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Abstract
Acom pfoduction ir Oregon s hilc oak is variable and not \\ellundefstood. To delermine lJee. stand. and cnvironrrcntal character
istics influencing acon produclidr. wc surleyed 28,1trees in Septembef and October 1999. Surleyed rccs cr.lcndcd from whidbcy
Island. W.rshington, ro Roseburg. Oregon. and ranged in age fr(nn I I to over 300 r_r. Acoft produclion qas rankcd on a ) :l scale
(nonproducing to hea!il] producing). andlrcc sizc. condition, site, stand. and vegetation characteristics were recorded.All acorns
were counred on 18 trees. Acom production starled around 20,vr and plateaued .rround 80 yr. Trees with inverled vase shaped
crorns lypical of dense firest stands produced icwcr acoms than thore with colunrnar- or ll]ushfoom-shaped crowns typical 01'
nore open areas. Open-gro$n trees growirrg in rcll drained. loamy soils had the highest productivity within natural settings.
'liee\ in urban parks lvith lerdliration or irrigation also produced lvell. Tfees underburned 6 10 yr belbl! thc surlcy produccd
betier than trees nol undcrbumcd ortrees underburned norerecently. Trees growing in slough lcdgc wctlands. steep south-facing
rocky balds. or wirh unheahhy crorvns produced the least. Urdershnding thc iaclors !ha! int-luence production ofOregon white
oak acoms could hclp managers increase acorn crop size as n.rn) 01 fte iactors can bc altered b! management acti|ities.

lntroduction

Relatjvely little is known about the reproductive
potential,silr'iculture, orecoJogy of Oregon white
oak (.Quercus garry-ana). a widely distributed
western North American species (Stcin 1990.1.
Little is known about Oregon white oak repro-
duction in general, and acom production in par-
ticular. even though acorns are a rich source of
lbod tbr m;rny mamnals, birds, andinsects (BaLrrett
1979. Ryan and Carey 1995a). The agc when a
tree first bears ftuit, the age of maximum pro-
duction, and the averagc quantity of acoms pro-
duced havc not been determined (Stein 1990).
Information is needed on the regularity of flow
ering andthe variability within andbetween stands
and locations (Stein 1990). It is not known if acom
crop variation is primarily controlled by varia-
tion in flower production, or success of flower-
ing and fiuit production.

Thc range of Oregon white o?Lk extends fiom
halfway up the eastem side ofVancouver Island,
Canada, south through the Pugcl-wil lamette
Trough in washington and Oregon. into northem
Califomia to the vicinity of San Francisco. A
shrubby variety extends south along the western
Siera Ncvada loothills to nofihem Los Angeles
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County. The easternmost extension of the range
occu$ north and south ofThe Dalles, Oregon in
Kickitat County, Washington, and Wasco County,
Oregon. Data tbr this paper wcrc collected from
almost halfthe range ofthe tree fbnn of the spe-
cies (Figure I ).

Oregon white oak produces heavy seed crops
on an irregular basis and acoms mature fiom Sep-
tember to November (Stein 1990). Anecdotal in-
formation tbr Oregon whitc oak suggests heavy
seed-crop years are fbllowed by onc or more yea$
ofpoor productivity. and that good and bad years
are somewhat synchronized ovcr broad geographic
areas. Vadation in production liom year to year.
species to species. and tree to tree can vary greatly
tbr oak species (Koenig 1980).

Oregon $'hite oak has been diminishing over
its natural range since the beginning of Euro-
American settlcment (Reed and Sugihara 1987.
Agee 1993, Bell and Papanikolas 1997). Conver-
sion to agriculture, urban areas. and other fbrest
types (intentionally or thrcugh natural succession)
are the majorreasons forloss ofoak stands (Ewing
1997). Rcmaining oak stands are now changing
rapidly due to introduction ofexotic species, over-
topping by conittrs, and fire exclusion (Chappell
and Crawford 1997, Tveten and Fonda 1999).

Western gmy squirrels (Sclrras grlsels) in
Washington naintain populations only where
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FigureIL999oregonwhitcoakacornsampl ingsi tesinwashingtmandOregon.Dashedl ineshorvsrhcraDgeofOrcgonwhire

oek (L i rde l97l) .

190 Peter and Hanington



Oregon white oak communities exist (Roderick
1987). Acorns are critical tall and winter lbod for
this squirel (Steinecker and Browning 1970). One
o l  the  greu te . t  lh reJ l :  l  rhc  wcs lem gra)  \qu i r
rel (threatened in Washington) at Fofi Lewis,
Washington, was Oregon white oak habitat loss
due to succession and invasion ofDouglas-tir (Ryan
and Carey 1995b).

Recent public interest in Oregon white oak
systems has tbcused new attention on how they
can be managed and rcgcnerated. We hope to pro-
vide new insights to aid managers in establish-
ment ofnew oak stands, regeneration ofexisting
oak stands and rnanagcment of wildlife that uti
lize or depend on acoms. Specilically we asked
ho* competition affects acorn productivity, how
such competition can be recognized, what are the
mostimpofiantphysical environmental variablcs
tbr acom production, and how past fire ailects
acorn production?

