With the possible exception of families 10 and 38, most
families are likely to have lethal equivalents less than 2
(Table 4, Column 4). These numbers may increase when
the test period is extended to maturity. However, we
consider the above numbers to be fairly small, and
conclude that the inbreeding program as outlined in
Erixsson et al. (1984) has a good chance of progressing
without losing lines. Early purging of lethal alleles may
not be necessary in Salix viminalis. It would be, however,
desirable to monitor the changes in lethal equivalents as
the generations progress.
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Peatland and Upland Black Spruce Populations in Alberta,
Canada: Isozyme Variation and Seed Germination Ecology
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Summary

Seeds from three pairs of peatland and upland black
spruce (Picea mariana (MiLL) B. S. P.) populations in
Alberta were used to study variation in isozymes and
seed germination. In the isozyme study, 16 enzyme systems
coded by 28 putative genetic loci were investigated. In
the germination study, seeds were germinated at 15° C,
25° C, or 35° C and 0, —5, —10 or —15 bars. The data
were analyzed by ANOVA and SNK-tests. It was found
that isozyme variability was similar among the popula-
tions, sites and between habitats. Results of Fy-values,
X2-tests, and genetic identities, indicated there is little
genetic differentiation between wupland and peatland
habitats. In the germination study, seeds from upland
and peatland habitats did not show expected adaptive

1) Department of Forest Science, University of Alberta, Edmonton,
Alberta, Canada T6G 2H1

Silvae Genetica 41, 2 (1992)

responses to temperature, moisture and their interaction,
but differentiation among the 6 populations was signifi-
cant. Overall, seeds germinated best at 25° C, and seeds
from peatland populations germinated more slowly and
poorly at low temperature than did upland populations.
Differences in germination among populations were most
likely due to maternal effects and/or locally site-specific
selection. Results from both studies indicate that there is
little ecotypic differentiation between upland and peat-
land black spruce populations in Alberta.
Key words: Picea mariana (MwL.) B. S. P., isozyme electropho-
resis, discriminant analysis, genetic variation, tem-
perature, water potential.

Introduction

Peatland and upland habitats are very different in terms
of nutrient availability, and soil structure, temperature,
moisture, pH, and aeration (Brapsury and GRACE, 1983),
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and vegetation. These differences in environment might
result in variable selection pressures such that plant spe-
cies which grow in both habitats may evolve edaphic
ecotypes.

Black spruce (Picea mariana (MiLL.) B. S. P.) occurs in a
wide range of climatic conditions in North America and
grows on both organic and mineral soils (FoweLLs, 1965).
A wide range of clinal and ecotypic genetic variation has
been reported in black spruce morphology, seed germina-
tion, phenology, and seedling performance (DIETRICHSON,
1969; MORGENSTERN, 1969a and b; FowLer and MuLLiN, 1977;
SEGARAN, 1977; KuaLw, 1975, 1981; FowLer and Park, 1982).

In recent years, allozyme analysis -has been used to
study population differentiation in black spruce. BoyLE
and MorcensTERN (1987) found no significant population
differentiation of allele frequencies in New Brunswick,
but Yeun et al. (1986) reported regional and altitudinal
ecotypic allozyme variation in Newfoundland. Edaphic
ecotypic differentiation has been illustrated for other
tree species using allozymes (FurNiER and Apams, 1986)
and morphological traits (Jenkinson, 1977; KRUCKEBERG,
1967; TeicH and Hoist, 1974), but it has not been con-
clusively demonstrated in black spruce from peatland
and upland habitats. In Ontario, peatland and upland
populations of black spruce were not differentiated mor-
phologically (FowLer and MuLLN, 1977; PArkEr et al., 1983),
but peatland populations were more variable for cone
and chemical characters (PArkEr et al, 1983) and had
higher levels of isozyme variation (O’RemLy et al., 1985).
BovyLE et al. (1990) found that one peatland and one upland
black spruce population in Ontario were similar in
allozyme frequencies, but the trees were more inbred on
the upland site. Black spruce is abundant on peatland
and upland sites in western Canada, but the genetic
structure of populations and the extent of ecotypic varia-
tion have not been well studied.

