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Introduction

small
disturbance

> Heterogeneity in
I forests

small
disturbance

> INRREIRELORBRYBRLOAFMOTSHEEZEYHT

(repeated small disturbance can generate forest heterogeneity)

> B—ORBABRRELBEDOFAHERZFYET M

L*Lfd:l.o\(a stand-replacing disturbance may create extreme variation
in the structure of forests)(Turner et al. 1998)




Introduction

: RIBIIBELE DS -
%EL‘T&':1%)\ LT:%HE " ﬂiﬁ LT:%HE ~ *E*E;.I‘_GF‘Z U ll_Lj(Turner et al. 1998; Franklin et al. 2002)

(consists of seedlings recruited after the disturbance, and any seedlings and saplings

surviving the disturbance)

BIALERDELEDEA-AFLEELE HEBOECTHLTFHETHNIL,
HA D M5 18158 2 #K (275 5 (Because the abundance and distribution of the

seedlingisiand saplings are spatially heterogeneous, the initial forest structure after a
stand-re:p:placing disturbance is likely to vary among local sites in the area affected by
the disturbance)

MEAD IS D ZHR1E I FMDFET S+ AHEELICH
N | =2 THFRYKEIT S (Kashian et al. 2005; Lecomte et al. 2006)
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.| (Effects of this initial structural variation may persist for several
decades or even centuries during forest development)
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» TEEITER]-TREBUICE S THERSNAZRMRZERD
LR, BELRDEIEFEMRT A-HIZFEHEINS
’\%T:(Cattelmo et al. 1979; Kashian et al. 2004; Lutz and Halpern 2006)

(Spatial variability in forest structure that consist of variation in density,
biomass, or species composition should be evaluated to understand the

dynamics of the forest after a stand-replacing disturbance)
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S>WHEFEHIHD7ELY (few studies have evaluated...)



Introduction

» J\7EALER.

LI S KIS 35 (T B AR EIE D/ €

2—>(We explored the structural variation within a
subalpine Abies forest in northern Yatsugatake, Japan)

> {2 57%&E(dominated species)
SEY (Abies veitchii)
AASEY (Abies mariesii)

U

> 1959FDFHEEZEERICE ST BMTEAFMOB AN GEE ST
(Any canopy trees in subalpine forests in the region were
completely blown down over an area covering a few square
kilometers in 1959 by the Isewan super-typhoon)

U

> {2 57%&E(dominated species)
UZEY (Abies veitchii)
AALSEY (Abies mariesii)




Introduction
y —EREBEZRT-. M BEDZHKRMEZHRLHDIC

] u—CL\%)(The forest is suitable for study of structural variation within
a forest that experienced a single disturbance)

» ZHOESEAEGALTLDOT, ERADELN PR
ALADISE |$0) L\b\’}\f&L\(The forest consists mostly of

two Abies species, so that its structural variation is less likely to be affected
by differences in species composition or the different responses of species

to disturbance)

< ZE ) (Abies veitchii)
A A SEY (Abies mariesii)



Introduction
- RER

[ RERE—REAROBMTE. BROSANESHHTAYE
E15B ]

(We hypothesized that tree distribution is highly heterogeneous in a forest that
regenerated after a stand-replacing disturbance)

. :

. $I770vANILOEHEE. BESEDIFE /NS
(local stand basal area would be smaller in stands with a clumped
distribution pattern for trees than in stands with a non-clumped pattern)

2. EHEAFEHAXE. ZENEIEE NS0V (mean tree size would

be smaller in clumped than in non-clumped stands)

3. HARXDIESDEIL. ZEEINFULEE KZL \(size variation would

be larger in clumped than non-clumped stands)




Study sites and Field methods

» #=4#4 LU (Mt. Shimagare)
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» Site | (36° 4 30” N. 138°
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Analysis(50m X 50m)  @#m./\rE2E

» stem density » mean DBH
» stand basal area » CV of DBH

» RS MANF—2DEHTIZ L(E) function Z{EF
|L(t) function)|« Ripley's K(t) function (Diggle 1983)

L(t) >0: clumped pattern of individuals
L(t) <0: regular pattern
ﬂ (t=0.2m-25.0m; 0.2m intervals)

» Monte Carlo simulations: 99%{E %8 X 4]

