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Spatial Genetic Structure of Needle Fir(Abies holophylia)
Seedlings on the Forest Gap Within a Needle Fir
Forest at Mt. Odae in Korea'

Kyung-nak Hongz*, Young Cheol Choi?, Bum-Yong Kang2 and Yong-Pyo Hong2
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|2 A4 T3 Z7](genetic patch size)s B4 EEUko] mieba Ak Aoz 2xg
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¥ A(genetic configuration)' 2.2 A sl1, o] & o2 FAEEML A}, A FiEo)A
& Ao R Ao Zrbe giet x5t fA3 FAA] AL Frdte Aes Jebydol, o4t
Au-rde] wrgt SapAsaE 2 A o] ol B x et ke FUANS mEEd, o)
g Ay Ao A e wpt $AE Zol IRt BA Az uEg e wE A
22 AZ™c),

—d o?: 1 lo
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ABSTRACT

The spatial genetic structure of Needle fir(Abies holophylla Max.) seedlings on forest gap within a
Needle fir forest at Mt. Odae in Korea was analyzed on the basis of ISSR(inter-simple sequence repeats)
marker analysis. The gap size was 1,500m*(50mx30m), and we sampled 416 one- or two-year-old
seedlings by 2m intervals. Some trees at the upper crown layer except Needle firs and all trees at the
middle and lower crown layers were removed, and Needle firs at the upper crown layer showed very weak
growth strength or to be withering to death. The results of spatial autocorrelation using 31 polymorphic
ISSR markers revealed that it was genetically homogeneous within spatial distance of 15.6m and the
randomness of genetic distribution was from 15.6m to 31.2m. The genetic patch size of seedlings in forest
gap might be restricted by the density of mother trees, making allow for the average height of adult
Needle firs, the seed dispersal area, and the average distance between adults. For the directionality of
seedling distribution, we investigated the variography using 'genetic configuration’ which was the value
of configuration in Multidimensional Scaling by genetic distance. In directional variogram, the increment
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of spatial distance from East to West direction was inversely proportional to genetic homogeneity., We
presumed that this anisotrophy of seedling distribution at this forest gap resulted from the directionality
of seed dispersal rather than the difference of fecundity between mother trees or the microhabitat variation,
taking the evenness of forest floor condition, a vast seed production and the random distribution of

seedlings at the studied site into consideration.
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B Ao 2old AgH e Aasle
A2l A LA founder effect)ell <& 2 %
o FAFE7F AAYHAE, o]n] o] Fozl &l
= AdAAle sab(disturbance)s} 7Y AIFE7]
(regeneration cycle)el| el & FA4ge] 2ebA|
(Platt and Strong, 1989), ol® Il %9
T4 FATERE G A @ Ao, MmAHM
%0 fitkd e e 23 & E(forest gap)
o] HtAltlelE A Fol o8] c}A| AAe] =
ZEo] ¢ 7] d&ol(Runkle, 1989; Connell,
1989; ©134, 1995), std "M Eo] 4A
Hw FH 2o FHNEE, Fah 32 vl
X 2] 3 o wetA AdY {ATFEE e
&4 g Aolrk(Epperson, 1992). 23w
o} e Apol s iFAAE T File] A
e e vay olFAde] AgEHE FA7L
E9| F7kA §A-7-F(spatial genetic structure)

AR A F8 89le] & 4 slH(Epperson
and Allard, 1989). Z2hv}t A4 A zAbelA 2
Wi 4 u|Abg ddo| FAH A 25 whA 4
A REGEES e A 4x dsud
(Hutchings, 1997).

ArE A Qw5 AYF(Abies holophylia)= W
£¥o] 7haly, HEMCZ v ST EiEtelA
Aol $-eahe], wlad HAsP4le] #EHE F
}e) $2o e Ao Exaed(PAFE,
1992), 53 2ol doje] AT 2 FEUE
U AgAe7) i £ A g deA ot
(1734 &, 1996 <A, 1997). AF e
RAPD(randomly amplified polymorphic DNAs)
B o 444 23 (Pt £3=19.8%)=
EMEEY TAER21.9%)0F Eu)uE(21.5%) <l
vlate] oiA A delhge s (74, 1998), &4
228 Fsr=0.062, AW, 199NN = Ables
B 974 E3HGsr=0.063)¢+= vl 58 Fol

U

>

o

Y(Hamrick %, 1992), A&4YH(FHE4 Fer=
0.038+ AUF(Fsr=0.050)5 #isld & 2
22 BaEsrKim 5, 1994). ols} 2ol £
vhetal A AuF Aol A E3hd A8 A o
FAe digt A7 FA=EHAoW, HAYF Gd
Ay 4 7-F(genetic patch dynamics)vt %
5o fAA Fxel digt A7 o] FeF He
sict,

