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Abstract
\ \ t \ ld icdE0t() l . ]0} ' | 'o |d1)oug1aSi] I (Psrar1r l l i i r .galrca. l r , r i i (NI j rb ' )F| . rnco)\ Iandsoccu
lir)\ rn lhe Ffench Pete Ctcck \Nllc!. our primaf\ goals $crc ro enim.rte prcducri\ir\ oi rbese stunds. eramirc rel.rtionships
xl l long]mdf in]ncharactcr is1ic\ 'n!ndchar lcte| is t icsandprodUclni l !n leasuE\.a.ddctcIminei ip
ind l rns.  Pfoduct iv iN was mcasurcd as s i te inde\ . ler f  arca jndcr.  nean annur l \o lumc in l re l r lent . . rnd per iodic.rnnual  lo lume
incrcrrlcnL. Pfoducti!itv on teffacc\ did not difler \ignifica.!l\ lion lhat on frn\ for an\ mcbure Sprti.rl vxriabilit) (iue lo plots
$ithrn slandsl ir height (t=0.0001) and lilc index (p=0 00.1) \as signiiic.rnd.- lfeaier .|I"it|i. lcmce st.rnd\ thrn fan stands.

Si le index of  Dougla!  l i r  s tunds (King 1966) ( rn rhc la l ler  f loof  ( l - l  m) was grcr ter  th lLn rhar esr j  arcd 1br surounding
u p l a n d \ ( 3 1 . 2 5 o r 2 , 1  d c p c n d i r g  o n  d r t r  \ o u r c c ) .  1 n t h c S o u r h F o r k N 4 c K e n T i c b a s i r o n ] ! l c l s q i o f t h c r i p a r i u z o n e s a r c o n
i \ ide r l lu ! ia l  deposi ls  \ in i lur  to tho, ie on our Frcnch Pete \ 'a l le)  f loor studl  arca.  In p nfofrh isrea\onf ieresul tsof th js\ lud!
c.rnnot be e\tcndcd directl) k) the ne bt la dscrpe. The current Presjdcnl s Plan (LTSDA Forest Scr\ice and LISDI Uurcau ol'
L.rnd \{a.age rcnl l99,tl crLll\ for approrirnrlcl,,' '1..100.000 hr of riparirn rcser\es on $ hich tjmbcr hal.resr $,oLrld be' siglili
c lnd\resIr jc tcd.Th] \s lut1} indic.r testhar$ ' l rc . r iP,r | ianrese| \ 'es inthcwtJlcrnCl\c lde, i inc|ud! 'w( lc\ i t l le} loors. thc} ln! j .
inc lude sorne of ihc rorc p|(x luct ive \ rands in a brs in.

Introduclion

There is l i tt le publishcd intbrmation on stockin-s
or productivity ofconittr lbrcsts in vallev l lools
of the Pacific Northu'est. and how $rs compares
with adiacent uplands. Most studies of Pacific
Northwcst riparian plant communities have fb
cused on productivity of harclwood, shrub. and
herb specics (e.g.. Campbell and Franklin 1979).
successional trends and processes (e.9.. Foncli i
197.1. Agee 1988. Gecy 19ll l l . Van Pelt l99l) or
characlcrization of plaDt associations (Lee l979.
1981). Some havc included tree density. basal area.
biomass or leaf area. bul do not include produc
tivity ol nalie comparisons with uplands sitcs (e.g..
Lee 1983.  Gregory  e t  a l .  l99 l ) .  Andrus  ard
Froehlich ( 1987) estimated tree densily, basal area
and volume from sarnples of riparian vegetation
along 28 streams (estinatcd second to third or
der) in the CenLral Coast Range ol Orcgon. Pro-
ductivity (e.g., incremcnt. site index) $,as nol
measured. howevcr. and all but one strcam had
tenilccs dominated by hardu txrds.

rPrpef 228'1. l-oresl Rcsctuch Lrborator!. Orcgon S|rre Lrni-
\eAi t ! ,  Conal l is .  OR

This lack of intbrmation is pafi icuhrly acute
becausc potential uses of thcse stands for cx-
unple. cutting tirr tinrber versus maintaining shade
and logs tbl stream ecosystems (Grcgory et al.
1991) and riparian habitat t irr wildlife (scc pr-
pers in Raedekc 1988) oiien conflict (Pedersen
1988). The Presidelt 's cuncnt plan calls for about
-1.100.000 ht ( l0.R{ lt ).r rut) !r\ 'r ol riprrirn re.crr .-.
(Espy and Babbitt 199.1). Thus estinates of the
productivitv of these areas. (]spccially relative k)
adjacent upslopc areas. i:Lre inportant.

The goals oI lhis study were to document Dou
glas-fir productivity on the floor of a fifth-order-
strean valley in the westeln Oregon Cascades.
eraminc relationships among stand charact(]ris-
tics ard productivity measules. tesl for difterences
in productivity and in spatial variability of pro
ductivitv betrveen landfonns (fluvial renaces and
alluvial fans, tcrms detlled in Study Area). and
conrpare productivily of valley-1loor slands $ ith
existing data for upland stands.

