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Abstract: Although thinning of young, even-aged forests may accelerate the development of characteristics 
associated with mature forests, in the short term it may negatively affect some taxa, including terrestrial 
salamanders. Preexisting site conditions, including down wood, and forest management measures, such as 
riparian buffers, may moderate these effects, but these relationships are poorly understood. To explore whether 
down wood and riparian buffer widths might influence short-term responses to thinning, we sampled 
salamanders using ground searches before and during the first 2 years after experimental thinning at two 45- to 
65-year-old headwater forest sites in western Oregon that differed in down wood volume. Prethinning distri- 
butions of terrestrial salamanders overlapped one- and two-tree height riparian buffers, and except for red-backed 
salamanders, overlapped very little with narrower streamside or variable-width buffers. At the site where down 
wood volume was low, captures of ensatina (Ensatina eschscholtzii Gray) and western red-backed salamanders 
(Plethodon vehiculum Cooper) both declined by 40% in thinned areas. In contrast, captures of ensatina and 
Oregon slender salamanders (Batrachoseps wrighti Bishop) were not significantly affected by thinning at the site 
where down wood volume was high. Our results suggest that site conditions, such as down wood volume, and 
riparian buffers may influence the effect of thinning on terrestrial salamanders, and demonstrate the tight linkage 
among management of aquatic, riparian, and upslope resources in headwater forests. FOR. SCI. 53(2):320-330. 
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F OREST THINNING is becoming an increasingly com- 
mon management practice to increase structural di- 
versity of young, even-aged stands and to promote 

the development of late-successional characteristics such as 
larger trees, multilevel canopies, and understory vegetation 
(Bailey and Tappeiner 1998, Busing and Garman 2002). 
These changes to stand conditions are expected to improve 
habitat quality for species associated with late-sera1 forests 
(Hayes et al. 1997), although the time frames for positive 
responses may vary by taxa. Some species of birds (Hayes 
et al. 2003, Hagar et al. 2004) and small mammals (Carey 
2001, Suzuki and Hayes 2003) may respond almost imme- 
diately (within several years) to lowered tree density after 
thinning. In contrast, late-seral forest floor conditions may 
take much longer to develop, and there is concern that 
thinning may have negative short-term effects on certain 
ground-dwelling taxa in the interim (Wessell 2005). 

Terrestrial salamanders appear to be a group that gener- 
ally is vulnerable to negative short-term effects of thinning. 
Most forest salamanders require cool, moist microhabitats 
and are associated with late-seral conditions (Blaustein et al. 
1995, deMaynadier and Hunter 1995, Welsh and Droege 
2001). Thinning may reduce habitat quality for salamanders 
through direct disturbance to the forest floor during harvest 
(Grialou et al. 2000, Morneault et al. 2004) and by increas- 
ing temperature and reducing moisture from opening the 

canopy (Anderson et al. 2007). Salamander abundance was 
reduced in the first 1 to 5 years after thinning in most 
previous experimental studies across a range of thinning 
intensities and forest types in North America (Harpole and 
Haas 1999, Grialou et al. 2000, Knapp et al. 2003, Mor- 
neault et al. 2004), and observational studies also have 
found that salamander abundance was lower in thinned 
stands compared with unthinned stands (Naughton et al. 
2000, Brooks 2001). However, several studies have shown 
either no difference or higher abundance in thinned stands, 
as well as variable responses among species (Suzuki 2000, 
Bartman et al. 2001, MacCracken 2005, Karraker and 
Welsh 2006). These different results between studies in 
similar stand types in the same region (cf. Grialou et al. 
2000, Suzuki 2000) and variable responses between species 
suggest that local factors, such as site conditions, may 
interact with species-specific habitat associations to influ- 
ence the effects of thinning. Differences in forest floor 
conditions have been shown to mediate the effects of thin- 
ning on ground-dwelling arthropods (Schowalter et al. 
2003), but these relationships have not been addressed for 
salamanders despite their strong habitat associations with 
forest floor conditions such as down wood and other cover 
objects (Blaustein et al. 1995, Grover 1998, Butts and 
McComb 2000) that may moderate the effects of micro- 
climate changes in the stand after thinning. 
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Although forest floor conditions may determine, at least 
in part, the effect of thinning on terrestrial salamanders 
within stands, the presence of adjacent unthinned stands 
also may be important for the resilience of populations 
across the landscape in the event of negative short-term 
effects. In regions such as the US Pacific Northwest, where 
forests are highly dissected by streams (especially small 
headwater streams), riparian buffers often are the most 
widespread and extensive unharvested areas (USDA and 
USDI 1994). In headwaters, streams and adjacent hillslopes 
are tightly linked through physical and biological conditions 
and processes involving water, sediment, nutrients and or- 
ganic matter, and organisms (Gomi et al. 2002), yet the 
interactions among these areas are not fully understood 
under undisturbed conditions, let alone with forest manage- 
ment activities potentially disrupting natural processes. In 
particular, under current management practices in the Pa- 
cific Northwest, while riparian buffers and thinning often 
are applied adjacently within forest stands, questions remain 
about how terrestrial wildlife respond to these practices 
when they are applied in conjunction (Olson et al. 2002). 
Distributions of amphibian species appear to be strongly 
associated with different geomorphic zones in headwaters in 
unmanaged forests where riparian areas are spatially com- 
pressed (Sheridan and Olson 2003), and narrow headwater 
streamside zones may provide critical ecological functions 
only for stream- and bank-associated amphibians. There- 
fore, while headwater riparian buffers may offer refugia or 
dispersal comdors for amphibians until favorable condi- 
tions develop in thinned stands, these benefits may be 
largely limited to aquatic and riparian species and may not 
apply to terrestrial species with upslope distributions (Ve- 
sely and McComb 2002, Petranka and Smith 2005). 

