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Methods 

Absicscf, The commonly applied compari.ron-tree method of selection i \  analyzed a3 a 
form of willtin-famil y \election. 11' environmental -\- ariarion amc-tng comparison- and 
select-tree groups. r-. i\ a relatitel) crna11 proportion f 17 percent or less with 5 corn- 
parison treei) of the totat variation, compari.ron-tree \election & i l l  resrrlt in less genetic 
improvement than individ~~al-tree \election, Ften i f  c "  i s  large, individital-tr-ee selection 
mapi be more effective than con~parison-tree selection i f compari\on and candidate treee 
are related. Ertirnatei of ("and of relationships among tree\ in wild stands derived 
n~ainly .from published report5 \uggest that cornpartson-tree selection may in Fact res~tlr 
in  lesi genetic gain than individual-tree selection in many tree species. In any case, 
comparison-tree selection will seldom be rnrrch more effective than individual-tree selec- 
tion. Development of allernate techniques for applying cite corrections in the \election 
of luperior tree.. i\ \rrggested, forest Ssi, 40:2-.f6, 
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TREE I*VTPR~)VF-,MEN'I" has hecome an zalrnost 
universal part of intensive forest manage- 
ment, The first phase in a tree improve- 
ment program for indigenous species is 
usually the selection of superior phenot3pcs 
from wild populations, There are basically 
two methods ;tpplied during the initial 
selection phase, comparison-trcc selection 
and individual-tree or base-line se~ection. 

The cumpiirison- or check-trcc rnctbod 
is most in vogue and preferred for species 
growing in relatively uniform, even-;tged 
stands of a single dozrrinant species or. at 
most, only a few species, Such conditions 
are most commonly met in species of carly 
successional or pioneer status like the 
southern pines. Xn practice, after a superior 
tsec candidate is located, it is scored far 
traits of interest in rel;ition to ir number 
of surrounding trecs. the b'comparisnn 
trees"' (Ccch 1959, Pitcher and Born 
1967)- If the candidate exceeds the corn- 
pasison trees by a certain arbitrary amount, 
it i s  selected for incorport~tioa into the 
breeding program, often h j  grafting scion 
into a seed orchard. The object of using 
comparison trecs is to adjust or correct the 
phenotypic v&lrae of the candidate tree for 
environmental effects connnlitn to that 
st;-tncl hut distinguishing it from other 

stands, It is feared that eitavironmenta% 
differences between stands or areas that 
vary in sail, climate, or stand history would 
make it difficult to evaluate hrccding value 
on the basis of phenotype. The cnviron- 
mental check through the use of comprtri- 
son trecs is believed to result in an im- 
provcrncnt in the accuracy of recognizing 
individuals wit11 good genotypes as con- 
trasted to merely good phenotypes, 

Individual-tree selection must be used 
when stands are uneven-aged and when 
high species diversity makes it impossib_le 
to find comparison trees adjacent: to the 
select-tree cztndidate (Bcinckc and Lowc 
1969), Mixcd hardwood forests are an 
exarnplc. far its most simply appliccl form, 
individuals are located and their value for 
traits of interest is compared to the aver- 
age for the rcgictn in which the selections 
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arc made. The aver-age is a "base-linc."' 
giving the system its more comnlon namc, 
base-line selection. If the candidate ex- 
ceeds the base-line by an arbitrary amount, 
it is selected and incorporated into the 
breeding population, The base-line ma) 
take the form of a regression equation re- 
lating height or diameter tc:, age hut it 
could even be a multiple regression cqua- 
tion that takes into account physical f;tctors 
of the site such as soil texture and drain- 
age. The candidate tree i s  not compared 
directly to surrounding trees of the same 
species. 

In either comparison-tree or indivictual- 
trcc selection, on1y one tree per stand 
should be accepted into a breeding orchztrd 
to ;tvoid the chance of including relatives, 
and thus unknowingly lead to inbreeding 
in future generations. While individual- 
tree selection could be applied to any spc- 
cies, the comparison-tree method requircs 
relatively homogcncous and nearly pure 
stands. 

