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Effects of Stand Age, Size, and Juxtaposition on Abundance of Western
Redback Salamanderc (Plethodon vehiculuml in Coastal British Columbia

Abstract
Terfestrial breeding amphibi.rns live at high den!itics. sho[ stronc \ite fidelity. and ha\e re]rtively liablc populations. long lili
ipans. and high vulnerability to dehydration. Thcsc rails nake them potenljall) useful indicaiors of clGcts of canopv rcmo!al
during logging. $e compared the relative abundrnce of westem fedhack salananders (Plprlod)n r(li.r&r, in old,growrh and
managcd sccond 8ro$ lh stands on Vancouvcr lsland. and fbund significanlly more individuals in old growth stands. Salananders
$ere morc abundant in largef stands ofold gro$th. but showed no relationship lvith stand or patch size among maiure lccond
growth stands. Manrged stands contained more \alamaDders \ihen old groq !h $.rs adjacent. Juvenile:adult ratios within nranagcd
staods u ere signillcanllv higher in stands not adjaccnl to old sro$th. suggesting poor sur!ivorship to adullhood in younger {ands.

lntroduction

Several studies have documented greater abun-
dance of tenestrial salananders in old growth
stands than in younger stands (Raphael 1988:
Aubry and Hall 1991;Conl and Bury 1991;Dupuis
et al. 199-5). Thcse obseryations have bccn inter-
preted as evidence that at least some tecent am-
phibian declines are aresult ofhabitat loss to forest
practices (Wclsh 1990: Johnson 1992). The ra-
tionale is simple. Terrcstrial salamanders are sus-
ceptible to dehydration (Ray 1958;Spotila 1972:
Feder 1983). Forest removal increases the risk of
dehydration by increasing wind speed and radia-
tion (Ceiger l965). and by reducing amounts of
downcd wood used as fomging and breeding sites
(Bury et al. 1991: Welsh and Lind 1992; Dupuis
1997). Habitats that become unfavorable, cven
for short periods of time. are rccolonized only
slo*ly because of thc low vagil ity or high
philopatry cxhibited by amphibians (Ovaska 1988;
Welsh 1990). Thus, wc expect to flnd greater
amphibian abundance in relatively closed stands
containing abundant dorvned rvood: that is. in older
stands.

Although there are difTerences between old-
growth and youn-e fbrests in the Pacific North-
west, tew studies rcveal strong trends in salamander
numbers with stand age (Bury and Corn 1988:
Bury  e t  a l .  l99 l ;  G i lber t  and A l lw ine  1991) .

Bunnell et al. (1997) noted three possible rea-
sons fbr differing rcsults among studics: 1) vari
able amounts ofcritical elenents such as downed
wood or understory;2) differences in regional
macroclimates that deteminc importance of shel-
tcring structures. such as ovelstory, understory.
or downcd wood; and 3) differences in the forest
mosaic surrounding the study sites. Edenhamn
et al. ( 1992), for exanrple. suggested that patch
s ize  lnd  i . r r la t ion  uere  i r i t i ca l  luc lo r \  go \ern ing
eflects of habitat fiagnentation on arnphibians.
Here wc examine potential effects of the forest
nrosaic: specifically. effects ofstand age and size.
and proximity of lavored habitat. We report the
relative abundance of amphibians in diff'erent sized
stands of older forest, and in younger. nanaged
stands with or without adjacent old growth.

Study Area

The study area was in the Coastal Westem Heln-
iock Biogeoclimatic Zone near PotAlberni (,19"
03'N and 125" 3'W). central Vancouver lsland.
Canada. This region receives more than 250 cm
of precipitation annually (mainly in spring and
fall), has a mean sunmer temperature less than
16" C, and a mean of 180 fiost-free days per year
(Meidinger and Pojar l99l). Stands were locared
in a 500 kmr area and varied in elevation fiom
150 to 550 m above sea level.