2 o+ ISSR(inter-simple sequence repeats)
EAAE o]-g3le 4t AT EiRG
FHog AAE 8 HAR ey FA F
ArzgE EAse, AJFEHe JA57)(regenera
tion cycle)oll A 42 fAH EEd vz 3

Aol thbe] opr ) sk,
Mz % oy

AR 2AR = A% J3F Axd A4 |
Bl ARF 2 AUy < 1,500mA50m
x30m) AE9 Mg BHER YT 670m, 37°
43" 457,128 35" 507), ¥ FAE 2AE 93
1996 ol A5 ¥ F3 olslE 43 AA
s, AUE Ased g =ale 19984 54
Y6l At ed, RAR G 2m BFHoR F
41670(26 % 16) =AM & AR s}, 7 Ao
A 87 30cme] $13H0.283m%) el SeIglE Sem
ojsle] A4 HWE FTAMSa, Aol £A4E 9
gto] Fabel 2 g e A¢F AHAsta, Hd wt
7 30cm ool EAlEe A5rl & ASde
7 7lrhe 2o sle ASE AFAsd. e
a2 x5e] DA v asly] ste] ARl
Al zkzt 150m, 400m YoiA Aol 98 (20m
X 20m)E dAse] AEH 5o £5 284
t},
2142 total DNA #2 % ISSR PCR(poly-
merase chain reaction) Z3-& Z74yv 5(2000)2
sl zeoldlgd e, 47019 ISSR primer(UBC
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SSR Primer No. 811, 822, 836, 846)¢4 &
47709 5485 A0 e (AL sE
95%) ISSR EAAE EAd o)&3teicHFigure
D. &3kl =7)4F3A (spatial autocorrelation)-<
SGS =213 (Degen, 2000), ¥A4HEEA(vario-
graphy)2 VARIOWIN =2 1% (Pannatier, 1996),
71e} AL g 842 SAS/STAT =218 (ver 6.12;
SAS Institute Inc., 1996)& AH8-3tgich. 244
©]-8-9 Tanimoto®] 34 7 2](genetic distance)
o} LAk % (semivariogram; y( k))& b3k 2},

Dr=1(3%o)

Dy : 74 A A8t /AA B 7kl Tanimoto distance

a A Aol EAstE ISSR FEAE9 ¥
270 A Boll &8k ISSR FE415-9] #%
A A9t A Bl TECE EZAst:=
ISSR &&4H59] #

KD =gk 24 L2 x ) x 4 W]

w(h) ¥FEALE(semivariogram)

h : 87+ (separation vector)
N(h) A= hell o8} Bei® g%

7
2(x;) : & (break point) x4 =g Wik

Figure 1. ISSR profiles of total DNAs, isolated
from Abies holophylia seedlings, ampli-
fied with UBC SSR Primer No. 811.
The *M is molecular size marker as 500bp
to 1,300bp by 100bp.
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1. ZAIX|Q) gl 7o

2 A7 At YAAL 228 AT El
AN 5, 1996)¢ Aoz o]FdFed,
EAHFE FAE 24E A8 o] o) Rzl A
Wy Ager 4% £F dvo F% olst A
Eol AAHNLeH, AT A5 #HYgol 3
kst o] QA o)W wWebEd SLAMIER(HY

¥ A5 21%) €% 2 A7 AAA A A
o ZAY ASYRE o)Fx e HvlTe 3
T 2l 1m(EFEH 2 =9.0m), FTdF AL
4.6cm(EFHA=23.4cm), AHLEL 77.6%=
velgten, 7let pg2avFel AT ghoE,
Z=EUE, AduE, SuuR So] AEdde
ol F-x gk, FAle] o]FolHY AE F34
e s JAe2 e 2] 98l =
AR el 20mX20m =719 WS 20 w9
AR Ay 37 2l e="4F 8.3
AA, 71et 9% 240 A)E FZAFAA 150m 4@
o3 Foll Mg Wy 2AAMHYESF AT
A, 1997 WY 2l e=HuT 874, 7)
et =% 1270 A)e} vizd o AT o)9]o] ]
T30 F2 ZE Aoy FAH,

AR 41670 2444 (0.283m%) el 4 5em LA
29 BAdFE L TN EELA=4.8)Z, had
165,6187k2] A 47} HAdstgdci(Table 1). ®]&
Scm o]3} A FAbgrl whd WEABE K49} 2
QA 2AeE g Ao, ddA 249 A&
Fol g ol H(AEALE Abies firmad]
S 147 422 41.2%; Angeles-Perez and
Sakimoto, 1999)& #Het3bcdsd, FA}bpue whay
3 A4 e dIA A5atE a1 Fele

NET(£F; 24,0007 /ha)t it AvR

Table 1. The number of individuals per hectare
belongs to three crown layers and the
seedling stage, which height are less
than 5cm, of Abies holophylla in Mt.