Genetic Gain 

Where a choice between nlcthods exists, 
relatice genetic gain or irnpro~cmcnt 
should he a prime consideration, Genetic 
gain From phenotypic selection is the in- 
crease in mean of progeny of the selected 
parents over the mean of the parental pop- 
ulation prior to sclection: 

Gain ( G I  depends on tKc intensity of se- 
lccticm (i), heritability (iP)), and the 
phenotypic standard deviation (a,). It 
seems intuitivelj reasonable that the usc of 
comparison trees as a correction for en- 

vironmcntal cffccth will increasc gcnctic 
gain. Howcvcr, thuri: ib  :I danger that tllc 
comparison trces will be rcl;ited to the 
czindidate tree and under that condition, 
comparison-tree selection becomes within- 
family selection (Falconer X 960 ). 

Within-Family Selection 

Both thc additivc gcnetic variancc ({rO2* 

variance due to additive effects ot the 
genes and utilizable in a program of mass 
selection) and the phenotypic variance can 
be partitioned into between-family ( ~ 1 , " )  

and within-fannilg, ( ( F , ,  7 components as in 
Table 1 ,  With families of any finite size, 
the hctwccn-family variance i s  ;tugmcntcd 
by the standard error "of family means, 
tr,, "2, wherc n is the number of individuals 
in  the family- Thus, the residual vitrtan~c 
within families is reduced by < r I i 2  n. 

For families of infinite size, the additivc 
gcnetic variance between families is R~~~ 

where r is the relationship coefficient; for 
example, r --- .25 for half-sib families (one 
parent in common) and r --- .5 for full-sib 
families Ibr~th parents in common) under 
the tlsuaP assumptions sf Mendelian, dip- 
loid inheritaracc, and no linkage (Ell- 
coner 1960)- The remainder, ( 1 - r ) ( ~ , , "  
is the addititie gcnetic variance within 
families. But for randomly Located families 
of finite size, the additiivc genetic variance 
between families i s  augnrented bq 1 n of 
the acIditivc gcnetic vziriancc within firmities 
so that the within family genetic rarianca: 
is corrcsycrndinglq rcduccd, 

The phenotypic variance anxrc~ng f;im~ticx 
ciln ht: written as ltrP2? wwhcri: f is the 
so-called intraclass correlation coefficient. 
cri,'! v,," ;n measurt: of the similarity within 



groups or the differences between. The 
remainder of the variance within families 
i s  ( 1 - f)try? Again, for randomly to- 
cated families of finite size, the riariancc 
among families is augmented by 1 n of the 
variance within families and the within 
family variance is correspondingly reduced 
(Table 1 ) .  

For individual selection, heritability is 
the total additive genetic variance divided 
by the phenotypic variance: 

Within-family heritability is the additive 
genetic variance within families divided by 
the phenotypic variance within families : 

Thc phenotypic standard deviation for 
individual selection is tr, while the standard 
deviation applicable to within-family selec- 
tion is : 

So that gain frorn within-family selection is: 

An analysis of equation ( 5 )  makes it 
obvious that genetic gain decreases as the 
degree of relationship, r,  within the family 
increases. In the extreme, when P' = 1 
(that is, the "family" is a clone or a com- 
pletely homozygous line), no gain is 
possible. 

Also, gain is inversely related to (1 -. 1 )  
where t measures the variation between 
groups relative to the total phenotypic 
variation and can never be greater than 1. 
Variation between groups or similarity 
within groups (either check- and candidate- 
tree groups or families). depends on (1 ) 
the relationship among individuals within 
the group, (2)  the additive genetic vari- 
ance: and (3)  the effects of a common 

en\ ironmcnt. Tlrcrefore, the intraclass cor- 
relation can be expanded as: 

t = 1 Y ~ F , ] ~  4- tFc 1 < J [ )~  

~ ( t r , ~  trij2) i- rr, '! tr,," 

9 (6)  

where c v i s  thc proportion of the total 
variance accounted for by environmental 
variation antong check- and candidate-tree 
groups. The formulation for genetic gain 
frorn within-family selection (eq. 5 )  was 
used to calculate the gain from selection by 
the comparison-tree method. 

Efficiency of Comparison-Tree Selection 

The efficiency (E) of comparison-tree 
selection relative to individual-tree selection 
is given. by the ratio of G, to G for the 
same selection intensity, i: 

When E > I ,  the comparison-trec method 
results in greater expected gain than 
individual-tree selection and when E < 1, 
the expected gain from individual-tree 
selection is the greater. The situation in 
which comparison-tree selection will be 
most effective is when ( I )  I.  is very low 
or zero and (2)  1 is very large either be- 
cause of high heritability (h" or a high 
proportion of variance due to common en- 
vironment (e2) .  The latter possibility is 
the reason that comparison-tree methods 
are usually adopted. Note that c"nd h2 
are not independent. For a given h" cc" 
can increase only if the environmental 
variance among groups increases at the 
expense of the environmental variance 
within groups while the additive genetic 
variance and total environmental variance 
remain unchanged. 

