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Longer-term Effects of Selective Thinning on Carabid Beetles and
Spiders in the Cascade Mountains of Southern Oregon

Abstract
Wilhin la|c successional fifests of the Cascadc Nlounlains ol southen Oregon. abunda.cc! of carabid beetles (Carabidae) and
spidcr\ ( Araneae) iioln pitlal l traps x ere compared bctwccn sl ands t\imed l6-.11 !'eari prior and ncarby unrhi red srands. Specie!
richncss ol both taxa \\ ere moderate for con ifirous ibrests of lhis reg ion. w ith I 2 carabid bcctl. species and > I 20 spider spccics
collecGd. No difierence\ in total abundancc or species richness $ere found betwccn nand tvpes fbr carabid beetles. although
abundances offouf ofthe six mos! coinmon species difiered signi6candt. l'reprtrry'r,s s.tos,s. the nost abundant specics collccred.
$ as signilicant ly more abun dan! i. un lhinncd s tnnds, while ()/rrr .a:i.,ri. P lunu. an(l Carab s taeddrr.r were more numcrous in
lhinred st.rnds. In contrast, both lotal spidcr abundaDce and species richness rcrc signilicanrl) lighef in thinned stands. tlunting
spidcn widir fie families Lycosidae and Cnaphosidae, and the funnel web-building Diclynidre $ere capiufed mofe oflcn in
thin.cd rlands while sheetweb spiders \rithir Linyphiidac ard H.rhniidae were moreabundanlin unlbilllled stards. Theforest floor
$'iihin unthinncd nands $as \tructumll) more diverse than jn thinned nands. but fiis did nol lead !o grcaler overall abundrnce
or dilcrsitr of.ither clrabid beetles or sDiders.

Introduction

Timbcr hilrvest over the past l50 years has greatly
modified the structure of forcstlands in the Pacific
Northwest. Early- to mid-successional stands havc
replaced mature and old growth forests over much
of the landscapc. While these younger stands
provide high wood volume, they generally lack
structural characteristics of maturc forests, such
as a multistoried canopy, large-diameter standing
snags and downed logs, and a divcrse assernblage
ofunderstory plant species end habitats (Fmnklin
and Spies 199 | ). Concem for the survival of spe-
cies dependent upon late-successional lbrests has
resulted in the development and implementation
of managcment plans emphasizing ecosystem
integrity ove[ nuch of western Washington. Or
cgon and central and nothem Calitbmia (Franklin
1993. McComb et al. 1993. Tuchmann et al. 1996).
Managemcnt goals now emphasize protection and
improvement of stmctural components citical to
ecosystcm tunction, while mininizing disturbance
(USDA and USDI 1994). Within some stands,
selective thinning is used to improve structural
conditions and minimize the risk of wildflre.
This is particularly important in stands where
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Iow intensity wildlirc, Jargely excluded through
l i re :uppre . r ien .  [x5  p layed r  ro lc  in  mu in t r in ing
stand stucturc. While e1lbfts toconserye vertebrate
species such as the nofihem spotted owl (St,,r oc
cide telis courina)have been high profile, much
concem r l .o  e \ i \ t \  lb r  the  long. tc rm lc r \ i \ len(e
of many other plant, fungi, and animal species.
including artbropods (Moldcnke and Lattin 1990,
USDA and USDI 1994).

Understanding the effect of thinning on the
lbrest floor arthropod community is of particular
concem because of its role in nutrient cycling.
Forcst lloor arthropods arc dive$e in both type and
function, and include microbivores. fungivores.
detritivores. herbivores. and predators. In temts
ofnumbers and species diversity. this community
is dominated by microafihropods, such as mites
and Collernbola. that primarily cernprise the
decomposing guild (Wallwork 1983, Seastedt
198.1). Functionally, arthropod prcdators may
be of primarf imponance as they can regulate
populations of inve ebmtc consumers. Arnong
afihropod predato$. spiders and carabid beetles
are particularly inportant because of their high
abundanceand ubiquitous distributions (Moulder
and Reichle 1972, Turnbull 1973. Thiele 1977).
Experimental manipulations of spider abundance
hr r  e  r f lec ted  popu la t ion .  o f  fung i ro rous  mic lo
a hropods. which in tum may inllucnca rates of
Iitter decomposition (Kajak 1997. Lawrencc and
Wise 2000). Spiders are also important prcdato$
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of lepidopteran defoliators (Renault and Miller
1972. Mason and Paul 1988). Similarly, carabid
beetles may be capable of influencing aphid
(Chivefion 1986) and caterpillar (Reeves ct al.
1983)  popu la t ions .

