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Abstract: Vegetation structure, composition and diversity were quantified for 10 samples (10 m x 10 m) representing
woody vegetation and for 30 samples (1 m x 3 m) representing understory vegetation in Pinus parviflora and
Tsuga sieboldii forest of Taeharyeong, Ulleung-gun (Gyeongsangbuk-do). P. parviflora was limitedly advanced
to sapling layer from seedling stage, and based on Mantel tests, composition of canopy layer was not established
in ground woody vegetation. Non-metric multidimensional scaling revealed influence of biotic and abiotic factors
in species composition of woody and understory vegetation. In the result of multiple regression model,
abundance of P. parviflora (density and breast height area) and percent cover of woody debris were significant
predict variables for understory diversity. These results suggest that relatively large disturbance is required for
regeneration of P. parviflora and T sieboldii forest, and control of expansion of monocultural understory species
that monopolize resources such as Carex blepharicarpa and Maianthemum dilatatum, is necessary for
maintenance of diversity.

Key words : mantel test, multiple regression model, Pinus parviflora, species diversity, structure, Tsuga sieboldii, Ulle-
ung-island, understory vegetation
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o %, £ vty 4 % &% +3) (Franklin ef al.,
2002). YEF 5(2004)2] ATE A2stH, ElstE ]
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off thgh A7} o] F| XA 4L ATt
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A=t 783 ©]8-F th(Magurran, 2004). 2JA
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© ZA Ao A|grol] o] gk A8 B E S
7}8 S ATk Wilsey ef al, 2005; Gazol and Ibafez in
press). & A= oSt HE Q1AL 2 Fol b
A & WF F(forest species) E WA F(ruderal
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A (woody debris) I = 5= 7]E3I5 T

7} 2] F4doAl -3 E - = (Canopy Openness)
9} &= (Light Availability) =4S 913 ojetall = JA+-S
9 319 tH(Nikon D90, #= Sigma 4.5 mm; F2.8 EX
DC CIRCULAR FISHEYE). 97 #412 Gap Light
Analyzer 2.0 23S o]- &3} TH ZAKA] Yol 233
2150 HAL o) FE(1991) E Lee er al(1997), L] 3L

FHFEY 2 AFAEEF (2005w
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20% ool & e E A I xE Fate] F8XE
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43l NMS(non-metric multi-dimensional scaling) 1€
H (ordination)© 2 FA3}H k. NMS £42 =3 the] 2
ZE 7P ofel e Apgol 2dg EA o
o} A EE2XL Sorensen?] 78] HEE o]8-3 3L, PC-
ORD Z=Z139] “slow and thorough” 3415 o] &3} th
(McCune and Mefford 1999). ©] #49-2 A =}E (real data)
£ 40 B4 5, 729135} ¥ A}F (randomized data)S 7]
£ 503]¢] Monte Carlo 7175 =l 3te] sltellA] oAl 7l
o] Fo 2 Uehd F A A Y A dHE TAH R B
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39 TH(Sokal and Rohlf, 1995). -2 2]xo] =98 14
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2 0.10 to remove). =2 Alg(model coefficient)= HH-
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7} 7VeE F AEF T SK(standardized) 3HATE FEA}E]
AR R A 7P A2 ARkERl e S w
ok e 9 oA £412 Zhz SPSS 15.0(SPSS
2006) % PC-ORD 4.0(McCune and Mefford, 1999)
22 IS o]§-3t] Tt

[o
=)
¥
ko
o o

2 I

1. & 7=

A T o] 47 W5t 3.7 molm ™
day™, 3 €9 = (canopy openness)i= Hi 8.6 %= i+
A= ATH ZAE W9 o7, UE BEY B 1A 54 7
S (%)= 2H2F 1., 2.4 2D 4002 Jebstth 72 E
2 2] F9d AT W 9 W UEE T
S TH(Table 1). XEFoNA Hat Stz 2 Uwrt
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Table 1. Means of area (/ha) and density (stems/ha) in Pinus parviflora - Tsuga sieboldii forest in Ulleung-do.
Tree layer Sapling layer Seedling layer

