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ABSTRACT

In the spring of 1968 a range-wide provenance
trial of yellow birch, Betula alleghaniensis Britt., was
established in southern New Brunswick in coopera-
tionwith the U.S.D.A. Forest Service. After 16 years,
genetic variation among provenances is large in
respectto survival, growth, stem quality and suscep-
tibility due to some damaging agents. Correlation of
these factors with geo-climatic variables is too weak
to be useful in identifying areas of better prove-
nance. Trees of provenances from south of latitude
45°N or from the northern and western limits of the
species range do not perform well in New Brunswick.
Age 10 age correlations are strong suggesting that
better provenances can be identified at age 10
years.

Uniess economical methods of planting and
tending can be developed, the production of gene-
tically improved yellow birch, although possible,
does not appear to be a viable alternative to natural
regeneration methods. An inexpensive method for
the genetic improvement of yeliow birch seeds to
service a modest reforestation program is presented.

RESUME

On procede depuis le printemps de 1968, en
collaboration avec le Service forestier du Ministére
fédéral americain d'Agriculture, & un test de prove-
nance a la grandeur de l'aire de distribution du
bouleau jaune, Betula alleghaniensis Britt., dans le
sud du Nouveau-Brunswick. Aprés 16 ans, la varia-
tion génétigue entre les provenances est considér-
able pour ce qui est du taux de survie st de
croissance, de fa qualité des tiges et de la sensibilité
a certains agents nuisibles. La corrélation entre ces
facteurs et les variables géo-climatique est trop
faible pour nous permettre d'identifier les régions a
meilieures provenances. Les arbres de provenances
des régions au sud du 45° de latitude Nord ou des
limites nord et ouest de Vaire de distribution de
espéce n'ont pas un bon rendement au Nouveau-
Brunswick. Les coefficients de corrélation d'age &
a4ge semblent indiguer que les meilleures prove-
nances peuvent &tre identifiées a I'age de 10 ans.

A moins quel'on ne parvienne a mettre au point
des méthodes économiques de plantation et
d'entretien, la production de bouleau jaune de
composition génétique améliorée, méme si elie est
possible, ne sembie pas constituer une solution de
rechange viable aux méthodes de régénération
naturelle. Une méthode peu colteuse d’améliora-
tion génétique des semences de bouleau jaune,
pour un programme modéré de reboisement, est
présentée,



INTRODUCTION

Yellow birch, Betula alleghaniensis Britt., isone
of the largest and most important hardwoods in
northeastern North America. Logs of high quality
arein demand for dimensional stock and veneer and
wood is alsc in demand for kraft pulp and paper.
Although an important forest species, yellow birch
is not an important component of any reforestation
program.

The range of yellow birch extends from
Newfoundtand to western Minnesota and south
along the Appalachian Mountains to northern
Georgia (Figure 1). Clausen (1973a) provides a
detailed review of the taxonomy and evolution of the
species, Although hybrids of yellow birch and
B. pumila L. are common in southern parts of the

Lake States (Dancik and Barnes 1972) and hybrids
of yellow birch and B. papyrifera Marsh. occa-
sionally occur over a large part of the species range
(Clausen 1973a), natural hybridization does not
appeéaricbeanimpartant contributorto variation in
this species (Clausen 1973a).

Much of the information on genetic variation in
yellow birch is derived from a series of provenance
trials organized by the U.S.D.A., Forest Service,
Rhinelander, Wisconsin (Clausen 1973a). Results
from the nursery phase ¢f this study indicated mipnor
differences in second year survival. Seedlings of all
provenances showed evidence of winter injury
although those from northern and eastern prove-
nances were generally less damaged. Differences
among provenances in respect to growth, although
highly significant, appeared to be random {Clausen
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Figure 1. Natural range of yellow birch and location of 45 provenances tested at McDonald Corner, N.B.
Adapted from Clausen (1968).



and Garreti 1969). The lack of a well defined pattern
of variation for seedling height was also reported in
a study of 46 Quebec provenances at 2 years of age
(Corriveau 1971 in Clausen 1973a). Within-prove-
nance variation for seedling height at ages 2, 3, and
4 years and diameter at 4 years , is often greater than
differences among widely separated provenances
(Glausen 1873b).

