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The value of old-growth forests for
wildlife is highly debated (Fosburg
1986, Harmon et al. 1986, Harris
1984, Kerrick et al. 1984, Ruggiero
and Carey 1984, Salwasser 1987,
Wilcove 1987). Most attention has
been directed toward the spotted owl
(Strix occidentalis), which is one of
several hundred vertebrate species
occurring in the Pacific Northwest
(Bruce et al. 1985). Franklin and Spies
(1984) distinguished old-growth for-
ests of Douglas-fir (Pseudotsuga men-
ziesii) as having a wide range of tree
sizes and ages, a deep multilayered
crown canopy, large individual trees,
and accumulations of coarse woody
debris {CWD), including snags and
downed logs of large dimension.
They reported that these forests are
productive, diverse ecosystems, and
highly specialized habitats.

We need to evaluate sampling
techniques continually to better de-
scribe, understand and predict the
species richness, abundance and bio-
mass of herpetological assemblages.
However, few herpetological com-
munities or their habitats have been
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Abstract.—Pitfall traps effectively sampled
amphibians but not reptiles in Douglos-fir
(Pseudotsuga menziesi) forests, The obundance of
only one amphibian species varied across an age
gradient or a moisture gradient. Saiamanders and
frogs that breed in ponds or streams were captured
in large numbers in some stands, likely due to the

presence of nearby breeding habitat rother than
forest conditions. Lizards occurred mostly in dry
stands and clearcuts. Time-constrained seorches

showed different use of downed woody debris
among terrestrial salamanders. The occurrence and

abundance of species in naturally regenerated
forests markedly differed from clearcut stands.

sampled using more than one quanti-
tative technique.

Recently, field techniques for the
study of herpetological communities
have improved (Scott 1982). Some of
the most promising methods employ
pitfall traps and drift fences to cap-
ture amphibians and reptiles. Several
promising pitfall designs have been
developed for varied habitats in Aus-
tralia (Friend 1984, Webb 1985) and
in North America (Bennett et al.
1980, Bury and Corn 1987, Bury and
Raphael 1983, Campbell and Christ-
man 1982, Enge and Marion 1986,
Gibbons and Semlitsch 1981, Jones
1981, 1986, Raphael 1984, Raphael
and Rosenberg 1983, Rosenberg and
Raphael 1986, Vogt and Hine 1982).
Pitfall traps are effective for capture
of commmon terrestrial species and
they are particularly valuable in sam-
pling secretive or rare forms.

Searches by hand (either based on
specific areas or time of collecting} or
observation are used to sample her-
petofaunas (see reviews by Bury and
Raphael 1983, Jones 1986, Pough et
al. 1987). Campbell and Christman
(1982) suggested that time-con-
strained collecting (searching within
a specific period of time by trained
collectors) can sample terrestrial spe-
cies that are under-sampled or not
taken in pitfall traps.

The first year of our old-growth
study (1983) was partly devoted to
refining field techniques. A compari-
son of different pitfall designs is re-
ported elsewhere (Bury and Corn
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1987). Here, we employ a standard-
ized pitfall array and time-con-
strained searches to determine the
occurrence and abundance of the ter-
restrial (upland) herpetofauna in the
Cascade Mountains of the Pacific
Northwest.

The current work on small mam-
mals (Anthony et al. 1987, Corn et al.
1988, West 1985), birds (Carey 1988,
Manuwal and Huff 1987), and bats
(Thomas in press) are part of an inter-
disciplinary effort to better under-
stand the relationship of nongame
wildlife in old-growth forest stands
(Ruggiero and Carey 1984). Our
study is the first to attempt to iden-
tify which species of the herpe-
tofauna, if any, are associated with
age and moisture gradients in forests
of the Cascade Mountains.

Our specific objectives were (1) to
compare effectiveness and relative
merits of time-constrained collecting
versus pitfall trapping, (2) to com-
pare the species richness and relative
abundance of amphibians and rep-
tiles between different forest stands,
and (3) to examine the association of
the herpetofauna with old-growth
forest conditions.