Our objectives were to determine the short-term effects 
of forest thinning on terrestrial salamanders in managed 
headwater forests in western Oregon, and to explore the 
potential for site conditions and riparian buffers to influence 
these effects. We selected two sites that represented low and 
high down wood volumes from the region as independent 
case studies to evaluate salamander responses to experimen- 
tal thinning, and compared the distributions of salamanders 
relative to distance from streams with the widths of different 
riparian buffers currently used in the region. 

Methods 
Study Area 

We conducted our study at two headwater forest sites in 
western Oregon, one in the Coast Range (Green Peak: 
N44"22'00", W123'27'30") and the other in the Cascade 
Range (Keel Mountain: N44"3 1 '41", W 122"37'55"), that 
are part of the US Bureau of Land Management (BLM) 
Density Management and Riparian Buffer Study (Cissel et 
al. 2006; see also Anderson et al. 2007, Olson and Weaver 
2007, Olson and Rugger 2007). Both sites contained 45- to 
65-year-old stands managed by the BLM, and are in the 
western hemlock (Tsuga heterophylla [Raf.] Sarg.) vegeta- 
tion zone (Franklin and Dymess, 1988). Douglas-fir 
(Pseudotsuga menziesii [Mirbel] Franco) was the dominant 
overstory tree at the Coast Range site, whereas Douglas-fir 

and western hemlock were co-dominant species at the Cas- 
cade Range site. Other trees at the sites included western 
redcedar (Thuja plicata Donn.) and red alder (Alnus rubra 
Bong.). The most common understory vegetation was west- 
em swordfern (Polystichum muniturn [Kaulfuss] K. Presl), 
Oregon grape (Berberis nervosa Pursh), salal (Gaultheria 
shallon Pursh), red huckleberry (Vaccinium parvifolium 
Sm.), vine maple (Acer circinatum Pursh), and Oregon 
oxalis (Oxalis oregano Nutt.). Moss and litter were the main 
ground covers. Both of these headwater sites are drained by 
a dense network of small, intermittent and perennial 
streams. Elevation is about 500 to 750 m at the Coast Range 
site and about 600 to 750 m at the Cascade Range site 
(Cissel et al. 2006). Climate is moderate at these elevations 
in western Oregon, and precipitation occurs primarily as 
rain during fall through spring, with dry summers. Mean 
temperatures are similar between sites, although mean an- 
nual rainfall is estimated to be greater at the Coast Range 
site (171 cm yr-l) than at the Cascade Range site (126 
cm yr-'; Anderson et al. 2007). The Coast Range site is on 
north and east aspects, with slope steepness distributed 
about equally in both the 0-30% and 30-60% ranges, while 
the Cascade Range site is on south and west aspects, with 
slope steepness only in the 0-30% range (Cissel et al. 
2006). 