Methods

Sun'eys were conducted from 26 August to 14
October, 1999 before acom drop. Data were col-
lected by personnel fiom the United States For
est Service Pacitio Nodhwest Research Station
(PNW). Natural resource management profession-
als, amateur botanists fiom native plant society
chapters, and forestry graduate students also vol-
unteered to collect data. Volunteers obtained data
fbrms and instructions by contacting the OIym-
piaForestry Sciences Lab orby downloading them
fiom the project website. Oregon trees were
sampled by volunteers who received only web
based instruction. Washington trees were sampled
by PNW crew members orfained volunteers. Tree
age, hcight. crown shape. and stand basal area
were collected only on trees sampled by PNW
personnel.

Acorn survcys were completed on 284 trees
irom 60 sites in 9 geographic areas. The PNW
tean sampled 153 Oregon white oak trees in
Washington from Whidbey Island in the north to
near Longview in the south. Volunteers contrib-
uted data for an additional | 3 I trees fiom the south
Puget Sound alea, a site near Mosiet Oregon.
and from several sites near Roseburg, Oregon
(Figure l). Only acorns or the tree or healthy.
ripe acorns that tell late in the survey period were
considered (Table 1).

TABLE 1. ,A.bbrelialed mcthod for classification of acom
ebundance (Cravcs. 1980).

Acorns should be mature yellow'green 1o brown

Ifacorns are nol readily observed. ftc lrcc is cithcraClass
1 (nonproducing) or 2 (light producing). No acorns = Cla\s
1. ODe or norc acoms = Class 2,

lf acoms are readil! observed. the ree i\ eithef a Chss 3
(medium producing) or ,1 (high producing). The tree is

Class I ifacorns are readily visible all ound the rrce and
bome prcdominandy singly. The tree is also Class 3 ifthe

acom! arc onl,v on one ride, but are numerous or borne in
multiples. A Class '1 ree is characterired by cluslers of
two or more acoms. all around the rcc, The linrbs often

bend fiom the weighr ()1 acoms.

Characteristics of Sites

Sample sites were selected to represent the range
of oak habitats, but a larger sample was obtained
from more common habitats. Oak sites were se
lected across a continuum from slough-sedge
wetlands to steep, dry, south-tacing rock outcrops.
Sites included agricultural, urban, and natural
settings. Natural settings included savannas, fbr-
est edge. and oak or nixed oak-conifer tbrests.
The largest sample (173) was from natural set-
tings on relatively flat, extremely well drained
Spanaway soils in the south Puget Sound area,
which is the most common oak habitat in west-
cm Washington. We deliberately selected several
sites that had been prescribed bumed in the last
10 yr to allow us to examine the effects offire on
acorn production.

Site data included percent of ground distur-
bance under the canopy. principal understory spe-
cies, land use. water availability, and whether the
tree had been fertilized in the past accordilg to
the landowner. The PNW team and some volun-
lee15 co i lec led  add i t iona l  da ta  on  e le ra t ion ,  as-
pcct, percent slope, years since last fire, soil se
des. understory species lists, and percent canopy
coverage lbr grass, forbs, shrubs. trees, and bare
ground. Missing elevation and aspect data were
obtained ftom digital elevation models or USGS
topographic maps.

For general descriptive pulposes, data were
averaged by nine geographic arcas, chosen to rcp-
resent specific populations or distinctrve envrron
ments: Douglas County, Oregon; Wasco County,
Oregon; Lower Columbia River, Washington;
Lewis County, Washington; Lower Chehalis River,
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TABLE 2. SaDrple size and mean sile and sland characleris tic s b) geographic area. The sites are;n $hshingron uDless otherwi\e

Geographic afea

Elclalior Slope BH age'
n (nr)  (%) (rears)

Crc\ln tsasal
Height \ridth Breast hcighl

0r) (n, diametcr (cm) m',/ha

Cro$11

(.ca

Douglas (b.. OR

\\asco Co.. OR

Lo\Ler Colunbir Ri\er

Le$is Count)

I-oscr Chehalis Ri!er

Soulh Pugcl Sound

Fort Lewis

South Fork Skokonish

No11hern Puget Sound

30

5

5

2

5

62

l5:1

6

L5

228

1 1 9

-t

6',7

99

411

3 1

8

28

9

3

0
.l

5

88

1 2

129

123

r 3 9

IJ]

70

l:Ll

11

l l

22

22

l 8

t 5

t 2

5

1.1

E

1

t2

l 9

15

8

l 0

68

3,1

IOIJ

13

1'l

20

53

l 5

.l

)t)

l l

I 2

1 5

l 2

32

21

65

25

12
:13

38

23

rBreasi-heigh!  agc (  l . l  nr) .