Numcrous studies have investigated the eflects
of timber han'esting on spiders and carabidbeetles.
Most have addressed conventional clear cutting
(Mclver et al. 1992, Niemelii et al. l993.Helidli i
et al. 2001). or modifications of this practice,
such as patch retention, and prescribcd burning
following cutting (Huhta 1971, Michaels and
McQuillan 1995, Beaudry et al. 1997). Results
tiom these studies vary, but they generally con-
clude that many species are aftected by harvest
tleatments: some species increased in abundance
while others decreased. These studies also show
that arthropod communities change as lorest
succession progresscs after cutting. Jn contrast,
little work has considered how forest thinning
influences litter afthropods. Because the impact of
thinning on forest structurc is likely less extreme
than clear-cutting. it is possible that arthropods
are influcnccd to a lesser degree as well. In a
landscape scale study in Douglas-flr forests of
westem Oregon, Madson ( 1998) lound no statisti-
cal ditTerences in fbrest floor arthropods among
old growth, pole-sized (80 yr old) and thinned
(thinned 9-23 yrs prior) stands, although, within
sitc triads. a trend toward treatment differences
was often seen. Further research is needcd to
better understand the short- and long-term influ-
ences of selective thinning on carabid beetle and
spidcr faunas.

The objcctivc of this study was to determine
the longer telm effects of selective thinning of
late-successional fbrests on caLrabid beetles and
spiders in the Cascade Mountains of southern
Oregon. To do this, we characterized habitat
differences and compared abundances of these
afthropods within stands thinned 16-,11 years
p or to adjacent unthinned stands.

Methods

Study S te

The study area was located within the Medford
Rcsource Area. Bureau ofLand Management. of
the Cascade Mountains ofsouthem Oregon. Sites
were located within a l0 km radius of 12' 01',
122' 26'. Elevation ranged tiom 1092-1556 m.
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Dominant overstory trees varied slightly among
sites, but \\, ere primaily whrte fir ( Abie s concolo r
Lindl. ex Hildebr.) or Douglas-lir (Pserdorsaga
menziesii (Mirb.) Franco). but also included sugar
pine (Pintrs lambertizrnn Dougl.), ponderosa pine
(Pinus ponderosaDougl. ex. Laws.). and incense
ced{ (Libocedrus decurrens Ton). Climate is
affected by continental conditions of the Great
Basin to thi: east and thg wetter oceanic influences
to the west, leading to cold, moist winters and
hot . , . l r1  'ummers .  Mern  annua l  p rec ip i ta t ion  i :
86.9 cm (recorded at Howard Prairie Reservoir,
ca. < 8 km from closest site; 1392 m elevation:),
with 69.67c falling November-March, largely in
the lbrm of snow Mean monthly tempcratures
range from 2.0"C (January) to 16.4'C (July).
The flora and fauna are diverse, with many taxa
endemic to the region: this community is heavily
influenced by climate. topogmphy, geology and
biogeographic history.

Eight pairs of stands u'ithin late-successional
stages (forest seral stages that includc mature and
old-growth age classcs (USDA et al. J993)) r 'ere
chosen fbr study. Each pair consisted ofa thinned
stand and an adjacent, or nearby. unthinned stand.
Thinned sites were generally selectively harvcsted
1br the purpose ofove$tory reduction, mortality
salvage or commercial thinning. Thinning first
occurred between 16 and 4l years prior to this
\tud). Tu o sites had been thin ned on ru o o! ( r. ions.
While some large diameter trees were harvested
liotn most stands, all sites still contained large
trees. as well as numerous snags and much downed
coarse wood material. For ecosystem management
purposes, thinned sites were sti l l  classified as
late-successional forest (USDI 2000). Paired sites
were contiguous (separated by a road) in all cases
but two: both ofthese sites werc separated by less
than 1.5 km. Paired sites were similar in terms of
stand age, elevation, aspect and slope.

Arthropod Samp ing

Arthropods werc collected using pitfall traps.
Each trap consisted of a l liter plasiic bucket ( I ,1
cm diameter opening) fitted with a metal funnel
and a 0.24 liter canning jar, partially filled with
ethylcne glycol (507e solution), placed beneath
the lunnel to catch and preser-r''e afihropods lall-
ing into the traps. Tmp buckets were buried in
the ground with their tops placed flush with the
levei of the fbrest floor and covered with a 25
cm x 25 cm plastic rain cover, suspended with



nails, 5 cm above the trap. Within each of the
16 stands. 10 trlps were placed along transects
lt 30 m intervals. Transects generally ran along
terrain contours and were placed no closer than
30 m lrom a site boundary. Traps were placed no
closer than 0.5 m to a standing or downed tree
>10 cm in diameter.

Pitfall traps were opcn during six 2-week in-
tervals over the course of the study: 7-21 June;
21 June-6 July; l9July 2 August: 2 lTAugust;
3OAugust l3 September. and: 13 27 September
Occasionally traps were lost due to disturbance
by wildlife or livestock. Samples from disturbed
traps were discarded and traps were reset fbr
collection during the following trap period. The
analysis focused on adultbeetles within the tamily
Carabidae (ground beetles) and adult spiders (alJ
tamilies). Specimens $,ithi n each of these groups
were identified to the species or morpho-species
level. Voucher material was deposited in the USDA
Forest Seryice. Westem Forest [nsect Collection
(Oregon State University. Coryallis, OR).

