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Abstract
Forest lloors in single- arrd nlixed-species nands ofwestem heDlock and wcstcm redcedar in the coanal lbrcst of soulhern Brilish

Columbia w crc cxanri ned wrth fe specr ro acidit,v (pH). ard concentradons of total C. total N, nineralizablc N , and lotal Ca, N{g.

K. P rnd S. Using fburproperies (pH ard rolal C. N. and Ca). canonical discriminanr analysis separuled lbrcst floots ofhenlock
and fedcedar s|ands. rvi!h mixed-species stands ovcrlapping those of each singlc species siand. Despite inlcraclions bet$een

srand type lrnd localion. scveral propefiies were significantly different or showed clcar trends between sland lypcs. Forest lloor
pH. and concenrralions ofnineralizable-N, roral Ca. and loial K increased. while conccntradons oftolal C and S dccrcascd in the

order fron hemlock to hcmlock-redced to redcedar stands. These re sults are consj stcni with other siudies and suggcst that lorest

floor decomposiljon and nutdent a\ailability incrcase with increasing prescncc ofredcedar.

lntroduction

The inf'luence of tree species on forest soils has
been the subject of study for at least a century
(Binkley 1995). Studies ontheprocesses and prop
efties of forest soils in westem North America
have been ongoing since the 1950's (Tarant et
al. 1951, Alban 1969). Of particular interest has
been the influence of western hemlock (Tlrga
he t e rop i\ Lln) ajnd w estem rc&redar (Thu j a p I i c q t a).
two ofthe most comn]on tree species in southem
coastal British Columbia, but each with a differ-
ent nutrient amplitude (Krajina 1969). Interest in
hemlock and redcedar is duc, in pafi. to the fact
that both species grow together in unmanaged
stands, and both species appear to exert very dif-
ferent influences on the properties and processes
in tbrest floors (Ovington and Madgewick 1957,
Alban 1969). It has gencrally been found that acid,
mycogeneous Morhumus forms develop in hem-
lock stands, while less-acid and more-zoogenous
Mormoder, Moder. or even Mull humus forms
develop in redcedar stands (Krajina 1969, Green
et al. 1993). Previous studies have shown vari-
able, and sometimes contradictory results lbr the
relative inl'luence of species on N lvailability
(Binkley and Han l989, Prescott andPreston 1994,
Prescott et al. 1995: Cindy Prescott, Unive$ity
of British Columbir, personal communication.).
ln addition to thcse variable findings, thc detec-
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tion of signilicant sitc by species intelaction ef-
fects suggests that the influence of hemlock and
redcedar on N availability may be site-specific
(Cincy Prcscott, University of British Columbia,
personal communication).

This study is a component o1 a larger study
investigating the productivity of single- and mixed-
species stands ofhemlock arld redcedar on inter
mediate sites (Green and Klinka 1994) in the
Coastal Western Hemlock zone (Krajina 1969)
of southem British Columbia. The objective of
this study was to determine the influence ofhem
lock and redcedar, growing separately and togetheq
on fore.t f loor nutrient propenie{. The que.lions
addressed were: (1) Does each stand type have
unique forest floor nutrient properties? and (2)

Do any forest floor nutrient properties discrimi-
nate between stand types? Basedonprcvious stud-
ies, we predicted that thc forest floors in redcedar
stands would be richer in nutdents than those in
hemlock stands, and that mixed specles stands
would have propenies intermediate between those
of single-species stands. Detennining whether or
not any unique forest floorproperties can discrimi-
nate between the stand types will help reveal
whether or not potential mechanisms of competitive
reduction and/or facilitation exist in hemlock
redcedar mixturcs (Vandermeer 1989, Kclty 1992).
Compet i t i re  reduc l ion  and fac i l i l a t ion  i r re  no : i -
tive plant interactions that resultin mixed-species
stands achieving higher relative productivity than
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pure stands of either component species (Harper
19771 Callaway 1995).