A fitth-order stream was chosen beciruse they
are corlmon enough to be important. aurd they are
t)pically bordcred by tluvial terraces and alluvial
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lans. Smaller streams in thc rc-qion often lack such
landlbms and iue dominated by adjaccnt upland
stands (Swarson and Janres 1975). Largcr strcams
ma1'have brcaderllood plains and tcraccs so allu
vial firns are uninrportrnt, and may be bordered b,v
er lcn . i re . l r r r rJ ' , ' i  Jcer . l r r , ru :  r ipur i ln  regent ion
'  Hr ,u  k  : rnJ  Z ,  'he l  lqT l i . . t ,n tp l i . i r l IU(ompr ison-
with adjacent coniterous stand\.

Productir iLy measures and stand characteris-
tics were dctcnnincd on two vallel 'f loor land-
tomrs, fluvial lcrraces and alluvial fans. both sup-
p , ' t  t ing  t t lu t t t re  Doue| r '  nJ  I  P \ .  u tL ' l  \u  < . t  t  e t  t .  rc  \1  i
(Mirb.) Franco) stands. These landtbrms clit l tr
in several characteristics, including genesis. soil
and shapc. The productivit) measues chosen \\'erc
site index. leal arca index, periodic annual vol-
ume inclement, and mcan annual r,olume incle
ment. The stand charactcristics choseD were age,
mean cliameter, hcight, tree density, Reineke's stand
clcnsiLy index. basal area and volume.

Study Area
Rcscarch was conducted on the vi,riley lloor of
Frcnch Pete Creek, a filth order tibutar) of the
McKcnzie River in the $estern por.tion of the
Orcgon Cascades Range (Figure J). The 6-knr-long
study rcach is |rcaled upstlean tiom the South

Fork McKenzic Rivcr and drains a wate$hed area
oi 8.1 kmr. Allitude of the valley 11oor study area
langes tiorr 550 m to 800 m. Mature Douglas-fir
stands now dominate the forest; however, the
Iate-successionii l vegetrtion type is thc wcstcrn
hemlock (Tslga /rett:roi.rli-r'l/rr (Raf.) Sarg.) seies
(Hemstrom et al. l9E7).

Flench Pete Creek l ies within the Three Sis-
ters Wilclelness Area and has ncvcr bccn logged.
Thc prcponderance ofeveD aged stands 80to 130
years-old (based on l iges of the oldest trccs; stand
origins 1856 to 1906) result f iom large tires in
the basin during thc 1a1c 1gft ccntury. Older stands
are rare arcl occuras isolated patches. Mixed steurds
of alder (Alnus rubro Bong.). bigleaf maple (Acer
nt!t' roltltl'llttn Pursh). wcstcrn rcdcedar (L4rll/

Trli.rita Donn ex D. Don). westen hemlock, ald
Douglas-tir occur on some telraccs along with
80 to 13(lyr old Douglas hr stards. Flood plains
usually suppod alder. Thc Douglas-fir stands we
sfudicd are classified in the Tiir,ga lteteroph.r'llu/
Rerberis rrcrvtsct, Tsuga heteropht Ila/ Berberi.s
tt e rro s a-C Lt ul tlte ri a .s hq I I on, and TsLr ga I ret e b-
phtl[a/ Gtn[thtriu sr.lll.rr plant associations. all
of rvhich are common on well-drained, gravell l
soils in the western Cascades (Henstrom et al.
1987) .
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Figufe L Loc.rrion ol rhc \Lud) arca rlong lo\!er 1-rench Pete Cfeek in the central \Veslern C.rsc.rdes ir Or.gon.
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Four najor landfonns rnake up the French Pctc
Creek valley floor: thc channel, active l1ood plain,
fluvial tcrraces and alluvial fans. A gconrorphic
surface (or'"surface") is a specific erample ol a
landfonn. such as an individual flur'ial Lcrrace or
alluvial tan (Figures 2 and 3). The width ot the
valley floor ranges fiom 9 m to 170 m in thc snrdy
;Lrea. The activc flood plrin. and low flow and
flood channels. together occupy 1:lcl. of the \,al
ley floor. are fiequently flooded. and generallv
do not support malurc ft)rest.

Methods

The channel. active flood plains. l luvial Lcrraces.
and alluvial fans wcrc identified. ald the entirc
vallcv tloor u'as mapped accordin-q to these land
foms (Figurc 3. Table 1 ) as part of another stud1.
We wanted to sunmadly characterize the soil en
vironment of this lalley floor. not to examlnc
effccts of soils on inter or inlra-stand rariabil ity
in produclivitv. Soil was described in onc 60- 100
cm deep pit on each of three teffaces and threc
fans chosen at random from those sampled 1br
ffee growth. Texture (hygrometer mclhod, Day
1965), organic natter (Walklcy-Black method.
Nelson and Sonrmers 1982) ald total nilrogen
(micro-Kjeldahl method, Jackson 19511) of soil
at the depths 0- l5 cm and 15 60 cn rvere dctcr-
mlned.