l\ leasurements of Fnvironmenta Variab es

Habitat fcaturcs measured included canopy cover,
basal arca, vegetative ground cover, downed wood
debris, and litter and duft depth. During August
2000. measurements of each of these variables
were made on 3.59 rn rirdius plots (ca. l/4000 ha)
centered at each of the 160 pitfall trap locations
used in the study. Canopy cover (%) was based on
the average convex spherical densiometer measure-
ment taken at the fbur cardinal dircctions around
the plot centcr (Strickler 1959). Basal area was
determined using a l0-firctor prism. Ground cover
included shrubs and herbs. The amount ofground
covered by each ofthese two groups was estimated
to fall within one of the folloning categories:
jc/a, <l1c', | 5%,,5 256h,25-50io, 50-157o and
75 1007.. A line ffansect was established along
a random direction across the diameter of each
plot to rneasure downed wood. Four size classes of
downed wood were established (<0.6 cm, 0.6 2.5
cn, 2.5-7.6 cm and >7.6 cm diamctcr) and counts
of individual pieces that intersected the transect
were made using an incremental size gauge. Litter
and duff depth were each measured at two points
along each line transect, 1.8 m from the center in
each direction. Litter is deilned as freshly fallen
needles and leaves, generally intact and loosely
scattered on the forest floor. Duff is delined as
the packed. dark colorcd t'ermentation and humus

Jayer fbund beneath the litter layer. and extends
downward to the level of mineral soil. Nccdles
and twigs within duff are ofien fi i igmented and
bound by fungal mycelia.

Data Analys s

Prior to analysis, it was necessary to standardizc
at1hropod capture rates within stands because of
occasional trap loss associated with animal dis-
turbance. Standardized trap catches for each stand
on each date were calculated by multiplying the
average numbcr ofanhropods per undisturbed tap
by the total number of traps initially established
within each site (10 traps/site). Standardized
totals for each sitc on each of the six odlection
dates were then combined for statistical analyscs.
A11 species of carabid beetles and all families of
spiders comprising more than 3clo of the total
number of individuals collected were analyzed
statistically. Spiders were analyzed at the family
level becausc I ) a single species otten dominated
a family numerically, 2) species within a family
generally belong to the same feeding guild, and 3)
we were most interested in detemining whcther
broad functional diffbrences existed between
treatments. Species richness of carabid beetles
and spiders was also compared.

Statistical comparisons between thinned and
unthinned stands were made for arthropod abun-
dances and habitat variables usilg Wilcoxon's
Signed Ranks Test forpaired comparisons (Sokal
and Rohlf 1981). Parametric analyses were not
performed because transfonnations generally
i r i l cd  to  l ie ld  re : . idua l  d i . t r ibu t ion .  con . i . tenr
with underlying assumptions of thc tcsts (Sabin
and Staffbrd 1990). Starisrical significance was
set at P = 0.05 betbre the research began.

Results

Carabid beet le abundance

A total of 4.914 carabid beetles from 12 species
wcrc collected in thinned and unthinned stands
over the cou$e of the study (Tablc 1). Numeri-
cally. three species donrinated the samples. com
prising 82.17o ofthe total: Pterostit lus setosus
(.34.57a); Scaphinotus r rugiceps (.29.4o/.). afld. P
herculeneus (18.24/r'). Omus cozieri. P. larna, and
Cqrabus taedqtus were also relatively common
(6 .5 .  4 .5  rnd  4 .5  I  .  re .pec t i r  c l )  r .  There  ' i r  .pe-
cies were abundant enough to analyze statistically.
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TABLE 1. Total abrLndance ol carabid beetle\ collcctcd in pitlrtll traps $,ithin thinncd and unlhinned late succcssidul stands in
the (la\cadc Nlounlain Range of southern Orcgon.

Thinned Unthinncd Toral
Species Number Slands' Number SrandJ Nunrber Blocks,

A tt 1 .atilate Leconre

Clirlr..1 r.k.l.trr Fabricius

Hdrpulu! opdcQe nis H^ldc ai

r\rrioltllfu r ri ILarir!r Eschscholu

dnrlr ca.lsri \'an dcn Bcrghe

Ptenstith^ het ulu'k r Nl.rDnerheim

Ptar?stich s inutlit Ham

P/./rr/i.lr\ Lrrrd (Nlcncujes)

I'!.nnidlu\ ru lundrirls (l|]igei)

/'k,r()!tir'lrllr_ r.1.)r_r/r Hrtch

S(uphinotus rudrcD rLtgkq,r (Honr)

Zaotu\ Dkr tthr)t s ii Lecoite

ToIal

3

1il4

2

1

281

l7l

5

) 6 7

I

122

110

5,t

t :69

35

0

1

.10

5r0

) l

55

L)

r211

615

21

26,15

1 1 9

2

9

l 2 l

891

26

)22.

I

169'1

1,1,15

78

1911

)
IJ

I

5

6

E

IJ

I

5

8

l

0

1

2

5

8

)
IJ

0

-l

IJ

l

' \unber of \tands \lithin trcatmenr in which one or morc indi!iduals were collected.
b Numbcr ol blocks (a pair of ihinned and undinned stands) in \\'hich onc or more individuals werc collccred in both thinncd
rnd unthinned s lands.

Combined, the remaining six species comprised
2.4% of the total. The total number of carabid
beetles collected in thinned and unthinned stands
ur r  2 .26q anJ  2 .645.  rc 'pe . r i r t  l1 .5 .  r  n rg i t t l t . t .
P. herctrlaneus arul P. /ana. were found in a]l 16
stands while P .r.'Io.v/s was tbund in 12 stands.
A11 12 species were collected in thinned stands
and l0 species wcrc fbund in unthinned stands.
Two uncomnron speci.es. Haryalus optk [pennis
rntl P. nrelurutritrs, each represented by a single
individual, were collected in thinned stands.