In some tree improvement programs, 
candidate and check trees are chosen only 
frorn the best standsB1 Initial selection of 
stands is not universally practiced because 
natural stands, not high-graded, are too 
rarc in some areas to allow any f-reedorn of 
choice. Nevertheless, the foregoing anal- 

Tersonal communication from J. P. van 
Buijtenen. 1973. 
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FIGURF 1 ,  Relalir*e efficiency (G, Gj o f  conz- 
jocirison-tree selectioi~, considered as ~z"itlziiz- 
fcirrziEy selectiorz, to individzral-tree srrlectiolz as 
rrlntrd to the relationslzip ainorzg cornparison 
ilnd candid~te  trees ir) for a heritability (fz" o f  
11.2 and various values of c ,  the proportion of 
size phenotypic ,.ariarace drre to envirotzmeatal 
~.uriation among comparison- and candidate- 
tree prorrps. Tile lower the c%nd the higher 
f l ~ c  refationsliip coefficient, the less elFJective is 
compnrisorz-tree selection. Values o f  G,;G 
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VARIATION AMONG STANDS AS A 
PROPORTION OF TOTAL PHENOTYPIC 

3 
VARIATION ( c *  

FICGRE 2, Relative efficiency (G, ,'GI of  conz- 

apply fn the case of no prior selection of stands 
hut shape of the curves and tlie x-intercept are 
rrrrcharzgrd e-r9ctt i f  stand selectiota precedes tree 
,sr?fecfion, 

ysis can he criticized bccause it omits con- 
sideration of gain due to stand selection 
where such selection occurs. 

Stand selection can be accounted for in 
the following way. Assume that stand se- 
lection precedes both comparison-tree and 
individual-tree selection and is practiced 
with equal intensity in both cases, resulting 
in a gain 6,. The assumption is trivial 
bccause the best trees in individual-tree 
selection will certainly occur in the best 
st;tnds. If prior selection of stands has 

parison-tree selection, considered as ~vithirz- 
family selection, to individual-tree selectic~n as 
related to c2, the proportiorz of tile phet~otypic 
tvariance due to environmental variatiorz among 
conzparison atzd candidate-tree groups for a 
Ireritability (h" of 0.05 and various valires o f  
tlle relationship coefficient (rj. Valrles o f  G ,  :G 
apply to tlze case of no prior selection o f  sturrds 
hzrt shape of the cnrves and the x-intercept are 
~~nchunped P V C M  if ,stnrzd ~elrectio?~ prt>cei!e'~ 
tree seleclictr?. 

occurred, the ratio of gain by comparison- 
tree sclection to gain by individual-trec 
selection is : 

where G,], is gain from individual-tree 
selection. and 6, , from comparison-tree 
selection following stand selection, Now, 
G,, 1 ,  'G, , in equation (8)  is of the same 
form as G,, ,;G in equation (7) .  And just 
as above. if G,, , '6, , < 1, then individual- 
tree selection is more effective than corn- 
parison-tree selection, while if C,, .;G, , 
> 1, the reverse is true. The balance point 
in equations ( 7 )  and (8)  is the same but 



the relative superiority of one method of 
selection over thc other may not be as 
great in (8)  as in  (71, depending on rhc: 
gain from stand selection, Tt is important 
to note that the parameters rrp2, k z Z ,  and e" 
for the total population considered in equa- 
tion (7)  will not be the same as thosc for 
the population of selected stands appropri- 
ate to equation (8) which are impossible to 
estimate from the literature. It seems likely 
that  and c v o r  the population of the 
selected stands will decreasc because the 
environmental range has been narrowed. 
The effect on krqs less obvious because it 
depends on the genetic as well as the en- 
vironmental variance. 