Stand Se ect on

Color intiared aerial photographs ( l:8000) rvere
usedto map trce cover based on composiLion (harcl-

wood. conifer. or mixed) and approximate stand
age blsed on crown characteristics on thc valley
floor. Thc landfirrm map \\"as overlaid with the
lree cover map.

Slands selected for vegetation samplilg net
the tbllo*ing cri leria: they were (1.) locatcd on
lcrraces orthns (since othcr valley tloor landlomts
did not suppol Douglas fir), (2.) dominated by
80- to 130 yr-old Douglas-tir (>80% ofstand basal
arca). and (3) located in stands large enough to
cootain al lcast f ive domiDant or codominaDt
Douglas-firtrees (generally 0.1 ha or larger). Old-
gr owth stands (a11 with dominants much older th n
I 30 yerrs) and nixed stands (mixtures of broaci-
leaved trccs and coniters) werc not sanpled to
avoid confounding lanclftrrm with large differences
in age and species composition. Por-tions ofslands
with pockets ofcanopy tree moflality apparentlv
caused by root lot, and clccpll incised channcls
(up to 15 n) on alluvial faDS that oftcn did not
support Douglas fir nadc up a small. unknown
proporlion ol the area and werc avoided.

Sevcnteen percent (bv a.rea.)of the terraces and
86 7c ofthe fans mct these criteria (Tablc 1). Manv
t(]naccs suppofied over 20 % broadlear,ed spe-
cies and so werc not sampled. Stands on 14 tans
and l0 tcrraces u,ere chosen for sampling.

F- ie  d  Sampl ing

Frcnch Pete Cleek field sarrpling. conducted in
1986 and 1989. varied in relation ro the size of
the geornorphic surface. On sudirces lalge enough
to contain them. systenatically located
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'11 81-E L Co!ert)pes on the French Pclc Clrcck \,tLlle) floof.
10t . r l  area, l l . l  ha.

Co!e f  Npe ler . :e| l t  \ r l  nr tJ l  r rer

6l

t:l

l l
l 5
.l
5
5

l 0

t0
3
I

Channels

Clol1iler. suit.rble fof \ampling
Cloniler. unsuitrble, old gro$llr

Conilir. unsuLt.rble. not old gro$lh

Coni I cr/Hard$ ood Il1ix
Pure alder
Nluple. mrplehlder nlix. .)lhcr hllldwood

Conifef. s iiablc ior samplirg
Conifer. unsuitablc. old gr0$1h

Coni fer  unsui tahlc.  .o l  o ld gro$th

rneasuled height was estimated dircctlv liom dbh
and height of site indcx rrees (Walre$ et al. I 9E5 ).
We modclcd volume ofthese trccs as: log(volunc.
nr )  =  -8 .18 l  +  2 .146{ ' lo9(DBH.  cn)  +  0 .02900*
(Plot Sl. m) usin-q standard regression procedures
(n=395, 12=0.96. s.e.e.=0.11 mr). The resulting
equatioll was used to estimate lree vdumes that
were rn turn uscd to estinate prism plot volumes
using the tree factor approach (Hnsch ct al.
1982:220-211).

Flom trecs with the needed ntcasurements.
equlri, 'n. u ere dcr eloped ftrr r-l irrnetcr inclerncnt:
DBHirc (cm/yr) = 2.9117 + 0.55930 InDBH +
0.2901 j4  ln (BAL+l  )  -  0 .47469 ln (BAL+s)  -
1.23306 ln (plot age) (n=2,19. rr=0.166. s.e.e.=
0.376:l cnvyr) where BAl-=basal arca of larger
lrces (mr/ha): for dirmeter inside bark:
DIB-ORqqh l  DBH:  . rnd  lo r  hc ighr  inc rernenr :
HT inc  (m/ ) I )  =  l .1 .169 +  0 .007398 P lo tS I  -
0.259045 ln(plot age) (n=34.1. rr=.67. s.c.e.=0.028
m/yr).

These eqLrations $cre used to estinalc annual
volumc increment. when trcc measuremeDls of
rldial increment and site index werc not avail
ablc. Gro$'th tbr each plot was expressed as pc-
riodic annual incrcnrent. and mean annual incre
lrrent. and was ilveraged for each stand. We present
net growth rales (gross growth minus mortality)
bccause we could not cstimate mofiality on thgse
temporary plots. We chose to not use a regional
stand growth nrodel (e.g.. DFSIM bv Cutis et al.
19131, SPS by Arney 198'11 to calculaie growrh
rates because wc had much radial gro$,th data
specific k) these ltands.

