may be possible to select fast growing trees with accept-
able wood density. The influence of site, not only upon
relative density, but also on the correlation between re-
lative density and volume must be taken into considera-
tion in the selection process, however. Cook (1988) has
identified an end-product based approach for determi-
ning a cut-off point for minimum acceptable relative
density levels in young trees, that may be valuable in
deciding volume growth, relative density trade-offs.

McKimmy and CawmeBerr (1982) suggested that stem
strength is a function of wood relative density and ring
width, and that low relative density for a given mean
ring width would result in weak trees susceptible to wind
and snow damage. At each site, Hoh compares well
with local sources assuming that wood relative density
and bole diameter together determine stem strength. At
Coal Harbour, Hoh and Jeune had similar mean diameters
and relative densities. While Seymour’s mean relative
density was 6% higher than Hoh‘s at Coal Harbour, Hoh’s
diameter was 12% larger than Seymour’s. Similarly, at
Harrison Lake, where all provenances had high relative
density and volume, the local source’s relative density
was 7% higher than Hoh’s but Hoh’s diameter was 10%
larger. At Chilliwack, Hoh had higher mean relative
density and diameter than the local source- Thus there is
no evidence for maladaptation of the Hoh source in terms
of stem strength in the three test environments.

Unless a provenance trial is continued for at least half
a rotation length, results cannot be conclusive, but deci-
sions must often be reached based on such evidence as is
available at the time. If volume continues to be primary
consideration, inclusion of parent trees from the Hoh
region in the British Columbia coastal Douglas-fir breed-
ing program, at least on an experimental basis seems
advisable. Before doing this, however, it would be useful
to obtain a larger wood sample for relative density anal-
ysis, including young trees growing in additional B.C.
provenance trial locations as well as older plantation
trees growing in the Hoh area to determine whether the
low relative density is a result of seed movement.
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Summary

Outcrossing rates (1) were estimated from allozymes of
eastern white cedar seeds, sampled according to germina-
tion promptness. The propoxtion of selfed seed, on which

Silvae Genetica 40, 1 (1991)

selection might act, was high, but differences in t, among
early, intermediate and late germinants were not statisti-
cally significant.

Key words: mating system, outcrossing rate, germination rate,
Thuja occidentalis L.
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Introduction

Allozyme analysis has become a popular investigative
tool in the study of forest tree mating systems. Proce-
dures, based on the mixed mating model, have been devel-
oped to estimate mating-system parameters from allozyme
data (e.g., Suaw et al.,, 1981; Rittanp and ErL-Kassasy,
1985). One assumption of the mixed mating model is that
selection does not occur prior to census (Brown et al.,
1985). Violation of this assumption is likely common with
conifers since, following selfing, embryos are more fre-
quently aborted and filled seed germination is often
veduced (Fuankun, 1970). However, there may be more
subtle pre-census selection. Differential germination
speed (i.e., promptness) is one possibility (FRANKLIN,
1970) and could potentially affect the effective outcrossing
rates inferred from mating system studies. If germination
promptness is affected by inbreeding and families are not
sampled equally, spurious heterogeneity of inferred out-
crossing rates among families could conceivably result.

The purpose of this study was to determine whether
inferred outcrossing rates of eastern white cedar (Thuja
occidentalis L.) are affected by germination promptness.
Wind pollinated seed of eastern white cedar contains
more selfs than that of most other conifers (average 37%
selfs inferred at viable embryo stage; PErry and KNOWwLEs,
1990) so there is a large proportion of selfed seeds
on which differential selective mechanisms might act.
However, it is not known whether inbreeding affects
germination speed in this species.

Methods

Ten trees were randomly selected from one eastern
white cedar population and the following sampling proce-
dure was followed for each tree. Approximately 100 wind-
pollinated seeds were placed on moist filter paper in a
petri dish and incubated at room temperature (i. e., no
stratification). When at least 20 seeds had germinated
(after an average of 5.5 days, with a range among families
of 4 to 7 days), all germinated seeds were removed and
retained as sample 1, the early germinants. Similarly,
after an average of 6.7 days (range 5 to 8 days), when at
least 20 additional seeds had germinated, all germinated
seeds were again removed and retained as sample 2, the
intermediate germinants. This procedure was repeated
after an average of 7.8 days (range 6 to 10 days) to obtain
sample 3, the late germinants. Germinated seeds were
stored at 4° C for up to one week until analysis. Germina-
tion trials of bulked seed from this same population have
indicated high total germination (93% at 20 days) and
97% of this total germination occurred within the first
10 days (Perry and Knowires, unpublished data).