DESCRIPTION AND
CLASSIFICATION OF STUDY SITES

We sampled 30 sites: 18 in or near
the H. J. Andrews Experimental For-
est in eastern Linn and Lane coun-
ties, Oregon, and 12 stands in the




Wind River Experimental Forest,
Skamania County, Washington. All
sites are on the western slopes of the
Cascade Mountains. Specific loca-
tions, stand classification, elevations
and other details are provided in
Corn et al. (this volume).

Study sites represent a range of
forest development across a
chronosequence (principally age)
and, for old-growth, a moisture gra-
dient. These stands were independ-
ently selected and assessed by Spies
et al. (in press). They were all in natu-
rally regenerated forest caused by
wildfire. There were three develop-
ment stages in moderate moisture
conditions: young (30-76 years old),
mature (105-150 years) and old-
growth (195-450 years). Clearcut sites
represent recent timber harvest (<10
years old). For old-growth stands
only, there were representative mois-
ture conditions: wet, moderate and
dry sites. Stand classification was
based on age determined by incre-
ment boring of trees or other meth-
ods, characteristic plant species in
the understory, physiography, and
soils. These methods and other para-
meters are described by Corn et al,
(this volume), Franklin et al. (1981}
and Spies et al. (in press).

Following the initial stand selec-
tion, there were minor adjustments
in assignment of stand classification
(Corn et al., this volume). We re-
jected a few sites that were either not
continually accessible for our weekly
checking of pitfall traps or were
being actively logged.

MATERIAL AND METHODS
Time-Constrained Searches (TCS)

Details of this technique are pro-
vided elsewhere (Campbell and
Christman 1982, Bury and Raphacl
1983, Raphael and Rosenberg 1983).
A team of 3-8 people intensively
scarched each stand for 8 person-hrs
in the spring (8-25 April 1983 in Ore-
gon and 3-12 May 1983 in Washing-

Figure 1.—Conducting llme-constrained searches in an old-growth stand, Cregon. Note
jarge amounts of downed woody debils.

ton). We turned over moveable sur-
face objects (twigs to logs <1 m dia-
mater), dug into decayed wood, and
removed bark from downed wood or
the bases of standing snags by hand
or with potato rakes (fig. 1).

Collectors remained within
boundaries of habitat typical of the
stand, avoiding conspicuous special-
ized habitats such as ponds, creeks
or rock outcrops. Further, we
searched 4 sites in each state again
during warm weather (July-Aug
1983). These surveys were performed
for 4 hrs per plot. We recorded infor-
mation on exact position of capture
for each animal, including vertical
position (e.g., on or under litter; on,
under or in log; etc.), identification of
cover object, length and diameter of
object, time of capture, total iength,
and mass of animal.

We determined the decay class of
coarse woody debris occupied by
animals on the forest floor. Large
woody debris or felled trees (logs)
occur in five progressive broad decay
classes {Bartels ct al. 1985, Franklin et
al. 1981, Harmon et al. 1986, Maser et
al. 1979, Maser and Trappe 1984): (1)
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intact, recently downed trees; (2) logs
with loose bark; (3) loss of bark and
stem partly rotted; (4} invasion of
roots and deep decomposition of
stem; and (5) hummocks of wood
chunks and organic material. Once
fallen, a large tree might require 200
or more years to progress from class
1 to 5 (Spies et al. in press), providing
habitat for many generations of resi-
dent wildlife.

Piffall Arrays

We installed a pitfall array at each
site in Oregon and Washington (de-
tails in Bury and Corn 1987). Each
array had two triads with their cen-
ters 25 m apart. Each triad was com-
posed of three drift fences 5 m long
and 0.5 m tall; about 0.3 m of fence
was above ground. Fences radiated
at 120° angles, beginning 3 m from
the center point. The compass direc-
tions of the arms depended on open-
ings between trees or large logs on
the forest floor. Pitfall traps were
constructed from two stacked #10 tin
cans (3.2 1 volume) connected with




Table 1.—Numbers of amphlbians and repliles captured during ilme-constralned searches (TCS) conducted 8-25
April 1983 af the H. J. Andrews Experimenial Forest In Oregon. Old-growth stands are arranged In order of Increasing

Western Skink .
Norhtern Alligator Lizard
Western Fence Lizard

dryness.
Old growth ;

