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Abstract

The mating systems of three widely separated lodgepole
oloe (Pinué contorta var. /ﬂtifolié Dougl.) popuLatioAs in
the Rocky Mountain foothills of Alberta were estimated;rThe‘
population multilocus outcrossing rate estimates ranged from
0.9265¢o 0.983. No significant differencgs 1n outcrossing

: % ‘ ‘

rates-were found among stands, among seéd years within

. " N . e -
stands, or among crown positions within trees. However, a
tentative temporal trend is suggested in which selection
against inbred seed is occurring over time in the seed poo!

retained on the tree. Significant heterogenity was found !

‘among single-tree outcrcssing estimates in one stand.
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[" I. INTRODUCTION
N

The mating system 14 an impoytani determinant ¢f plant
population genetic structure (Clegg, 1980). Tt is the
genetic link between generations and determines the initial
zyg:fic trequency distribution of each generatiorn.
Individuals of a high)y outcrossed speciles generally have
higher levels of heberczyqosity than those of

self-fertilizing species (Brown, 1979). 8elf-fertilization

tbrium even among loci on

can also induce linkage Jdisequi

-

different chromesomes (Allard, }1975; Mitton et al., 1981).

lKnowledge of the mating skstem is also of practical
Signif&cance for forest tree breeders and those involved in
reforestation. Selfed progeny of coniferous forest species
display significant inbreeding depression im the form of
decreased survival and growth (Franklin, 1970; Sorensen and
Miles, 1982). In addition, the presencée oﬁAinbreeding
vioLateS the assumptions made in analysis of wind-pollinated
progeny tests, leading to overestimation of additive genetic
variance and gerietic gain (Namkbong, 1966; Squillace, 197&%.

Several methdds have been employed in the study of
mating systems of forest trees. Earlier estimates of '
outcrossing rates were largely based on mutant phenotYpe
fregquencies (nggllace and Kfaus,\1963;,Fowler, 1965

3 .

Fraﬁklin, 197Iaf Sorensen, 1973)'or on the percentage of
filled seed (Franklin, 1971b), With the advent of gel

electrophoresis, allozyme polymorphisms have become commonly

used gene markers for examining the mating systems of forest



@ )

N\
‘ : L JEN :
trees, because they provide many marker loct and more
k A f : ‘ *
alleles per locus, 1ncreasing the statlstical precision of

¥
estimates (Moran and Brown, 19380; Fripp, 1982; Yeh et al

.7

196 3; King et al., 1984; Farris and Mitton, 1984;‘Epperson

and Allard, 1984; Furnier and Adamg, . 1985). Singlie locus
(Brown et al., 1975; Shaw and Allard, 1982; Cheliak et al.,
1983) and multilocus moedels (Green ot al., 1980; Ritland and

Jain, 1981; Shaw et al., 1981) have been developed to .
estimate mating system parameters from allozyme data. These
méthods give an estimate of t, the proportion of viable
progeny due to outcrossinq~(outcrossinq rate).

Gymnosperms are particularily convenient for
electrophoretic studies. The haploid megagametophyte tissue
s genetically iQentical ro the maternal contribution to the
embryo, Therefore,'by comparing the electrophoretic
phenctype of the‘megaga%etophyte to that of the
corresponding embryo, one may infer the paterﬁal
contribution at a given locus. This information.may then be
applied to an analysis of the mating system.

Coniferous species with serotin?us cones provide a good
opportunity e study temporal variation invthe mating
system, because they can retain seed within their cones for
a.number of years. Therefore, 1t 1s possible to collect seed
from a number of different seed crops siﬁultaneously.

In this study, both spatial and temporal aspects of the
mating systems of three widely separated populations of

lodgepole pine (Pinus contorta var. Jatifolia Dougl.) in



Alberta were examined through allozyme analysis. The

. ) . * .
objective was to determine whether the mating system of
lodgepole pine varies among stands, among trees within a

ystand, among,crown positions within a tree, and over time.
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11. METHODS

Seed Collection

Cones were collected from three widely separated,

.

natural, a&en-aged lodgepole pine stands i the Rocky
fountaln foothills of aAlberta during the Sdmmer cf 1983
{Table 1Y, A square ar:d of 49 10m x 10m plots was laid out
in each stand. Sample trees were selected in the 25 plots
falling M the median and diagonal axes., The lodgepole pine
treé_closest to the center of the plot and having an
adequatehcone crop was sampled.