Forest floor conditions differed between the two sites as 
a legacy of past land management activities. The Coast 
Range site was clearcut logged and burned in the 
mid-1930s, and livestock were grazed for several years 
before trees regenerated. As a result, the volume of down 
wood on the forest floor was low and primarily in early 
stages of decay (150 rnp3 ha-', S. Chan, unpublished data; 
Olson et al. 2006). In contrast, the Cascade Range site was 
clearcut in the late 1940s, but selective removal of felled * 

trees left a high volume of down wood that is now in 
moderate and late stages of decay (750 mP3 ha-', S. Chan, 
unpublished data; Olson et al. 2006). For comparison, Butts 
and McComb (2000) reported a range of down wood of 14 
to 859 m-3 ha-' from young (23-67 years), low-elevation 
stands in western Oregon. 

Experimental Design 
Our study was part of the larger Density Management 

and Riparian Buffer Study examining the effects of different 
thinning intensities and riparian buffer widths on aquatic 
and streambank vertebrates in headwater forests at many 
sites in western Oregon (Olson et al. 2002, Cissel et al. 
2006, Olson and Rugger 2007, Olson and Weaver 2007). 
For this component, we took advantage of the existing 
experimental design and manipulations to additionally focus 
on the responses of terrestrial amphibians to moderate levels 
of thinning (target density of 200 trees ha-') in relation to 
riparian buffers of different widths. For the larger study, 
sites were selected nonrandomly for young stands of rela- 
tively homogenous structure in low-elevation federal forest 
lands in western Oregon (Cissel et al. 2006); we selected 
two sites from the larger study that represented low and high 
down wood volumes from the region as independent case 
studies to explore the effects of down wood on salamander 
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responses to thinning. At each site, moderately thinned and 
unthinned reference units (1 8 -46 ha) were assigned non- 
randomly according to operational constraints, such as road 
and stream locations. Within the moderately thinned units, 
riparian buffer treatments also were assigned nonrandomly 
according to operational constraints, such as the distance 
from stream to ridgeline, so that both a buffer and thinned 
matrix could be implemented before crossing into the neigh- 
boring subdrainage (Figure 1). 

The four riparian buffer treatments represented a range 
of widths corresponding to current federal and state forestry 
practices. One and two site-potential tree height buffers 
(minimum 70 and 145 m slope distance, respectively) are 
the current interim guidelines under the federal Northwest 
Forest Plan for fishless and fish-bearing streams, respec- 
tively (USDA and USDI 1994). Variable-width buffers 
(minimum 15 m) were delineated according to site-specific 
local boundaries between riparian and upslope topography 
and vegetation, and are relevant to state forestry practices. 
Streamside buffers (minimum 6 m) retained the first stream- 
side tree to provide bank stability and stream shading. The 
two-tree height treatment was not included at the Coast 
Range site because there were not enough streams for all 
treatments. Each buffer treatment extended a minimum of 
110 to 150 m along streams (i.e., stream length). 

The moderate thinning prescription was intended to pro- 
mote stand diversity and heterogeneity, hence thinning was 
not uniform across the stands. Approximately 80% of the 
area of the stands was thinned, 10% was cut in dispersed 
0.1-0.4 ha patch openings, and 10% was unthinned in 
dispersed 0.1-0.4 ha leave islands. Leave islands were 
located to mitigate concerns for sensitive wildlife, inverte- 
brates, and plant species. In addition, large or rare conifers, 
hardwoods, small understory trees (<I2 cm dbh), snags, 
and down wood were retained during thinning. Trees were 

Figure 1. Map of the Oregon Coast Range study site showing locations 
of reference and thinned stands, streams, riparian buffers, and Sam- 
pling transects. 

manually thinned from below, and felled trees were re- 
moved using skyline cable yarding at the Coast Range site 
and ground-based yarding at the Cascade Range site. At the 
Coast Range site, stands were thinned from 320 trees ha-' 
to a target of 200 trees ha-'; in comparison, the unthinned 
reference stand had 410 trees ha-'. At the Cascade Range 
site, stands were thinned from 560 trees ha-' to a target of 
240 trees ha-', and the reference stand had 560 trees ha-'. 
At both sites, average canopy closure was about 80% before 
and no less than 40% after thinning. 