Variation among provenances in respect to
growth initiation and especially growth cessation is
essentially ciinal {Clausen 1888, Clausen and
Garrett 1969, Sharik 1970). In general, trees from
high latitudes and high elevations tend to flush later
and stop growth earlier than those from lower
latitudes and lower elevations. For both growth
initiation and growth cessation, there are a number
of provenances which do not fit the general variation
pattern. Variation in growth initiation and cessation
is iess important within provenances than between
provenances (Clausen 1973a).

Between 1966 and 1968, eleven field trials of
seedlings from 30 to 55 provenances were estab-
lished in the United States and Canada. Survival in
six of the trials was too low for valid comparisons.
Clausen (1975) reported on survival and growth of
the other five trials at age 5 years from planting.
These are {ocated in Wisconsin, Michigan (2), New
York, and New Brunswick.

At five years of age, provenance appeared to be
an important source of variation for survival in the
three northern trials with trees of northern prove-
nance exhibiting better survival than those of
southern provenance. In the two more southern
trials this pattern was not evident. Variation in
B-year height did not exhibit any well defined
patiern and the interaction between provenance
and test location was large. Few provenances were
consistently good over all location {Clausen 1975).

In this paper we describe survival, growth, and
susceptibility to damaging agents {0 age 16 years
for the provenance ftrial established in New
Brunswick.

MATERIALS AND METHODS

Materials for this study were provided by Dr.
K.E. Clausen, formerly of the Institute of Forest
CGienetics (IFG), United Siates Forest Service,
Rhinelander; Wisconsin and are part of IFG coop-
erative test G. 242. Foer more information concerning

the seed and seedling aspects of this test, thereader
is referred to Clausen (1973a).

Seeds for this study were collected in 1963 and
1964 by cooperators in the United States and
Canada (Table 1, Figure 1). The seeds were ger-
minated in flats in May 1965 and transplanted into
four complete blocks at the Mugo Sauer Nursery at
Rhinelander where they were raised as 3-0 stock.
On April 24, 1968, 40 seedlings from each of 45
provenances were shipped, air freight, and arrived
in Fredericton on April 26. The seedlings arrived in
good condition and were inspected (Can. Dept.
Agric., Plant Protection) and placed in cold stdrage
{2° C} unti! just prior to planting on May 8, 10, and
11. All seedlings were watered by hand on May 11
and on May 19 they were again watered using a
poriable irrigation system.

The test site is at McDonald Corner, N.B. 75km
SSE of Fredericton on former agriculturai land. The
test site was plowed in the fall of 1967 and disked in
thespring of 1268. The seedlings were planted at 2.4
% 2.4m {8 x 8 ft.) in a randomized block design with
4-tree square plots, replicated 10 times (Appendices
P and ). A double row of 2-2 white birch of local
origin was planted around the test on May 28.
Replicates 1 and 2 are situated on a former hay field
which isstony and poorly drained. Replicates 31010
are on aformer strawberry field which is moderately
stony and fresh.

Several of the provenances had one o three
seedlings missing . All misses were assigned to
Replication 9. The missing seedlings, as weli as a
few seedlings that died shortly after planting were
replaced with 4-0 stock from Rhinelander in 1969,
The test was weeded once during the summer of
1968, Damage by meadow voles (Microtus
pennsyfvanicus Ord.), which was fairly severe dur-
ing the winter of 1969-70, was subsequently con-
trolled with poison grain bate. inthe summer of 1970
a 1 x 1m sheet of black polysthylene was secured
around the base of each seedling fo help control
weeds. in December 1884, all surviving trees, many
of which had developed multiple stems, were
thinned to a single stem and pruned to a height of
2.5m {Figure 2).

Survival was recorded annually from 1969
through 1973. In August 1971 {4 years from plani-
ing}, the following observations or measurements
were recorded: total height, stem form (single vs. 2
or more), vole damage, and insect (leaf miner,



Table 1. Originand geo-climatic characteristics of 45 yellow birch provenances planted at McDonald Corner,
N.B. {adapted from Clausen 1968)