(approximate 99% confidence envelopes)



Analysis(10m X 10m)
[» stem density » mean DBH J

» stand basal area » CV of DBH

> R H/ANR—2DEEHTIZ L(t) function
|L(t) function)|« Ripley's K(t) function (Diggle 1983)

classify the pattern into three types: clumped, random, or
regular=>clumped(5£ &) or non—clumped(GESEE &)
(t=0.2m-5.0m; 0.2m intervals)



Results

Tahle 1 Specics composition,
number of rees, hasal area at
breast height. mean diameter at
breast height (DRH), and
cocficient of vatation (CV) of
DBH in the four plots

Number Relative Relative
of rees frequency bhasal
(stems 025 ") (%) area (%)
Plot 1-1
Abiex veirchii 683 32
Ables marfesti 175 12.6
Betura ermanil 48 23
Sowbnis commixka 62 1.0
Fruns mipponica a1 09
Picea jeroensis 02 .0
var. hondoensis
Total 10400 1000
Plot 1-2
Abiex veirchii .10 526
Abiex mariesii 174 11.4
Sovbus commixio 122 ia
Prinw nipponica 49 1.8
Betmra ermanii 14 09
Acer tschonaskii ol 0.0
Total 100D 10004
Plot 2-1
Abiex veirchil 658 8.9
Abiex mariesii 322 0.1
Picea fezoensis 05 0.6
var. hondoensis
Betura ermanii L1 02
Sovinis comurixe s 02
Total 1A 10000
Plot 2.2
Abiex veitchii 537 659
Abies mariesii 450 3315
Sowbus commivi 03 04
Bemira ermanii 1.0 0.1
Picea jecoensiz 00 0.0
vir, hondoensis
Total 1000 1000

Mean
[DBH
{cmj

CV of
DBEH
(%)
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Fig. 1 Subplot-level vanation in a stem density, b stand basal area, ¢ mean diameter at breast height (DEF), and d the coefficient of vanation
(CV}y of DBH




t=1.0m; ® ( ) values were

Results; plot-level g

Fig.2 Lit) valie for trees taller
than 1.3 m in a plot 1-1, b plot
12, ¢ plot 2-1, and d plot 2-2.
The solid fine shows observed
Lity values for extant plants,
dashed lines show 9%
confidence envelopes estimated
from 1.000) random distributions

clumped —<<

T T -41 T T
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Distance f (m) Distance f{m)
t=10m; * ( * ) values were largest




clumped

Results; subplot-level

Fig. 3 Distnibution of subplots
with clumped and non-climped
distribution pattems. Subpiois
with clumped distribution
pattern are shown in gray.
Cireles represent single rocs.
Sizes of the circles are
proportional to diameter at
breast height Open circes,

A. veirehit, elosed circles,

A. mariesii; other svibols,

a Plot 1-1

other species
£
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Results

» Site |

» WIARDZER DD/ - IEEEHTHY . HI70y
FUANILTDRHINFI—2HZTEERITH O =(That s,
overall distribution pattern of the trees was clumped and the local
distribution patterns were also clumped at most localities.)

» Site 2

, BADERIS D S — (L ER W THT=H. HD
7OE|“JI‘I/&)[/-—C‘:H:~ g((‘:g'zg%éﬂ"]f%f)f:(the overall

distribution pattern of trees was clumped, but the local distribution
patterns were not clumped in most subplots)
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Fig. 4 Relationships between density and a hasal amrea, b mean
12 diameter at breast height (D8H), and o the coefhcient of vanation
(CV) of DBEH at Site | {circles) and Site 2 {squares). A oosed pembol
indicates a subplot with a clumped distribstion pattem: an open
swmbol indicates a subplot with a non-clumped distnibution pattem.
The megression lines weme estimated by penemlized linear mixed
mdel for zubplots with a clumped distibution pattem (solid lines)
and non-clumped distibwtion {dashed lines)

Mean DBEH ()
[=u]
L

Q: Site 1, clumped pattern O: Site 2, clumped pattern
@®: Site 1, non—-clumped pattern H: Site 2, non—clumped pattern



Discussion
» FEBITEMLTDIC, Mo BEEIXZHkTHoT-

(Although the species composition in the study site forests was very simple,
there were large variations in the forest structure within the plots)