Among all the requirements for seed germination, a
suitable combination of temperature and moisture may
be the most crucial (MaveEr and PoLjakorr-MAYBER, 1982).
Since seed germination characteristics are, at least partially,
under genetic control (WmTtiNGTON, 1973), local popula-
tions of a widely distributed species could develop adap-
tive variability in germination ecology (Quinn and CoLosi,
1977). Provenance differences in seed germination response
to moisture or temperature have been explained by the
conditions of the site of origin for several species (FRASER,
1971; Moore and Kipp, 1982; GissoN and BAcHELARD, 1987).

In western Canada. the soil is cooler and wetter in
peatlands than in uplands (van CLEvE et al., 1981). There-
fore, black spruce seeds from these two habitats might
have different germination responses to temperature and/
or moisture conditions. We hypothesized that seeds from
upland trees would germinate better at high temperatures
and/or low water potentials than seeds from peatland
trees.

Comparative studies of population differentiation using
isozyme, morphological and ecophysiological traits can
provide valuable information about the effects of evolu-
tion on different facets of the genome, the relationships
among which are poorly unterstood (LiNnarT et al., 1989).
Only a few such studies have been reported (WHEELER and
Guries, 1982; MErRkLE and Apawms, 1987; FARMER et al., 1988;
LiNHART et al, 1989; Loopstra and Apams 1989). Here, we
report some of the results of such a study in which pat-
terns of variation in isozyme variation and seed germina-
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Table 1. — Locations and stand descriptions of the populations.

Mean
Mean diameter
Height atl5m
Site Habitat Species Trees/ha Age (Ht, m) Ht (cm)
1. 5508N peatland black spruce 1875 42 4.15 584
114 15W tamarack 2250
upland black spruce 325 81 15.90 20.80
white spruce 416
aspen 240
2. S52'N peatland black spruce 4176 4 447 5.37
114 02’W tamarack 528
upland black spruce 1056 55 1237 17.90
white spruce 112
tamarack 16
3. 5325'N peatland black spruce 1648 n 58 195
116 o'W tamarack 2250
upland black spruce 592 91 16.62 2100
white spruce 528
tamarack 14

tion ecology were examined for peatland and upland
populations of black spruce. Another paper will present
results of a comprehensive examination of seedling mor-
phology and ecophysiology under a variety of environ-
mental conditions.

Methods

Three pairs of peatland and upland populations were
selected in Alberta (Table 1). Sites 1 and 2 were about
25 km apart and 120 km away from site 3. Peatland and
upland populations at each site are about 1 km apart.
Within each of the 6 populations, 40 black spruce trees
were selected for collection of cones. They were dominant
or codominant, and at least 40 m apart. Average stand
height, diameter at 1.5 m height, and age were estimated
from the first 15 trees in each stand (Table 1). Trees were
aged by counting the rings on discs cut from the stem
base. Stand density was estimated by making total counts
of all trees (taller than 1 m) in a 25 m x 25 m plot
(Table 1).

More than 50 one-year-old cones were collected from
the upper portion of the crown of each tree in June, 1989.
Cones were stored at 3 °C from 1 to 4 weeks and then
dried at 50° C for 24 hours. Seeds were extracted by
shaking dried cones, then dewinged, cleaned, and stored
by seed lot at 3° C.

Isozyme Study

Seeds from the 40 sample trees in each stand were ger-
minated at 25° C for 5 days. Haploid megagametophytes
were used for electrophoresis. The extraction buffer con-
tained 0.1M tris, 0.2M sucrose, 2% PEG 8000, 0.6% PVP,
1M EDTA, 0.1% BSA, 0.002M ascorbic acid, and 0.66%
mercaptoethanol. The horizontal electrophoresis gels (22
em x 7 cm x 1.2 cm) contained 12.5% starch. Banding
patterns of 16 enzyme systems were studied using three
buffer systems. A tris-citrate/lithium-borate buffer system
(PH 8.1) (Ripgeway et al, 1970) was used to analyze
glutamate dehydrogenase (GDH), shikimate dehydrogenase
(SKD), colorimetric esterase (CE), leucine-aminopeptidase
(LAP), and malic enzyme (ME). This system was run at
300 v and 4 °C for about 2.5 hours. A histidine-tris (pH 7.0)
buffer system (CueLiak and PirEL, 1984) was used to analyze
6-phosphogluconic dehydrogenase (6PG), acid phosphatase
(APH), aspartate aminotransferase (AAT), phosphoglucose
isomerase (PGI), and glucose-6-phosphate dehydrogenase