Five subsamples of cones were ccllected from most
sample trees. Bulk upper crown (UC) and bulk lower crown
(LC) cone subsamples were taken randomly with respect to
cone age from the upper thira and lower third §f the
reproductive crown. First (Wi1), third (W3) and fifth cone
whorl (W3) subsamples were collected from the upper portion
of the gwrown. In doing so, branches which obviously had
multiplé whorls of cones in past years were avoided. It was
not possibie to collect W5 samples from a few trees, because
they did not have sufficient branches with-cone whorls one
through five intact. Seed was extracted and stored

separately by tree and subsample at 4°C until required for

analysis.
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Table 1. Description of lodgepole pine collection sites
! in the Rocky Mountain foothills of Atberta.
. . ¢ Average . Basal Area .
~.Population . -Latitude, Longi tude Elevation. (m) Age (years) (m? / ha)
Robb’ 53710 . 1177457 1300 . 842 t1.85
Nor degg 52'30f 116 04" . 1100 80§1 10.89
Cdchrane | 5140 115712 1300 " 89.3 12.55
_____________ e o o e e e e TITT
@ .

W



Electrophoretic Methods

Seed was germinated in petri dishes untfil the radicle

had emerged at least .2mm. The haploid'megagémetothte and

diploid embryo from approximately 10 seeds per subsample in
. . . . \ ,'é)' o ‘ . .
each family were individually homogenized in 50ul of

n S

extraction buffer (Yeh ané\Laytoh;‘1979) and assayed for six
:allozyme loci using starch gei.electrophoresﬁs (12.5%
Conha;ght Hya;olysed Starcﬁ) (Table 2). Thé loci Qere chosen
because they weré éonsdsténtly well resolyed,jpolymofphic

. loci in which the embryo genotype could be interpreted
pnambiguousiy when compa:edAto the‘corresgpnding“
mégééametopbyte. Inheritance and‘l&nkage relatiqnships have
previously been‘determined for these loci in lodgepole piné

‘(Conkle, 1981; Yeh; unpublishéed data, Research Branch, .
‘ : : . 3

British Columbia Forest Service, Victoria).

Statistical,MethoHs
Genotypes of individual mother trees were inferred at

- the six loci based upon allozyme segregation in 35 to 50

‘wmegagametophytes per tree (mean = 49). With 35 : T /

megagametophytes per tree the probability of miéclassifying,/

/

a maternal genotype at any one locus is exceedingly sgall //

v ./
(5.82 x 10- "), : | | /

Single-locus (t5§ and multilocus (t,) estimates of,g
- outcrossing rates and estimates of outcross pollen pool

allele freguencies were obtained using the maximum
likelihood procédUres gnd computer programs of Neale and

\‘
\



Table 2. ' Enzyme systems assayed in seed tissue of lodgepole pine.

. . Buf fer
Locus » . E.C. Number System’ Stain Reference

Yeh and 0'Malley (1980)

Aconpttase (ACO) . 4.2.1.3. A

Algghol dehydrogenase (ADH) 1111 8 Shaw and Prasad (1970)
Isdcitrate denhydrpgenase (1DH) " 1.1.1.41, A Yeh and O'Malley (1980)
Phosphoglucomuta?gk(PGM) 2.7.5.1 A Yeh and 0‘'Malley (1980)
Phosphoglucose isomerase (PGI-2) 5.3.1.9. c Yeh and 0‘Malley (1980)
6-Phosphogluconic dehydrogenase (6PG-1) 1.1.1.44 C . Yeh and 0‘'Malley (1980)

"‘Buf fer systems:

A Tris-citrate pH 7.0 gei bufifer; Tris-citrate pH 7.0 electrode buffer -
(siciliano and Shaw, 1976). Run at 200 volts. ) BT

i . . . o
B- Tris-citrate pH 8.5 gel buffer; lithium boFE?e pH 8.1 electrode buffer
{Ridgeway et al., 1970). Run at 300 volts. ‘ J'{“’f

T
- -

. C L-histidine-tris pH 7.0 gel buffer; Tris-citrate pH 7.0 electrode buffer-
(Florence, 1981). Run at 200 volts. S S
X . . .




Adams (1985). Maximum likelihood estiﬁators for t. and‘tm
were described in Shaw and allard (1982) and Green et al.