Wet Moderate Dry Mature Young Clearcut
Specles StandNo. 15 03 24 °02 17 33 25 29 11 35 42 39 47 48 75 55 291 391
Clouded Salamander 3 8 &6 9 3 11 17 4 2 i 2 12 2
QOregon Stender Salamander 2 6 4 12 9 17 5 1 9 1 ]
Qregon Ensafina 4 3 1 9 5 7 22 2 110 6 4 5 3 9 8 9 4 1
Dunn’s Salamander 2 1
Rough-skinned Newt 2 : T 1
Pacific Tree Frog 1 4 1 [

°Iwo surveys were conducted in this stand and the resulls are combined here.

duct tape. A pit trap was placed
flush with the ground surface at each
end of the fence. Funnel traps were
constructed of aluminum screening,
rolled into a tube 1 mlong by 0.1 m
diamcter, with inward funnels
stapled at each end of the trap. A
funncl trap was placed midway on
either side of the fence. No water or
preservatives were added to the
traps. A wooden shingle was
propped over cach pitfall and
funnncl trap, but watcr entered pit-

falls during heavy rains. We rou-
tinely removed water from traps
with scoops or a hand-operated aqg-
uarium siphon.

We operated pitfall traps conti-
nously for 180 days, from the last
week of May to late November 1983.
Traps were checked 1-2 times each
week. Captures were usually taken
to a field laboratory for identification
and measurements. All retained
specimens are deposited at the Na-
tional Museum of Natural History.

( . o )
Table 2.—Numbers of amphiblans and repfiles captured'durlng"TCS 3- 12 .
May at the Wind River Experlmental Forest in Washington. Old growth
stands are crronged in order of Increaslng dl'Yl"leSS

Olid grovdh

‘Wel Moderdte ory . Mhturé Young Clearcur
Species Stand No. 14 12 21 20 31 41 42 50 60 61 70 71
Clympic Salamaonder 4
Oregon Ensatina & 7 5 5 4 ] 1 1 1
Larch Mountain Salamander 14 -
Western Red-backed

Salomandert 6 6

Raugh-skinned Newt 2 1
Red-legged Frog 1
Pacific Tree frog - I
Rubber Boa - 2 K

LCammor\ Ganer 3ricke )

A
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RESULTS
Time-Constrained Searches (ICS)
Yield

During spring TCS, we collected 258
amphibians and 4 reptiles (table 1) at
the 18 Oregon sites (1.8 animals per
person-hr) and we took 78 amphibi-
ans and 4 reptiles (table 2) at 12
Washington sites (0.85 per person-
hr). For summer TCS, all Washington
captures included only 4 lizards from
one clearcut, one mature (drier as-
pect) and an old-growth dry stand
(0.25 animals per hr} whereas in Ore-
gon we captured 13 salamanders (no
new species} and 2 lizards from 4
sites (0.9 animals per hr).

Although we report the abun-
dance of herpetofauna collected by
TCS (tables 1 and 2), we did not ana-
lyze these results based on the age
and moisture gradients because such
abundance data can be biased.

Habitat Use

TCS provided useful information on
the exact position where individuals
were found (table 3). Oregon ensati-




K Under Bark on G'r'ourjq :

4 Table 3.—Number of salamanders (Oregon data only) captured In different
microhabltats, Percentages are in parentheses.

. Oregon
Qregon Clouded Slender

Position Ensatina Salamander Salamander
OnfUnderUtter . .- - .3 29 0. O 1-(.6)
On/Under Rock - ; 3 @249 0 (O P -(1.6)

On/Undertog - 14 (11.5). "8. (102 6 (6.8) -
Inside Log ' 52 (42.6) 27 (34.2). 38 (62.3)
Under Bark onlog: =© 12 (6.8) 37 (46.8) 7 (01.5)
38 QLD 789 8°(13.1)

nas (Ensatina eschscholtzi; fig. 2) oc-
curred more evenly and in more mi-
crohabitats than did the other two
species. Clouded salamanders
(Aneides ferreus) were mostly under
bark on logs and, secondarily, often
were in logs (81% of the sites occu-
pied were related to logs). The Ore-
gon slender salamander (Bafrachoseps
wrighti) predominately occurred in
logs (62%) and then under bark on
ground or on logs (87% in or near
logs). Most bark on the ground oc-
curred in piles sloughed from fallen
trees or snags and is essentially an
extension of the log environment.
Terrestrial salamanders that were
captured in or near downed wood
markedly differed in their use of dif-
ferent decay classes of CWD (fig. 3).