(G6P). Finally, a continuous tris-citrate buffer system
(0.028 M citric acid, 0.13M tris, pH 7.0) was used to analyze
malate dehydrogenase (MDH), fluorescent esterase (FLE),
isocitrate dehydrogenase (IDH), adenylate kinase (AK),
phosphoglucomutase (PGM), and aconitase (ACO). The
last two systems were run at 200 v and 4 °C for about 3
hours. Staining techniques and procedures were similar
to those of YEn and O’MALLEY (1980). Additional staining
solutions were: AK — 100 ml Tris (Trizma base, 0.2M, pH
8.0), 2 ml 1% NADP, 1 ml 10% MgCl, 2 ml 1% PMS, 2 ml 1%
MTT; GGP — 100 units of G-6PGH, 100 mg glucose, 100 mg
ADP, 7 mg hexokinase; APH — 300 mg Na-alpha-napthyl
acid phosphate, 150 mg Fast garnet GBC salt, 90 ml Na
acetate (0.2M, pH 5.0), 2 ml 10% MgCl; FLE — 10 mg 4-
methylumbelliferyl acetate, 24 ml Na acetate (0.2M, pH
5.0); LAP 100 ml Tris/Maleic buffer (Tris 0.2M and Maleic
acid 0.2M, pH 5.3), 2 ml 10% MgCl, 100 mg J.-leucyl-beta-
napthylamide, 140 mg Fast black K Salt; and, SKD —
80 ml Tris (0.2M, pH 8.0), 0.60 g agar, 2 ml 1% MTT, 2 ml]
1% PMS, 2 ml 1% NAP, and 4 mg shikimic acid.

The inheritance and linkage of the allozymes for the loci
studied here have been determined (Yeu et al., in pre-
paration?). To infer parental genotypes, 8 haploid mega-
gametophytes per parent tree were assayed individually.
Megagametophytes from trees that were homozygous at
most loci were run on each gel as standards. When in-
terpreting the electrophoretic banding patterns, multiple
loci for a given enzyme system were designated as 1 for the
locus coding the most anodal zone, and 2 for the next,
etc. The most common allele at each locus was designated
as 0, with alleles coding faster moving bands, as 1, 2, etc,,
and slower, as —1, —2, etc.

Data analysis was done using univariate methods.
Heterogeneity X2-tests (WorkmaN and NiswaNDER, 1970)
were employed to detect differences in allele frequencies
among the 6 populations, 3 sites, populations within
habitats, and between habitats. BIOSYS-I (Sworrorp and
SeLanDER, 1981) was used to calculate the mean number
of alleles per locus based on all the loci, percentage of
polymorphic loci (frequency of most common allele <
0.99), F-statistics (WricuT, 1965), genetic identity (NEi,
1978), and average expected heterozygosity based on
HarpY-WEINBERG expectation,

Seed Germination Test

A preliminary test showed that almost no germination
occurred at 10 °C or 40 °C. On this basis, 15 °C, 25 °C, and
35 °C, representing a range of temperatures under which
seed germination could be expected to occur in nature,
were chosen for the test. Seeds were germinated in the
dark in 3 germinators, each set for one of the 3 constant
temperatures resulting in a simple split-plot experimentai
design with temperatures as whole plots. Within each
germinator, seeds from each population were subjected to
4 water potentials (0 MPa, —0.5 MPa, —1.0 MPa, and —1.5
MPa) to give a factorial set of 12 treatments. Polyethylene
glycol (PEG) 6000 was added to distilled water to provide
the appropriate water potentials at each temperature. The
concentrations of PEG were calculated by extrapolation
of the equation given by MicHEL and Kaurmann (1973), and
the water potentials produced were checked with a Wescor
Dew Point Microvoltmeter HR-33T. The solutions con-
tained 0.025% Thiram to prevent fungus infection.

t) Yen, F. C,, EL-Kassasy, Y. A, and Kuawn,, M, A. K.: The genet-
ics and linkage of isozymes in black spruce (Picea mariana).

