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TERRESTRIAL AMPHIBIAN ABUNDANCE AND SPECIES RICHNESS IN
HEAD WATER RIPARIAN BUFFER STRIPS,

OREGON COAST RANGE

INTRODUCTION

For more than two decades, riparian buffer strips have been an important

component of stream protection strategies on private and public forests in the Pacific

Northwest. Buffer strips, or riparian management areas (RMA's) are designated zones on

managed forests where the primary objective is to reduce the impact of forestry

operations on the riparian environment. The silvicultural practices and allowable harvests

permitted in buffer strips differ among state and federal jurisdictions, and rules are

usually tailored to the size of the stream, and the occurrence of fish (Belt and

O'Laughlin 1994).

Much of the early research on riparian p:rotection in managed forests focused on

maintaining water quality and spawning habitat of salmonids (Hall and Lantz 1969,

Meehan et al. 1969, Brown and Krygier 1970, Brazier and Brown 1973). Management

recommendations from studies of this era generally attempted to maximize allowable

harvest in riparian areas by retaining only trees considered necessary to protect habitats of

sport fish species (Brown and Krygier 1970, Streeby 1971, Brazier and Brown 1973).

More recently, ecologists have recognized that streams and riparian forests perform a

suite of ecosystem processes (Vannote et al. 1980, Gregory et al. 1991), provide a

complex of landforms and special habitats (Power et al. 1988, Agee 1988), support

wildlife populations that differ from upsiope forests (Doyle 1990, Gomez 1992, McComb

et al. 1993), and contribute to regional biodiversity Naiman et al. 1993). Forest

managers in the Pacific Northwest have begun to incorporate these broader ecosystem

and wildlife issues into riparian protection strategies (Oregon Department of Forestry

1994, BLM I USFS 1994).

Twelve of the 16 amphibian species that inhabit Oregon's forests require riparian

habitats (McGarigal and McComb 1993). Amphibians are generally restricted to aquatic

or cool, moist terrestrial habitats by physiological (e.g., high body surface to volume ratio
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and a thin, highly-vascularized skin) and embyological (anamniotic embryo)

characteristics. Several species pass through a larval stage in streams, disperse into

terrestrial habitats as adults, and return to streams to breed. Some current forest

management practices may alter important structural components of amphibian habitats

or lead to a less favorable microclimate on the forest floor. Stand conditions that result

from clear-cut harvesting can lead to increased annual maximum soil and air temperatures

(Hungerford 1979, Fowler et al. 1988), and in riparian areas can lead to higher average

stream temperatures (Levno and Rothacher 1967, Brown and Krygier 1970) until a forest

canopy is re-established. Most studies that have compared amphibian abundance among

seral stages have found relatively depauperate terrestrial amphibian populations in early

seral stages (Bury 1983, Pough et al. 1987, Petranka et al. 1993) or less abundant aquatic

amphibians in streams that traverse clearcuts (Hawkins et al. 1983, Corn and Bury 1989,

Kelsey 1995). Harvesting operations and road constuction may promote soil erosion on

some steep sites and lead to increased suspended sediments in streams (Brown and

Krygier 1971, Beschta 1978) and greater amounts of fine sediment in stream beds

(Meehan et al. 1969, Moring and Lantz 1974). Pacific giant salamanders (Dicamptodon

tenebrosus) and tailed frogs (Ascaphus truei) deposit their eggs among the interstitial

spaces between cobbles and coarse substrates in streambeds. Hawkins et al. (1983) found

a negative correlation between numbers of larval Pacific giant salamanders and percent of

fine sediments in stream substrate. Logs, decayed stumps, and bark piles are the primary

microhabitat of several Pacific Northwest amphibians (Aubry et al. 1988). Coarse woody

debris may be removed from management units prior to tree planting by mechanical

means or prescribed burning (Garrison and Smith 1974). Management practices that are

performed in riparian areas are likely to exert the strongest affect on amphibian habitats

because of the relatively large numbers of species that can occur near streams.

Riparian buffer strips are, by defmition, linear landscape features. In Oregon,

buffer strips on headwater streams (average annual flow 2 to 10 cubic feet / second

(0.06-0.30 cms)) in state and private forests are generally required to be 70 feet wide

(21.3 m)(one side of stream) if there are fish present in the stream reach, and 50 feet wide
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(15.2 m) if fish do not occur (Oregon Department of Forestry 1994). Chen et al. (1995)

found that microclimatic edge effects extend 30 to >240 m from clearcuts into interior

forest, depending on the site and the specific microclimate parameter examined. It is

likely that the microclimate in headwater buffer strips is different than in large blocks of

unmanaged forest and may influence the capability of amphibians to persist in managed

riparian areas.

Buffer strips or riparian reserves have been recommended as a mngement

technique that may benefit amphibians and other riparian-dependent species (Bury and

Corn 1988, Corn and Bury 1989, Sedell and Reeves 1993). Kelsey (1995) found greater

post-harvest abundance of larval Pacific giant salamanders and tailed frogs in streams

with buffer strips than streams without buffers. No similar study has been performed on

habitats of terrestrial amphibians.

Prior to beginning the study, I wished to test two hypotheses. First, I

hypothesized that species richness of terrestrial amphibian assemblages and abundance of

most species would be greater in buffer strips than in clear-cut harvested riparian areas.

Second, amphibian species richness and abundance in buffer strips would tend to become

increasingly similar to unmanaged riparian areas as buffer width increases because of the

greater distance between the buffer edge and stream-side habitats. My specific

objectives were:

determine if there are differences in amphibian abundance and species richness

in managed stands among buffer strips of different widths

determine if there are differences in amphibian abundance and species richness

between clearcut and buffered riparian areas in managed stands

compare vegetation structure among unmanaged riparian forests, buffer strips,

and clearcut riparian areas

identify the combination of habitat characteristics that are associated with

amphibian species richness and the abundance of each species.



STUDY AREA

My study area lies entirely within the Oregon Coast Range physiographic

province between 45°20' and 44° 12' latitude. Study sites were 60 - 480 m above sea level

in elevation. Annual temperatures within the study area averages 8°- 9°C (Franidin and

Dymess 1973) and normal annual precipitation ranges from 1250 to 2500 mm (Taylor

1993), occurring mostly in winter. The study area is within the western hemlock (Tsuga

heterophylla) vegetation zone (Franidin and Dyrness 1973). Study sites were generally

dominated by Douglas-fir (Pseudotsuga menziesii), western hemlock, and western red-

cedar (Thuja plicata), except those portions of study sites that were recently harvested

and dominated by shrub communities. Other common overstory trees included red alder

(Alnus rubra), bigleaf maple (Acer macrophyllum), and occasionally Sitka spruce (Picea

sitchensis) at sites near the coast. Dominant conifers at unmanaged stands averaged

between 110 and 150 years old. Common shrubs included salmonberry (Rubus

spectabilis) and other species of Rubus, vine maple (Acer circinatum), salal (Gaultheria

shallon), and red huckleberry ( Vaccinium parvfolium). Sword fern (Polystichum

munitum) also was a common understory component at many sites.

