A study on the shelterbelt establishment at
Soya district Northern Hokkaido
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Fig 1 The sites investigated
1) distribution of Hotoku ash fall deposit,and 2) of

Wankonosawa pumice fall deposit.
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Table 1 Snow depth at meteorological stations
around the sites invesigated.
Snow
Site Station depth
cm
KUTONEBETSU Wakkanai 75 130*
SARAKITOMANAI
} Koetoi 270

TOYOIWA
SHINESHINKO Sarufutsu 185
PNTOKITAI Hama- tombetsu 150
KAMI- TOMBETSU Naka- tombetsu 245
WAKASAKINAI Toyotomi 136
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Fig 5 NO 1 belt-transect of a natural oak stand

wind-swept at Wakasakinai

2 NO 1

Table 2 Trees and shrubs in the NO 1 belt-transect at Wakasakinai

Species Height B h diameter Number
m cm

Quercus mongolica var. grosseserrata () 2 )3 50 4 8 14 87
Acer mono (Ac) 20 30 25 5
Prunussp. (P) 1 15 40 3 8 4
Sorbus commixta (S) 25 30 2 8 4
Sorbus alnifolia (Sa) 2.0 25 2
Viburnum furcatum (V) 2.0 2 1
Abies sachalinensis (A) 2.0 3 1
Total 104

800m ( -3
( 3 4 ) -6 -3
(Abies sachalinensid) 8 13 10 14cm 14

20 30 40cm 90 110 100 150

(Uniform forest type) ( 1968 1968 b)
2)
(1925 ) 43 8 12 14 16cm



stand at Wakasakinai
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Fig 6 NO 2 belt-transect of a natural Todo-fir

NO 2

Table 3 Trees and shrubs in the NO 2 belt-transect at Wakasakinai

Species le%ht B h Cc;lrllameter Number
Abies sachslinensia (A) 3 )8 13 @4 )10 14 27
Quercus mongolica var. grosseserrta  (Q) 2 6 4 25 4
Morus bombycis (M) 2 3 35 4
Araliaelata (Ar) 3 4 2 3
Berula platyphylla var.japonica (B) 35 2 4 2
Salix bokko (Sh) 11 32 1
Acer momo  (Ac) 8 10 1
Acanthopanax sciadophylloides (As) 10 15 1
Fraxinuns mandshurica var. japonica (F) 7 15 1
Dead trees (X) 4 13 2 28 20
Sasa sp. 0.8 — —
Total 64
Daughter trunks
-7 1968 b
Larix
lepotolepis 55 20cm -8



Fig Topograpical section and deciduous trees at windward and Todo-firs

planted at leeward,atKutonebetsu.
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-12
Fig Belt- transect of a natulal stand of broad-leveed
trees on a hill-side
-4
Table Tree and shrubsover the height of Sasa,in
the belt-tranesct at Sarakitomanai.
Species Height b h diameter Number
m cm
Phellodendron amurense var. sachalinense (P) 25 80 3 10 13
Betula ermani (B) 55 12.0 4 23 10
Salix bakko (S) 40 75 3 13 4
Alnus hirsuta (Ah) 50 80 7 16 2
Acer momo  (Ac) 120 14.0 22 35 2
Hydrangea paniculata (H) 40 6 2
Kalopanax pictus (K) 140 37 1
Prunus sargentii  (Pr) 75 17 1
Quercus mongolica var grosseserrtata  (Q) 6.5 75 1
Morus bombycis (M) 45 6 1
Magnolia obovata (Ma) 30 3 1
Euonymus macropterus (E) 25 2 1
Abies sachalinensis (A) 13 — 1
SaSa senansis (Sa) 12 27 — —

Total 40




8 15cm 20 25 10 14 20 40cm 45
60 -5
-8
5

Table 5 Ages of trees by boring at Sarakitomanai

No Species Number of B h diameter Hight
annual rings cm m
1 Alnus hirsuta 20* 130 8.0
2 Phellodendron amurense ver. sachalinense 1 6.5 45
3 Betula ermani 21 115 6.5
4 Salix bakko 17 105 75
5  Quercus mongolica var. grosseserrata 15 75 6.5
6  Prunus sargentii 49 11.0 7.0
7 Kalopanax pictus 54 370 140
8 Acer mono 40 210 11.0
* 1.3mhigh
( -9 ( -10
(Laeix gmslini)
6
7 25 ( -15 -1 1971b)
4)
( -12
(1959)
(1968 b) - 13 -2
MoE -5y

13

Fig A natural Todo-fir forest with a wind-swept part
of oak and other deciduous trees at Mehkuma



Fig A belt-transect of Todo-fir forest with wind-
swept oak mantle.