35 trees per population had enough seeds for the planned
experiments. Three seeds per tree from the 35 trees in
each population were bulked to form each replicate. Four
replicates of each population were exposed to each of
the 12 treatments. The 105 seeds of each replicate were
sown on filter paper (#3, Whatman) in a petri dish (dia-
meter 9 cm). 5 ml of the solution with appropriate water
potential was added to each petri dish, and the petri dish
was wrapped with  Saran Wrap to prevent water evapora-
tion. A total of 96 petri dishes (6 populations x 4 water
potentials x 4 replicates) were placed in each germinator
at random.

Germinants (radicale breaking seed coat) were counted
and removed once a day for 30 days. Then, a cutting test
was done to obtain the total number of filled seeds for
each replicate. Total germination percent (G% = (number
of germinants/number of filled seeds) x 100) per replicate
and the number of days to reach 50% of the G% (R50)
were calculated for each replicate. Analysis of variance
(ANOVA) was conducted using SPSS-PC (Norusis, 1988).
Significant differences among means were further exam-
ined by the SNK-test. The significance level used in all
statistical tests in this study was p < 0.05.

Results

Allozyme Frequencies and Variability

The 16 enzymes were coded by a total of 28 electro-
phoretically demonstrable loci. Of these, 20 loci were
polymorphic with a total of 51 alleles. The 8 monomorphic
loci were Aat-3, Aph-1, G6p-1, Me-1, Pgi-2, Pgi-3, Pgm-1,
and 6pg-1. Estimated allele frequencies for the 6 popula-
tions, are given in table 2. The mean number of alleles
per locus, percentages of polymorphic loci, and mean
observed and expected heterozygosities were similar
among the 6 populations, and between the 2 habitats
(Table 3).

Table 2. — Allele frequencies of the polymorphic loci for the 6
populations (the least frequent allele at each locus is not shown).

Peatland Upland
# allcles Site
Locus per locus  Allele 1 2 3 1 2 3
A1l 2 1 915 1.000 915 975 975 925
Aat-2 2 V] 1.000 1.000 988 988 988 950
Accl 4 0 613 62 625 £25 525 650
1 213 125 287 275 250 213
2 162 112 087 .100 225 138
Akl 2 0 1000 1.000 988 1.000 1.000 1.000
Ak-2 2 0 813 200 715 788 13 788
Aph-2 2 0 988 988 1.000 1.000 1.000 1.000
Ce-t 2 0 1.000 1.000 1.000 1.000 1.000 988
Fle-1 2 0 925 938 887 962 950 850
Gah1 2 0 725 738 750 800 75 700
Idh-1 2 [} 1.000 1.000 988 1.000 1.000 1.000
Idh-2 3 [} 450 438 538 300 438 550
1 550 550 463 700 563 438
Lap1 2 1 538 550 538 550 12 500
Mdh-1 0 962 950 950 962 962 938
1 025 38 038 05 025 063
2 o3 000 013 o013 o3 000
Manz 3 0 915 988 913 62 950 o13
1 025 o3 o715 8 050 015
Mdab3 3 0 563 800 815 563 788 287
1 an 125 063 087 150 050
Me2 4 0 887 250 250 £87 813 £75
1 a2 a2 125 100 162 a2
2 000 05 s 013 025 o013
Pgi-1 2 0 988 1.000 1.000 1.000 988 1.000
Pgm2 3 0 328 215 3% 25 425 36
1 663 72 637 663 575 637
2 013 o13 013 013 000 000
Skd1 4 0 £37 £50 25 £75 488 2
-1 175 188 200 .188 128 150
1 138 162 150 18 a78 125
6pgz 3 1 663 an £75 £25 563 78
2 313 250 215 a3 287 13
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Table 3. — Genetic variability at 28 loci (standard errors).