The forest landscape pattern in the study area is dominated by clearcuts, Douglas-

fir plantations, and young (<40 yrs), even-aged forests managed by private, state, and

federal landowners. Mixed-age stands are relatively common in some areas of the Oregon

Coast Range and late-successional stands (avg. conifer diameter> 21 inches (53 cm))

comprise approximately one-fourth of the federal forests in the province (Forest

Ecosystem Management Assessment Team, 1993).

4



METHODS

Site Selection and Sampling Design

I selected 30 riparian study sites in the central and northern regions of the Oregon

Coast Range (one site was later dropped because it had been modified by burning prior to

sampling). Most of these sites were found by examining aerial photos and stand maps

with foresters and biologists from the U.S. Forest Service (USFS), Bureau of Land

Management (BLM), and private timber companies, then verifying stand condition by a

field survey. All sampling units were within 40 m of a permanent, 1st-, 2nd-, or

3rd-order streams so that sampling effort was concentrated in those portions of stands

typically reserved in riparian buffer strips under current management practices on state

and federal lands. All study sites were dominated by Douglas-fir (or appeared to have

been dominated by Douglas-fir prior to harvesting). Study sites representing umnanaged

and managed stand conditions were replicated among 6 geographic blocks. Study sites

within each block were close enough in proximity to be contained in a 10-km circle

drawn on a map. The purpose of blocking was to control for regional variation among

amphibian populations and plant communities. Each block contained 5 stands: 2

unmanaged stands> 100 years in age and with no evidence of silvicultural treatment

(other than boundary markings), and 3 managed stands recently clear-cut (<5 years prior

to survey) representing 3 buffer width classes: narrow = no buffer to buffers 20 meters

wide (one side of stream), intermediate = 21 to 40 meters, and wide > 40 meters. For

the purposes of this study, I defined buffer width as the average of 6 buffer strip width

estimates. Width was measured from the stream to the edge of reserved vegetation> 4 m

in height. Riparian buffer sites were selected based on buffer-width class, lack of

evidence of tree harvest or stream-crossings by logging equipment, and were> 200 m

from roads and stand boundaries. Two blocks are unbalanced because it was not possible

to find one of the buffer-width classes in a radius of 10-km of the other study sites so a

different width class was substituted.

5
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Seventeen managed study sites (buffer width classes: narrow = 7, intermediate =

4, wide = 6) and 12 unmanaged sites were selected. Data were collected on three

20- X 40-rn quadrats placed at random intervals along the stream at each study site. The

lower side of each quadrat was within 1 m of the active channel and the long axis of the

quadrat was parallel to the fall line of the hillslope. Quadrats were divided into eight 10-

X 10-rn subplots to equalize sampling effort over the whole plot, and to further classify

plots according to forest condition. Each subplot was assigned to 1 of 3 forest condition

classes: buffer, harvest, or unmanaged. At managed study sites, subplots that were closer

to the stream than the average buffer width at a quadrant were classified as in buffer

condition and subplots that were further away from the stream than the average buffer

width were classified as in harvest condition (Figure 1). Study sites with buffer strips

<5 m wide were classified as completely in harvest condition and sites with buffer strips

> 35 m wide were classified as completely in buffer condition. The sampling unit used to

compare forest conditions was a plot derived by aggregating subplots among the 3

quadrats by condition at a study site. The land area in each of the conditions varied

across sites according to the presence or width of riparian buffer strip. I have assumed

this will not bias the results of this comparison for 3 reasons. First, the amphibian

response (density index) and habitat variable means have been standardized according to

area sampled. Secondly, the number of experimental units in each condition is closely

balanced: harvest = 13, buffer = 12, unmanaged = 12. Finally, the total land area that I

sampled in each condition is relatively balanced: harvest = 20,600 m2, buffer = 20,200

m2, and unmanaged = 28,800 m2.

Data Collection

Amphibians I surveyed amphibians during 3 seasons: April - May and November

- December in 1994, and March - May in 1995 using time-constrained searches (TCS) on

each 20- X 40-rn quadrat. Study site blocks were randomly assigned to the 3 survey

seasons (2 blocks per survey season) and individual study sites were surveyed in order by

random assignment within the block. Each quadrat was searched by at least two



Figure 1. Study site design: schematic diagram of a managed study site with a riparian
buffer approximately 10 m wide. Shaded subplots aggregated among the 3 quadrats
represent 1 buffer plot. Unshaded subplots aggregated among the 3 quadrats represent 1
harvest plot.

surveyors to minimize the effect of individual surveyor biases between quadrats.

Surveyors searched for amphibians for 15 minutes at each subplot on the quadrat, for a

total effort of 4 search hours I quadrat. Each surveyor used a stopwatch to time the search

and was instructed to stop timing whenever the search was interrupted to process

captured amphibians. TCS was conducted on all 3 quadrats at a study site during the

same day, except one site where surveys were completed on 2 consecutive days.

Surveyors that were relatively inexperienced in amphibian identification were paired with

personnel having greater experience in identifring amphibian species. All surveyors

followed a written protocol that described search objectives and strategy (Appendix I).

Surveyors used steel pry bars (approximately 30 cm long) to excavate logs and dig

through rocky soils. Captured amphibians were placed in transparent, plastic bags while

data were recorded. Data recorded for each amphibian observation included species,

7



study site identification, distance-to-stream, weight and length, and cover used.

Amphibians were held in plastic bags containing damp moss until the TCS was

completed, then released on the quadrat.

Habitat Variables Thirty-nine vegetation and topographic variables were

measured at each TCS quadrat (Table 1). Aspect and slope were estimated at the center

of the 20- X 40-rn quadrat. Tallies of live trees, snags, and logs, and cover estimates of

shrubs and hydrological features were recorded at four 10- X 10-rn subplots in each

quadrat. The selection of 10- X 10-rn subplots to be sampled was based on a

stratified-random procedure: subplots sharing common boundary along the center-line of

the long axis of the quadrat were considered as a pair (subplots 1 and 5, 2 and 6, 3 and 7,

4 and 8; Figure 1) and a coin-toss determined which subplot of each pair was sampled.

Ground cover characteristics and litter/humus (02 soil horizon) were estimated on a 2- X

2-rn subplot nested in the right (looking upslope from the stream), upsiope corner of the

10- X 10 m subplots sampled. Snag decay classes follow those of Cline et al. (1980) and

log decay classes follow those of Maser et al. (1979).



Table 1. Descriptions of 39 habitat variables measured or estimated at 29 riparian study
sites in the Oregon Coast Range, 1994-1995.