Amphibian Sampling 

We sampled terrestrial amphibians along trans-riparian 
transects that began at the stream edge and extended uphill, 
perpendicular to the stream, through the riparian area and 
into the upslope forest (Figure 1). Transects were nonran- 
domly located near the center of the riparian reserve treat- 
ments to avoid edge effects due to neighboring treatments, 
in areas of relatively uniform topography from stream to 
ridge, and away from patch openings and leave islands. 
Each transect consisted of four 2 m-wide parallel lines 
arraycd within 15 m either side of transect center to increase 
the spatial coverage of sampling in light of the patchy 
distributions of salamanders; line locations were staggered 
by year to avoid sampling the same location twice. At the 
Coast Range site, we sampled two transects, on opposite 
sides of a stream, per riparian buffer treatment (three buffer 
widths and reference), for a total of eight transects. At the 
Cascade Range site, we sampled two transects in the stream- 
side retention and reference treatments, but only one 
transect in each of the variable-width one-tree and two-tree 
treatments, for a total of seven transects. Transect lengths 
varied according to constraints such as the distance from 
stream to ridge and road locations. At the Coast Range site, 
average transect length was 102 m (range = 60-142 m) and 
total sample area was 6,512 m2. At the Cascade Range site, 
average length was 112 m (range = 60-200 m) and sample 
area was 6,264 m2. 

We used garden claws to search for amphibians in and 
under all ground cover, down to soil, along the entire length 
of each transect. Cover objects such as logs, moss, rocks, 
and litter were searched systematically from the surface 
through underlying layers, which were separated to expose 
interstitial spaces; decayed logs were opened as much as 
possible using hands and garden claws. Cover objects were 
carefully replaced after searching to reduce habitat distur- 
bance. For each amphibian capture, we recorded species, 
distance to stream, cover object, and substrate at capture 
site. We sampled each site three times, 1 year before and in 
the 2 years after thinning. The Cascade Range site was 
sampled in 1997 (prethi~ing) and 1999-2000 (postthin- 
ning), and the Coast Range site was sampled in 1998 
(prethinning) and 2000-2001 (postthinning). All sampling 
was done in May-June during the spring rainy season, when 
surface activity by amphibians is greatest in the Pacific 
Northwest (Ovaska and Gregory 1989, Dupuis et al. 1995). 
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Data Analysis (ANOVA), before-after-control-impact (BACI), or split- 
plot analysis approaches were not used due to the lirnita- 
tions of our design and data, including the large differences 
of pretreatment captures among transects that might cloud . 
potential treatment effects, small sample sizes, lack of in- 
dependence of samples collected along transects, and non- 
random study site selection, treatment assignments, and 
sampling locations. 

We used pretreatment capture data to assess the extent of 
overlap between the distributions of terrestrial salamanders 
and the different riparian buffer widths to be implemented. 
To determine the distributions of species with respect to 
distance from stream, we averaged captures m-2 in 10-m 
intervals from the stream from all transects at a site. Infer- 
ences from our analyses are limited to the specific condi- 
tions at each of these sites as independent case studies, due 
to our nonrandom site selection, treatment designation, and 
transect locations. 

To test whether thinning affected amphibian captures, we 
compared the change in captures before and after thinning 
in thinned upslope areas with the change in captures in 
unthinned areas within riparian buffers, and analyzed each 
site separately due to the case study design. Because 
transects spanned adjacent unthimed and thinned areas, we 
paired the data for the thinned and unthinned portions of 
each transect and used paired t-tests (Sokal and Rholf 1995). 
We also used paired t-tests to assess whether captures in the 
reference transects differed between the pre and postthin- 
ning sampling periods as a reference for temporal variation 
in amphibian captures in untreated stands, to aid interpre- 
tation of results from the thinned stands. Kolmogorov- 
Srnirnov tests and visual inspection indicated that the data 
met the assumption of normality. We calculated captures 
m-2 to account for differences in transect length and sample 
area, and used the average of the two postthinning samples 
in statistical tests. We tested for thinning effects separately 
for all species with 2 3 0  captures. We used P < 0.10 to Results 
indicate statistical significance to balance type I and type 11 
errors associated with small sample size (Toft and Shea We recovered a total of 1,150 captures from 10 species 
1983, Vesely and McComb 2002, Suzuki and Hayes 2003, of amphibians during 3 years of sampling at both sites 
Hagar et al. 2004). Despite our collection of pretreatment, gable  1). Amphibian captures varied considerably among 
posttreatment, and reference data, analysis of variance transects within sites (spatially) and among years within 

