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Development of Oregon White Oak Seedlings

Abstract
Seedlnig-. of Oregon irhite ork {Qacrtu ganrana Dougl. er Hook.) groivnrg in ivesern Oregon dcrclqxal ! m! ri sri,mnxrl morphol

o p 1 t h r t p e r s i s t e d | o r n r o n ! ! e ! t 5 b e l ' o | e s h i 1 i i n g t o o 1 . o r r l d o m i n a l e
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I)lut. llcigl,t grtrrth pcr srrrllnrg arcragerl :1.6 d! per \ear: tapruot gro*th areraged ;.il cm per lear. Sten death areraged [3

Itr(1.nl IJ(ir ir:1fr n.\r st.rns $.rc phduced at a rate o{ 0.2 slemi per plant per rear and rere closelr ossociated in time with

strdr d.ath on the slrne p1ant. The charge irorn seedling to sapling norphologr rppeorerl to be rapirl: sopling height groivth arer

as.d l5.7.rn pef leaf fof the single domilanr sterns. Root s_rstems of saplnrgs rreraged 13 rears older tho the dominut stem;

in  r r r t  q r la r r t  th r  d i f l c ro r r  ras  12  rears .
'Ihr 

rauses ol the proloriged seedlirrg phase and s bsequent shifi in morpholopl and gro*th rare afe nor cleor. Browsing bl

sleep ard deer did not rontdbLite t., the ptulonged multi stenned phase: little eridence of browsnrg *as found. The shift to the
:aplilg phase did rot appear to be related to nio;ture alailabihr: we could linl no dillerence in predawn plant{lrer porenrial

betireen seedhrgs onrl srplnrgs.

lntroduction

Oregon lhite oak (Q&ercra g.rnl?no l)ougl. cx
Hook.) is found on dry sitcs ftom southwcsl coastai
Bit ish Colrrmbia to norrhefn Cali iornia. Toda]-, this
-rpecies occurs in forest st:uds and iD woodlands
$'here the trees ar.e scattelecl throughout a grass
rnatr ir  ( \ ' lorr is l9i l4. I labeck 1961. Thi leniu-q
196{J). Regeneration is rale (Sprague:rnd Hansen
1946. Habeck 1961. Thi lenius 1968, Johannes-
sen el al.  l97I).  as has been lbund general ly for
oaks in Meditenanean climfltes (Criffin 19?6). Thc
largcst populat ions ofOrtgon lhite oak are found
in western Oregon. pa|ticr.rl:rrly in the r.allevs
drained by thc \\ illarncttc Rivcr and its t butdrics.

Very little is knoln about the regenerntion of
OreEJon thite oak and. in particul . about sccd-
Iing surlival and grotth. ,Srl/rics of North Ameica
(f. .S. Forcst Scrr. icc 1990) dcscribcs init ial  shurt
gro\rth as sl( lr l ,anrl  r(xrt gr{^! lh as rapid. Cole

{1977) reported lh:rt  he described a-q st lmted
scedlings on r idgcs lrrrcJ uppcr slopcs at lhc sr)uth
enrl of the Wil lamette \ ial lev. Oul earlv observa-
t ions did ler 'eal rnanv srnal l  oaks with mult iple
stems and:r shmbb,v appearance; these mav be
equilalent to Cole'- i  (197?) st lrnted seedlings.

Other oak sper'ies and close relatives comrnonlv

Ir-ss through a seedling stage chalacterized b,v nlul-
t iplc stcms. frcqLrcnl slem rlcath, and thc develop-
rnent of:r rool svstern older than the aboveground
pa s l \{elz and Bovcc 1956. Hibbs 1983,
'l 

appeincr and XlcI)onalcl 1984. Trron and Powcll
1984.). Such obscrvations lccl to thc ftr lmal clcf ini-
t ion of a sccdl ing sproLrl ls a scecl l ing LhaL has a

root collal diameter less than 5 cm and a root svs
lem l l r r r l  i -  u l r l e r  t h . r n  t he  rLu r ,g ruun r l  g ro r ' t l r
(Socicty of Amcrican Forcstcrs 1950).

The causes fbr such a developmental process
have not been erplorecl. 