Wcchose low to mid-sk)pe, moist. nutdent rich,
south facing or flat sites that supported mixcd
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stands ofDouglas fu (Pseudotsuga iner:lesll) and
western henrfock (7suga hetentphfl lu). In 1991,
wc sanpled old growth (undisturbed) stands aDd
54 to 72-year-old (mature). managed second-
growth stands to evaluate nethoddogies. ln 1992
surveys were also conducted in 17- and l8-year
old (young) managed stands and in 5 year-old
clearcuts. To avoid local microclimatic influcnces.
all sites were located at lcast 30 lrr from tempo-
rary water bodies, 75 m frorn lakes and rivers,
and 50 m fiom fbrcst edges. Age and distance
tiom water or forest edge were dominating crite-
ria in site selection; the hrbitat mosaic pemitted
a range of stand sizss and some differences in
isoltrtion (Table l). The mature strnds wcrc pre-
scribed burned within 5 ycars of harvestirg. and
had regenerated naturally. The young stands were
bumed, planted, and subsequently mechanically
treatcd to remove alder and smaller conitcr stems.

Methods

From mid May to mid-June 1991, we evaluated
area-constraincd seatches over arange ofplot sizes
using Wiegert's tvrFterm local quadrat vafiance
methods (Krebs 1989:68; I-udwig and Rcynolds
la88:4 .1r .  Opt imu l  l l i , l  . r , /u  l t t r  r \ \e \ . in "  le r re \ -
trial salamander abundance proved to be I x 2 nr
(Dupuis et al. 1995); mean tirnes fbr a thorough
search of a I x 2 m plot werc 9.3 minutes in old

growth and 8.7 minutes in managcd. mature sec
onJ  grou th .  ln  lqq2.  the  op l i rnu l  p l " l  \ i /e  $ i r \
extended to young managcd stands and clearcuts.
Thrce study sites for each tbrest age class were
selected. and studies werc carried out in three, 2
hr  p lo r '  t100  r  50  mt  w i th in  each . i te  o r  rge
class rcplicate. Each plot consisted of'+5, I x2m
quadrats rundomly placed, for a total sample area
of 90 m: per plot. Total sample area within each
study site was thus 270 m2(Table 1). we sampled
one plot of 90 mr every 2 weeks fronr mid-April
to late-May in 1992. We could sample only t$,o
recent clearcuts. each with 2 replicates.

Two peoplc scarched for salamanders, while
a third handled the captur€s and recorded datr.
Searchers lqrked undcr all cover objects (logs,
bark and rocks) and vegetation (1erns and nloss),
and probed all crevices. Captured salamirnders
wcrc identified, sexed. weighed (10.05 g) and
meastued (total and snout-vcnt lcngth). Salamander
age class was based on length distributions in
Ovaska and Gregory ( 1989). who employed mark-
r e c r p l u r e  l e r h n i q u c r  u i t h  t h e  . a m e  s p ( c i e .
(. P I e t ho tl on v e lt i <: u I u nt). We reco-{n i zed threc
c l r r ' .e . :  h r tch l ing .  r<26 n t rn ) .  Scar l ingr  o r ju re-
niles (26 35 mm), and mature (>35 mm).

To examine potential effects ()f stand agc or
habitat juxtaposition, analyscs were site specific
and used thc 3 plots per site as replicates. Where
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2 ycars of dala rvere available, two way analyses
of va ance rvere initially perfirrmecl to evaluate
potential year effects as u'ell as effects of forest
age or patch size. Year et'fLcts wcrc ncvcr signifi-
cant, and subsequent alalyses ofrelative density
combined years. Potential dift'erences among pro-
poftions ofsalanrandcrs in dillcrcnt sizc/age classes
ucrc  c ra lu l re , - l  b1  H ick .  le . l  o I  p ropL] r l ion : .
Fisher's exact test was used to test f i)r potential
influcnces of adjacent old growth on the rclative
numbers ofjuveniles and adults in younger stands.