State Growing Parent
Provenance or Lat, Long. Elevation season trees
No. Province (°N) {("W) {m) (days) {No.}
3243 Newfoundiand 472 534 15 110 11
3244 " 48.6 58.2 120 110 10
3241 Nova Scotia 46.6 60.5 30 120 10
3085 " 454 61.8 105 102 18
3242 " 44.8 65.2 200 130 10
3063 " 44.1 65.8 105 140 10
3068 New Brunswick 46.0 66.4 a0 126 1
3066 ” 47.4 65,2 a0 130 10
3001 Quebec 492 65.1 90 135 8
2998 " 48.2 70.2 305 107 15
2997 " 47.0 70.3 120 120 12
2999 v 47.4 726 305 107 15
3000 " 47.5 75.0 460 a0 15
3002 Ontario 451 76.9 305 115 10
3003 46.1 79.0 305 115 10
3004 " 46.7 79.6 305 115 10
3309 " 47.5 84.8 305 110 10
2056 Maine 43.7 709 305 130 14
2086 New Hampshire 43.5 714 395 130 13
2082 Vermaont 44,7 726 380 115 13
2971 Massachusetis 427 73.2 490 150 15
2980 New York 44.2 749 495 111 12
2996 " 425 74.2 640 135 8
2976 423 77.3 395 145 10
20979 Pennsyivania 41.3 763 700 150 10
2869 West Virginia 38.0 79.7 670 145 10
3299 Virginia 37.8 79.1 15 175 11
2959 Naorth Carolina 357 82.3 1570 135 10
2973 Georgia 34.8 338 1430 185 10
3204 Kentucky 369 829 1100 180 10
2958 Indiana 383 86.5 215 165 7
3295 lowa 42.4 931 320 150 10
2957 Michigan 47.9 89.1 230 120 10
2961 " 45.0 85.0 305 110 10
2360 " 45.9 84.8 190 140 10
2978 " 46.7 87.9 510 110 11
2968 Wisconsin 486.5 921 350 140 15
3298 B 457 89.0 520 110 10
3297 " 445 90.4 335 130 10
2962 Y 449 872 180 145 10
2963 " 43.1 884 275 165 15
2964 Minnesota 442 4.1 245 150 12
2965 " 47.2 95.2 450 100 10
2366 " 476 925 520 110 10

2067 " 47.8 20.2 425 130 10







Table 2. Analyses of variance for survival, growth, stem quality, damaging agents, and flowering character-
istics of yellow birch from 45 provenances growing at McDonald Corner, N.B.

Mean squares’ for

Characters Provenances Error
Height at age 4 (HT4) 2611.29 ** 1539.02
Height at age 10 (HT10) 1.90 * 0.69
Height at age 16 (HT16) 63.75 ** 38.56
Single stem height at age 16 (S8H) 48.84 ns 52.90
DBH at age 16 (DBH) 32155 ** 187.01
Survival at age 4 (SUR4) 578.85 " 356.47
Survival af age 10 (SUR10) 1567.84 ** 569.04
Survival at age 16 {SUR16) 1709.84 ** 973.07
No. of single stem trees at age 4 (STEM4) 1.05 ns 1.27
Number of stems at age 10 (STEM1(Q) 1.34 ** 0.72
Vole damage by age 4 (VOLE) 0.92 ns 0.96
Leaf miner damage at age 4 (LEAF) 333.64 "~ 128.11
Trees with dead top at age 10 (DT) 0.02 ns 0.02
Butt damage at age 16 (BUTT) 0.54 ** 0.26
Presence of catkins at age 10 (CAT10) 0.10** 0.05
Presence of catkins at age 16 (CAT16) 0.26 " 0.11

‘Degrees of freedom for provenances are 44 for all characters. Error degrees of freedom are 315, except for
growth, butt damage, and presence of catkins at age 16 which are 283. **, *, and ns indicate significance

level at 0.01, 0.05 and non-significanace, respectively.

{mean 77%) and 8 {0 88% (mean 64%}), respectively.
Differences among provenances were highly signifi-
cant at all ages and at age 16 grouped into two
discrete clusters, Survival atages 4 and 10 years was
significantly correlated with survivai at age 16
(r=0.58 and 0.87, respectively}.

