). Because we
could not sample all sites simultaneously, we
sampled half of the sites one week and the other
balf the following week. In 1995 sample periods
began 25 July, 8 August, 21 August, and 6 Sep-
tember. In 1996 sample periods began 30 May. 9
July, 6 August. and l6 September. To increase
captures of salamanders we also sampled once
each year during the fall after the first substantial
rains fell. We checked only pitfall traps and cover
boards during the fall sample periods (Sherman
andTomahawk live traps were not used). In l995
we kept pitfall traps open for l5 nights begin-
ning 13 November, and in 1996 we kept pitfall
taps open for 2l nights beginning 29 October
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Figure 2. Example of saDrpling design at a *ream site.

(date of trap closure was determined by onset of
freezing tempentures).

Small mammals were individually marked by
ear tagging or toe clipping, and salamanders were
marked by toe clipping. Sex, weight, and repro-
ductive status were recorded tbr all small mam-
mals captured; sex and snout-vent length were
recorded for salamanders. Mamnalian taxonomy
follows Wilson and Ruff ( 1999).

Analyses

We computed Spearman ranked correlation co-
efficients between each of 15 vegetation variables
and the three measures of stream size across the
,12 sffeam sites. Next, we performed all-possible-
subsets multiplc regression to determine the level
of association between stream size and vegeta-
tion characteristics. We used the coefficient of
deterrnination (Rr) and adjusted R2 to assess level
of association. We selected the model with the
greatest adjustedRr (adjustedR2 is adjusted down-
ward fbr the number ofparameters in the model.)

The uniqueness jndex (Hatcher and Stepanski
1994) was used to rank rclative importance of
variables in each model. For the above analyses.
values fbr vegetation variables were calculated
using the average between values on the riparian
and midslope transects. We excluded upslope
ffansects for these analyses because our objective
was to evaluate association between stream size and
vegetation characteristics near the stream, not to
evaluate variation in vegetation amoog transects.

We r l .o  qe lec ted  lh ree  o l ' lhe  l5  vege la l ion
variables to examine variation in plant diversity
ilmong lran:ecls and among slream-rize groups:
number of tree species, number of species in the
shrub layer, and number of species in the herba-
ceous layer. To help interpret these pattems. we
used a repeated-measures analysis of variance
(ANOVA) design to test tbr effects due to chan-
nel width, transect (riparian, midslope, and
upslope), and the interaction between channel
width and transect (SAS Institute Inc. 1997:PROC
MIXED). We ranked the,12 sites by channel width
and divided them into six groups ofequal sllmple
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size. (Sites wcre split into six groups so that sample
srze lrt = 7f was similar to the number of upland
sitcs.) The eight upland sites rvere included as a
sevcnth group. Because sample sites were clus-
tcred $ ithin three areas within the \\, atelshed (Fig-
ure I ). we also included a blocking variable with
three values. Channel rvidth. transect, and the
intcraction between channel-width and transect
were fixed eflccts. block was a random eflect.
and taDsect was the repeated measure: individual
sites wcrc subjects in the model. Ifthe effect due
to lranscct orthe iltenction between channel width
and transect was significant. u'e followed up by
testing for a signiticant transect cft'ect in each
channel-r'idth group. Wc also used Dunnetl's test
(SAS Institute lnc. 1997) tocompare the mean value
(avelagedacross trunsects) foreachchannel-width
group to thc mean value for the upltrnd sites.

Wc also evaluated a 2 X 4 contingency table
lbr each plant specics tbund at >5 sites to test for
association bctween occunencc (present or not
prescnt.) nd stlean-sizc category (upland sircs
and three groups ofstream sites defincd by chan-
nel *idth). We divided stream sites into three
groups instcad of six for these tcsts to reduce the
nunbcr of cells with expccted frequencies less
than five. Forthe same mtionale discussed above.
we considered only ripa.ian and midslopc transects
in determining occurrence at a pafiicular site.