Reinckc's stand density indcx (SDI) was cal-
culated according k) Daniel et al. (1979). l,eaf
area wrs estimated bv assigning a value of 0.5,1
(mr/cmr) to the ratio Ieafarea:sapwood area (War-
ing et al. 1982) l irr 337 trees with ncasured sap
wood. For 3 | I tr-ees without sapwood neasurc-
nren l . . . lpuout l  s r .  e . t i rn r tcd  br  u  rcerc . r iun
nodel of the form: Iog(sapwoocl area. cmrl =
0.2895 + 0.7819'i log(BA. cmr) (n=337. rr=0.62,
s.e.e.=0.26 cm:). then leaf area was estimated as
abovc. Leal area index (LAl) was calculated for
each plot usiDg thc tree-factor approach in u,hich
values firr individual trccs are weighted by the
tree factor to oblain an areal estimate lbr the plot
(Husch ct al. l9E2:220 2,11).

Volumes and leafareas oflrccs in lowercanopy
classes were probably overestimatcd because data

variable-radius prisn plots were used to estinatc
site index and stand productivit) '  measures.
Variable-radius plots rverc placed at 25 m inter-
vals on l ines spaced 20 to 30 m apan. Plots were
placed 20 ln frotn the edge ofthe surface to a!oid
the potentii:Ll eflects ofabrupt topographic changes
at surfacc cdges.

In each plot. trcc counts were obtained using
a prism with a basal area lactor of:1.6 mr/ha.
Dianeter outsidc-burk at breast height (dbh) was
recorded fbr tallied tees. Fivc (rarely 3 to 8) domi-
nant or codonrinant Douglas fir tr ecs (herein called
site index trees) were selected 1br incremcnt cot-
ing (2 cores). height neasurcment and site inder
estlmation. We chose only trees with no evidcnce
of radial grorvth suppression to avoid problens
l r , r rn  ear ly  eornpc t i t r , ' n  l ' r , , rn  o \ ( r  topp ing  t | cc '
anci shrubs. Age at breast hci-qht (1 core only).
bark thickness. saprvood thickness. and number
ofrings in the outcr-most centimetel were rccorded
for these trees. A total ol56 prism plots on 5 ter-
laces and 6 fans rvere sampled.

On 5 additional tcrraces and 8 additional fans
\\"ith stands t(x) small to contain prism plots. a
minimun of5 dominant or codominant Douglas-tir
r ree \  ! {e re  \e l ( ( led  lo r , l l . .  inJer  e : t im l t ion .

Ca cu ation of Productivlty Nrleasures

Several characteristics of thc current stand rvere
estimated from the fielcl srmpling. Data obtainecl
l ionl domintnt and codontinant trees u'ere used
to estin.rate sitc index at 50 yr (King 1966) tirr all
pJots and surfaces. Current volune of trees with
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liom dominanls and codominanls rvere used tcr
build the estimating equations. The ellect of this
bias on reportcd volumcs. volunrc groNth ratcs.
and LAI values is probably uninportant because
smallcr trccs makc up a small propoltion of thc
total volume and leaf arer. Additionally. the ef-
t 'cct on cstinlatcs in cach stand is in thc samc di-
rection (overestination). and of similar size be
cause staDd diameter distributions are all similar
(not signil icantly dif lerent t iorn nornral, p>0.05
in all cases, Shapiro and Wilk 1965, and vari
anccs arc not significantly difftrcnl. p>0.05 by
Bartlett's test tbr honogeneit,"- of variances, Steel
and Tolric 1980). For thcsc rcasons it probably
has little effect on comparisons of stand means
in an anallsis of varialce.

C. r  i -  ,  .  Ar  - l veo .  ' r '  F ror ,  I  Pe .e  C.ee |
Data

For each of 13 r'neasures (lbr all plots: average
age. nrean clbh and hcight of sitc indcx trccs: : id-
dit ionally for-prism plots: mean dbh, site index.
stard density. basal area. volurne. meal auual
volume increment. periodic annual basal area and
volune increments, stand density index and leaf
area index). we tested the hypotheses that pro
ductilily o[ norlh facing and south facing fans
was cqual and thal productivity of lenrces and
fans was equa1. \,\ 'e used independent contrasts
il an analysis ofvadance 1br a lested, unbalanced
design (gereral linear rnodeling, Steel and Touie
I980) to test each hypothesis:

ing fans \\,as equal using an F-ratio of thc plot-
within stand variance for the nonh facing fans
ovcr thc plot-rvithin-stand variance lbr the south-
lacing lals. For each trreasure we then tested the
hypothcsis Lhlt !ariability * ithin t'ans and terraces
nas equrl using an F-r'atio ofdre plot rvithin stand
variancc lbr thc l.ans over the plot-within-stand
variance tbr the terraces. Corrclations bctwccn
ltand neans and variances were negative 1br nost
melsures but were not significlnt (l1l p > 0.05),
so no corection fol corelation ol the variance
wilh thc mcan was nccdcd.