Overstory

Woody

debris

CONIFER

HARDW

DBH< 10

DBH 10-49

DBH 50-99

DBH 100

CANOPY

SNAG 10-49

SNAG 50-99

SNAG 100

SNAG D-1

SNAG D-2-3

SNAG D-4-5

LOG 10-29

LOG 30-59

LOG 60-99

LOG 100

LOGD-1

LOG D-2-3

LOG D-4-5

conifer stem density (stems> 4 m in height / 1000 m2)

hardwood stem density (stems >4 m in height /1000 m2)

tree stem density (stems / 1000 m2) <10 cm dbh, height m

tree stem density (stems / 1000 m2) 10-49 cm dbh, height m

tree stem density (stems / 1000 m2) 50-99 cm dbh, height m

tree stem density (stems / 1000 m2) 100 cm dbh, height m

% cover> 4.0 m in height, spherical densiometer measurement

snag density (stems / 1000 m2) 10-49 cm dbh, height m

snag density (stems / 1000 m2) 50-99 cm dbh, height m

snag density (stems / 1000 m2) 100 cm dbh, height m

snag density (stems / 1000 m2) decay class 1, height m

snag density (stems / 1000 m2) decay class 2-3, height m

snag density (stems / 100 m2) decay class 4-5, height m

log length (m /1000 m2) 10-29 cm mean dia.

log length (m / 1000 m2) 30-59 cm mean dia.

log length (m / 1000 m2) 60-99 cm mean dia.

log length (m / 1000 m2) 100 cm mean dia.

log length (m / 1000 m2) decay class 1

log length (m / 1000 m2) decay class 2-3

log length (m / 1000 m2) decay class 4-5

Table 1. continued

9

Topographic ASPECT cosine transformed azimuth based on Beers et al. (1986)

SLOPE incline (%) of hill-slope at center of quadrat

ELEV mean elevation above sea level (m) at study site

VARIABLE

TYPE VARIABLE DESCRIPTION



Table 1. Continued

Aquatic PERMSEEP % cover, permanent minor stream or seep

cover INTRSEEP % cover, intermittant minor stream or seep

Shrub SCREEN % cover> 1.4 m in height, spherical densiometer measurement

layer TSHRB % cover, shrubs 1.4 to 4.0 m in height

LSHRB % cover, shrubs < 1.4 m in height

EVSHRB % cover, evergreen shrubs

DESHRB % cover, deciduous shrubs

GRASS % cover, gramineous species

HERB % cover, herbaceous species

FERN % cover, pteridophitic species

MOSSG % cover, moss on ground

MOSSL % cover, moss on logs or bark

BARK % cover, bark fragments not attached to logs

FWOOD % cover, fme woody debris < 10-cm diameter

BARE % cover, no organic matter on ground

LITDEP depth of 02 horizon (mm)

10

Statistical Analysis

Distance-to Stream I summarized the density indices (detections / 1000 m2) of 8

species and the total amphibian density index among 4 distance-to-stream classes. The

data represent detections at unmanaged study sites only so that the comparison would not

be confounded by buffer strip effects.

Buffer Width Classes I estimated the total density index of amphibians

(detections / 1000 m2) as the sum detections of combined amphibian species from 3

VARIABLE

TYPE VARIABLE DESCRIPTION

Ground

cover
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quadrats at each managed study site and dividing by total area searched (2400 m2 / study

site). The density index of each amphibian species with detections 20 were calculated

similarly. I compared density indices among streams of narrow, intermediate, and wide

buffer width classes by averaging amphibian densities from study sites within each class

and using a two-way analysis of variance (ANOVA) to test for the effects of class and

block. If all observations of a species occurred at a single level of buffer width class, the

within-group error term could not be calculated for the ANOVA. In this case, I used a

Student's k-test to test the hypothesis that the mean abundance of the class with

observations was equal to zero, in effect, comparing this class to the classes with means

of zero. When residuals generated by the ANOVA suggested non-linearity or non-

constant variance, I transformed the response variable by (log10 + 1). A nonparametric

Kruskal-Wallis k-sample test (Steel and Torrie 1980:544-45) was used to compare mean

densities among buffer width classes when the transformation failed to create

homogeneous variances and linear relationships.

Forest Condition Amphibian response and habitat variable means were derived

by pooling data from subplots by forest condition at each study site. I estimated the

density index of amphibians by dividing the number of detections within each condition

at a study site by the area (m2) of the site in each condition. Habitat variables were

compared between unmanaged and harvest, and between unmanaged and buffer forest

conditions using one-way ANOVA (the block factor was dropped because of unbalanced

forest conditions within blocks) or a Wilcoxon-Mann-Whitney test (Steel and Torrie

1980:542-43). Amphibian density indices were compared between unmanaged and

harvest, unmanaged and buffer, and between harvest and buffer forest conditions using a

Wilcoxon-Mann-Whitney test for those species having 20 detections. For species with

<20 detections, buffer and harvest areas at managed study sites were classsified by

occurrence of the species and occurrence was tested for homogeneity by forest condition

by Fisher's "exact" test (Steel and Torrie 1980:504-06).

Amphibian / Habitat Associations Associations between amphibian densities

and habitat characteristics were examined using stepwise multiple regression. Data for
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analysis of amphibian habitat associations was derived from the 37 harvested, buffer, and

unmanaged plots. To reduce the dimensionality of the habitat data set, Pearson product-

moment correlations between the 39 variables were examined prior to regression analysis

and highly correlated (> 0.75, P <0.01) pairs of habitat variables were identified. The

variable thought to be most useful to land managers was retained, and the less useful

variable excluded, in an effort to create an easily interpetetable model (McGarigal and

McComb 1995). Model-building began with a stepwise variable selection procedure and

then fitting a full model based on least sum-of-squares regression (SAS Institute 1990:

13 54-56, 1397-1402). Models were assessed for linearity and constant variance by a

residual analysis and a transformation was applied to the response variable (amphibian

density index) when it improved the goodness-of-fit. When the stepwise procedure

resulted in more than one explanatory variable being significant, reduced models were

compared to the full model by an extra-sum-of-squares E-test (Ramsey and Schafer 1994:

197-20 1) and the reduced model judged as adequate when i >0.05. I used log-linear

regression for Poisson counts (Poisson regression) in cases where response

transformation failed to normalize the data (SAS Institute 1993). The response variable

for the Poisson regression model was the number of detections of an amphibian species

on a plot. Stepwise variable selection was performed and a full Poisson model was fitted

using maximum likelihood estimation (SAS Institute 1993:28-30). The full model was

assessed with a deviance goodness-of-fit test (Ramsey and Shafer 1994:650-652) and

level of significance set at E >0.10. The significance of individual explanatory

parameters was examined with drop-in-deviance tests (Ramsey and Shafer

1994: 652-653).



RESULTS

Habitat Analysis

All strata of forest vertical structure differed between harvested plots and plots in

unmanaged areas (Table 2). I found most components of the overstory layer in lower

densities on harvested plots than on plots in unmanaged stands: conifer and hardwood

stems, tree stems> 10 cm dbh, and canopy cover were lower on harvested plots (Table

2). Only tree stems < 10 cm dbh were not detectably different between harvested and

unmanaged plots. Cover by shrubs < 1.4 m tall was twice as great on harvested plots as

in unmanaged stands. Cover by shrubs> 1.4 mta was less dense on harvested plots

than in unmanaged stands. Screening was more than four times greater on plots in

unmanaged stands than on harvested plots. Harvested plots had lower densities of well-

decayed snags and logs (classes 4 and 5) and logs >100 cm, and greater densities of decay

class 1 logs compared to plots in unmanaged stands (Table 2). Estimates of fine woody

debris were twice as great on harvested plots compared to plots in unmanaged stands.