Table 1. Total captures of amphibians at the two study sites in western Oregon 

No. Captures 

S~ecies  Pretreatment Posttreatment Total 

COAST RANGE year 
Western red-backed salamander 

Plethodon vehiculum Cooper 
Ensatina 

Ensatina eschscholtzii Gray 
Rough-skinned newt 

Taricha granulosa Skilton 
Dunn's salamander 

Plethodon dunni Bishop 
Coastal giant salamander 

Dicamptodon tenebrosus Baird and Girard 
Southern torrent salamander 

Rhyacotriton variegatus Stebbins and Lowe 
Coastal tailed frog 

Ascaphus truei Stejneger 
Northwestern salamander 

Ambystoma gracile Baird 
Total 

CASCADE RANGE year 
Ensatina 

Ensatina eschscholtzii 
Oregon slender salamander 

Batrachoseps wrighti Bishop 
Coastal giant salamander 

Dicamptodon tenebrosus Baird and Girard 
Cascade torrent salamander 

Rhyacotriton cascadae Good and Wake 
Dunn's salamander 

Plethodon dunni Bishop 
Northwestern salamander 

Ambystoma gracile Baird 
Rough-skinned newt 

Taricha granulosa Skilton 
Total 

589 
Total 

331 
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transects (temporally; Figure 2). Pretreatment captures av- captures) and ensatina (Ensatina eschscholtzii Gray; 35%) 
eraged 0.3 mP2 at both sites. Western red-backed accounted for the majority of captures at the Coast Range 
salamander (Plethodon vehiculum Cooper; 54% of total site, whereas ensatina (59%) and Oregon slender 

Year 1 post-thinning 

Coast Range 
control I I-tree I variable I streamside 

buffer buffer 
I I 

buffer 
I 

0.08 I I I 
I I I 

N I I I 

0.lOl Cascade Range 

1 
- 

I 
I buffer 

0.08 1.1 I I I 

I control I 2-tree ! I-tree :variable : streamside 
1 buffer I buffer I buffer 

1 2 3 .  4 5 6 7 

Transect 

Figure 2. Total amphibian captures at the two western Oregon study sites by transect and year. Transects are grouped 
by treatment type, indicated above bars. Captures in thinned and unthinned portions of transects are combined. 
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salamander (Batrachoseps wrighti Bishop; 35%) dominated from the stream (Figure 3). Overlap between salamander 
captures at the Cascade Range site (Table I). distributions and riparian buffers was greater at the Cascade 

Range site than at the Coast Range site. At the Cascade - 

Spatial Distribution with Respect to Riparian Range site, the highest captures of ensatina and Oregon 

Buffers slender salamanders occurred within areas that would be 
included in two-tree height buffers, captures were moder- - 

Pretreatment captures of terrestrial salamanders varied ately high within one-tree buffers, and captures were low 
considerably among 10-m distance intervals from the within variable-width and streamside-retention buffers (Fig- 
stream, but at both sites generally were highest 100 to 130 m ure 3). At the Coast Range site, ensatina captures were 

0.14 , Coast Range 
T 

eschscholtzii 
---C-- Plethodon 

vehiculum 

eschscholtzii 
-4- Batrachoseps 

wrighti 

0 20 40 60 80 100 120 140 160 180 200 
Distance to stream (m) 

Figure 3. Distribution of Plethodon vehiculurn, Ensatina eschscholtzii, and Batrachoseps wrighti with respect to distance 
from stream and widths of riparian buffer types. Data are mean captures (2SE) from all transects from prethinning 
surveys in 10-m intervals starting from the stream and extending upslope. 
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highest 2 7 0  m from the stream, and were low in areas that Cover Object Use 
would be included in any of the buffer types at this site 
(Figure 3). Captures of western red-backed salamanders 
also were highest outside of riparian buffers, although they 
were relatively more abundant than ensatina within the 
narrower buffers, extending 0 to 30 m from the stream 
(Figure 3). 

