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Abstract — Salal is a native perennial evergreen shrub occurring from the panhandle of Alaska along the entire coast of British Columbia
to southern California. In the North American west coast industrial forest itis considered a weed because it is a persistent, serious compe-
titor with coniferous species. Intraspecific genotypic and phenotypic diversity of salal is not well known despite of its ecological and
economic significance. A morphometric analyses within and among populations was performed in a statistically appropriate manner.
Two-year-old container grown seedlings of 24 collections of salal from throughout the natural area of distribution in western North
America were planted in a randomized complete blocks design (6 blocks) on a cleared 0.7 ha plot on Vancouver Island. Each of the 24
seedlots was planted once in each block with 24 plants per seedlot in April 1990. Shoot height and the number of buds prior to planting,
the plant spatial volume (product of plant height and plant width on two perpendicular axes) in 1992 and 1993, the relative growth incre-
ment (1992-1993) and the number of dead plants in 1992 and 1993 were subjected to analysis of variance. No differences among see-
dlots were detected for the relative growth increment and the number of dead plants in 1992 and 1993. Conversely, shoot height and the
number of buds prior to planting as well as the plant volume in 1992 and 1993 showed statistically significant seedlot effects. Cluster
analysis of these effects revealed greatest differences in plant response among the eastern- and southernmost collection and the remain-
der of the collections; i.e. three geographical races of salal may exist.

Gaultheria shallon/ geographical origin / experimental design

Résumé — Potentiel de croissance initiale du SalaGaultheria shallor) de diverses régions de la cote ouest de ’Amérique du

Nord. Le Salal est un arbuste autochtone pérenne a feuilles persistantes réparti depuis la péninsule de I'’Alaska tout au long de la c6te de
la Colombie Britannique jusqu’au sud de la Californie. Dans les foréts industrielles de la céte ouest de I'Amérique du Nord, il est consi-
déré comme une mauvaise herbe parce qu’il est persistant et un compétiteur sérieux des espéces de coniferes. La diversité intra spéci-
fique génotypique et phénotypique du Salal n'est pas bien connue malgré son importance écologique et économique. Une analyse
morphométrique parmi ses populations a été réalisée selon les régles statistiques. Des semis de 2 ans, ayant poussé en conteneurs, prove
nant de 24 collections de Salal originaires des diverses régions naturelles de I'ouest de I'’Amérique du Nord ont été plantés selon un dis-
positif complet a blocs randomisés (6 blocs) dans une parcelle nettoyée de 0,7 ha sur I'lle de Vancouver. Les 24 lots de semis ont été
plantés dans chacun des blocs en 1990. La hauteur de la pousse et le nombre de bourgeons avant plantation, le volume spatial (produits de
la hauteur du plant par sa largeur sur 2 axes perpendiculaires) en 1992 et 1993, I'accroissement relatif (1992-1993) et le nombre de plants
morts en 1992 et 1993 ont fait I'objet d'une analyse de variance. Il n'y a pas de différence significative pour I'accroissement relatif et le
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nombre de plants morts en 1992 et 1993. Par contre, la hauteur de la pousse et le nombre de bourgeons avant plantation, de méme que le
volume spatial des plants en 1992 et 1993, montrent des différences significatives selon les origines des plants. Une analyse de groupe
sur ces effets révele une plus grande différence de réponse parmi les collections les plus a I'est et au sud par rapport aux autres origines ;
c’est-a-dire qu'il pourrait y avoir 3 races géographiques de Salal.

Gaultheria shallon/ origine géographique / protocole expérimental

1. INTRODUCTION were surveyed [13]. However, intraspecific variation of
G. shallonis not very well known despite the ecological
and economic significance of this plant species. There-

Gaultheria shallonPursh is indigenous in the forests fore, we examined phenotypic within- and among-popu-

along the Pacific coastline of North America from north- lation variation of 3- to 4-year-old seedlings which
ern California through British Columbia (BC) to the pan- Originated from 24 different seed sources from through-
handle of Alaska, extending as much as 200 km Outthe area of distribution 5. shallon

eastward, and also occupies a single detached inland site

at Kootenay Lake BC (Lat. 480' N / Long. 116852' W).

