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BOLE N'OLUME CiHOWTII IN STEMS OF QUERCUS GAMBELII

Warren P. Cllair and Artliur R. Tiedenianir

AbsTIUC.T .Sliruh-ronii aiul tive-fonii (laiiilicl oak {{)iicrciis >s,(niih('lii i staiuls toiitaiii a potentially si(j;niiicaiit fiii^lwood
rt-soiircv. Information on their growth characteristics can forni a basis lor hitnre stand management. Stem an;i]\ ses showed
that height growth of shnih-form stems essentially ceased after age 50, while tree-form stems continned to increase in
height imtil approximately age 100. Both stem ibrms continned to increase in basal area and volume at a relatixeK constant
rate ;ls the stems increased in age and size. Increases in all si/e iiuasures were substantially greater in tree-form stems than
in shnib-form stems. Mean bole vohnne for tree-form stems at age 100 was over 16 times that of shrub-form stems. Sprouts
from tree-form stands would reach minimmn size for fuelwood marketing in approximately 45 yeais.

Kii/ words: Combcl oak. Ouercus ganibelii, sl.nih-fonn, trcc-fonn, lici'jjit >in)utli. voluiiic ;n-i>irtli.

Gainbel oak {Qiicrais ̂anihclii) is a species
important for wilcllife habitat, watershed pro-
tection, and fiielwood. It is lonnd in many areas
ol Arizona, (Colorado, New Mexico, and Utah.
In Utali the optinnini ele\ations are 1700-
2300 ni where (Tainbel oak is a dominant in the
.Mountain Hnish or mountiiin mahogany-oak
shnib potential natiu'al yeg(>tation zone (Knch-
ler 1964, Harper et al. 1985, West 1989).

Gambel oak has axariable growth fonii. Nor-
mally a tall shrub or small tree, it can be found
its dense, shrubb\- patch(\s 1 m tall, or as \\idel\-
spaced trees up to 23 m tall (Glaiy and Tiede-
mann 1986). This moiphological yariation
prompted viuW taxonomists to recognize as
many as eight acklitional species within popula-
tions now considered Gambel oak ( I laiper et al.
1985). The \arial)ilit}' ma\- liaxc an enxiron-
mental ,sourc(> (Neilson and Wullstein 1983), a
genetic .source (Pendleton et al. 1985), or both.

Sexual reproduction is sporadic, generally
with limited success (Cottam et al. 19^59, Neil-
son and Wullstein 1983, Wullstein and Neilson
19'85). IIo\\e\er, the species has a high regen-
erati\e capacity from acKentitious buds situattHl
on the lignotnbers and rhizomes of existing
clones (Muller 1951. Tiedemann et al. 1987).
These buds gi\e rise to numerous .sprouts, par-
ticularly il fire, herbicidc^s, woodcutting, or
chaining has kiUed the aboxeground '.stem
(F.ngleet al. 1983).
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Gambel oak is particularh desirable as fuel-
wood because of its heat-\ielding (jualities â€” ap-
proxiniateK 1.4 times greater than ponderosa
pine (Barger and Ffolliott 1972). The superior
heat -producing cpialities of this species and its
proximity to several major population centers
have generated considerable interest in man-
agement and use of Ciambel oak for fuelwood
(ilaiperetal. 1985, Betters 1986). Hetciil piices
reflect the heat-producing viilue of Gambel oak.
It is typically sold for .$10 tuore per ton than an\
other species (Johnson and Cirosjean 1980).

Some infoniiation is available on projected
growth characte 11 sties of Gambel oak based pri-
marily on diameter increments (Wagstaff 1984).
However, no infoniiation is known to be ax'ail-
able on the incremental growth of Gambel oak
bole volumes. Because of this, we conducted
this stud)' to determine the volume growth char-
acteristics of Gambel oak stems to assist in fu-
ture management of this often ignored, but
lociilly important, species.

Methods

PlKLD MKTllODS. â€” The plant materials for
this stucK' were collected as part of earlier stnd-
i(\s of standing crop liiomass (C'laiv and Tiede-
mann 1986, 1987). Eight small tree- and
shnib-lorm plots were sampled within txpical
stands on Bald Mountmn nem- Ephraim, Utah.
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Table 1. Growth ciine' coefficients and R's.