-6 Ne 0 25m
Table Trees in trhe O- 25m part of the belt-transect at Mehkuma.
Species Hight B h diameter Number

m cm
Quercus mongolica var. grosseserrata  (Q) 20 40 4 14 24
Betula platyphylla var. japonica (B) 20 25 2 3 4
Salix bakko (Sh) 20 4 1
Sorbus commixtr (S) 25 8 1
Kalopanax pictus (K) 20 3 1
Total 31

-7 Ne3 25 50m
Tabie trees inthe 25 50m pant of the belt —transect at Mehkuma.
Species Height B h diameter Number

_ cm
Abies sachalinensis 2 )55 80 (3 )10 30 18
Quercus mongolica var. grosserrata  (Q) 40 55 8 4
Acer mono (Ac) 75 15 28 3
Sorbus commixta (S) 65 75 7 16 3
Acanthopanax sciadopylloides (As) 5.0 7 1
Viburnum furcatum (V) 25 2 1
Dead trees (X) 12

30 42

Total
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Table Trees and shrubs higher than meter in the
belt-transect at Shineshinko
Species height B h diameter Nurmber
cm
Abies sachalinensis (A) 25 50 3 18 48
Sorbus commixta (S) 30 45 39 29
Betula ermani (B) 30 40 8 6
Kalopanax pictus (K) 30 45 12 4
Acanthopanax sciadophylloides (As) 25 40 5 3
Salix bakko (Sh) 25 45 9 2
Quercus mpngolica var. grosseserraia (Q) 35 6 1
Virburnum furcatum(V) 20 2 1
Dead trees (X) — — 13
Total 107
9
Table Ages of trees by boring at Shineshinko
Ne Species Number of B h diameter height
annual rings cm m
1  Abies sachalinensis 27* 36™* 18.0 5.0
2 24 30 17.0 45
3  Kalopanax pictus 34 130 45
4 Sorbus commixta 23 85 40
* 13 height **0.3 hight.
10
Table 10 Number of Todo-fir in each diameter
grade at Shineshinko.
0 6 1 16
B h diameter cm Total
5 10 15 20

Number 11 26 10 1 48
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Picea glehnii 60 4.6 14cm 1921

—11
Table 11 Trees and shrubs higher than meter in
the belt-transect at Ontokitai

Specices Hight B h diameter Number
cm

Abies sachalinensis (A) 25 )40 50 @ )10 35 33

Picea jezoensis (P) 45 50 10 25 3

P. glehnii (Pg) 40 45 15 20 2

Sorbus commixta (S) 30 45 3 8 29

Acer mono (Ac) 25 45 2 7 14

Euonymus macropterus (E) 20 35 1 3 12

E. oxyphyllus (Eo) 20 30 1 2 1

Quercus mongolica var. grosserrata  (Q) 25 )35 50 7 7

Populus sieboldii  (Ps) 20 45 5 6

Acanthopanax sciadophylloides (As) 35 40 7 5

Kalopanax pictus (K) 25 40 5 5

Salix sachalinensis (Ss) 45 55 12 25 2

Fraxinus mandshurica var. japonica (F) 25 40 2 4 2

Betula platyphylla var. japonica (B) 35 6 1

Total 122

12
Table Number of conifers in each diameter
grade at Ontokitai
Breast-height diameter (cm) 0 1 16 21 26 31
Species 5 0 15 20 25 3 35 ol
Abies sachalinensis (A) 4 6 10 8 3 2 33
Picea jezoensis (P) 1 1 1 3
P. glehnii (Pg) 1 1 2
Dead trees 2 2 1 5
Total 4 9 10 12 5 0 3 43

8)