Allozyme analysis was conducted on 20 seeds from each
of the three samples from each tree giving a total of 200
seeds per sample group (i. e., sample 1, sample 2 or sample
3), 60 seeds per tree. Four polymorphic, unlinked loci
(Mdh-1, Me, 6Pg-2 and Pgm) were scored in paired em-
bryo and megagametophyte tissues with electrophoretic
conditions as previously described (Perry and KnNowLes,
1989). The paternal (pollen) contribution at a given locus
was inferred by comparing the allozyme phenotype of the
embryo to that of the corresponding megagametophyte.

Multilocus outcrossing rates (j:m) and outcross pollen
pool allele frequencies (Q) were estimated using the maxi-
mum likelihood procedures of Riteanp and Ei-KassaBy
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(1985). Since the actual outcross pollen pool was the same
for each sample group, p was estimated jointly with i,
using the combined data of all three sample groups and
then held constant while i, was estimated for each of
the three sample groups. heterogeneity of t, among
sample groups was assessed using a likelihood ratio test
(Rao, 1973).

Resulis and Discussion

Overall estimates of "Em (£S.E.) were 0.594 (+0.061), 0.536
(£0.061) and 0.547 (+£0.062) for the early, intermediate and
late germinants respectively. These values are within the
range of t,, found in a more detailed study of this species
(Perry and Knowires, 1990). Differences in outcrossing
rates among the three sample groups were not statisti-
cally significant.

Since outcrossed conifer progeny are generally more
vigorous than selfed progeny (Frankuin, 1970), we had
anticipated that early germinating, presumably more vig-
orous progeny would be more highly outcrossed. How-
ever, such a trend is not made evident by our data.
The germination conditions of this study may not have
provided selective forces sufficient to allow fitness dif-
ferences between inbred and outcrossed progeny to be
discerned. Perhaps a more stressful germination environ-
ment would result in detectable differences among the
sample groups. Nonetheless, the results do indicate that,
at least for this species and these germination conditions,
the selection of a nonrandom sample of germinants would
likely have no effect on estimated outcrossing rates, even
though the proportion of selfed embryos, on which selec-
tive forces might act, is high. We suspect that the use of
samples which are not random with respecf to germina-
tion promptness would have little or no effect on out-
crossing rate estimates for other conifers in which the
proportion of selfed embryos is less than that observed in
eastern white cedar.

Acknowledgements

Financial support for this research was provided by the Canadian
Forestry Services Human Resources Development Grant to the
School of Forestry, Lakehead University and by the Natural
Sciences and Engineering Research Council of Canada (grant
A7652 to P. K.). MicuarL Lesyk performed the electrophoretic anal-
ysis with the assistance of Anprea McDonaLp. PauLINE LANDRY as-
sisted with cone collection.

Literature Cited

BrowN, A. H. D., Barrerr, S. C. H. and Moran, G. F.: Mating
system estimation in forest trees: models, methods and meanings.
pp. 32—49. In: Grecorius, H. R. (ed.): Population Genetics in For-
estry — Lecture Notes in Biomathematics. Vol 60. Springer-Verlag,
N. Y. (1985). — Frankuin, E. C.: Survey of mutant forms and in-
breeding depression in species of the family Pinaceae. USDA For.
Serv. Res. Pap. SE-61 (1970). —— Perry, D. J. and Knowtss, P.: Inher-
itance and linkage relationships of allozymes of eastern white
cedar (Thuja occidentalis) in northwestern Ontario. Genome 32:
245—250 (1989). —— Perry, D. J. and Kn~owres, P.: Evidence of
high self-fertilization in natural populations of eastern white
cedar (Thuja occidentalis), Can. J. Bot. 68: 663—668 (1930). —
Rao, C. R.: Linear Statistical Inference and Its Applica-
tions. Wiley, N. Y. (1973). — Rirmuanp, K. and Er-Kassasy,
Y. A.: The nature of inbreeding in a seed orchard of Douglas fir as
shown by an efficient multilocus model. Theor. Appl. Genet. 71:
375—384 (1985). —— SHaw, D. V., KauiLer, A. L. and ArLLarp, R. W.:
A multilocus estimator of mating system parameters in plant
populations. Proc. Nat Acad. Sci. USA 78: 1298—1302 (1981).