M.kK-IV = .'\Â»(1 + (15 - 1)Â°EXP(-CÂ°(X - D)))'^(l/(1 - B))
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Fig. 1. Basal area (em ) \ersns age (vears): a. shnili-loriii stems: 1), tree-form stems.

These are hereafter referred to as sJinih-fonn.
The sample stands were on slopes of up to 40%.
The plots sampled xaried in size from .3 x 3 m
for \n}l\\ densities of sniiill stems to 9x9 ni for
plots of less dense stems. Large CTanihel oak
trees were represented bv li\e stands in the
Caseade Springs area of the Uinta National For-
est, Utali. These are referred to as Ircc-jorm.
Tree-form stands were visiblv distinct Irom sur-
roimding \egetation and occupied conca\c
slope positions where soil depth and moisture
faxored tree growth. Stands liad to h(^ of suffi-
cient size to acconnnodate a l()()-nr plot, I'lots
were .s(juare when po.ssihle, otheiwise recliuigular

Stems greater than 1 m high were counted,
numbered, and measured for diameter at a
height of 4 cm. Three (in tree-form plots) or fi\-e
(in sliRib-fonn plots) trees were selected at ran-
dom for sampling. Stem boles were cut 4 cm
abo\e ground line and separated from branches

and foliage. Where the tree bole forked, the
largest fork was selected as the main IxjIc. These
boles were partitioned into fiO-cm sections con-
tinuing upward until stem diameter outside-
bark hatl dec-rcased to approxiniatcK 1 cm. 'Hie
la.st sections w(>re therefore of \ariable lengtli.
A lO-cm length was remo\ed from the base ol
each section for tree-ring analysis b\ the late
Dr. (;. Wes Ferguson and associates, Labora-
toiA of Tree-Ring Research, Universit\' of Ari-
zona, Tucson.

lABOH.vrom MK'IIIODS. â€” The basic ap-
pr( )acl I ( )f ring-c( )i ii it ckihng was augmented in tliis
stud\ b\ the u.s<.> of (k'udrochronologicid tech-
nicjues. In instaices where the ring pattern was
obscured or distorted, two t)]X's of a)utrols were
used to reconstmct the radial tree-ring sequenc-e.
First, a comparison was made with other areas of
the cross .section, with other .sections from die
simie tree, or with other tR^es. The second, using
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Fit' 2. \'olume (cm') versus \v-2i.' (years): a. slirulj-forni stems; h, tree-lonn stems.

(kMKln)C'!imiK)I()o;ical principles, was to date all,
or a [loition thereof, of the radius in comparison
with two relatixely nearby estahlislied tree-ring
chronologies â€” Nine Mile Canyon and Enioiy-
Link. Sexeral notable reference points were a
piiir of large rings at 1957 and 1958, and in some
instances a wide band of xcssels occnrred in the
1919 ring. Some data had to be recxmstnicted
for indixidniJ bole sections becanse of tree dam-
age from fire or other injniy, distortion due to
whorls, etc. The diameter increments were de-
temiined to the nciuest millimeter by decades,
e.g., 19(S()-1971, progi-es.sing from the outer ring
of th(^ stem towiuxl the pitli. Partial decade
growth wiLs recx^rded when the beginning or
ending of the section growth record fell within
a dec-ade. As the stems tended to be asvimnet-
rical, the long(\st and shortest insick^ bark racki
were recorckxl

Cross-sectional area and Nolume calculations
were made by using spreadsheet software on a
personal computer. Diameter and xolnme \al-
ues wen^ calculated on an air-diy inside-bark
ba.sis. Tlu^ cro.ss-sectional area for a given period
WiLs determined for both ends of each section
using the longest and shortest radii and assum-
ing an elliptical shape. Section xolume for each
jx^riod ( usually decadal) was calculated from the
top and bottom cro.ss-sectional areas for the
period and the section length using the parab-
oloid method. Period (usually decadal) volumes
were suimued acro.ss sections to gixe stem xol-
ume totals per period, liole heights were deter-
mined by sununing the section lengths. Heights
at a gi\en age were estimated in the manner of
Lenhart (1972), wherein annual growth tips are

assumed to be equally spaced throughout the
section. Patterns of \'olume change were exam-
ined by graphic and regression methods, using
periods or height segments within trees as sam-
ple units to illustrate growth trends. All regres-
sion fits were made using the Richards growth
cuive model (Richards 1959).