Significant dit lerences in abundance between
thinned and unthinned stands were found for four
of the six species analyzed (Table 2). O. cdzieri,
P lana arul C. taedutus were more abundant in
thinncd stands. u'hile P 1"tu.r/t.r was collectedmore
often in unthinned stands. No treatment dil'fcr-
ence was tbund tbr S. r mgiteps, P. herculqneus
and total Carabidae. Sirnilarly, no differcnce in
species richness was found between thinned and
unthinned stands.

Sp lders

In total, 3695 adult spidcrs were collected from
22 families and nrore than l20 species (Table 3).
Within each family, one, or sonetimes a few. spc-
cics were numerically dominant. The eight most
conmon lamilies (relative abundance lbllowed by
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TABLE 2. Mean (aSE) abundancc perslandtvpe andrcsult\
01 slatistic.rl comparison ol carabid beetles jn
pillall trups \iithin thinncd and unthinned late
succcssiLrnal  stands in the Cascade Ntountain
Range of southern Oregon.

Thinncd
NIean
(a SE)

Unthinned
Niean
( 1 s E )

Pte n s I i.h u \ he rulant!u!

Pterustid s s?tosus

Scdphi|otus r rugi.ets

Total carabid beetles

Spccics chness

21.0 (1 .6)'

36 .3  (12 .31

.18.8 (19.0).

22.9 (8.-r)"

51.9 (29.7).

99.1 (48.9),

29:1.3 (77.51

7.3 (0.6f

5 .0  (2 .11

5 .1  c .5 ) f

69.7 (16.8),

7 .3  ( r . l ) b

18.1.2 (5,1.81h

9,1.9 ( l  l i . l ) '

372.5 (65.0f

6.9 0.,rf

NIeaDs fbllowed by lhc sane letter \\,ere not sjgniiicanrly
dilitrent (Wilcoxon s Signcd Rank\ Test for pajrcd groups,
P < 0.05).

the dominant species) were: Lycosidae (37.2%;
Pa rdo s a clorsa I is), Gnaphosid,ae ( I 4.41h; Ze Lot e s
lizrris). Linyphiidae ( | 2.3 o/. : numerous moderately
common species), Hahniidac (7.5%; Cry^phoeca
r.ri irrr '.r, ). I homisiLlae tb.g' ; : Xrr/l, rs pfclir lr ir.\
and X. monttmensis), Cybaeidae (5.51c: Cybaeus
new sp. #2), Antrcdlaetidae (1.2Vc; Antotliaetus



TABLE 3. Total rbundauce md ieeding Suild placemcnl of fic 25 mos! abundanr spidcrs collecled iD pirlallraps rvithin thinned
and unthiNred la(e succcssional srands in thc Cascadc llountain Range of southern Oregon.

Spider ialnily ,rrd spccics
Feeding
sui ld '

Thinned Unthinned Tot.rL
\umber Standsh Nunber Stxndsb Number Blocks'

Agelenidae

Notolenu i tennediu (Ch. & Getr.)

Amaurobidae

Collobi s pqnciLeech

Antrodiaotidar

ArrrdnTerlr /)l'l.ir.r1.r (Silnon)

AOpoir/.,r 8.//rcri Cl0yle

Clbacidxe

C frd.&r nex sp. #l

a\Dderr- ncw sp. #2

Dictynidae

BkLtu,n'ru ne,e :p #2

Gnaphosidae

A.rp[)rrr ! rrJ erni! Chainberlin

,yir.rJ.i.r pxlir.rr"irl (Sundcvall)

Z./o/.,r l)?/r.r.' Chamberlin

k lotes. jotet l t i t )e Pl .  & Sh.

Zc1.rr.,r trrildr?lr Chanberlin

Hahniidae

C r\1, h o e c a fjtl u I c d ( Ront

LinJphiidae

Ceratn* llu alu:kue Ch. &I',ie

C ( rutino p \ illat u \ ( Emerron)

h (stu41hantet Dteredes (CI\. & Ll

Lut lphunres puulLaC.h.  & l t le

.\'ef iene /ili.qdrr (Ker-seding)

hacklcd band

noclrr rnalrunning

noclumal lunnrng

n0ctuflal aunnlng

diumd pursui!

diumd pursuir

diurnrlambush

diurnalxmbush

26

l 8

59

.r9
9 l

IU

l l

9 l

i 1

76

92

1 l

383

5 l

36

r 3 7

19

20

68

5 8

190

t 2

t 1

t 2

l 9

38

l l

922

16

87.1

9.t
.t3

261

,19

:ll

33

55
t { )

l l l

. l l

1l)

,13

30

150

1 9

20

87

I

t )

209

209

1 5

1 5

3 1

1 5

1 1

1 0

58

t 1

454

,l:19

108

)1

8 1

1 8 5

l5,t I

75

106

8 l

156

1 3 5

2 1

202

55

t.l6

135

i 0 1

70

56

221

8 l

20

277

26',7

t3

21

)1

l0

29

96

l 8

t376

60

l 3 l 3

1 1 8

12,t

3695

1

6

8

6

5

l

6

1

6

6

1

1

5

5

6

8

I
( ,

f

5

8

I

t)

