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Effects of disturbance on vertical stratification of broad-leaved secondary
forests in Tatsunokuchi-yama Experimental Forest

GOTO Yoshiaki"*, TAMAI Koji?, MIYAMA Takafumi®, KOMINAMI Yu;ji®
and HOSODA Ikuhiro?®

Abstract

Streamflow observations have been carried out since 1937 in the Kitatani watershed (17.27 ha) and the
Minamitani watershed (22.61 ha) of the Tatsunokuchi-yama Experimental Forest (34°42° N, 133°58’ E). All pine trees
within the two watersheds were cut down between 1944 and 1946, after which deciduous broad-leaved forest grew in
the Kitatani watershed without any disturbances. However, large-scale stand replacing disturbances such as fire and
pine wilt disease have occurred in the Minamitani watershed. The forest of the Kitatani watershed was classified into
3 types and that of the Minamitani watershed into 4 types, on the basis of tree height and species composition. The
aboveground biomass was large and increased during the 7-year census period in the kitatani watershed. The vertical
stratification of the three forest types in the Kitatani watershed was shown to be developed, while all forest types in
the Minamitani watershed were judged to be immature, and both the stem density and the aboveground biomass of
forest type Minamitani-6 decreased. However, the biomass growth rate of forest type Minamitani-4, which occupied
the largest area in the Minamitani watershed, was the highest of all forest types in both watersheds. Deciduous broad-
leaved forests with developed vertical stratification such as the Kitatani watershed will consequently be established in
the Minamitani watershed.

Key words : aboveground biomass, disturbance, experimental watershed, forest structure, stem volume,
stratification
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HEEEZITCTE D, BRETIRZENZTNICHERE
WEE DR B ML LTV B, FKERE# & L TH
BEINTLOE, MBHEEN I NTE D, S5,
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Fig. 1. ORI KB HITE X
Topography of Tatsunokuchi-yama Experimental Forest.
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2 EHDOREEZIT> 72 2005 FEF TOMIC, B
B OBHRMICIE 2 FED HLIRIY R E 5 H8ELN D - T2,
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Table 1. SAkHHZ A 7 OBEEE

10 H20 HoHR 235 (ML ToORAEE : Lo
JE 21.2 m/s, oKW EGE AL DR 41.4 m/s) 1K D,
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Table 1 1 IX&HAHZ A 7 DHEEIT DWWV T 1998 4F &
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A THINEDN D - T2 1959 4 LUK O s HLAL O 53 44
FOZ{L % Fig. 4 ISR LTz, &I, 1978 F£X b LIFTD

Description of each forest types in Tatsunokuchi-yama Experimental Forest

A2 AT THIAH W TR Hhy FERERA = TR
Forest type Area Stem density Stem volume Above ground Leaf area
biomass
ha no / ha m’/ ha ton / ha ha/ha
4 Year 1998 2005 1998 2005 1998 2005 1998 2005 1998 2005
LA Kitatani
1 3.14 3.14 2550 2950 68.7 105.1 579 79.2 43 54
2 5.32 5.32 3200 3250 148.8 209.0 1043 1383 73 8.6
3 8.82 8.82 2567 2398 196.0 2314 137.1 161.3 7.8 8.6
Total 17.27  17.27 2759 2761 158.4 201.6 112.6 1393 7.0 8.0
P4 Minamitani
4 15.09 15.09 7250 6850 95.6 176.1 81.6 128.2 76 94
5 4.83 3.09 3400 1300 77.6 105.6 62.5 719 3.8 32
6 2.30 2.30 2650 2000 344 33.1 433 321 44 29
7 0.39 2.12 - - - - - - - -
Total 22.61 22.61 5835 4954 83.9 1354 722 98.7 63 7.0
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Distribution of forest types in Tatsunokuchi-yama
Experimental Forest in 2005 (See Table 1 for the number
of forest types).
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FA 6 O kiE, 1959 FEO L KFERFICEA 2
7Oy MR ENEGE 7 R EDBR UM L
et ruxyOEENEL 1975 F T AIKIFHM &
Ho TV T (8- B, 1987). BIETH k&
¥ 10m AR (Fig. 5) THMARDEBFIE N, 1998 FD
BRI G EE T EDN A 4 DR 1/2 Th - T2h,
2005 FICIEFE A 4 O EEHEEDRE EMLZD

IZxf L (Table 1), B 6 TIEXWITHAD LA 4 D 1/4
ICEEE>TW, &Lt EEFHEY LICEROHE
T LT, MA6 TIXHERE, BME, L
FEEBIHDTEEREESTREDEEZENS,
1944 ~ 1947 4 DB 1% 1 R IE & N C LU L
DY o ldtn TR, BMHZ2 A T8 aF I hE
G L5 TEHD (Table 2), Hi EFEIFE TIEILA 1

AR IS 55 5 % 3 5, 2006



Effects of disturbance on vertical stratification of broad-leaved secondary forests in Tatsunokuchi-yama Experimental Forest 223