Washington; south Puget Sound, Washington: For1
Lewis, Washington; South Fork Skokomish River,
Washington: and Northcrn Puget Sound. Wash-
ington. Fofi Lewis is a subset of thc south Puget
Sound, Washington, area that we recognized as a
separate unit because the sampling density in that
area was much grcater than elsewhere.

Mean elevation of all 60 sitcs in 9 geographic
areas rangcd from 3 m to ,134 m above sea level
(Table 2). Thc lowest elevation sampled was 2 m
at Oak Bay in nothem PugetSound and the highest
elevation was ,163 m near the South Fork of the
Skokomish River, which is a tdbutary to Hood
Canal in western Washington. Most trees were
on gentle topography. The sample was heavily
weighted toward savanna and tbrest settings, al-
though 19 ffees were in urban settings and l5 in
agricultural settings. Eight trees in city parks were
irigated, 18 wcre adjacent to wetlands. and 5 were
in wetlands.

N,4 oistu re

To examine thc rclationship ofmoisture availability
to acom production we looked at available water
content of the soil and precipitation. Soil series
wrs rsrigned to tree loc:rrion. u.ing Jpproprii l le
soil survey maps and field notes. This was done
by overlaying field mapped or GPS locations with
soil series maps in ArcMeu,o, or by locating
mapped sites on USDA Soil Consenation Ser-
vicc county soil survey maps. Field notes were
used to select the soil scries t'rom the list of pos-
sible soils in soil mapping unit descriptions, and
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available water capacity (AWC) data were ob-
tained tbr each soil series in the samplc from the
MUIR database (USDA, NRCS 199.1). Total avail-
able water capacity (AWC = cm of water per cm
ol ' :o i l  hy  s , ' i l  l r yer r  ua .  ca lcu la led  by  sumrn ing
the total available water in each layer in the top
150 cm of soil. Annual precipitation (cm) for each
site was obtained from PRISM maps (USDA.
NRCS, and OSU 1999). A simple molsture in
dex was caiculated by multiplying the AWC by
the annual precipitation and dividing by 100. The
scale at which these soil moisture and precipita
t ion  da ta  r re  mapped Inake them inappropr i r te  I , ,
use for analyses at the individual tree level, but
we believe they are adequate fbr stand or regional
averages as we have used them.

Characterist cs of Trees

At each site I I I trees (mean = ,1) at leasr L3 m
tall were selected. Trces were selected without
regard to numbers of acoms. shape, crown con
tact, health, age, or sizc. Data collected for all
trees included diameter at 1.3 m above ground
(breast height), acom class, percent crown con-
tact with other tlees, and health class. Percent crown
contaot was defined as the percent of the sample
ffee's crown circumference that is merged with
other tree crowns of similar or greater stature.
Percent crown contact is a nleasurg of the com
petitive environment ffound the sample trce.

Additional data oollected by PNW personnel
included tree height, crown width, crown class,
height to live crown, crown shape. and basal area



around each trce. Basal a[ea around the s;lmp]c
trec is a measLue of cornpetition. We used cali
brated angle prisms on vadable radius plots to
determine basal area (Bell and Dillworth 1997).
Basal area was taken at a point I m nonh of the
base of the bole and did not include the sample
tree. Crown width was measured at the long axis
of the crown and an axis at dght angles and aver
aged. Height to live orown was measured as the
mcan height from the ground to thc lower tips of
the foliage. Crowns wete classed as mushroom,
columnar, or vase shaped (Figurc 2).

Acorn Abundance

All survcyors ranked acorn abundance on a 1-4
scale (nonproducing to heavily producing) (Graves
1980). Table 1 gives an abbreviatcd account of
the method. but the full method was used to train
surveyors. This method is a simple repeatable
procedure that works well with minimally trained
obser,'ers. Graves (1980) lbund that threc observen
gave the same classilication to 747r of the trees,
and thrt in the remaining 267. ofthe trees two of
the three observers agrged. H(] showed arelation-
.h ip  be l$ccn r  h i .  Ine lhod rnd  the  more  qurn l i la -
tive seed trap method. There was a positive cor-
relation between acom abunduce class and acoms
collectedper seed trap and significant differences
between classes 2, 3. and,l (l ight. medium. and
heavy) for both tmp sample weight and number
of acoms per trlp sample (Graves 1980). PNW
creu membe15 cro\\-r hecle,J during traning u ere
consistent in producing the corect class. Volun-

teers who received PNW instruction in the method
have consistently been able to give the same re-
sults as the PNW trainer. Volunteers who first
leamed the method from the web site and were
later checked by PNW crew members have also
been consistently correct. This method works well
with minimalJy trained volunteers because the
classes are broad.

The P\W leam a l \o  counred a l l  the  acoms in
a subsample of trees. Eighteen trees were care
tully inspected and acoms counted by one oftwo
methods. Fourtrees rlere counted ftom a lift [uck
with a l5 m boom, which produced highly accu-
rate counts. Fourteen trees were counted frcm the
ground with binoculars. All counted trees were
first classed using the abundance scale (Tablc l).
Trees were measurcd, photographed. and the shapes
were sketched. Extemal surface area ofthe crown
shape was calculated to permit calculation of
acoms/mr of external crown surface.