For aquatic veftebrates. we simplv described
whele specics occuned inrelation to channel width,
draiDage iuea. and percent watcr. For terestdal
rertcbrale\. u e e\ rlUrled p:l ern\ of occurren(c
and abundance acloss thc rangg of sample sitcs.
We evaluated pattcrns of occurence and abun-
dance for species that were captured liequently
at many sample sites. For species that were cap-
tured at >5 sites but were not captured frequently
at any site. wc evaluated only pattcrns of occur
rence. We LIid n,,l e\ JIuale pc em. . ' l  ,.r( currence
or abundance fbr species capturcd at fewer than
six sites. Sirnilar to the analysis described above
for plant species. we evaluated a 2 X 3 contin-
gency table for each species found at >5 sites to
lcst fbrassociation betwccn occurrence and strcam
size (three groups ofstreanr sites defined by channel
width). A specics was considered prescnt itt a site
if it was capturcd at least once in either 1995 or'
1996. We did not include upland sites in these
tests because sampling cffbrt was less.

We used capture ratc of individuals as a mea-
sule of abundance. Capture ratc was calculated

separately for 199-5 and 1996 for each site using
the following fbnnula:

capture rate - I x 100(T - S/2).

wherc I = number of individuals captured. T =
number of traps multiplied by number of nights
traps werc open. and S = number oftraps sprung
by all causes (Nelson and Clark 1973). Becausc
numbers ofcaptures were relatively row, we est-
mated abundance using the average capture rate
for 1995 and 1996.

To evaluate associations between pattcrns of
abundance of terrestdal \cnebrates and stream
size. we first computed Spearman ranked corre-
hlion: bclu een itbundrnce cnd \(ream 5ize ccro.\
the,12 stream sites. Next we used ANOVA to com-
pare mean abundance 1or each ol thc most com
non species among sevcn groups: the group of
eight upland sites and the six groups of stream
sites classified by channel width. Channel width
was a fixed effect and block u'as a random effect.
Dunnett's test was used to comparc means for
the six channel-width groups to the mean fbr the
upland group.

S imi lu f  to  the  rna l l r i : .o rnpar ing  \egeru l i ( 'n
charactedstics among tnnsects and chlunel width
groups, we used ANOVA to compare captwe mtes
of common species among riparian, midslope. and
upslope tansects. We used the same model de-
sign described above for vegetation. Capture rate
ua.  c i r l cu lJLed the  5ame $J)  i l  $a .  to  e . t imr te
abundance. except instead of using the numbcr
of individuals captured per unit. we used the to
tal number of captures (incl uded recaptures of same
individuals) per tansect per unit for each spe-
cies. We assumed that capture rate calculated this
way provided an index ofthe amount of timc spe-
cies spent in the immediate vicinity ofeach ffansect.
We were only interested in tests of the trlnsect
effect and the interaction cff'ect between channel
width and transect. We rejected all null hypoth-
eses at an alpha level of 0.05.

Results

Stream Size

Width of the actire channel varied frorn 0.1 to
10.5 m, drainage area from 2 to 579 ha. and per-
cent water (averagcd across the fir'e sanple periods
in 1996) from0to 100% (Table l). Charncl reaches
sampled varied from colluvial reaches to cascade.
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TABLE L Actile channel \ridth. drainage are.r, .rnd percenhges o1 ,15 m long chamel ijilches co!ercd b,"" $aler lbr cach of the
.12 strean sites. Dates are the midpoinls of lhe period during $hich all,l2 sites $ere sampled (periods a!eragcd 7 duys
and rrnged lron1 4 to 9 dals). Iuai{in1um numbcrs of larvac of 1li.rr?rlrrrlor t(r(r.l)rr/r (D1TE) and At< uphu\ tnki
(ASTR) lound in cach channel  scsnrent  in 1995 or I996 are also l is ted.

Site Channel Drainage
width

0n) (ha)

DITI ASTR

l l \ u :  ' o c U !  l l S e n  1 5 \ 1 1 \  1 6 J U n  6 h r l  ' l \ L p  ' ) \ e l

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

0 0 4 9 6 2 0 0
0 0 0 0 0

2 2  1 3  1 1  0  0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

8.1 56 ,r0 0 0
2 2 2 0 0

00 100 100 I 0
4 0 0 0 0
0 0 0 0 t )
, l  0  0 0 t )

13 0 2 0 t)
0 0 0 0 t )

) ) 7 2 0 0
0 0 0 0 0
9 , t , 1  0 0

5 1  1 3  1 0 0 0
9 8 2 7 2 2 0 0
3 l  1 3  l l  0  0
98 82 8,1 27 0
1 3 2 2 0 0
9 3 5 8 5 6 2 6 0
1 1  1 2  1 0
00 93 76 38 ',l