5000 - 5000 -
A1 Kitatani—1 &4 Minamitani-4
~ 4000 4000 -
< [ 11998 [ 11998
~ I 2005 I 2005
£ 3000+ 3000 -
1))
& E
$& 4 2000- 2000
[T
(o)
~
2 1000 1000 4
£
=
0- fmmilie =1 . . . . . . . . 0L
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
5000 - 5000 -
A2 Kitatani-2 BEA5 Minamitani-5
3 4000 - 4000 -
~N
[e]
2 3000 3000 -
1))
% 5
4k £ 2000 2000 -
G
(o]
3 1000 1000 -
E H
2 il
0- I — oLl -
3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
5000 - 5000 -
A3 Kitatani—3 BE4A6 Minamitani—6
3 4000 - 4000 -
~
[e]
2 30001 3000 -
£
Er
$k 4 2000- 2000
G
(o)
~
S 1000 1000
1S ]
=
0' . = r—

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45

ff = E R
DBH class (cm)

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45
9 = 1B 2 B
DBH class (cm)

Fig. 6. &M XA T I50F 2 e bS53 1
DBH class distributions for each forest types.

T 68%, b2 T81%., B3 TT9% Z2aF I d
T3, A 1id. dbA 250 31 bR D R 28RN
@< Am LT OBEAHNREZ K> TWs (Fig. 5.
R 28XUT3ITREIAFIDEENELL, GARETIE
20m 2 aFIMELELTED, b8 3 OREMS
F2mICELTWVWD, IR 2 TRaAFZOEEENE
< aAFFUHNORIFEN DI DISH L, ka3 Tk

| Bulletin of FFPRI, Vol.5, No.3, 2006

EBARBICOFIRNAITFIIOM, YT w400
OAFEF, VIIREDOFRLEMLZAEFTLTL
% (Table 2),

JEA 113 1980 ELLIRTICIE 7 =Y BME S L TV 8B
DT M WVHEEEFEIC K D 7 A DR L R A EE
BENERBZ HOTWVWD, HERIFTINELELT
WABD, LR 2 RIER 3T ERE MO L E R



224 GOTOY. et al.

WNELZ2 T3, by 1 O, RN T
DLAFEPEE DI HH L IZIEF—HLTED ., GHEHEEDS
MEIERAL TLENE W (K, 1942 5 2R - B,
1984) 2B, k2 ltn 3 5XMARDEE
MENEDEHEESI NS,

FAIC 1960 FICHER E NIy ax ik, —E %2k
WTEBR L, MERIFIFERLZRETH -2 T
EMB HEOLER ORI - 7o L HEE SN,
1980 4 T A DMK N LARRIC 37 U Tz IS EER AR IZ. 2005
EORFR T2 EEEEZEZTENA S, ILBIF 1944
~ 1947 I T TEMRETNEARME S Nk KE
BEELZZT TWERVWO T, bR LFERMIE 2005 4
R TR G0 FFE L HEETEZ %, HROEHITHES N
TWVWBRER kot FHGFEZH 5 . ATFRE
D 36 F£EM T 131.1 ton/ha (E)I - Nk, 1970), =
IR D 33 ~ 35 4T 146.77 ~ 206.76 ton/ha (EH
JIl, 1989). IR 50 {FAMKT 125 ton/ha (BT « %
H, 1980), BARIED 40 M T 132.4 ton/ha (il 5,
1984), = IE IR D 60 ~ 62 4 4 HK T 118.49 ~ 127.42
ton/ha (FHZE, 1984) iz kx> T3, a2 &t
3BXUEED 4 GENCH EABIfFEED 100 ton/ha 2B 2
THEO. MMOHIKDILEER XKD L N)VISEL TV 5
EWVWZ B,

ks (Fig. 5) PH&EERES (Fig. 6) »H
H T, LB TiE 2005 FFOFHERE T T SRR E AR
BORRELTWVBHETH IR, Koy DREES D
HEATWSEDEEZENS, FRCIta 3 &, Hi EEp
BHFEEMREREEEMELIEEL TS, R
B OHEITICHE > TRIBMAENFEL (Kelty, 1986 ;
Larson, 1986), HfF&EMHEINdT 5 WIS NTED
(Burrows, 1990). @M% A TOHTldItn 3 &b
EBRREOEAIREBICHZ EEZENS, It 21E]t
B3RS b EFHBRFENNE L BEs ko
KIGETIZH DM, HEEMITIZRDSIEAD 3 1ITTVIREEIC
BB, AW 1IFIER 2 Jew 3 I NG AR P I & A
JEoFENEC (Fig. 5). # EHTFRE /NS WIRERIC
&% (Table 1) A HHXBIfFEEINRERE KRS < (Fig.
4), SHREBEOHNTIEH DM EBBEEEN ML T
WS EAD RS B D EEZ BND,

