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Differences in Amphibian Populations in Logged
and Old Growth Redwood Forest

Abstract

Surveys.of amphibians.were done on 8 plors 10.12t ha €ach), consisriog of a paired comparisons
(Iogged and unlogged) in oi n€ar the Redwood National Park, California. 

^ 
The numier and

perceorage cover.of perennirl ve8erarion were grearer on old growrh plots thao on logged .ire..
Amphibian p.)puldr ions had more indiv iduals and sreare- b iom*s, ,  ani  J i f ferent  spc, i "d.ompo-
sirion on rhe old growth sires rhan on logged plots. Abundance of amphibians was lower io ihe
reJwood loresrs rhar had been loggcd 6-14 _yejr-s rgo. This evidcnce suggesrs rhar lo8gjng hd. r
rongterm errecr on residenr.  herpf totaunal  o i  redqood toresrs.  Apprrenr ly,  opening of  f ie ranopl
ra\ors a rew spec,es to rhe cterr lmenr ot  rhe mato1ry of  fores(.dependenr spe! ies,

Introduction

Advertisements in natiooal magazines imply that productive, abundant wildlife popu-
lations iohabit logged lancls and that successional stages contain better habitat condi-
tions for vrildlife rhao do marure ( somerimes termed decadent ) forests. These claims
are simplistic because the cornplexity and variability of mature forest ecosl,stems or the
imlnrtant roles of nongame wildlife are not considered in rhese systems.

Hassinger et al, (1975) stated .har the net worth of a clearcut to vrildlife must be
viewed as a balance of values, since processes detimenrai to one species may be bene-
ficial to another. I-ogging creates vegetarional diversity (e.g., edges and openings) and
thus is generally beneficial to game because it promotes increased growth of herbaceous
and shrubby foods that maoy game species require ( Teague 1968, Noble 1974, Umber
and Harris 1974, Costa et dl, 1976). Bur game may constiture only a small fraction
of forest vrildlife, especially in mature sraods (Bnry et al, 1980').

Logging may drastically change or adverseiy affect the habitats of many animal
species. Irr westero North America, for example, small mammal communities are altered
by timber harvestiog. Deer mice (Petotnysczs manictlatus) generally increase in num-
bers after logging, rvhereas red-backed voles (Clethriononzyt californicut), red squirrels
(Tamiasciurus huclso cus), and other forest-adapred species decrease (Gashn,iler 1970,
I/olff and Zasada 1915, Hooven and Black 1976, Sullivan 1980). One study revealed
that even big game (deer, elk, and moose) declined duriog the first 5 years after logging
and that rhe carrying capacity of the forest when measured 17 years after logging nas
lower than expected (Stelfox e, al. 1976).

Several authors have suggested thar cleal logging ( removal or burning of downed
q/ood and understory vegeration) teduces the abundance of small mammals (Lovejoy
1975, Martell and Radvanyi 1977, Haosson 1978) and game (Steifox et al. 1.97 6) by
decreasing the supply of cover available !o them. Recenr studies indicate that logging
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variously aff€cts different aoimal ta-\a and decreases many wildlife species (Umber

and Hanis 1974, Glowacinski and Jiirvineo 1975, Shepard 1975, \Chite et al' 1975'

Bunrell 1976. Anl6n 1976, Fwzeb 1977,Webb et al 1977, Kessle! 1979, Luman and

Neitro 1980, Meslow e, al. 1981, Schoen et al. l98l) '

Because of diverse habitat conditioos and forest typesi the reslxrnse of wildlife to

logging is difficult to predict. More comPreheosive data about the effect of timbc!

harvestiog on specific types of forests and on the nongame aoimals in these ecosystems

o,o,rld be useful io designing fotest managen.rent Practices favorable to wildlife Popu-
lations. This study is the firsc to examine the effect of clearcur logging oo the helPettl-

fauna of old growth redwood forests.