Salal_ is a pa.rticularl.y persistent, pervasive species with 5> MATERIALS AND METHODS

heavily cutinized foliage and tough stems that may reach

several cm in diameter and 2.5 m in height [8]. The post-

disturbance dominance of salal after logging and burning  2.1. Plant selection

appears to be due toits ability to reoccupy the site rapidly

and completely both above-ground and below-ground |, 5,,tymn 1988, salal fruits were randomly collected
from rhizomes present before disturbance, and to resist;.o . several clones within an area of approximately
invasion by other species by pre-emptying resources (NU-1 hectare either by the authors or by cooperators at each
_trlents) [11]. Prollf_eratlon of salal may rer_1der a replant- of 24 sites figure 1) and stored for 4 to 7 months af6

ing operano_n_ entirely unsuccessful. Thickets of salal prior to seeding. Seeds were manually removed from the
may be sufficiently dense as to impede or deter humanpe jes tested for germinability and 24 seedlots were
passage, with a crown sufficiently dense and intertwined o minated and transplanted in 1:1 peat:vermiculite in
in the best sites to supportthe_ vye|ght of an average adUIt'313A styro-blocks at 396 cavities per seedlot in spring
By contrast, the plant is beneficial as a soil stabilizer after 1ggg. Styro-blocks were misted in the greenhouses three

site disturbances. It serves as a r_nlln(;r W'ld“fefﬁeedl' N times per day until seedlings emerged, then the blocks
commerce it provides green materials for use in floral ar- e e moved to a lath house until used.

rangements and decorations and, increasingly, it is used
as a landscape ornamental [8].

Long distance dispersal of salal occurs by seeds which ~ 2-2. Experimental area and design
are dispersed by animals, especially birds [22]. The most
significant and effective form of short distance dispersal A flat area of 0.7 hectares on Vancouver Island (Lat.
is through vegetative spread by rhizomes [6]. Salal popu-48°49' N; Long. 12430' W) was cleared of logging de-
lations are composed of a few to many interdigitated bris and stumps with heavy machinery. The experimental
clones. The ramets of one single salal clone may occupyarea was situated on the clearing at about 50 m a.s.I. and
up to 29 nt of forest floor with up to 218 m total rhizome  32.5 km east of the Pacific coast. The soil type was sand-
length [9]. There is likely considerable genetic and, con- gravel intermixed with < 20% forest loam. The seedlings
sequently, phenotypic variation within and especially were planted in a randomized complete blocks design
among populations. Morphometric diversity was studied with six blocks (a—f) in April 1990. Each of the
for many plant species [3, 10, 15-17]. Middleton [12] 24 seedlots was planted once in each block with
screened species GfaultheriaandLeucothodor a num- 24 plants per seedlot and block (144 seedlings planted
ber of flavonoids and simple phenols and discussed theper seedlot, i.e. 3456 total seedlings planted). The
current intrageneric classification dbaultheria and within-plot interplant distance was 1 m on both the
commented on the interspecific variation. Similarly, leaf north-south and the east-west axis. The between-plot
and stem anatomical traits of 103 speciessafultheria interplant distance was 3 m on the same axes. The
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Figure 1. Map showing the geographic origin of the seedlots.

within-block position of the seedlots was assigned at ran- permitted. MacMillan Bloedel Ltd. (Franklin Division)

dom. interplanted the experimental area with Douglas fir
[Pseudotsuga menziegMirb.) Franco] in spring 1992
Throughout the succeeding months, efforts were to conform to British Columbian provincial guidelines
made to eliminate any natural salal that was detected.which require replanting of areas from which the forest
The experimental area was weeded at intervals as timehas been harvested.
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2.3. Measurements and data analysis g; mean or standard deviation of the variablég = h,,
b, v, v, 7 d®? or d®) of thei-th seedlot in thg-th
Maximum plant height (only aerial plant part),, (pp block;
stands for “prior to planting”)] and the number of buds lati i
per plant b) were recorded prior to planting. Thereafter, * popu a';lfon m$ar?,_ h dlot:
measurements were made in the spring of 1992 and 1993 main eﬁect Of th 9'th ;eek_ot,
of the following dimensions: plant heightt), maximum B malg N e(;:to_ the-th block;
plant width on both the north-soutk)( and the east-west & fandom deviation.
Zﬁli?ng)l'gl\{’lszsi:]ngg g?lsune;vss(;);nr:azlg)nﬁer?észgﬁr?;zzuj; rc:;Tu key's method was employed for pairwise comparisons
the method proposed by Snedecor and Cochran [18]. TheOf seedlots.