EAOZRMKIT ke UTHEESEN AT (Fig. 5)
TH2M. M4 TOHEMOEBRIREFT, a5 b
BRHEEID > EHORKBOEF L VIREBICDH S, M
B6IFELEE EEFNEL S BT, HETE XY
PRIV OB ENE <. 5% E M FEREITFER O KIE
I LUWIREBRICHD S, LMLEA6D LD SMHE
FEi3/h& < (Fig. 2. Table 1), Faefke LTk, #
HEFEENRE IR XD KEWY (Fig.4), Mo, &
BERE SR IR K OMAROEEDNRIFTH -7z (B
MEMERERY, 1961) T &5, Wi IEAIc
EERMARDEGICY A F A3 ERnEeEZLN

%o LIEN>TRELRELZZITZ T LMW ETNE. 5
BEC10 FTHAIC B ILR AR, 20m DL EOEAKEZ &
DOFEFERIGE DFEE U T LEERMD RIS 5 & D LHEE &
Nz,

5k

Burrows, J. P. (1990) Processes of vegetation change, Unwin
Hyman, London, 551p.

LI« BSOS (1982) ® O ILEERHIC BT %
FRMDBOL TR MIE I 2, MElrR, 317,
113-138.

VL B - A #5 (1980) RBUKR AL MR B
J 23T IMOMORR B X UBER, BIREK?
JREE R S, 14, 37-43.

BEFRY] - EH=EE - DR - BRILEC (2005)
O [ 11 AR bR K G B B S (1981 4E 1 A
~ 2000 4 12 H), AMKESUIRATIIICHRS, 4,
87-133.

ER)IEgE (1989) aF F ik D4 pE 1,
FHh 2 2 —ptgemd, 2, 5-12.
BEHFRILE (1996) HADMAMD I &1, HMAMK
OREER —ZofREEORM—", @il =

W, V7 MY A4, L, 25-39.

HHEEHE (1984) Wi 1ML v& B8 JL TE R PR D e 1 & it 28
ICBIS BWTSE, B IR OR S R A AR M M, 10,
1-124.

FMARCR « A 5h - =F 8« DR (1984) =
JARTE PR D Y8 BE TR SR MRS F5 U B W AR pE I B
57T (XD RHEAEIC K 2 EEBfFE & O
&, BMRAREERZATITRE, 18, 53-60.

Kelty, M. J. (1986) Development patterns in two hemlock-
hardwood stands in southern New England, Can. J. For.
Res., 16, 885-891.

FERE 2 - BRECEN (1984) FRWHA, SRRSO
PRI NS NAE I 5028, (L AR B N O ok e A=
e I i1 DCHE VA D RN, MUK PE R 2 ik % R
WFZERcR, 157, 123-130.

IR —= - WEZRY - MEER (1981 EOHIcH
%k < W ERHEE IR, PREABE U SZ AT AR R, 22,
63-69.

NRILEE (2000) FRFRDRLE, SLEA A AT HIZ, BT,
241p.

Larson, B. C. (1986) Development and growth of even-aged
stands of Douglas-far and grand far, Can. J. For. Res., 16,
367-372.

PEREEAZ « M5t - kEPIESL (1982) Ei Ly Vg
SIS JE D O FRFRIC 350 % KRRl - 25 BRI O BifE
B/ (KD, W S6 & Fm LY VilE G &,
HHHABEAER, 117-139.

EMEMIERERYS (1961) ARMBKGBRIEHIER S (H

B LR

B BT ES 55 5 %3 5, 2006]



Effects of disturbance on vertical stratification of broad-leaved secondary forests in Tatsunokuchi-yama Experimental Forest 225

Fke - HiHE), BMWEMERRY, 227p.

PREF T B ERAR (1998) S ARERMEER —FH AR —,
HAMSEREZ, 320p.

W= = s (1971 WFREEBMKICE T % aF
THEMOEE, WERBRS RILIGER, 11,
188-198.

B EKIIZE R (1996) FRAR &K — IR WIZERE R A
5—, HARIGAKHZ, W5, 116p.

KHERE (1942) BE/ MIloKEB g bR — mERs (1
F112 ~ 14 F il & LB i), R A LR,
215p.

Tamai, K. (2005) A paired-catchment experiment in the
Tatsunokuchi-yama Experimental Forest, Japan: the
influence of forest disturbance on water discharge, WIT
Transactions on Ecology and the Environment, 83,
173-181.

TH=G - BB - TRILE S - DA (2004) HK

| Bulletin of FFPRI, Vol.5, No.3, 2006

T ETYRNIC K S HRMORBMN R E &R
PUARIC R 9 502 — R L g o0 L1 L kAR
DG —, HAFMAZES, 86, 375-379.

Ak - PTEREECR (1985) #& oD [11LARPREE /KA B it I
BIBHADOHRRE SBORYE, WEABFE 5 F
#H, 26, 59-64.

A B ER IR (1987) ARAKZAL D3R H IS R IE g
HEOWME T IVIC K B FFAM, REDTR, 342,
41-60.