Pi4rL phant s hrur :h,"stau.r  Ch. & L

Te tl|t it) h d t ) t e s .e kt u (Zot sch)

\Yal.ke nae rid h ildd Milli(lge

Ljcosidae

A14..oJd t?.1,t (Ke)serling)

I'd ftlo sa do t sd I i s B.\nks

Thomisidae

Xrr_.i. r.i ni)r/rrkrrri! Keyserling

Xlrticrir //eri.) nrr Ccrt!ch

Species not listed

Total spiders collected

5

6

5

6

+
5

1

J

1

ti

6

8

3

5

5

5

I

5
,7

'Feeding guild phcel1lcnt bascd on Pon and Ricchert ( 1977). Mclver et al. (1991) and Uetz et .rl. (1999).
" Numher of strnds lvithin treahent in which one or more indi!iduals wcrc collcclcd.
' Number oi blocks (a pair of lhinncd and unthinned stand\) in lvhich one or mofe individuals \\ere collected in both thiNed and

unthinncd stands.
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pac iJic us) andDrctyntdae (3 .64/r' , B labomma new
sp. #2 r. Linyphiidae wa' by far the most specicr-
rich tamily with over,15 species, tbllowed by
Gnaphosidae (l7 species) and Salticidae (8 spe-
cies). Howcver, many ofthe Linyphiids were rare,
with fewer than l0 individuals collected for 36
species. Many comnron species were widespread
among stands, as 17 ofthe 25 most abundant spe-
cies were collected in l2ornoreoftlte 16 stands
r  l a b l e  3 r .  O n l l  6 o f t h e ) 5 . o m m o n \ l c c i e \ u e r e
found in less than 10 stands.

Significant differenccs in abundance between
thinned and unthinned stands were found for
four of the eight spider tamiJies analyzed (Table
4). Linyphiidae and Hahniidae were more com-
mon in unthinned stands while Gnaphosidae
and Dictynidae were morc numerous in thinned
stands. The abundance ofLycosidae did not differ
significantly between stand types, but more were
collected in thinned stands than in unthinned
stands on seven of the eight comparisons. Total
spider abundance was also signiflcantly greater
in thinned stands. No differences were found fbr
Thomisidae, Cybaeidae andAntrodiaetidae. Spe-
cics richness was significantly higher in thinned
stands than in unthinned stands, with on average,
39.5 and 30.8 species collected in each stand type.
respectlvely.

TABLE.1. N{ean (tSE) abundance per siand t} pe andresults
of statistical comparison of spider families col-
lecEd in pidall traps $ilhin thinned and unthinned
lalc successionalshndsintheCascadeMountain
Rangc of soulhcm Orcgon,

Thnmed
Mean

Habitat Attributes

Thinned stands differed stmcturally from unthinned
stands tbr five of ten variables measured (Table 5).
Canopy cover. basal area, counts of wood debris
< 0.6 cm diameter and wood debris 0.6 - 2.5 cm
diameter, and duff depth were all significantly
greater in unthinned sites than in thinned sites.
No statistical differences were found for shrub
and herb cover, wood debris 2.5 - 7.6 cm and >
7.6 cm diameter, and litter depth.

TABLE 5. Sunrnury ofhabitat variables measured in thinned
and unthinned late-successional  stands in the
Cascade Nlouniain Range of southem Oregon.

Habi|ar variable

Thinned Unlhinned
Nlean Mean
(r sE) (r sE)

Canopy Coler (%)

Basal Afea ('nr/ha)

Shrub cover (+)

Hcrb covcl (7.)

Wood < 0.6 cm diam (pieces)

Wood 0.6 2.5 cn dian (pieces)

Wood 2.5 7.6 cn di,rm (pieces)

Wood > 7.6 cm diam (pieces)

Du[ deplh (cm)

Litter depth (cm)

57.2 (8.r )"
.1.6 (0.2)"

2.0 (0.1)"

3 .0  (0 .1 l

132.5 (9.3)"

31.s (2..11

,r..1(0.sI
1.0 (0.2)

2.1 (0.21

1 . r  ( 0 . 1 f

81.4 (,1.6t

7.,r (0.3)

1.8 (1.21

2.6 (0.2)'

r99.5 (9.9r
.r,r.3 (2.8)b
.r.0 (0.1).

1.3 (0.2)"

3.0 (0.2)'

1 .,t (0.1)"

Famih

Unthinned
Mean
( 1 S E )

Means followed by thc same leuer were nor signilicantly
difTerent (Wilcoxon's Signed-Ranks Tcst tbr paired groups,

P < 0.05).