'l'rvon 
ancl l'ovcll (198,1)

describecl a dieback of oak scecl l ing sprouts in
West Virginia as lesultinpl iiom "suppression," aJ-
though the_v did not elaborate lurthcr. 

'lhe 
east

crn oaks, hon'crcr. dif{cr from Orcgon t'hite oak
in that thc_v rcgularlv occur in light-limitccl cnviron-
ments. f lnder lhese orndi l iorrs, dieback of stems
.an resLl l l  from the fespiratofy requirements ol
larger (older) stems exceedin€i photosvnthesis. Most
of thc Orcgon lhitc oak sccrJl ings l lc har'c secn
gro\'! in open grasslands rvhere Jight is not limiting.

Civcn thc scarcitv of infcrrmation orr Or-cgon
r,hite oak srecl l ing surviral and derelopment, or
even of good species for coml)arison. ue uncler-
took an init ial  investigation ol this process and iLs
underlvin€t causes. We began t'ith a characteriz:r-
t ion of thc seedlings and, frrr corrparison, small
-qaplin€is. If Oregon oak seedling-" could be charac-
tcrizcd as sccdling sprouts, thcn $,c $'anted to
knot', first, horv long thcv continucd to die back
and rcsprout; sccond, rrhat chuactcrizcd thc tran-
si l ion frorn this slage lo sapl ings; and. f ina]]v. $hat
caused the transition. Research on (lalilornia oaks
(Crif l in 1971. I9i3. 1976) lcd us to cxpect thal
hcrbi loly anrJ r lroughL coLrld affect carl ,v gror,; th.

Study Area

The study arca, which includecl two adjaccnt si tcs
(A and B). was in the r{esL-central port ion of thc
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V'i l iarncttc l t ivcr Val lcv. ncar Conall is. Oregon.
,Soi ls were a clar loarn in the Jory -series. Depth
to the highlv iratrurcd basalt bedrock was I00 to
200 crn. l ' recipitat ion avclagccl 1004 mrn. rviLh
onlv 4,7 mnr lal l ing during June through August
( l ' rankl in urcl D,vrncss 1973). The sludy area t! 'a-q
represerrtatir,e cr{ the Quer(:L\ gamandlllhtLs ditc i-
loDa communitv typc (Thik:nius 1968).

Site A lias on a !,iest-lacing hillsidc (10 to 40oi
sL4re) and tlclnsisted ofopen glasslands. oak lrood-
lands anrl forcsts. and palches up to 0.5 ha of ap'
parentlv even-agetl oak scccllings. Thcsc seecllings
!\,ere growing in open areas. usulllv \rhere maturc
oaLs had been hanested 15 to 25 lcars prcvioLrslv
and $hr- 'rc 'one lo len large trees pe| ha st i l l  re
nlained. In oul e\pelience. this hillsiclc rr'as un-
usual bccausc of the large arnount of oak
regeneration plcscnt thr:rc. Wc belicve the soil clis-
turbance caused bv renroval of maturc oaks c()n-
t l ibLrled to the high densiLr of oal seedlinpJs ancl
sapl ings. Sheep har.e grazcd thc sitc annualh for
dt lcast thc pasl l5 lears. and Lhe area also con
tains a large deer herd. I  here l 'as no cvidcncc of
a rcccnt f i rc hiskrr,v.

Site B was used to proride al esl imate ol the
duration ofthe seedLing stagc undcr a diflerent dis-
tLlfbance regime. lt was irnmediatcl_v rr'cst of Sitc
A. but no history of logging acLiviLl was apparent
al lhis site. Slope na-s slight (( 50/o). Soil t1pc. graz-
ing. and i ire hi,*tor-v rrcrc similar to thosr: of Site
A- Regeneration \ra-r scattered spalselv lmonfl
rrirlcll' spaccrJ oak trces.

Methods

Characterizat on of Seedlings and Sap ings

\ te bcgan vith thc casual (non-quanti tat i , 'e) ob-
ser\at ion thal the site cont:r ined a lalge numbcr'
of oak plants oI a shrubbv lornr an{l  a lesser nurn-
ber ofplants l i th a more upight or trccJikc l ' rrrm.
In this papel we have clelined seedlinpp as mr tiple-
stcmmcd plants rr i th no single dominanl stem (plus

single-stenrmed recent gernlinants) and saplinpis as
plants t ' i th a doninurt stcm. Samplc plants wele
choscn to irrduclc the range of sizes p]esent, bl l t
rrere re,\tr ictcd to plants nith a nrininrum of
aboveground competition. We did place an artili-
cial uppcr l inr i t  of 2 m on height.