Effects of Thinning 

At the Coast Range site, average posttreatment captures 
of ensatina decreased 42% from pretreatment captures in 
thinned areas but did not decline in unthinned riparian 
buffers (P = 0.05; Figure 4). Captures of western red- 
backed salamanders decreased 40%, on average, in thinned 
areas and increased 50% in riparian buffers (P = 0.08; 
Figure 4). In contrast, changes in captures of ensatina and 
Oregon slender salamanders did not differ between thinned 
and unthinned areas at the Cascade Range site (ensatina: 
P = 0.35; slender salamander: P = 0.42; Figure 4). At both 
sites, captures within reference stands did not differ between 
pre and postthinning sampling periods for any species 
(Coast Range site: ensatina, P = 0.75, red-backed 
salamander, P = 0.97; Cascade Range site: ensatina, P = 

0.35, slender salamander, P = 0.47; Figure 4). 

" 

Cover use by salamanders differed between the two sites, 
and, at the Coast Range site, between species (Figure 5). At 
the Coast Range site, more salamanders were captured 
under litter and moss than were captured under wood. 
Ensatina captures were relatively equally distributed among 
litter, moss, and wood, whereas 50 to 60% of western 
red-backed salamanders were captured under moss and 15 
to 20% were captured under litter or wood (Figure 5). In 
contrast, at the Cascade Range site, most ensatina (75-85%) 
and Oregon slender salamanders (80-95%) were captured 
under wood, and litter and moss accounted for a minority of 
captures (Figure 5). Cover object use did not appear to be 
affected by thinning. 

Discussion 

The short-term effect of moderate forest thinning on 
terrestrial salamanders in managed 45- to 65-year-old head- 
water forests differed between our two sites in western 
Oregon. At the Coast Range site, captures of ensatina and 
western red-backed salamanders decreased in thinned 
stands relative to adjacent unthinned riparian buffers. In 
contrast, thinning did not affect captures of ensatina and 
Oregon slender salamanders at the Cascade Range site. 
These sites were selected for the BLM Density Management 

Coast Range 
Ensefina eschscholfzii 

-o- treatment tra- Cascade Range 
bnsatina eschschoItu'i 

0 '05]  Unthinnd 
&+-A 1 ""ed 

post pre 

Plethodon vehiculurn 

p o i  pre post pre post 

- - 
post pre 

Batrachoseps wrighti 

0'05 ] Unthinned 

post pre post pre post 

Figure 4. Salamander captures by transect before and after thinning in thinned and unthinned areas. Unthinned areas 
include reference transects and riparian buffers within treatment transects. Thinned areas are treatment transects 
upslope of riparian buffers. Postthinning values are means from sampling 1 and 2 years after thinning. Note that y axis 
scaling varies among plo,ts. 
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Coast Range Cascade Ranae 

- Year 1 post-thinning 

gravellrock litter moss soil wood graveVrock litter moss soil wood 
Substrate Substrate 

Figure 5. Cover object use by Pkthodon vehiculum, Ensatina eschschollzii, and Batrachoseps wrighti. Use is shown as the 
percentage of captures under different cover types, with captures summed across all transects. 

and Riparian Buffer Study from stands with generally sim- 
ilar forest types and management histories (Cissel et al. 
2006), although they differed from one another in a number 
of ways (e.g., dominant overstory tree species and initial 
density, precipitation, certain aspects of past management, 
aspect and slope steepness, and volume of down wood; see 
Methods). Considering known terrestrial salamander habitat 
associations, down wood volume was the single most strik- 
ing of these differences between the sites, although we 
cannot rule out the potential interacting roles of other fac- 
tors such as precipitation, aspect and slope steepness (or 
their interaction, such as hill-shading), or other differences 
associated with the two ecoregions represented by the sites, 
the Oregon Cascades and Coast Ranges. Hence, the decline 
of salamander captures after thinning at the Coast Range 
site where down wood volume was low but not at the 
Cascade Range site, where wood volume was high, suggests 
that site features such as down wood may have moderated 
the effects of thinning on salamanders. Although forest floor 
conditions have been shown to influence the effect of thin- 
ning on ground-dwelling arthropods (Schowalter et al. 
2003), our study is the first to suggest that preexisting site 
conditions such as down wood volume may mediate re- 
sponses to forest thinning by terrestrial salamanders. This 
may account for differences in the effects of thinning ob- 
served in previous studies (e.g., cf. Grialou et al. 2000, 
Suzuki 2000), although differences in the way down wood 
volume and other habitat conditions were reported (i.e., 
percentage ground cover versus cumulative length or fre- 
quency of logs) make studies difficult to compare. The role 

of preexisting site conditions warrants further consideration 
in forest management studies and designs when ground- 
dwelling species protection is identified as a priority. 