Note that if additive genetic variance 
among stands was zero, which might occur 
with respect to characters of little value to 
fitness in a species with a wide dispersal 
potential, then equation (8) reduces to 
equation (7 ) .  For the evaluation that 
follows, estimates of the population param- 
eters will apply most closely to equation 
(7)  and for convenience, results will be 
reported with regard to the situation in 
which prior selection of stands has not 
occurred. 
E was evaluated for the range of arith- 

metically possible values of la",c" and r,  
assuming five comparison trees; that is, 
n = 6 (Fig. 1-3). According to van 
Buijtenen ( 1 969 ) , five comparison trees is 
the usual number in southern pine selection 
and the comparison trees are within 100 
fcet of the candidate tree, but as close as 
possible. Many tree improvement programs 
utilize fewer comparison trees and pref- 
erably trees that are within 66 feet of the 
candidate tree (Gech 1959, Pitcher and 
Dorn 1967, Walters el a/. 1960). 'The 
cffcctiveness of comparison-tree selection 
increases as the number of comparison trees 
increases. The increase is rapid at first and 
then becomes infinitesimal (Fig. e l ) ,  Notc 
that in some situations, comparison-trcc 
selection will never be more effective than 
individual-tree selection no matter how 
many comparison trees are used. increah- 
ing the number of comparison trees dc- 
fears the purpose of the method, however, 
bectlusc i t  hecomcs increasingly difficult to 
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FIGURE 3. Relalive effdciellcy ;VGr G) of corn- 
parison-trc.c ~clevclic~n, ronsid~recl cr,r rvr'tlrin- 
frlmiky sel~ciion, to indir iduul-tree selclcrion ah 
related t o  the relationship t u r r c ~ ~ g  cot~aparison 
and calldidate Ewes 1r) for c" = 0.3 and t ar iou~  
r*rtlr~cs of heritlthili~y 111'1, Tl ie lower fltc. ireri- 
rclhility and rlre hicq/t:he rlrc velarionslsip- 
coc.fiic.ic.nt, f11e le.rs ~ffrcti-cc) i.s c*on?pariL~oa-tree 
sc>!eclh?rr. '6"~/1de ,6  o f  C c  G apply  lo fhe case 
of nil prior ~elec f inn  of siunds but shape o f  
i lte c ~ I T c ? ~ " ~  and the x-il7~erce~pt ore ~trzc!~ange?d 
evo? if slcrrri/ scalc.clin?z prrc c.de.r trcv sr fectiiln, 

assume that thc comparison rrees occupy 
the same microsite as the candidate tree. 

The curves in Fig, 1-3 do not represent 
trends that can be achieved by modifying 
variance componcnts; they rncrcly indicate 
possible combinations of h",c2, and ra For 
a real population occupying a specified 
range, variances are prcsumahly fixed. For 
low vaiues of c v l e s s  than OA7) corn- 
parison-tree selection is never as effective 
as individual-tree selection even when 
there is no relationship ( r  -- 0) among 
comparison and candidate trees (Fig. 1 ). 
Llndcr- thc same situation hut with c" 0.3, 
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FIGURE 4. Relative eff ieietz~y iGe G) of corsz- 
purism-tree selrction, consiclerec! as rvitizitr- 
fcl~llnily ~electiotr, lo individual-luec ~e1ecr'ion a& 
related to the number of: comparison trees 
in - I ) ,  for various r-ulues of the relationslzip 
coejficie~zt among eon~pnri.sorr irrld ccrildidate 
trees (r) ,  Ircritnhilit ih"), a d  tlrc~ proportiort 
of the piterrotypic rnrinncc  LIP to ent'iron- 
mental I-arici;fiot.t anzorag eompcrrlrotz- and 
cane/icfrr~~-frr~ groups (ci), Values of G,, , C 
L P P P ~ ~  f o  tile case of tzo prior ~c.lectiorz of star.tds 
brri sltcrpc of rife crlrvcu.Y r i r d  file x-rntercepf 
arc terzcharzgr~d et ell if ~tatrd ~rlrl< tion precedes 
lr t l e ~  se%ection, 

comparison-trcc sclcction. is never more 
than nine percent more effective than in- 
dividual tres selection for "che case with n s  
prior selection of stands; and if r exceeds 
0.1, it is less effective. 'In general, the 
effectiveness of comparison-tree scfcction 
increases sharply in situations for tvbich c2 
is 0.7 or- larger (Fig. 21, but its efficiency 
clcpends to a great extent on r .  I t  is not 
usually realized that for constant e\ r, and 
n the lower the heritability, the less effec- 
tivc is the comparison-tree method (Fig, 31, 
Expressed in anothcr way, when the pro- 
portion of the environmental variance 
attributable to differences within groups 
i s  large at the expense of a decrease in 

gerzetic variation, the less effcctlvc is 
comparison-tree selection relative to indi- 
t. idual-tree scfcction, 

It is now necessary to determine reason- 
able valucs of h-and cz for populations 
crf forest trees corresponding to a region 
over which selection would be practiced 
and to estimate r for groups of trees within 
stands, With values of h< cc", and r we can 
decide what part of the curves (Fig. 1-3) 
are applicable to the problem of selection 
from wild stands. 

