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Summary

In the Hokuriku Region along the Japan-
Sea side, central Japan, plantations of
Japanese cedar (Cryptomeria japonica D.
Don) are damaged frequently and
catastrophically by wet and heavy snowfalls.
In this study, the process of snow damage
and the recovery of these plantations were
analyzed by the pattern of light-climate
changes and of invasion of broad-leaved tree
species.

The species composition of forest
understory in the damaged plantations was
similar to that of oak forests dominated by
Quercus serrata Thunb. ex Murray and. @.
salicina Blume. However, some tree species
appeared at a high frequency especially after
the snow damage. As a result, the species
richness of damaged cedar plantations was
not always low compared to the other
secondary forests nearby.

The decreasing pattern of tree density of
planted cedar was statistically analyzed by a
method (Quantification 1) using explanatory
factors relating to forest management (tree
size, initial density, etc.) and environment
(topography, elevation, etc.). From the
partial correlation, the mean height,/
diameter (H,”D) ratio of planted cedar stems
was the highest for explaining the snow
damage. On the contrary, the initial plant
density was the highest for explaining self-
thinning.

The high risk of snow damage was
explained by the elevation factor, indicating
that the rate of damage became higher as the
lower elevation. However, the ratio of
damage in the low elevation varied widely
among the stands. The snow-damage was
also explained by management factors such
as the mean H,/”D ratio, the mean DBH
(diameter at breast height), and the yield

index. The effects of environmental factors



such as the angle of inclination, micro-
topography was small. Consequently, the
cedar plantation with a high density and at
an elevation of less than 200 m was worst hit
by the snow damage.

In the cedar plantation, the light
condition within the canopy gaps formed by
snow-damage was analyzed. The short and
young stands (15- to 30-year-old) gave
brighter light conditions compared to the tall
and old (50- to 70-year-old) stands for the
same-sized gap. However, the light condition
of gaps less than 7 m’ was as low as that
under the closed canopy regardless of tree
height. The relative light intensity (RLI) of
diffused light within a canopy gap, was the
highest at the center of the gap, although 1its
pattern varied with the gap shape.

An RLI of 30% is normally considered as
the lowest level necessary for the growth of
light-demanding trees. In calculation, an RLI
above 30% was attained by gaps with an area
>90.9 m’ and tree height <12.8m in a diffused
When the direct light

component was taken into account, even

light condition.

small gaps <25.9 nf’ can provide enough light
for undergrowth in the northern part of a
gap. This indicates that the direct light
penetration through a small canopy gap
creates an effective light environment for the
light demanding tree.

The ecological characteristics of 53
woody plant species were analyzed from the
seasonal change of their shoot elongation in
a cedar plantation (50-year-old). The
pattern was classified into two types, the
succeeding type which elongated for a long
term (Cornus controversa Hemsl., Magnolia
obovata Thunb., Sambucus racemosa L.
subsp. sieboldiana  Hara, Ligustrum
obtusifolium Sieb. et Zucc., etc.), and the
flash type which elongated for a short term
(Prunus grayana Maxim., @. crispula Blume,
Q. salicina, Zelkova serrata Makino, etc.).

Shoot elongation patterns are independent of

the life form (e.g. deciduous or evergreen,
tree or shrub), but related to the difference
of growth habitats of species. Secondary
elongated shoots of the succeeding type
played an important role of spreading their
branches in the crown space. These indicated
that the shoot elongation pattern of the
succeeding type and flush type adapt either
to the rich light condition in a gap, or to the
poor light conditions under the canopy.

The plant species invading the cedar
plantation were mostly woody plants with
bird-dispersed seeds. The number of species,
density, diversity, and similarity to adjacent
broad-leaved forest were different with the
place in stand, i.e., with the distance from
adjacent broad-leaved forests. The main
woody species in the warm temperate zone,
Q. salicina and @. serrata, tended to appear
in the broad-leaved stand or the boundary of
a cedar plantation. The density of
Hydrangea hirta ®ieb. et Zucc., Aucuba
japonica Thunb. var. borealis Miyabe et
Kudo, P. grayana and Lindera umbellate
Thunb. var. membranacea Momiyama tended
to be high within cedar plantations. On the
contrary, a few woody species (Rubus
buergeri Miq., Alangium platanifolium
Harms var. trilobum, etc.) tended to be
distributed only inside of cedar plantations.
Thus, the distribution tendency of the woody
plant species 1s regulated by the existence of
a canopy gap and the distance from mother
trees.

Most of the broad-leaved woody plants
invaded after the gap formation following the
snow-damage. The invasion period of C.
controversa, M. obovata, Mallotus japonicus
Muell. Arg. and Zanthoxylum atlanthoides
Sieb. et Zucc. was less than three years after
the gap formation. Their growth after the
invasion was fast. However, the seedlings of
C. controversa quickly decreased within four
years even in gaps. On the other hand, the

invasion period of P. grayana, Z. serrata



Makino, Q. crispula and Neolitsea sericea
Koidz. were more than four years after the
The growth after the

invasion was slow. The seedlings of P.

gap formation.

grayana in a canopy gap had a higher four-
year survival rate than those of C.
controversa.

The spatial correlation between the
planted cedar tree and the invaded woody
plant species was affected by the ecological
characteristics of invaded plants, but not by
the stand age in the plantation. C.
controversa, M. obovata, Ma. japonicus and
Za. ailanthoides existed in the extended gap
area exclusive to the planted cedar tree. On
the other hand, P. grayana, Z. serrata, @.
crispula and N. sericea were randomly
distributed in the stand overlapping with the
planted cedar trees. Within the extended gap,
there were many woody plant species in the
northern area of the canopy gap.

From the findings above, the period,/
area of invasion is closely related to the
growth pattern/life history of woody
species in the cedar plantations with snow
damage. The scale and the frequency of the
snow-damage affected the dominance pattern
by the difference between the succeeding type
and the flush type of the invaded species.
When the snow-damage occurred on a large
scale and at a high frequency, the invasion of
succeeding type was promoted. When the
snow-damage occurred on a small scale and
at a low frequency, the flush type gradually
enhanced their dominance.

Finally, the relationship between the
shoot elongation pattern and ecological
characteristics (e. g., successional stage) of
broad-leaved trees, and their role in the
recovery process of the cedar plantation

after snow damage were discussed.
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