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Effects of ashfall erupted from Usu Volcano in 1977 on the surrounding forests (1I)
Radial growth and stem form of trees
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Table 1.  General description of the study sites.

. ERE T T T T Mo TH
e mE A =R Hifie ) b HEEE B Froxtdmm  FEEfH BREE
Study site Alutade Aspect Slope Depth of wephira i St e Year ol Stand age in  Stand agein Mean tree Maoan tree
{m) ("1 erupted m 1977 L ' planting 1977 1999 height DEH
Eo= b ) _ em) e Y {E) im} lem)
TR A 2600 K 7 10 b AT 1958 ] 42 14 31.2
Higashisekinai-A Abies sachalinensiz  Artificial stand
R A 60 K7 10 hs=y AT M 1a5e* 20 42 17 3.1
Higashisekinai-A Larix kacmpleri Artificial stond
MMM B 200 5 B 10 [ LT H 147 Ll 23 15 183
Higashisekina- B Abies sachalinensis  Artificial stand
A 1B& 3 I4 23 b AT H 1545 ] al 14 256
Oihdaira Lavix kaempfers  Anificial stand
H i SE 2 t W~y AT 14969 ] 11 1B 2B B
Tsukiora Larix kaempferi Artificial stand
"o 1801 NE i 33 I T B TR = = 18 1. 1
lzumi Decduous Matural stand

broadleaved trees

* & OMG ORIFITEFE L7z 21 7 OGRS HHEE L7z,

*The year of planting at this site was estimated from the number of annual rings of increment cores.
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Table 2.

of Usu Volcano at the study sites and surrounding area.
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General description of stand damage caused by 1977 eruption

AT
Study site

FoiFd EINiE
Species® Stand type

Mg JCIRF DA
(56)
Stand age in the
year of eruption
(Year)

1977 FMEKIT K DRI
Stand damage caused by 1977 erupyion

NTAK
Artificial stand

BN A kK=
Higashisekinai—A As

20

b R=Y OWYWEZ S T~ 212D &L T
ThY | EREERRITKIIKOEIC L DEFED T
TThHolz, LL, ZOMIITI 41 FLEDOKS
TIE b &b EREALER D BN Lo T2 7o DI
(L COIHNRLIE L T D,

In general, damege of Abiestrees was less severe than
those of Larix trees. Bending down of ash—laden foliage
was the most common damage at Abies stands, including
this site . Meny upper stams were broken, however at the
adjacent Abies stand of 41—year—old, where clear lengh
of trees were extremely high.

HEAN A hT=
Higashisekinai—A Lk

NTAK
Artificial stand

20

= OMGHIT 14 AEEDT T~ IR CIL. (L
TG A D E I CRITED N T3 I8 L7 |
ENRZ < BESNTD,

At the neighboring Larix stand of 14—year—old, many
stems were broken at the lower part of the ash—loaded
crown.

NTAK
Artificial stand

BN B N4
Higashisekinai—B As

11

TARTOERTKILKDOAEIC L DHZED TN
TR DAV, RIS - BIR L7 (8RR 14%
Iz EEo7,

While foliage of all the trees were bent down by ash—
loading, the percentage of trees whose whole stem was
arched was less than 15%.

K NI
Ohdaira Lk

NTAK
Artificial stand

29

Z O OWEITS T~ NAROH Tl
BT, BB - Priie EOWEIL A DIV
Teo 2120 TRTOMEKCEDEIBIEEINT,

Damage at this site was relatively slight for a Larix
stand around the volcano.There was no stem which was
broken or bent by ash—loading.Slight changes in color
were found on the foliage of all the individuals.

NTAK
Artificial stand

A BT
Tsukiura Lk

RS LT K I A 0 2 CRTERA K X <
PR L BURSSYHE LT3R B 20, IS AR, IR,
PHEARDLERITEN L 66%. 50%. 25% Ch -7z

(WeEOEEEET), TCTOMLATHIED T
HEDRENBIEE I I,

Many stems were severely arched by ash—loading and
some of them were fallen down or broken.The percent—
ages of the arched, fallen and broken stems were 65%,
50% and 25%, respectively.Bending down of foliage and
change of leaf color were also found in all the trees.