Results

Little data oxerlap occurred betAveen the t\vo
populations aboxe age 30 in the loasal area\'ersus
age relationships (Figs, la, lb. Table 1). At age
30 tree-fonii stems had mean basal area vidues
nearly 10-fold those of shiTib-fonn stems. Simi-
lar relationships occurred with volume versus
age ( Figs. 2a, 2b, Table 1 ). At age 100 mean stem
\'olumes were 4049 cm' and 65,808 cm' for
shmb-fonn and tree-fonii, respectix'elv, or a dif-
ference exceeding 16-fold.

The relatk)nship of volimie to basal area wius
more consistent between stem fonns than in the
pre\iouslv descrilied relatk)nships. A single
function fit the full riuige of data for both popu-
lations combined (Fig. 3, Table 1 ).

Relationships of height to age \ aried be-
tween the t^vo populations. Rates of height
growth were not greatl)- different among popu-
lations for the first 20 years. After 50 yeiU's,
howexer, little additk)nal height increment oc-
cun-edon shrub-fonn stems (Fig. 4a, Table 1).
Maximum height averaged 4.1 m. Tree-fomi
stems continued growth after age 50 at substan-
tiiil, although slowly decreasing, rates until ap-
proximateK- 9.3 m in height was attiiined at age
100(Fig.4b, Table 1).
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Fig. 4. Height (m) versus age (years): a, slinih-form
stems; 1), tree-torm stems.

The relationsliip behveen annual voliiiiie iii-
CHMiient and age was not strong for eitlier popu-
lation; R~ values were .29-. 38. A better fit wits
obtained bet\veen annual volume inerenient
and total xokmie {R~ - .75-. 80). Annual xolume
inerenient as a lunetion of existing volume was
greater at all xolumes in trcH^-form stems than in
shnib-fonn stems, illustrating more \igorous
growth (Figs. 5a, 5b. Table 1).

Discussion

Sampling in tliis stuck was limited to eentral
Utali, but stem sizes eneountered were repre-
sentatix e oi sizes aeross the distribution of Gam-
bel oak. Mean basal (kameters of the stands in
this study \aried from 3.6-11.7 em in shrub-
fonn stems to 15.1-24.6 em in tree-form stems
(Clan and Tiedemann 1986, 1987). Ourshnib-
fonn stems, therefore, eorre.sponded to tlie av-
erage 7.6-eni stump height diameters in western
Colorado (Brown 1958). Our tree-form stems
were similar in (kameter to the larger stems in
north eentral Arizona (Barger and Ffolliott
1972).

Limited information lias been axailable eon-
ee ruing direet \-olunie measures or growth ehar-
aeteristies of Cambel oak. A xolume table ba.sed
on a teehnifjue of \isuall\ estimated volume is
axiiilable k)r (Colorado (Chojnaeky 1985), and
one has been used in .Arizona that was devel-
oped bv mockfving a composite xolume table for
trees in the Great Lakes \icinitv (Barger and
Ffolliott 1972). Barger and Ffolliott^ (1972)
found that annual stand xolunu^ growth in Ari-
zona a\(M-aged 0.24 in Vha, or about a '27c incre-
ment. A similar percentage increment was
found in Utiili for inckxiduiil older trees (Wag-
staff 1984). Wagstaffs (1984) data showed that
diameter growth in tree-fonn stems slowed lit-
tle in older trees; thus, the rate of basal area
aecmnulation increased with age. In this stud\
our estimates of annual growth in older tree-
fonn steins were similar to those of Wagstaff,
although (kfferences in magnitude between
shnib-fonn and tree-fonn .stems were striking
in nearly iill data collected. Basal area versus age,
xolume xersus age, height xersus age, and an-
nual xolume increments in relation to total xol-
ume xvere different betxveen stem forms.
\bluine x'crsus basal areaxxas the only relation-
ship examined that appeared similar between
stcMii forms.



166

a

fj aoooi<
o
Z 1500-1111zuicuz 1000

Great Basin Naturalist

b

[N'^olunie 53

k:

20 40 60 80 100 120 140 160
VOLUME (CM " 3)

(Thousands)
'0 20 40 60 80 100 120 140 160

VOLUME (CM "3)(Thousands)

Fig. 5. Aiiiuud \oluiiic iiuTeiiient (cm') \-er.sii,s volume (em'): a, slinili-lonii stems; h. tree-form stems.