Among the ground cover variables, fern and moss cover estimates were lower on

harvested plots, while grass and herbaceous cover were greater on harvested plots

compared to plots in unmanaged stands (Table 2). Litter depth also was lower on

harvested plots than on plots in unmanaged stands.

Vegetation structure was similar between buffer plots and unmanaged stands; only

9 of the habitat variables differed. Plots in buffer strips had lower densities of large tree

stems (>50 cm dbh) and canopy cover (Table 2). Densities of decay class 4 and 5 snags

were lower on plots in buffer strips compared to unmanaged stands, while estimates of

small logs (10-29 cm) and decay class 1 logs were greater on plots in buffer strips

(Table 2). Fine woody debris was greater on plots in buffer strips than unmanaged

stands. Screening was lower and low shrub cover was greater on plots in buffer strips

compared to unmanaged stands.

13
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Table 2. Means and standard errors of 39 habitat variables compared among unmanaged,
harvested, and buffer forest condition plots at 29 riparian study sites in the Oregon Coast
Range, 1994-95.

Table 2. continued

VARIABLE1

UNMANAGED
n12

(SE)

HARVESTED
n13

(SE) P2

BUFFER
n12

(SE) P3

ASPECT 216.2 (12.2) 164.2 (15.7) 0.34 204.1 (17.8) 0.30

ELEV 246.7 (26.2) 231.7 (45.0) 0.40 195.5 (42.7) 0.15

SLOPE 66.3 (5.2) 63.6 (5.8) 0.986 60.0 (5.9) 0.516

CONIFER 13.8(2.8) 6.4(2.3) 0.016 9.4(2.5) 0.166

HARDW 26.8 (4.6) 24.0 (15.7) 0.306 21.0 (4.6) 0.036

DBH <10 22.8 (4.0) 28.3 (15.3) 0.246 18.4 (3.9) 0.276

DBH 10-49 9.7 (1.9) 1.9 (1.4) <0.016 8.7 (2.8) Ø456

DBH5O-99 4.9(0.6) 0.1 (0.1) <0.016 2.1 (0.5) <0.016

DBH100 3.1(0.8) 0.1(0.1) <0.016 1.3(0.4) ØØ56

CANOPY 87.7 (1.5) 4.6 (1.9) <o.OP 43.1 (6.7) <O.Oi

SNAG 10-49 4.3 (1.1) 3.0 (1.1) 0.256 3.6 (1.5) 0.316

SNAG 50-99 2.2 (0.5) 4.7 (1.2) 0.256 2.1 (1.0) 0.106

SNAG 100 1.1 (0.4) 2.4 (1.1) 0.956 0.8 (0.3) 0.676

SNAGD-1 1.3 (0.5) 6.9 (2.1) 0.136 2.4 (1.3) Ø746

SNAG D-2-3 2.4 (0.7) 3.0 (0.8) 0.646 1.2 (0.5) 0.316

SNAG D-4-5 5.0 (0.6) 2.2 (1.0) 0.016 3.8 (1.6) 0.056

LOG 10-29 70.4 (11.1) 99.4 (17.5) 0.226 126.4 (22.3) ØØ46

LOG 30-59 65.6 (8.3) 60.5 (8.2) 0.65 87.0 (10.5) 0.16

LOG 60-99 44.5 (11.3) 26.3 (7.0) 0.13 46.3 (13.3) O.88



see Table 1 for defmitions and units
2 probability to reject H0: )<unmanaged = >(harvest , type III sum of squares ANOVA unless otherwise noted

probability to reject H0: unmanaged )<buffer, type III sum of squares ANOVA unless otherwise noted
' log + 1 transformation of response

square-root + 0.5 transformation of response
6 Wilcoxon 2-sample test
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Table 2. continued

UNMANAGED HARVESTED BUFFER

VARIABLE' (SE) (SE) p2 5 (SE)

LOG 100 16.8 (4.4) 8.3(3.9) ØØ46 15.3 (5.9) 0.366

LOG D-1 25.9 (8.3) 54.3 (9.6) 0.046 79.5 (16.0) <0.016

LOG D-2-3 81.3 (14.2) 91.9 (17.1) 0.896 109.2 (12.0) 0.176

LOG D-4-5 90.1 (16.8) 48.3 (11.0) 0.066 85.8 (15.9) 0.986

SCREEN 94.3 (0.6) 20.5 (6.2) <O.Oi 73.8 (4.1) 0.04

TSHRB 45.7 (5.6) 32.7 (6.6) 0.07 40.5 (6.7) 0.56

LSHRB 25.5 (3.4) 50.1 (4.9) <0.01 38.4 (6.2) 0.04

EVSHRB 9.0 (3.0) 9.8 (2.4) 0.596 8.3 (3.5) 0.796

DESHRB 55.2 (7.2) 58.1 (7.5) 0.78 56.8 (7.6) 0.88

GRASS 1.3(0.4) 6.9(1.5) <0.01 3.1(1.3) 0.21

HERB 16.2 (2.7) 22.8 (3.4) 0.11 16.7 (1.5) 0.75

FERN 41.3 (3.2) 21.4 (3.7) <0.01 30.9 (4.6) 0.O6

MOSSG 16.9 (2.7) 9.4 (2.1) 0.02 13.2 (1.7) 0.52

MOSSL 8.6(0.8) 3.7(0.8) <0.01 9.4(1.5) 0.85

BARK 1.5 (0.4) 2.4 (0.8) 0.536 3.1 (1.6) 0.44

FWOOD 5.9 (0.8) 10.5 (1.6) 0.026 14.6 (2.4) <0.016

BARE 25.8 (2.1) 25.1 (4.3) 0.58 20.3 (3.2) 0.19

PERMSEEP 0.0 (-) 0.2 (0.2) 0.386 0.1 (0.05) 0.366

INTRSEEP 0.0 (-) 0.3 (0.2) 0.056 0.0 (-) 1.06

LITDEP 47.0 (4.2) 30.9 (5.7) <0.01 45.0 (3.7) 0.85
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Amphibian Detections

I detected a total of 736 individual amphibians representing 10 species during the

study. Time-constrained searches resulted in an average of 2.1 detections per surveyor

hour among the combined study sites. Amphibian density averaged 11.0 amphibians I

1000 m2 among the combined study sites. This is probably a conservative estimate of

amphibian density because amphibians are able to exploit a variety of habitats beyond the

reach of surveyors (e.g., deep underground burrows, interior spaces of large diameter

logs) and because most subplots had more cover objects than could be searched within

the time constraint. The mean number of amphibian detections per study site did not

differ among survey seasons ( = 0.76, E-test).

A single species, the western red-backed salamander (Plethodon vehiculum)

accounted for 71% of all observations. I pooled detections of two non-sympatric species

of torrent salamanders (Rhyacotriton kezeri and R. variagatus) because of the difficulty

of differentiating between the species in the field and because all species of this genus

seem to select very similar microhabitats (Blaustein et al. 1995, Leonard et al. 1993).