(Populus maximowiczii) 1940

1941 10 10
(- 13 15 ( -21
( -22 1967)
13
Table Height growths of Japan poplar and Todo-fir

planted at Kami-tombetsu

years
Species
5 10 15 20 25
Populus maximowiczii 38 9.7 12.2 134 140
Abies sachalinesis 1.0 19 42 5.6 6.5
1)
( 1967b)
( 1933) ( 1967)
( )
( )
( 1971)
2)

( 1933)
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Table 15 Comparisons of the development of natural
forest and the shelterbelt establishment
()
( ) ( )
(
1968 ( 1968 b)
- 21
- Todo-fir forest
Cak wood
wind=swept
Fig Bisects of natural A andplanned B shelterbelts
A Todo-fir Ac Itaya-maple Al Alder As Acanthopanax
B Birch F Ash K Kalopanax Kuril larch P
Red yezo-spruce Po Japan poplar Pr Cherry Q Osk S
Mountainash Sb Bakko-sallow Ss Willows SB Soil bank.



COWLES H C 1899 The ecological relations of the vegetation on the sand dunes of Lake
Michigan Botanical Gazette 27 95- 117 167- 202 281- 308and 361- 391

1911 The causes of vegetative cycles Bot Gaz 51 161- 183

1967 27
—1967 56 55 68
1968 17 105- 109
1969 14 1- 23
1971 7 1
1966 316
1933 12 1- 169
1968 7 19- 23
1968 181- 223
1968 17 96 101
1970 3 2-23
1971 7 2 14

KATSUI  Yoshio 1953  Petro-chemical study on the lavas from Volcano Rishiri  Hokkaido Japan
J Fac Sci HokkaidoUniv  Ser IV 8 245 258
1967 195
1960 55
1967 5 41



1965 5 20

1963 106 218 238
1954 5 34
1957 5 44
1959 5 52
1967 29 74- 77
—1968 141 7- 20
1968 17 102- 104
—1968 20
1969 31 76 79
E— 1970 FAO 5 48 50
1970 22 250- 252
—1970 81 307- 309
1971 7 21- 24
1971 28 421-471
—1971 10 49-53
1971
1971
45
1971
1964 391
1966 5 1- 11
1968 193 34- 36
1969 86
1970 22 76- 80
1958 189- 203
1970 250
1968 2 3 43 48
1966 15
78- 81
Summary

The present paper deals with the shelterbelt establishment at Soya district northern Hokkaido with
materials of indigenous conifers and broad-leaved trees including pioneers and with methods of land-
preparations by cultivation and of removings of anti-growing factors from the points of view of ecological
relations of the topographic changes and competitions on the development of forest vegetations

So-called Tempoku region composed of SOya and Rumoi districts  is estimated one of the most diffcult
regions in Hokkaido for afforestation  The coastal belt of Soya district has little natural forests and the least
man-made ones among the vast Sasa vegetations like heath in Europe as results of our fathers destructions of
virgin forests by fellings or fires for several decades Results of economical afforestations are not good
Therefore in order to improve microclimate for economical afforestation agriculture tramc and recreation
the works of shelterbelt establishment at the coasf lines of Soya have been carried on about twenty years ago
However these results are not good and poor results are set down consequently to severe climate least fertile
soils badness of materials and least maintenance inspite of the lack of methodology in the old forest ecology