Discussion

Based on activity pattems detected by pitfall traps,
carabid beetle and spider populations within late-
success ionr l  fo res t .  th inned l6 -41  le r rs  p r io r
differed considerably from those in unthinned
stands, although abundances of many taxa were
similar. Overall, the total number and species rich
ness ofcarabid beetles did not differ significantly
between thinned and unthinned stands, but total
spider abundance and richness was signilicantly
grcater in thinned stands compared to unthinned
stands. Thinning did not affect all carabid beetles
and spiders in the same way, as some taxa within
each group were morc abundant in thinned stands
while others were more abundant in unthinned
stands. Although little information exists regard-
ing short- or longer term effects of selective
thinning on forest litter arthropod communities,

Cybae ae

Dictvnidae

Gnaphosidae

Hrhni idae

Linvphiidae

Lvcosidac

Tho isidac

Total spidcrs

Species richness

r2.3 (2.1)"

11 .1  ( , 1 .6 ) ,

1 1 . 8  0 . 7 I

50.7 (6.:1I

9.1(.1.0)"

l 5 . r  ( 1 . r ) "

l 2  r . 0  (20 .5 ) "

l  E.8 (2.7) '

282.9 (27.5I

39.5 (2.3t

8 .7  (1 .3 ) '

rs.3 (.|.0)"
s . 9  ( 1 . 6 ) b

19.6 (4.5)b

l l .8 (7.9)b

36.2 (s.,{) '

60 .1  (11 .6 ) '

1,1.3 ( 1.61

206.,1(20.0)"

3rJ.8 (1.5)"

Means fbllowed b) the same letter were not significantly
diilercnt (Wilcoror's Signed'Ranis Test fbr paired groups,
P < 0.05).
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these rcsults genenlly concur \\, ith othcr studies
that have shown that timber harvcsting leads to
changes in the abundance and diversity ofcarabid
beetles and spide$ (Jennings et a]. 19ii6, Mclver
et aI.l992. Niemelai et a]. 1993. Michaels and
McQuillan 1995, Beaudry et al. l997, Heli i j l i
et al. 2001).

Carab id  Beet les

In general, the composition of the carabid beetle
community within both thinned and unthinned
stands appears typical of conifcr forests of tlte
southeln Cascade Mountain Range. Both stald
types contained reJatively largc numbers of S. r:
rugiceps, P herculdneLrs, P ldnrd, andZ. matthet-
sil, all species commonly found in forest habitats
in this region (Parsons et al. l99l , Brenner 2000.).
Two species relatively abundant in this study, O.
ut .iei a\d P seto.tus, are previously kno*n fiom
onl,v a tew locations in mountains ofsouthwestem
Oregon (Hltch 1951, van den Berghe J994, J.
R. LaBonte, personal communication). Each of
these two spccies was also relatively abundant in
a mixed conifer forest 25 km wcst of the current
study area (Niwa and Pcck 2002). suggesting that
q'ithin this poorly studied regjon, each may be
abundant within a small geogrnphic range.

Thinncd stands werc sulficiently differcnt from
unthinncd stands to result in signifi cant diffelences
in Lhe abundance offbur ofthe six most comrnon
species. Three species, O. tttzieri, P lama and
C. taedatris. were signilicantly more abundant in
thinned stands than in unthinned slands. Known
habitats of the tiger beetle, O. tar:ir:ri, include
nixed coniler stands (Niwa and Peck 2002) and
pine forest with an open understory (van den
Berghe 199,1). Nir'",a and Peck (2002) fbund O.
cazieri te be cqually abundant within unbumed
stands and those having expericnced prescribed
underburning. P lame is found in a wtde range
of forest habitats throughout much of western
North America. While it occurs in more open
habitats, including forest clearcuts and edges,
and in mesic-to-xeric open and closed canopy
conit'erous forests (Lindroth | 961 -1 969, Kava
naugh 1992, J. R. LaBonte pc$onal communi-
cation). it was also tbund to be the second most
abundant carabid beetle collected in non-riparian
old-growth forest in Cascade Mountains ofcenffal
Orcgon (Brenner 2000). C tcedaras is widespread
throughout western North America, fromAlaska

and theYukon south to New Mexico. and east to
Quebec (Bousquet and Larochelle 1993). As with
most species of C4r4brs, it is also lbund in open
habitats with low or sparse vegetation (Lindrcth
1961-1969.  Parsons  e t  a l .  l99 l ) .

Ptenstichus setosus. the most abundant specles
collected, was thc only canbid beetle found to be
significantly more abundant in untlinned stands.
Habitat requirements for this species are poorly
known, but collection sites prior to this study
include a dense, closed canopy mature western
recl cedar (.Thuja plic.ita) and iir (Alrle.r sp.) fbr-
est (J. R. LaBonte personal communication) and
previously bumed nid-successional mixed conifer
stands (Niwa and Peck 2002).

The similarity in species richncss between
thinned and unthinned stands suggests that thin-
ning has affected carabid beetle composition
much le . .  than c le r rcu t t ing .  F ,o r  comprr i ron .
in 80-100 year old spruce-dominated forests in
Finland, Helioli i  et al. (2001) found 3l species of
carabid beetle in clearcut stands and 16 species
in adiacent uncut forcst. Similarly. Niemela et al.
(1993) found an average of 26 species in stands
regenerating atier clear-cutting (< 9 years) and
an average of 15 species in fbur different types
of mature stands. ln these studies, higher species
richness in clearcuts was largely due to an influx
of open-habitat species, such as those within the
widespread and species rich genera Arirara and
HtupaLus. which generally t'avor more open and
dry conditions (Lindroth l96l-1969). In our study,
Amara and Harpalus were only rarely collected (,1
and 2 individuals, respectively), suggesting that
existing structural differcnces between thinned and
unthinned stands werc not great elough to support
the.e species. It i5 po{\ihle lhrl forerl succession
\ \  i rh in  lh inned \ r : rnds  hrd  adranced to  a  s tuge in
which it is no longer tavorable for these open
habitat spccies to exist in large numbers.