Extemal crown surface area is the upper sur-
lace of a solid object of the size and shape of the
trce crown. excluding non-lbliar portions, such
as the spreading area of limbs under the canopy.
The number of acorns fiom each of 18 trees with
total acorn counts was divided by the external
surface area of the crown to give acorns/mr of
extemal crown area. Calculations were made tbr
the top half of the green crown, the bottom half
of the green crown, and the total green crown.
Acorns/m: for all 18 trees were averaged by top
half, bottom half, and the entire canopy for each
acom class to quantif' the acom abundance classes.

Figure 2. Canopy shapes assigned to odl trees in acom survcy. No relationship betieen shape and heighl is inplied.

Columnar shape
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Heal th

We examined thc broad effects of trce health on
acom productivity with a simple class system.
Healthy trees had all bark and majorlimbs prcsent
and alive. no visible rot. and full crown ofhealthy
leaves. Moderately healthy trees had some mrss
ing bark, broken major limbs. or visible rot, but
otherwisc appeared healthy. Unhealthy trees had
much visible rot. sparse fbliage. or majorbranches
broken or dead.

Age

We extracted incrcment cores at 1.3 nt above
ground from 73 trees and counted rings to assess
the effect of tree age on acom productivity. Of
thcse. 22 hit the pith, 36 werejudged to be within
l0 rings and an estimate was added ltl the ring
count, and 15 missed the pith by more than 10
rings. An age-diameter rclationship was calcu-
Iated from complete cores for use in estimating
total age at 1 .3 m from cores judged to have missed
the pith by more than L0 rings. A stnight line
was regresscd through age/diameter data from l6
Pugct Sound area trees < 50 yr old (age=16.23+ 1.1,1
dbh (cm.): t '=0.56). This relationship was used
to estimate numbers ofmissing rings to pith fuom
the inside of incomplete increment cores. Age at
1.3 m was used rather than total age because it is
easier to obtain and the vadation in the years be-
tween age at 0 m and age at L3 m is too great to
allow extrapolation. Thr: relationship of age to
acorn abundance was examined by determining
the percent ofthe sample in each abundance class
by 20-yr age groups.

U nderbu rn ng

The effect of prescribed buming on acorn pro-
ductivity was examined by displaying the percent
oftrces in each acom class by years since the last

prescribed underburn. Underbums are tires that
do not ignite the canopy ofthe overstory and gen-
erally havc flarne lengths < 3 m. Underbuming is
prescribed for fuel reduction, to modify under
story composition or to arest succession toward
conil'er dominance. In most cases the severity of
the underburn was not known, but fire-damaged
boles and lower limbs wcre observed on many
tees. Ycars since the last underbum was known
firr 55 trees. Mostof these trees were on Fort Lewis,
but eight were from Oak Patch Natural Afea Pre
serve on thc Kitsap Peninsula, Washington. Both
locations arc in the south Puget Sound area on
similar Spanaway or Everett soils. An additional
I l9 trees on similar soils in the same general area,
including trces from Oak Patch and Fon Lewis,
werc judged not to have been underbumed in 20
yr or more and *ere comparcd with those with
known buming history.

Statist cal Analysis

Wc useti ANOVA rnd logi\t ic regrc\:ion lo e:\
amine relationships in the data. Since acorn pro-
duction class is not nonnally distributed. stan-
rhrJ stati.t ical procerlures uere not lrppropriate
in all instances, so that both non panmetric and
parametric techniques were used. The lcvel 1br
statistical significance was set at P=0.05.

We us<d K ru : ,1J  l -Wr l l i .  nonparamerr ic
ANOVA (Zar 1999) to test tbr differcnces in acom
code distribution between categories ofthe inde-
pendent moisture variables: precipitation, AWC,
and moisture index. Data fbr the moisture vari
ables were assigned togroups by dividingtherunge
into thirds. so that there was a low, medium. and
high group lbr each independent vadable (Table
3). A founh group was added to cover trecs that
received supplemental hrigation. The nu11 hypoth-
esis of no difference in acorn code distribution

TABLE 3. Characle slics ofmoisture anal]sis groups for Kruskal \VallisANOVA. Pis thc probabil irv rha! rhcre is a diffefencc in
disribulion ofacorn codcs berween the moisture classes.

Aluilable $nter Caplliq Prccilirarion N{orsrurc tnde-{

Group
ACOm COOe

Nlean n rank mean

Mean Acorn code Mean
(c'n) n rank nrean index

Lo'r'

High
lnigation

,1.3 l l
10 .0  238
)2.2 16
.r.0 10

15
l.lt)
1,13
190

0.0022

122
136
1'13
190

0.l2, l  l

1 1 1
170
105

1{J
209
.lE
lr-)

5.8 t5 14
t2.2 l .1r 1.1I
26 .1  11  127
2 .5  l 0  189

- 0.0007
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among the four grcups was tested for each indc-
pcndent variable. When the ANOVA indicated
significance. we compared the groups with a Dunn
test (Zar 1999).

