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Ten-year Diameter and Basal Area Growth of Trees Surrounding Small
Group Selection Openings

Abstract
The effects oi small openirgs in iorest stands ha\ interested sih iculruri\I\ rLrd ecologists for r-e.rrs. lnlerest generally has centefed

on the \egerrlion in rhe opeting!. not on rhrt immediatel)- oursjde of them. Quandtative i brmalion on the growt| of tfees

adjacent rir group setectioi opcnings. altlnNgh oiien mentiLrn.d jn forestr] tertbooks as contribLtiing to co\t eiicctjvcness. is

sc.rnt .  l - i \e coni lcr  and thfee hard$ood species bo cr ing 9- .  l8.andl7-mdiametcropeningslnthcnorthefnSiefra) ic \adaof

C.rliiornia $,ere erarri ed ti)f dianctcr growrh l0 r-cars beli)re und l0 yexf\ alier an inilial e.foup sclcclion cuttiDg. Tcn )car
diamctcr  gro\ th r  brcast  height  o l  !ar ious conbiNdons of  \pecies lnd diameter c lasscs did not  d i i ter  s igni f icant ly  (P > 0 05)

.rmong opening sizc! t0 )ears alier cuuing. tsut me.rn basal area gro\rth of pines (pondcrcsi and sugar) 1lj ycars alief cuttng was

signiitantll greurr (p < 0.05) $an thar before cutti.g in l8- rtnd l7 m openings. This differen.e Nl\o \as found lor shade

lJcranr conilers (Douglas-fir, incclse cedu. und Clalifornir $hilc lir) bofdering dll opening sizes. ]v{can basai ea $o{lh ol

hard$qrds (crlilirnia black oat. ranoak. Pacillc nradrone) did not diffef beibrc and alier cutting lbr any openng sr1c.

lntroduction

Today, as ncver befbre, sentiment is shifting to-
rvard forest manlgemcnt systems that arc perceivcd
: r .  be in !  r r r , r re  !en l le , ' r  lhe  lanL l .  i t .  rcge ta t i , ' n .
and its creatures. Sustaining ecosystems and not
chronicrlly disntpting ccosystem processes are
the watchwords ofmodern firestry. Smith (1962)
noted that "The group selcction method is more
readily adtrpted to a wide vadety of conditions
lh rn  i rn )  o lher  hccdu:c  the  c i r r l , ' g ic l l  tequ i ren ten ls
of most species can be mct within its framework."
F t |nhermore .  lhu  . lna l l .  . . ' r l l c r (J  op ln i l lE .  c rc
ated by timber barvest suggest small scale natu-
ral clisturbances such as thosc created by small
hot fires.

The group-selection cutting methocl, which is
paT l  o l  u r  une\  en- i rP .  . l  ' i l r  i c t r l t r  r r r l  rcge l le r . r l i ,  \n

systcn. involves lhe remolal of groups o1 trees
to create snall openings that rangc ftom 0.01 to
r ) .R  ha .  The upper  s ize  l im i l  u I  open inS\  i .  !o \ -
erned primarily by the enYironment in them.
Openings should not be so large as to losc the
sile protection of the surrounding trecs (Daniel

et al. 1979). Thus. slope, aspect. and height of
surrounding trecs influence opening size. Sevelal
openings. scatteted throughottt a stand, usually
are haNested togetber on a cyclical basis. The
c)c le , , f len  i .  lU  l , '  l 0  )  c r r . .  I  hc re  i \  n  r , ' l r l i on
and cutting continues in pcrpetuity. usuall"v re-
moving clustels of maturc trees. Init ial and earl-"-
entries into the stand, however. usually havc ln

elementof "improvement' in thcm. wherebytrccs
of youlger agcs ale removcd. Indeed. the neces
sity for cutting small trees "is felt especially in
making a flrst cutting in previously unmanaged
r lunJ .  rHawle)  lq - l t r r .  Th i .  g i \e :  r ,pponun i l )
to lower the proportion of lcss desirable spccies,
trees with poor growth. those that interfere with
the grcwth ofbctterftees, and poorly forned. slow
growing, and diseased individuals.

Increased growth of residual trees alier cut-
ting is generally considered to bc beneficial. But
for gloup sclection. thegrowth offees surrounding
thc openings is seldom quantified and its amount
has not bcen lepofied for mixed conifcr and hard-
vood species in thc western Unitcd States. The
minimum opcning size required to inUuencc tree
gro$th and the distancc into the stand beyond
which the openings wil l have litt le or no eftict
are equally unrepoted. This paper prescnts re
sults on these subjects fiom a study that quanti-
fied 10-ycar diameter and basal rrea growth of
various sizes and species of trecs before and at-
ter group-selcction cutting in three sizes of small
openings.