QOdae.
The Gap area Non-gap area
No of trees . -
per hectare | Sdied | Nearer | Farther | Nearer | Farther | Overall in
i P o b . : C
ste | site | site’ | site | site |Mt. Odae
Atwer | e | | s | | |
Ccrown
Atmiddle ) o | s L ws | 1| m
Crown
Atlower |\ o |0 0 | 5 |
crown
A seedling | . crel o000 | 11,250 | 14,00 | 2,000 | .55
stage(¥5em)

b Nearer(or farther) site from the studied site
than other one, which distance is about 150m
{or 400m).

- Average of 20 sites on Mt. Odae (Korean
Forest Genetic Research Institute, 1997)
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o AA FFMI£E; 25,52570/ha)ell wsted =)
T Eskeh, olElgh A4 ke Aol Abies
amabilis 735-2t ol %9 @79} A4 BAS
8 dwtHal v RAd g Z7}84HGray and
Spies, 1996; Clark 5, 1999)% ti&o] 2chal &
Yl FEE 9 HdslFo] olFelxm
(34 328,719%1/ha; I 54FAF4, 1997), #
AE 2A4E 8 vl e dRXle Baela) Hfo)
v 7l o] AlAR L, F . sk glFe] b
A 2AH0E ¥ okt AFAW}AAE 78 5
Fol AAHE 5 Late] o Ao waled A
7 Ao A Y2 feld 2o Zh3o
7] dE2g 4 Canham, 1989; Chung,
1996).

2. UR A9 I |RAPE

1) 43 F49] 27](genetic patch size)

2} F7e] 2714384 (spatial autocor -
relation)

€59 AT A4 4167040 gk 3170 ISSR
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Figure 2. Distogram, which distance classes have
each 3.9 meter intervals, for 416 seed-
lings on the forest gap at Abies holo-
bhylla stand in Mt. Odae on the basis
of thirty-one ISSR markers. The solid
curve indicates the observed value of
Tanimoto distance, the horizontal line
indicates the random spatial structure
at which Tanimoto distance is (.454,
and two dotted curves indicate the
upper and the lower confidence limits
of 95% estimated from 1,000 permuta-
tions, respectively.

2l ¥ % (randomness)& 714§ Tanimoto?] $-4
A Al HF 0.454929, 1,0003]9] permuta-
tion ¥4 o JAR AT st §9
S st A=A (distance interval, &
A 5, 20002 3.9mE 24 ste] 248 2}l
A 5% FeFEelA e 11.7~15.6m74%], 10% &
leFell A= 19.5m o el EAshe 2 527kol] &
A4 AL Jehid e, 15.6m~31.2m(56%
FAFEAE QAREE, 31.2m7} dolx
Ao BEaE MAZ e - o)YAS B
ArH(Figure 2).

&+ 2AAY AYR FFE(2]. Im)e) Zxape]
90%¢]74el ¥ 50m ol Wlell o]z Av}rig
o £ AW ) (Franklin and Smith, 1974)s}
Hsatd 2o 41" 72 27)(15.6m)e o)
Ao, olalgt o fw= AU 4B Az B
*AE(23.Tm; EFE LA =11.6m)9 X 2(208
E/ha)el ZA G W) wEow yzhgcl,
, Bl Ayt d4E o2 ngda 7)Y
g 257t 2| she v go] Al Helua, o)t
Hl#E st f31d BAAE 2 7 A A4
sl 22 (Epperson, 1992), €59 AT 2544

Z

N

TR ZH Z7)7F 24 Bx e o8 A3t
WA Hw Aotk #8504 ANE A5 47
A TEE ASDAE AN AA=EE AAH

N

HAdel e 5 A e WalE Ty &
AF2F vehdlAl @ 4 921 2 (Epperson and
Alvarez-Bulylla, 1997), A4 Al4e] §A7z7)
AR D Fuld FREAE AT, 2 o
T-oAlA] AAE oAb kg 240 $A3]
2717 AA3 S A% Bl AN AA H
A Al dH7|Ees szl Azbaiet,

2) AR x| W5 SRS
(variography)

(1) Y gak(genetic configuration)
2§l f-3114 #A A genetic marker)E o] &
g Ao 7 A fAAH YA DAHAE
ez £ds7)7t o H7] el 2 A 2}e}
o 7tz #41g $ds 7 (Degen and Scholz,
1998), A-27t dol 2 #4218 (genetic type)&
AA st a 24 (Dow and Ashley, 1999)s}l:= & =
T 227 welkth, zHA B Agdae 317
ISSR EAIAE o] &84 doixl $HA 7z
(Jaccard's genetic distance)oll i3t t}xtdH =
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B (Multidimensional Scaling)®] 13! 438 %
(configuration)& T-3to] 7+ WAL i3 #A
A ¥ A} (genetic configuration)' 2.2 dA stz o]
THE AR A5 FbH fAFZE Fetsr|
g ¥4k 24 (variography)ell °]-4-8tdct.