“ n £ (92) 93) H . .. .
plant volume” (/* andv®?), defined as the product of The matrix containing the seedlot effects resulting

the three variables, x andy, was computed for each from the ANOVA for the dependent variablag, b, v,
plant based on the 1992 and 1993 measurements. Addiz 4,/ was subjected to average linkage clustering us-

tionally, relative growth increments, were calculated 4 E\clidean distances [5] to summarize similarities

by dividing the growth increment of the plar_lt volume be- among seedlots. The stopping rule proposed by Mojena
tween 1992 and 1993 by the plant volume in 1992 (€qua-[14] with k= 3.25 was used to select the appropriate num-

tion 1): o ber of clusters.
Vi&k ) _Vu(k ) . . .
zZ, :W i=1,..,24;j=1,..,6;k=1, ..., 24. The analyses were performed using S-plus [20] and
ik (1) Systat 6.0 (Systat, Inc., Evanston, lllinois, USA).
with

z; relative growth increment of the plant volume from
1992 to 1993 of th&-th plant of the-th seedlotin th¢-th

block; 3. RESULTS

v volume of thek-th plant of thei-th seedlot in th¢-th

block in 1992;

v? volume of thek-th plant of thei-th seedlot in thé-th . .
biock in 1993. ;almﬂzm height and number of buds prior to

The number of dead plants per seedlot in each block was
counted in 1992 and 1993 (variabled®®” and “d®).

Plotwise mean and standard deviation of the variables
hyp B, V2, v andz were computed and subjected sepa-
rately to statistical analyses. With the exception of the
relative growth increments, the data were subjected to
transformations to obtain normally distributed residuals.
Square-root transformation was used for counts, i.e.; the
number of dead plants and the number of butf®(d®®
andb), and the log transformation to the base e for the
measurement datay, v°? andv®?). The goodness of fit ; >
of general linear models, each of which included the erent situation arose when the seedlots wefe Comp?‘md
blocks and the seedlots as factors and mean or standar&vIth respect to the number of buds. Tukey's pairwise
deviation of one of the variables,, b, V2, V3, 7, ¢ comparisons showed that seedlots 6, 13, 14, 18 and 24

andd® as dependent variables, was examined by meanJVvere significantly different from more than half of the

: : . - seedlots. Seedlots 13, 14 and 24 had significantly fewer
?é;?;lﬁésne;)?f variance (including analyses of residuals) and seedlots 6 and 18 significantly more buitgure 2b.

] ) The variables “plant height” and “number of buds” were
Qj=p+ a+p+ Qﬂ' ,oi=1,..,247=1,...,6,(2) not correlated. No block effects were observed prior to
q = hy, b, V), 9, 7, d2 or d©2), planting since the plants of each seedlot had been ran-
with domly assigned to the block&aple ).

Significant among-seedlot differences existed with
respect to both plant height and the number of buds prior
to planting to the fieldtable I, figures 2a and 2bIn re-
gard to plant height, seedlots 2, 3, 7, 12, 20 and 23 were
significantly different from more than half of the seedlots
according to Tukey’s pairwise comparisons. The more
northerly coastal seedlots 2, 3, 7 and 12 were signifi-
cantly smaller and the more southerly coastal seedlots 20
and 23 significantly tallerfigure 2g. A completely dif-



Table I. Summary table of untransformed means and standard deviations (SD) of all characteristics examihétifor each seedlot).

Seedlot  Seedlings' Number of Extension (cm) in the... Plant height (cm) Total number Plant volume (cm?) Relative
number  height (cm) - buds 1990 (b) North-south direction East-west direction of dead plants gf;‘e"’ntil (lcf:;;e'
1990 (h,,) 1992 (x®?) 1993 (x®) 1992 (»P) 1993 () 1992 (h®?) 1993 (A9Y) 1992 1993 1992 (v*?) 1993 (") 1992-1993 (2)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Sum Sum Mean SD Mean SD Mean SD
137 28 34 12 236 122 387 183 222 89 403 190 125 3.8 156 38 4 1110495 11469 36053 35049 4.56 4.08
118 25 40 14 265 131 482 200 268 13.0 474 207 108 34 130 34 6 10690 12166 36756 30322 4.18 3.93
123 24 35 14 221 99 400 17.8 221 105 382 143 114 3.7 163 37 6 8012 9543 34211 37114 441 444
163 28 46 1.5 264 124 452 199 259 11.8 450 206 150 4.7 198 47 15 15586 18651 57283 56872 4.82 592
159 24 41 1.7 266 115 463 215 277 129 455 189 138 49 169 49 6 14654 17230 46813 43929 3.88 4.51
149 26 57 19 197 92 341 142 198 9.0 351 153 119 38 174 38 6964 7571 31198 30467 5.05 4.51
125 24 46 18 247 100 450 193 246 109 420 187 114 34 141 34 2 87714 9244 33515 31263 5.00 7.97
145 25 36 14 256 110 426 18.6 249 10.1 419 174 131 44 171 44 9 11892 11940 42453 43368 4.39 9.52
150 27 31 13 244 94 439 196 253 9.7 431 179 124 43 173 43 8 10339 9391 48757 47582 4.12 3.76
10 166 31 30 13 269 120 476 21.8 263 11.8 46.1 226 144 44 190 44 5 13841 14386 56664 61808 3.90 2.98