Descriplion of study Areas

Four study areas *,ere established in or adjacent to the Redwoods National Patk in north-

$/esterfl California: (1) Hilt Ptot and (2) Valley Ptot, both in North Fork draioage

of Lost Man Cteek (Sec. 11, T.11N, R1E), 3.5 km E of Hwy 101 (from the Prairie

Creek Fistr Hatchery), Humboldt County; (3) Bald Hil ls (Sec 1, T-10N, RlE),41

km E of Orick, along the Bald Hills road, Humboldt Couoty; and (4) Yurok Redwood

Experimental Forest (Sec.21, T.14N, R1E), 1.3 km N of the Ranger Station, Del

None Couotv. A1[ distances are direct line.

Each study area coosisted of trvo sampling sites (oid growth aod clear-cut logged )

that had similar steePness ( Percert stope), slope ditection, and major vegetatinn types

(Table 1). On the Hill and Vatley Ptots and BaLd Hills, the total number of live trees

plus natural stumPs more than 1 m DBH (diameter at brea$ heiSht) wele comPamble

io the number of stumps (cut trees) on the logged sire The Experimental Forest q'as

more vaJiable. The okl growth site had more large trees (N-12) rh;rn rhe Logged

site hacl large srumps (N : 5). But thes€ two aleas wele ooly 200 m aPart and

seemetl to have similar plaot composition, aod the entire alea was once a conllguous

staod of redwood.
Old growth sites at Inst Mao Creek and the ExPerimeotal Forest were predominantly

redwood (Sequoia JeTDperri,retut) with a ferv scattered Douglas tt (PJeudott ga 1]ten'

zietiil and Sitka spruce (Picea sitchep.tit) Lost Man Creek was harvested 6-7 years

before this study and had rro tlees lafger than 10 cm DBH on logged sites logging hcd

occurred 15 years eadier io the Exprimental Forest (an area dominated by redwood)'

ancl the site had regro*'n with a tangle of small red alder ( Alpu: oregatua) At Ba'Ld

Hitls, both sites had otiginalty contained redwoods mixed $'ith a ferv tzrnbark oak

(,Lithocarpt6 tlensiflou) aod $restern benlock (Tsuga heterophylla), aod many small

Dougtas fir. Logging at the Bald Hills site had occrrred about 10 years before this

scudy.

Methods and Materials

Each sampiing site measured 2) x 50 m (0.125 ha) Ail trees larger than 10 cm

DBH v.ere iniividuallv measured. Oo 10 squares (1x 1m), atranged jo 10 domino

configuration at each site, I recorded the number of pereonial plants present aod visually

estimated the Percentage of sutface area that they coveted The oumbet and sizes o{

pieces of surface clebris (branches, downed small tiees, and logging litter) rhat coulJ

be turned over were couored on all sites except the Hitl Plot. This characteristic repre-
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Figurc 1 . Trees and latge downed wood o{ four paired plots ( old grow.h and loeged ) . Solid circles
repfesent live crees: circles n'ith an 'X" are srumps and circles with an S are snags.
Dashed lines depict logging (skidl roads. Each piot is 2j x 50 m.

sents the amount oI small cover available to animals at each site. Lareer debris that
could not be moved ( Fig. 1) also provided important cover.
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Thorough searches for amphibiaos were conducted ot each site by turning surface
debris and small logs (less than 0.5 m diameter), and by rakiog rfuough leaf litter. A
tearn of two to five people worked each site and examined paired plots consecutively in
order to minimize differences due to wearher conditions. Field work vras done from mid-
January to early February 1975-

Animals were weighed to the nearest 0.1 g on field spring scales. Representative
series were preserved as vouchers, and these specimens are deposired at the Narional
Museum of Natural History, S(/ashingtoo, D.C.

Significance levels were P(0.05, unless mherwise stated.