Materials and Methods

Study Sites

Study stands were locatcd in three areas: Capilano
River (Capilano), at 49"28'N latitude, 123'08'
W longitude. and 310 m elevation, Univcrsity of
British ColumbiaMalcolm Klapp Research Forest
(Malcolm Knapp). al,17'17' N latitude. 122'36'
W longitude. and 360 m elevation. and Mission
Tree Farm No. 26 (Mission). at ,19'21' N lati
tude. 122'21'W longitude. and 370 m elevation.
Within each area (locatjon), nine stirnds were ini-
tially selectcd on intennediate sites: three hem
lock stands, three redcadar stands, and three hem-
lock-redcedar mixtures (= three stand types) of
approximately equal proportion. on a basal area
basis, for a total of27 study stands. Final assign-
ment of each stand to a stand type was based on
basal area calculations. Those stands with greater
than 667r, basal area contribution of either spe-
cies were trssigned accordingly to the hemlock
or redcedar stand types. Those stands with less

than 16% dillerencc in basal area contributions
by hemlock and redcedar were assigned into the
hemlock-redceda stand type (Table 1). These stand
type selection criteria resulted in rctcntion ofscvcn
hemlock stands, sevenhemlock-redcediir stands.
and fbur redcedar stands for study. for a total of
18 stands.

The study stands were naturally regenerated
after clearcutting and slashburning. were
unmanaged, fully stocked, and even aged (50 70
yr at breast height). and representcd thc stcm cx-
clusion stage of stand development (Oliver and
Larson 1996). This stand age allowed sufficient
time for the overstory to influence forest floor
nutrient properties, but preceded the ulderstory
reinit iation stage (Oliver and Larson 1996) and
the influence this undentory vegetation may have
on fbrest floor nutrient propefiies. All stands were
within the Submontane Very WetMaritime Coastal
Westem Hemlock variant, and were located on
liesh, nutdent-medium, oval-leaf huckleberry
(Vaccinium ovalifoliinr) sites (Grcen and Klinka
1994); i.e., the study sites were edaphically-equiva
lent. Major climatic in1'luences such as tempera-
ture and prccipitation are expected to be roughly

TABLE L N{cans and standard errors (in parentheset ofselected study stand attributes, sfali1ied according ro study nand 1]pel
Hw = wcncm hcmlock. Cr'= r'estern redcedar HwCw = l:l mixture ofwestem hemlockand westem redcedaron a
basal area basi\. Aciual stand affibutes are provided for the Malcolm Knapp and Mission Cw siand types, as each
(un. ined ul  unl)  un.  nJJ) . lard.

Stand
lypc Study area

Stand Quadratic Forest floor
Stems per volume mean diameter ihickness

hectare (mrha')  @ 1.3 'n (cm) (cm)

Basal alea
(mrha )

Hu Cu Tolal

Hw 9 1 9
0  33 )

889
(204)

66r
(128)

1289
(3  r8 )

161

961

961
(l,r)

1089
(3't1)

978
(29)

l 0 2 l . l
(r .1.5)

10'10.1
(,16.0)

1362 .2
(363 .1 )

7.18.I
( 68 . r )

162.7

786.6

892.9
(s9.61

780 .1
(10./)

1t6.5
(138..1)

29.3
(2.80)

33 .2
(1.5)

50.6
8.2)

26.O
(6 .1 )

41.2

l l . 9

28.7
(2.,1)

3 1 . 5
(4.6)

32.2
(  1 .9 )

25 .8
( 13.:10

10.0
(4.8)

16 .5
d  1 .9 )

1 1 . 9
(.'7.1)

5 .0
( 2 . 1 )

8 .6
(6.9)

17 .5
(8.4)

(.1.1)

9 .3
(8 .5 )

10.6

10.6
(0.7)

11.1.5
(s.3)
11.2
(7.3)

22.9

25.8

11.',7
( 1 . 3 )

35.7
(2.3)

32 .8
(5.9)

Capilano

\'{alcolm Knapp

Mission

Capi lano

Nlalcolm Knapp

Nlission

Capilano

Nlalcolm Knapp

Mission

t2.'7 83.3
(5.1) (2.s)

2.6 13.2
(0.7) (0.1)

6 .5  121 .0
(9.3) (52. ' ,1)

6,1.3 81.5
( '7.3) (7.8)

7l.8 91. ' ,7

57..1 83.2

3',7.5 85.2
( l . r )  ( 7 .9 )
,10.0 75.1
(2.3) (0.5)
, l l .5 74.3
(5.9) (8.,r)
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cquivalent, although length ofgrowing season may
be truncated with easterly progression through
the study areas from Capilano, toMalcolm Knapp,
and tinally to Mission. Since all stands were within
a 63 nr elevation range, orographically induced
precipitation should vary bctween stands by no
morc than approximately 63 mm yr ' (100 mm
prec ip i ta t iun  inc rcd :c  lo r  e rc ry  100 m increa .e
in elevation) (Schaet-er and Nikleva 1973). or ap-
proxinately 3% of the approximate 2000 mm
annual precipitation (Oke and Hay 1994).