Survival at all ages was correlated positively
with latitude and negatively correlated with length
of growing season at the place of origin. There were,
however, some notable exceptions in that trees of
the most southern, high elevation provenances,
Georgia (2973) and North Carolina {2959) survived
well. The other southern, high elevation, prove-
nance from Kentucky (3294} had low survival as did
all other provenances from south of latifude 43°N.
Provenances close to the limit of the species range
in the north, i.e., Quebec (2999 and 3001},
Newfoundland (3243} and New Brunswick (3066) as
well as all the “outlier” provenances to the south-
west of the species range, i.e.,, Minnesota {2964),
iowa (3295) and Indlana (2958), also had low sur-
vival. With few exceptions, i.e., Nova Scotia (3242),
Wisconsin (3298), Ontario (3002}, Vermont (2982),
and Minnesota {2967), provenances from north of
latitude 44° N and from weil within the speciesrange

nhave above average survival and fall in the top
discrete cluster.

Growth

Differences among provenances in height at all
ages and DBH at age 16 were highly significant,
Height at age 4 ranged from 127 to 239%¢m {mean
195cm) (Table 5), however, no discreie ciusters
could be identified at the 5% level. At 10 and 16
years, height ranged from 2.2 to 5.3m {mean 4.8m)
and from 6.5 to 7.9m (mean 7.3m), respectiveiy, with
three and two clusters, respectively. DBH at age 16
ranged from 7.1 to 9.9cm (mean 8.7cm) and could
be separated into two clusters,

Height at 4 years was correlated with height at
10 years (r = 0.46) and height and diameter at 16
years {r = 0.35 and 0.41, respectively). Height at 10
years was correlated with height and diameter at 16
years (r = 0.58 and 0.47, respectively}. Height at 10
and 16 years and diameter at age 16 years were
positively correlated with survival at 10 and 16 years.

The correlations of growth variables and geo-
climatic variables of the provenances is not ciear. At
4 years, height was not correlated with any of the
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Table 4. Mean percent survival of yellow birch from
45 provenances planted at McDonald
Comner, N.B.

Survival at ages

Provenance 4 10 16
2056 96.9 875 C1 56.3 A?
2957 94.4 788 C 66.9 B
2958 63.2 11.7 A 75 A
2959 97.5 87.7 C 846 B
2960 88.1 819 C 74.2 B
2961 83.1 744 C 719 B
2962 83.1 80.6 C 756 B
2963 108.0 a06 C 75.0 B
2964 85.0 725 C 544 B
2965 90.0 900 C 713 B
2966 85.6 856 C 81.0 B
2967 96.9 781 C 62.5 A
2968 94,4 881 C 819 8
28869 9.3 60.0 B 46.3 A
2971 825 721 G 613 A
2973 86.3 813 C 769 B
2976 85.0 756 C 525 A
2978 86.9 83.1 C 806 B
2979 90.6 635 B 427 A
2980 96.9 844 C 65.6 B
2982 86.0 7586 C 62.5 A
2086 91.9 88.8 C 825 B
2996 85.0 575 B 60.0 A
2897 90.6 750 C 656 B
2898 100.0 806 C 750 B
2899 86.3 806 C 61.3 A
3000 91.3 888 C 742 B
3001 79.4 67.5 B 456 A
3002 96.9 875 C 62.5 A
3003 81.3 81.3 C 656 B
3004 88.3 846 C 690 B
3063 894 719 C 544 A
3065 85.4 854 C 79.2 A
3066 79.0 765 C 615 A
3068 90.6 844 C 75.0 B
3241 87.1 819 C 66.9 B
3242 79.8 66.3 B 548 A
3243 85.4 698 C 542 A
3244 96.9 938 C 875 B
3294 58.0 49.6 B 37.1 A
3295 86.3 83.1 C 54.4 A
3297 96.9 844 C 68.8 B
3298 88.8 708 C 575 A
3299 73.8 61.3 B 54.0 A
3309 76.3 738 C 713 B
Mean: 87.3 76.8 64.2
No. of

clusters: 0 3 2

Mean separation by cluster analysis (Scott and
Knott 1974, Gates and Bilbro 1978): means fol-
lowed by different letters belong to discretely
different clusters.

geo-climatic variables. However at age 10 height
was positively correlated with latitude (r = 0.43) and
negatively correlated with length of growing season
{r=-0.36). At age 16 height was no longer correlated
with latitude but was negatively correlated with
longitude (r = -0.31) and iength of growing season
(r = -0.36). Diameter at age 16 was correlated with
latitude {r = 0.40), longitude {r = -0.30), elevation
{r =-0.45) and length of growing season (r = -0.38}.
in general, the larger trees were from northern, low
elavation provenances.