We did not include decay class 1
logs, because few of these were
searched and none had salamanders.
These logs are intact material and
offer little cover for salamanders.

We calculated Chi-square statistics
for three species in Oregon. The
clouded salamander was most abun-
dant in younger (class 2) logs (P
<0.001), while Oregon slender sala-
manders were found more often than
expected in the more decayed class 4
and 5 logs (P < 0.05). Numbers of
Oregon ensatina generally followed
the pattern of log abundance (fig. 3),
except that they were found less of-
ten than expected in class 3 logs (P
<0.05). These results are consistent
with microhabitats where the sala-
manders were captured (table 3).

P
$t

figure 2. —Adult ensatina (Ensalina eschschollzi) from Douglas Co., Oregon.
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Pittall Trapping
Total Numbers

Pitfall arrays at 18 Oregon sites pro-
vided 1,028 captures {table 4): 685
salamanders, 252 frogs, 64 lizards
and 27 snakes. Pitfalls at 12 Washing-
ton sites yielded 1,152 animals {table
5): 460 salamanders, 663 frogs and 29
snakes. Two Washington sites had
exceptional catches: 253 tailed frogs
(Ascaphus truei) at #21 Old-growth
Moderate and 119 red-legged frogs
(Rana aurora) at #42 Mature,

M LAVWT FRIQUCNCY

f ANEIDRS
BATRAL) TOSEP
1 ENSa TiNg

8 LoGs, 1,

Figure 3.—Frequency of occurrence of
clouded salamanders, Oregon slender
salamanders, and Oregon ensatinas occu-
pylng downed wood In decay classes 2-5,
Density of logs In each decay class are
provided. Data are from 18 sites at the H. J.
Andrews Experimental Forest, Oregon.

Yield

Summer operation of the pitfall ar-
rays added a few reptiles but the
bulk of the catch was amphibians in
the fall months during and after
heavy seasonal rains (Bury and Corn
1987). There was a low catch of rep-
tiles (Oregon, mean = 5 per site;
Washington, mean = 2.4).

Species richness did not differ
across the chronosequence gradient
(table 6, fig. 4). Moderate and dry
old-growth stands had the highest
mean abundance across the moisture
gradient, which was caused by the
capture of large numbers of several
migratory species,