Environmental Variatiar;. 
Among Sfands, c2 

Estimates of c2 can be obtained h s n ~  
experiments replicated in different environ- 
nlcnts or from studies of phenotypic varia- 
tion in natural populations. The ideal 
estimate of c2 would he: 

where Ira2 is the varia~lce among loc;rtiorts, 
fr,,i2 is tbc genotype >c environment inter- 
action variance, r*,)Yis the total genetic 
c ariance, rr, "is the plot- to-plot variance, 
and rr,, 5 s  the within plot variance, assum- 
ing plots are as large as thc area occupied 
by candidate and comparison trees. The 
inclusion of plot-to-plot variance in the 
numerator could be questioncd, but the 
error will be on  the conservative side; i.e. 
result in overestimation of c" For plots of 
small size, tr,+bould not appear in the 
numerator, 

Experiments that allow the partition sf 
location, genotype x location, and within 
plot variances are rarc, First, few genetic 
experiments have been replicated in two or 
more locations. For cxamplc, Nawlkoong 
et ul. t 1966) tabulated heritability csti- 
n~atcs and found no case in which variances 
among locations or locations x genotypes 
wcre estimated. Investigators who do in- 
elude plantings at different locations Ere- 
yuently fail to report variance components 
within plot and somctimcs not even among 
locations. Both components are required 
for estimation of c2. 

Table 2 lists estimates from an exten- 
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sive, tllthough not an cxhauseite, scarch 
of the literature. Only traits of general in- 
terest in tree selection are included, Xccdle 
length is included because it: is considered 
an en-tironmentallj sensitive trait but is 
often bighlj correlated with 'c O ~ U M C  gro\%th 
(Schrcincr et al, 1962, Squiliacc and Silcn 
1942, King and lu'ienstacdt 1969). In 
many cases c%as probablq overcstimtrted 
but it was ncriertheless alcvays below 0.5. 

Phenot~ipic variation studies utilizing a 
nested san~pling schcmc can also bc used 
to estimate c' as: 

42 = <r\2, (&: ( r t z ~ >  (101 

whcre tr,' is the tariancc anlong sites, ;mal 
tr12 is the variance among trees within sites, 
Thc difficulty with this approach is that 
(r,' may contain genetic variance as welt as 
environmental variance and therefore, c2 
would be overestimated. Ideally, rhc nu- 
merator should reflect only cnvironrncntal 
and genotype A crsvironmental variance. 

Unfortunately, most investigators prescat 
results of phenotypic variation studies only 
in terms of means and do  not publish 
variance compone~tts. Nevertheless, thcre 
are some helpful estimates of thesc corn- 
ponents in the litcrature (Table 4 ) .  For 
some traits, c2 is large, about 0.5, but for 
most traits it is much lower. All of the 
values cited arc probably overestimatccd 
substantially because genetic variation is 
confounded with environmental variation 
in the area and stand components of vari- 
ance. 

A phenotypic variation study in pitch pine 
(Pin1i.s rigicla Mill.) was madc by the au- 
tllor. Components of variance ttmong 26 
areas (frorri Quebcc to Georgia), alllong 
stands in areas 12 cach in 23 areas, I cacb 
in 2 areas, and 3 in one area), and trces 
in stands I6) are presented in Tahic 4. 
for various characteristics, Components 
wcre calculated for height and dbh both 
adjusted by regression on age, far doublt: 
bark thickness adjusted for diameter inside 
bark, for extracted specific gravity, and for 
tracheid Icngth. For height, c-s slightly 
higher than in studies citcd in Tables 2 and 
3. The higher estimate might be attributed 
to the large region: over which c q i s  esti- 

mated in this case or simply to a tfifflrrernce 
alllong speeics. 

112 general, rhose trait\ citmnaonl_tl found 
to have thc highest heritabilities, such as 
specific grauit] and fiber or iracheid 
length, have thc highest taluiss of cJ, A 
probable rei-tson is that the within-plot vari- 
ance i s  grcatcr for the nsclre cnvirorr- 
mentally sensirit i: char;tcteristics. A srnafl 
diffcrcncc in age or cornpetition due to 
spacing may have large effcets on growth 
traits (Krucgcr 1967) ), rcsrt'lting in high 
cn~ironmcnrctl ~~ariarion among trees within 
stands, and thcreforc, proportionall) lcss 
variation among stancls. 