Sampl lng

Within each stand a 30 x 30 m (0.09 ha) sample
plot uniform in topography and soil was cslab-
Iished. Forest floors were sampled at 12 random
locations in each study stand. The samples col-
lected were composited into three samples, i.e.,
each composite sample consisted of four randomll'
choscn samples from the total of 12 samples. All
samples were air-dried to constant mass i:uld ground
on a Wiley mill to pass a 2-mm sieve. Each of the
81 samples was analyzed 1br pH, mincralizable
nitrogen (min-N), and concentratjons (%) of to-
tal nitrogen (N), carbon (C), calcium (Ca), mag-
nesium (Mg), potassium (K), phosphorus (P), and
sulfur(S). Acidity was detemined with apHmeter
and glass and reference electrodes using a 1:5 forest
l loor :J i ' t i l l cd  u  a te r  :u \pen\ ion .  C concen l rJ l ion
was detennined by the loss on ignition method.
Concentrations ofN, Ca, Mg, K, and P were de-
termined after a Parkinson and Allen digestion
(Parkinson and Allen 1975) followed by analysis
of Ca, Mg. and K by atomic absorptjon spectro-
photometry using a Varian SpectraAA l0 instru-
ment. and N and P using standard colorimetric
methods on a Technicon TRAACS 800 continu-
ous flow analyzer S concentration was determined
by a Leco SC32 Sulfu Determinator. Min-N was
determined following anaerobic incubation
(Po\'",ers 1980). followed by analysis tl1 NHl
u{ ing  lhe  Technrcon TRAACS 800 \on l inuous
flow analyzer.

Statist ca Analysis

All nutrient propefties were subjected to normal-
ity and variance homogcneity tests, via probabil-
ity plots (Neter et al. 1996) and B afilett's test (Zar
1984) at P = 0.05. Tests for outl iers were con-
ducted with studentized residual analysis (Neter
et al. 1996). The variances of each of pH, Ca,
and min-N wcre lound to be signilicantly non-

homogenous, and model coefficients were tltted
via iteratively re-weighted least squares proce-
dures to compensate for the heteroscedasticity.
Mean ralue. of lorest l loor nutrienl pr, 'penie.
among the three stand types were compared with
a one-way analysis ofvariance (ANOVA), utiliz-
ing a general linear regression model (Neter et
al. 1996). The model used for testing the stand
type, location, and their interaction with nutrjent
propefiies was:

l l l  Y,  = b j  + bTSTAND + b.LOC +b. STA\D*LOC + e

where Y, is a nutrient property, b0 is an ovelall
mean, STAND is stand type, LOC is location or
replicate, STAND*LOC is stand typexlocation
interaction effect, and eiis model error.

Stand types and locations were incolponted
into the modcl as dummy variables to determine
inrerrclion effects. Signil ieant did'ercncc. in mern
nutrient properties among stand types were de-
tected with a Bonf'erroni multiple range test (Zar
1984) .

Those forest 1loor nutrient propenics found to
be signiticantly difftrent among stand types were
subjected to conelation analysis. to assist in finding
significantly conelated propcnies that enhanced
discrimination between stand types. Forward,
backward, and stcpwise discriminant function
analysis was pefolmed to detemine those fbr-
est floor nutricnt propefties that significantly dis-
criminated among stand types. These discrimi-
nating forest floor propenies were then subjected
to canonical discriminant analysis to determine
the degree of discrimination among stand types.
Within group covariance matrices were fbund to
be homogenous (P = 0.05), allowing the pooled
cova.riance matrix to be used in discriminant analy-
ses (Neter et rl. 1996). Accepted levels of sig
nillcance werc set at P50.05 for all analyses un-
less otherwise stated. SAS release 6.12 TS lcvcl
0020 was used fbr all analyses (SAS Institute 1989).