> ﬁ—d)jtiﬁﬁ?%ﬁ’&%(%:- SFEIEY—FFY
ZJEVMSTH, EFIABHEENIEND
(this shows that great spatial heterogeneity can arise even within a area
that experienced a single large disturbance in the subalpine Abies forest)




Discussion

/ WSEEED DS \

(variation in basal areas)

FIRTEDEL

(heterogeneous light conditions)

" 0 75 4T TED A o< 48 7t B S

(basal area)  (canopy closure)

MEEEDIESDE
(variation in the mean and CVs of
DBH)

BARDYAZXDIELDE

(spatial heterogeneity of tree

sizes) /

wtchell and Popovich 1997; Hale 200I)/

MERIEE DEAZL . EhRE
(the abundance and dynamics of
understory plants)

BIAR DL - £ FE (TP A XK
95 (S.N. Suzuki, unpublished results)
(the mortality and fecundity of these
trees depends strongly on tree size)

<+
BARDEREDZER/NF—

(the spatial pattern of tree

demographics)



Discussion -~Effects of local spatial pattern on the local
stand structure~

high middle —low

N

greater
canopy
openness

crown

-\/ \/
HRDDHINFI—UNESHTHHI=15E
SBEZEDEFOADL. EEEDGMELY . SIENFAETHDHEL

(If the distribution pattern of trees is clumped, the canopy closes later in
low-density areas than in high-density areas)



Discussion -~Effects of local spatial pattern on the local

stand structure~

TR TAXDILLDE
|

BRDFIEICEE

W

=% EICKYBANEIELEE
vV ER S MIEIYRBAIAIZE DL
(Kenkel 1988; Kenkel et al. 1997; Suzuki et al. 2008)
V—AT. A XDIELEDSEFNEK7ESD
(Weiner and Thomas 1986; Knox et al. 1989; Kenkel et al.1997)

(If some trees die in a density-dependent manner, then the spatial distribution
pattern would be more regular after the mortality, whereas size variation
would decrease)




Conclusions

B KERE R DS —A AL SE YRR T, EDESITHT
JOVRLARNILDIEENZHRIETHDH ? (how local structures varied

within an Abies forest that experienced a large stand-replacing disturbance)

70y DAV ERERRED T — — ~
(heterogeneity in the initial jl> (stem density)

conditions of the stands)

=

K (basal area) (size distributions)
AV

—EIORSLERDEENFMBEDERMVA I —HICRIABOZEZ S

ZTWS

(This is indicative of prolonged effects of a single large typhoon on the spatial

heterogeneity of forest structure)

~
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Conclusions

» IOV DZEMBED ZHKEX, TN TOEX
IZIGCT. Y770y MED 2% L TLY S (the

variation in local structure reflects variation among the local stands in
response to ongoing processes)

y» O TOYMARNILDEEEREITTHEIZEHLT. T
OYvERDOFMRENED F ML PREZT R A EMTE B(the

analysis of local structures within a plot can provide a detailed view of
forest dynamics)




fili D ~RipleyDOKBEEH:~

» KOIX, MEAISBIENS R, BEEtETITHMA
FRSNOIRDBZERT

» BR(CTUA LIEIZEINT-IRETIE

y L(t) = /’“t)/,, —t, K(t) = t? TERINB,
» =L(t) =0




e @ ~Monte Carlo Test~
» ZRISEESUF L (csr) TD100BID 22— 3>
y SERTEIA LEEZZERNT HorlL7iELN

STATISTICS FOR SPATIAL DATA (p. 617)
NOEL A. C. CRESSIE



Discussion ~Spatial distribution
ﬁ E@ patterns at the plot level and subplot level~

¢ e Plot level —
v {8 < @/ \vF (Patches of individual)

v INYTFDRKESDHETE (Estimation of the patch scales)
V =DM DR EHICKDEEH /32— (the clumped distribution

pattern that results from heterogeneous distribution of safe site)

II Subplot level

v 778V ARNILTODRF/NF—2 12 KD ZER D % #k 1% (Spatial variation
in local distribution patterns)= 7 YL ANJLTHMNSEENED

vV EFAIRONYF e EHAHTERIREICE > TRASNI=FHM(the
clumped distribution pattern that results from heterogeneous distribution
of safe site)