—_—

Nl N - Y, B N VS A (S
B " R =—le c R LV I VS I S )
[

(=]

11 140 25 45 19 21.7 102 397 17.6 217 89 414 192 115 32 135 32 1 12 8096 9306 32745 32431 494 8.39
12 128 25 39 17 248 114 459 205 252 123 466 210 115 3.7 160 3.7 2 3 10631 13291 43108 38955 5.93 7.06
13 133 27 29 12 237 100 430 163 225 83 415 152 135 45 198 45 7 9646 9473 42261 35939 6.00 6.30
14 162 27 29 13 274 132 441 177 260 98 439 184 127 43 168 43 2 11 13014 14821 41292 36811 420 6.14
15 148 26 36 16 273 11.5 460 216 267 11.6 463 21.1 112 35 145 35 4 10968 11534 40668 39946 3.87 3.79

16 159 26 37 16 296 109 527 207 300 108 517 202 132 4.0 198 4.0 1
17 163 31 35 12 252 100 452 173 253 10.6 442 152 139 45 196 45
18 154 34 50 20 254 122 436 216 256 11.7 419 215 126 42 161 42
19 148 38 46 1.6 284 132 528 227 298 13.7 504 209 137 43 189 43 1
20 184 30 36 1.6 279 121 504 222 277 113 478 19.6 150 5.1 203 5.1
21 157 31 33 1.1 288 129 491 214 277 127 497 219 124 38 17.0 3.8
22 160 27 44 17 221 95 426 193 215 89 400 170 124 38 155 38
23 82 29 43 16 318 114 519 177 319 115 513 191 170 5.1 221 5.1
24 152 25 26 18 217 1001 321 154 212 93 356 196 11.7 38 153 3.8

14700 11575 67000 59 530 4.80 4.79
13240 13145 52247 40588 5.12 4.63
12176 14994 40939 44310 4.19 5.16
15868 15496 60896 51519 7.22 2529
16463 18077 64853 64418 4.47 5.04
13621 14447 54 445 55489 5.00 8.34
7919 7938 36633 34685 5.07 4.93
21827 17919 74716 59 685 3.46 3.42
21 7248 8299 23698 24280 391 497
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Figure 2. (a) Seedlot (1-24) and block (a-f) effects regarding plant height prior to planting (vanjghlhe big horizontal line in the

middle of the plots depicts the overall or population mean. The small horizontal lines on the two vertical lines indicate the block and
seedlot means, respectively. The bar indicates the minimum distance between two seedlots to consider them significantly different based
on Tukey’s pairwise comparisons. The numbers correspond to the seedlot nunfiger®if (b) Seedlot and block effects regarding the

number of buds prior to planting (variali® For explanation of the plot see legenditpure 2a (c) Seedlot and block effects regarding

the plant volumes in 1992 (variabi?). For explanation of the plot see legenditpure 2a (d) Seedlot and block effects regarding the

plant volumes in 1993 (variab?). For explanation of the plot see legendigare 2a
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Table 1l. Summary of thep-values of all the performed Euclidean distance
ANOVAs. 0.0 0.2 0.4 0.6 0.8 1.0
Variables Source of variability t I ! ) ! i
Seedlots Blocks Py p—
Seedlings’ heightit,) <0.0001 0.599 23
Number of budslf) <0.0001 0.611
Plant volume 1992(%?) <0.0001 <0.0001
Plant volume 19934%3) <0.0001 <0.0001
Relative growth incremengy 0.375 0.255 19 —_’_J
Number of dead plants 1998({?) 0.691 0.189 4
Number of dead plants 1998%®) 0.255 0.012 5 }

