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Introduction

Knou'ledge about quantit ies and changes in the
distribution of nutricnLs (N. P, and S) occurring
as a result of conversion of old-gr-owth to sec-
ond-growth lbrests is furdamental to understanding
ho$'lorestry prrctices inrpact nutrient budgcts and
futurc sitc productivil) ' .

Thc primary objective of this stud"v was to
quantify in.rportant nutrients contained within lir'-
ing, detrital. and soil components. This abstract
reports hndings lron measurements ofN, P and
S in Coastal Western Hcnrlock (CwH) lbresls al
foul cbronosequence sites dominated b1' Douglas-
fit (PseLldotsL!gd nen:iesii) on thc cast side
(CWHxm subzone) of Vancouvel Island, and at
four chronosequelce sites doninated by $,estern
henrlock (Isaga heter4thtl lal on the west side
(CWHYm subzone) of Vancouver Island
(Trofymow et al. 1997). Each sitc contains s|ands
offour ages: R - regener-ation (3-9 years). I - im-
mature (32-.13 ycars). M - malure (66-99 years),
r r r , - l  O 'o l , - l  g ro r r th  t>200 \car . ) .  Re!ene l i r t ion
and imrnature stands were estrblishecl tirllorving
harvesting urd slashbuming whiic mature and old-
growth stands u'ere established through natural
disturbanccs. prcdominantly 1ire.

Methods

At l l eight sites. triangular plots wcrc dcllncd
b)'establishing three subplot ccnlres 30 m and
I 20" apaft lrom a ccntral benchmark. The sub
plots and lransects connecting the subplot cen-
tres rvele used to measur-e l iving and detrital bio-
nrass (see Trof_vmow and Blackwcll. this issue).
For each olthc species present. thrce trees in each
plot, an entirc uppcr canopy branch, and breast
height bolc cclIc were collected for chemical analy
sis. Living understory biolnass and fine woody

debris (<lcm in diameter) were destruclively
sampled on fbur 1.0-m: quadrats, oDe per sub
plot; samples were dried. *'ei-qhecl. and combined
by plot fol chemical analysis. Three forest floor
samplcs rvcrc collcctcd pcr subpkrt for bulk den-
sity analysis: these were dried. weighed and com-
bincd by subplot for chemical analysis. Samplcs
of each size. species, and decay class of coeLrse
woody debris on each transect rlere taken tbr
dcnsity and chemisuy measurements. Mineral soils
u'ere sampled in each subplot at three depths (0-
10. 10-30, and 30 50 cn) for bulk density and
chemistr-y. Total %N. and %S of organic sanrples
(foliage. plant. wood. forest floor, and root/or
gr ' r i c  tn r tc r i i r l . \  rnd  the  <2  mnt  .n i l  l r i l c l inn  uere
determined with LECO N (FP-228) and S (SC-
132) combustion analyzers. Total P in organic
samples \!as deternrined through wet oxjdation
in a microwave and measurenreDl of P in thc di-
gest using a Technicon Autoanal)zer. Total P in
miner r i  .o i l .  u  rs  de tc r r r incd  b1  J iges t ion  in  aqua
regia and total P analysis by ICP spectrometry.
For analysis ofother soil P forms sec Prcston ancl
Trofynow (this issue). Total nutrient content was
determined by multiplying % concentr-ation fbr
each conponent sanpled (N. P. and S) by its Lo-
tal mass. Nutrient budgets were ciilculated fi)r eilch
plot.

Results and Discussion

Total ecosystem N. P and S contents incrersed
with stand age. which was primarily a function
of nutrient accumuiations $'ithin the l iving and
detrital pools (Table l). For the same seral stage,
nutricnt contents ol 'N. P, and S wiLhin l iving and
detrital conponents were consistentl)r higher in
the CWHvm than in the CWHxm, and lir l lowed
lhc ordcr N>S>P when comparecl wilhin thc sarnc
subzore and seral stage. These incleases were
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TABI E L Nutr ient  qu.rnt i t ies (kg/ha) o l  n i l rogcn.  phosphoms. rnd sulphur lor  l i \ ing.  detr i t rL l .  soi l .  and ecos)stcn
ar i lcd b)  subrone {CWHXnl a.d CW1{!r11) I t l ld  selL l  \ r rge (regen..  inrnrarurc.  m.rrure. . rnd old

chrcnoseqrencc plot \ .
gror'rh) lbr

CwHvIn subzone

\{ean Nutrient Contenr b] Scrc (kg/h.rl
(St.Lndard Enor)

\,fean Nutricnl Conrenr b)- Sefe fkg/ha)
(Sundud Errof)

Rclcn.  lmmr- Nl.riufe Old Subz0ne
Gfo$Ih Nlea.