. (1980), respéctively. To estimate t, for loci with foﬁr
alleles (ACO and ADH), it was necessary to combine the two
least common alleles into a third synthefic clasé. Since a
minimum of twg maternal genotypic classes and a variable
pollen pool‘were rquired to estimate t,, it was not
possible to obtain estimates for all loci in all subsamples.
A likelihood ratio test (Rao, 1973) was used to test the
hYpotheses Ho: t, = 1 and Hy: t.. = 1t for the-population
estimates. Single-tree e@timéteé of tm‘we;é obtained'fér a
random sample of. six tfees per population. Differences among
outcrossing rates of populations, crown positions, cone |
whorls and individual trees were tested using an H
(hoﬁogeneity) test (Rao, 1973) .

Both t, and t, estimators rely upon the mixed mating
model (Fyfe and Bailey, 1951; Shaw and Allard, 1982), which
assumes that each ‘of thg observed progeny is a result of
either a random outcross (with probability t) or
self—feftilization (with probability 1 - t.= s), that no
i N .
éelection occurs bétween germination and analysis of
progenies, that the genotype of thé:maternal parent does not
influence the ptobability of an outcross progeny, and‘that
allele frequeﬁciesiin the outcrgss pollen pool are
homogeneous ‘among materﬁal parents (Shaw et al., 1981),

Independence among loci in the -outcross pollen pool must

also be assumed for mulfilocus estimation.

. >
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Wright's fixation index:  (F) (Wrigtt, 1951), a measure

of the deviation of observed héterozyg,te frequency from

that expected under Hardy~Weinb%rg eqdilibrium, was
calculated for filial populations as:

F = 1 - H/h,
where H is'the observed proportion of heterozygbus
individuals and h is the proportion of heterozygotes
expected Qnder panmixia. Expected heterozygosity was
Ealculated as: | ro

h =1 - Zp, ¢,
where p, 1s the estimated freqguency 6f the fth allele-at the
locus. |

To test for spatial heterogeneity of outcross pollen

allele frequehcies, 2 x m'contingency tables were
constructed, where.m was phe humber of maternal trees of oné
homozygous genotype in a population. The number of
detectable outcrosses (heteroéygotes) wasscompared wifh
homozygous progeny through theiusé of heterogeneity
chi-sguare analysiS‘iBroyn et al., 1975). Simiiafly, spatial
(tree and position within‘cfown) and temporal gcone whorls)
effects were ipvestigated for:heterogeneity by'contingeﬂcy
‘table anaiysis (Sokal and Rohlf,,1§§7).

All tests of significance in this study were conducted -

at the p < 0.05 level.



111. RESULTS o C
Estimates of t, ranged from 0{768 to 1.40i (Table 3),
with significant heterogeneity among loci in five of the 15
subsamples and two of the three populafioné when subsample§
were pooled. Population estimates of tw ranged from 0.858 té
.022 (Table 4), with no significant differences among
estimates for different cone whorls.or crown positions
within a population. Despite the lack of significant
differences, UC subsamples consistently had slightly lower
tm estimates than'LC subsamples. No trends were épparent
‘among whorls (W1, W3, W5). Due to thé lack of heterogeneity
ahongvsubsamples, estimates bﬁsed on data pooled across
Subsamples‘within a population were used as the best
population estimates of t,. These estimates ranged.from
0.926 to 0.983 and were not significa;tly heterogeneous.
Estimateé of t, for the Cochrane (0.925) and Robb (0.934)
populations were significantly differe;t from 1.0, while the
eétimate for the Nordegg population (0.983) was not.
Although there was a wide rénge in individual tree
éstimates of tn within a population (e.g., 0.641 to 1.090 in
the Robb population), s%gnificant heterogeneity among
estimates QCcurréd only in the Nordegg populétion (Table 5).
No significant deviations from Hardy-Weinberg genotype
freQuencies occurred ét ACO, IDH, 6PG;f, PGI-2 or PGM in any
of the filial subsamples. Significant deviations were
observed in two subsamples (Robb UC and Robb W3) at the ADH

locus. When subsamples were pooled, significant deviations

10



Table 3.