\ -u  l va l . r r r  5  vv r r  !  \ - , l v  a  u .  L rdrd

\Vc comparcd dakr for stands on thc Frcnch Pete
CreekValley l1oor nith prisrn plot data for stands
in the surrouncling central portion ofthe \\,esterl)
Cascades in Oregon collected by Hemstrom ct
al. ( l9li7) (eco-plot data) and by the Willamette
National Forest ir the l98l National Fofest ln
ventory (NFI datr). We used eco-plot data fbr the
South Fork McKenzie River basin thal mct our
sanpling criteria tbr Frerch Pete valley floor
strnds. Douglas-fir brsrl iu ea at least I iO % and
stand age 80 130 years. We used NFI data
(Willarnette Nationrl Forest 1990) thm stancls
*ithin 48 kn of French Pete Creek that were in
thc NFI stand lypcs nrappecl fi)r the slopes above
our stud"v reach and in the elevation range ofthosc
slopes (520 1680 n). Restricting NFI stands to
thosc that nret the Douglas-tlr basal arct and stand
age criteria gar,e too l'erv stands to make com-
parisons, so rl 'e rvere unlble to crlculate stock-
ing or ploductivity measules. We selected domi
nant and codonrinant trccs that had no damage or
defect and calculated Douglas fir site index (King
1966) tbr each stand.

Comprrisons between French Pete valley tloor
and uplands stalds used F latios in ANOVAs for
unbalanced designs rveighted by the nunbcr of
prism plots i[ thc stand (gcncral l incar model-
ing. Steel rnd Torrie 1980):

Degrees ol lieedom
Priln Age &

srlrrE nlols slule1!
Drta source (Ffench Pete lallet iloor | |

vs.  sufroundirg $e\ lefn ClL\crdes)
Sund! $ i lh in l )uta sourcc lcrror)  15 3iJ
Correcled total 26 -19

Degrees of freedom were less for measurcs
available only on our prisn plots.

5!u4!
1-andfoml

N-fr . inS f rn\  vs.  S- c inS f rn\
Frns \'\. Ten.Lces

Stands \ i i th i r  Landf i ) | ln \

icrpcrimcnL.rl clr0r)

Degfees of ticedom
Pri\m Agc &
plaIl sl !LaI!

) 2
1 l
l 1
u  : l

Plorc wi th in Sunds (sa'mpl ing enor)  ,15

Conecled lotr l  55

Kendall 's Tau rank colrelation coell lcient
(Conover l!.)80) rlas used to e\alurte relati()n-
ships among elevation above slream! slope. age.
and measures of productivit),. Rank coffelation
rvas uscd sincc variancc of sonc of thc corrc-
lrted varilbles vas not unifbrm and some of the
relationships wele nonlineal.

For each measure rve also tested the hypoth
esis that \,ariability within nolh-and south-fac'
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TABI-E 2. Chamcteristics of sanpled flu\'ial teraces and allu!ial ians.

Charr . : rerLr i r Alhrlial liurs

Number sampled
Percent of \ rlle) tloor
A\erage $rdtlr
Lengrh
Size
OIigin of marenal

Shate

Slopc

A\erage ele!.rtion rbo\c lo\
flo$ \rater surfrcc

Rock iragmenlJ
Soil rcrrurc"
Soi lorganic 0-  15 cm:

mrt te l  15 60 cmi
Total  \o i l  0 15 crn:

ni r rcgcn 5l  60 c 'n:

S0i l  c l rss i f icat ion '

I  I t i  (a l l  tef faces 62*)
8-83 ln
l0 l,t5
<0.1 0.6 ha (  I  is  2.- l  ha)

fr.nch Pete Cr.: gralel bars.

abandoned channels. channel le!ees

Lisuall] oblong. parallel French Pcle Creek

<2'/.
Do$'n \ream (rpprox. $'est)

1 . 5 - 5 . 1  n

Rounded.. l0 70t i  by vol .

Sand-,- loanr to loinr

1.2 8.5 r, .
1.5-5 7tt
0 0l '0.10q.
0.0,1 0.12' l .
Usuall)  T!pic Ustochfepts.

rarcl ! T,r'pic Ustorthent\

l , l
20% (alL fans 2-lt )
23 202
2l  180 m

0 . 1  l . 1 h a
Tributary \ireams: bedload and debris

Cone-shrped $ith ape),. $hcrc a tribuur!
s|rcam crit\ a srde |alle)

8 l 5 %
Toq'r fds mair  channel110 i lc .  Nor ib.

.1 face South)
3 -  1 7  m

Angulrr . -10 70t t ;  by \o l .

Saudy loa to loam

5.7-9.0%
2.6-1.0./c
0.06 0. t ] . t
0.0,10.06t2
Usua! l,v T]pic Ustochrepts

" BaseLl on one pil in cach of three terraces and three ians.

i B.r\ed on soil pirs and lmpublished ,ioil terpef|rurc .rnd climatic dara from \ilnilrLf ele\ ations on lhc H.J. Andre\\s Erperimenral

Fofe\1.  l0 lnr  nort l r .