For diamctcr increment, a eonscrvatite 
value for c%ight be 0.35 while for height 
increment, 0.45 is about average althorrgh 
generalization is dangerous, For double 
hark thickness in loblully pine, c+-arricd 
from 0.08 to 0.29 (Pcderick 1940). Pede- 
rick considered c2ou"rsle bark thickness an 
important trait bceausc it w;is highly cor- 
related with dbft but had a higher heri- 
tability, In general, c%~ill lie between 0-2 
and 0.5 for rnctst situations and character- 
istics if the estimates eitcd arc typicltf, 

Relationship Among Campstrioen 
and Candidate Trees 

Becatasc thc gre~itcst prop~jrtlon of sccd 
from a single tree fatis within a short dis- 
tttnce, many of thc inditiduals in army small 
group could bc half-sibs of caeh other and 
the relationship cocfficicnt of half-sibs is 
0.25, If their pollcn parent was also identi- 
cal, the individuals be full-sibs with 
a relationship coefficient of 13.5, There- 
fore, in some situations, thc rcgcneration of 
a stand by a rclativelq fe~q sced rrccs could 
lead to ratbcr close relationships within thc 
resulting stand although no inbreeding uas 
invoivcd. Even tho grandparents in corn- 
nton would lead to a rclatio-nship of 1). 3 2 ,  

Somc possible ways in which 11 compari- 
son trec could be related to a candidate 
trec are diagrammed in Fig. 5 ,  The re- 
lationship among the c~jmparissn tress 
thcmsslves is not important; thc kcy i s  the 
average of the r~'1ati011ships ~ i l ch  bears to 
the candidate trcc. For el~aluating the 
comparison-tree method, r. is thc average of 
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TABLE 4. Plze~lstypic components of tSaP.iance (percent) a~zd c v o r  pitcla pine over i t s  
entire mr~ge. cqis overesfinzated hecuuxe genetic vnriarion among prorennp-nres i s  itfcfuded 
~ P Z  the ilumerator. 

Characteristics Areas Stand:, Trees iL 

Height adjusted for age 27.6 36-4 36-0 64 
DBM adjusted for age 13.5 12.3 74.3, 26 
Epicormic sprouting 3.6 16.5 79-9 -20 
Bark thickness adjusted for diameter inside bark 13.3 13.3 73.4 -27 
Extracted specific gravity' adjusted for age 28.3 6.7 65-0 .35 
Tracheid length' adjusted for age 28.3 19.7 52,l .48 

"ased on two 12 mrn increment corec per tree. 

the relationships of each of the comparison 
trees with the candidate, For five com- 
parison trees, three of which are half-sibs 
of the candidate tree (though not neces- 
sarily of each other) and two of which are 
unrelated, r - 0.1 5. As the number of 
comparison trees was increased, it is likely 
that r would decrease, 

While published data permitting the esti- 
mation of c-re rare, estimates of the 
relationship among trees within a stand 
arc virtually non-existent. However, such 
relationships could be very high. From an 
analysis of the cone serotiny trait in jack 
pine (Pin~is bnnksiancl Lamb.), Sittman 
and Tyson ( 1971 ) estimated the inbreed- 
ing coefficient, I=, among trees as 0.05. The 
relationship coefficient is twice the in- 
breeding coefficient so that for jack pine, r 
would be at least 0.1. This estimate does 
not take into account relationship among 
adjacent trees due to common parentage 
resulting from non-random seed and pollen 

dispersal, On the other hand, an estimate 
of F for loblolly pine (Pinus taeda L.) was 
negligible (Franklin 197 1 ) , 

Distinct differences in isozymes among 
plots of cryptomeria (Crg;ptorneriu jclporticer 
Don, ) and Japanese arbor-vitae (Thujopsi.~ 
dolobrafa Sieb. el Zucc,) growing on sirni- 
lar sites within the same forest have been 
found by Sakai and Park (1971 ) and 
Sakai ei uIP. ( 1 97 1 ) . Variation among plots 
or similarity within suggests genetic drift 
or relationship because of common ancestry 
within groups of trees. A similar con- 
clusion could be reached from Wrighfs 
( 1962) calculations of neighborhood sizes 
(groups in which mating is essentially at 
random and beyond which crossing is re- 
stricted) based on pollen dispersion studies. 
Neighborhood size for many tree species 
ranged from 2 2  to 365 trees. Most esti- 
mates were near the lower extreme. Neigh- 
borhoods of such small size would be con- 
ducivs to a high degree of inbreeding and 
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Wright" scatcultations suggest a strong 
possibility of common ancestry among ad- 
jiiccrrt trees, American elm ( L'lrnu\ arnei-i- 
c~ur?cr L.) was ;in exception with ctileulrrted 
neigfrborhcjods of 3 17 tc:, 1.400 arces, 