Results

Average calculated densities (number/ha) of
Plethodon vehiculun were 15191145 (SE) and
1346i196 in old growth and 2:171'+l and,1821156
in nature second-growth during 1991 and 1992,
respectively. Young stards and clearcuts \\"ere
measured only in | 992, and y ielded avcra-qc dcn-
sit ics of2.17190 and 28128 (n =,1plots). respec
tivelv. Because of high inter plot vadability (Figure
la) there was no significant dit ' ference bctwccn
sanplc years (p > 0.15). Density estimates for
old growth u'ere signiticantly higher (p < 0.05)
than tbr the other three age classes. Only one sala-
manderrlrs f irund in theclcarcuts: thc 17-18 and
5,1-72 year-old age classes did not differ signif'r
cantly.

Analysis of variance indicated a difference with
patch size among old-growth stands (p < 0.08).
Across both years meanrelative densities in stands
800 and 2.500 ha in sizc. wcrc 1611117,1 and
16301206 salamanders per ha, respectively (Figure
1b). The srnal)er stand (90 ha) had a rclativc dcn-
sity of 10561178 salamanders per ha. Within ma
ture. second growth stands, there was no ditler-
ence across stand sizes ranging from 131 to about
2.000 ha (Figure Ib). Nor wefe differences with
size evident in young mrnagcd or clciucuL stands.

Thcrc was little difltrence anong propoltions
ofhatchlings.juveniles. and adults with lbrest age
class (Figure 2a). Across all lears and tirrest ages.
hatchlings rcprcscntcd l3% to 23% of the sample
andjuveniles usually comprised l1a/( ro 26% (1n
1992 they represented 40% of thc mature sec-
ond grorth sample). Tests ofproportions rcvealed
no significant differences in age class distribu
tion with either lbrest age class or patch size (p >
0.3). There *as. however. an apparcnt cffccL of
stand adjaccncy. [n 1991, mature managed stands
with adjaceDt old grorvth had 13.2% young

ccr ise2)  Y11ee2)  [ rnee i ]  M(1esz j  oGl lse l l  oG11es2)
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Figure L a) Itelati\e den\iries of t'llthobn Lehialun 1n
st.rncl,i of difierent age\. Values pldted are means
and sttudard errors of 9 replicates (3 2-ha plots at
cach ol  3 s i lcs pcr  agcclass),  Rcccnlc lcarcuN hrd
onl)  .1 fepl icates (Table l ) .  CC = c learcut  (5 yrs) .

Y = young (17 1u r- rs) .  \ f  = Dature (5,1-72 ]ears) .
OG = old growrh (300+ yrs).

b) Relalive densiiies of Pldha.lo \,(hit lun ln
stands ofdifferent size and age. N1eans calculited
as fir a) Onl)- I srlaDnnder lvas fbund ln c leafcut\.
OtdGro$rh 1991 ( l )  OldCro"th 1992 ( . ) .NIa-
ture l99l  (a) ,  \ , la ture l99l  ( i ) ) .

(hatchli ng plus juvenile) salananders, while rna
ture nrtrnaged stands without adjacent old growth
had 75cl. young salamanders in the sample. Thc
pattern was similar in I 992 (537o young with old
growth adjacent: 88% )'oung whcn not adjacent),
though not as pronou nced as in 1 99 I (Figure 2b).
Two tailed, Fisher's exact tests ofthe equalit)' of
proportions of young salamanders in nature,
managed shnds with and without adjacent old
growth sho\\,ed signilicant differences (p < 0.04).
Ofthe young. second-growth stands ( l7 to l8 years
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stand ag€ crass (by year)

figure L a) Percentages ofadul!.juvenilc and ha(chling sala
nandefs in old grolth (OCI aturc (!li 54 72
yoars L, ld) .  and )oung (Y:  l7-18 vears old)  stands.
Dcl ln i l ions of  sahlnander age c lasses fo l low
Ovaska and Cregory ( l9E9). crcy bars represent
the perceDtage of rdults. white represent ju\,cnilc,,.

ilnd black rcprcscnl harchlirgs. b) Pfopofbn\ of
adul !  and \oung ( lu!eni les and h.r tchl ings com-
bined) salamandcrs in marurc (M:5,1 72 )e.rs)  and

)oung (Y;  l l  l8  vears)  lanagcd stands wi th |nd
\!.ithouradjacenl old growth. No salanaidcrs were
eDcourtefed in young \tands rithout adjaccnt old
sroqlh. Whilc bars rcpreseDt the percentage of
aduhs. and dark bars repre\cn! !oung salalnlnders.

post-logging), only those adjacent to old growth
contained salananders. ofwhich 43% were young
salamanders. Only one salamander was encoun-
tered in clearcuts;an adultwas tirund in the clearcut
with adjacent old growth.