Twent, '+hree oak seedlings and 27 sapl ings
\{ere e)icalated fiom thc studv arca. All 23 sced-
l ings camr lrom Site A. N;ne r)f  lhe sapl ings c:nne
ftom Sile B. ' l 'he root svstems ofoak seedlings and

saplings r,".ere excar.atcd rdth shovcls and tror,'cls.
Scccl l ings *ere erc'avaLed to a depth ol :10 to 120
cm (wherever the taproot diamctcr cl irninished trr
1 mrn). S:rplings \{ele e)icavated to about 30 cm
dcpth.

The nurnbel ol l ive stems on al l  seedling sam'
ples llas counted. heights and diamctcrs of lir.c
stcms r lcl-c ncasLlrcd. ancl incidence of brot 'sing
\!as noted. Height and diameter {mcasurcd just

abovc thc root col lar j  uere recorded for the domi
nant stern of cach sapl ing. Taprrxrt lengrhs and di-
ameters rlere measured just beloN thc root collar.
and diamcters \\ 'ere measLlred at:JO-cm intervals
along the root.

Stem and root ages were determined lbr all
samples. We uscd r ing counts to obtain above-
ground ages. Seedling ring counts n'ere cross-
chccked against counts of bud-scale scars lrom a
subsample o{ l0 stcrns. and (nrnts agreed to rvilhin
L vear. Stem ring counts lvere madc at thc basc
of l i r .c stcms, just abovr the enlarged ponion o[
the plant at the root-stem junctute (! igurc 1). Be-
lowground aple t 'as dctcrmincd by counting r ings
in thc taprd)t 2 cm below the ground and at 30 cm
intcn'als along the taprool. Part ial  r ings r lere ob-
-en .d .  - o  \ 1p  : l spc . l  r n i - - i nB  r i ng - :  r i ny  , , , r r r r t s
probablr- underestimate true belo$'Eiround age.

Cro*th rates rvere calculated bv dividing lenplh
(stem. total root. or root section) by ttr .  y."r" l .-
tluircd to gror,r the lcngth. Root yolume was calcu-
latecl as the sum ofthe product ofthc lcngth t imcs
the average of the cfoss-sectional alea at the tilo
ends of cach 30-cm secti()n.

Femeasured Seed ings

ln the spring of 1987. 23 addit ional seedlings on
Sitc A were permanentlv marked, and each stem
las tapJged and mclsulcd. Evcry spring (before
leal ernelgence) ud lall (afier leal senescence)
through spring of 1990. seedlings $'ere relocated
and stems remeasurcd. Stcn lcngth and basal di-
i lmeter were measLrred. and incidence of damage
(brouse. dieback) r,ras recordecl. Nclt stcms lrcrc
taggcd and rreasured as Lhev arose.

Water Potentia

Predarn twig $,ater potential (V-rs) 1r'as measured
from 20 pairs of seedlings and sapl ings at Site A.
The members of each pair gret' within 2 m of each
other. 

'l\r.ig 
V t'lu rfuo measured on large lrees dis-

tributccl throughout the stLldy area. Xleasurements
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rr'cre taken t'ith a portable pressure cfiambcr bc-
tween l l  and i> a.m. on Arrgust 22. 1985. and Julv
3 and 29. 1986. Thc summers ofI985 and 1986
'ilere similar in precipitation and n'ater demand
{Oregon Statc Lniversitv H,vslop Farrn record, un-
pub. dala).

Results

Excavated Seedlings

Each sample hacl onc to six stems 2-56 cm tai l ;
we found no plants mole than 56 cm tall that mct
our morphological definiLion of a sccdling. Most
stems originatcd from the enlarged knob above thc
root collar area at or near thc soil sur{ace, not liom
cxisting stcms (I'igure 1). Although some seecllings
had below;pound ages of up to 2l vcars. individual
stem ages averagcd 4.6 vears and never excreedcd
9 vcars (Table l). 