Methods

S te  and Spec es

The study was located on Lhe Challenge Experi
nental Forest in north central Calitirrnia. Here,
. i t .  q u a l i t l  i .  h i B h  r r r d  t h e  r l r m i n a n t . P e . i t ' .
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ponderosa pine (Pll?rsTroaderosrr Dou-ql. ex [-a*s.
tiLl. pondentsu). wil l averagc 3:l m in height in
50 vears (Pou'ers and Oiiver 1978). Summers on
the Experilr)eDlal Forest are hot and dr1'; winlcrs
( , ro l  rnd  In i , i . l  The l re r rge  nr iJ .umrn . . r  rn r r i
[run] temperature. brsed ol :13 years of record.
is 32 "C: the midrvintcr minirnum is - I ,,C. The
growing season is aboul 200 davs. Precipitation
avcrages 172? mrn rvith 9,1 pcrcent lalliDg be-
tween October and May. Moisture is the l imiting
factor lbr growth. and drought often predisposes
less vigorous trees to attack by insects and dis-
ease. Aspects are mostly norfheasl and southwest
and slopes vary liom 3 to 30 percent. Texture of
the soils is clay loam grading with depth k) clav.
Soils tend to be dccp, moderatcly well dtaincd.
and quitc f 'erti le.

In addition to ponderost pine. other lrce spe-
cies on thc Forest are Douglas fir (P.seudotslrgd
metq.iesii [Mirb.] Franco), sugar pine (Pllro
Ianberriana Dotgl.). CalitbrDia whire fir (ADl".t
concoktr y'ar. lottiunu lGord.l Lemm.), and in
ccnse-cedar (Zllracednts det urrens Torr.1 (Little
I 979.1. Hardwoods. principally Calif irrnia black
oak (Quert:us ,tdlloggii Newb.), tanoak (Zlrho-
carpus dertsif lonrs lHook. & Am.l Rehd.), and
Pacific rnadrone (.AthulLts ne aie.sii Pulsh) arc
scattered throughout as individual trees. clumps.
or groves. TI'rc Forest consists of a broacl mosaic
of crcn-aged stands resulting fronr past logging
and fires. The oldest dominatt and codominant
conifers in the slud), area werc about 100 ycars
old wheD thc study began and avelaged about 77
pel ha,70 percent ofwhich were ponderosa pines.
Typical ol stands in the northern Siena Nevada,
a fcw overmaturc hardwoods wcle present along
wrth a large conponcnt ol)ounger trees ofshade-
toleraDt spccies (Douglas-fir, Califomia white iir.
i l tccnse-cedar. and taneak) (Rundel et al. 1977).
Altogether. trees larger than 1J.9 cm in diameter
at breast height (d.b.h.) nurnbered 6 | 3 per ha and
contained about 62 mr per ha of basal arca.

Locat on and Env ronment

Groups of large and snralltrees, which were lo-
cated in two units located within 1.5 kn ofeach
other on relrti\,ely honrogeneous ground having
similar soil and grou'th potential. $'ere loggcd in
the lall of 1963 to lbmr cilcuJu openin-{s ofaboul
9. 18. and 27 m in diamcter (crorvn dripline to
. r o u n , l l i p l i n e ) .  T h e r e  u e r e  l T , , p e n i l c :  i r r  , r n q
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unit and 21 in the other The smallest size open-
ing $as created by removal of several mcdium
to small-sized ffees; thc largest by removal of
several Jarge. medium, lnd snall trces. Surounding
l re i \  u ( re  r ' l  r l l  . i ze . .  Er ih  opcn inB. i , ,e  r , l  a :
replicated 16 times. Location of openings was
random with the restriction that thcy be $'ithin
60 m ofskid roads. h May 1 96,1 unnerchantable
coniters tnd hardwoods werc removed ancl the
ground scarif ied by a bulldozer As a rcsult, each
opening was free of vegetation. at least above
ground. Below ground, r'ooLs of border tccs prob
ably hacl room to expand into arca firrnerlv oc-
cupied by cut trees.