We a l \o  u5ed Kruskr l - \ \ c | | i .  n t ,n l : r r lmct r i ( '
ANOVA to an ah ze di sl ri bu l ion d i lTe rc nce. i n rcom
abundance code betwccn health class groups. When
the ANOVA indicated significancc. we compared
health groups with a Dunn test.

We used parameldc ANOVA to characterize
the basal area and crown contact environments
around sample trecs in diff'erent acorn produc-
tion classes. We determined which groups were
diffcrcnt with Duncan's Multiple Range Test when
the ANOVA indicated significant results.

To crrluate the effecl. ofcompctrtion on rcom
production of thc sample trees. we used logistic
regression with acom code as the dependent vad-
able (Allison 1999. SAS lnstitute lnc. 2000). Basal
area ofthe surrounding stand. percent crcwn con-
tact of the sampJe tree with surrounding trees,
and crown shape were the independent variables.
Logistic regression estimates the probability of a
certain event occurring by calculating changes in
thc log probabil ity ofthe dependent variable. For
this analysis we reducedthe acom production data
to two classes: nonproducing and producing (i.e.
light and medium producing were combincd into
one class). There u'ere 96 trees with basal area
data, 124 trees with orown shape data, and 2,15
trees with percent crown contact data. Figure 3
\\ r\ produ(cd h) pl l l ing l i,gi: ' l ic regre.\iun uul-
put for the prcbability ofacom production at each
loclc interval of crown contact.

Results

S te Characterist cs

There were 6lJ sample trees growing on slopes >
3'; 45 were on south or west aspects, and 24 on
nor lh  o r  ca \ l  r \pec l \ .  Du(  t r '  $ iJe  \ i l r i i l t i un  in
elevation and soil type of tree sitcs with slopes >
3'. it would not be meaningful to test for differ-
ences due to aspcct.

l\,4o sture

A wide variety ofmoisture conditions was repre-
sented on the survey sites (Table,1). In 1999, pro-
ductivity was highest on well-draincd irrigated
soils and lowest on extremely dry or wet soils in
our sample. There was a significant dit'ference in

Pe@ cwn 6nbci

Figure 3. The probabiliry of acom produclion us a iunction of
the pefcent crown contact,

acom code distribution between soils with low,
mcdium, or high available water capacity and ir-
rigated soils (P=0.002) (Table 3). The low AWC
group. which had the lowest overall productivity
distribution had significantly lower acorn produc-
tion than the irigated group, which had thc high-
e : l  o \e rd l l  p r , rduc t i r  i t1  d i \ l r ibu l i ( 'n .  Prec ip i tn t ion
alone had no significant effect on acom produc-
tivity. but whcn precipitation was combined with
AWC into a moisture index there was a signifi
cant difference in acom codc distribution between
low, medium. and high moisture index and irri-
gated groups (P=0.0001) (Table 3). All groups
were significantly difltrcnt from each other ex-
cept the moderate and moist index groups. The
lo$'est productivity distribution was in the lo\'"'
indcx group and the highest in the irrigated index
group.  Anothcr  g roup o f  f i re  t recs  gruu ing  in  r
slough scdgc (Carex obnupta) wetland was not
included in this analysis but produced 1ew acorns
in 1999.

Tree Characterlstics

Tree dimensions by geographic area ranged from
5-22 m tall, ,1-19 m wide. and 20-108 cm diam-
eter at 1.3m. Ovcrall, there were47% nonproducing
trees, 347c l ight-producing trees. and 197. me-
dium-producing trees in our sample. Thcrc were
no heavily-producing trees in the 1999 sample.
Most of the sample trees were dominant. codomi-
naDt. or open grown but some were intennediate
or suppressed. In 18 trees with complete coul'rts.
acom density was greater in lhc top half of the
canop)  lhan lhe  borom hr l i -  rnd  grca ter  in  rne-
dium-producing trees than non- or light-produc
ing  t ree .  lTab le  5 r .  Mean t rcc  ru r fa .e  u rea  in -

5 0 n

e 0.6

E
3 0.3

i 0.2
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TABLE.l. Percenr of sanple in each acom class by sc'il scrics and soil oisture characteristics. Soil series are softed b,v percenr
of nonDfoducin! trees.