11
3.2. Plant volume in 1992 and 1993 T

Significant among-seedlot and among-block effects ! }
were detected for the plant volume in both years as indi- 3
cated by the results of the analyses of variatiablé II). 2 }
However, only the volumes of plants grown from 7
seedlots 6 and 23 were significantly different from more 18 —
than one of those grown from the other seedlots in 1992
according to Tukey’s pairwise comparisoriggre 29
(one significant pairing among 23 pairings, which is the
number of pairwise comparisons per seedlot, is consid- 12
ered a random effect). In 1993, eight seedlots (6, 10, 11, 8
16, 19, 20, 23 and 24) were significantly different from 45
more than one of the other seedlots; seedlots 6, 11 and 24
were smaller and 10, 16, 19, 20 and 23 were larfjgr (
ure 2d. Plants were larger in blocks a, band dthaninc, e 7
or f in both years fijgures 2c and 2 Among-block 21

differences were considerable for some seedlots espe-. . : )
cially in 1993, e.g. for seedlots 1, 6, 9, 11, 24, Figure 3. Dendrogram showing the result of the hierarchical

cluster analysis (average linkage) of the seedlot effects resulting

: : ; . from the ANOVA on the variables “plant height prior to plant-
The number of buds prior to planting did not consis ing”, “number of buds”, “plant volumes in 1992 and 1993”. The

tently influence plant volume in the following years. | ;. ontalline cuts the dendrogram into the number of accepted
Plants of seedlot 24 had fewest buds prior to planting cjysters when Mojena’s stopping rule wittka 3.25 is applied.
and, subsequently, the smallest plants in 1992 and 1993 Seefigure 1for seedlot numbers.

By contrast, seedlot 10 also had comparatively few buds
but was one of the tallest seedlots in 1992 and 1993. Con-

versely, seedlot 6 had most buds prior to planting but be- form a separate cluster each. Seedlot 24 from Kootenay
longed to the smallest seedlots in 1992 and 1993. Lake had fewest buds prior to planting and was the
seedlot with the smallest plants in 19938lle I). In con-
trast, seedlot 23 from Oregon was constantly taller than
most of the other seedlot&aple I). Plants of seedlots 6,
11, 22 were rather small but with many buds, and plants
Cluster analysis revealed five separate groups of of seedlots 4, 5, 10, 16, 19, and 20 were above average in
seedlots using Mojena’s (1977) stopping ruigyre 3): size. The size and the number of buds of the seedlots in
{24}, {23}, {4, 5, 10, 16, 19, 20}, {6, 11, 22}, and {1, 2, the fifth and biggest cluster (seedlots 1, 2, 3, 7, 8, 9, 12,
3,7,8,9,12,13, 14, 15, 17, 18, 21}. Seedlots 23 and 2413, 14, 15, 17, 18, and 21) were mostly below average.

3.3. Cluster analysis of seedlot effects
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3.4. Growth increment and number of dead contrast, the growth performance of seedlot 15 from far-
plants thest north was not reduced compared to seedlots from

sites more to the south. It behaved in a similar manner to
Neither seedlot nor block effects were detected re- SOMe seedlots from Vancouver Island. Likewise, there

garding the relative growth increment between 1992 and were some seedlots from Vancouver Island which had di-

1993 table II). Similarly, seedlots didn't differ with re- ~ Mensions similar to those collected in Oregon, e.g.
spect to the number of dead plants in both yetislé I1). seedlots 4 and 5 from the west coast of Vancouver Island.

The blocks did, however, in 1993. Seedlots 4 and 5 were expected to cluster with seedlot 6,

) ) which originated also from the west coast of Vancouver
The seedlots had no differential effect on the standard |j5nd in a distance of about 35 km from the collection

deviations of any variable excefy, (plantheightpriorto e of seedlot 4, but they clustered with seedlots 19, 16
planting). and 20 from Oregon. The differences between the group
of the two very similar seedlots 4 and 5 and seedlot 6
were considerabldigures 2c and 2falthough the aerial
distance between the collection sites of seedlots 4 and 6
was small and of the same magnitude as the one between
4 and 5. At least two possible explanations for the
phenotypic differences between these two groups of seed
sources can be given. Either the founder plants at these
sites originated from pheno- and genotypically different
seed sources or fertilization occurred from genotypically

the seed sources. Seedlot 24 was characterized by plantdifférent pollen. The seeds of salal are mainly dispersed
of average size prior to planting but had fewest buds and y ammal; [22]. Birds may carry the seeds for some d(_)z-
was one of the smallest seedlots in 1992 and 1993.€NS of kmin afew hours. Thus, it should not be a surprise