N,4easurements and Analys s
In spring 1964. shortly afier ha est, trees sur-
rount l ing  th<  l l  g r r ,up-sc lce t i , ' n  lpe l ings  uerq
visually evaluated to detennine the dislance lron
the opening edge where they no longer reccived
additional light lion the openiDg or where their
roots lrrost l ikcly would not be able to exlend into
1t. Alk)gether. 677 coniler and hardwood trecs in
the breast-height dianeLcr range of l0 to 106 crr
conprised the after-lo-qging sample (Table I.). No
trees beyond 6 m were judged to be aff'ccted by
creation of the openings. Ali trees wcre remeasurcd
i t t  AuSt t . l  I  q7  l , , r  a l  t ( r  I  O ( t , l l r f ' l ( l c  : l r t ,u  inF  \ea
sons.

The belbre logging sample was done retrospec
tivelv by boring trees at breast height ard calcu-
lating radial growth lrom l95.1- 1963, which was
doubled Lo arrive at diameter growth. Becausc
the prclogging mcasurements were inside brrk
and the afLcr-Jogging ntcasul-elnenls were outside
bark, they nccded to be reconciled. Spcciticallr,.
the afrerlogging data needed to be corrected lbr
ba i growth dudng thc 10-year period. This task
was accomplished by using the conections fbr
mulated by Dolph (l 98 I ) f irr the fire conifer spe-
cies. No corrections were available tbr the hard-
wood species.

For thc befbre log-ting sanple. we randomly
chose one of the two units. It had 27 openings in
it. 9 of each size. To check the previously deter
mined opening-intluencc l imit of 6 m. we mea-
sured additioDal trecs 6 to l3 nr lrom the open-
ing. Altogethcr. 372 trees. located 0.5 to l3 m
liom thc opening edgc coorprised the prelogging
sample (Table l). The distance ofeach tree from
thc opening edge was recorded.



l , \ t l l - l r  l .  \umhcr ofsanrplc ( rccs bordcr ing opcning!  r l
r - r  l ,  r '  I  l r  ^ t ' - r  r ! .  .  r .  -  
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opcninss) per(xl b\ dirrnetcr, class nd species.

Besults

Tree Growth and Distance from Opening
Edge

We found the best erpression 1() document the
intluence of the openings to be a Iinear equation
ol thc d ift'erence in 1 0-year basal iu.ea grorvth before
and after logging. Bascd on this dift 'erence, l i tt le
growth occuraed on trees farther than 6 m ink)
the lbresl (Figure 1). Thc cquation $,as ofthe tbnn:

Y = p  + c D + { r , l r ( D ) + g
in \lhich:

D = dinrnce frolll opening edge (Ill)
dbr,, = inside bafk b.rsal .rre.r gfo$ih for 10 year pcriod bc

fofe hafvest  (cmr)
dbar = inside b.uk brsal area gro$th ibr l0 ycff pcriod

af tef  hr fvesr (cmr)

li = i efcepl tern l-of the irh opening siTe
(1 = coetl-rcienls. rnd

We tbund a rveak rclationship between the dif
l'erencc in bcforc- and atier-logging basal area
growth aDd distance ftom opening edge. Thc high-
est r-squared values, which rvere lbr trees adja
centtothe largest opening size. were0.11 for pines.
and 0.06 tirr tolerant conilers. Beth values were
signil lcant at P = 0.05. but are of no practical
signiticance. Although the difference in growth
for the lO-year period lcndcd to decrease as dis-
tance tiom the opening increased (Figurc 2.), we
were unable to objectively deflne a specific dis
talce from the opening edge where thc opening
ceascd to have an influence. An exception to the
decreasing grou'th h'end was that some trees on

To determine tree gro\r th and distance rela
tionships. data were analyzed by regression and
the anal)'sis ofvariance (ANOVA) therefrom. and
paired t tests (Wilkinson 1989). Statistical sig-
nil lcance in all tests was at o = 0.05. Both d.b.h.
and basal arca wcrc consiclerecl to evaiuate grorvth.
and nany translbnnations of both were exaln-
ined firr nornral distribution ofrcsiduals. constancy
,  ' f  r  r r r rn i ,  .  l r rJ  I renr l  r  r l ' re . i Jur , l .  re  l r r t  i r  e  t ,  r  p rc -
dicted values. The model in this paper best ncL
the assumptions ol normality and provided the
lrest tlt.