The potential for riparian buffers to act as refugia to 
benefit terrestrial salamanders during thinning in these 
headwater forests appears to depend on both the distribu- 
tions of different species and site conditions that dictate 
buffer widths. While captures of all three of the dominant 
species generally were highest in the upslope forest 100 to 
130 m from the stream, western red-backed salamanders 
also were relatively abundant in the riparian zone near the 
stream. These patterns are consistent with previous studies 
showing that ensatina are associated mostly with upslope 
areas and western red-backed salamanders are more evenly 
distributed from streamside to upslope (McComb et al. 
1993, Gomez and Anthony 1996, Vesely and McComb 
2002, Sheridan and Olson 2003). 

When these distributions are compared with different 
buffer widths, it generally appears that streamside and vari- 
able-width buffers will provide poor coverage for popula- 
tions of all three species, and especially ensatina and Ore- 
gon slender salamanders, similar to the conclusions of Ve- 
sely and McComb (2002). Petranka and Smith (2005) sug- 
gested that even narrow buffers such as these might provide 
sources for populations to recolonize harvested upslope 
areas, although studies are needed to evaluate this idea. 
Alternatively, retained riparian corridors might facilitate 
dispersal from adjacent undisturbed stands. One-tree height 
buffers, prescribed on federal lands as an interim buffer 
width along fishless streams, appear to be wide enough to 
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include areas where all three species occur in some abun- 
dance, but fall short of the areas of highest abundance. 
However, they seem more likely than the narrower buffers 
to shelter enough of the populations to provide a source for 
recolonization. Two-tree height buffers, applied as an in- 
terim width to protect fish-bearing streams on federal lands, 
encompassed the upslope areas where ensatina and Oregon 
slender salamanders were most abundant at the Cascade 
Range site. In general, it appears that additional protections 
may be warranted in fishless headwater streams where 
narrow buffers may not mitigate concerns about negative 
effects of thinning on terrestrial salamanders. 

Cover object use by salamanders in our study sites was 
consistent with the literature. Western red-backed 
salamanders used a variety of cover objects including logs, 
wood, moss, litter, and gravelhock, similar to populations in 
Washington (Dupuis et al. 1995) and British Columbia 
(Ovaska and Gregory 1989), although a higher proportion 
were captured under moss than in the other studies. Ensatina 
and Oregon slender salamanders were strongly associated 
with down wood at the Cascade Range site where it was 
abundant, as has been widely documented (Blaustein et al. 
1995, Butts and McComb 2000, Biek et al. 2002). However, 
cover use by ensatina appears to be flexible, depending on 
the availability of down wood. At the Coast Range site 
where down wood volume was low, ensatina were captured 
equally under litter, moss, and wood. The diversity of cover 
use by ensatina and western red-backed salamanders may 
contribute to explanations for why they are relatively more 
widespread in distribution compared to other plethodontids 
in the Pacific Northwest (Jones et al. 2005). Their micro- 
habitat diversity also may explain their relative apparent 
resiliency to forest management in the region; they are not 
included on United States state or federal lists of sensitive 
species that are vulnerable to anthropogenic disturbances 
(e.g., Corkran and Thoms 2006). However, although these 
salamanders can exploit a variety of cover types, postthin- 
ning declines in captures at the Coast Range site but not at 
the Cascades Range site suggest that cover types may differ 
in how they influence salamander responses to thinning, 
with down wood appearing to buffer responses more than 
litter or moss. 

Several cautions are required for interpreting our results. 
We detected changes in captures of salamanders from 
ground searches before and after thinning at the Coast 
Range site, but it is unclear to what extent these changes 
reflect changes in population size, changes in surface activ- 
ity and detection rate, or emigration (deMaynadier and 
Hunter 1995). Surface counts often are highly correlated 
with population size (Petranka et al. 1993, Smith and 
Petranka 2000, Bailey et al. 2004b, but see Dodd and 
Dorazio 2004), and are widely used to assess responses of 
amphibians to forestry practices (deMaynadier and Hunter 
1995). However, studies from the eastern United States 
have found that surface activity and detection rates of ter- 
restrial salamanders are highly variable in time and space 
and among species, and may be influenced by environmen- 
tal conditions such as forest type, management history, and 
elevation (Hyde and Simons 2001, Bailey et al. 2004a, b, 
Dodd and Dorazio 2004) in ways that confound the rela- 