The above ANOVAs uere perforncd on ranks
ol thc data (Conover and Iman 1981) 1br mea-
sures with variances ti)u[d 1o be nonunifbrm us-
ing Birrt lctt 's lest (Steel and Torrie 1980) or re
siduals found to be non-noma1ly distributed using
the Shapiro-Wilk test (Conover 191J0).

Results and Discussion

Terraces and Fans

Fluvial terraces cover over 60 7r of the va)lcy
tloor are oblong. and slope gcntlr downstream
(Table 2). Alluvial fans cover only 24 % of the
val1cy l '1oor, are cole shaped. and slope more
steepl! either north or south towards French Pete
Creek. Terraces arc made ofgravel bars. abandoncd
channcls (Figure 3.). ald channel lcvees nate-
rial that has been workcd over and sofied by a
fifih ordcr stream so that rock t'ragments are
lounded (Table 3). Fans are relativel) unsofied
deposits ofbedload and debris tlorv matedal from
first and second order strcams. aDd rock fi-agments
are angular. Tcrraces commonly suppon dccidu-

ous vegetation and many did rot meet our sam-
pling criteria.

Douglasj i r  Stands

In general. there was a canopy of dominant and
codominant Douglas-tir ovcr fover comparably
aged intenncdiate and ovefiopped Douglas-fir.
\ , ' ungcr  l ree .  o l  rn1  'pe .  ies  ue le  rc r l  r l re  in
the understory. Average diameler (all pdstlr plot
trees) ranged from,13 to 65 crn, height ranged
tiom 44 to 62 m, stand density ranged tiom 159
to .161 sterns,4ra, stalrd volune ranged from 638
to 1432 mr,4ra. and mean annual incrcnent ranged
fi'om 5.9 b 12.0 mr,4ralyr (Table 3).

Comparing north- versus south facirg lans. no
productivitl, measures wele lbund to be signifi-
cantly different (all p > 0.05), though the sn.Iall
number ofsouth-t'acing fans (n=,1) Iirnits the porver
of this test.

AII productivity measures, stand denslt,v, stand
density index. basal area and volume rvere greater
on fans than on tenaces (Tablc 3), however. none
ofthese diff'erences was significant (all p > 0.05).
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Pafiitioning the within-landtorm vanance com-
ponents (Hanley. Rao and LaMotte 1978) shoted,
for 10 of l3 responsc lariables, more variation
$as due to plots within stands (60 to 9.+ %) than
ro stands $,ithin landtbrms. Age showecl thc least
percentage vadation $'ithin stands. only 12 %.
This plobabll '  reflecls conlmon starrtl- init iating
disturbances rnd rcgenelatioD lag tinrcs $ithin
stands.

Var abil ty W th n Stands

Complring south- and north-facing fans. tr-ee age
was more variable amolg plots (p = 0.005) on
south-t'acing fans. and wrs thc only measure with
a significant dil lerence. On nearby uplands sitcs,
natulal regeneration connolly takes longer on
dricr south aspects th!n on nofih aspects (Mcans
1982). The higher summer evaporative demand
and lemperatures expccted on south s)opcs, and
lack of topographic shading b,v an adjacent val
lcr wall. probably make seedling establishment
molc ditf icult. increasing the length ofthe regcn-
eration pcriod ard the plot-lo-plot Iadabil ity in
tree rge.

We fbund plot-to plot variabilit), withir stands
ro be significantly greater on terraces than on fans
for heighr (p = 0.0002) and site indcx (p = 0.00:1)
but Dot f irr olhcr measures. Creatcr plot to plot
differences probably lellect greater soil spatial
rariabil it.v on terraccs than lans caused by the
dii lcrent processes that built l  these landtifms.
S$anson and Janes (1975) descdbe these pro-

cesses for the nearby Bluc River drainage. French
Pete Creek creates stream channels, levecs. and
areas of sorted rock fragments iof different aver-
age size classes) such as grarel bars in flood plains
that become terraces with abandoned channels
(Figure 3) when the strerm cuts 1() a lower level.
Rounded rock tiagments in terraces (Table 2) rc-
flect fluvial reworking ancl sorting of deposits.
In  th i .  r r . r1  f lu r  n l  p roees .e .  c re i , le  f i r l l u rn .  in
soil parent material and micro-reliefthat may cause
sinrilar patterns in tree height gro\\,lh rate, and
thereli)rc in site index. Our plots 25 m aparl could
have pickeclup vuiability caused by these pattcms.