3 8 0 1 2 0
5 1  0  2  1  0
60 33 11 15 0
00 80 78 29 r-)
00 98 91 23 3
00 87 80 50 1
00 100 100 55 5
00 93 lrjr-) 58 2
0 0 0 0 0

00 100 100 39 |

0 0
0 0
l J 0

rl t)
0 0
0 0
rt t)

100 100
78  33
78  53
l l  9
69 21
0 0

100 100
12 2l)

100 100
9 r  t 6
5 6 7

1ri0 16
100 it,l
36 21

100 93
l 8  2
82 ,19

100 96
100 100
100 69
100 100
100 8.1
100 100
100  91
100 100
100  r00
100  100
100 100
100 100
100 100
100  100
100  r00
100 100
100  0
100  r00

{ ) . 1

u , l
l i .2
0 .3
0 .5
0.7
0.9
0.9

2 . t
2.1
ri .5
2 .8
3 .9

l. l i
2 . 8

13 .6
1.2
3 . 1

t6 . t
1 .2
8.3
6.3

10.5
E . l

t2.1
7 .8
9 .1

1 1 . 7
13 .2
16.2
23.0
19.,{
1 8 . 1
16 .2
t1.2

6l., t
1 1 2 . 9
1 t . 9

r 0 l  . 8
200..1
108.6
l E r . 8
50'1..1

95.5
518.6

( ,
0
0
0

0
0

70
0

20
0
0
0

55
(l

t 00

0

0
0
0
t)
0

l 0

65
0

30

Ell
0
5

25
90
90
30

l0L)
10

0
100

0 0
l t o
0 0
rl t)
0 0
0 0
0 0

50 75
0 0

1 5  t 5
0 0
0 0
0 0

95 65
5 0

r00 100
0 0
0 0
0 0
0 L )
0 0

l 5  5
0 0
0 t )

l 0  0
55 t0
5  l 0

10 10
0 0

l0 55
l0  t 5

t00 85
0 0
5  l 0

35 25
100 95
100 100
E5 55

100 100
100 90

0 0
100 100

l 0  1 . 1
l t  1 . 2
t 2  1 . 2
| ]  t . 2
1,1 1.3
15  l . , l
16  l . , l
t 1  1 .1
1 8  1 . 7
1 9  1 . 8
20  1 .8
l  1 . 8
22  r . 9
23  1 .9
11 2.0
25 2.0
26 2.0
21  ) . 1
28 2.:1
l9 : .9
l 0  1 .0
3 1  3 . 1
32  3 .1
33  3 .6
:1,1 3.9
35  5 .3
16 5..1
31 5.4
38 6.,1
39 7.5
10 1.9
,+1 8.2
12 10.5

step-pool, or plane-bed alluvial rcaches (Mont-
gomery and Buffington 1998.). Colluvial reaches
were at the uppermost part of the channel net-
work, and although they containcd l luvial depo-
sition from episodic discharge events, we did not

observe sud'ace watcr at these sites during any of
the sample periods (sites l-7, Table l). By the
last sample rn 1995,67% of the 42 stream sites
were completely dry or nearly dry ((10% wa-
ter). and 57olo were dry or nearly dry by the last
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TABLE 2. Spcamlan ranked corfehtion coeifi cicnls berween
thrce mcasures of stream size and capturc mtes
of lertebralc spccies. Asterisk indicates corrcla
tion was significan!ly difterent than zero at an al
pha of0.05.

TABLE 3. Spcarman ranked corre lation coclficienls berrveen
rhr.  c  meJ.Lte\  o l . t rc .m \ . / r  JnJ \  c ! ( rx l tun r  r r r -
ables incasurcd al42 stream sites. Ancisk irdi,
cates conelation $as significantly different than
zero at an alpha of0.05.