Population single-locus outcrossing estimates (ts) and sample sizes
first (W1), third (W3), and

for upper (UC) and lower (LC) crown,
and pooled subsamples for three lodgepole
pine populations in Alberta.

fifth (W5) cone whorls,

/

4

Nordegg

Cochrane

'Significant

Locus
Subsample "n ACO ADH I1DH 6PG- 1 PGI-2 PGM Mean’
________________________________________________________ A e e e e e e e e e e e — =
N .

uc? 250 0.864' 0.795' - 1.052 1.033 - 0.936
LC? 250 0.960 0.768" 0.917 - 1.033 1.025 0.944
Wi 240 0.940 t.037 1.009 0.918 1.043 - 0.989
w3’ 245 0.861' (0.892" 1.018 1.036 0.834 1.017 0. 943
w5 ? 250 0.899 1.401" 1.017 1.043 1.042 1.033 1.073
Pooled’ 1235 0:904' 0.91t1! 0.992 1:010 0.3897 1.023 0.973
uc 250 0.978 - 1:017 - - 1.033 1.009
LC 250 1.055 - 1.025 - - - 1.040
Wi 240 0.856' (0.963 1.017 - - 1.009 0.961
w3 250 0.933 0.974 -® - - - . 0.953
w5 240 0.927 1.003 1.026 - - 1.Qy7 0.983
Pooled! 1230 0.954 0.980 1.017 - - 1.012 0.991
ucC 240 0.871* 0.850 - 0.886 - 0.971 0.835
LC? 247 0.880' 0.884! - 1.091 - - 0.952
Wi 241 0.944 0.934 - 0.948 - 0.948 0.944
w3 240 0.993 0.872 - 1.005 - 0.943 0.975
\x\ w5 240 0.932 0.971 - 0.973 - - 0.959
Pooled 1208 0.822*' (0.928' - 0.987 - 0.989 0.957

(P < 0.05) departure from H,: ts = 1.0 (tesg not made *or means) .

'Signitficant (P < 0.05) heterogeneity among estimates within subsamplé,

'Unwe ighted mean over

ltoci .

4



Table 4.

ucC
LC

Wi
w3
W5

Pooled

Population multilocus outcrossing estimates, t,
(standard errors in parentheses), for upper (UC)
and lower (LC) crown, first (W1), third (W3), and
fifth (W5) cone whorls, and pooled subsamples for
three lodgepole pine populations in Alberta.

Robb Nordegg Cochraﬁe
0.858' (0.059) 1.014 (0.074) 0.899' (0.052)
0.874" (0.061) 1.022 (0.073) 0.907 (0.054)

“significant (p < 0.05) parture from Ho: tn = 1.0.
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Table 5. Single-tree multilocus outcrossing estimates, t,
(standard errors in parentheses), for three
lodgepole pine populations in Alberta.

_____________________________ N

Population Tree Number : tm
Robb 7 0.641 (0.277)
11 0.739 (0.150)
17 1.090 (0.222)
23 . 0.993 (0.140)
24 0.875 (0.116)
39 1.025 (0.078)
Nordegg' 1 1.064 (0.139)
7 0.745 (0.158)
11 0.840 (0.120)
13 1.188 (0.126)
17 0.679 (0.114)
24 1.146 (0.398)
Cochrane 4 I 0.796 (0.109)
18 1.117 (0.120)
27 0.962 (0.099)
28 0.788 (0.134)
PS 32, 1.110 (0.272)
. 43 0.901 &0.053)
'n
T"\E{ """"""""""""""""""""""""""""""""""""""
% g

}‘éstimates'significantly heterogeneous (p < 0.05) among «
trees within population. ’



occurred only at ADH in the Robb population and ACO in the
Cochrane population. All'significant deviations from

Hardy-Weinberg genotype frequencies were due to an excess of
; ' .

H

homozygotes, as indicated by the positive F val%es in these

cases (Table 6). Ancther consistent trernd that is suggested

Y

by the F estimates at both ACO and ADH is an apparent

decrease in F from UC to LC subsamples within a populatio%.‘
Pollen pool allele frequencies dﬁd not differ \ §¥ )
significantly among trees within a population, nor among  *j¢

cone Qhorls or crown positions., Although not Statistical}m&,w

-

L
significant, tentative trends were observed. In contingeéﬁ,

models involving trees and cone whorlé as main source )oféi§ H¢
variation; an average of 267 (range 17.b6% to 33.%§§g;3iéh ‘
vériation resided among trees, while an average o}L}4.3%
(range 9.4% to 21.5%) was among cone whorls. An average of
37.8% (range 25.2% to 70.3%) of variation was found among
trees ana an average of 2.6% (range 0.0% to 39.6%) among

-

crown positions in models containing trees and crown
 positions as main sodrce5~of varlance. Among-tree vari;tion
was always greater than either among-cone-whorl.or
among-crown-position variation. Such contingency analyses

were carried out only for ACO and ADH, because the other

loci had too few heterozygous embryos for valid testing.