Methodology
The authors have observed the structures of remaining forests and the results of these works from the
points of view of so-called field science  observations and experiments in fields and tried create a new
methodology in the dynamic forest ecology which takes physiographic factors more important than climatic
factors There can be two checking factors against the development of a forest they are anti-invasional factors
and anti-growing factors Invasional conditions are chiefly composed of the appearance of a naked ground
without pre-existing vegetations as an absolutely strong competitor and of the presence of seedsources around
theground Growing conditions are composed of biotic  climatic and soil conditions competitions and biotic
damages are biotic cold-ness wind snow and others are climatic and physical and chemical properties are
of soil Inanoldtheory so-called environmental conditions are restricted toclimate soil and biotic damage
However after invasion and competition trees establish themselves and are checked by climate
And the fact of existence of many natural forests suggests us that climatic factors are not antinvasional but
anti-growing ones  On the contrary  physiographic factors composed of topographic changes are the most
important factors to plant invasion topographic changes  which are represented by hndslide movement of
bed load rupture of surface soil at mountainslope ash fall and sand-drift destroy pre-existing vegetations
and give naked grounds for new vegetations to invade as a group A topographic change in nature may be
replaced by an artincial land-preparation and also the natural invassion is done by an artificial introduction of
trees planting Therefore according to right methods and materials  our works of shelterbelt must not be
dimcult
Experiments and results
The investigation was carried out on June to october 1970 and March 1971 But a part of data used are
quoted from authors  studies published and unpublished from 1967 to 1971
Soyadistrict is situated between Japan Sea and Okhotsk Sea and is arepresentatively windy and cool
temperature country Figs 3 4 The sites for shelterbelts are composed of clay hills with Sasa | and tall
herbs or of sand-dunes with dune and inland herbs mixed There is a layer of volcanic ash from Rishiri VVolcano
over the whole surfaces of the district Fig 1 Roots of trees invaded or planted concentrate remarkably into
the layer which was taken as a surface soil composed of weathered clay and humus complex Fig 2 The
age of the ash fall is presumed to be several hundred years ago
The sites investigat are Wakasakinai Kutonebetsu  Sarakitomanai Mehkuma  Toyoiwa
Shinesinko,Ontokitai and Kami-tombetsu Fig 1
Natural forests on sand-dunes at Wakasakinai are composed of an oak  Quercus mongolica var.
grosseserrata  belt wind -swept high at windward Fig Tabie and of Todo-fir  Abies
sachalinensis belts at leeward with many broad-leaved trees  10-20 m high and 100-150 years of age(Fig 6
Table 3
Man-made forest of Todo-fir on clay hills at Kutonebetsu is one of the best afforestations at Soya district
and is 45 years of age and 8-12 m high It has at windward wind-swept stands of natural osk birch Betula
piatyphyllavar. japonica etc andof Japan larch  Larix leptolepis planted Figs 7 8
Sarakitomanai clay hills are cut by many gully Fig 9 and covered by Sasa vegetation except patches of
small stands Photo 5 Trees are wind-swept on ridges and snow-damaged on steep on steep slopes(Fig
10 11) A stand on gentle slopes is composed of composed of Phellodendron amurense var sachalinense
birch(B ermani) etc Fig 12 Table4 and of two groups of 20-25 and 45-60 years of age(Table5) In spite
of the site more inland than Kutonebetsu an afrorestation of Todo-fir is not good caused by cold wind and
spring frost Kurillarch L gmelini planted is a better wind-bearer than japan larch  Fig 15 Photo
u
On sand-dunes at Mehkuma  there are natural oak belts at windward 2-4mhigh and Todo-fir stands