Scientific name

BHA® Density BA® Density BA Density
Pinus parviflora 325+10.7  470.0£146.9 0.1£0.1 30.0+£21.3 0.1£0.0 9111.1+1488.9
Camellia japonica 3.6x1.6 360.0+140.0 1304 720.0£183.7 09+0.3 6555.61+2688.4
Tilia amurensis 74+14 340.0+96.8 03%0.2 160.0 £89.7 <0.1 3333£3333
Tsuga sieboldii 564£435  530.0+155.0 04£0.1 170.0+39.6 <0.1 777.8+3722
Fagus engleriana 39£15 230.0+55.9 03=£0.1 230.0+85.7 0.1£0.1 3333£3333
Acer takesimense 22+1.1 220.0+38.9 0.1£0.0 110.0+23.3 <0.1 777.8+439.8
Prunus takesimensis 1.7£1.0 70.0+33.5 <0.1 80.0£46.7 <0.1 1111111
Acer pictum subsp. mono 09+0.3 80.0t24.9 0.1£0.0 60.0 £30.6 <0.1 2222+148.1
Sorbus commixta 03£0.1 50.0+£224 0.1£0.0 100.0£36.5 <0.1 444.4+296.3
Celtis jessoensis 0.1£+0.0 20.0+13.3 <0.1 10.0+10.0 - -
Cornus walteri 0.1£0.1 10.0+10.0 - - - -
Styrax obassia 0.1£0.1 10.0+=10.0 02+0.2 60.0£34.0 <0.1 3333£169.7
Taxus cuspidata <0.1 10.0+=10.0 <0.1 200133 - -
Neolitsea sericea - - <0.1 10.0£10.0 <0.1 4444+ 444 4
Morus bombycis var. bombycis - - - - <0.1 2222+148.1
Withered Tree 0.6*£0.3 20.0+133 - - - B
Total 109.6+39.0 2410.0£132.9 3.0%£0.6 1760.0 £280.6 1.1+£04  19666.7+3271.2

Table 2. Mean cover and frequency of woody species in
understory vegetation in Pinus parviflora - Tsuga sieboldii
forest in Ulleung Island.

Species Mean cover Frequency
(%0)

Hedera rhombea 48+0.9 90.0
Pinus parviflora 03+02 733
Camellia japonica 64+24 63.3
Schizophragma hydrangeoides 1.7£0.6 433
Hydrangea petiolaris 24+09 50.0
Ardisia japonica 05+03 333
Callicarpa japonica 02+0.1 30.0
Ligustrum obtusifolium 02+0.1 26.7
Styrax obassia 02+0.1 20.0
Euonymus fortunei var. radicans 02+0.1 20.0
Acer takesimense 0.7+0.3 16.7
Fagus engleriana 1.2+0.7 16.7
Elaeagnus macrophylla 03+02 16.7
Callicarpa japonica var. luxurians <0.1 13.3
Sorbus commixta 03+0.2 13.3
Tsuga sieboldii <0.01 10.0
Acer pictum subsp. mono <0.1 10.0
Prunus spp. <0.1 10.0
Morus bombycis <0.1 10.0
Euonymus oxyphyllus <0.1 6.7
Viburnum wrightii <0.1 6.7
Neolitsea sericea 0.1+0.1 33
Tilia spp. 0.1+0.1 33
Viburnum furcatum <0.1 33
Syringa patula var. venosa t. lactea <0.1 33
Pourthiaea villosa <0.1 33
Total cover 20.1+03