Four species (torrent salamander, ensatina (Ensatina eschscholtzii), Dunn's salamander

(Plethodon dunni), and western red-backed salamander) were represented by 20

detections which was the minimum number of observations I considered necessary for

ANOVA and multiple regression analysis of density index estimates. I examined the

occurrence of 4 other uncommon amphibian species (Pacific giant salamander

(Dicamptodon tenebrosus), clouded salamander (Aneidesferreus), rough-skinned newt

(Taricha granulosa), and tailed frog (Ascaphus truei)) on buffer strip and harvested plots

in a separate comparison (Appendix II).



Figure 2. Density (detections / 1000 m2) of 8 amphibian species and total
amphibian density summarized according to 4 distance-to-stream classes. Data are from
time-constrained searches at 12 unmanaged stands in the Oregon Coast Range, 1994-95.
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Distance-to-Stream Density of Pacific giant salamanders in unmanaged stands

was approximately 10-times greater within 10 m of the stream than between 10 - 40 m to

the stream (Figure 2). Density of torrent salamanders was approximately 7-times greater

within 10 m of the stream than between 10 - 40 m to the stream. Density of clouded

salamanders increased with increasing distance-to-stream. Density of Dunn's

salamanders was approximately 5-times greater within 10 m of the stream than between

10 - 40 m to the stream. Density of western red-backed salamanders was approximately

10-times greater within 20 m of the stream than between 20 - 40 m to the stream. Density

of ensatinas was approximately 5-times greater between 20 - 40 m distance-to-stream

than within 20 m of the stream. Density of rough-skinned newts was similar among most

of the distance-to-stream classes, though lower between 10 - 20 m to the stream. Density

of tailed frogs was greater within 10 m of the stream than between 10 - 40 m of the

stream. Total amphibian relative density was approximately twice as great within 10 m

of the stream as between 10 - 40 m to the stream.

Buffer Width Species richness was positively associated with buffer width class

(Table 3), but even wide buffer strips (mean richness = 4.5) were lower in species

richness than unmanaged stands (mean richness = 5.0, j = 0.02, E-test). The total relative

density of amphibians was approximately 2.5 times greater in managed stands with wide

buffers than with narrow buffers (Table 3). Density indices of ensatinas, Dunn's

salamanders and western red-backed salamanders were greater in wide buffer strips than

narrow buffers strips, but I could not detect a difference in relative densities of torrent

salamanders between narrow and wide buffers (Table 3).

Forest Condition Total density of amphibians on harvested plots was less than

half the density on plots in unmanaged stands. The density indices of each species in

unmanaged stands ranged from approximately twice as great to 10 times as great than on

harvested plots (Table 4). Amphibian total density of on buffer strip plots did not differ

from unmanaged stands, nor was there a difference for any of the species compared

between these 2 forest condition plots (Table 4). Total density of amphibians on buffer



strip plots was approximately twice as great as on harvest plots (Table 4). The density

index differed between buffer and harvested plots for Dunn's salamanders, western red-

backed salamanders, and torrent salamanders.

Amphibian I Habitat Association Models

Habitat associations were modeled for 3 amphibian species with detections 20,

as well as average species richness using multiple regression based on the density index

as the amphibian response (Table 5). A Poisson log-linear model was developed for

Dunn's salamander based on count / plot for this species (Table 6). The coefficient of

determination (adjusted R2) for each of the models was relatively low (0.20 to 0.42).

Overstory characteristics were the habitat variables most often correlated with amphibian

detections. The abundance of Dunn's salamander was negatively correlated with the

density of conifer stems and the ensatina was positively correlated with stem density of

50- to 99-cm trees. The density indices of western red-backed salamanders, torrent

salamanders, and species richness was positively correlated with canopy cover.

Abundance of Dunn's salamanders was associated with screening. The density index of

torrent salamanders and Dunn's salamanders was positively correlated with evergreen

shrub cover. The density indices of 2 species were correlated with one of the ground

cover characteristics: density of ensatinas was positively correlated with fine woody

debris, and torrent salamander density was positively associated with bare ground.
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Table 3. Mean density indices (detections / 1000 in2) of amphibian species (detections > 20) and species richness compared
among narrow, intermediate, and wide riparian buffer strips in the Oregon Coast Range, 1994-95.

means sharing a commom letter are not significantly different (PO.05, least significant difference test).
Kruskal-Wallis k-sample test

Species (Detections)

Narrow
(<20 m)
n=7
5 (SE)

Intermediate
(20 - 40 m)
n=4

(SE)

Wide
(>40 m)
n=6

(SE) P

Ensatina (55) 0.48 (0.23) AB' 0.31 (0.10) A' 1.04 (0.41) B' 0.05

Dunn's salamander (36) 0.06 (0.06) 0.63 (0.36) 0.69 (0.69) 0.042

W. red-backed salamander (520) 3.51 (1.12) A' 6.56 (1.48) AB' 9.00 (2.09) B' 0.07

Torrent salamander (72) 0.36 (0.36) 1.45 (1.20) 1.18 (0.79) 0.402

Total density (736) 4.70 (1.50) A' 9.58 (2.61) AB' 12.57 (2.26) B' 0.05

Species richness (736) 2.3 (0.5) A' 3.8 (0.5) B' 4.5 (0.6) B' <0.01



Table 4. Mean density indices (detections / 1000 m2) of amphibian species (detections> 20) compared among 12 unmanaged, 13
harvested, and 12 buffer plots in the Oregon Coast Range, 1994-95.

probability to reject H: = h.0.d. Wilcoxon 2-sample test
2 probability to reject H0: = Wilcoxon 2-sample test

probability to reject H0: Wilcoxon 2-sample test

Species (Detections)

Unmanaged
n= 12

5 (SE)

p'

(U =H)

Harvested
n= 13

(SE)

p2

(H=B)

Buffer
n= 12

(SE)

P3

(U=B)

Ensatina (55) 1.01 (0.23) 0.04 0.40 (0.17) 0.36 0.64 (0.24) 0.28

Dunn's salamander (36) 0.66 (0.24) <0.01 0.05 (0.05) <0.01 0.85 (0.27) 0.77

W. red-backed
salamander (520) 9.34 (1.28) <0.01 4.89 (1.38) 0.04 7.83 (0.117) 0.40

Torrent
salamander (72) 1.22(0.51) <0.01 0.19 (0.19) 0.06 1.26 (0.64) 0.43

Total density (736) 13.19(1.77) <0.01 5.57 (1.46) <0.01 11.87(1.50) 0.56



Table 6. Significant regression parameters for Dunn's salamander (count / plot) and
habitat characteristics of 37 riparian plots surveyed in the Oregon Coast Range, 1994-95.

Model Parameter Est. of max. Deviance / Deviance /
likelihood parameter1 model2

Poisson Evshrub 0.094 18.727 <0.01 38.449
Screen 0.040 24.156 <0.01
Conifer -0.583 4.288 0.05

(deviance of model without the parameter) minus (deviance of full model).
2 sum of squared deviance residuals, full-model.
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Table 5. Significant regression parameters for terrestrial amphibian densities and habitat
characteristics of 37 riparian plots surveyed in the Oregon Coast Range, 1994-95.

Species
Parameter Coefficient

estimate
Coefficient adj.