Variablc
Percent

Variable
Channel Drainage

$'idth are!
Channel Drainage Percent

widfi water

Chamel width 1.00
Drainage area 0.92*
Percent nater 0.'71+
Elsdtin escltscholt.ii O.22
Sorcr r?vbridsii 0.04
liltnia\ sener 0.67*
Pen i)s.us nuL,ti&ldtus 0.52i'
Cl . tht ionont) td l l i i ,mi tus 0.11

1.00
r).r5+ 1.00

-0 .1 ,1  -0 .11
0 .19  0 .17
0.63' 0.63*
0..18* 0.,14+
0.l l  0.00

sample in 1996. All 42 sites sampled were con-
fined (constrained) reaches (Gregory er al. l99l)
with adjacent hillslopes coming down to the edge
or near the edge of the active channel. Channel
u idth u as .trongll currelated ! i lh drrinagc rreJ
(Table 2). Conetations between channel width and
percent water and betwgen drainage area and per-
cent water wgre less, but also significant.

Vegetation

Correlations with thc 15 vegetation variables were
generally similar among thc three measures of
stream size (Table 3). Sample sites at stream lo-
cations with wider channels. larger drainage ar-
eas. and more continuous water flow had signifi
cantly greater basal areas of bigJeaf maple and
Pacific yew, shrub cover ofhazelnut, numbers of
species in the sbrub and herbaceous layers, ground
cover of forbs, and significantly less basal area

Basal arca olbig leafnaple 0.56*
Basalarea ofDouglas fif -0.06

Basal area of Pacific r'c* 0.57*
Bdsd area ofwhite fir 0.25
Basal area 0fincense cedar 0.37*
Basal area ofcanyon lile oak 0. L5
Basal area ol snags 0.09
Number of tree species 0.23
Shrub coler ofhazelnut il.,l7*
Numbef ofspecies in 0.67*

shrub layer
Percenl ground c|)!er of grass
Pefcent gronnd colcr of forbs
Numbef of specles in

Number of  logs <18 cn

Number of  logs >18 cm
in dianetef

-0.03
0 .11+
0.55+

-0.40*

0.28

0.53+ 0.10*
0.08 -0.21
0.56* 0.51*
-0 .12  0 .19
,0 32*
0.04 0.09
-0.07 -0.06
0.35* 0.29
0 .57*  0 .1 t *
0.76* 0.59*

0.16 ,0.02
0.15* 0.55+
0.5 r* 0.15+

0.11* 0.'11+

0.34,1. 0.26

of incense cedar and fewer smatl logs. Multiple
regressions indicated that there was strong asso-
ciation between stream size and vegetation char-
acteristics. Eighty percent of the variation in chan-
nel width was explainedby anine-variable model,
587r ofthe variation in drainage area was explained
by a seven-variable model, and 6470 ofthe varia,
tion in pgrcent water cover was explained by an
eight-variable model (Table 4). Shmb cover of
hazelnut was the mostimportant variable in models

TABLE '1. Results olall possible-subsets mulliplc rcgression using three measurcs of sfeam size as response variab]es and l5
vcgctalion vuiables as potential prcdictor variables (r1=.12 stream siles). Va]iables are presenled in rank order of
lmDortance in the model.

Adjusred
R: Predictor variables

Channel widih 0.750.Et) Shrub covcr of hazelnut. basal area of big leaf maple, nlrmber of logs >18-cm
diam.. basal arca of white fir, basalarea of Pacific yew, ground cover of ibrbs.
DuDber of species in he$aceous layer, basal area of snags. number of species
in shrub layer

Shrub cover ofhazclnul number of logs >18 cm diam., basal area ofsnags.
nudber of species in shrub la)'.cr, basal area ofwhite fir basal area of big-leaf
maple. basal area of live oak

Basal area ofwhite llr. number of tree species. shrub cover ofhazelnut. logs
>18 cm dialn., basal area of incense cedar. logs (18 cm diam., basal area of
Douglas fir. number of species in herbaceous layer

Drainagc areu

Percent |l ater cover

0.19

0.55
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fbrchannel width and drainage area and third most
important in the model tbr percent watcr.

Number of trec species did not differ signifi-
cantly lrmong channel-width groups, but numbers
oI species in the shrub and herbaceous layers did
(Figure 3). Averaged across transects, mean numbcr
of species in the shrub layer was significantly
greater than the mean for upland sites in the three
Iargest channel-width groups. Mean number of
species in the herbacaous layer was signit'icantly
greater than thc mean lbr upland sites in all but
the 0.l 0.7-m channel-width group. Although thc
overall transect effcct was significant for num

bers of species in the shrub and herbaceous lay-
ers, only one ofthe tests comparing means ?Lrnong
transects within individual channel-width groups
was significant. For both variables, mean valucs
were less for upslope tmnsects than for riparian
transects.