Mean number Percentage Mean heterozygosity
Data of alleles of loci
Source per locusV polymorphlc"’ observed expected¥
Peafland 4 19 s1a o152 0163
©2) (0.0%9) (0.040)
2 18 500 0.148 0.156
02) (0.037) (0.038)
3 19 60.7 0.161 0173
(02) (0.039) (0.039)
Upland 1 18 536 0.158 0.155
©02) (0.040) (0.038)
2 18 s11 © 0360 0.174
02) © (0040) (0.041)
3 19 571 0.162 0174
02) (0.039) (0.038)
Mean 19 559 0.157 0.166
Peatland 21 609 0.154 0.164
©2) 0.037) (0.0%9)
Upland 20 617 0.160 0.169
©2) (0.039) (0.039)
Site 1 19 60.7 0.155 0.159
02) (0.039) (0.039)
2 20 60.7 0.154 0.166
©02) (0.038) (0.040)
3 20 643 0.161 0173
02z (0.038) (0.038)

1) Calculated on the basis of all loci.

) Frequency of the most common allele < 0.99.

) Unbiased estimate (Nel 1978) based on Harpy-WEINBERG eXpecta-
tion.

Overall, there was very little differentiation for allozyme
frequencies among the 6 populations, 3 sites, populations
within habitats, or between habitats based on X2-tests,
F values, and genetic identities (Table 4). The X3-test
showed significant differentiation among the 6 populations
only at one locus, and among populations of the upland
habitat at two loci (Table 4). These represent 3.5% and

Table 4. — Results of analysis of allozyme variability, A: hier-
archical heterogeneity X3*-tests (df in brackets), B: Fst-values,
and C: mean genetic identitiess).

Among populations within

Among all Between

Locus populations habitats peatlands uplands
Astl 82 (9 265 (1) 2 @ B @
Ast2 867 (9 2 (1) 20 @) 29% (2
Aco-1 1830 (19 64 () 864 (6) 606 (6
Ak-1 a3 (9 104 (1) 20 @ 00 @
Ak-2 056 (5 00 (1) 035 () 020 @
Aph-1 34 (9 20 () 105 000 ()
Ce-1 (9 14 (1 00 () 2 @
Fle-l o (9 s (1) 18 @ 828 (2°
Gdb-1 34 (9 010 (1) o3 (9 351 (2
Idh-2 33 ( 104 (1) 20 () 000 (2
1db-3 1766 (9)° 13 () 38 27 @
Lap1 068 (5 021 (1) 0w @ s ()
Mdb-1 61 () 19 (3 339 (6 12 ()
Mdh-2 1094 (10 0t (@ 694 (4 34 @)
Mdh-3 92 (19 006 (2 w2 @) 3 @
Me-1 149 (15 m @ 24 (@) 213 (6
Pgi-l 47 (5 000 (1) 20 () 20 (2
Pgm2 724 (10) 245 Q) 108 4 30 )
Skd-1 867 (i 228 () a3 6 207

6pg-1 0 (10) o @ 1% @ 254 (4)
Total 13900  (160) 2500 (32) 5100  (64) 6300  (64)
Fy, 0.010 0.001 0.005 0012

L 09998 1.0000 1.0000 0.9989

%) Frequencies of all the alleles of the polymorphic loci were
used in the analyses.
*) Chi-square value is significant at 5% level.
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Table 5. — ANOVA results for total germination percent (G%),
and R50 (number of days to 50% of the G%).

G%Y RS0
Source df Pvalue  df Pvalue? df Pvaluey

T (temperature) 2 (split-factor, not tested)

W (water potential) 1 0.000 0.000

S (site) 2 0722 2 0.004 2 0.000
H (habitat) 1 0.037 1 0.000 1 0.000
TxW 2 0.000

TxS 4 0625 2 0458

TxH 2 0.000 1 0375

WxS 2 0312 2 0418

WxH 1 0512 1 0798

SxH 2 0.768 2 0.000 2 0.000
TxWxS 4 0393

TxWxH 2 0291

TxSxH 4 0.065 2 0853

WxSxH 2 0466 2 0041

TxWxSxH 4 0.003

1) G% by S, H, T (15 *C, 25 *C, 35 *C), W (0, —0.5 MPa), and their
interactions.

) RS0 by S, H, W (0 and —0.5 MPa), and their interactions at
temperarure 25 *C.

) RS0 by S, H, T (25 °C, 35 *C) and their interactions at water
potential OMPa.