Regen. lJnnra lvlrturc Okl SubTone
Cro{lh \{ear

NITROGEN
LIVING BION'IASS

DLI 'RI ' I } I -  BION'IASS

SOIL

l  OTAI-

PHOSPHORUS
I-1VING BIONI,A.SS

DEI 'RITA1- BIONI,{SS

sotL

TOTAL

8  r . 0  596 .5  8n  I
( 19 .1 )  ( 17 .5 )  ( 6 .1 .1  )
293.5 2.t1.3 115.7
(5.1.7) (.11.8) (,10.71
929.9 l56l I  1.1D.6
(-10.1.7) (.12It l) 1.198.5)

130,1..1 l.l0l.5 1155.,1

10 .8  95 .0
( 1 . 9 )  d 0 . 8 )
3.1.0 16.8
(7.3) (1.9)

1797.9 1785.9
( 1.18..1) (.1-r7. l l

r i t12.7 1907.7

681.2 5.11.5.
(51 .5 )  (  166 .7 )
380.5 186.0
(68 .1 )  ( 53 .5 )
8  l ] . ]  1179 . . 1  .

( 183.91 (270.9)

1876.0 1009.9

:35 .1  1001 . .1
(131 .8 )  ( 111 .8 )
656.,1 .106.8

(260.5) (29.3)
1090.6 ,1n27.8
(687.0) (628.8)

198r. r 6216.0

l,+.- l  l ) '7.6
(1.0) (16.,1)
6 i i . 5  l t . 3

( l 1 . 5 )  ( l . l  l
i139..1 790.3

( r7.+.6) (78.1)

91).2 919.2

l J l l . l  1312 .7  8 , t 2 .6 f
(56.0) (37 r.  r  )  ( t66.l l
8 2 9 I  8 7 1 . 0  6 9 1 . 0 .

(192  O  (211 .5 )  f l 79 .5 )
5561.,t  2979.1 . l l  l . l . l i '
( 557 .7 )  ( 736 .7 )  ( 811 .9 )

7211 I 5l6l.  r  5rr.18 '1

139 .0  r90 .  I  t 11 .1 .
ts.5) (,r9.n) (.11.8)
70.1 19.l  6t. .1 '

( 8 .1 )  ( 16 .1 )  d6 .6 )
l : 130 .0  118 , t . 3  1061 .0b
(3.11.0) (850.0) (115.())

r639.,1 1.153.5 1t '11.l

ST]I,PHLR
l_rvr\c BlotuAss 16.l

( ' 17 )
DETRITALtsION,]ASS II I .5

( r8. l t)
sorl- 165.1

(21.2)
TOTAL 292,9

l5-r.1 136.1
i l ] . 7 )  ( 20 .3 )
19.9 ,11.2

1,1. r) (6.9)
17 .11 . l  1915 .8
(22E.1) (, t : l . l )

192 .1 .3  2 l l l . . 1

281.6 6E0.6 81,t.9
B 1.9) ( 100.7) (8.1.2)
69 .9  1 .11 .6  13 r .2
(7.0) (37.6) (26.1)

119 .9  l , l l . 5  131 .8
( 16..1) (25.2) ( 1.1.7 )
511..1 967.7 1077.9

37.6 ,152.3 111.3 t l() l .)
(  l l . l )  ( 8 .1 )  ( 31 .0 )  ( 109 .1 )
396 .1  226 .1  101 .5  711 .5

(139 . , t )  ( 3 .1 . l )  ( 15 .9 )  (  l 5 l .E )
1128.5 ,198.2 981.5 s09.,1
(361 .9 )  ( 65 .1 )  r 2 l l . 7 )  ( 231 .2 )
1562 .8  1176 .6  205 ,1 .3  2 - r18 .1

98 .8 -
( l t . l )
33 .0 -
(s.o

l l t  15 .1 .
c 7 l . l )