'l'he 
maximurn age span ftrr thc

stems on anv one plant was 7 ycars. All seedlings
had stcms more than I vear old. Stem hcight
grorvth averaged 4.6 cm/vear.

Brot'sing is usuallv indicated bv a missing dis-
tal end of a stem. This symptom was not seeD on
the  e rca ra ted  oa l , ' .  r l t h . , r r yh  o the r  phn t  "pec ie .
al the site rxh;bitcd it; poison oak (,/lhus diaenilobo
T. & C.). for example. t'as heavily brotscd. Horv
everj apical meristems of l,".hite oak occasionallv
failed to grow, resulting in the grorvth ol several
laleral buds, producinpl a branchy appearancc.

Each sccdling had a single taproot rvith small
laterals (diameter (0.5 mm) along its lcngth. Tap
rool lengths averagecl 56.3 cm! ancl clrameLers
averagcd 1.2 cm at a depth of2 cm (Table l) .  The
taproots greir slowlv. averaging 7.3 cm/year. The
gron'th late increa.sed distall,v. Crowth ar.eragcd 4.9
cm/year for the first 30 cm and increased 1o 7.7.
15.8. and 12.5 cm/year for the three subscquent
30-crn depth inter,'als.

Age of the seedling taproot rangcd ftom 7 to
21 years. avcraging 13.8 ycars (Table I).  Taproot
diameter was stronglv r:olrelatcd t'ith age (Pear-
son correlat:on, r = 0.62, P < 0.05) (Figure 2a);
root \.olume was also stronglv corrclated with age
( r : 0 . 7 1 , P < 0 . 0 1 ) .

Excavated Sapl ngs
'l'he 

ar.erage height o[ the dominant stem ol each
sapling lras almost 1.2 m at Site A (Table l): none
uas found to be less than 65 cm tal l .  Mean height
gro$th $ns 15.7 cm/vear. Sapling stcm ages
ranged from 3 to l7 ycars, n\.eraging 7.5 years.

Whole root svstems lverc not excavated for the
saplings. but thc taproot was still distinct at a dcpth
,,f  30 , m. 

' l  
h" Jr "rcep dia metcr . i  sapl inp tJprout-

was 4.0 cm at a depth of 2 cm (Table I).  T,ateral
roots, t 'hich had diameters less than I cm. tere
commonlv obscn'ed to depths of 3O cm. Taproot

Figure 1. llra\ring of Lh(i liidturcs conrmon lo oider. multi
stcnnn.d s..dlings ol Orcgon white oak: a taproot,
a hrob at the top ol the rool- an,l livi, and d.,ad nems.
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TABL[ l. Characteris \ ol cxcrrded Oregon white oak sccdlilgs and saplings gro$D h wisL,]d Oregon (Slte A). Er.ept ir naxi
num ages. m.an rlllcs lre silen. Standard deriatn,ns ure shown ni parentheses.

HeishLid,rthLengtli

r = 2 3

,sar,lingst
t :  l n

n = 2 3

-rapliug.
a  :  1 8

2 .1
( r . : t )

I

I

I

21.2
i13 .3 )
|  1 7 . 6
(32.s)

56.3i
r 30 .7 )

0 . ;
( r . 21

2 .5
(1 .01

t . 2
(0.s)
,t.0
(1 .3 )

{2.01
7 .5

(i t .91

t  3 .8
(.1.11

20.2
(s.0)

1 5 . 7

7 . 3 1

*lusL triro\c (lbr stems) or belo{ iinns) th( tuol collar.

]For tailest stem orll.

tD  =  16  { , ! ,1  a l l  s&r t l ing  roo t  s rs tenF Ndc. \ i , rvNred ro  rhe i r  d is ta l  end) .

age ol ' the sapl ings varied l iom 12 to 28 ycars,
avcraging 20.2 years. For-sapl ings alone, taproot
age and diamctcr \ ,rere not correlaLed (P > 0.05).
Horyer.er. lbr combimecl sccclling and sapling rlata,
rool age and diamcter vere correlated (r = 0.69,
P < 0.01) ( l ' igure 2a). The rnarimum di l lerence
betrr'een above- and bclorr'ground ages at Site A
rvas 2l vears,

Thc saplinpp iiorn Site B had an average stem
age of 42.0 years, rvith a maximurn of 60 vcars.
Taproot age ranged frorn 55 lo 72 vears and aver-
aged 64.8 vears. Regr-'ncration at this site is clearlv
older lhan that dt Site A. The maximrrm dif fcrence
belrreen abor.e- and belorground ngcs at Site B
Ilras zl2 vears.