Results

ANOVA by model [] l indicated that: (i) lotal C.
C:N ratio, and total S were significantly rclated
to stand typc but not to location. (ii) min-N was
significantly rclated to both stand type and loca-
tior. (i i i) a significant stand type*location
interaction existed for pH, total Ca, and K. and
(iv) total N, Mg, and P werc not significantly re-
lated to stand type or location (Table 2).
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TABt-E 2. Nteans and standard cron (in parentheses) oflbrest floor nutrient properties of study slands. nratified according |o
sland type and localion. For a gi\,en chemical propert], values in thc same ro\\, wirh thc sane \uperscrip! arc not
sigrilicantly different: an absence of srperscripts indicates no significanl difierences (p<0.05).

Chemical
prupe'ry

Location
Mdcolm
Knapp \lission

Srand rypc
Wcncn \l'eslefnhemlock
hemlock rvesternredcedar
n = 2 1  n = 2 1

Signilicant
W'estern STAND+
redced LOC.{TION Capilano
n = 2 1  i n t c r a c l i o n  n = l E

pH
C  \ + )
N  ( { )

C:N Rat io
Mhefalizable

N ong k8 )
Ca (%l

\'lc (%)

K (%)

P ( 7 )
s (t/.)

3 .8  (0 .1 )
,19.8,(6.0)

0.750 (0.120)
67.2.. (8.5)

51 .79 ' ( 8 .03 )

0.232b (0.012)
0.032 (0.016)
0 .071  (0 .021 )
0.020 (0.00,1)
0.192. (0.0,10)

,1.2 (0.2)
11 .2 .  ( 6 .1 )

0.719 (0.099)
70 .3 ' ( 11 .7 )

60.r5-F (9.20)

0.32.1i (0.080)
0.027 (0.01,r)
0.0r610.026)
0.010 (0.003)

0 .161 .b  (0 .0191

.1.3 (0.2)
,r.r. lb (5.6)

0.682 (0.091)
60.3" (8.9)

70.60" (15. r4)

0 .571 , (0 .107 )
0.027 (0.007)
0.096 (0.019)
0.019 (0.002)
0.1.181(0.0.10)

3 .9  (0 .1 )
,19.5 (5.,1)

0.72,1 (0.I l l )
69.8 (12.2)

5.1.12b (7.16)

0.28'1(1.082)
0.032 (0.016)
0.073 (0.025)
0.019 (0.004)
0.17s (0.032)

,1.0 (0.1)
.17.8 (5.8)

0.727 (0.102)
66.s (r0.3)

67 .13"  (11 .91)

0.3r2 (u.086)
0.025 (ri.00l)
0.070 0.021)
0.021 (0.003)
0.169 (0.0'15)

4.2 (0.2)
'15.0 (?.5)

o .112  (0 . l L2 )
6t.7 (9.3)

6,1.10,f (10.08)

0.338 (0.082)
0.028 (0.011)
{1.092 (0.02t )
0.020 (0.003)
0. r65 (0.053)

N.B. iSig f icant  d i f ferenccs l is led fbr  Ca (%) dercctcd at  cr  = 0.10.
negater signilicance testing.

Does Each Stand Type Have Un ique
Forest Floor Nutrient Properties?

The forest floors in the hemlock stands had sig-
nificantly highertotal C and S concentrations than
those tbund in the redcedar stands (Table 2). Al-
though non-signiticant, total Mg and N concen-
trations appearcd to be slightly higher in the hem
lock stands, than in the hemlock redccdar or
redcedar stands.

The forest floors in the redcedar stands had
significantly higher min-N concentrations than
the tbrest floors within the hemlock stands (Table
I r .  Thc  . ign i l iL i rn t  r tand lype" l ( \ 'a t ion  in le rac-
tions lbund for pH. total Ca. and total K precluded
multiple range testing of these tbrest floor prop-
efi1es betwcen stand type means. However. plols
ofthese interactions revealed that the lorest floors
of the redcedar stands had highcr pH and total
Ca concentration than the hemlock stands, while
no trend was observed tbr total K concentrations
(Figures I and 2). When P increased from 0.05
to 0.l0. no significant stand type*location inter-
action was detected fortotal Ca, and the redcedar
stands had significantly highcr total Ca concen-
trations than the hcmiock or hemlock-redcedar
stands (Table 2).