A ma.s.si\(' uiKlcrirrouiid .stnictiire, wliich
.support.s rapid and iiontialK xoluniinous sprout-
intj; following top renunal, provides a reliable
reproduction struteg)' that should fit well into a
coppice f uelwood management cycle ot harvest
and regrowth (Clan' and Tiedemann 1986,
Tiedemann et al. 1987). This would be espe-
cialK' true on the more productive sites where
clones of tree-form st(^ms or larger shrub-fonn
stems are a\'iulal)le. While we can offer no direct
e\ideuce that tree-form stands will coppice to
new tree-form stands rather than to shrub-fonn
stands, circumsttmtial evidence suggests this is
so. Tree-form stands in tiiis study were sepa-
rated b\- a distance of several kilometers; yet
most of the stems of these stands were estab-
lished within a 3-vear peiiod. The most likelv
cau.se would be sprouting following a wide-
spread, hot wildfire. Sprouting following such
ewnts typicallv results in high steiu densities. As
the new stand ages, a natural thinning occurs.
This is reflected in old stem scars on lignotubers
ant! rhizomes (Tiedeiuann et al. 1987). Scars of
previous stems and the underground intercon-
nectedness of (;ambel oak clones suggest that
gent-rations of stems ari.se repeatedlv from the
underground stnictures. These stems would re-
flect the same genetic makeup as the previous
stems and would be growing on the .same site.

Revenue potential of luature stands near cit-
ies and towns is substantial. Maximum retail
values can approach .S55,()()()/ha of oak clone if
individual v ciy high volmne Utah .sites are com-
pletelv harvested (Wagstaff 1984). Arizona for-
ests have marketable (;aml)el oak volumes of 16

mVha averaged across broad clone-occupied
and non-clonal arcius (Barger and Ffolliott
1972). The retail value on a landscape basis,
therefore, would be $740/ha (1983 dollars) if all
harvestable volimie were removed (Wagstaff
1984).

Gambel oak is marketal)le when average di-
ameters are relativelv' snuill. Wagstaff (1984)
reported that stems are salable as fuelwood
when the basal diameter reaches about 9 cm
(basiil area of 64 cnr). This diameter, based on
our stem andvses, would be attained in 45 vears
in oiu" unmanaged tree-fonn stands. A few
shrub-fonn stems vvoidd reach marketable size
in 90 to 100 vears, but a projected 170 years
would be required in our average unmanaged
shnib-fonii stands.

Our ciuTent (matm'e) tree-fonn stands with
marketable volumes of 150.6-604.6 mVha
would b(^ worth $ 1 1 , 144-$44,740 per hectare of
clone (Wag.staff 1984, Clan' and Tiedemann
1 987). Marketing of the resulting sprout grov\th
could occur in approximatelv 45 years, iilthough
vohnnes would be much less than the original
haivcst. Estimated vohuue at age 45 would be
onlv 25% of that attiiiued at age 100.

Onlv one of our shrub-fonn stands liad aver-
age stem diameters of marketable size, although
four of the eiglit stands had some stems that
t^xceeded the 9-cm-diameter requirement. The
stands had mean bole vohnnes of 46.6-94.1
m Vha and no apparent congelation between vol-
ume and stand densitv. although lower density
stands tended to hav(^ larger stems. Thus, values
for tho.se stands that have attiiined marketable



Clary, Warren P. and Tiedemann, Arthur R. 1993. "BOLE VOLUME GROWTH IN
STEMS OF QUERCUS GAMBELII." The Great Basin naturalist 53(2), 162–167. 

View This Item Online: https://www.biodiversitylibrary.org/item/33906
Permalink: https://www.biodiversitylibrary.org/partpdf/248368

Holding Institution 
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Sponsored by 
Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Copyright & Reuse 
Copyright Status: In copyright. Digitized with the permission of the rights holder.
Rights Holder: Brigham Young University
License: http://creativecommons.org/licenses/by-nc-sa/3.0/
Rights: https://biodiversitylibrary.org/permissions

This document was created from content at the Biodiversity Heritage Library, the world's
largest open access digital library for biodiversity literature and archives. Visit BHL at 
https://www.biodiversitylibrary.org.

This file was generated 28 March 2024 at 22:40 UTC

https://www.biodiversitylibrary.org/item/33906
https://www.biodiversitylibrary.org/partpdf/248368
http://creativecommons.org/licenses/by-nc-sa/3.0/
https://biodiversitylibrary.org/permissions
https://www.biodiversitylibrary.org