Table 4.—Abundance of amphiblans and r:eptil'ésl captur

VP Itfcll crrdys dt the H. J Andre\vs Experlmen!al Fore’st ln\

Oregon. Arrays of pl'n’all traps with: ddﬂ fences ware oper ed ' onﬂnuously for 180 days In 1983 Old growih stands
are arranged- ln order of !ncreasfng dryness g "
: el v 'Y_oung‘: Clearcut
‘Specles Stc:nd No 15: 0324 35 42 39 47 4875 S5 291 391
' Northwestem Salamander - s " | I S
Pacific Giant Saidmander - T A 1
Clouded.Salamander : : SIS T 11 ) 3 1
Oregon Slender Sdlamander 1. 3 - rer g s B 4 ] 1-
Oregon Ensatina o 8 2 10 187227137262V ~15-10 16,14 '20 30 12 10
Dunn’s Salamander - , ERE | T ; ,
Rough-skinned Newt 2 _ 3 26 5.7 119 -62: 15 13 3 5 14 16 2
Talled Frog . . 28" .63 407, .0 4.7 . 6 28 30 3
Red-legged Frog: 8 ¥ = ' Lot 23 28 2 4
Pacific Tree Frog . .2 g 3 1 3 3 2 5
Westemn Skink ~ 5 o T3 119 ‘
Norhtern Alllgo?or erord 1 3 4 . 14 8 2
Westem Fence Lizard - T , = 5 3
Rubber Boa. ' b a I
Northwestern Garter Snake o . 111
Common Garter Snake T 13, 2 1 27 ]
. _/
4 : , ™~ Differences in Closed-Canopy
Table 5,—Abundance of qmphibicns and repmes cuptured by pmall arrays Stanids
at the Wind River Experimenial Forest in Washington. Arrays of pitfall traps .
with driff fences were operated continuously for 180 days In 1983, Old- For Oregon and Washington data
growth stands dre crrrcnged in order of lncreaslng dryness combmed., mean abundance of com-
mon species (3 salamanders, 2 frogs)
Old growth appeared to differ across either forest
Lo : — g o=t L development (age)} or moisture gradi-
o ‘w_ot MOdormel D_w Mu-;fum fe, Y?u_n? ) cmérc‘m ent (fig. 5). However, except for the
Species Stand No. 14 12 21 20 31 41 42 50 60 61 70 71 Oregon ensatina, none of the differ-
. ' " . — : = ences were statistically significant
Northwestermn Salamander 2 515 4 1 1 V.9 10 2 (table 6). High numbers of individu-
gjcrﬂc‘ Géoriﬁ Soiorgonder‘ 3 % ] ‘ als at a few stands resulted in large
ympic.salamander . ' variances in catch at stand types.
Oregon Ensatina 73529 18 39 1413 3 2425 0 1 Large numbers of both the rough-
Larch Mountain . S : : .
salamander 10 skinned newt (Taricha granulosa) and
Westarr Red-basked . Northwestern salamander
Salamander 19 . - (Ambystoma gracile) were captured in
Rough-skinned New . ‘10 4 540 1 10 4 7.38 37 7 4 a few stands (tables 4-5). Most of the
Tailed Frog ; 44 22253 4 27 50: 4. 2 14 tailed frags taken were juveniles at
Red-legged Frog 8 1 3 15 1 19119 40° 5 23 6 one old-growth site in Washington
Pacific Tree Frog 3 ) 9 (table 5), and these were apparently
Northemn Alligator Lizord _ 1 o B 12 1 dispersing away from a nearby
Northwestern Garter Snake 2 1 4 streamn. Similarly, most (78%) of the
Common Garter Snake 6 ! red-legged frogs were taken at 5 sites
\_ ' -/ (tables 4-5); the largest number (n =
15



119) were juveniles captured at one
mature stand in Washington.

The only species showing a signifi-
cant difference (table 6) across the
chronosequence of stands was the
Oregon ensatina. Its numbers were
lower in mature stands (fig. 5), per-
haps related to amounts of CWD in
different age classes (fig. 6). Abun-
dance of Oregon ensatinas was most
highly correlated with the number of
decay class 4 and 5 logs per hectare
(Pearsonr = 0.48, n =29, P < 0.01)
and the mean diameter (d.b.h.) of
large-sized canopy trees (r=0.51, n =
29, P < 0.01). A discussion of the
habitat variables used here is pro-
vided in Corn et al. (1988). Mean
abundance of Oregon ensatina also
differed across the moisture gradient
in old-growth stands with fewer
present in wetter sites than drier.
Paradoxically, most OGW stands
have large amounts of CWD (fig. 6).
Oregon ensatina may be associated
with the amount of CWD, but there
are other components of the habitat
that may be underrepresented in
OGW stands.

Clearcut Stands
We also trapped 5 clearcut sites (all

<10 years old) to describe herpe-
tofauna occurrence in managed

stands. The relative abundance of the
herpetofauna in these clearcuts
markedly differed from 6 compa-
rable young stands (fig. 7). Reptiles
predominate in clearcuts, most likely
responding to increased ambient
temperature in such areas. The Pa-
cific treefrog (Hyla regilla) also was
most abundant in clearcuts.

DISCUSSION

Comparison and improvements in
Techniques

Time-constrained searches (TCS)
provided insufficent animals for
quantitative analyses in most stands.
The technique might be more worth-
while under nptimal environmental
conditions (e.g., after heavy rains for
amphibians) and with increased ef-
fort (16+ person-hr per site). Summer
searches added the occurrence of liz-
ards to some stands, but in general
the effort was not worth the time in-
vestment in forested stands of the
Cascade Mountains.

