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ABSTRACT

Based on the analysis of ecomorphological characters for 84 tree and shrub species, climax indices were
estimated so as to interpret the position of the successional sere for the species in the natural deciduous forest.
Nineteen ecomorphological characters, considered to be associated with successional gradient in the forest,
were selected for the study. One of 2 to 4 steps per character for each species was given on a standardized scale
of increasing climaxness, and the index was computed by percent of the sum of the scoring values for total
score.

Calculated mean value of 54.2 for all indices, Carpinus laxiflora had the highest index value of 83.3, and
Populus davidiana recorded the lowest of 18.8. The most climax group, greater than 70 of the index,
contained only 9 species, intermediate group, between 40 to 70 of the index, had 58 species. and the most
pioneer group, less than 40 of the index comprised 17 species. The result has noticed that the large number
of species would take advantage of most diverse resource and niche in the intermediate stage of the sere in the
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forest. The three components, i.e., light absorption, reproduction, and wood quality were used as axes for
a 3-dimensional projection of the relative position for 44 species by principal component analysis. Along the
similar ecomorphological characters, four recognized species group were classified by cluster analysis. The
distribution pattern of plant families on the index gradient showed that the Betulaceae and Aceraceae had the
widest seral amplitude, and the Salicaceae was a family typified as pioneer. There were no families specializ-
ing entirely with climax niche.
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Table 1. The basis of score application for 19 ecomorphological characters.

E 4 3 d 3 . .
FHFF24q
1. H=tg7 HA=0 F4 Al FAAl=2 A4l =3
2. EA4 2-3=0 3—4= 4-5=2 5-6=3
3. Yuid HAEA=0 -3 34 =2 2ufed A =3
4. Yztets =0 >1/29 4=1 <1/2%9 4= uldab=3
5. Y= (cm? <10=0 10—50 50—100=2 >100=
6. Yujdutg 38 =0 F F4EH=2 43 =3
7. 4AF A=0 Z=1 =2
8. 7z e A=0 F=1 =2
9. A4z gEA=9 =1 HEA=2
WAgql
10. &4 =0 Fah= FA4=2 4=3
11. % - |7} ol 7}3=0 A 7pst=2
12. &7 (mg) <50=0 50—200=1 200—500=2 >500=3
13. $A4Z upgl=0 wpah . Fai=1 =2
14. AAdE () <15=0 15—30=1 >30=2
15. ZAF71 () 1=90 1-2= 2—3=2 >3=3
A olad 44, 7le}
16. EAvF <0.5=0 0.5—0.59=1 0.6—0.69=2 >0.7=3
17. kA A4 (kg/cm?)  >800=0 800—1000=1 >1000=2
18. TYLOSES &=0 Ad-&=2
19. ARMAMENT Ue= Ne=2

ot 19712 &4 3 %9 4757(E4 ordination
airiE FolA £ 5T (principal component
analysis : PCA)-& %3be] EHEERE S4d
g 2 £5o HHE sYgsln, Tt £F 4%
7rel E450) utEoil& Euclidean HEEEFEE
ol &3to] cluster#4g F3lod FAME HA4E
£ 575 £5etsich(Pielou 1984).

A7) AbgrE e 49 E-2 Kovach(1990! ol
o A -4=tsl computer programa M.V.S.P.
{Multivariate Statistical Package)% o|23}

o, HifEe]l A &£ F(1982)F Bt
At
B 3 ER
1. HEEEY
ARE 84 HFES FiE = BF3a (268 47
B 84r) 7t HfiEol olsle] 197429 AMERRER
gy EAdE 2ulx 4ubAle] HA4E Fodstd #

Ztol tH3l HYEEHA EAls = HEHEEHR 54
g AbEstel & 200 vEpdh. 54l ubet
7hdt #EEe A= 0%l