Compadson ol Vegetation and Cover

In general, old growth areas had more ferns, huckleberry, and salal than logged sites
on which small conifers and alders predominared (Table 2.) The average nunber and
pelcent cover of pereonial plants oo old growth sites was 40.2 (,3I-51) and 60.1 per_
cent (32.5 -75.0 percent), respectively, which was grearer than the average values of
30.0 (22-51) and 31.5 percenr (20.0-12.5 percent) on logged sires. There weie signi-
ficandy more perennials ar two old gtowth sites (Hill Plot, Bald Hills) and the logged
area at the Experimeotal Forest (because of more small cooifers aod alders ) than oo
their Eaired plots, but no difference at hst Man Creek-Valley (f test). percent cover
was significantly €ileater oo the unlogged than logged plo,ts, except at Bald Hills (Test
of Percentages).

Two of the old growtir sites had significantly more sr.rrface debris thao their logged
couoterparts (12 test), but one logged sire ( Vailey plot) had almost the sarne amount of
debris as the old grov'th sire ( Table I ) . The percent of litter smaller than 0.6 m long was
greater on logged sites (i - 66.3 percent; range 61-73 percent) than on oid grou tlr
sites (i - 48.0 pefcenr; nnge 44-12 perceot). The large number of short pieces of
litter oo logged sites is partially produced by breakage of brarrches and trees during
Iogging operarioos.

Differences in Amphibian Populations

Numbers of species and individuals, and the biomass of amphibians differed berween
old growth and logged sites (Table 4). The old growth sites had slightly more spcies
(t : 3.5; range l-6) than did logged areas (i - 3.3; ratrge 2-4). This difference
was not statistically significant, but there were distinct qualitative differences since
cermin species were fouod either in old grorvth or only on logged sites. The Olympic
salamander (Rhlacotriton olynpicus) and tailed ftog (Asoaphtu truei) occurrrlJ oity
in a rivulet thtough the old growth Hill Plot (Lost Man Creek), whereas the pacific
tteeftog (H1la regilLa) x,as found only io a logJged plm. Search of a rivulet in the
logged area yieldetl no Alcaphu nor Rhyacotriton. pacific giant salamatdets (Dicamjt
todon entatut) occurred on half of the old growth sites, but none were found ;n loggid
ateas.

For each paired compariv.rn, there were more individuals aod greater biomass
in olcl growth plots than in logged sites (P< 0.01, f test). Further, the relative abun-
dance of species in old growth and logged sites was noticeably different (Table 4).
There were more individuals of Euatina escbscholtzi in old growrh area (N : J.2;
x - 13, range 4-22) thaa io logged sites (N - 20; x - 5, nnge 3,8), aod more
Baltachotep: dttenaatar in old growrh rN : 1.16; f - 14. range 1g-61) than io

Amphibian Populations in Redq'o<xl Forests 7j1
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logged sites (N : 2i; * : 3.3, range l-9). Aneidet leneu was more abundant in
logged areas (N - 15; i - 8.8, raoge 0-30) than in old growth (N - 12; i : 4,
tange 0-!). This species constituted 68 percem of the herpetofauna at the Bald Hills
logged area.

Sampling of quadrats required intensive search effort and relatively few animals were
found per persoo-hour (Tabte 4). More time was required to sample old growth plots
due to the greater amo'-rnt of leaf litter preseot there than in logged areas.

Discussion

This sudy indicates that there is a distinct change in the slxcies composition of both the
perennial plarts and the amphibians following logging of redrvood forests. Relative
abuodances of animals also differ in old growth and post-logging habitats.

Logging opens the forest canopy and apparently favors ooly a few species of amphi-
bians to the detriment of rhe majority- the forest-dependent species. The salamanders
Ensatitw atd Batrlchorcpt were found principally in old growth redwood stands, in
agreement with results of ao earlier study at a locality about 100 km farther south (Bury
and Martin 1973). Also, Aneid,es t'ereut at rhis southern area was mole prevaleot io
second-growth than in primary forests, the pattern that held io the present srudy.
Because this species frequents crevices aod bark uoder clowned dmber in California
(Stebbins 1951, Bury aod Martin 1973), logging apparently provides its preferred
habitat conditions. Old growth sites examined in the present study had several species
(Ascapbu, RbJtdcotritotl, a.nd Dicamptodon) that were absent on logged ateas. Asca-
phur ^nd Rhydcoh'iton fteqrerlt cold, flowing waters (Bury 1968, Stebbins 1966),
wherc s DicdlTtprod,on ussally occurs in forested environs.