However, TCS can be effective to
sample terrestrial species of salaman-
ders. Our pitfall trapping (180 days)
caught 257 ensatina, 44 clouded sala-
manders, and 13 Oregon slender
salamanders, whereas TCS yielded
113 ensatina (0.44 times that of pit-

-

~

Table 6.—Analysis of varlance of specles richness and abundance (log
transtormed) categorized by age (old growth, mature, and young) and
moisture (wet, moderate, and dry). Wet and dry old growth stands were = -
not used in the analysis of stand age, and mature and young stands were -
not used In the analysls of stand moisture. o S

‘Age (n=17) Molsture (n = 13)

F P Foo ®
Species Richness 2.02 0.17 0.30 0.75
Total Abundance 0.92 0.42 2,40 0.14
Northwest Salamander 0.38 0.69 . 1.90 0.20
Rough-skinned Newt 091 0.43 . 0.26 0.78
Oregon Ensating 8.09 0.005 114 - 0.003
Tailed Frog 0.92 0.42. 006 094 -
Red-legged Frog 0.65 0.54 - 012 .0.89 J

falls), 76 clouded salamanders (1.7 X
pitfalls), and 57 slender salamanders
(4.4 X pitfalls). The clouded salaman-
der is a common denizen of Oregon
forests and sometimes the most fre-
quently encountered species, but pit-
fall traps caught few. This species
has large toes and is adept at climb-
ing, and perhaps escaped. Or, they
rarely free-fall into traps on the
ground. The Oregon slender sala-
mander seems to be associated with

SPECES RICHNESS
WEAN § OF SPECES

ABUNDANCE

MEAN TOTAL CAPTURES

Flgure 4, —Mean specles richness and
mean tatal abundance of amphibians ond
reptiles in closed-canapy forest stands.
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Figure 5.—Mean abundance of rough-
skinned newts, northwestern salamanders,
talled frogs, red-legged frogs, and Qregon
ensatinas In closed-canopy fores! stands.
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downed woody debris and the best-
known method to sample such mate-
rial is with TCS, area-constrained
searches (Bury and Raphael 1983,
Raphael and Rosenberg 1983), or
hand-collecting of specific amounts
and types of CWD.

For several reasons, we refrained
from using TCS to compare differ-
ences in herpetofauna across stand
ages and moisture gradients. In 1983,
we did not record the number nor
amount of litter (CWD) searched in
each study site, which could have
affected the results. Unless cover
items are scarce, TCS will result in
equivalent numbers of cover items
searched, e.g., 20 logs per person-hr
of search. However, the type, num-
ber and biomass of logs differs
among stands. Thus, the number of
animals collected is not related to the
availability of cover (Corn and Bury
unpublished data).

On the other hand, sites with large
amounts of CWD may be occupied
by many individuals yet few are re-
vealed because they are dispersed.
Douglas-fir forests can have over
1600 m*/ha of CWD (Spies et al. in
press). Recently, we found that the
density of salamanders in the Oregon
Coast Range (number/m? of CWD)
was inversely related to the amount
of CWD present in the stand (Corn
and Bury unpublished data). TCS
will underestimate abundance in
stands with large amounts of CWD
relative to stands with less CWD.
Underestimation of the numbers of
amphibians and reptiles in ecosys-
tems is often more common than
overestimation. Furthermore, we dis-
covered that some collectors tended
to focus on older decay classes of
CWD (that often yield the highest
catch) rather than uniformly search-
ing all objects.

To estimate abundance of sala-
manders, we suggest recording the
volume of CWD searched, control for
time per object (e.g., 15 minutes
maximum), balance effort leg,
equivalent search between different
decay classes of CWD), and relate




catch per volume of objects to sepa-
rate estimates of the total CWD per
hectare. These changes are needed to
improve the value of TCS techniques
for sampling the herpetofauna of for-
est ecosystems.

Pitfall traps catch the large num-
bers of individuals needed for quan-
tified analyses of differences between
forest stand types. They proved to be
particularly important for sampling
migratory species of amphibians,
which we found to be common in
Cascade forests. Also, our recent re-
sults indicate for the first time that
tailed frogs occur in “upland” for-
ested habitats.

Vogt and Hine (1982) pointed out
that pitfall traps were most efficient
during periods of precipitation or
soon thereafter. Our results confirm
these obscrvations and, lately, we
have reduced pitfall operations to 30-
50 days in the fall only. Also, the
triad design used here was highly
effective but required great effort
(900 m of drift fence was installed} in
Pacific Northwest forests, which
have large tree roots and rocky soils.
Drift fences are more cost-effective in
sandy areas where they can be more
readily installed.