4 7 sz 4%

7

A 484 =l ole], A& A 9& (A4 40
A (Moirh) Hojell &3t

A oA BiE FolAd  MAYF(Carnpinus
laxiflora) 7t 743 E& 1EPE AbEsled 83.39]
7125lel omd AT (Populus davidiana) 7+ 7}
x4 owle 18 82 Jeldogs, #HyPHez g7
e B\HEE FEFoEAe HoluF (F F 1992)
o} SEEHREC 242 ATl BREEREE
Eale] Aoz Rgch FA4AS 7004
< veldio] vlmE EHRY Frldd £FT4
1go] Fold 75 Adg 7hd £FE2E Aojut
ol olo]A mE|VF(Zelkova serrata), THAM
w2 (Carpinus 7} A o) 15 Carpinus
tschonoskii, A17H S (Quercus mongolical,
A3 (Tilia off -5 (Styrax
Japonica), HE (Acer pseudo-sieboldianum),
222 E (Acer mono) 59 Fog ey
fegp 40mlnte g Z Aol BHRY Z7d4 Jd
How wZ ghEY P nxel E YR
73 wELY Aol Lebsle] EHSE
4Z (Egler 1954, Drury and Nisbet 1973) =2
= ARAFE el Rkl AR (Populus

T

cordata),

mandshurica),

2= 7]



GENG I 822 % 1993F 65 181

Table 2. The list fo species codes and climax indices{C.I.) for 84 species ot broadleaf deciduous trees
and shrubs. The codes are applied in Figures 2, 3 and 4.

Code Species T & C.1.(%) Family
QM Quercus mongolica Al 7} F 72.9 Fagaceae
Qv Quercus variabilis Exas 64.6 Fagaceae
QA Quercus acutissima Abg-gup g 60.4 Fagaceae
Qs Quercus servata FAF 64.6 Fagaceae
QD Quercus dentata w 2R 68.8 Fagaceae
QL Quercus aliena ZH A5 60.4 Fagaceae
CR Castanea crenala L 64.6 Fagaceae
BD Betula davurica Fupgh}f 50.0 Betulaceae
BS Betula schmidtil ubeh} R 52.1 Betulaceae
BH Betula chinensis e R 58.3 Betulaceae
BC Betula costata A A 5 50.0 Betulaceae
CL Carpinus laxiflora 2ol & 83.3 Betulaceae
CcC Carpinus cordata 7} &) vl et 79.2 Betulaceae
BE Betula ermani A2l v 5 60.4 Betulaceae
Al Alnus japonica 2 ug 50.0 Betulaceae
AH Alnus hirsuta 22 et 47.9 Betulaceae
CT Carpinus tschonoskii N A of L} 5 77.1 Betulaceae
CH Corylus heterophylla var. thunbergii 7| +5- 62.5 Betulaceae
CS Corylus sieboldiana Aol o 5 60.4 Betulaceae
Cp Ulmus parvifolia o 68.8 Ulmaceae
UL Ulmus lanciniata vhel - 64.6 Ulmaceae
ZS Zelkova serrata g R 81.3 Ulmaceae
CN Celtis sinensis 5 63.8 Ulmaceae
CJ Celtis jessoensis FA - 66.7 Ulmaceae
TA Tilia amurensis - 68.8 Tiliaceae
TT Tilia taquelii wou g 62.5 Tiliaceae
™ Tilia mandshurica g 72.9 Tiliaceae
FR Fraxinus rhynchophylla 3 U5 56.3 Oleaceae
FM Fraxinus mandshurica Lol 5 58.3 Oleaceae
SR Syringa reticulata var. mandshurica W35 50.0 Oleaceae
M Juglans mandshurica 74l - 60.4 Juglandaceae
PS Platycarya strobilacea Ea s 54.2 Juglandaceae
AA Ailanthus altissima 7t R 39.6 Simaroubaceae
PQ Picrasma quassioides A5 52.1 Simaroubaceae
AP Acer pseudo-sieboldianum PR 72.9 Aceraceae
AM Acer mono I E RS 70.8 Aceraceae
AT Acer tschonoskii var. rubripes Al ehpF- 60.4 Aceraceae
AG Acer tegmentosum AAF T 68.8 Aceraceae
AN Acer mandshuricum A5 52.1 Aceraceae
AB Acer barbinerve i Al ek 5 60.4 Aceraceae
Al Acer ginnala AHF 29.2 Aceraceae
AF Acer triflorum B2 75 54.2 Aceraceae
Ccv Cornus controversa 345 60.4 Cornaceae
CK Cornus kousa Apeh g 54.2 Cornaceae
cw Cornus waltert ol 1}-5- 62.5 Cornaceae
RD Rhamnus davurica 7ol 5 37.5 Rhamnaceae
HD Hovenia dulcis ERURR S 60.4 Rhamnaceae
SK Salix koreensis CRRSE 35.4 Salicaceae
PD Populus davidiana ARA L5 18.8 Salicaceae
PT Populus tomentiglandulosa A4 20.8 Salicaceae
PA Phellodendron amurense shi g 37.5 Rutaceae