W. red-backed salamander Canopy 0.003 <0.01 0.20

Ensatina Fine wood 0.004 <0.01 0.26

DBH5O-99 0.146 <0.01

Torrent salamander Bare 0.005 <0.01 0.42

Lifter -0.003 0.04

Evshrub 0.006 <0.01

Canopy 0.002 <0.01

Species richness Canopy 0.025 <0.01 0.30



DISCUSSION

Habitat Structure of Riparian Buffer Strips

The habitat structure of riparian buffer strips generally resembled that of

unmanaged riparian forests. Only 9 of the 39 topographic and vegetation variables I

measured or estimated differed between these two conditions. The overstory layer of

riparian buffer strips had lower densities of large 50 cm dbh) tree stems and lower

canopy density than unmanaged stands. Densities of well-decayed snags also were lower

in riparian buffer strips. There are 2 likely explanations for the differences in tree and

snag densities. First, trees near clearcut edges are more prone to windthrow (Ruth and

Yoder 1953, Chen et al. 1992). Second, portions of harvested plots may have been

misclassified as buffer strip plots because of the ragged character of buffer strip edges.

This would result in underestimation of the actual tree density.

There were only 2 understory characteristics that differed between buffer strips

and unmanaged forests. Buffer strips had lower screening and a greater amount of low

shrub cover than unmanaged forests. Screening is an index of vegetation density

> 1.4 m in height, in effect, the combined densities of the canopy and tall shrub layers in

this study. The lower screening density in buffer strips suggests that a greater amount of

light penetrates the upper vegetation strata and is available to plants on the forest floor.

Buffer strips had 3 times more new logs (decay class 1) than unmanaged riparian

forest. The additional logs in the buffer strip may be from trees and snags that have fallen

in the buffer since harvest or may be slash that fell into the buffer strip when the adjacent

unit was harvested.

Perhaps the most important difference between buffer strips and unmanaged

riparian forests is the proximity of the harvest unit boundary to the stream that forms a

high contrast edge between a recent clearcut and reserved vegetation in the buffer strip.

Riparian buffer strips are linear landscape features by definition and have high edge-to-

interior ratios. Chen et al. (1990) found that a clearcut edge may affect the level of solar

radiation and soil moisture for a distance of 60 m into adjacent forest and Chen et al.
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(1993) found microclimatic gradients from a clearcut edge extending up to 400 m into

interior forest. Given the edge effect found by these authors, the microclimate within

buffer strips of the widths I examined may be warmer and dryer than within the interior

of a unmanaged riparian forest.

Not surprisingly, I found the vegetation structure on recently harvested plots to be

very different than that of unmanaged riparian forests. All components of the forest

overstory were reduced after harvesting. I found approximately 50% less tall shrub

cover, and twice as much low shrub cover on harvested plots compared to unmanaged

forests. The shift in density among the shrub layers may be caused by mortality of tall

shrubs during logging operations and a corresponding release of the low shrubs or, the

tall shrub layer may have been trampled during logging and the same plants lay closer to

the ground. I also found differences in types of logs and ground cover vegetation among

clearcuts and unmanaged forests.

Amphibian Species Richness, Abundance, and Occurrence

The amphibian detection frequency in my study (2.1 detections / surveyor hour)

was slightly higher than 2 previous studies that used TCS to survey amphibians in old-

growth conifer stands in the western Cascades: Bury and Corn (1988) reported 1.8

amphibians / surveyor hour and Gilbert and Aliwine (1991) reported 1.7 amphibians /

surveyor hour. However my detection frequency is low compared to 5.1 amphibians /

surveyor hour Welsh (1986) detected with TCS among mixed conifer-hardwood stands in

northwest California and southwest Oregon. While these results provide an estimate of

the effort required to successfully detect amphibians within a habitat type, it may be

misleading to compare relative abundance among studies based on these estimates

because of design- or protocol-based differences among studies.

I found the total amphibian density on plots in buffer strips to be approximately

twice as great as in recently harvested riparian areas, and 3 of the 4 commonly detected

species (Dunn's salamander, western red-backed salamander, and torrent salamander)

had greater densities in buffer strips than harvested areas.
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The occurrence of 3 less frequently detected species (Pacific giant salamander, clouded

salamander, and rough-skinned newt) also was greater in buffer strips than in harvested

areas (Appendix II). Although I was unable to find previous research conducted on

terrestrial amphibian abundance in riparian buffer strips, earlier studies that have

compared amphibian abundance between harvested and mature or old-growth stands

generally have found depauperate amphibian assemblages in young, disturbed stands

(Bury 1983, Pough etal. 1987, Gomez 1992, Petranka et al. 1993). In my study, total

amphibian density in buffer strips did not differ from that of umnanaged stands, nor did

any of the density indices of the 4 species compared independently differ between buffer

strips and unmanaged stands. The similarity in amphibian abundance among buffer strips

and unmanaged stands may reflect the similarity among habitat characteristics I measured

in both forest conditions. Canopy cover was lower in buffer strips but still averaged>

40%, and the increased average low shrub cover I found in buffer strips may have

provided added ground shade. Small (10-29 cm diameter) logs and decay class 1 logs

were the only types of woody debris that differed between buffer strips than

unmanaged stands.

The results of my comparison of amphibian response among narrow, intermediate,

and wide buffer strips provide evidence for a trend of increasing amphibian relative

density associated with increasing buffer width: amphibian density in buffer strips> 40 m

was approximately 2.5 times as great as buffer strips <20 m wide. Only one of the

species (torrent salamanders) differed from the response pattern of the assemblage

as a whole.

Amphibian species richness in buffer strips also demonstrated a positive trend

with buffer strip width, but even wide buffers had a lower number of species than found

in unmanaged stands. Since the most frequently detected species (ensatina, Dunn's

salamander, western red-backed salamander, and torrent salamander) did not differ in

relative density between buffer strips and unmanaged stands, the loss of species richness
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in buffer strips may be due to a management effect among the species I encountered less

frequently (Pacific giant salamander, clouded salamander, rough-skinned newt,

and tailed frog).

Species / Habitat Associations

Ensatina I found the relative abundance of the ensatina to be positively correlated

with cover of fine woody debris and density of trees 50- to 99-cm dbh. Previous

literature has noted an association with the occurrence or abundance of ensatinas and

various classes of woody debris (Nussbaum et al. 1983, Aubry et al. 1988, Aubry and

Hall 1991, Gilbert and Aliwine 1991). Several studies that have examined habitat

relationships of the ensatina have reported contradictory correlations between the

abundance of this species and tree size- or age-classes: Welsh and Lind (1991) found

ensatinas more abundant in old-growth than in mature or young forests; Aubry and Hall

(1991) found ensatinas in more common in young stands; and others have not detected a

stand age or tree size-class response (Corn and Bury 1991, Gilbert and Aliwine 1991,

Gomez 1992). The density of 50- to 99-cm trees among my study sites was highly

correlated with forest condition (harvested, buffer strip, or unmanaged). I hypothesize

that the stepwise procedure may have selected this habitat characteristic as a surrogate

variable for forest condition. The ensatina is reported to favor, or be more abundant in

upslope habitats as compared to riparian areas (Gomez 1992, McGarigal and McComb

1993) and are associated with dry forest stands (Bury and Corn 1988, Corn and Bury

199 1, Gilbert and Aliwine 1991). My data also suggest ensatinas are more abundant

farther from the stream in unmanaged stands.