Of the 48 plant species tested, 23 showed a
significant association between occunence and
stlean size (Appendix). (With 48 significance tests,
two to three Type I errors lrejecting the null hy-
pothesis ofno association u,hen the null hypothesis
is truel are expccted with an alpha of 0.05.) Oc
currences of most of the spccies with significant

Shrub LayerTreea

I Flpa'l.n

A up.totjo

x
I

E
z

a

z

I
3

5

uP 0,r{.7 0,91,! t.+1.3 r.92.'l z95J 5,+10,5

Figure 3. Means and srandard errors for three measures ofplant diversit]. Values were averagcd across eight upland sites (UP)
and lcven stream sites in each of six channel width groups. Aslcrisks indjcate groups lhat differed significantly from
upland sites (averaged acros\ tran\ects). Plus slmbols indicatc groups in which there \\as a significant difference
among transecls. ./r values for effects due to channel lridth (CW). transcc! (TR). and the interaction bet$een channel
widrh and transcct (Cw*TR) from ANOVA tests are listed below (a) Number of rec spccjcsr Cw = 0.19. TR = 0.60.
CW+TR = 0.69;  (b)  Number ofspecies in shrub layer:  Cw = <0.01,  TR = <0.01.  CW*TR = 0.93:  (c l  Number ofspecies
iD herbaceous lar-cr :  Cw = <0.01.  TR = 0.01,  CW*TR = 0.62.
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tests werc associated with largersheams. Although
white alder (Alnus rhombifolia\ is not listed in
the Appendir because it was included in a sample
at only one site (sitc 311), this tree occurrcd only
along the banhs olwidc-channel reaches with large
drarnage aleas.

Verteb'rates

Other than rainbow trout (Salmo gairdneri).
which was observed only at sites 38, 39,,10, and
:12, rl'e observed two species of vertebratcs with
an aqu tic life stagc: Pacitic giant salamanders
(Dicamptodon tetlebrosus) and tailed tiogs (Ai
cophLts trllei). La'v Je of D. lr:rzebrzsa.r were found
at each sitc with a channel width )2.4 m except
sites 29 trnd,l l (Table 1). Although site 41 had a
wide channel and large drainage area. steam flow
readily went subsurface above this site and left
the channel dry fbr most ofthe summer. Dlcarrp-
todon tetrcbft)sus was found at only one site wilh
a channel width <2.4 m. One larva was found at
site 16, which was located downstream of a pe-
rennially fl owing spring. Dicamptodon te neb rosu s
\r'as able to persist within disjutct pools in stream
leaches whele significant portions of the chan-
nel dried up during thc sumrner (e.g., sites 33 and
3.1). We found larvae ofA. trricl at only six sites;
each site had continuous ol nearly continuous flow
year round. Although we did not t'ind any A. l,.rei
lan'ae at site 16. we did capture an adult in one
of the pitfall traps along thc riparian transect.

We tbund no significant association betr'",een
stream size and occurrences of I I species of Ler-
restdal venebrates that werc captured at >5 of
the:12 strcam sites (Table 5): cnsatina (E:Dralin.l
e sc hst ho ltz.i i), northern alligator lizard (Elgaritt
coerulea'1, Pacific shrew (Sorex pctcif icus),
Trowbridge's shrew (Sorer trcwDr'./gll). Ameri-
can shrcw mole (Ncurotrichus gibbsii.), rorthem
flying squirrel (Glnacoary,s sabrln m), Allen's chip
mttnk (Tdmias sene.r), deer mouse (Peromtscus
naniculutus). wcstern red backed vole (Clerlr
rionomys t:ulifonicu.r), Sonoma tree vole (A rDorl-
nus pomo), and creepingr o)e (Microtus oregoni).
Although the test was not significant (P = 0.13).
S. pacifit:us was captured at seven of 1,1 sites in
thc largest channel-width group and at only two
of l4 sites in the smalles1 channel-width group.
E. esch.tcholtzli. S. trowbridgii. T. senex, ancl P.
mdniculatus were captured at all or nearly all
sample sites.