Seedlot 24 originated from a mountainside (at 1 220 m a. to find genotypically closely relateq clones of salal sev-
s. 1) above Kootenay Lake, which is about 600 km from eral hundreds of km apart and far distantly related clones
the coast in the interior of mainland B.C. This contrasts N adjiacent plots.

with the other collection sites, which were all within

100 km of the coast and not above 250 m a. s. | The ré-y,i¢ o4,qy to characterize the plant individuals whereas
gion of Kootenay Lake is characterized by colder winters extensive measurements and/or counts of various traits
and greater accumulations of snow than regions close to ¢ single leaves and/or inflorescences are usually em-
the coast. Adaptation to a colder climate may explain the ployed for morphometric analyses [2, 4, 15, 16]. Nybom
small plant size exhibited by this seedlot. The salal popu- & 5 [16] detected high variability of the leaf morphol-
Iations in the Kootenay region probably are reproduc— ogy in Rosa dumalisbut not in R. rubiginosa or
tively well separated from those at the coast; i.e. gene o "yijosa Nevertheless, differentiation of the three spe-

flow between populations in the two regions is 10W. - jaq\yas possible. Murrell [15] found intermediate forms
Thus, the Rocky mountain (Kootenay) and coastal popu- payeen two morphological extremes among dwarf dog-

Iatior)s perhaps belong to two diff_er(_ant geographical apd wood species. Between 91 and 98% (66.8% for a group
possibly also ecological races. Similarly, coastal and in- ¢ v rids) of the specimens were, however, classified
land populations of wild beet3eta vulgarisL.) from ., a0y into five groups which correspond to three spe-
Sicily could be discriminated based on petiole length and ¢jeq and two groups of hybrids thereof using canonical
period of flowering but differences were small [10]. discriminant analysis. Compton and Hedderson [3] de-

Plants grown from seeds of seedlot 23 were consis-tected a number of clear differences in shape and size of
tently taller than most of the other seedlots during the plant organs oCimicifuga foetidalL. between four geo-
whole experimenttéble I). It was also the seedlot from graphic areas (Siberia and northern Mongolia, central
farthest southf{gure 1). This seedlot may have adapted and western China, Kashmir and western Tibet, middle
to a warmer climate and consequently tends to a greaterEurope) and, thus, recognized four geographically de-
growth increment per time interval than the seedlots from limited species. We can not exclude the possibility that
further north, at least in the early stages of development.the inclusion of measurements of leaf and inflorescence
Similarly, other seedlots from southern sites (Oregon) characters would have led to a different assignment of the
also showed a tendency to give rise to taller plants. In salal seed sources to races or morphotypes.

4. DISCUSSION

Intraspecific phenotypic variation and, thus, probably
also genotypic variation among seed sources of salal is
limited. Consistent differences existed only between
each of the two seedlots 23 and 24 and the remainder o

A rather rough approximation of biomass was used in
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Within-seedlot variation was similar for all seedlots sis, microsatellites, RAPDs) might serve to study
as expressed by the non-significant differences of theintraspecific variation and to elucidate the population
standard deviations for most variables. Significant dif- structure within sites [19, 21].
ferences were observed only for “height prior to plant-
ing” (h,,). Seedlots 18 and 19 showed comparatively ~ Acknowledgements The authors gratefully ac-
high standard deviationgaple I). This may reflect a knowledge the extensive assistance and consultation of
higher genetic variability, probably based on a higher de- Macmillan Bloedel Ltd. (now Weyerhauser Timber), as-

gree of recombination, at the sites of origin of these Sistance with seed collections by the B. C. Ministry of
seedlots. Forests (particularly Mr. Thomas Braumandl) and the

o U.S. Forest Service, Corvallis, OR (particularly Dr. Earl
Block effects were significant. The overall perfor- Nelson). We are grateful to the many students and perma-
mance of the plants was better in blocks a, b and d thaninpent staff of Pacific Forestry Centre (PFC), Victoria,
the other three blocks. Differences in microclimatic con- g, c., Canada, who donated time to plot establishment
ditions and water availability may have been responsible gnd maintenance, especially to Rob Hagel who devel-
for the observed difference in plant performance al- gped methods of efficient salal seed and cutting estab-
though site preparation was done very carefully to get |ishment and to D. Macey, S. Clary and C. Rathlef for

soil conditions as homogenous as possible in the wholehelp with plots and data, and to PFC for support of the
experimental area. However, variance analysis is theyork.

method of choice to separate block effects from other ef-

fects, which are the seedlot effects in our study, and, thus,

the differences among seedlots presented in this paper
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