7.0% respectively of the total number of loci detected.
Hence, this is close to the 5% occurrence of significant
differences which is expected by chance when using
p < 0.05. The data indicated greater differentiation among
populations within habitat types (Fy = 0.005 and 0.012)
than between habitat types (Fg, = 0.001). Variation among
upland populations (Fy; = 0.012) was twice that among
peatland populations (Fy, = 0.005), although these dif-
ferences may not be significant.

Seed Germination

At water potentials lower than —0.5 MPa, no germina-
tion occurred. At 15 °C and 0 MPa or —0.5 MPa, or 35 °C
and —0.5 MPa, only a few seeds germinated sporadically;
thus, R50 was not calculated for these treatments. There-
fore, the data were analyzed by 3 ANOVA’s, G% at 3
temperatures by 2 water potentials (0 MPa and —0.5 MPa),
R50 at 0 MPa by temperatures (25 °C and 35 °C); and
R50 at 25 °C by 2 water potentials (0 and —0.5 MPa).
These ANOVA results are summarized in table 5.

The 4-way interaction (site x habitat * temperature x
water potential) was significant for G%. (Table 5), so its
means were further analyzed by SNK-test (Table 6). At

Table 6. — Means of total germination percent by water po-
tential by temperature by site by habitat.

WATER POTENTIAL (MPa)
) 05
TEMPERATURE TEMPERATURE (°C)
SITE HABITAT 15 25 35 15 25 35
1 Peatland 1102a  919a 9138 7112 66.05a 6.62aY
Upland  2343b 91864 8599 12542  5805a 18.83b
2 Peatland 1395ab 9297a  86.62a 4462 6738 1721b
Upland  2111b 93352  838la 10642 6588 1667
3 Peatland 1350ab 9191a  87.49 549  6L56a 18.60b
Upland 2369 92082  8744a  1120a 6579 637
Mean Peatland 1235 92.27 83.50 5.69 65.00 14.14
upland 2274 9243 85.75 1146 63.24 1396
Overall mean 1778 9235 8713~ 857 64.12 1405

1) In each column means marked by different letters are different
at 5% significance level by SNK-test.



Table 7. — Means of R50 (number of days to 50% of the total
germination percent) by Water Potential by Site by Habitat at
temperature 25 °C.

WATER POTENTIAL (MPa)
0 05
SITE SITE
HABITAT 1 2 3 1 2 3
Peatland 3.56a 3.71a 437> 6.24cd 6.66¢ 7.40e"
Upland 322a 332a 341a 6.65¢ 5.78d 6.02cd

1) Means marked by different letters are different st 5% sig-
nificance level by SNK-test.

Table 8. — Means of R 50 (number of days to 50% of the total
germination percent) by Site by Habitat (averaged for 25 °C
and 35 °C) at 0 MPa.

SITE
HABITAT 1 2 3
Peatland 3.50b" 3.69¢ 4.28d
Upland 3.15a 3.25a 3.26a

1) Means marked by different letters are different at 5% signifi-
cance level by SNK-test.

0 MPa, G% was much lower at 15 °C than at 25 °C or
35 °%C. At —0.5 MPa, seeds germinated much better at
25 °C than at 15 °C or 35 °C. On average, G% decreased
from 65.75% at 0 MPa to 28.91% at —0.5 MPa. At 15 °C
(0 MPa or —0.5 MPa), seeds from upland populations had
a higher G% than those from peatland although the dif-
ference was only significant for site 1 at 0 MPa. At —0.5
MPa and 35 °C, site 1 showed a higher G% in the upland
population compared to -the peatland. However, the
opposite trend was seen between habitats at site 3.

In ANOVA testing effects of habitat, water potential (0,
—0.5 MPa), and site on R50 at 25 °C, the 3-way inter-
action was significant (Table 5), thus the means were
further analyzed by SNK-test (Table 7). Generally, seeds
from upland populations germinated faster than those
from peatland ones. The difference was significant for
site 2 at —0.5 MPa and site 3 at 0 MPa or —0.5 MPa.
Within peatland populations, site 3 had significantly
slower germination than site 1 or 2.

In ANOVA testing effects of site, habitat, and tem-
perature (25 °C, 35 °C) on R50 at 0 MPa, the 2-way inter-
action, habitat x site, was significant (Table 5). Upland
populations had similar R50’s which were significantly
smaller tl.an those for peatland populations (Table 8).
The 3 peatland populations had significantly different
R50’s. The largest difference between habitats occurred at
site 3, where the peatland population showed much slower
germination.