TAtsLE 5. Numbers of stream siles at whicb vertebrac spe-
cres wefe captured at least once in 1995 or 1996.
FourGeD siies were samplcd in each ofrhree chan
nel widlh groups. None oflhc 2 r 3 conringencr'.
tables testing lbr association be!rccn occur.rence
and stream sizc was signrficant aran alphaof0.05.

Spccics
Channel  Widlh lm)

0 . 1 , 1  . 3  l . . t  2 . , 1  2 9 , 1 0 . 5

En sdtiIo ?sc hscha Lt. ii

N(urotrichux gihb\ii
Claucotnrs sabtinus

P e tum,"scus mdnic uldtu I
C le t hri L) no m\ s c al it) nt (us

We evaluated abundancc patterns of five spe-
cies. E. eschstholtz.ii. S. trowbridgii, T. senex. P
nlaniculdtus, and C. caliy'rrnlcul. Abundances of
T. senex and P. ndniculatus were significantly
correlated with channelwidth as well as with drain-
age area and percent water cover (Table 2). Con-
sistent with these results, abundances of only Z
seflex ar]j P. maniculatus differed significantly
among channel-width groups (Figure 4). Mean
abundance of Z serzer was significantly greater
in the two largest channel-width groups than mean
abundance at the eight upland sites (Figure.lc).
Mean abundance of P maniculatus was signifi-
cantly grcater in two ofthe three largest channel-
width groups (Figure ,1d).

Thcre was a significant transect effect for E.
eschscholtzii and T. senex, as well as a signifi-
cantinteraction between channel width and transect
for Z .rere,r (Figure 5). Mean capture rate of E.
escftscior:li was similaramong the three transects
in the smallest channel-width group. but in all
other groups mean capture rate was less on the
ripadan transect compared to the midslope and
upslope transects. For Z .rel?e,r mean capture mte
was similar among the three transects in the two
smallest and the largest channel-width grcups. but
greater on the riparian transect than the midslope
and upslope tnnsects in the 1.u1-1.8. 1.9-2.,1. and
2.9-5.3-m channel-width groups.

Discussion

Unlike most studies of riparian wildlit'e habitat
associations. the majodty of stream reaches we

l '1 l , l  1.1
6  r 0  1
1 5 1

1.1 l , l  l . l
, 1  6 6
:l ,1 I

1 3  t 4  1 1
l, l  l , l  11
7  E  1 0
3 1 3
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E nsat i n a esc hscholtz i i

uP 0.1{,7 0,9-1,3 1.4-1.3 i.C.2.l 2,9-5,4 5+10,5

F

;

t

I

6

uP 0,1{J 0.913 t.rt-'i.3 1.9-2.4 2.96.4 5+10,5

Channel Wdth (m)

z

F

)l
6

;

uP 0.14.7 0.9t.3 tr-1,4 1.9-2,{ 2.9-514 5,4t0.5

Chann.lWidlh (m)

Sorcx trcwbridgii

1.0

0t

Tamiat eenex

uP o.i{,? o,}i.3 trn,8 1.9-2,4 2,0.5, s.4n0.s

C leth ri on omys cal ilorn ic us

0,25

0.15

Figurc,1. Nlerns and nandard crrors ofe\rimates ofab ndance fbr li!e species ofGrestriul vencbralcs. Values wcrc a\craged

rcro ss cight upland sites ( U P) and seven strean sites in each of six channel r idlh gro ups. Ascrisks indicatc groups fial

dilfcrcd significantl] from upland sites. P values fbr ellecr due t|) channcl sid|h from A\O\A tcsls wcre (a) 0.61. (b)

0 . 1 0 .  ( c )  < 0 . 0 1 .  ( d  ) < 0 . 0 i .  ( e )  0 . 6 3 .
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Ensatlna eschscholEii

!

z

Tamias senex

0,1{J 0.c.13 l,an.a t,!,2.a 2.ss.3 5,+10,5

P erom v 9c u9 m an icu latus

z
!