Damaging agents

During the first and second year after plantation
establishment many seedlings were chewed or
girdied by meadow voles. Few seedlings were
actually killed as they put out new vigorous shoots
from the root collar. Vole damage undoubtedly
contributed to the large variance in growth evident
during the early stages of this trial. At age 4 years,
mean number of trees per plot with vole damage
ranged from 0.1 to 1.4 (mean 0.8) (Table 6). In
percentage, the damage ranged from 3 to 35%
(mean 19%), however differences among prove-
nances were not significant. Vole damage was not
correlated with any of the geo-climatic variables of
the provenances or with number of stems, survival,
or any other of the growth or quality variables.

Damage by the leaf miner was evident on most
seedlings at the time of measurement in 1971
(4 years). The percentage of leaves showing
evidence of miner damage, by provenance, ranged
from 40 to 73% {mean 60%) and differences among
provenances were highly significant. The degree of
damage could be divided into three discrete
clusters.

Leaf miner damage was strongly correlated
with geo-climatic variables of the provenances, i.e.,
latitude (r = 0.64), elevation (r=-0.52}, and length of
growing season (r=-0.58). It was also weakly corre-
lated with 4 year height (r = 0.35) and flowering at
age 16 years. Seedlings from high elevation,
southern provenances exhibited the least damage,
ie., Kentucky (3294) and Georgia {2973).

Stem quality

A high proportion of the trees planted in this
experiment developed multiple stems or large per-
sistent branches. At age 4 years, mean number of
trees with single leaders ranged from 0.9 to 2.3
{mean 1.6) (Table 6). In percentage, it ranged from
23 to 80% (mean 40%), however, the differences



Table 5. Provenance means for growth characters of
yellow birch from 45 provenances at
McDonald Corner, N.B.

Height at ages Single
stem _

Prove- 4 10 16  height' DBH
nance (cm) {m) {m) {m} {cm)
2856 2074 50C2 76B2 39 9.9 B2
2057 1944 49 C 72 A 3.8 B8 B
2958 1808 22 A B5A 3.4 7.9 A
2959 1985 51 C V5B 39 82 A
2060 2012 50C 788 41 99 B
2961 2002 50C 798B 4.3 9.2 B
2062 2255 53 C 788B 4.1 99 B8
2963 2023 45C 74 A 35 82 A
2964 1989 46 C 69 A 3.5 7.7 A
2065 1977 47 C T4 A 4.0 7.9 A
2966 2162 49 C 74 8B 3.7 89 B
2967 1841 46 C 66 A 3.3 B.6 A
2968 230.0 50C 73 A 4.3 85 A
2069 2024 45C 71 A 3.5 80 A
28717 1979 50C 76 B 4.0 92 B
2973 1799 46 C 69 A 3.3 7.8 A
2076 2020 48 C 778B 39 95 B
2978 1988 351 C 7.38B 4.0 938
2979 1842 41 C 7818 4.4 91 B
2980 2077 SH51C 74 B 3.8 B.1 A
2082 2062 43C 758 4.2 B4 A
2086 2393 5B1C 75 B 3.7 3.3 B
2986 2103 5H50C 74 B 4.0 92 B
2997 1849 51 C 75B 3.7 95 B
2898 2038 50C 748 3.6 9.0 B
2999 1768 49C 71 A 35 8.3 A
3000 2043 51 C 768 3.6 87 B
3001 1877 47 C 72 A 3.8 88 B
3002 2038 51C 748 37 94 B
3003 1852 49 C 768 3.9 94 B
3004 1809 47 C 738 4.0 8.1 A
3063 1757 47 C T2 A 38 84 A
3065 1896 52 C 78 B 3.6 96 B
3066 1651 48C 74 B 4.0 87 B
3068 19862 50C 75B 3.8 92 B
3241 1780 48 C 73 A 4.1 8.1 A
3242 1928 51 C 768 4.0 90 B
3243 1763 44 C 758 41 958
3244 2136 53 C 74 B 4.0 89 B
3294 1270 38B 69 A 3.8 7.1 A
3295 2054 50C 72A 3.6 85 A
3287 2048 48C 758 4.1 86 A
3298 1987 47 C V1A 3.5 81 A
3299 1888 48C T7.0A 3.9 75 A
3308 1858 48C 73A 3.7 89 B
Mean: 1954 438 74 3.8 3.8
No.of O 3 2 o 2
clusters

‘Height measured from ground to hase of major
branch.