Soil Scrics ($ith treatments or anrendments) AWCr
Annual Moisturc

precipiudonr(cm) indcxr
Pcrccnt ol trccs in cach acom class
None Lighr \'Iedium

Prather silr) clay loam (fertiliTed)

Panthcr silt,v clay loam

Tosnscnd sand,v loam (feriilized. irrigated)

Nisqually loanry sand
Sequnn very gra\elly sardy loan (icflilizcd.

irfigated)
Oakland s i l t  loam
Carstairs ver) gralelly loam

Pengra sih loarn
Evcrctt gra\ell] sandy loam and gravelly loam

Spanaway gravelly sandy loam
AIring gravelly loam
Spanaway slony sandy loam

Filch gravclly sand,v loanr
Ritner gftrvell) sih) cla) loan

Nonpareil Oakland complcx
Fricaba extrenrely gravellf sandf loan
waketickeh extfenrely gfavelll sandy loan

San Juan gravelly sandy loam
Philomarh Edcnbowcr complex

) 1
)l

1 2

1 l

20
20

t 0

ItJ
1 0
1 l

1
3
I
9
1

21

] ] 9
I l'1

1t1

,18
99

168
58

l1, l
112
I I l
I  l , l
130
I l-1,+
10.1
130

1 1 8
l r 8

l0,l

26
27

rl
2

r 3
1,1
1 2
23
r 3
I 2
l 2
1 3
It)
t 1

1

,l

,7

25

f)

0

I
20
2n
)2
'1{J

, l l

50
61
10
75
80
80

100
100
r00
100
100

0
40
:13

80
80

20
I E
38
50
33
30
25
t0
20
0
0
0

0

100 2
t00  I
6 0 5
,13 7

0 5
0 5

3 3 9
6 0 5
,10 5
4t 1',7
16  113
o 2
0 l
0  1 0

0 5
0 5
0 3
0 l
0 5
0 l
0 5

rAwC = available x'arer capacity in the top 150 cm of soils (USDA, NRCS 1994).
:Average annual precipitation tronr PRISM data (LTSDA NRCS and OSU 1999).
:N4oi(ture index = precipit.rtion x AWC/100

TABLE 5. l\'lean nunber of acoms pcr square mcter and
extemal cro{ n surlacc arca (tSE) by acorn class
lbr the subsanplc oflrecs that had complete acom
counts.Alllrecs wcrc tiom the SouthPuget Sound
or Fon Lewis areas.

External

Purrun ol .  ro$n cros n .ur f i .  e
n Top Bottonr Toral' area (mr)l

Hea th

Most trees $,ere rated as moderately healthy or
healthy, but 1670 were unhealthy. Differences in
acorn class distribution between the three health
classes were significant (P=0.003). The unhealthy
tree group had a significantly lower acom class
distribution than the moderately healthy or healthy
trees. Trees rated as healthy or moderately healthy
were not significantly difterent.

Shape

Tree shapes were imponant indicators of produc-
tivity because they reflect the competitive envi-
ronment around the tree. Overall, the sample had
more vase-shaped trees (40%), than mushroom-
shaped trecs (357.), or columnar-shaped trees
(257c), although proporlions varied by site. Vase
shaped trees comprised the highest percent of
nonproducing trees and the lowest percent of

Light
MediLrm

9
-5
1

0.01 0.03 0.03
0.10 0.08 0.19
2.64 0.12 1.60

180
231
168

'Stmdard efors for tolal nuinber ofacorns rvere 0.03 for non-
producers.0.05 for light producefs. and 0.6lbrmedium pro

:Standard errors for crown sudace .{ea \iere 100. ,16. 57.

creased \\,ith acorn class. Sample trees classed as
medium producing not only produced a greater
density of acorns but also had more crown sur-
face a[ea than the non or light producing trees.
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TAULE 6. Percent of sample trees b)- shape class ard,rcon TABLE 7. Basal area (m:/ha) and nunbef of sanple lrees

Sundard cfror
Columnar Ntu\hroon

Nonproducins
Lighl
NIediul1l
Samplc s izc

Nonproduchg
Light
N{ednrml0

5
, l l

l 1
3 8

28
,l l
3 l

2.)

1 .6

] ] 0

,19

t6
t l
1

mediunr-producing trees (Table 6). The highest
percent of producing trees were nrushroom-shaped
(72clr). The effect of crown shape on probability
o i  p ruJuc l i r ,n  in  a  b inonr i r l  log i . t i c  repre . ' ion
was significant (P=0.004). Vase shaped trees were
signiticantly greatel than mushroom shaped trees
(P=0.000r).

Crown Contact

Percent crown contact ranged from 0 to 100%
but averaged fiom 25clc to 65olc in diflerent areas
(Table 2). Percent crown contact and tree shape
werc rclated. Crown contact was 56% fbr vase.
33o/e fbrcolumnar. and 33% for mushroom shaped
trees in oul Samplg. Percent crown contact for
vase-shaped trees was significanlly greater than
columnar- ormushroom shapedtees (P=0.000l),
which were not different liom each other.

The effect of crown contact on probability of
p roJuet ion  rn  l  b inomia l  log i r t i c  regress i r rn  uas
signilicant (P=0.005). As percent crown contact
increased the probability of acorn production
decreased in our sample (Figure 3). For example,
a 207r increase in crown contact resultedin chang-
ing the odds ofproduction by 0.73, so that ifcrown
contact increases by 20%. the probability ofacom
production decreases by 27 a/r,.