AolA 1 m~2 m)e] AV EE 7.6%=2 YERE, S
T2 W e = 9 e 77 3.6% 2 33.3%)E
ERRITE 2 EZ(< 1 m)e] HH F %= 38.0%= VERL
th 2EZ] BEAE F FollA A3t 133%E 7t
w2 NEE Y, Bt s 3559 Y
A SUHTTE 6.4%E 7Y =2 VERETH(Table 2). &
HAE F SoA 7P =2 W I EE YEd T2 3
Z(Dryopteris crassirhizoma, 7.8%)°13L, 7 =2 Wl
=5 Yeid F& Al dllium microdictyon, 80.0%
o|2ATH(Table 3). 52l S XEHE 5, ¢ 1
EoA F2 A= F(E Ty vk, 5 59 28
F(10%)°] XA, dAF 2 FHF] Wk A2
Ao 2 E83te T ZFFY E(Maianthemum
dilatatum), “3¥YE] (Dystaenia takesimana), 2723 (Asperula
odorata), 4 30VE(Poa takeshimana) 52 12%(30%)
o] X3 At

TTEY ABhH-ES U AA F2 9 sk
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X3 2HA) & A LaE H| A FEEo] YET
(species scoreol| W2 3A). Y& Ao HE T2
FMantel A7, =0.2,
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Table 3. Mean cover and frequency of herbaceous species in
understory vegetation in Pinus parviflora - Tsuga sieboldii
forest in Ulleung Island.

Scientific name Sé‘ﬁgg Mean cover Frequency
Allium microdictyon f! 2.6+0.7 80.0
Dryopteris crassirhizoma f 7.8+2.1 56.7
Hepatica maxima f 05+02 46.7
So({glzlgaagnot ev;rgaurea subsp. £ 05402 367
Maianthemum dilatatum r 1.6+1.5 30.0
Saussurea grandifolia f 03+02 233
Dystaenia takesimana r 1.5+1.0 233
Asperula odorata r 02+0.2 233
Asplenium incisum f <0.1 233
Smilax riparia var. ussuriensis f 06+04 16.7
Dryopteris lacera f 0.6+0.3 16.7
Pyrola japonica f <0.1 13.3
Ophiopogon japonicus f 0.1+0.1 13.3
Solidfzg'o virgaurea subsp. £ 0.1+0.1 133
asiatica
Viola keiskei f <0.1 10.0
Aster yomena r 0.1+0.1 10.0
Disporum smilacinum f <0.1 10.0
Poa takeshimana r <0.1 10.0
Stef,’;?}?:;%;m pozoi subsp. . <01 6.7
Dryopteris bissetiana f <0.1 6.7
Viola kusanoana f <0.1 6.7
Aster glehni r <0.1 6.7
Zz;rgg}ﬁ;tgguzodocarpum var. . <01 6.7
Adenophora erecta f <0.1 6.7
Adenophora remotiflora f 04+04 6.7
Campanula takesimana r <0.1 33
Arisaema takesimense f 0.1£0.1 33
Goodyera macrantha f <0.1 33
Dryopteris erythrosora f 0.1x0.1 33
Disporum sessile f <0.1 33
Isodon inflexus f <0.1 33
Viola collina f <0.01 33
Viola orientalis f <0.01 33
Cephalanthera erecta f <0.01 33
Veronica insularis r <0.01 33
Polypodium vulgare r <0.01 33
Smilax nipponica f <0.01 33
Cymbidium goeringii f <0.01 33
Mitchella undulata f <0.01 33
Duchesnea indica r <0.01 33
=28 =12
Total cover 17.9+0.2

*Forest species
®Ruderal species

2 o] 7153} 3 (final stress=11.66, final instability
<0.001), #A A= F2] W] gist A go] =2 15
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Figure 1. NMS ordination of woody vegetation in P.
parviflora and T. sieboldii forest in Ulleung-do.
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Figure 2. NMS ordination of understory vegetation in P
parviflora and T. sieboldii forest in Ulleung-do.