2Mean separation by cluster analysis {Scott and
Knott 1974; Gates and Bilbro 1978): means fol-
lowed by different letters beiong to discretely
different clusters. :

among provenances were not statistically signifi-
cant. At age 10 years, the number of stems per tree
ranged from 1.1 to 3.5 (mean 2.5) and the differ-
ences among provenances were highly significant
resulting in two discrete clusters,

Number of stems was not correlated with any of
the geo-climatic variables, but was correlated with
10 year height (r = 0.52) and 10 and 16 year survival
(r=0.40 and 0.41, respectively). Number of stems at
age 10 was not correlated with total height, single
stem height, or diameter at age 16 years. Thinning
-and pruning at age 13, to leave a single branch-free
stem, resulted in considerable damage. Mean stem
quality (butt damage) rating at age 16 ranged from
2.3 t0 3.6 {mean 3.0) {(Table 6). Differences among
provenances were significant and separated into
two groups. Butt damage was positively correlated
only with number of stems at age 10 (r = 0.34).

Number of trees with dead tops {usually only
the current years shoot) was recorded at age 10
years. The percentage of trees with dead tops
ranged, by provenance, from 0.0 to 4.0% (mean
1.1%). There were no significant differences among
provenances and there were no significant correla-
tions with geo-climatic, growth, or damage vari-
ables. However, dead tops were correlated with
flowering at age 10 years {r = 0.32), indicating a
possible relationship with some unknown stress
factor.

Differences among provenances in single stem
height at age 16 vears, which ranged from 3.3 to
4.4m (mean 3.8m), were noisignificant. As might be
expected, single stem height was positively corre-
lated with 16 year height {r = 0.64) and diameter
{r =032},

Flowering

Number of trees with female flowers (pistillate
catkins) was recorded at ages 10 and 16 years. At
age 10 years, the mean number of trees per plot
bearing catkins ranged from 0.03 {1%) 10 0.46 (12%)
with mean 0.18 {5%) (Table 6) and at age 16 years
the range was from 1.3 (33%) 10 2.0 (50%) with mean
1.6 (40%). Differences among provenances in res-
pect to flowering were highly significant at both
ages, and were separated into two discrete groups.

At age 10 years, flowering was not correlated
with geo-climatic, growth, quality, or damage
variables except the presence of dead tops at age
10 years. At age 16 years flowering was weakly
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correlated with latitude (r=0.37) and length of grow-
ing season (r=0.35) as well as with the number of
stems at age 10 and leaf miner damage at age 4
years.

DISCUSSION

Yellow birch is a genetically variable species.
Significant differences among provenances have
been demonstrated for survival, winter injury,
growth, chilling requirements, growth initiation,
and growth cessation (Clausen 1873a). Most of
these variables are weakly correlated with geo-
climatic variables of the provenances such as
latitude and length of growing seascon. However,
variation among provenances from the same or at
{east similar geo-climatic regions is large. A similar
pattern of genetic variation emerges from the field
studies. Genetic variation among provenances is
large, however, correlations with geo-climatic
variables, although significant, are generally too
weak to provide a basis to identify areas of belter
provenance for use in a specific area. In general the
pattern of variation has a small clinal component
which is often masked by the much larger non-clinal
scotypic or random component,

Yellow birch from south of about 45° N {atitude
as well as from the extreme limits of the species
range, does notgrow well in central New Brunswick.
Trees of these provenances exhibit below average
survival, inferior growth, or both at age 16 years.
Trees from 10 of the 20 provenances from 44.9° N or
above, excluding 5 from the extreme limit of the
species range, were average, or above, for survival,
height and diameter at age 16, and consistently fell
in the highest discrete cluster for each of the
aftributes. These 10 better provenances were well
distributed across the range of longitudes sampled,
i.8., Minnesota (2966}, Wisconsin (2962), Michigan
{2960, 2961), Ontario (3003), Quebec (2997, 2998},
New Brunswick (3068), Nova Scotia (3065), and
Newfoundtand (3244). There does not appear to be
any one area of better provenance for use in centrai
New Brunswick.