Seed ing/Sapl ng Compar sons

Reqlnstructin€i the growth histon of saplings
sho\\,ed that oak sccrllings undergo a prolongerJ
pedod of dieback and resprouting be[ore produc-
ing a stcm that gro$,s into a sapling. Figure 2 fur-
ther characterizes thcsc tit'o morphological stagcs
in a form that lbcilitales compar-ison of the stages
and an examination ofthe transit ion. Notc that 1ve
samplcd all sizes of both scedlings and saplings.

Figurc 2a portlavs a develrpmcntal continuum
b . l r ! een  l l r p  r un  : t ag r - .  T l r e re  i -  no  j ump  i n  s i z r
bett'een seedling and saplin€i stages; the transition
is smooth. Although all saplings \r.ere taller than
all  seedlings (Figure 2b). seedlings and sapl ings
overlapped widely in hcight growth rate. Among

the seedlings thcrc are mnnv slo\'!-grov;ng stems;
none o{ the sdpling stems gre$ as slor.lv as the
slowest seedlin€i sterns. Some seedling stems had
high grorvth rates, similar to those o{ the fastesl
saplings. but thcse plants t'ere shon ancl still had
the morphology of the seedling stage.

!'igure 2c. shorving plant age r.s. stem gro$.th.
cldborates these points. Herc. onlv the tallest stem
of cach plant is included. Scedlings and saplings
overlappcd videlv in age (Figure 2c). Except for
lhe two fast-groving seedlings, there n'as a clear
delineation betrveen sccdlings and saplings. The
two abc ant plants are seedlings morphologicall,v;
frrnctionall,v. the_v are behaving likc saplings and
rnav sonn havc the appearance of a sapling.

Seed ing Popu ation Dynamics

In 3.5 years. three of the 23 rcmeasured seedlings
died; each hatl had its tap root severed bv pocket
gophers. A total oi 78 stcms on 23 seedlings (aver-
age = 3.4 stems/plant) wcrc censused during this
pcriod. Of these. 22 died- 15 during the rvintcr
and 7 during the summer. I)uring anv one meas-
uremcnt period, no more than onc stem on a plant
died. Stems that died tended to be among the
smaller on a plant. During the census period. 16
new stems were produced. Plants on which stems
died and plants that ploduced nerv stems had simi-
lar numbers oI stems per plant (4.6 and 5.0), but
had significantly morc stems than other plants (P
< 0.05). Onlv trvo incidences ofstem production
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occurred on plants not e\perienciDg stem death.
and four stcms died on planls thal $ere nol produc-
rng nelf stems.

Nine inciclcnces of browsing r\ 'efe found dur-
ing 3.5.vcars. ln tddition, four stcms cxhibitcd par-
Lial cl iebacl lrom the top at some point during the
studv period. Brot'sing *'as more common durin€i
lhe $inter; dieback ras more common during the
summer. llost of the sunmer. stern monalitl' oc-
crrrred cluring onlv one of the three sumrners
(r9BB).

Stem diameter increased through the three

€iro\\'ing scasons (Tablc 2). Avcragc hcight oflivc
slems yaried. although height grol lh appeared lo
increase l,".ith time.

TABLE 2. Stem dirmeter lnd heishr sroiLrh of 23 $hire oak
{ { ! ,  L n g s .

Siz f  o l  s ldns  a l i rc  r l  Gur th  o l  " t r :ms r l i v r

beg inn ing  o1  r t  L .g inn ins  an , l  end
grosing s(!$n oi guling s(aso.