We caught few reptiles in the Cas-
cade Mountains and pitfall traps
were ineffective for these animals,
even in the warmer summer months.
Reptiles may be numerous in certain
clearcuts (e.g., tables 4-5), in drier
regions such as interior areas of
northern California (e.g., Raphael
and Barrett 1984, Raphael, this vol-
umc) and, based on our prior experi-
¢nce, in some voung managed stands
(10-30 years old). When present,
these would be worth sampling with
pitfall traps.

Pitfall traps alone are adequate to
capture most amphibians and small
mammals (Bury and Corn 1987} but
overall sample size can be improved
by increasing the number of traps per
site. Thus, we have more recently
employed a 6 by 6 pitfall grid (36
traps; 15-m spacing) and the catch is
large enough for quantitative analy-

ses. These adjustments greatly in-
crease the use and effectiveness of
pitfall trapping in the Pacific North-
west and, likely, in other forested
habitats.

Association of Herpetofauna with
Old-Growth Forests

TCS revealed microhabitat differ-
ences between terrestrial species of
salamanders, confirming general ob-
servations about these species (e.g.,
see Nussbaum et al. 1983, Stebbins
1985). However, the habitat require-
ments of these forms need better in-
vestigation.

The Oregon slender salamander
seems to be associated with coarse
woody debris in older decay classes,
which is a characteristic feature of
old-growth forests. This species is
endemic to the Oregon Cascades, oc-
curring only in Douglas-fir and sub-
alpine forests. Thus, timber harvest
might affect populations of slender
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Figure 6. —Blomass of all (top) and class 4
and 5 (boftomn) downed wood al 18 stands
at the H. J. Andrews Experimental Forest,
Qregon.
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Figure 7.—Relallve abundance of herpetofauna In young stands and clearcuts. Above the
horlzonfal: specles more abundant In young stands, Below: specles more abundant In
clearcuts. Values are the greater mean adundance divided by the lesser, e.g., lizards were
78 times more abundant In clearcuts than In young forest stands.
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salamanders, and this species merits
special study.

The Olympic salamander (Rhyaco!-
riton olympicus) Occurs in or near
small streams, which can be dis-
rupted by timber harvest (Bury 1988,
Bury and Corn 1988, Welsh, this vol-
ume). Our techniques sampled ter-
restrial habitats and we found few of
this species (pitfall traps took only 4
in old-growth and 1 in mature
stands). Many tailed frogs were cap-
tured in pitfall traps in closed-can-
opy forests, but they were absent or
rare in clearcuts (only 1% of the total
catch). Both the Olympic slamander
and the tailed frog seem to be sensi-
tive to timber harvest, and the sur-
vival of these species may depend on
protection of cool, flowing streams
(required for breeding and larval de-
velopment) as well as adjacent for-
ested habitats (for shade and reten-
tion of stream substrate quality, see
Bury and Corn 1988). There is a need
to assess the effects of logging in
streamside and upland forests, which
may directly or indirectly affect am-
phibians in hcadwaters and small
streams (Cooper et al. 1988, Bury and
Corn 1988).

Adults of the rough-skinned newt
and Northwestern salamander mi-
grate to ponds for breeding and,
later, the adults and juveniles move
back to land, which obfuscates their
relation to forest type. The red-
legged frog breeds in slow-moving
creeks or ponds, and the proximity
of such waters may have influenced
the abundance of the frog in adjacent
stands.

Tailed frogs breed in small
streams and the location of these wa-
ters can greatly influence the occur-
rence of the species in nearby forest
stands. Also, we captured some juve-
nile and adult tailed frogs 100 to
>300 m from the nearest stream
(Bury 1988). Before our study, tailed
frogs were not thought to move far
fromu water (Metter 1964, Nussbaum
et al. 1983). Proximity of aquatic
breeding sites apparently influenced
the capture of several species in up-

land habitat. At the same time,
aquatic and semi-aquatic species
might depend on the forest habitat
for part of their life history, e.g., dis-
persal. We suggest that future re-
search emphasize the life history re-
quirements and movemnent patterns
of amphibians, which might help to
resolve which factors are most im-
portant to their continued local oc-
currence and abundance.

Fewer Oregon ensatina were cap-
tured in mature forests than either
young or old-growth stands, and this
salmander might be associated with
large amounts of CWD in the Oregon
Cascades. Mature forests lack input
from large trecs and snags (see dis-
cussions by Franklin et al. 1981, Har-
mon et al. 1986, Spies et al. in press).
Disturbance (fire or blow-down) cre-
ates new young stands with appre-
ciable amounts of CWD.