Basa Area

Mean stand basal arca around the sample tlees
rangcd from,1-20 m:,traby geographic area (Table
21. Mean basal area surrounding the sample trees
was 7 m2/ha in trees with medium production, l2
m2lha in trees with light production and 16 m2/
ha in trees with no acom production (Table 7).
The e11ect ofbasal area on the probability ofacom
production was significant (P=0.02). A l0 mr/ha
increase in basal area would be expected to change
the odds of production by 0.6,1 (366/c decrease in
thc likelihood that the tree would produce.).

Age

Ages clustered around 100 yr. but individual trees
varicd tiom 1l to > 300 yr at l.3 m. No acorns
were found in tees younger than 20 yr even though
they were open grown (Figure 4). Betwecn agc
20 and 80 yr, the percent of nonproducing trees
decreased and medium producing trees increased.
In the 60-7g-yr group,,1l % ofthe trees were non
producing.40% light producing. and l9% ne-
dium producing. Thele was no apparent trend in
productivity atter 80 yr. Trees older than 180 yr
were mostly in the light and nonproducing classes,
and the oldest and largest tree (> 300 yr) in our
sample produced no acorns dcspitc its hcalthy
appearance.

Age at 1.3 m

Figure ,1. PerceDt of sample trees by acorn abund,rnce class
and agc at  1.3 m.

F r e

There was an apparent relationship between acorn
productivity and underbuming history (Fi-uure 5).
Among sampl.- rqq' underbu rne,.l one l err pri,,r
to survcy, 719. were nonproducing. This com
pares to only 48dl,: Donproducing trees in the un-
bumed sample. Two to four yeeLrs post-burning,
sample trees averaged nearly the same percent-
age of nonproducing trees rnd medium-produc-
ing trees as unbumed trees. Tlees underburned

<20 2G39 4Gg 6G79 aG99 loG 12S 146 1a+ 140+
119 139 159 179
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Figure 5. Percen! ofsample lrecs in cach acom productiviry

c lass by lears s ince last  f i re.

6- 10 yr ago produced much better acom crops
on average than lron bumed trees. They had only
18% nonproducing trees compared to,+8'ld in the
non-burned group. They also had 4l % medium-
prodocing l-recs compared to l6% in the non-burned
group.

Discussion

ln general acom production in our sample was
i nfl uenced by competition (measured by basal area.
trce shape, and clown contact), moisture (indi-
cated by precipitation, AWC, and moisture index).
age, and fire history. Productivity tended to be
highest on well watered, well drained sites on trees
at least 60-80 yr old that were growing under little
competition iion neighbors. The effect of fire
history was more complex. Our data at least sug-
gest that prescribed underbuming may reduce acom
production in the year immediately following
burning. but may also contribute to higher pro-
duction 6- 10 yr after underbuming.

Annual variations in acom crop size compli-
cate the intelpretation ofacorn production. There
is little published infbrmation on acom crop sizes
in Oregon white oak with which to comparc these
data. We believe that the 1999 acorn crop was
moderate. ln contrast the 1998 acorn crop was
small at Fofi Lewis (Andrew B. Carcy. Pacific
Northwest Research Station, Olynpia. Washing-
ton, peISonal communication).

T rrge ucorn crops occur ercry few rearr in
Oregon white oak (Harlow and Harrar 1958).
Coblentz (1980) tbllowed acorn production on
Orcgon white oaks in the Willamette Valley for 3
yr and found one good crop. one moderate crop.
and one crop tailure. Good seed crops for blue
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o,rk (Quert:us douglasli) were observcd cvery 2-
3 yr. with larger crops every 5-8 yr (Olson 1974)
or in 4 of 7 yr with one bunper crop (Carmen et
al. 1987). Valley oak (.Quercus lorala), another
white oak species, had a similar pattem. with small
crops in 5 of 7 yr and one bumper crop (Carmen
et al. 1987). If acom production varies widely in
dift'erent years it remains to be seen if the pat-
temsofacom production foundin this study change
or simply shift in magnitude.

Oregon white oak has wide ecological ampli
tude, growing on sites that are seasonally flooded
to excessively drained with low water-holding
capacity. Presumably all sites are capable ofacorn
production in some years. In 1999, however. little
production was observed in our sample where the
moisture index was low oron poorly drained soils
(Table 4).ln addition, productivity was higherth?ul
would otherwise have been expected on drcughty
soils recaiving supplemental irrigation suggest-
ing  lha t  \ ra te r  $a5 f rcquen l ly  l i rn i t ing  in  l99u
Productivity was highcst on moist, well-drained
soils and generally declined as water availability
declincd or on pooriy drained sites.

The sites that did not fit the pattcm of declin-
ing acom productivity with declining water avail-
ability are the Pengra silt loam, Veneta loam, and
wetlands (Table.+). Based on soil texture and 1o-
cation we cxpect these soils to have abundant soil
moisture thrcugh the growing season. Trees grow
ing in wetlands may have a shallower distribu-
tion of roots than trees on better-drained sites.
making it difficult to assess water availability during
thc time of acom development using an index based
on s tandard .o i ldepth .  Pengra . i l t  Ioam is  some
what poorly drained with a high water table tiom
November to May so that trees on this soil may
also have a shallow root system. TheVeneta loam
is moderately well drained with a highAWC and
moisture index. thus would be expected to have a
deep root system and to produce well. Trees on
this soil may produce welJ in other years.