Discussion
Allozyme Variation

Environmental differences between upland and peatland
habitats may be expected to lead to development of
edaphic ecotypes in black spruce (O’RemiLy et al., 1985).
However, we found little genetic differentiation at the
isozyme level between the 2 habitats. This agrees with
other isozyme and morphology studies on peatland and
upland black spruce in eastern Canada (FowLER and
MuLLiN, 1977; Parker et al., 1983; BoyLe et al., 1990).

We found that the majority of genetic variability was
intrapopulational, with a very small proportion among
populations (Fy, = 0.01) or sites (Fy, = 0.005). As in other

conifers, large population size and continuous geographical
distribution, longevity of stands, pollen and seed dipersal
by wind, high outcrossing, and lack of effective barriers
to gene flow among populations of black spruce (GuriEs
and Lepic, 1981; YEH, 1981; CHELAk et al., 1988) likely have
contributed to lack of significant genetic variability among
populations, and between habitats.

Seed Germination Ecology

We hypothesized that seeds from peatland and upland
populations would differ in their germination response
as a result of adaptive evolution. Thus, they would ger-
minate better in conditions similar to those of their native
habitats. To support this hypothesis, interactions between
habitat (H) and temperature (T), water potential (W), or
T x W should be significant with seeds from uplands
germinating better at higher temperature and lower water
potential. Although we found a significant H x T effect
on G%, this was due to the better germination by upland
populations at low temperature with no consistent dif-
ference between habitats at —0.5 MPa and 35 °C (Table 6).
H x T had no significant effect on R50. H x W had no
significant effects on G%, and its effects on R50 varied
among the sites (Table 7). Further, T x W did not affect
G0 between habitats, but did show site-dependent effects
(Table 6). Thus, when significant, the interactions to test
the hypothesis did not conform to expectations. However,
they often had significant site-dependent effects which
might reflect the influence of local site-specific selection.

Several explanations are possible for the lack of con-
cordance of the germination results with expectation.
First, selection is expected to be severe during germina-
tion and seedling establishment when temperature and
moisture are most critical. However, successful germina-
tion and establishment may also be determined by the
availability of ’safe sites’ (Hareer, 1977), which may vary
little betwen habitats with respect 'to selection pressure.
Secondly, if germination occurs during the wet period
in early spring, the differences between the two habitats,
with respect to moisture conditions, may be less than we
originally expected. Thirdly, even if upland black spruce
germinates better in lower moisture and higher temper-
ature conditions than peatland black spruce, drought
or heat resistant genotypes could be selected for in peat-
lands during early seedling growth as the upper peat
surfaces may be very dry and warm later in the year
(DenyeEr and Rirey, 1964; R. RoruweLL, unpublished). Fi-
nally, since black spruce is primarily outcrossing, if
selection is not strong, extensive gene exchange between
adjacent populations may overcome the effects of selection
so that little or no ecotypic variation is evident (Forb,
1964).

Seed germination behaviour is influenced by genotype
but also reflects conditioning effects of climate and soil
of the maternal environment (Rowg, 1964) including site
fertility (YounceErg, 1952). We found seeds from upland
trees germinated more at 15 °C than peatland seeds (Table
6) and also, generally, germinated faster (Table 7, 8).
Haseck (1958) reported higher germination for upland
white-cedar than for lowland. In black spruce, Mor-
GENSTERN (1969a) found germination speed and percent
decreased with increasing soil moisture regime of the site
of seed origin. The lower nutrient availability of peatland
may be reflected in low seed vigor and poor germina-
tion of seed from peatland trees. Therefore, the germina-
tion differences between habitats might mainly reflect
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the influence of the maternal environment rather than
genetic effects.

Conclusions

Both allozyme and germination studies showed little
genetic differentiation between upland and peatland
habitats. There were some significant habitat effects on
germination although not as hypothesized, and often they
were site-dependent. In general, seeds from upland trees
germinated better than those from peatland. These differ-
ences might reflect selection and/or maternal effects. Either
way, they have significant implications in reforestation
and will be examined further .in ‘greenhouse studies of
seedling morpholegy and ecophysiology in response to
a range of environments.
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