Spiders

The spider fluna was generally representative of
tbrest habitats. being dominated by the Lycosi-
dae, Gnaphosidae, Linyphiidae, Hahniidae, and
Thomisidae (Bultman and Uetz 1982, Mclver ct
al. 1992, Muzika and Twery 1997). Overall, two
families of running spiders, Lycosidae and Gna
phosidae, were slightly more numerous than all
other spiders combined. Pafi of their numerical
dominalce in our pidull traps. howevcr. may be due
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to their active style of hunting. Because running
spidels generally pulsue theirprey thloughout thc
forest floor, they are nrore likely to be collectcd
in pitt'all traps than are more sedentary spidcrs,
such as web-building and trap door spiders. More
sedentary spiders are often trapped while search-
ing lbr nates or during dispersal.

Thinned stands supportcd rnore lycosid and
gnaphosid hunting spiders and the funnel web
building Dictvnidae than unthinned staDds. i l lus-
trating the prcterence that these spiders have fbr
nore opcn tbrests. Mclver et al. ( 1992), comparing
Lhc succession of l i tter spiders following cleal
cuttil9, also found Lycosidae and Gnaphosidac
to be most abundant in open stands, bcing com-
nron in young clearcuts (hcrb- and shrub domi
nated) while being rarc in older. tree-dominated
stands. Our lesults were less exfeme, howevcr.
l .  bo th  h tn i l i c .  \ \LR r l . ! ,  re l l l t i \e l )  cornmon in
unthinned stands. Both P. dorsulis and Z. Jratis,
thc dominant species within thc fanril ies. have
a wide range of cnvironmental tolerances and
are not l imited to fbrested habitats (Dondale and
Redner 1990, Platnick and Dondale 1992. Glesne
1998). In contrast. Mclvcr et rl. ( 1992) found the
Dictynidae to be considerably more nutrterous
in closed canopy stands than in young clearcuts,
allhough they were about one-half as abundant
in old-growth stands than in 22-31 year-old tree-
doninated stands. Responses of different spccies
of B labonma \\1lhin each of the studics may have
contributed to this difference.

Conditions within unthinned stands led to
greater abundancc of sheet-web building spidcrs
within the Linyphiidae and Hahniidae. rlthough
many members of thesc two fanil ies were also
[e]atively common in thinled stands. Many spe-
cics within these two families are small spiders
that build webs within forest floor litter or low
gro\\"lng vegetation. The gre ter amount of litter
in unthinned stands may have plovided more
favorable habitat fbr these spiders. Mclver et al.
(1992) also found linyphiid spiders to be more
abundant in closcd canopy sites than ln ntore
opcn sites. but a single species of Hahniidae was
generally similar in abundancc across tbrcst suc
cessronal stages.

Higher spider species richness in thinned
stands indicates the existence of morc favorable
conditions fbr a greater number of species than
in unthinned stands. This pattem was widespread
among familics and hunting styles. Of the 22
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tamilies collected, l2 wcre more species-rich in
thinned stands whilc only 3 were more diverse in
unthinned stands. The species rich Linyphiidae
contributed littlc to this pattem, with 34 species
collected in thinned stands and 31 trapped in un
thinned stands. Most likely, a variety of spiders
commonly found in more open habitats moved
into the thinned stands. Unfofiunately. lirtle is
known about habitat prefercnces fbr nany of thc
species collected.

Inf uence ot Habitat Structure
Thc structure and complcxity of the forest floor
undoubtedly infl uences the composition of spider
and carabid beetle communitics. Litter. wood de-
hr i .  i rnd  \ege l r ion  r rc  l l l  l i l e ly  lo  be  in rpor r rn t
because they provide a 3-dinensional substrate
in which a variety of rnicrohabitats cxist. This
vertical a[ay ofmicrohabitats has been suggested
to influcnce the relative abundance and diversity
of both spiders (Uetz 1975. 1979, Bultman and
Uetz 1982) and carabid beetles (Hclioli et al.
2001). Erch contributes to llnc scale complexily.
and may provide placcs fiom u'hich to hide fiom
predators, stalk prcy. or fbr spiders. attach webs
(Edgar 1969, Schaef'er 1978. Polis and McCor-
mick 1986. Uctz 1991 , Wagner and Wise 1996).
In gencral, however. ourrcsults do not support the
prediction that greater habitat complexiry leads
to greater abundance and diversity of carabid
beetlcs and spiden.Although more duff and small
pieces of woodv material (< 2.5 cm diam.) wcre
tbund in unthinned stands compared to thinned
stands, only a few taxa were more abundant jn
unthinned stands.