Diameter HeighL

\  (mn l  (cml  \

Dirmeter Heighr

1 8 0

1986+ 64 5. .1

1 9 B 7  6 t  6 . 0

1988 60 6.3

1989 56 7. ,1

3 3 . 8

: ] '1. ;  60 0. .16 0.1

3 t . 5  1 7  l  O B  l  , 1

3 8 . 1  5 ;  0 . 8 5  1 . 7

I  . .

1 5

10

' R , . - | " r  r . - ' . r , r r ,  r -  r ' , 1 . ,  i , 1 . i , :  o n : .

Twig water potentia (V-,")

Water potential did not differ between seedJings
and stpl ings at anv date (pa;red t-test. P < 0.01)
(Table 3). Tree rvater potential was significantly (P
3 0.05) grcatcr dt thc latc-scdson datc (August

22) than rvere seedling and sapl ing water
potentrals.

TABLE 3. l'rrda{rr t$ig r!t.,r por.odal tor s.a'dhig. saph,s.
ard tree sanples of Oregon rhite oal.

8  12  t 6  20  24  28
TOTAL PLANT AGE (yr)

Seedhrgs Saplings Trees

ilate i n,Pr) ( mPa) ( mPo)Figure 2. Seedling und sup ing size rnrl sfo$lh. A. Tapnll
age ard diameter ltakenjun be oi{ lhe so,, sunoccr.
\ote that lhere is litde orerhp in ,liomeler b.rlv,rn
thc  t lo  nnrpho lognr l  chsscs .  I l .  , sL( : rn  l rng th  un , l
g (Nth .  sho \ r ing  l r rg i ,  o r . r l ! t )  in  s t { in r  g r$ th  ra t t i
h i , t$ , rJ ,  r I  r ( , )  n r r rh , ) logn,a lg rou ls  (n r tudrs  a1 l

seulling sterrsr. C. t'lunt !l.l anrl slr$ grN Lli. shN

ins  s .p ! r ! r io r  bc t rv {n  s ( l l i ngs  unr l  sap l ings  in
grc$L l ,  dn( l  {g ,  chr f l i i l c r i s l i i s  ( in r lud .s  rn  r  Lh |
le l l cn  !c ( l l i ng  s l .m l .

Arsusr 22.  19B5

Ju \  3.  l98a)

Ju \  2r) .  I986

l .Bi  d O.69 l r

0-37 r  0.38 l

o.93 bt  n.71 bc

l - 8 6  d

0-10 r

1 . 0 5  ,

\O IE: \ alues follo*ed hi the same leuer afe rot sigDifi.ahrh
difiir.nt (l' < 0.05, -q.heffi's Erge teso. N = 20 .rd.tJr Ir.{,s-
rv ldc N :  10 ior  August  22- I  ior  Julr  3.  a id 6 Inr  Julr  29.
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Discussion

Thc initial rnorphological distinctions Lhat $e made
bctvccn scccl l ings and sapl ings havc been sup-
ported and augmented by measurements of sizc
an.l  growth (Figure 2). While the age ranges of
seedlings antl saplings ovellapped greatiy. sccd-
l ings were general lv srnal ler and grew more slowlv;
s:rplings $'ere taller and gre$' faster. 

'fhe 
fev seed-

l irrgs nith high growth rates appear Lo be in Lhe
transit ion bctt 'ccn thc tvo classcs; rr ' i lh such high
rates of grot'th. the_v are unJikel_-v to retain the ap-
pearance of seedlings for long.

Altcr gcrmination" Oregon *hite oak scedlings
dereLrp a rnult i-stemmed rnorpholog,r- that can per
sist for morc than 20,vcars as stcms rcpcatcdly
die back Lo the gr 'ound and new slems sproul.
Thcsc plants f i t  thc r lef ini t ion of scedl ing sprouts
(Societv ol American l'olesters 1950), although
they supporl an unusuallv large number of stems.
Thc r-oot svstcm. cspccial lv thc laprool. cxp nds
lhrorghout Lhis stage.

Ncrt stcms arc conl;rrual lv produccd. avcrag-
ing 0.2 stems per plant per vear, bllt browsin€{ does
n()t appeaf to be an irnportant laclof regulating Lheif
grorfth. ln spitc of thc rcguhr prcscnoc oI shcep
and deer. little brot sing tas obsen'ed. }'artial die-
1 , . r ,  L  " [  - t . r n .  ; l - , ,  . 11 ' l , c . 1 r .  r r imp , , r l r n t :  i t -  i r r ,  i -
dence $as lou'. 