Discussion

We tbund a three to six-fold difference in rela-
live abundance of western redback salamanders
between managed stands and old growth. with

thelowcst numbers in the youngestmanaged stands
(Figure I a). Although therc arc no consistent tends
in relative densitics i)fterestrial amphibians with
stand age (Bury et al. 1991t deMaynadier and
Hunter 1995). in several studies individual spe-
cies were more abundant in unmanaged or old
growth stands than in younger, managcd stands
(e.9., Mcans et al. 1996: Bunnell et al. 1997). In
the Pacific Nothwest these include: clouded sala-
manders (Com and Bury l99l: Gomez and An-
thony 1996); ensatinas (Raphael and Barrett l9ll.1;
Welsh and Lind 1988; Corn and Bury l99l): Del
Norte salamanders (Raphael 1988: Welsh and Lind
1988.1995): Dunn's salamanders (Vescly 1996);
northwestem salamanders (Aubry and Hall l99l ):
$,estern redback salamanders (Com and Bury l99l:
Vesely 1996: Dupuis 1997): and Larch Mountain
salamanders (Henington and Larsen l9ti5). Most
of the plethodontid salamanders of the Pacific
Northwest arc more abundant in habitats com-
mon in old-growth fbrests (BlausteiD et al. 1995).
These salamanders may be particularly sensitiye
1 ,  ' .1nqp1 lqmqra l  !e (au \c lhe)  l r r :  les . re . i . t rn t
to desiccalion than many arnphibians and require
terrestrial breeding sites (often downcd wood).

The adult densities we obseryed in old growth
were similar to those obtained by Ovaska and
Gregory (1989). also in old growth on Vancouver
I r l lnd .The l  emplo led  mark  and recapturc  in  tu , '
plots ( 100 mr and 200 mr). The total numbers
they captured during their2 year study $,ere natu-
rully much higher than wc obtained during area
constraincd searches (single search period). Ex-
trapolating thef more comparable. quadrat-based
estimate of 28 salamanders on thc 200-nr2 plot
yields 1400 per ha; we estimated 1356 and 1519
per ha. In both years on our plots. nunbers were
markedly lower in managed stands, cven those
5.1-72 years of age. than in old gro$th (Figure
la). Currcnt conditions do not appear to explain
the large difference. There was little difterence
in amounts of downed wood across stand age
(Dupuis 1997), and all sites were classified as
"moist" or "r'ery moist" in the same biogeoclimatic
subzone (Meidinger and Pojar l99l). Moreover,
by age 50 overstory effccts on near-ground mi
croclimatc should difler linle from old-growth
stands. Combined. these observalions suggest some
prior, but long-lasting eftect reduced salamander
abundance in managed stands. Working in
unmanaged stands of fire origin, Aubry and Hall
(1991) tbund that western redback salamanders

siand age class (by year)
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were more abundant in yeung, than in mature or
old gro$'th stands. We cannot evaluate \e'hether
thc diff'crcnt findings arc a product of scalc of
initial opening (Aubry and Hall's stands were much
smaller than ours), dilferent shllctufal legacies
after fire than after logging. or sone other influence.

Forest practices have aitered the age structure
of fbrests in the Paciflc Northwest dramatically
(e.g., Harris l9u4: Wallin et al. 199,1; McGarigal
and McComb 1995). lt was diff icult for us to find
low-elevation. old growth stands on Vancouver
lsland in which to conduct this study and spatial
distribution of stands could not be con1rolled. As
a rcsult, both olcl and young stands diffcrcd in
their degrec of isoltrtion tiom nearby old growth
(Table 1). We chose to group young stands as those
with adjacent old glorvth and those without (the
closest old growth was >300m away). The smallest
o ld  g rou th  \ t rnd  (q0  hr )  ua .  a lso  the  most  i \o
lated (no other old growth withir l0 km). De
spite this natural variability and sparse data. sone
relations were statisticall.v significant.