Steps in the analysis u'ere l lrst to deterlnine
thc distancc into thc adjacent stand where trees
rvere influencecl by the opcnings. Thc ncxt step
u'as to analyze tbrpossible ditlerences in befbre
and aticr-loggin-e stand gfo\\'th. The third step rl'as
to examine the atier logging data to delenninc
possiblc cli lTcrcnccs in 10-year diameter growth
among species and tree size classes tbl the dif
ltrell l  opening sircs. Bccausc thc first analysis
indicated oo significant efiect beyond 6 m. we
used data lionr the :lE openilgs in the alter log
gin-q anallsis.
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Figure 2. Exrmplc of thc dilterence in befbre- and aiier logging l0 year basal area gfowth per tree relative to distaDce iiom

openng ior pines in 2l-n openings, Challenge Erp.imcntai Foresl, north central C.rlifornia. 1971.

the edge of openings appearcd to grow less than
those t'anher back in the fbrest (Figure 2). This
difference may be the rcsult of shock caused by
opening up the stand or possible damage to roots
frorr logging.

Be lo  e  ano Afe '  -ogg i r  q  Comoa ' ison

Mean 10-year basal area grouth afier logging
differed signilicantly tiom mean l0 year basal
area growth before logging tbr pines bordcring
l8 and 27 m diameter openings. and for shade
tolerrnt conif 'ers adjacent to 9 m, 18 m, and 27-
m diameter openings (Table 2). The difterence in
l0 year basal arer growth of hardwoods before
and afierkrgging did not differ signiflcantly amon-q
opening sizes. And in onc instance (27 m diam-
eter openings), hardwoods actually grew 52 per
cent slower We believc. however, that this nega-
tive response has little practical importance and
no stalisl ical significance (P = 0.23).

3.1.+ McDonald, Ritchie. and Abbott

For thosc spccies and opening sizes where
growth increased afier logging, the basal arca
grewth increase ranged from 9 percent for pines
adjacent to l8-m openings and ti)r tolerant coni-
t-ers next to 9-m opening to 87 percent for hard
woods adjacent to l8-m diameter openings (Table
2). When all species and opening sizes were corn-
bined, the average nct 10-year basal area growth
increase resulting from Iogging was 2.1 percent.

Diameter Growth and Openlng Size

Average 10-year diameter and basal area growth
after logging were examined statjstically to de-
termine which variable explained the most vada-
tion. Based on ANOVA, no statistically signifi-
cant difterences in brcast-height diameter were
found among species or diameter classes among
opening sizes (Table 3). Overall (but not signifi
cant) trends in mean values were: diameter growth
was greater for large trees than small trees; growth



TABLE 2. Alerage l 0 r ear basal arca gro\,, th of rces in group selection openings b) spec ies c lass and siTe of open ing bctbrc
and atier logging.

Species Opening

(m)

tsefore
loggmS

(pc0

Standard effof
oi dillerence

(cm')
logging

(cn: /10 yrs)

T0ieranl

9

27

1 E
2',7

9
i

21

,136
370
,108

2 1 5
l 9 l
160

5 l

279

.139

.105
5 1 6

126
1)1

83
1 1 2
1il3

t '7
1 8
2l

1 u

'1
t 2
23

120

li.,l3
0.05
0 .01

0.0.1
0.01
0.01

0.06
0.07
0.21

9
)6

9

57
87

u
'Tail probabilily (P-value) of the paired t statistjc bclwccn |hc belbre and alier logging values on each line. P values < 0.05 are
con\ idered significant for individual lestr. 1f si m ulianeous tcsls for thc three openings are desired rhen P < 0.05/3 = 0.0 I 6 are
considefed significant (Bonferroni t-test).

TABLE 3. Averrge ten-)ear diameter grorvth ofvarious coinbinalions of lrcc species and sizes bordering group selection open
ings,  196.1-1913.

Species
conbinadon

Diameter

(cln)

Opening

(m)

Diameier
growth

(cn/10 ) tS) (pct)

Root mcan

Gm)

Pnres

Tolcrani

l0 to l0

l l  ro 60

l0 ro 30

31 to 60

>61

1 8
2l

t 8
2',7

9
r 8
21

1u
)'7

J
21

l 8
21

l 8
21

9
1 8
21

2.8.
2 .E

3 .8
4.3
5 . 1
:l.E
:l.lJ

5 .1

3 .0
3 .3
3 .6

5 . 1

5 .6
1.1
1.1

3 .6
4.3
.1.1

5 .8
3.0

9

1 9

8
8

1 0

6
1
1

1 9

t 2
t 2

8

l 0

2 I
28
25

l l

l 8
6

2.0

2.0

2 .1

2.1

2 .5

2 .5

2 .3

0.34

0 5 8

0.57

r.80

0.53

0.69

0.5,1

I  t 6

o.'72

0.07

0.56

0.57

0.59

0.52

0.59

0.36

2 .9

Hafd$ood\ l0 to l0

31 to 6{ l

"No significan! difterenccs in dianctcrgrowth allhc 5 percenl le\'elwere fbund anong opening sizes for each djamctcrclass and
sDecies. bascd on ANOVA.
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$'as greater tbr trees adiacent to the largest open-
ing size; and shade-tolerant coniters grcw better
than less tolerant pines. Hardwoods grew bcttcr
than conifers in the smallcst diameter class.