Table 6. Estimates of Wright’'s Fixation Index (F) for filial
subpoputations from three lodgepole pine

populations

-0.
-0.
-0.
-0

-0.
-0.

-0.
-0.
-0.

-0.
-0.

006
004
015

o1
007

.06 1
.036
.030
105
[OX
.012

in Alberta.
Locus
Population Subsample ACO ADH IDH 6PG- 1
Robb uc 0.067 0. 123" -0.016 -0.033
LC 0.040 0. 101 0. 107 -0.025
Wi 0.031 0. 006 -0.017 -0.026
w3 0.084 0.073' -0.032 -0.032
w5 -0.031 -0.019 -0.025 -0.027
Pooled 0.038 0.060' -0.011 -0.028
Nordegg uc -0.018 0.071 -0.010 -0.016
LC -0.023 0.014 -0.016 -0.018
Wi 0.080 0.053 -0.014 -0.013
w3 0.061 0.061 -0.012 -0.010
VS -0.005 0.052 -0.019 -0.013
Pooled 0.019 0.055 -0.014 -0.014
Cochrane uc 0.080 0.075 - -0.055
LC 0.051 0.066 -0.004 -0.049
Wi 0.072 0. 116 -0.005 0. 105
W3 -0.087 0. 122 - ~0.039
w5 0.031 -0.015 -0.002 -0.05%54
Pooted 0.032" 0.072 -0.002 -0.004
'significant deviation (p < 0.05) from H_ : F 0.0.

s



IV, DISCUSSION

The results of this study indicate that lodgepole pine-
.populations M the Rocky Moun{ain foothills of Alberta are
highly outcrossing. These results are in close agreement
with those of Epperson and Allard (1984), 1n which t,, for
two popuiations of Joagepole pine 1n northeastern Washinaton
did not differ significantly from 1.0, High ocutcrossing
rates have been found in the majority of conifers examined
(Cheliak et al., 1985; Furnier and Adams, 1985; King et al..
1984; Mitton et al., 1981; Shaw and Allard, 1982) . Q

Significa:* heterogenelty among sinéle—locus
outcrossing estimates have often been observed in
predominantly outcrossing plants (Brown and Allard, 1970;
Brown et al., 1975). Since 1n this study ali estimates foﬁ a
subsample or population were made from the same set of
embryos, the observed variability must be due either to
random varliation or violations of the assumptions of the
‘mixed-mating model (Shaw and Allard, 1982). Multilocus
estimatés of outcrossing are likely to be more accurate than
single—lécus estimates because they utilize a lagrger amount
of information and are less succeptable to violations of
assumptions of the mixed-mating model. Single-locus
estimates of outcrossing are expected to be blased downward
by.consanguineous matings other than selfing (Ellstrand and
Foster, 1983: Shaw and Allard, 1982). Such a bias was not
evident in this study, in which the majority of means of

single-locus estimates were larger than the corresponding

16
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multilorusy cutrn@¢es; "hhs abservat von, coupled with a lack

| wbgl e

‘ﬁm\ o ‘

opollen pocl hierogee ity among maternal trees, sugagest s
‘ W .
a lack of family structuring witnhiin the marerna. populet lons
studied. This 15 contrary to the ~omnon assumption that most
conifers, especilally speciers with serctinous cones, have
»

some degree of family structurine within populations (Libby
ot al., '959). However, relatirrchips ameng marerna.l trees
were not directly measured in this study., [f such
relationships had been determinea, 1t 1s likely that family
groups, 1if in existence, could remain undetected due to the
wide"spacing between sample trees. Lee (1985) found evidence
of family structure within these sam€ stands.

The differences among‘single—tree t,. estimates in the
Nordegg population may be due to variable levels of self
fertility. A prefértilxzation mechanism is unlikely, since
cytological studies in lodgepcle pine have shown that
self-pollination does not reduce pollen germination, growth
of the pollen tube or fertilization capacity (Hagman, i964).'
Polyzygotic polyembryony, a post;fertﬂlization facrtor, has
been reported in the genus Pinus (Dogra, 1567), providing an
opportunity for selection among embryos of unequal vigor
during early embryo development (Sorensen, 1982). Therefore,
variation among trees in the numbers of embryonic recessive
lethals and deleterious alleles, or even in the degree of
polyzygotic polyembryony, may account‘for the observed
tree-to-tree variation in t,. Such heterogeneity may

complicate the analysis of data from wind-pollinated progeny

7



I H

tests, Progeny of trees with low out srogssing rates may
,

contribute to an overestimat ion of additive genetic variance
*

and potential genetic gaing and, if inbreeding depression o

pronounced, could concelvably result in o maternal tree,

which 16 genetically superior in other respects, belng

excluded from a breeding program.