P JSBERST
Tzumi DB

PN

Natural stand

e B\ AR IAEED T, O L HIET
& Tz, B OBHPYTHE AROIHE b IEA L7228,
PEABRINTNOHETH 10%LLFTH -T2,

The most common damage at this site were bending
down of branches, change in color and shedding of
leaves.Damage of stems and upper shoots, such as bend
or break—age, were found in the smaller percentage of
individuals.

TE) BRI, 1977 4F 8~9 A ThN - EFE WL (bimERERES 1979) ICESWTEEH LT,

Note : Descriptions of stand damage were based on the report of urgent survey carried out on August and September,

1977 (Hokkaido Forestry Research Institute 1979),

* As : Abies sachalinensis, Lk : Larix kaempferi and DB : Deciduous broadleaved trees.
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Procedure for standardization of annua ring widths. A : a
series of annual ring widths of an increment core. B :

estimated radial growth rate and the exponential curve
fitted to the data. Stem radius of the year ¢ was estmated
from stem diameter and bark thickness at the height of
core extraction, and radius increment from the year ¢+ 1 to
1998 in which the core was taken. C : ring windth index
was claculated as (RGR—VFF) /VFF, where RGR is radial
growth rate and VFF is value of the fitted exponential
function fro each year.
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Figure 4. Annual ring widths (left) and ring width indices (right) of trees of Abies sachalinensis and Larix kaempferi in the four
artificial stands surrounding Usu Volcano during the several decades including the big eruption in 1977.Each
different symbol represents the value of each individual tree and solid line represents the mean of five trees studied.
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Figure 5. Annual ring widths (left) and ring width indices (right) of trees of three deciduous broad—leaved tree species in the natural
stand nearby Usu Volcano during the several decades including the big eruption in 1977.Each different symbol

represents the value of each individual tree and solid line represents the mean of five trees studied.
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Figure 6. Irregularities of stem from of Abies sachalinensis and Larix
kaempferi trees observed after 22 years of the eruption in the
four artificial stands damaged by the 1977 eruption of Usu
Volcano. “W” in the legend means horizontal distance between

lower stem axis and upper one at the height of partial bend of
stem.
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Summary

Radial growths of Abies sachalinensis, Larix kaempferi and deciduous broad-leaved trees were detected by
tree ring analysis at four sites affected by more than 10cm deep of tephra deposition from the August 1977
eruption of Usu Volcano, Hokkaido, northern Japan. Irregularities of stem form probably caused by ashfall
from the eruption were also evaluated at four coniferous stands.

Radial growth of Abies sachalinensis and Larix kaempferi trees was not affected in the year of the eruption,
while ring widths of this year in Quercus mongolica var. grosseserrata, Juglans ailanthifolia and
Phellodendron amurense trees were reduced by 22-29% as compared with average ring width for the
previous five years of the eruption.

Radial increment in 1978, the year following the eruption, was reduced in L. kaempferi and three
deciduous broad-leaved trees to 26-38%and 22-48% of the average for the pre-eruption period, respectively.
Radial growth of L. kaempferi and three deciduous broad-leaved trees remained low for several years
following the eruption. These growth reductions were supposed to have resulted mainly from physical
damage of crown or stem and subsequent loss of leaf area. A. sachalinensis trees, in contrast, showed no
significant reduction in radial growth after the eruption, although coverage of foliage with tephra persisting
for more than one month had been observed in urgent surveys after the eruption.

Periods showing higher radial growth, indicated by 0.10-0.75 of ring width indices (RWI : index basically
ranging from 1.0 to+1.0), had started after 4-10 years of the eruption and had lasted for 8-14 years up to the
early 1990's in A. sachalinensis and L. kaempferitrees at the site of Higashisekinai-A and Quercus mongolica
var. grosseserrata at the site of Izumi.

Various types of irregularity were observed in stem forms of A. sachalinensis and L. kaempferi trees, such
as multiple stem or top shoot, partial bend of stem and abnormal development of branches. Ninety percent of
trees formed multiple stems at the height of 4.3m in the L. kaempferi stand, which had been severely
damaged by ash—loading at the age of 9-year-old. Multiple top shoots and suppressions of height growth
were observed in the trees of smaller diameter classes of another L. kaempferi stand that had been damaged
at 29-year-old. In the A. sachalinensis stands whose age had been 12-and 20-year-old in the year of the

eruption, no serious stem form irregularity was found but slight bend of stem.

Keywords : radial growth, stem form, tree ring analysis, volcanic tephra, Usu Volcano