LO Lindera obtusiloba A 7 45.8 Lauraceae
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Code Species ¥ % C.I1.(%) Family

LE Lindera ervthrocarpa u] S} 5 64.6 Lauraceae

RC Rhus chinensis Huyy 35.4 Anacardiaceae

RT Rhus trichocarpa N g5 29.2 Anacardiaceae

WS Weigela subsessilis oy 43.8 Caprifoliaceae

SW Sambucus williamsii var. coreana  HEVT 39.6 Caprifoliaceae

PH Philadelphus shrenclcii e 43.8 Saxifragaceae

SO Styrax obassia ZZaF 66.7 Styracaceae

SJ Stvrax japonica o S5 72.9 Styracaceae

KP Kalopanax pictus Sy 41.7 Araliaceae

RS Rhododendron schiippen-bachii Az 54.2 Elicaceae

RM Rhododendron mucronulatum 2l ek 45.8 Elicaceae

MA Maackia amurensis chE b 5 56.3 Leguminose

RP Robinia pseudo-acacia otk A v} 8- 39.6 Leguminose

GJ ‘Gleditsia japonica var. koraiensis FavT 45.8 Leguminose

AZ Albizzia julibrissin 2 5 41.7 Leguminose

LM Lespedeza crytobotrya Z &2 39.6 Leguminose

LC Lespedeza crytobotrya EIu 37.5 Leguminose

LB Lespedeza bicolor g 35.4 Leguminose

MB Morus bombycis AgbE 52.1 Moraceae

SB Staphyvlea bumalda 2T 52.1 Staphyleaceae

MS Magnolia sieboldii shubz ] g 64.6 Magnoliaceae

PG Prunus sargentii Al 47.9 Rosaceae

PP Prunus padus HEF 50.0 Rosaceae

SA Sorbus alnifolia ol v 50.0 Rosaceae

SC Sorbus commixta B 39.6 Rosaceae

SSs Sorbaria sorbiforia var. stellipila H o} 25.0 Rosaceae

SI Stephanandra incisa ERa e 33.3 Rosaceae

CP Cartaegus pinnatifida AbAbT 52.1 Rosaceae

EA Euonymus alatus shah - 56.3 Celastraceae

EO Euonymus oxyphyllus 5 60.4 Celastraceae

EL Euonymus alatas for. 35 54.2 Celastraceae
ciltato-dentatus

SH Symplocos chinensis for . pilosa e A 66.7 Symplocaceae

tomentiglandulosa), W = 3F5F (Salix spp.), Al
v (Acer ginnala), 435 (Sorbaria  sor-
vifolia var. stellipila), #2|\5% (Lespedesa
spp.), +Y5F (Rhus spp.) ¥ 170 FFe|c}.
= Xl 5870 FF& R4 40014 T0m|mto s Al
Z=5301, HIH] FFTEEZ = BEMANA #
HeshA A&se] el o He] MAR
ql AR (mixed mesophytic forest) (3* %
1987) el Fo FAHLAQ  ENFEF (Quercus
spp.). ARAIFH(Betula spp.), =FUFF
(Ulmus spp.), "3 W5-F(Acer spp.), v+
F#(Tilia spp.), EFNIFF(Fraxinus spp.),
22 \UBE2 (Cornus  spp.), ZHNWS(Juglans
mandshurica), %5 (Styrax obassia), Tt

S (Maackia amurensis), A3 (Prunus sar-
gentii), o5 (Sorbus alnifolia) 5% & +
Adrt. EAM FoM 1 =& HEUL AEH
Re  xelA YR (Symplocos  chinensis  for.
pilosa) 24 66.7% 7| &g or], o o wlm
H 2o 4L Mg BEFIE O AUYYEH
{Corylus spp.) & F3F (Euonymus oxyphyl-
us) S22 Sold AAZ BHA B ME
fﬁﬂiﬂl*ﬁ of $-e1x AEIHA ThH HEE 74
e Fo £FEE e

a7 12 BEEERHSEE £33 HERE
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Fig. 1. Frequency distribution of 84 tree and shrub
species on the climax index gradient.
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Fig. 4. Distribution of families and range of species
along the ecomorphological gradient of the
climax index. Letter codes for species were
given in Table 2.
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