The fbrest floors ofthe hemlock redccdar stands
had nutrient properties intermediate between that
of the hemlock and redcedar stands, except in C:N
ratio. The lbrest floors in the hemlock-redcedar

.110 Coll ins et al.

at d = 0.05 significant stand lype r location interaclion effecr

stands had significantly grearer C:N nrios than
the lbrest floors within the redcedar stands.

Do Any Forest Floor Nutrient Properties
Discr m nate Between Stand Types?

The hcmlock st?urds had significantly higher rnean
total C and S concentrations, which were signifi-
cantly positively correlated with each other, and
with concentrations of total N (Table 3). Total C
was significantly negatively conelated with total
K, and positively correlated to C:N ratio. Total S
was significantly negatively conelated with pH
and total Ca.

The redccdar stands had signiticantly higher
mean min-N, and the highest pH and rotal Ca
concentrations. which wcre all significantly posi
tively conelated with each other (Table 3). Both
pH and total Ca were significantly positivcly cor-
related with total K, and significantly negarively
correlated with total S. pH was also significantly
negatively corelated with rotal C, total N. and
C:N ratio.

The hemlock-redcedar stands had signiticantly
higher mean C:N ratios, r'hich wcre significantly
negar i \e l )  c ,  t re la red  u  i rh  pH.  and conccnr r r l  ions
of tdal N and K (Table 3).

The forest tloor propefties used in thc canod
cal discriminant analysis were identified through
stepwise, backward elimination and fbrward sc-
lection procedures. All resulted in the selection



4.2

4 . O

1

^ 0.6
t
t  

o.4

3.6

3 .8

'1.0

0.8

0.0

o .12

0.1 ' l

0 .10

0 0 9

0.08

0.07

0.06

0.05

0.04
Hw HwCw Cw

Stand lype

Figure L N1eun ! al ucs of the forest floor nutrienl propcrlies (pH. total
Ca. and tolal K) with observed, significani (P<0.05) stand
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TABLE 3. Coffelalion coefiicierts ibr fbrest fluur nurrienr propenie\ and the]f igniii.:.rnce.

NIgC : NpH

pH 1.00
C
N
C : N
min N
Ca
M g
K
P
S
STB

0.75+ 0.10i
- 1.00 ,0.39*

-1 .00

0.35* 0.31+ 0.4:1+
0.,17: 0.16 o. l t)

-0.62* -0.21 -0.05
-1.00 -0.30 -0.30

-1.00 -0.65,1
-1 .00

,0.02 -0.56+
0.08 0.31+
0.08 0.09
-0.16 -0.38*
-0.16 0.03
-0.1: l  -0.1,1*
1.00 0.08

1 .00

_0.05 _0.63* -0.,18:,
0.03 0.74* -0.33
0.20 0.,17+ 0.05
0 .  16  0 . t 7  0 .32

-0.08 0.03 0.63i
-0.00 ,0.2,r* 0.99'
-0.06 ,0.1I -0.07
0. L7 0.19 0..1.1+

-1.00 -0.06 -0.02
1.00 -0.26

1.00

*Significanr conelation a! P<0.01 5.
STB = Sunl ofbases (total Ca. Mg. and K).

of the same properties: pH, C:N ratio, and total
Ca.  fhc  computc . l  equr t ion \  fo r  the  Iwr \  (an( 'n i -
cal variables were:

I2l CANr = 2 84'1 (pH) + 0.023 (C:N) + 5.025 (Ca)
Rr = 0.60 SEE = 0.055

[3] CA\. = 3 389 (pH) + 0.{]71 (C:N) - 3.86{l (Ca)
Rr = 0.31 SEE = 0.095

Ordination ofthe data shows a gradual progres
sion of samples tiom the left to the right region of
ordination, i.e.. ftom hen ock to henrlock-rcdcedar
to redcedar stands (Figure 3). Cross-validation
procedures resulted in a low predicted overall
misclassification error rate (P(0. I I l), indicat-
ing good discrimination among stand typcs by
the three lbrest floor nutrient propenies selected.

Discussion

Does Each Stand Type Have Unique
t r^ .Aci  t r l^^r  Nl  i r lani  Pr^nart ioc?