Amphibians were more abundant in old growth forests than in logged areas. Simila y,
in South Carolina, Bemrer. et al. ( 1980) found a higher number of amphibians in oatural
oak-hickory habitat than in nearby managed pine habitats.

I suggest a scenario of events that resulted in rhese changes of amphibians. Clearcut
logging opens the redwood forest canopy. The increased light penetration on the forest
floor leads to increased soil tempratures and, in turn, greater evaporative water loss from
the soil and understory. Opened areas also are subject to gleare! daily fluctuations in
temperarure aod humidity than in primary forests.

Barren soil occurs in parts of logged areas, apparently a result of increased microbial
activity ( related to higher ambient tempratures) combined with erosioo of rhe orgaoic
top soil and humus, which occurs rapidly in a region receiving about 180 cm of precipi-
tation each year. Also, logged areas lack nutrients through leaf fall from large trees. These
conditions reduce leaf litter as a microhabitat for amphibians.

Available cover for amphibians io both old growth and logged redwood forests was
ample (Table 3), particulady sioce rhese counts did not include immovable fallen trees,
buried debris, and stumps ( Fig. 1) . A1so, leaf litter (which was not measured ) provided
refuge for animals in old growth forests.

Although two of the rhree old growth sites contained greater arnounts of cover,
logged plots also had large numbers of covet items. The difference in cover supply
apparently was nor responsible for the differences in terrestrial verrebrares occurriog
in native or harvested redwood forests. Rather. microclimatic. vegetational and other

Amphibian Populations in Redwood Forests 175
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changes that occur after logging apparendy result in unsuitable conditions for maoy
amphibians.

The resident, forest-dependent amphibians are drastically altered in both species
compoition and abundance after logging. Amphibiaos had not recovered on sites
sampled 6-14 years after logging. It is not known how long a logged area requires to
revert naorally to a condition in which the fauna typical of old growth redwood is
regained. Further, it is not knoq/q whar can be done to expedite the recovery of rhese
wildlife communities after timber harvesting.

Amphibiaos are often neglected in studies of ecosysremg but they are important. For
example, Burton and Likens ( 1975 ) demonstrated that salamanders in a forest ecosysrem
may comprise a biomass twice that of birds and equal to mammals Amphibians may
be equally importaor to redwood forests. In old growth stands, I found 420 amphibians
per ha, and I believe that this figure probably underestimatetl the resident populations,
since my sampling was conducted during a time of cool to freezing temprarures and
low rainfall, conditions that are not favorable for surface activity by amphibians.

Receotly, the Redwood National Park acquired logged land adjacent to the park as
buffer zones. These areas had been logged by clearcutting with little or no regard for
the unique wildlife communities associated rvith the old growth redwood. I-arge block
cuts left no shade or islands of naural forest (to provide reservoirs for reinvasion),
and the terraio is scarred and strewn with logging debris.

Because natiooal aod state redwood parks are managed for aesthetic and biotic values,
we face a challenge in rhe rehabilitation of logged redwood forests that have been
acquired as buffer zooes for parks. The present srudy suggests that logging has a loog
term detrimeotal effect on most species of amphibiaos in rhe redwood region, and that
the addition of cover or the piliog of debtis in togged redwood areas would probably
oot plomote rhe recovery of amphibians- Although amphibians are rhe most abundant
vertebrate of redrvood forests, we cannor ma[age their populations because we lack
knowledge of the unique fauna of old growth redwood forests; we also do not under-
stand how logged wasteland can be resrored t<.r suitable habitat for forest-dependent
q/ildlife.
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