19,17.0

.1.18.1.
( 189.2)
11 .1 .1 '
(26.1)
1 5 5  l .
(20.1)
7 r 7 . 5

589 .6 ,
(2 .11 .6 )
109 .0 '
( 115 .8  )
119 .1 '

ol l .0)
1 t78 .0

\oie: Quantiiies in this ltlble |fe the mean for a seral s(agc ard do not reflect the range ot laiucs ncross .rll \iies \| ithin a \ubrone.
\ Ie.rn\  fo l lo\ ied bt  d i l lcrcnt  lc t ter  rue s i !n i f i  cant l )  d i i fercnr (p<0.05).

prinlrri l l  a function of greater incrcascs rn mass
rvith stand age in the CWHrnr than in the CWHxm.
For mineral soil. subzone effecls wcrc sinri lar 1br
N and S {qutrntit ie s in CWHvm>CWHxn);horv-
ever, P ler,els in the CWHxnr \\'ere greater than
CWHvnr sites. Mineral soil nulricnt quantit ies
fbllou'ed N>S>P in Lhc CWHvm: however. *ithin
CWHxm thc order was N>P>S.

Livilg bionass accounted 1br l0 33% ofeco-
slstcm N. Foliage iud branches <2.5 cnr accounted
lbr ,17 78% of the N fbr I. M. and O plots. Detri-
tal N contents for CWHvm sites (,107 E7l kg/ha
N) wcrc much greaterthan for llte samc seral stage

in CWHrm sites (225-380 kg/ha N), nrainly due
to higher detdtal nass loadings in the CWHvm.
Soil N content rvrs much higher for CWHvm than
tbr CWHxm sites. These subzone difltrcnces re-
tlcct higher soil N conccntrations lbr CWHvm
srtes. which compensates for the lower soil mass
in the shallowel and rockier soils on the CWHvm
sites.

Phosphorus coDtents in the livinc biomass were
the lowest ofthree nutrients quantif ied. account-
ing 1br only 5-13% of the ecosystcnr total. In
r  re . r .e \  in  lo t l l  P  c  n lc l t  u  i lh  . tund r ie  u  <r ( .  f r i -
narily a function of increasing l iving biomass in

11 Blackwell and Trotyrnou'



the CWHxm and living and derdtal mass in thc
CWHvm. Subzone difTcrences firr detrital P were
lcss pronounced. with ranges of 3l 70 kg/ha in
the CWHvm and 27 4l kg,4ra rvithin the CWHxrn.
This subzone diftbrence was considered to be a
function of lower P conccntrations in the CWHvm.
Soil P content. a fulction of soil mass. was also
much higher in CWHxm sites than in the CWHvnr
sites. These differences may bc cxpiained by higher
lcaching and eluviation rates associatedwith grcater
accumulations of detrital biomass in the $etter
CWHvm climate.

Quantit ies of S $,ithin l iving biomass were
considered imponanl, representing 37-767. of the
ecosystem total. Bolewood accountcd for the
majority (60-13,1%) of rhe Iiving biomass roral. As
with N aDd P selal effects on tolal ccosystem S
were attibuted lo changes in l iving and detrital
mass. DifTerences in soil S content bctwcen
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subzones. (CWHvn>CWHxm) wcre attributed
to higher S conccntrations. Higher conceDtratlons
on the west side ofVancouver lsland wcrc l ikelv
a result of precipitation inputs. r 'hich coDtain
natural marine sources of sulphates and dimeth) l-
sulphoxides (Hurditch rnd Chule-"" 1982).

Lowcr accumulations of N ald S in CWHxrn
soil and detriLal pools can rlso be rtffjbuted to an
historically high fire frequency. Conparcd rl,ith
CWHr,m. CWHxm sites arc wanner and drier and
prone to lirc. and stand-replacemeDt e\elts are
thought to have occurred cvcry 200-300 years:
surlace fires would have occured ercn more tie-
quently (Grccn et al. 19981. Within the CWHvm.
stand-replacing fires appcar to have been less 1re
qucnt. occurring approximately every 600 years.
Windthron'. landslides. and individual treelall(gap
dynaDlics) have been the dominaDt disturbancc
rnechanisn within this subzonc (Green et al. 1998).
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