Microclimatic conditions on the fbrest floor.
such as soil and l itter moisture. humidity, and
tempcrature, may also influence spider and carabid
beetle abundancc. Canopy closurc is likely the most
important variable influencing microclimate. as
it strongly influences the amount of solar radia-
tion and precipitation reaching the fbrest floor,
as well as affecting wind speed and desiccation
rates. Canopy closure was considered to bc ln
important factor influencing spider community
development over forcst successional stagcs fd-
lowing clear-cutting (Mclver et al. 1992). Forest
lloordepth may also be imponant, particularly lor
carabid beetle eggs and lan'ae, which generally
reside within the soil, dufl and litter, as it insulates
fiom cxtrenres in temperature (Thiele I977 ).Uelz
f lgTq)  sugge\ lcd  lhu l  tempera lu rc  \ i r r iu l iun  on



the forest floor \\"as a prirnary factor influencing
spider species richness during late summer when
tempelatule Slress waS glcatest. AlthOugh canopy
cover was sigriflcantly lower in thinned stands
than in unthinned stands. our results suggest that
microclim;itic conditions were not exteme enough
to dccrease the abundance and diversity ofcarabid
bcctlcs and spiders.

Assoc  a t io ' t s  w I5  La le -s -ccass io ra  Fo.es t>

Some species ofboth carabid beetles and spiders
have been found to be closely associated with
late-successional forests. Niemeld et al. (1993)
considered l0 of53 carabid species within Jodgc-
polepine white spmce stands ofcentral Albcrta
to be mature tbrest specialists. Similarly, Mclveret
al. ( I 990) considered two species of Linyphiidae.
one Antrodiaetidae, and onc Thericliidae to be
characteristic of old-growth and mature second
gro$th fbrests. The currentemphasis on ecosystem
management of late-successional tbrests in the
Pacific North$'est underscores the importlrnce of
deterrrining thc cxtent b $,hich these afihropods
are associated with mature forests. For carabid
beetles. tuo species collected in our study. Z
nnttlrcv'sii an.l N..Uhallc!.r, have been cited as
being closely associatcd with late-successional
forests in western Washington and Oregon, and
central and norlhem Califomia (USDA and USDI
lqq l ) .Tnour ' . lud) .L  m, lu l t t \ ' \ i t  \ \ , r .  no l  r i l r c  in
ejther lbrest type, r'ith 5,1 of 78 individuals col-
fected in thinned stands. Nollopftl lrs sllvaticus,
a species specialized to prey on small arthropods
such as Collembola and mites (Hengeveld 1980).
u'as rarely collected, with only nine individu-
als trapped, seven of which were from thinned
stands. Although our study area represents only
a small poftion of the range of these species. it
indicates lhat older thinncd stands are able to
support these carabid beetles as well as adjacent
unthinned stands.

A general lack ofunderstanding ofhabitat re-
quirenents for most forest spidels makes it difficult
to determine how closely each taxon is associated
with late-successionrl fbrests. We collected tive
species that havc bccn closcly associated u'ith
Iate-successional forcst habitat (USDA and USDI
199,1). Although none ofthese species were com-
mon in rrur \ i lc:. turr .per' ie.. Ca1lo/rltr '  rr|t e4r.
(Amaurobidae) amJ Tac ht g y na r a11( o Lt.') e rctnLl
(Linyphiidae), $'ere considerrbly more abundant

in unthinned stands than in thinned stands (12
and 2, and 11 and 2 individuals. respectively).
L i tt,- p ha nt e s p ua I I a (Linyphiidae) abundance was
similar bet\\"een stands (12 in thinncd and 15 in
unthiDned sitcs.). N"o,r reticulqtes (Salticidae: 3
and 3 in thinned and unthinned. rcspectively) and
Tlrcridion sexptrxctcLrlnr (Thelidiidae: 0 and 3 in
th inncd rnd  unrh inned.  respe. t i re l l  ruere  ra re  in
both stand types. Considering only thc 25 species
represented by 20 or more individuals. none $,ere
restricted to unthi nned sttes. C ryp lnec a e.xlineae
(Hahniidae) was most strongly associated with
unthinncd sites (3.6 times more in unthinned
sites), but 61 individuals were collected in thinned
sites. Similarly, Clbaeris new sp. I (Cybaeidae)
was 2.9 times more abundant in unthinned sites
(.11 and 1,1 individuals) Iollowcd by Nor,o/ern
intermedia ( Age)enidae ) (2.7 times more abundant
in unthinned sites:48 and l8 individuals).

In conclusion. late successional stands thinned
l6-J l  5er .  p r io r ' .upponed ar  le r r t  r r  rn ln l  in -
dividual carabid beetles and spiders. and wcrc at
lcast as species-rich, as neffby unthinned stands.
Howeve! numcrous individual taxa of both calabid
beetles and spiders differed in abundance between
stand types indicating that changes in forest
structurc did influence some groups. In l ight of
these results, it is important to note that the thin
ning treatmenl did not remove all large trees, and
thinned stands are still considered by land tllanagels
to have structural integrity charactcristic of late-
successional tbrests. It is possible that if thinning
would have removcd more, or all large trees. the
response of these a hropods would have been
more dramatic. Furthermore, the relatively long
period of time that passed since thinning took place
likely resulted in stand succession that rcduced
the impact of the initial thinning treatment. For
elanplc, sccondary gro\\,th of ffees within gaps
fbrmed after tuee haryest would have increased
canopy cover, reducing microclimatic infl uenccs
on the afihropod conmunity.
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