tionship between counts and population size. These studies 
suggest that surface activity and detection rate may be 
affected by forest management, although none has com- 
pared detection rates before and after management to test 
whether detectability changed. Marsh and Beckman (2004) 
did not detect differences in detection rates of eastern red- 
backed salamanders (Plethodon cinereus Green) between 
experimental enclosures in forest edge and interior habitats. 
We conducted surveys during the spring rainy season when 
surface activity of terrestrial salamanders in Pacific North- 
west forests is high (Ovaska and Gregory 1989, Dupuis et 
al. 1995) to reduce variability in surface activity, but we 
cannot determine whether activity and detection rate dif- 
fered before and after thinning. 

We also cannot determine whether emigration contrib- 
uted to the changes in captures we observed from thinned 
transects at the Coast Range site. Movement studies have 
found that ensatina and western red-backed salamanders 
have small home ranges and on average move only short 
distances (i.e., less than 10 m; Ovaska 1988, Maxcy and 
Richardson 2000, Karraker and Welsh 2006), suggesting 
that emigration might have been very limited. Furthermore, 
Bartman et al. (2001) did not detect emigration of Jordan's 
salamanders (Plethodon jordani Blatchley) using mark-re- 
capture methods from experimentally thinned stands in 
North Carolina. However, examples of large-scale move- 
ment by terrestrial salamanders have been observed (de- 
Maynadier and Hunter 1995), so emigration cannot be   led 
out. Future experiments replicated across a range of stand 
conditions, or manipulating conditions such as down wood 
directly, and using mark-recapture methods (e.g., Bartman 
et al. 2001), are needed to more directly test the effect of 
stand conditions on salamander responses to thinning and to 
assess the extent to which changes in captures we and other 
studies detected after thinning are due to changes in popu- 
lation size, reduced surface activity, or movement. 

While these limitations prevent us from determining the 
mechanisms involved, salamander responses to thinning- 
whether population size, surface activity, or emigration- 
nevertheless differed between the Coast Range and Cascade 
Range sites. Reduced surface activity and local emigration 
over time may affect population size by lowering growth, 
survival, or reproduction, although these relationships are 
poorly understood. Karraker and Welsh (2006) found that 
body condition index (i.e., weight-length ratio) of ensatina 
was 10% higher in unthinned stands than in stands thinned 
more than 10 years before sampling in northern California; 
the cause was unclear, but lower condition may reduce 
fecundity and survival. Survival of salamanders that emi- 
grate from a site is unknown (deMaynadier and Hunter 
1995), although Petranka (1994) argued that survival prob- 
ably is very low due to territoriality and physiological stress. 
Although these potential effects are speculative with respect 
to our results, they indicate that differences between sites in 
surface activity or emigration may have consequences for 
salamander populations. 

In conclusion, our results, while exploratory and repre- 
senting case study sites in two ecoregions, suggest that site 
conditions such as volume of down wood may determine 
the short-term responses of terrestrial salamanders to forest 
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thinning, and hence could be considered in designing man- 
agement strategies to ameliorate adverse effects on target 
species. For example, in young stands where down wood is 
abundant and terrestrial salamanders are a concern, manag- 
ers may be able to thin forests more intensively to accelerate 
the development of late-seral conditions. Also, in those 
stands, riparian reserves may be considered sufficient to 
provide refuge for a portion of the population. However, in 
stands with little down wood, riparian buffer width would 
need consideration, and additional protections such as un- 
thinned leave islands (Wessell 2005) may help minimize 
negative effects of thinning on salamanders and other 
ground-dwelling taxa, especially in  fishless headwaters 
where the narrowest riparian buffers may be proposed. It 
should be noted, however, that although we documented 
decreases in terrestrial salamander captures postthinning at 
the Coast Range site, these taxa were not eliminated from 
the thinned area. Thus, they persisted at sites postdistur- 
bance, which may be consistent with management objec- 
tives (i.e., to reduce risk of local extinction while managing 
stands for other objectives, such as commodity production 
or restoration). Nonetheless, management to provide for the 
long-term recruitment of down wood to the forest floor 
should increase management flexibility with regard to con- 
cern for the persistence of terrestrial salamanders. Finally, 
our study demonstrates the tight linkage between manage- 
ment of aquatic, riparian, and upslope resources in headwa- 
ter forests and the potential interplay of multiple manage- 
ment approaches. 
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