In the International Paper Company- 
North Carolina State Hcritabilitq Study, 
several reports suggested that trees tvithin 
natural11 occurring groups mar, bi: related 
-to each other ( Kinloch and Stonecyphcr 
1 969, Stonccypher 1 964, Ledig and Pcrry 
1967)- Within each of 65 arbitrarilj dc- 
tin~itcd groups of loblolly pine, one w;is 
chosen as male parent and crosses1 to 
several other trees in the g o u p  as female 
parents, The mating pattern was Dcsign 1 
of Cornstock and Robinson ( 1948, 1952)" 
Analysis for setcral charaetcristics revealed 
that the cclmpcrnent of variance for malcs 
was larger than that for females within 
males, although the reverse should theo- 
retically be true if the males were unrelated 
to the females or the females urnelated to 
each other, Thc results are evidence of co- 
i~nccstry within naturally-occurring groups 
(Kinloch and Stonecyphsr 1969). 

E, £3, SnycScr+cported that intercrossing 
loblolly pinc with neighboring trccs (trces 
within 300 ft) resastked in considerable de- 
pression of seed yiefc1 and of nurscry lvcight 
xnd height grctctth of progeny. Thc depres- 
sion was 14, 9 and 2 percent for the thrcc 
traits respcctivcly, Dcprcssion in crass- 
bred progeny iridictitcs that the neighbor- 
ing trecs were related. For slash pine 
(T'i~rrrs clliotrib Engclm.), inbreeding results 
in approximatolq 5 percent reduction in 
seed yield and 4 percent rcdarction in 
hcight growth for eterq increase of 0-2 in 
thc relationship coefficient bctwccn mated 
trces (Syuillace and Kraus 1963, @anset 
3 97 1 ), so that the reduction found by 
Snyder from crossing neighboring trecs sug- 
gests a relationship coefficient of' 0.1 to 0.6. 

In praeticc, rhi: comparison trees arc 
more likefj to be related to thc candi- 
date trcc thtrr~ would hc: expected bk 
chance. The comparisons are the best 
adjacent trees; in other words, trees that 
have thc closest rcscmhl;tncc to the cltndi- 

date tree are chosen as comparisons, cer- 
tztinly increasing the prohabilitj of relation- 
ship. Particularly in pioneer species such 
as pines, aspens, and tulip-poplar (Lirio- 
cfendro~i tlrlipiferu L. ) relationships within 
small groups of trees seem quite possible, 
especial13 in ~ i e w  of the fact that trccs 
~ i t h  sirniltir. good attributes tire chosen as 
comglirison trces. The evidence cited sug- 
gests that high v;tlucs of r arc likely. 

The proper cstirn~ite of hcritabitity to 
apply to phenotypic selection is art estimate 
based on parent-offspring rcgrcssion or 
correlation (Falconer 1 960 3.  For specific 
gravity, published estimates for pincs run 
from 0-30 to 0-72 (Illy 1966, Polge and 
Illy 1 968, van Buijtcnen 1 962, Squillacc 
er ul, 1962). For height of young trecs or 
seedlings correlated with parental height, 
estimates haw  been 0-06 to 0.07 in coni- 
fers (Holst and Teich 1969, Squillace et nl. 
1967), For Namkoong? ( (1 970) analysis 
of the allocation of selcction intensity, 0.05 
was assumed a reasonable heritability for 
growth traits in trees. Higher estimates 
(0.14-0.57) have becn obtained whcn 
progeny height has bcen rcgrcsscd on 
their parent's mean annual elongation 
for a 10-year period rather than for the 
entire rotation (Squillacs and Bingham 
1954, Steinhoff and Hoff 1971, Snydcr 
1 9 6 v  ). In general, comparison-tree selec- 
tion will be less effective for growth traits 
such as height rind diameter than for spe- 
cific gravity. The Iovcer the heritability for 
a given c-and r,  the less effective corn- 
parison-tree selection is re1;itiivc to indi- 
vidual selection, 

Discussion end Sa~ggestions 

It seems quite likelq on the basis of pub- 
lished information that parent-offspring 
heritabilities are less than 0.5 for most 
characteristics and probably below 0.3 for 
growth trztits, Thc proportion of varianec 
due to common environment, c" is be- 
tween 0 2  and 0.5 for most traits, being 
nearer the high talue for height and wood 
properties and nearer the low value for 
di~tmctcr, It is nc;ariy impossible to quantifg 



the relationship, r, within natriral groups of 
trees, but evidence suggests that such re- 
lationships exist and are high, although 
they should vary substantially among spe- 
cies, depending upon their population struc- 
ture. 