5

20.0

i5.0

Cleth onomys calilornlcus

3
.9

g

p

0.5

Sorex trcwbridgii

0,t4.7 0,$t.3 t.+!,4 t.c.2.a 2,t-53 5.a-105

0.1-0.7 0.4.11 t,+i.a t.c-2,a 2.95.3 5.+105

channolwHrh (m)

0,14J 0.!t3 t,+1.A Le.2.a 2e"53 5t10.5

chrnnolWidlh (m)

0,t.0,7 0.G13 l,Gt.a r.$2.a 2.$53 5,+tO5

Figure 5. Means and slandard error\ of capture rates for fivc species of tencslrial verebrarcs along riparian. midslopc. and
upsiopc lransects. Valics were averagcd across seven slrcam sites in each ol six channel width groups. Pius symbols
indlcatc groups in which lhere was a \ignificaDl difference among transects. P !alues for ettccts due ro channel \,".idrh
(CW), transect (TR). and the irtefaction bcN!een channel widrh and transec! (CW+TR) from ANOVA rens are lisred
belolv.  (a)  Cw = 0 65,  TR = <0.01.  CW*TR = 0 9l ;  (b)  CW = 0.16 TR = 0.17.  CW+TR = 0.59t  (c)  CW = <0.01.  TR =
<0.01.  CW"TR = 0.01r (d)  Cw = 0 01.  TR = 0 t6.  CW*TR = 0.07t  (e)  CW = 0.6,1.  TR = 0.9S. CW*TR = 0. t3.
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sampled tlo*ed only intemittently. In addition,
our sample sites were located along confined
reaches where vegetation near the channel is typi-
cally relatively similarto upslope vegetation (Gre-
gory et al. l99l ). In contrast, unconfined reaches
are typically associated with distinct riparian plant
communitics with greater divenity of structure
and composition than nearby hillslopcs (Gregory
et al. 1991, Naiman ct al. 1998). Even though we
only sampled along relatively small, confined
strgam reachcs, we found sffong associations be-
t$,een vegetation attributcs and strcam size and
significant differences between vegetation along
streams and vegetation at upland sites. Pafiicu
larly interesting was the finding that mean num-
ber ofplant species in the herbaceous layer along
sfeams with channel widths as small as 0.9- 1.3
m was significantly greater than thc nean for
upland sitcs, even though many of these reachcs
were dry for most of the summer. Othel studies
lbund that vegctation along small, perennial
streams in the Pacific Northwest was distinct ftom
upland vegetation (Cross 1985, Doyle 1990,
Comez andAnthony 1998. McComb et al. 1993a,
McGarigal and McComb 1992), but we know of
no studies that described vegetation along small,
intermittent streams similar to those we sampled.

Fuc tur .  th r t  in f luence ve5:e ta t ion  pu l tem\  in
riparian zones include water availability, distur-
bance regimc, and levels of solar radiation. Avail-
ability of water is greater than in upland habitats
due to both the presence of water in the channel
and the migration of groundwater into the root-
ing zonc of parian vegetation as it pcrcolates
toward the channel (Bilby 1988, Naiman et al.
1998). Nutrients carried by the groundwater also
become available to riparian vegetation in this
mirnner (Lowrance et al. 198,1). High frequency
of disturbance from flooding typically leads to a
high diversity of microsites and grcater plant di
versity in riparian zones comparcd to upland sites
(cregory et al. 1991, Naiman et al. 1998). The
effects of disturbance. however. are more pro-
nounced along unconfinedrcaches and along larger
streanrs and rivers. The presence of strcams and
stream size also aftect levels of solar radiation
reaching understory vegetation by providing a
break in the forest canopy above the channel (Gre
gory et al. l99l). Other thctors being equal. \\,ider
channels provide larger breaks in the canopy and
thus wider zones adjacent to the channel edge
where solar radiation can reach the forest under-

story. The level of solar radiation reaching thc forest
understory is influenced by channel onentation
(direction) and canopy height and dcnsily. but in
relatively dense coniferous forcsts like those in
the Pilot Creek watershed, increased light reach-
ing the forest floor may have grcat influence on
understory vegetation pattems. Perhaps this is one
reason why our multiple-regression analyses in-
dicated that vegetation $as more strongiy associ-
ated with channel width than drainage area or
pelcent water.