The hemlock stands had significantly higher mean
total C and N concentrations and fbrest floorthick-
oesses than the other stand types, indicating that
hemlock stands produce greater amounts of lit-
ler. This ma) be due to hemlock carq ing more
tbliage, or perhaps due to greater rates of growth
in hemlock stands. relative to redcedar stands. The
hemlock stands also had significantly higher mean
total S concentrations than the redcedar stands
(Tablc 2). The decreasing trend of total S with
progression from hemlock to hemlock-redcedar
to redcedar stands is probably related to pH, given
the negative correlation between pH and total S
(Table 3), and the established acidilication oflbrest

floors by hemlock l itter (Tarrant et al. 195I,
Daubenmirc 1953). The link between soil acid-
ity. nitrogen dynamics, and exchangeable bases
(most notably Ca) is well documented. High soil
acidity is normally associated with low concen
trations of Ca ions (or other base cations), and
high NHa-N:NOr-N ratios (Runge and Rode l99l).
The findings of these studies are consistent with
the lowest pH levels and total Ca concentrations
in the hemlock stand type.

Total Mg concentations did not differ signifi-
cantly between stand types, although the hem-
lock stands appeared to have slightly higher Mg
than the hemlock-redcedar or redcedar stands
(Tablc 2). Mg concentrations diff'ered among lo-
cations. decreasing trom Capilano to Mission to
Malcolm Knapp, perhaps due to differences in
parent material mineralogy.

An increase in pH with increasing redcedar
presence was evident, despite the interaction ef
fect (Figure l). pH was expected to be a discrimi-
natingpropefiy of forcst floors among stand types,
but the interaction effect necessitated closer ex-
amination of pH and correlated data. The inter
ac l ion  p lo ls  fF igurer  I  rnd  2r .  lnd  eraminut iun
ofthose properties unaftected by interactions, but
corelated with pH (Tables 2 and 3), allow inf'er-
ences to be dmwn on the pH observations. Total
C, N, and S concentrations and C:N ratio, which
are negatively corelated with pH, all decrease
with increasing redcedar presence. At thc same
time min-N concentrations, which are positively
correlated with pH. increased with increasing
redcedar presence (Tables 2 ilnd 3).
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Concentfations offorest f]oor mi[-N incrcased
with increasing presence of redcedar, although
min-N was also significantly related to location
(Table 2). Whcn memured by anaerobic incuba-
tion procedures. min-N is representative ofN lib-
elated from microbial biomass (Myrold 198?).
This is consistent with the increase in both pH
and min-N concantrations with increasing intlu-
ence of redcedar. as the lou' acidity of redcedar
fbrest floors has been associated with increased
microbialpopulations, dccreasedtungal biomass,
and iucreascd rates of decomposition in the for-
est tloor, relative to that of hemlock (Turner and
Franz 1985. Prescott and Preston 1994). These
findings support the proposition that both spe-
cies 0f trees have differential influences on the
microbial populations, fauna. and properties of
the underlying forest f loor and soil (Alban 1969),
and that these influences aflect min-N concen,
trations. However, the significant differences in
pH and min  N and ton l  K  coneent ra t ions  rmong
locatioDs suggest that the influence of the tree
species on N availability not only associated with
changes in pH, but is also site-specitrc.

Forest floor concentmtions of total Ca, Mg.
und K uere erpecled to incrcr.e u ith increa.jnt
presence ofrcdcedar, in agreement with the find-
ings of other studies (Daubenmire 1953, Alban
I 969, Tumer and Franz 1985, Prcscott and Preston
199,+). Despitc the interaction effect, Ca was ob-
served to increase with increasing presence of
redcedar. while the same cannot be said of Mg or
K (Figure l). The data from this study suggest
that the effect of increasing hemlock or redcedar
presence on total Mg concentations is weakly
expressed. Thc cratic interaction effects obser,/ed
in the K data suggest that stand type probably
does affcct lbrest floor K concenffations, but that
this effect is masked by some other source of vari
ability. The source of this variability is unclear,
but may be due to measurement error, an uniden-
tified environmental phenomena. or insufficient
sample size.

Mean forest floor C:N ratios significantly de-
creased with progression from the hemlock-
redcedar to the hemlock to the redcadar stands.
This trend is ncither strengthened nor weakened
by the findings of other studies. Prcscott and
Preston (l994) found that C:N ratios in redcedar
stands are lower than in hemlock stands. These
findings arc suppofted by Hendrickson (1985),
u'ho found that the addition of a weak base to

,11.1 Coll ins et al.

fbrest floor material. analogous to the influence
of redcedar on tbrest floors relative to hemlock,
has been found to increase N mineralization more
than C mineralization, thus decreasing the C:N
ratio ofthe substrate mineralized. However, a more
recent study found higher C:N ratios in hemlock
stands (Cindy Prescott, University ofBritish Co-
Iumbia, personal communication). These tindings
indicate site specificity with respect to C:N ra-
tios in hemlock and redcedar stands.