'l'he 
cause of this partia.l dieback

is not clcar but rnav includc insects and \\'ater

Stem death is commonr 22 oi 78 -stems died
in 3.5 1_rars. a death rate ol I  pefcent per year.
' lhc 

causcs ofdcath arc not clcar. Onlv one ofthe
-F \e "a l  - t . n r -  on  J  p l l r t  ' l i e J  i r r  . r r r r  g i r e r r  men
sllrcnlcnt pcdod. Bccausc thc stcms that dicd i.icrc
among the smallest stems on the planls. self-
shading is a possiblc cilllsc. Ho1lcvcr. thr:sc sccd-
l ings are grorl ing in a high l ight entironmenl and
havc shal low crowns. I t  seems unl;kclv thal self-
shading t'ouid be suflicientlv intense to cause mor-
talit,v; pcrhaps carliohvdrate shortages induced bv
moi-ctlrre stress are a more likelv cause.

All recorded seeclling death 1\,as caused bv
pockct gophcrs. Sic havc not bccn succcssfir l  al
putting this in an historical conte\t: t'e could lincl
no reporLs oi ear)y gopher lol)Lrlat ion densi l ies.
Populat ions of gopher predato$ are low today. so
gopher populations may be higher not' than in the
pasl.

$  l i l -  F i y r r r e -  2 . r . r n , l  2 l '  - , r ! " - - l  r  | , , n t i n ru In
of some characterist ics between plants l i th seed-

ling ancl sapling morphologies, !'igure 2c shows a
distinction in terms of age and gror,".th. The scar-
cit ,v of plants fal l ing into a transit ional condil ion
indicates thtrt the transition las probablv fairly
rapid. 

'Ihc 
rnorc figorous grrxrth o{ stcms of

sapl ings than seedlings ( 15.7 rs.4.6 crn/_,-r ' )  shows
how the rnult iple-sternmed seecl l ings can change
into single-slernrned trees; one slem dominale-q and
outgro$'s the rest. !'or several,vears. the rernnants
of thc othcr- stcms can bc sccn at thc basc of ncw
saplings.

'lhe 
cause of this transition is still unclear.

B r " r ' - i ng  r ' . r .  f . , r n , l  l u  b r '  t uu  r rn ,  ommun  to  mu in -
tain sccdl ings in a mult i-stcmrncd forrn. The pri-
marv alternativc external fador regulat ing growth
is moisrure availabilirv (criflin 1971. 1973. 1976).
As the root system of a seedlinpl develops. its abil
i tv to capturc moisturc improlcs; i f  i t  surr. ivcs, thr:
seedling e,rentualh taps deep $,ater reserves that
ultimatel,v change its gro$'th rate. Howe\.er. we
cuJrl t locument no JiJi"r"n"e- in pret lhn n' ig urr-
tcr potcntial bctnccn sccdlings ancl saplings ancl
so could not support the hypothesis that water avai l-
abi l i tv regulaLed the shif t  i i r  gfo*th pal lern. Larger
trees, however. apparentl,v can utilize moisture
rcscr-vcs not ava;labic to sccdl ings or sapl ings. Thc
patterns and ranges \'!e lbund for preda$,n V,*,"
are similar to those lbund for young Califbrnia oaks
((lriffin 1973. Baker et al. 1981), lhich grow in
a rcpjon with a similar though chicr climatc pattcrn.

Thc pattcrn of carlv dcvrlopmcnt of Orcgon
rvhite oak has rnuch in common with other oak spe-
cies. Hol,".er.er. an urusual feature of this species
is i ts uLi l izat ion ofa mulLi-stemrned (seedling sprouLi
phase eren Lhough l ight i-r  not a l i rnit ing environ-
menlal faclor. We were not able to show that
b|owsing or moisture availability 1\,as associaled
t'ith the shi{t in morphologJ_v from multi-stemmed
to singlc-stcmmcd sapling form. 