82 AT A 4167 g ISSR #4

Aale| ik kg H = 33§ (badness-
of-fit)& 0.472 w5 E33d|, o3 E3E+E
£ Qe AL =Y o] 48 FHAH A
o) 22(86,32071)71 =gk miste] A&
Ayt g A7le AR £Az Q3 A4
2 Al sgeich(E 44, 1995). vt BlE
thate A enlo s okde EANE A
dle ojEgo] ovlsivlele, # 7 A4d
3170 ISSR EAALY] FaglEAdA A1F89]
dre] 7.2%, A2F A 5.2% = A 10
N Foele A duEe] 46.0% yhol H= o
oflx A AEE FE 5 sl 8L F
23 & gle A=, ISSR ZAA7F Kol F
= AeEe] 4% ?7“*‘] & dshyeks A
7l A A RN AEH FHAH A
fg-sfcta A=,

rr

—'—|—"

=]

(2) BM=z(variogram)

<59 Aus 2 41670 A FHA FA
£ 0] 43 EAM%(variogram)E ¥4 3}9&41] 2
Apeel A& whgd BE(NASE)E, ©Ee 54
(N45W)3kel o, Z2AH7Ee] AHeld Pl lag
spacet 3mE FA s, 34 PAke] wigtE
sl "bEA X (semivariogram)y 9mE 7|5
o2 REal(variance)e] HHE uvehydr aF
Nm7HA = Aubg oz okzkel A4S f-A s
o) =dl(Figure 3), ol& A=l Z7te ubeba] {4
] FAAe] A A4astctr ImE A2 <)
A ghE) A e o)A o] ok AL o
v g},

2 x| whakA-E delr ] 3t 474 W9l
(B3, E8, BA-95, FADe dHste] I0m
Aele] fgrt A= (directional variogram)E
245t =d(Figure 4), TAWES
2| 374 Wk M= 24 F4HE(omnidirectional
variogram; Figure 3)¢} %2 9m AglelA #4F
wale] WEde nojow, Tz Ao
2] Zrtel webA FAA FAA0] Ak i

A4ke et

A 2 7h v

06 ; L L 1 L A i i ! o

0 3 6 9 12 15 8 21 24 27 30
spatial distance(m)

Figure 3. Variogram surface (above) and omni-
directional variogram (below) for the
genetic configuration as transformed
genetic distance by Multidimensional
Scaling of 416 seedlings on the forest
gap(50m =< 30m) at Abies holophylia
stand in Mt, Odae. 7 (%) is the estimate
of semivariogram. %wz and Asw are sep -
aration vectors in direction WE(west to
east) and SMsouth to north), respec-
tively, and the lag space is 3m. The
numbers on the line in omnidirectional
variogram are the number of pairs at
each lag class.

A 58] Aol thjt FA R A= FFE Lo
A3 Ko Arlel] iy F45A4E #d
B, T AR E xR =
o, FTEE FAsw e f
iH\—«l b gebe AFde] ¢

I Udel, = R2AAY K 27
A5 A 5o FalgAalake] ““:ﬂﬁlu—
s EE 9 Aoz} 2A] ¢-& "U%}( $Eo
T, 199DAA FApu]ate] wbA 50m°]‘4¥°ﬂ*1
F& o] Feix| & H(Franklin and Smith, 1974)&
a8sld, €59 FAUEgdA RFEs AR
A fAA FA il 2o FAE Ao
43} 7 (microhabitat) Weldl 213 A xRl
] %(Oliver and Larson, 1996)el <& &=} 4F
X9 g o2 3 £ 9lS Zlolrh, webA
24 AYFHN 5 2R ERM4AE
(e 2o @2 AFEE)E e WA
< z3 glckn & & gl

e rir
>§£
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Figure 4. Directional variograms for the genetic configuration of 416 seedlings on the forest gap at Abies
holophylla stand in Mt. Odae. The directions at variogram surfaces are 0°, 45°, 90° and 135,
respectively, with clockwise from upper right graph, and each angular tolerance is 30° . See

Figure 3.

a4 B
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&
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