Do Any Forest Floor Nutrient Properties
Discrlm nate Between Stand Types?

No significant ditTerences in total N, Mg, and P
concentrations were associated with stand type.
Significant dilTerences between stand types were
detected in fbur (C, C:N, nin-N, S) of the l0 for
est floor nutrient properties assayed, while two
additional properties (pH, Ca) showed strong trends
with respect to stand type.

The inability of N, Mg, and P to differentiate
among hemlock and redcedar stands has been
recorded in other studies. Alban (1969) found no
difference in forest floor total N, Mg. or K con-
centrations betwegn stand types. Prcscott and
Preston (199,1) similarly lbund no significant dif-
ference in forest tloor total N concentrations among
hemlock and redcadar stands. Tumer and Franz
( 1985) reported significantly higher total N con-
cantrations in hemlock fbrest Uoor material, but
significantly higher total N concentrations in the
mineral soil of redcedar stands. Higher total P
concentratlons have been associated witl either
redcedar (Tarrant et al. 195I ) orhen ock (Prescott
and Preston 1994). These lindings suggest that
forest floor total N, Mg. and P concentrations are
affected not only by tree species, but by other
site-specific fictors as well.

The total variation in pH, C:N ratio, and rotal
Ca concenkations between stand types is sum-
marized by canonical discriminant analysis. The
hemlock and redcedar stand means are well sepa-
rated with the hemlock-redcedar stand mean in-
tennediate between the two (Figure 3). Similar
hodzontal and vertical spread of the canonical
variables indicates that both have similar power
of differentiation. Variability in individual samples
is indicated by their dispersion around the mean
for each stand type. and the distance between the
means indicates the uniqueness ofthe forest floor
nuffient propenies of each stand type. The well
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Figurc 3. Ordinarion of 27 forest floor samples and means fof each stand t)pe as funclions of thc first and second canonical

variablcs, based on forest floof nutrient propefiies sigriiicanlly discriminating anrongst stand t]'pes (fH. C:N ratio.

rotal Ca. and total Mg) (P<0.1{l). Abbreviadons lbr sland lypcs are: Hw mestern hemlock stand. Cw-r'estern

redcedar stand, HwCw westem henlock ucslcm redcedar stand.

defined separation ofhemlock and redcedar stand
means. with the hemlock-redcedar stand mean
intermediate, indicatcs that the forest floors in
hemlock and redcedar stands have distinctly
differcnt nutrient properties. $'hile the hemlock
reJcctlar .t lnd. har e intermediate nutrient pr,.rp-
efiies. Forest t'loor pH, C:N ratio, and Ca concen-
tration successfully discriminate between hemlock,
redcedar and hemlock-redcedar stands.

Severul forest f'loor nutrient propefiies differcd
signiticantly between hen ock atrd redcedar stands,
with hemlock-redcedar stands having intermedi
ale frnlcnie\. lr rppears lhrt each lree .pe(ie5
influenced stand fbrest floor nutrient prcpe{ies
in a different way, and that this influence is site-
specific. Hemlock stands had significantly greater
total C and S concentrations than redcedar stands,
while redcedar stands had significantly greater

min-N concentrations. Although significant stand
type*location interactions were found for pH and
total Ca, interaction plots showed increases in pH
and Ca were associated with increasing redcedaLr
presence. Most forest floor nutrient properties in
thc hemlock-redcedar stands were intemediate
between the henrlock and redcedar stand types,
although the hemlock-redcedar stands did bave
significantly higher C:N ratios than the redcedar
stands. Overall, the forest floors under hemlock.
and redcedar stancls hud Ji. l incl nulrir 'nl Profcr-
ties, while hemlock-redcedar stands had intermc-
diate forcst floor nutrient propefties. Forest lloor
nutrient status generally improved with incrcas-
ing presence of redcedar Forcst lloor pH. C:N
ratio, and total Ca concentations effectively dis
criminate between stands of hemlock, redcedar,
and thet mixtures.

Forest Floor Nutrient Propenies ,+15
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