Tributar)' streatns fbrm thc larger alluvial fans
(large enough for plisn plots) primarily by ac-
crction of deposits tionr debris llorvs that over-
l low the incised channels. depositing relativcly
unsofied material (clay 1r: large boulders). as the)'
energe fron steep-wallecl sicle valleys. This ma-
terial is not solted by tlo\\ ing \\, aler after deposi-
tion because water f lo$,occurs on f 'an surfaces
only during very blicf debris florvs ard at other
times is in the channels. AngLrlar rock l 'ragments
in lans {Table 2) rcflecl less reworkiog of depos-
its than occurs on terraces. Wc thus hypothesize
soils arc more variable spatially on tcrraces thal')
on fi ins. This could be tested with extensi!c soil
sampling in anothcr study.

On both landfonns vadabil ity within stands.
as indexed by coetlicicnt of variation (CV). wrs
relativel) high (22 to.l l 7) fru nreasurcs such as
basal area. volumc. rtean annual increment and

L\BLE .1 Comprnlon ofch.Lrrcrerisrics ol 2-l nands on ihe French P.lc Clrcck ralle,\ lloof \r'ith 18 eco plol na.ds in the Soulh

F.nk NlcKenzie Basin (Hcnrstrom et  a1 1987t.  1 l  NFl  stand\  io ln \ i i th in '18 hn ofFre.ch PeIe Cfeek,  nd t i te

qlLalitl iiom the forcst Sur!e) mrp (lsrLc 19,19).

Agc

{  y f )
denslr \

Ba\.r1

(nrr/h.ri

S rcm
DBH dcnlrrJ
1cr1r) tste'nVhr)

\lctrn
Si te rnnual

Vdume inder incrcnrent

m' /ha r  (nr)  (  mr/hJ! f )

Ffench Pelc Cicck

NlcKcnTie B.L\ i I

P ' \u luc

\ F I

P ! . r luc

Fofe\ l  Suncl  map

105  112 )  57  { , 1 )  106  (55 )

r  ! i  l  5 5  ( 1 0 t  - l 1 l ( 1 5 0 )

0.3 0.5 0.001

779  (  115 )  5 .1  (  I 0 )

l 0 l l  ( : 69 )  68  ( l l )

0.00-1 0.006

971 (2 t8 )

0.0505

t t9  ( r 15 )  r 5 .  ( l )  7 . . 1  (1 . , 1 )

1061  c71 )  l t  ( 1 r  9 .9  (1 .0 )

0.009 i).0001 0.011

t5  {31

0.0001

l-1.

\ote: \ i r lues . r rc rncins rnd \ I rndud d. ! i r l iorrs rn pxfentheses.

'Srre jnde\  (KinS 19661 of  l - rench Pete \ t . rnds brscd on the la l1esr t fee.  l ikc NIcKenTje B.L\ in eco Plols
6 Strnd denJir ]  r .dex in t fees per hcclr rc at  ret t rcnce quLrdr l l ic  rncrn I )uH of  25 cn (Husch c l  a l  l9E2).

. tpproxim.Liesi rc indcrcalculatedt io|n l l l idpoinrof \ j techs{IVonforcst  Sur\c}  map { Is. rac l9, l9 l  loLI | ) \ \ rDg Kingt lc l66)
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LAI (Table 3) that are directly affecred by stock-
irg. Variabil ity within stands was smaller (CV's
ranged tron 8 to 16). however. for stand age,
height, dbh and site inclex. mersurcs that are not
dircctly aft'ectcd by stocking (Tablc 3). The preater
lariabil itv of neasurcs such as basal arca. vol-
urne, and meltn annual incrcment makes dilfcr-
ences in spatial variability bet*een Jandlbnns rrore
dilficult to detecr.

Compar sons w th Up ands

Table .1 conrpares all our Frcnch Pete Creek val-
lel f lool stalds with upland eco-plot stands in
thc surrounding Soufi Fork Mckenzie River ba-
sin (Hemstrom et al. 1987). with upland NFI
(National Forest InveDtory) stands (Willamette
National Forest. 1990), and with site index ofthe
r,alley ualls imnrediately above our study reach
based on Forest Survcy site class maps (lsaac 19.19)
con\,efied to approximate site indcx fbllo\\, ing King
(1966). Douglas fir stands on the valley t'1oor have
significantly greater site indcx (34 in) than do eco-
plot stands (31 m) or NFI stands (?5 m) in the
upJands. The vll ley tloor stands gcnerally have
five site trees pel prism plor $ hereas the eco-plot
stands ha\,e only one and the NFI srands typi
cally have 1-2. The Fiench Pete valley floor stands
sho\v even greiltcr site index (37 m) rvhen based
on tl lc tallest tree. as might be done if only one
slte ttee had been selected. The Forest Survey
nrapped the Frcnch Pete Creek basin as site class
lV lr 'hich coresponds to abolt site index 24 ln
(King 1966). also lou'er than the valley floor.