Similar to our results, Raphael and
Barrett (1984) found that the abun-
dance of Oregon ensatina in northern
California was correlated to density
of large Douglas-fir trees. However,
they found few ensatina in the
youngest stands (<150 years) they
studied, and they included ensatina
with species associated with old-
growth stands. In the Oregon Cas-
cades, ensatina were ubiquitous and
there is no apparent correlation with
old-growth stands.

Clouded salamanders were most
abundant under the bark of relatively
young logs. They may prefer class 2
and 3 logs, particularly occupying
logs with loose bark. Also, clouded
salamanders appear to be common in
clearcuts (table 1). This species does
not appear to be associated with old-
growth conditions.

In Washington, we only found the
Larch Mountain salamander (Pletho-
don larselli) at one old-growth stand
(table 2). This species may be associ-
ated with forested stands (Herring-
ton and Larson 1985), but the relation
needs further inquiry and verifica-
tion.
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Managerment Considerations

Current evidence suggests that rich,
abundant populations of herpe-
tofauna occur in naturally regener-
ated forests. Within these stands,
however, we found few differences
in amphibians between wet, moder-
ate, and dry old-growth sites and be-
tween young, mature, and old-
growth stands. These results might
be related to “old-growth” features
occurring in many or all of these
stands. For example, young and ma-
ture sites retained many characteris-
tics of old-growth forests: complex
structure, snags, and large amounts
of downed woody debris, particu-
larly in older decay classes (fig. 6).
Such material is the result of wildfire
that burns and kills larger trees,
which later fall to the ground.
Wildfire often burns unevenly
through stands, resulting in patches
of lightly burned or unburned vege-
tation surrounded by areas more in-
tensively affected by fire. Some large
trees might not be killed during fires
and these persist into the regenerated
stand. Burned trees become snags
that later fall to the forest floor, creat-
ing huge amounts of CWD, This
heterogeneity and large amounts of
CWD in naturally regenerated forest
likely maintain favorable conditions
for many species of the herpetofauna.
Managed stands (clearcuts) had
little downed CWD in older decay
clases (fig. 6) and, generally, no snags
nor trees (except for a rare spar pole
or small planted trees). Current for-
estry practices usually fell all trees
and snags at sites, eliminating vari-
ability in stand age and structure.
Logging is generally followed by pre-
scribed burning of slash and cull
logs, reducing CWD by 50% or more
(Bartels et al. 1985, Maser et al. 1979).
The large amount of CWD at one of
our Oregon clearcuts reflects light
burning {fig. 6). Also, this sitc was
surrounded by dense, old-growth
forest, which probably contributed
large amounts of CWD before burn-

ng,



Often, the result of current timber
harvest is even-aged stands with
little CWD, especially in larger sizes.
Present logging differs from that per-
formed 30 or more years ago, when
more CWD was left on the forest
floor and smaller trees were left in-
tact or ignored. Also, earlier practices
tended to harvest larger, more valu-
able trees with little or no site prepa-
ration (except tree-planting), particu-
larly on private lands. These were
economic decisions, but the resultant
second-growth stands may differ
markedly from current intensive
management of forests.

In contrast to clearcuts, young
stands (naturally regenerated) we
studied were closed-canopy and had
much downed woody debris. The
predominant species were the tailed
frog and ensatina, and young stands
had more newts, Northwestern sala-
manders and red-legged frogs than
did clearcuts (fig. 7). Thus, there
seem to be major differences in the
herpetofaunas of pre-canopy
clearcuts and naturally regenerated
stands (young to old-growth).

There is a critical need to compare
differences in wildlife in intensively
managed stands and those subjected
to other treatments (e.g., prior log-
ging practices, select-cut). At this
time, there is a lack of information on
herpetofaunas or other wildlife in
managed second-growth forests.
Managed forests soon will be the
predominate forest type in the Pacific
Northwest and the bulk of our wild-
life probably will occur in these
stands. Wise management of these
forests should be of foremost concern
for wildlife managers, and done in
concert with protection of isolated
habitat patches (old-growth forest).
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