In our sample there was an indication that tree
age affects productivity with production starting
around 20 yr increasing to around 60 80 yr. then
leveling off (Figwe 4). The oldest tree in the sample
(> 300 yr) produced no acoms in 1999, but there
was no clear decline in productivity associated
with increasing age in the sample. A similar age
related pattern was lbund in California black oak
(Quercus kelloggii), which begins acorn produc-
tion at 30 yr. but does notproduce large quantities



on aregularbasis until 80-100 yr. Caliibmia black
oak acom production increases until at least 200
yr of age (McDonald 1990). We suspect that site
quality characteristics and competitive conditions
influence the onset of ploduction. Our age data
are not complete enough to show a difference in
onset of acom prcduction between forcst and open-
grou n lree.. bul the younge(l producing lree. in
our sample were open gro\vn.

Compet i t i , ' n  $ i lh  o lher  t ree \  ua .  an  impor
tant factor in acorn production in our sample. As
competition increased. crown contact and basal
area increased and tree shape changed. Oregon
white oak is not shade tolerant and will lose lower
limbs under lateral shade, resulting in the vase
shape typical of trees growing in dense stands
(Stein 1990). Crown shape, although only mea-
sured on a subset oftrees, was an easy variable to
code and a good predictor ofproductivity (Table
6). High irradianccs are associated with increased
flowcring in many plants (Halevy 1983, Krugman
et al. 197,1). It makes sense that in a species that
produces acorns mostly on branch tips in lull sun.
a measure like crown shape, which provides an
indication ofl ight availabil ity to the crown. would
be effective. Our data set on crown shape was
entirely composcd of trees from stands that had
no l  been th inned.  S ince  ccom.  l re  an  imf rndrn t
food source fbr wildlit'e, maintaining acom pro
duction is a management concern. The relation-
ship of open glown crown shapes, low crown
contact, and low basal area to highcr productiv-
ity suggests thinning is an option for increasing
acom production in forest stands, but we do not
know how r'",ell Oregon white oak responds to
thinning. lf Orcgon white oak responds to thin-
ning. crown shape would be a simplc criteria tbr
selecting trees fbr release treatments, ?urd lbr gaug-
ing recovery.

Basal area and crown contact were also sig-
n i f i c rn t  p red ic to r ' .  o l  acom p loduc t r r  i t1  in  our
sample (Table7, Figure 3), but were somewhat
less effective than crou'n shape (Table 6). We as
sume shape uas  impor tcn t  becau.e  i t  .e r rc r  a :
an integrator ofthe competitive environment around
the ffee for an extended time period. In managed
stands w(] suspect that both a shape variable (in-
dicating past environment) and a measure ofcur-
rent competition (such as crown contaot or basal
area) would be impofiant. In addition. it appears
that young trees with good apical dominance and
older trces receiving side l ight can both bave co-

lumnar shapes. Adding age. or an age-surogate
suLh rs  he iph t .  ma5 be  usefu l  in  sep l ra t ing  co-
lumnl r  l ree .  in to  g roup '  u i th  le .s  v l r i r t ion  in
acom production.

In our sample open-grown trees are befteracom
producers than crowded trees (Table 6, Figure 3).
which is what Coblentz (1980) reported. Our
neasures of acom productivity (the codes or the
counts on a subsample of trees) were tree based.
We do not know what level ofstand densitv would
resultin the best productivity per unit area. A forest
of vase shaped oak trees may have higher acorn
production per unit of land than a savanna of
mushroom shaped trees because every area in the
forest is producing acorns. The relationships be-
tween tree- and stand-based measures of acom
productivity will need to bc evaluated to provide
managers $ ith better tools to make declsrons.

Underburning is a useful management tool for
reducing shrub and tree competition around Or-
egon white oak, but it may affect acom produc-
tivity. This is an important consideratiol when
managing acom-consuming species such as tlle
th rea tenec l  ( in  Wash ing ton)  uqs lqm gra l  .qu i r -
rcl. The data suggest that underburning at the in-
tensities sampled for this study causes an initial
loss of acom productivity rclative to unburned
trees in the year after the bum (Figurc 5.). The
mechanisms by which buming can impact acorn
productivity have not been studied, but probably
vary depending on site, tree characteristics, and
in ten . i t l  and  dura t ion  o f  thc  l l re .  F , ' l l u * ; r ,  , , . -
covery period of one to several years. productiv-
ity on burned areas may be enhanced relative to
unburned trees. This relationship implies a repro-
ductive bcnetit to trees fbllowing underburning
and recovery, but the duration of the benefit is
unknown. Most of fte underburned trees in this
study had a shmb understory component at the
time of buming, \\ hich made fircs more intense.
Low intensity grass fires probably cause less tree
damage and may not result in an initial loss of
acorn production. This would have important
implications for managers of oak stands using
prescribed fire.
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