The lalley 1'loor stands. howevcr, have lower
stem density. SDI. basal alea. r 'olume. and mean
annual incremcnt than the eco-plot stands, and
possibly lower SDI than the NFI stands (Table
.+). Productivity comparisons with tlte NFI stands
rvould noL indicate site differences becarLse sontc
\\'crc outside the age lange ofthe valley tloor stands
and not dominlted by Douglas-fir, so this conr-
parison is not considcred further. Thc eco-plot
stands \\'ere sclected subjectivcly so chosen stands
tencled 10 have grcater stocking (Hemstrom et al.
1987). \\'e cannot conclude the apparently greater
stocklng on the uplalds is rcal, though it mal be.
The known supprcssion of Douglas-fir height
growlh  b) .h igher  s tock ing  on  low s i le  land
(Harrington ald Reukcma 1983. Reukcma 1979)
ma) contributc to the site index diflerences. Wc
conclude. howevcr. thrt the French Pete vallev
l lour  h r .  h i i l r c r  . r rc  in ( l c \  Ih i l t r  the  ru r r , ,unL l ing

2l0 Mcans. Harris, Sabin. and McCain

uplands because we believe the magnitude ofthe
site index differences out weighs a possible but
unclear eff'ect of stocking to reduce site index iD
the uplands.

Leaf area index of fbrests along French Pete
Creek (5.3 10.9 m'z/mr) was similar to or lorvcr
thiu that of subjectively selected Douglas fir lbrests
(7.3-12.0 mr/m:1 sampJcd by Marshall and War-
ing (1986) in the region.

Frequenr  L l i . lu rhances  an . l  h  igh  mni . tu rc  c , 'n -
teat ofdparian sites often leads to significant rep-
resentation or dominance by early seral or
broadleaved vegetation, as was tbund by Andrus
and Froehlich (1987) in a study of tcrrlces and
uplands along 28 second- and third-order steants
in the Oregon Coast Range. Thcironly valley lloor
staDd that was conparable in age and cornposi-
tlon to ours had conifer density. basal arca. and
volume very close to those ofterrace I (Table 3).
Future studies should stratify riparian zones by
several ef the fbllowing: width of valley floor,
slope to\\"ards slrcam. estimated height of grow-
ing-season watgr table. appr()ximate age of sur-
tace (or at a minimum. relative height of surtace).
relative tiequency of fluvial disturbances. and
species composition, and shouJd pair acljacent ri
padan and upland samples.

Putting this Work n Context

Thc difference in productivity we found between
the valley floor and uplands cannot be extrapo-
lated directly to thc surrounding landscape for two
rcasons. First. many ripildan zonc stands are less
productive than those we sampled. On the Frcnch
Pete Cleek va)ley l loor about 30 % of the sur
faces suppul broad lcaved, broad leaved/conifer
nlix. herbaceous or no vegetation. often q,ith
youngel.less welJ-developed soi1s. which wc did
not sample. New surliices with pure alder. shrub,
herb or no vegctation (Table l) probably rvould
not suppoficonifers. and surfaces suppoting other
pule hardwoods (Table 1) may har,e lorver Dou
glas-fir site index than stands rve sampled. \!c
also did not sample riparian slands on steep and
over-steepened toe slopes u'ith thinner. Iess well-
developed soils tiorn rvhich trees commonly toppJe
into the streanr, wher-e there is no valley lloor.
These sites are usually closer to the stlean and
erper ience f lu r  iu l  d i . tu lb rnLe '  sueh rs  . ' r , , s ion
and dcposition relativcly fiequently.



Secord, r'e sanrpJed only one stream valley.
ln the surrounding South Fork McKenzie basin.
narrouer valley floors with fewer or no tefiaces
and lans ale more comrnon than rvide valley floors
such as thosc we sampled. ln this basin fans and
teraces occur it long approximately 28 % of the
total perennial stream length when slcep vxlle)'
\\'all tributary streallts are not included and along
l6 % when they are (C. McCain. unpublishcd data.
199:l).

Thc recentNorthwest FederalForest Plan (Espy
and Babbitt 1994) calls for about .1.,100,000 ha
ol riparian Leserlcs in which harvcst would be
restdcted. Thc reserve fof our.1.4 km study reach
rvould be 88.2 ha (.11.2 ha va1ley l1oor with channel
and 47.0 ha uplands) of which 25.4 ha is in nearlv
ptre lJ, \uFl.r\-l ir \ l iurd: on t hc r rl lel l loor. oi u hr, 'h
wc sanrpled 12.7 ha. This work indicates thrt. $,hen
riparirn reserves include rvide vallcv tloors. they
may remove tiom potential hanest some of the
more productive staDds in a basin. This is l ikely
to bc one consequencc of irnplementation ol the
recent Northwcst Federal Forest Plan. This de-
senes funher study becausc the magnitude ofthis
cf1'ect cannot be asscssed fiom this study aione.

Conclusions

Productivity of Douglas fir stands on the r allcv
f l rn r  r , l  F rench Pc te  Cr ( .ek  i .  re11 s i r r i l l r , ,n  t1u-
vial tenaces and alluvial fans. lt is quite valiable
rvithin tcrrrces and fans. and is high locally.
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