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Collembolan Succession and Stump Decomposit ion in Douglas-fir

Introduction

Coarsc rvoocly debris (CWD) is now recognizcd
as an important component oftcrrestrial ecosys-
tems. Logs account ti)r a major pafi of the CWD
in viryin fbrests. but stumps trssume this prolni-
ncnce in most second growth stands. Hcrc they
providc an arrav of ecological lirnctions includ-
ing sites for moisturc retention. N lixation.
uc t , , tn \ . r , r r l l i , / i r l  : rc r  i r  i t1 .  .eed l ing  o l -  ( rop  t rcc : .
and habitats forvefiebmtcs and invenebrates (Setdli
ancl Marshall 1994). Intensive forest management
alters the physical naturc of fbrests and may
thrc r len  h iu lu i  ie r l  d i te rs i ty  (Bo5 lc  1902 t .  c rpe-
ciall-r through monoculture. r 'hole tree logging.
slash burning. and de-stunping. The simpli l ied
. . ' , ' \ ) \ le r r  thur  lb r r r red  ma1 re ta rd  nu t r i cnr  .1 -
cling.Also. pests might benetittiom reduced preda
lor numbers and cliseases could thrive in the ab-
sence of the fauna that consunc pathogenic bacteda
and lungi. Collembola, often considcrcd mem-
ber r  o f  thc  \ l te r - r ! , ' t , r  , r |  u  inc le . .  in .ee t . .  r re
among the nlost abundant and ubiquitous groups
ofsoil anhropods. A lew collembolan spccies f'eed
on lir,ing prcy, but the majoritv consume a host
ol organic materials. including dead and dccay-
ing animal and plant matter. bacteria, algae. and
lu r r l i .  Cu lJe l tnbo l r  a fe  lhc re l - , ' re  i rn f r ' r t rn r  in
nulricnt cycling and in controll ing plant patho-
gers. The chronoscquences provided an oppor
tunity to study the natural succession ol collem-
bolan spccics during stump decomposition and
allowed exanrination ofthe micro- ancl macro-hlbitat
lac to r .  th r t  r f f ce t  c , ' l l cn rh , ' l rn  t l i . t r ih r r t ion .

Methods

Three chronosequences near Victoria. BC, were
selectcd (scc Setii l i i  and Marshall 1994): Site I

ol-Greater Victoria Watershed South (plots 3. 5,
6. 8). Site 2 or Greater Victoria Watershed Nofih
(plots 11, 12, 14,l5). and Site 3 or Koksihh (plors
21.2 .2 .23 .2 ,1 ) .  Thc  number ing  o f  the  p loLs  a t
each site tbllows Trofymow et al. ( 1997) and rep-
resented regeneration (REG), immature (IMM).
rnrture (MAT) and old-growth (OLC) lbrest sercs.
respectively. Stumps were randomly selected and
represented three stages of dcconrposition: stage
I (sound stump wood), stage ll (modcrately de-
cayed). and stagc tl l  (most of the wood soft and
spongy). Stumps were sanlpled with a metal soil-
corer and collembolans and nenritodes were ex
tracted by dry and wet funncl nrethods. r'espec-
tively. Sampling was done in the filli. winter. and
spring. Chernical analyses included the fbllow
ing: gravimetric moisture, total %N by modil ied
Dumas combusrion, rotal %C by LECO CR-12
carbon system, total P b) wct oxidation and an
autoanalyser. and microbial bionrass by substrate
induced respiration (SIR). Data analvses. Inostly
tbr decay stages II and lll. included ANOVAs,
canonical c0rrespondence analysis (CCA). de
trendcd Correspondetce analysis (DCA )alld
various sinilarity indices (Setailii and Marshall
199.1: Setii l i i  et al. 1995).

Results and Discussion

No significant differences wcrc obserled between
samples collected in different scasons, i.e. dur'
ing fall, winter. rnd spring. The numbcr of indi-
viduals was significantly smaller (P = 0.001) in
the regeneration (REG.1 stand than in the tbrested
stands (lMM. MAT, and OLG) (Table 1). The
number of species per samplc (not per sere) was
also signil icantly smaller in thc REC sere (P <
0.05). Of the 72 species found, many were not
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TABLE L Col lenbohnnumbersandspeciespersample(150c ' )  and lo l r l  numberofspecres pe| iefe.

Nunlbcr 0I lndi!idurls
REG I['IM ]\,IAT OI-Ci

Nurrbcr ol species
REG I\,IM NI;\T OLC

I
2
l

1 )
50

I  1 9
l t 8
I  t 9

80
t 6.1
11.1

16
l l 5
1.10

3 l

l0

3l
38
3 l

.11
:lil

l 9
39
33

35-51 t ) ) 126 1 1 0 32

Totrl number olspecies tef sere

collcctcd in the REG sere. but these werc mostly
lepresented by small numbers and low frequency
in other seres. The majority ofthe species with a
ticqucncy over 507e (no. samples with a sp./total
no. samples r 100.) rvere ciLhcr positively corre-
lalcd with stlnd age or werc ubiquitous. Vr:r7a3r,,pirs
alpa. Hlmenoplortrnt toklei and. Folsotnia stelltt
tended b bc abunclant in OLC seres, whereas
A urophonts septentritnu!is and Ballistura [ihra
were characteristic of the REG seres. Most of the
spec ies  (63 .87r )  \ re re  common to  a l l  s i tes !
Renkoler's and Morisita's similarity indexes as
wcll as DCA analvsis shorved that the greatest
dissimilarity rvas between the lwo earlicst forest
successional stagcs of a particular site. DCA also
indicated a clustedng ofthe fauna into 'scra1 com-
munities rlong a l ine conesponding to forest
succession. DCA showecl that nracrohabitat lac
tors (stand age and study sitc) \\, crc thc most im-
portant ones rflecting species distribution. Ho\\'-
evel' within a season. CCA ordination indicated
that dominant species u'ere positively conelated
with 7C, but negatively corelated with 7rN. %P
numbers ol nemrtodes. ald microbial biomass.
suggesting thal thc collembdans, being hetero
trophs. \\"ere not directl), relatcd to the t'irst fbur
factors. The microbial biomass:collembolan bio-
mass ratio in stLll'np wood *,as 2| in the finested
scrcs. The values tir-the regeneration seres were
substantially higher and tended to dccrease with
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increasing stage of decomposition, giving 780.
| 1 l. and 7.1tbr decav stages l, II. trnd III, respec-
tively. The Degativc correlation between domi
nant collembolan species and microbial biomass.
and the low rnicrobial:collenbolan biomass ra-
tio compared to those tbr coniferous forest soils.
were atlibutcd to rapid turnover ofmicrobes and
excessive grazing on tungi by Collembola. An
avertrge vell-decayed stump in the forestcd stands
contained 48 800 specinens or about 799 843
spec imen\  tn  .  g r r  ing  r  p  pu lu t ion  dens i ty  com-
panblc to that in the soil. This large collembolan
population will afl'ect microbial populations and
nuldent dynamics during stump decay. Thc re-
duction ofCollemboh in the REG serc most likely
resultccl from slash-burning, changes in fungal
composition, and greater exposure to extreme
weather conditions. We estimated that about 40
yeaIS would bc required after clearcutting before
Lhe collembolan populatiol regains the gcncral
characlcristics of those in old-growth forests.
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