The effect of patch size among old-growth
stands appears cuNilinear (Figure lb), as would
be expected if some microclimatic or edge related
phenomenon were acting as an influence on popu
lations. Changes in radiation and wind regines
induced by clearcutting extend about -50 100 m
into adjacent forest (review ofBunnell et al. 1998).
ln even the smallest stand. therc should be an
unmodifled arca of about 50 ha in the stand core
(rvhere our study plots were located). It is thus
unclear why there lhould be an apparent eftect
of stand size in our sanple. Two intluences are
plausible: local microhabitat variation among
stands, and broad scale illluences Ielated to sala
mander movement. In terrns of rnicrohabitat the
snrallest old-growth pirtch contained the highest
volumc ofdowncd wood, but was subjcct to t'lood-
ing. Soil profi les containcd considerable sand that
would not t 'avor plethodontid salanranders. This
stand also was the most isdated fiom other dd
gro*th (Table 1). Bunnell et lt l . (1997) argued
that movcmcnts of amphibians arc oftcn undcr-
estimated. Some species may depend on move-
nent across larger areas than has been supposed,
thus requiring larger areas of suitable habitat. If
that is true, nore isolated stands should appear
as population sinks.

Older managed stands without adjacent old
growth had significantly greater proportions of
young salamanders than did stands with adjacent
old growth (Figure 2b). A high proportion of young
salanranders could be consistent with a tbriving
population. but not whcn densities are as low as
they were in nature, managed stands (Figure 1a).
Managed stands may be "sinks" with moderate
reproductive success but poor survival to adult-
hood. Recolonization by adults from adjacent old
growth nay be important. but is likely to be slow
given the low vagil ity of salananders. This sug
gestion is suppofied by findings in young man-
aged stands without adjacent old growth (no sala
manders) and recent clearcuts (onc salamander).
The smallestand most isolated patch ofold growth
(90 ha) displayed both the lowest abundance and
lowest amphibian richness of all old-growth patches
(Dupuis 1993). We cannot separate fine-scaled
microhabitat etlects liom broad scaled habitat
juxtaposition. Both are likely acting, but l-rndings
are more consisteDt with broad-scale el'fects.

Lehrnkuhl et al. ( l99l ) also attempted to evalu-
ate broad-scale effects on westem redback sala-
manders. They noted that their findings were some-
what contradictory in that salamander abundance
was positively corelated with dominancc of late-
successional stages at the landscape level, but
negatively corelated with the abundance of old
growth in the "buffer" sunounding the stands they
sampled. Broad-scale results are invariably dilfi-
cult to interpret. Findings of Lehmluhl et al. (1991)
could rellect specics packing in stands when sur-
rounding old growth was less abundant (in which
case thc\ arc similar to ours), or a pret'erence by
westem rcdback salamanders for younger stands
as documented by Aubry and Hall (1991) who
w()rked in the same area (in which case they are
contmry to ours.).

Our data suggest that clearcutting greatly re
duces the abundance of western rcdback sala-
nranders. and that these ellects are long lived.
Adults are present in stands 17-18 and 5,1-72 years
alicr clearcutting, which indicates that haNest
practices did not locally eliminate the species.
Adults represented a greater proportion of the
population in stands adjaccnt to old growth. and
recolonization did not occur readily unless therc
\\ a: olLl Erou Ih n( arh1. Thrrt .uggq.1. 1u 6 9p1;qt.
tbr retaining higher densities of terrestrial
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salamanders: l) extensive tracts of unmanaged
fbr-ests (about 100 ha), or 2) retention of small
patches ofolder forest \\"ithin hanested areas. We
could not separate poteIrtial impacts of rcduction
in downed wood and altered microclimate, so can
offer no recomrnendations on patch size.In moist,
coastal arels it seems likely that breeding sites
are more important than microclimatic cffccts.
so even smi,rll, undisturbed patches would be helpful
provided they were not too dislant from each other.
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