In the Pilot Creek watershed lan'ae ofA. trrei
were found only at sites where surface watertlowcd
continuously or nearly continuously throughout
the yeat but D. t"n€rl.lrri larvae occurred at sjtes
where large sections of the channel dried up dur-
ing the summer. Ascriprr-r lr&ci is adapted for ljte
in fast-flowing streams, and is known to be asso
ciated with cold, perennial forest streams through-
out its rurge (Nussbaum etal. 1983, Stebbins 1954a,
Welsh 1990). Tadpoles adhere to smooth rocks in
fas!flowing sections of streams and feed prima
dly on diatoms, which they scrape off of rock
surfaces. Unlike A. fiiel tadpoles, larvae of D.
tenebrosus canmo\e acrcss land between isolated
pools or sections of stream (Welsh 1986). Lan'ae
ol D. tenebrosus typically hide under rocks or logs
in pools or slow-moving sections of sffeams and
emergeatnightto feed along the bottom (Nussbaum
et al. 1983. Parker l99,1).

Although I sefie.\ irnd P. maniculatus were
captured at nearly every site, they were more abun-
dant along larger streams than at upland sites and
smaller steams. Both species are omnivorous with
varied diets that differ greatly with location, sea-
son, and year. butplantparts (leaves. flowers, truits,
and seeds) are the primary components of the di-
ets of both Z sener (Gannon and Forbes 1995;
Tevis 1953, 1956) and P. maniculatus (Gunther
et al. 1983, Jameson 1952. Tevis 1956, Will iams
1959). One hypothesis to cxplain why these two
rodent species were more abundant along larger
streams is that these habitats provided grcateravail-
ability of food and thus higher quality habitat be-
cause ofthe grcater amounts and variety ofshrub-
and groundlevel vegetation. For these species,
vegetation provides fbod directly in the form of
leavcs. flowers, fiuits, and seeds, and indirectly
by influencing the biomass and composition of
anhropod communities. Studies have shown that
capture rates ofP nranicrlala.s were significantly
greater along streams compaled to upland habitats
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in Oregon (Cross 19135, Dovle 1990). but other
studies have found no significant differencc in
abundance bet$'een riparirn and upland habitats
(McComb et al. 1993a, 1993b: Gomez and An-
thony 1998). We know of no published studies
that comprLred abundance of I J.,rsr between ri-
parian and upland habitats.

Pafts ofundentory plants arc not primary lbods
ofthe tbree spccies whose abundance pattems were
not significantly associated with streant size: E.
esch.tcholtzii (Gnaedinger and Reed 1948.
Nussbaun e t  a l .  1983.  S tebb ins  l954b) ,  S .
trowbridgii (Verts and Canaway 1998), and C
califonticus (Maser and Maser 1988. Maser et
al. 1978. Urc and Maser 1982). Capture ratcs of
E. eschscholtzii wcre fbund to bc significantly
greater in upland habitats than in riparian habi-
tats in Douglas-fir and red alder (.A. rubral for-
ests in Oregon (McComb er al. 1993a. 1993b).
Doyle (1990) tbund that capture rares of S.
t  rou  br iJ< i  t  $ere . ign i l i c ln t l1  g rearer  in  r ip l r iun
habitats than in upland habirats, but McComb et
al. ( 1993a) found that capturc rates were signifi-
cantly greater in upland habitats, and other stud-
ies found no significant diflerences bctween ri
panan and upland habitats (Cross 1985. McCornb
el al. 1993b, Gomcz and Anthony 1998). Several
studies tbund that captLTe rctes of C. c.tliJbmi(:us
rverc significantlv greater i[ upland habitats than
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Although we only sampled along small, con
fined stream reaches in the Pilot Creck u'atershed.
we did find associations between stream size and
vegetation patterns and between steam size and
occurrence and abundance pattems of vertebrates.
Some of the vedebrate species cvilluated occurred
primarily at or were [tore abuodant at strgam
reaches that either flowed continuously or were
greater than about 2 m wide (drainage arca greater
than about 10 ha). Nonc ofthe vertebrate species
we cvaluated was signiticantly associated with
intemittent stream reaches smaller than this.
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Appendix

Nunrbers ofsites at $'hich plart species were found along the ritarian of midslope transect. Sample sites are classified into upland
sires (uP) and three channel-r idth groups (,{ equals nunrber of sample sites in each gfoup). Only species found at >5 sites are
listed. Species whose cont;ngency table indicated significant (P < 0.05) associalion berween occurence and srrerm \ize afe
identified with asteri\k.
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