The absence of a distinct pattern for survival
and growth, especially in the northern partof the species
range, i.e., 4410 48° N is unexpected. It suggests that
selection in response 1o geo-climatic variables is
not as important as it is for many other northern
femperate species. This lack of a distinct pattern is.
similar to that of red spruce (Fowler ef al. in press),
which, like yellow birch, is a late successional
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species. Neither of these species are especially well
adapted for establishment and growth in early
successional environments, e.g., plantations.
Yetlow birch is a component of a large number of
forest associations and may be present at most
stages of forest succession, however, it most com-
monly occursin climax associations (Fowells 1965).
Under forest conditions the species usually
develops a single stem. In more open situations,
including plantations, yellow birch has a propensity
to develop multiple stems. This was well demon-
strated in this experiment.

The significant age to age correlation for sur-
vival, height and diameter at ages 10 and 16 years
suggests that it is possible to identify superior
provenances at aboutage 10 years. This could be of
some advantage in identifying superior seed
sources, e.9., seed production stands.

Differences among provenances in respect 1o
number of stems, thinning and pruning damage,
leaf miner damage, and fiowering, although statis-
tically significant and of some biological interest,
are of little practical importance.

Clausen (1973b) reported on a study of within
provenance variation (among open-pollinated
families) of many of the same provenances included
in this study. He reported that within provenance
variation for height of 2, 3, and 4-year-old seedlings
was often greater than differences among the 21
widely separated provenances tested. Although
height growth of yellow birch is under strong
genetic control, selection based con phenotypic
evaluation in the wild is not effective, i.e., parent-
progeny correlation is weak {Clausen 1873b).

Implication for tree improvement

Yellow birch is not, and perhaps never will be,
an important reforestation species. Current annual
seedling production in the Maritimes seldom
exceeds 10 thousand trees, which is hardly enough
to justify any expenditure in tree improvement.
Methods to regenerate and tend yellow birch in situ
are well established (Fowells 1965). Harvesting
techniques that favor advanced regeneration, or
that expose mineral soil in the presence of asuitable
seed source, are effective. Cleaning and spacing
young stands to favor yellow birch can be used
effectively to favor high quality trees. Using current
technology it is doubtful if planting yellow birchis a
viable alternative to regenerating and tending the
species in situ, Before yellow birch can be seriously



considered for reforestation it will be necessary 1o
develop cost-effective techniques for its establish-
ment and aarly culiuyre in plantations.

The possibility of producing a genetically
superior yellow birch is good. The species Is
genetically variable at both the provenance and
within provenance levels of variation. it follows that
it should be possible to produce yellow birch that
have considerably better growth characteristics
than those that are currently available. Yellow birch
is a prolific seed producer, with crops of aver 80 mitlion
seeds/ha reported in good flowering years {Gross
and Harnden 1968). The interval between good seed
crops is about two years (Gilbert 1960). This
suggests that the number of seed trees required to
service a reforestation program is smalil. In the
following we suggest a relatively low-cost
procedure to produce genetically improved yellow
birch for reforestation in the Maritimes.

in a good flowering year, collect seeds from 20
yellow birch in each or § or mere locations within
the Begion. These trees should be healthy, at
least 100m apart, and located in an area where they
will not be cut. The trees need not be "plus” trees
and should be located where seed collection wilt be
convenient, i.e., along roads where they can be
reached with cone collection equipment. The loca-
tion of each tree should be identified for future seed
collection and appropriately marked.

The seeds, kept separate by mother tree, should
be used to establish provenance-progeny tests on at
least three appropriate sites in areas where yellow
hirch is considered to be potentiaily important for
reforestation. Early results from these tests will
identify genetically poor trees which can imme-
diately be eliminated from the program. By age 101t
should be possible to identify best provenances and
best individuals within provenances, at least in
respect to survivat and growth characteristics. Seed
collection can then be directed to these trees.
Siubsequent evaluation of the materials in the test at
15-20 years will make it possible to identify the
genetically best trees in respect to both quality and
growth.

If yellow birch ever does become an important
reforestation species in the Maritimes a more sophis-
ticated and more expensive improvement strategy
may be appropriate.
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Appendix I. Location and general layout of a trial of yellow bireh from 45 provenances planted at McDonald
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Appendix il Detailed layout of a trial of yellow birch from 45 provenances planted at MeDonald Corner, N.B. in
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