(30.9%) ¥ 115(29.8%)°2 YER At} (Figure 2). 43t
& o‘%“a"’] A A &2 B EG U=
o}l e g9l T91 g JFg we Zo2 vepyTh
&2 A7) %% Z9] WX (r,=-0.36, p=0.048)2} 44
< UERRAL, HIS-S Ash-e] ©RiE(r=-041, p=
0.023), A 58 Fo) DHA(r,=-047, p=0.009) & ¥
FIEE(r,=048, p=0.007)9} ol AL 1Y
NMSEA A3}e] F Z4(species scores)ol] 251, 1152
QB SHA M ABeHs BE QEHE WA F
2 s Al 2 5432 o] BE3I9Y 139
AR = A%u}]:] AU 2 wg] TAke] 9 e wlg 2=
o]w ZEo] %t‘ﬂ_fs}cﬁl Vﬂ?} TR o



SEE AR EFUT P T2 D S B Py 39

Table 4. Stepwise multiple regression models of richness, cover and species diversity of forest species, ruderal species and whole
species including standardized coefficients (/) and p values of significant predictors.

P, parviflora T. sieboldii Total Bared Woody Light Canopy
BHA* Density BHA Density BHA Density soil debris availability openness
Richness, adjusted R = 0.25,
0003 poo- 02 - - - - - - - -
p - 0.003 - - - - - - - -
H' adjusted R?=0.51,p=0.032 B -1.03 - - - - 0.304 - -0.670 - -
p <0.001 - - - - 0.032 - 0.001 - -
Forest species richness
adjusted R =0.20,p = 0.008 B - -0.478 - - - - - - - -
p - 0.008 - - - - - -
Ruderal species richness
adjusted R* = 0.44, p = 0.001 B -0943 - - - - - - -0.697 - -
p <0.001 - - - - - - 0.001 - -

3. & i

YT W A Ht F T 115, B v A

@F] gl W) gl g upeke] 2710] 61 A48 e] T
o 9F= vAE Aew YeiEt Bde ST Al
I(H"(adjusted R*=0.51)] W5 717 2 A3,
WA F (adjusted R?=0.44), AA] F FH % (adjusted
R=025) ¥ & ¥ “F(adjusted R=0.2)°] =o]]th. A3t
el A7) T A (B=-1.03) B 2FA] F F(B=
-0.943)9} -9 g 9] S JeERSITE sl 8
& 5 THE(B=-0478)2

TE E FRE(R=-052) D

< Bt F UEE T AF(4=0304)%
A BT, sukeel WA S tepy A

i

9} §-o)5k A VFehHA] 29 TH(Table 4).

] 8.
(Cho et al., MILFEAR), FEA S (10.5% 2
4.3 mol'm>day")(Cho, 2009), ZFA AUFH(7.1
mol'm™day™, 13.7%)(=HAF 231, 2009)e] B3] v

=
Al UebstTr. AP BAE w9 A 9] 37 8 Q1A
i) JFoE A FFo= B8kl W B
o] YA vehsted], 4% % F300 F59 A,
S5 B BT NIRRT B a4
ylo] apetel 102 Az th(Table 1). HE3E H]a2s] A3}
A7 eSS B SR AA PR A o]
g Al dFe FAE AR .

ZAA ] Qi Hit A B UEE QEE 5(2004)
o] AT ARt} i EA4 el ol2ld 2ol=
ZARRA| 42 B ZAE A71€] Zpole o3t Z1o 2 wetE Tk
U, U 8 YeihR 5 Qi W 8 4
< AEZ F(2004)°] AT} FAFSHA VRS A4
AbelA] B2 AJE E& AE0] AFY £33 g R
B A 2 o8 JAE(DBH<10 cm)ol it} ©]213t 7
T2 A e e a0 % AlgERTE, 2
A AR L Y 5o el o3 Axd 7540
=17] wj ol (Franklin ef al., 2002) B A7 thAFA 91 A3t
W& UTde 2] wd A6 dle 30
HFETHIES 5, 2004).

ZARA GOl A BT 52 AL Fol & Qe
I, X 5E B U2 ST o3 d A
b 3o Aahure] Wols AlghslAl= RA, -5
o 29 A= Bttt AL gt o] 71
A7 We/d o) wlaLA oFsh (S 5, 2004), THE
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