It seems reasonable, therefore, to expect 
that tree breeders are operating in a range 
of values in which comparison-tree selec- 
tion is little more effective than individual 
selection and for certain traits (for example, 
diameter growth) most probably results in 
less genetic gain. Basically, this is because 
comparison-tree selection may be correct- 
ing for family mean values (that is, the 
additive genotype) rather than for environ- 
mental effects. Some empirical results 
suggest that this is actually the case. Snyder 
(1969) randonlly chose 100 longleaf pine 
(Pinus pafustris Mill.) over a three-county 
area in Mississippi. Gain that would have 
been obtained by selection of the best 25 
percent was calculated based on the cor- 
relation of 8-year progeny height with 
parental height adjusted for age. Alter- 
nately, gain could be calculated for se- 
lection based on the parental height ad- 
justed for both age plus the mean of 3 
comparison trees or on the comparison-tree 
mean alone. Gain after adjustment for 
comparison trees was only 50 percent of 
that for individual-tree selection (that is, 
adjustment for age only) or 71 percent 
when adjusted for comparison trees plus 
age. Thus, use of comparison trees re- 
duced gain relative to individual-tree selec- 
tion. Relationships among trees in groups 
probably accounts for the inefficiency of 
comparison-tree selection in longleaf pine. 

The fault with comparison-tree selection 
is not that bad trees would be chosen, but 
that good trees would be discarded. The 
result is that less than the maximum ge- 
netic gain will be achieved pcr unit effort. 
Further, the comparison-tree method is 
thought to be a rigorous procedure which 
in fact is not the case. Gain might be as 
great frorn the relaxed procedure of choos- 
ing thc best tree in a good stand without 
the expense of scoring it against conlparison 
trees. 

Increasing the number of comparison- 

trces ( Fig. 4) wilt improve the effectiveness 
of the method, g o t  only does 21 larger 
nurnhcr of checks increase effectiveness 
hut it would probably reduce the average 
relationship among trecs by utilizing corn- 
parison trees not immecTiatcf> adjacent to 
the candidate tree. Howctcr, comparison 
trees distant from the candidate ~vill not 
occupy the same microsite and therefore 
fail in their primary purpose of correcting 
for local environment. 

The procedure suggested by Brown and 
Goddard (1 961 ) is a likely one for reduc- 
ing if not eliminating the defects of within- 
stand selection. In their scheme, re- 
gressions between crown size and basal 
area increment are determined for the en- 
tire stand. Trees are chosen that lie above 
a given confidence interval for the regres- 
sion. The regression takes into account the 
competitive influence to which a tree has 
been subjected and is theoretically a sound 
approach, considering the allometric re- 
lationship between crown and bolen (Stout 
1964, hfinckler and Cingrich 1970). The 
method, however, is hardly the usual 
comparison-tree method and approaches 
individual-tree selection using a base-line. 
A disadvantage is that the method would 
involve a great deal of work to develop a 
new bass for each stand screened for su- 
perior trees. 

Base-lines could be developed frorn 
accumulated comparison-tree data in thosc 
programs that have utilized that method. 
Estimates of c2 suggest that such base-lines 
could apply over wide areas. Alternately, 
multiple regression equations relating vol- 
ume to age, crown diameter, and other 
factors could be developed especially for 
plus-tree selection as advised by Robinson 
and van Buijtenen (1971). It would seem 
desirable to make adjustments for a11 en- 
vironmental factors possible (as suggested 
by Squillace 1967) if the cost was not too 
high. Environmental correction should 
take the form of site evaluations based on 

' Stout. Benjan~in Boreman. f 967, AIlometric 
constant variation between and within forest tree 
species. Unpublished Ph.D. dissertation, De- 
partment of Botany. Rutgers University, New 
Brunswick. New Jersey. 82 g. 
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