Western red-backed salamander The relative abundance of western red-backed

salamanders was positively correlated with canopy density. This species represented

71% of the total detections in my study and is widespread in most Pacific Northwest

coniferous forests (Nussbaum et al. 1983, Blaustein et al. 1995). Corn and Bury (1991)

found that the abundance of western red-backed salamanders was positively associated

with stand age, while other studies have found this species more abundant in young
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stands (Aubry and Hall 1991, Bury etal. 1991). Occurrence or abundance of western

red-backed salamanders is reported to be associated with slope (Corn and Bury 1991,

Suzuki 1992) and talus (Nussbaum et al. 1983, Herrington 1988, Corn and Bury 1991).

McGarigal and McComb (1993) reported that the western red-backed salamander favors

upsiope areas, while Gomez (1992) was not able to detect a difference in abundance

between upsiope and riparian transects. In contrast, my data suggests a strong trend of

decreasing density at greater distances from the stream in unmanaged stands.

Torrent salamander The density index of torrent salamanders was positively

correlated with bare ground cover, evergreen shrub cover, and canopy density, and

negatively correlated with litter depth. Corn and Bury (1991) and Welsh and Lind (1991)

found the abundance of torrent salamanders to be greater in old-growth forests than in

young or mature forest stands, and Thomas et al. (1993) considered the occurrence of the

torrent salamander to be closely associated with old-growth forests. Torrent salamanders

are obligate, aquatic breeders and most frequently occur in seeps and small, headwater

streams (Nussbaum et al. 1983, Bury and Corn 1988). Sixty-five percent of torrent

salamander detections in my study were in seeps or stream-side splash zones (Appendix

III), although the stepwise procedure failed to correlate abundance of the species with

estimated seep cover. Seeps were among the most uncommon cover types on my

quadrats and there may be considerable sampling error in my estimates of seep cover,

leading to the failure of the stepwise procedure to estimate the significance of this

parameter. I detected most torrent salamanders within 10 m of the stream, although

several individuals were captured on, or under leaf litter, > 20 m from any aquatic feature

on the plot. The correlations that I found between torrent salamander abundance, litter

depth and bare ground is not surprising: litter tends to be flushed from stream-side areas

frequently exposed to high energy flooding, exposing bare soil (Bell and Sipp 1975), and

riparian plants common in the Pacific Northwest generally produce material that

decomposes faster than litter from upslope plants (Edmonds 1980).



31

Dunn's salamander Counts of Dunn's salamander were positively correlated with

evergreen shrub cover and screening, and negatively correlated with conifer stem density.

Previous studies that have examined the microhabitat relationships of Dunn's salamander

(Corn and Bury 1991, Gilbert and Aliwine 1991, Gomez 1992) have not reported an

association between it's occurrence and stand age or tree size-class. The negative

correlation I found between abundance of Dunn's salamander and conifer density is

surprising given the dramatically lower abundance of this species I found in harvested

plots compared to unmanaged stands. The explanation may be that conifer density in

unmanaged stands corresponds to a transriparian gradient inverse to the distribution of

Dunn's salamander. This species is usually associated with stream-side habitats

(Nussbaum et al. 1983, Bury 1988, Gomez 1992, McGarigal and McComb 1993) and I

found most detections of Dunn's salamander within 10 m of the stream. In contrast,

Douglas-fir is poorly adapted to flooding and related riparian disturbances (Agee 1988),

and even western red-cedar and western hemlock may be excluded from some stream-

side areas because of competition from shrubs and hardwoods (Robert Pabst,

pers. comm.).

Species richness species richness was positively correlated with canopy density.

Canopy density was strongly associated with forest condition among my study sites, and

given the results of the ANOVA for species richness and forest condition, the association

of species richness with canopy should be expected.

Conclusions

Results from my study suggest that terrestrial amphibian abundance and species

richness is dramatically lower on recently harvested riparian plots than in unmanaged

riparian forests. I also found evidence that common terrestrial amphibians persist in

buffer strips for at least 5 years after the adjacent stand was logged at levels of abundance

similar to that in unmanaged forests. I hypothesize that the differences in amphibian

abundance and specie5 richness between harvested and reserved riparian areas is largely

caused by canopy cover. Canopy density also was the most prominent explanatory
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variable among the species / habitat models, though none of the amphibians I studied

actually inhabit or exploit the mid- to upper-level forest strata. Given the sensitivity that

amphibians demonstrate along gradients of temperature and moisture, it is not surprising

that amphibians are most abundant in areas of the forest floor insulated from direct

solar radiation.

Species richness of riparian amphibian assemblages in buffer strips is lower than

in unmanaged stands and I hypothesize the loss of richness is caused by harvesting effects

on some species that were infrequently detected by my survey methods (Pacific giant

salamander, clouded salamander, rough-skinned newt, tailed frog). Summary data of

amphibian detections according to distance-to-stream suggests that abundance of the

terrestrial amphibian assemblage is greatest within 10 m of the stream at unmanaged

stands, though each species demonstrated a different distribution along the transriparian

gradient. Ten of the 12 amphibian species occurring in forests of the Oregon Coast

Range are reported to favor riparian areas (McGarigal and McComb 1993). Five species

probably are restricted to closed-canopy, headwater riparian habitats, or require high-

gradient streams to complete their breeding cycle (Pacific giant salamander, southern

torrent salamander, Olympic torrent salamander, Dunn's salamander, tailed frog).

The ground cover and woody debris variables I measured or estimated were

generally poor predictors of amphibian abundance among my study sites. Stepwise

regression analysis resulted in models that described less than half the total variation in

occurrence or abundance of the 4 species examined. This suggests I may have failed to

identify important components of amphibian habitat in my study, or the measurement

scale I used for a given habitat parameter did not correspond to the scale in which the

organism perceives and responds to the habitat feature.

Management Implications

Guidelines for managing headwater riparian buffer strips differ among state and

federal agencies that regulate forest practices in the Pacific Northwest. In Oregon,

recently revised water protection rules do not require landowners to retain buffer strips
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along small streams (<2 cubic feet! second (0.61 cms)) that do not support fish; medium

streams without fish (2 - 10 cfs (0.61 - 3.0 cms)) are required to have a riparian

management area (RMA) 50 feet (15.2 m) wide in which conifers and hardwoods are to

be retained at a rate of 50 ft2 (15.2 m2) basal area per 1000 linear feet (304 m) of stream

length (Oregon Department of Forestry 1994). In California, headwater streams that

contain non-fish aquatic wildlife are required to have a protection zone 50 to 100 feet

(15.2 to 30.4 m) wide, depending on the sideslope with 25-50% of the original overstory

to be retained (California Department of Forestry 1990). In Washington, there is no

general buffer strip requirement for small streams that do not bear anadromous fish,

though some small streams may be required to have a buffer strip if there are likely to be

measurable downstream effects (Art Tasker pers. comm.). Recently amended guidelines

for management activities on federal lands within the range of the northern spotted owl

(Strix occidentalis caurina) require no-entry riparian reserves 300 feet wide (91.2 m)

on permanent flowing, non-fish streams and 100 feet wide (30.4 m) on intermittent

streams (BLM and USFS Standards and Guidelines 1994).