Higher levels of ourcrossing have been wbnorvnd{xh seoed
collected from the upper crown than that from the lower.
crown in Douglas-fiv (Pseudotsuga menziesi/ [Mirb.] Franco)
{Shaw and Allard, 1982}, jack pine (Pinus bénksiana'Lamb.)
(Fowler, 1965), loblolly pine (Pjinus taeda L.) (Franklin,
1971b), and Scots pine (Pinus silvestris L.) (Sarvas, 1962).
This 1s usually attributed to a higher concentration of male
strobili in the lower crown. Although no significant
differences were found between upper and lower crown in this
study, the results indicate a tentative trend contradictory
to those previously reported, with lower outcrossing rates
in the upper crown. However, since lodgepole p{ne's
serotinous cones;remainfon the tree for many years, ghis
tentative trend may be more accurately described as temporal
rather than spatial. The observed degree of cone weatherinq'
indicated that the average age of cones from the lower crown
was consistently much oli?r than that of the uppef crown., In
fact, cones from the most recent cone year were rare in the
lowér reproductive créwn. Most cones collected from the
lower crown position likely occupied upper crown positions

when originally formed.
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(5Tempofa1 heterogenelty has been found in mating systems

of other forest tree species. Cheliak et al. (1985) found

©

‘evidence of a temporal trend in jack pine, a closeiy"related
conifer, - Th whfﬁh selfing apparently decreased with cone

age. A 51m11ar trend was fa@nd by Moran and Brown (1980) for
L)

a populat1on oqmglpxne ash (Eucaiyptu> de]egatenSIS R.T.

/

mgnlfleant"dlfferences in outcr0551ng rates’iof

Bak.); wheke

-~ (,

three seed crops were found, with~the-oldest crdp having the
hlghest outcrosslng rate and theemqst recent having the

lowest.;Sinee both species retain their seed for many years,

§

these temporal éhifté‘have'been attributed to selection

,agaihst[selfs iﬁ‘the embryo populations. The apparent

LI

"decrease in Fxf{om‘upper to lower crown observed in the
lodgepole pine populations studied here indicates sugﬁ}a~

, N ; :
‘mechanism may be operating, but may\be obscured partially by

\ Rty

‘the presence of some new seed in the'bulk'lower'crown
A"Sﬁbsamples and some relatively‘old'seeeyin theebulk upper

| - erown subsamples. If selecti'on agéinét inbred seed is
';occurridglOQer‘time.iq the seed pool retainea on the tree,
it is‘not.stfong eﬁough te become evident durrngithe time
interval‘betweenfthe fjrst and fifth eone—whorl°subsamples.
‘Since thére was only a smeli initial proportion . of selfed

embryos available on which such a mechanism could operate,
A : . , ,
Ve

“the. time period necessary for the trend to be observable

' . o ' : .
would likely be-increased, and the chance of ‘such a trend
ever having stétistica%,significancewwould be remote.

: N R '

[
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The "high outcriossing Eatés observed in the lodgepole
pine populations in this study ‘may maintain genetic
variation that may be required by a species tc cope with a
spasially and temporally‘heterogeneous environmenf
(Cémpbell, 1979; Hedrick et al., 1976). Of prattical
sighificance to foresters, the high oééé}Yed outcrossing
tates indicated that wind-pollinated loddépéle pine seed

from extensive, even-aged stands with densities si@ilar to

el

SRR
B [ R

those studied here may be used for reforestation purpdsggsin
the‘foothills with little risk of inbreg%ing gepression.
Aithough‘statistica}ly"éignificanf t}ee—to—tr;e variation in
outérossing fatés_was encountered in only Oné of three
.stahds Studied, it may be wise to pfoceﬂd with caution when
using estimates of additive genetic variance and gain
‘obtained‘through Qind—pollinated lodgepole pine prdgeny
tésts. The magnitude of the tentative temporal trend
Qbserved in this study 1is ndt great enough tb suggest that‘

preference be given to older seed for reforestation or'

testing purposes.
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