Discussion and Conclusions

The juxtaposition of trees of many sizes relative
to each othcr and to distance fiom the edge of
small openings is such that the amount of l ight
and soil moisturc that each tree gains from new
group-selection openings is highly viuiable. Large
trees, well back from the opening. have an ad-
vantage over small tuees because theirlargc crowns
and root mass enable them to exploit the typically
small spaces wherc light filters through and where
roots can extend into new openings. And large
lrees,locatcd nearthe opening boundary, may deny
site rcsources fi'on the opening to trees bchind
then. Smaller trees. in gcneral. need to be closer
to the openings to gain additional resourccs from
thcm. Consequently, growth of trees adjacent to
openings is influcnccd by tree size. distance trom
opening. and position of other trees. Because of
this combillation of ftctors. we fbund it dithcult
to regress tr-ee gro\\,th to distance from openin-q
edges. McCreary and Pcrry (l9ll3) also tbund it
diflicult to regress basal alea increnent to dis-
tance lbr 35-1,car-old Douglas-1ir trees adjacent
to stdp thinnings near Corvall is. Oregon.

The adjacent tlee rool/opening size interaction
also is a factor affecting tfee response. In a sepa-
rate study oD a nearby a.rea on thc Experimental
Forcst, Zicmer (1961i) measured soil noisture
around a lbrest grown but conpletely relcased
(all other trees removed) 70 cm diameter sugar
pine. He lbund thtrt "soil moisture depletion ex-
tended outward to a distance of slightly over 6 m
tiom the base of the tr€e ard somewhat deeper
thaD 5 m under the |Iee." Prcsumably, this zone
of depletion was caused by moisture absorbing
tree roots. Consequently, at leasl somc roots of
adjacent trees probably u,ere aheady present
throughout thc 9-m wide openings. And because
only a few trees were renlovccl to create this size
of opening. most of the opening already was oc-
cupied by tree roots. Thc cornbination ofalready-
present roots. l i tt le new area free of roots, and
probable rapid expansion ofexisting roots tcnded
b mitigate the respense fiom adjacent trees.

Basal area growth oftrees adjacent to 9-m di-
atneter openings, in genelal. was not any better
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thal] that of trees farthcr back in the stand. But
pines and shadclolcrant conit'ers near l8 n open-
ings grew significantly better These flDdings sug-
gest that the mininum opening size required to
enhance tree growth lics bet*een 9- and l8 m in
dlameter.

In this study. we visually surveyed hundreds
of trees ad.jacent to i)penings and iudged that no
I lee  ber  onJ  6  m u  r :  in l luenced br  theopen ing . .
This finding, Zicmer's work, and our graphical
results (Figurc 1). indicate thrt 6 m is about the
limit ofinflucnce from these small sizes ofopen-
ings in thc conif'er and hardu'ood stands on thc
Experimental Forest. McCreary and Perry (1983)
fbund that increases in basal area growth of
Douglas fir trees in wcstern Oregon extended 3.1
m into the uncut forest. They also cited a Swed-
ish sndy with Scotchpine (Para.i.'}h,e.rlrisJ where
diameter growth "greatly increased, 'but only on
trees up to 3.0 m in the unthinned stand. Based
on these studies. it appears that the influence of
\ rn r l l  open inF\  and th inn ing .  on  ad j rccn t  t ree .  i .
linited in terms of distancc into the uncut staDd,
but within this affected zon(), stem growth offfees
is signiticantly increased. Thcsc tindings may be
ofinterest to ecologists (Sousa 1984. tirr example)
who have long been intrigued b1,the eflect of
gaps in the forest canopy.

In our study, pines and tolcrtrnt conifers grew
significantl)' better after logging than betbre log
ging in the larger opcnings. When considering
the group selection cutting method, fbrest man
agers can now ascribe a modest amount of basal
area growth (24 perccnt in l0 years) to tlees bor
dering small-sized openings on sites typical of
this study. This growth. as well as thc abundant
coniter and hardwood regeneration noted in these
openings (McDonald and Abbott 1994), add to
the applicabil ity of this cutting method.
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