'l'his 
shift might

be regulatecl hv an inlernal factor such as r:arbon
stora€ie. Such a mechanism $ould be an adapta-
t ion for buikl ing f ire resistance quicklv, oncc largc
invcslmcnls in abo, 'cground biomass bcgin. Thc
levels of nroislure a, 'ai labi l iLy observed in this sLudy
incl ir :ate thaL seedling grotth is probablv rnoisture
limited. and moisture also ma,v be impo ant to in-
dividual stcm mortal i tv.

Acknowledgments

This is paper No. 2201. Forest Research Labora-
tory, Oregon State l ,niversity. Corval l is. Oregon
97  331  .

D - r -1 , , 1 ,m- r r r  , , f  O re3on  $  h i r e  OaL  s - -d l i r r ! .  35



Literature Cited

Baker,  c. .4. . .  P.  W. Rudr l .  lnd D. J.  Porsons.  r98r.  Eco
logical relationsh\F of QzckrA .rxiA'la'ii (Faglceae) in
lhc lbothi zone of -sequoia \a tal Pa.k- Calilornia.
\ la, l rono 28: l  12.

(i,le, t). 1977. Fl()slnen d-lnamics in rhe coniferous forest
(,f LLc Willumelte VJIe!. Oregon, tJ.S.A. J. Bi,)g,!sr.
1 :  l 8 l  - 1 9 2 .

Frarkl;i. J. li.. and C. T. D-vrness. 1973. \atLral legtlati.n
ol Orcson and Sashinston. LISDA For. -qen. Cr:rr.
Te.h. R.r). P\W-8.

Criffin, J. R. 19:1. Oak regereratnn in thr: upper Carmel \ral
ler. California. Ecol.,g] 52:862-B68-

-. 1973. Xvlen sap tension in three rrnJlanrl orks
in tr:ntral CaLifornia. Ecology 54:152'159.

-. 19i6. Regenerarion in QLer.ar 1',idrd sarannas.
Sanlr Lucia ltountains, Californ;a. AN.r. Vi,ll. \!r.
95:12213s.

Hdb!!k. J. R. 1961. The original legetati(D ol thc mid-
Wi l l lmctk,  \ ia l lev.  Oregon. \orrhw. S. i .  35:65-;7.

Receied 9 ltioxember 1990

Accepted for pubLkntbn 24 July 1992

Hibhs .  D.  E-  1983.  For t r  rears  o f fo res t  suc .ss i (D h  , !n t fa l

New Eng land.  E .o l .s r  6 .1 :1391 l : t0 l

Johanrcssen. C L.. W. rl. Davenpot, A. Ilill,it- hd S.
]fcWillians. 1971. 

-l 
h{i lcscLation of the Willarnerte

Va lbr ' -  Ann.  Assoc .  Amer .  Ceogr .  61 :286-302.

I'teLz. R. W.. and S. C. tso!(t . r q56. Age of oal .seedlings..

. t .  r o r ,  J J : r  / +  r ,  D .

\'loris. U. C. 1934. fofesl fires h wesreni Oregon an(l wist-

e rn  Sashnrg ton-  Orcs .  l l i s t .  Q.  35 :313 339.

Socie[ of Americe Forcsters. 1950. lor'st To minologl. 2nd
.diLn)n. BalLimore. I'l.rlanil.

Sprogue, F. L., and H. I'. Hanscn- 19,16. lbr.sr succession
nr il( NlcDonald Forest. S'illamette Valler, 0rcgon.
Norths. Sci. ,t:89 96.

'lalrrirr:r. 
J. C-. II. md P. ll. llcDonald. 198,1. l)r:rclrl,mcnt

o{ tanoal uoderstorics in roniler stands. Can. J .For.

Res.  l4 :271-277.

Thik nius. J. F. l96tl. T lrc Quercus gatyaM loft ists ol thc tr il
l aneur :  la l l : y .  O.eson.  I i co lo$ '19 : l  124-1  133.

Trvon. E. H., and D. S. I'orell. 199,1. RooL rgcs of rdvance
hardwood rqrroduction. For. Ecol. Manage. 8:293-298.

tJ.S. Forest Senice. 1990. Sihics of North Am.rica. 2. Hard
$oods.  t .S I )A  Asr ic .  Handb.  65 .1 .

36 Hibbs and Yocler