at leeward 6-10m high with maple Acer mono mountainash  Sorbus commixta etc Figs 13 14
At Toyoiwa on the so-called 40 m terrace of sand and clay a shelterbelt is establishing for avalanche
control Exoticpines Pinus banksiana and P silvestris are heavily damaged by snow There are small
patches of natural treesinagully Photo 16
Onaterrace 10m high above sea the work of shelterbelt at Shineshinko is practiced for 15years Kuril
larch planted shows good growths 3-5m high after 10years Fig 15 Wind-fences catch snow-drift deeply
andcause larger damage to exotic pines  Fig 16 Trees over-protected by these fences are forced severe
competitions with tall vigorous herbs and are wind-swept remarkably over the fence Within the belt there are
small stands of Todo-fir and broad-leaved trees 5m high and about 40 years of age recognized an uniform
forest Fig 17 Tables8- 10
At Ontokitai there are two sand-dunes the first one from sea is a present dune with natural stands and
the second is an old sandbar with a man-made shelterbelt Fig 18 Oftreesplanted indigenous Todo-fir
and Red yezo-spruce Piceagiehnii are good but exotic pines are not good.Broad-1eaved trees invaded form
bush against wind but those planted one by one do not becomewind-bearers Natural stands on the first dune
composed of Todo-fir and mountain ash are remark-ably wind-swept and 5 m high  Fig 19 They are
presumed to bean uniform forest and the firstgeneration on thisdune  Tables11 12
A rail-protecting forest against snow drift at Kami-tombetsu was composed of pioneer Japanpoplar
Populus maximowiczii and Todo-fir The forrner reached 10m high after 10 years  woodcutting
protecting the latter against frostand at the same time playing the initial role of rail protection Table 13
Photo 21
Discussion
The invasional condition is composed or three factors appearance of naked ground ashfall and presence
of seed source An ash fall from Rishiri Volcano buries pre-existing vegetations in a vast area and presents
better rooting spaces on clay peat and sand Trees are more tolerable against burial than herbs and seeds
from trees are dispersed on the new surface without severe competitions with herbs trees invaded grow and
form an uniform forest everywhere Fig 20-A This theory oftopographic change on plant invasion denies the
old theory of vegetative succession And each natural forest at the sites investigated is presumed an uniform
type closely related with the ash fall
The growing condition is composed of three factors competition anti-growing factors andregeneration
Inrule trees can grow without competitions with pre-existing vegetation and weeds After invasion  trees
are checked and reduced by many anti-growing factors  soils solid against roots development undrained or
of least fertile biotic damages heavy snolw severe wind which is the mainobject for shelterbelt Indigenous
trees bear these factors better than exotics do Natural regenerationis restricted more or less to life cycle
invasional condition etc  but artincial one is easier by landpreparation planting weeding etc
From theanalyses of the development of natural forests above-mentioned three stages are necessary for
the shelterbelt establishment land-preparation pioneer bush and proper belt Land-prepa ration is an
artificial topographic change Uprooting of pre-existing plants by a bull-dozer makesa naked ground
Cultivation and transporting soils make a better and deeper rooting space  Secondly pioneer bush is planted
especially by wood-cutting of Salix spp  ineach row  5m wide After afew years pioneers form wind-
screen and protect trees planted betweenthem  Fig 20-B Propertrees must be indigenous  Fig 21
Conclusion
Shelterbelt establishment at Soya district is not dimcult because of the existence of naturalforests and of
the systematic methodology and engineering After land-preparation  pioneer bushand indigenous trees will
form a stable belt and make us expect its growing speed Moreover this study may be apply to another district

in Hokkaido



WAKASAKINAT

-1
Photo Natural forests of Todo-fir with broad-leaved tree on sand dunes (1968.7.23)

-2
Photo A leeward margin of oak-wood (Ditto)

WAL

Photo Natulal regenertion of Todo-fir Ditto)



KU TONEBETSU M

-4
Photo Man-made forest of Todo-Fir (1968.7)

SARAKITOMANAT

Photo A group of broad-leaved tree on a sheltered slope (1971.3.10)

A SARAKITOMANAL

Photo A Todo-fir and groups of deciduous broad-leaved tree (Ditto)
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Photo Hanging snow (ditto)

R s R TTOMANAT

Photo A large stump in vegetation (1971.10.7)

v p T A T TV R A
SARAKITOMANAL

Photo Hills coverd by Sasa vegetaions and striped lines of afforestaion (Ditto)



SARAKITOMANAT M
1

- 10
Photo 10 Well growing Todo-firs sheltered by larchs(1971.3.10)

- 11 1970
Photo 11 kurli larchs planted on a windy ridge.

MEHKUMA

- 12
Photo 12 A view of natural forest on sand dune (1968.8.22)



- 13
Photo 13 Wind-swept belt of osks, Quercus mongolica var. grossesrrata (1968.7)

- 15
238

Photo 15 Hill-side with avalanches
in winter and Route 238
(1965.7.21)
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Photp 16 Hills covered by Sasa except natural tree in a gully (Ditto)

Photo 17 A view of man-made shelterbelt Kuril larch is good (1970.6.10)
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Photo 18 A small stand of Todo-fir and broad-leved trees (Ditto)



Photo 19 A leeward half of Todo-fir and a mountain ash
mixed forest on the Ist sand dune (1968.10.31)

- 20
Photo 20 Wind-swept Todo-fir (Ditto)
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Phpto 21 Populus maximowiczii and Abis sachalinensis mixed
forest against snow drift for rails (1967.3.20)
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Photo 22 Todo-fir forest after the removal of Japan poplars (Ditto)