The results of my analysis suggest that clear-cut harvesting in headwater riparian

areas, a practice generally allowed on private and state lands in Oregon and Washington,

may lead to a 50% decrease in total amphibian density when compared to mature,

unmanaged riparian stands. My data also demonstrate that total amphibian density did

not increase when only a narrow buffer strip (<20 m was retained. Species

richness of riparian amphibian communities along streams with narrow buffer strips was

approximately half that of amphibian communities along streams with wide (> 40 m)

buffer strips. Wide buffer strips had total amphibian densities similar to mature,

unmanaged stands, although species richness was slightly lower in wide buffers.

Forest management practices that affect the structural components of terrestrial

amphibian habitats (particularly canopy cover) or the microenvironment within 10 m of

headwater streams will probably have the strongest impact on the abundance and

distribution of amphibians.
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As an amphibian conservation measure, riparian buffer strips are probably most

effective in protecting those species closely associated with aquatic and stream-side

habitats, and which probably do not make long-distance terrestrial movements (e.g.,

torrent salamanders, Dunn's salamander). Based on my findings (no detectable difference

between intermediate and wide buffers), buffer strips 30 to 40 m wide are probably

adequate to insure the persistance of most riparian-associated amphibians for at least 5

years after harvest in the area I sampled. Species richness in buffer strips of these widths

was still lower than unmanaged stands, but the additional richness was likely caused by

the presence of upland amphibian species in the unmanaged stands. Species that are

primarily associated with uplands (e.g., ensatina, clouded salamander) will derive only

marginal habitat protection from buffer strips. Riparian buffer strips also may fail to

benefit populations of vague, aquatic breeding species (e.g., rough-skinned newt, red-

legged frog) if adjacent managed lands remain impermeable to dispersal movements. I

suggest a more successful conservation strategy for these species may be to protect

natural refugia (seeps, rock outcrops, cliff faces, large logs) throughout harvest units by

retaining vegetation cover and minimizing logging-related disturbance at

these microsites.
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Appendix I. Time-constrained search protocol used by surveyors during amphibian data
collection at 29 managed and unmanaged riparian study sites in the Oregon
Coast Range, 1994-95.
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Riparian Buffer Strip I Amphibian Study:
Time-Constrained Search (TCS) Instructions for Surveyors

Equipment List:

50 gm Pescola scale clipboard
300 gm Pescola scale pencils
stopwatch plastic bags
150 mm plastic ruler compass
300 mm plastic ruler 12" pry bar
data collection sheets flagging (pink)

Study Site Layout

Each stream to be surveyed for amphibians will have three 20- X 40-m quadrats
previously flagged at each site. Typically, there are 2 quadrats on one side of
the stream > 60 m apart, and a single quadrat on the opposite side. Each
quadrat is subdivided into eight 10- X 10-rn subplots. The corners of each
subplot are flagged (pink) and numbered according to it's position within the
quadrat.

TCS Method

Each subplot within a quadrat is searched by 2 surveyors (15 minute search per
surveyor). The 2 surveyors begin the TCS at subplots in opposite corners of the
quadrat, and proceed by performing a timed search in one subplot, moving on to
another subplot, until all subplots have been completed by both surveyors.

Before beginning the search, fill in the header of the data sheet and make sure
you can find the boundary of the subplot. Zero your watch and begin the search.

Most amphibians are nocturnal and usually retreat to cover during daylight.
However, it is not uncommon to find them exposed during wet weather. Each
species is adapted to a particular microhabitat type. Logs, bark piles, rocks,
seeps, and leaf litter are commonly used cover. Some species retreat into small
mammal tunnels (during a pilot study we found small salamanders 50 cm
underground). The objective of the survey is to examine a sample of cover
objects that are representative of all the microhabitats available on each
subplot.. .this is not the same as attempting to maximize the number of
amphibian captures. If the objective was to catch as many amphibians as
possible, I would ask you to concentrate your effort on large, decayed logs.
Search the most likely cover objects thoroughly, but also examine other areas in
the subplot.
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It is very important to examine cover objects methodically. Many of the juvenile
salamanders could fit between these brackets [ ] and it's easy to miss
them if you work too quickly. Decayed logs should usually be examined top
downward; if there's a layer of moss, check under that first. Then, peel the bark
and examine cavities underneath. If the log is soft, it may be possible to break it
open with the prybar. Finally, lift the log (if possible) and check underneath.
Rock outcrops, bark piles, and cobbles near the stream should be searched in
the same systematic manner. Replace the cover object to as close as possible
to it's original position when you are finished.

If the subplot contains a portion of the stream or another hydrological feature,
keep looking ahead in the direction you are moving so you may be able to
observe amphibians as they attempt to seek cover underwater.

Place captured amphibians in a plastic bag, then stop your watch so as not to
include processing time as search time. Take the required measurement and fill
in the data sheet as each amphibian is caught. Amphibians can be measured
and weighed in the bag, but check the bag weight for each capture. If you can
not conclusively ID the species, ask the crew leader to check the animal.
Distance-to-stream may be estimated by checking the nearest flag marker along
subplot boundaries. Hold captured animals in another bag (with damp moss)
until both surveyors have finished the quadrat. Amphibians that escape during
capture, may be entered on your data sheet if you are able to ID the species.
Mark the location of the escape with a flag and notify the other surveyor if (s)he
has not already searched the plot (it's important not to double-count the same
animal).

Restart your watch and continue the search until the 15 minutes for that subplot
has expired. Move to the next subplot, and perform another 15 minute search in
a similar manner. Continue until the entire quadrat has been searched by both
surveyors.

Be sure to record the end time on the data sheet and make any corrections.
Release all amphibians as close as possible to their original position. At some
study sites you may be asked to take down flags or collect habitat data.



1. Probability to reject H0: occurrence is independent of plot type; Fishefs "exact" test
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Appendix II. Occurrence of uncommon amphibian species (captures <20) on harvested
(n = 13) and buffer strip plots (n = 12) surveyed in the Oregon Coast Range, 1994-95.

Species (detections)
Harvest

(present/absent)
Buffer

(present/absent)

Pacific giant salamander (19) 1 / 12 5 / 7 0.06

Clouded salamander (11) 0 / 13 3 / 9 0.10

Rough-skinned newt (13) 0 /13 3 /9 0.10

Tailed frog (6) 0 / 13 2 / 10 0.22



Appendix III. Summary of terrestrial amphibian detections by 7 microsite classes
(exposed = not using hiding cover; litter = detected in or under fine organic matter;
wood = detected in or under log, snag, bark pile; stream = detected in main stream that
defined study site; seep/puddle = detected in a minor aquatic feature on quadrat; rock =
detected under a rock or within loose gravel/cobble; other = detected in an undefined
microsite). Oregon Coast Range, 1994-95.
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