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Abstract: A large part of Gapyeong is occupied by Korean pine (Pinus koraiensis) and Japanese larch (Larix kaemp-
feri) plantations. Abies holophylla stands are scattered throughout Gapyeong, but little information on their distribution
is available. This study explored the potential of succession from planted species to native 4. holophylla in plantations.
Trees were inventoried and regeneration of 4. holoplhylla and stand management history were examined in Korean
pine, Japanese larch, and 4. holophylla—dominated stands. The importance percentage of A. holophylla was the highest
among species with a range of 36.1% to 79.1% in all stands and the density of A. holophyllia in understory (DBH
<2 c¢m or <1.3 m height) ranged from 50 to 5,820 trees ha™'. Non-metric multidimensional scaling classified stands
into four types, AN, AP, AM, and P. The AN type showed a reverse J—shape DBH distribution, which was similar
to that in natural 4. holophylla stands. Both AP and AM types included Korean pine plantations with 4. holophylla
seed trees within stands. For AP, 4. holophylla competed with planted species in overstory and deciduous broadleaved
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species in understory. The AM type was once thinned from below, thus stem density in the mid DBH classes was
lower than upper or lower DBH classes. The P type consisted of plantations without 4. holophylla seed trees. However,
understory regeneration of 4. holophylla was abundant through seed supply from A. holophylla in adjacent stands.
Plantations with A. holophylla seed trees within or in adjacent stands showed vigorous natural regeneration of A.
holophylla, highlighting the potential for succession from planted species to native 4. holophylla in the Gapyeong
area. Further studies can help develop techniques to restore plantations to native species-dominated natural stands

using ecological succession.

Key words: seed tree, DBH distribution, seedling, succession, restoration
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Figure 1. Location of the study plots in (a) Ihwa-ri and (b) Sanyoo-ri in Gapyeong area. Black solid dots
indicate study plots. Black dotted lines indicate stand boundaries where Abies holophylla trees are distributed
in overstory.
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Table 1. Topographic characteristics of study sites in Thwa-ri and Sanyoo-ri, Gapyeong-gun.

Study site Ihwa-ri Sanyoo-ri

Stand NA I NA I NA III PL FB PP I PP II
GPS N 37°47'30" N 37°47'29" N 37°47'28" N 37°47'30" N 37°45'10-11" N 37°45'8-12" N 37°45'6"
E 127°30'45-46" E 127°30'53" E 127°30'55" E 127°30'47" E 127°30'22-23" E 127°30'22-26" E 127°30723"
Elevation (m, asl) 120-130 170 180 130 150-160 80-160 170
Aspect (°) 20-60 348 105 357 39-50 16-41 153
Slope (%) 25-35 11 16 21 23-25 15-35 16
Soil depth (cm) 42-55 46-79 51-70 45-72 46-89 30-53 33-64
Landform Slope  Upper slope  Upper slope Valley Slope Valley  Upper slope
Management Adjacent to None None Plantation Low intensity Plantation, Plantation,
crop field thinning ~ High intensity Low intensity
thinning thinning

NA: Abies holophylla natural stand, PL: Larix kaempferi plantation, FB: Forest belt, and PP: Pinus koraiensis plantation with thinning.

30.0 r 450
C—Precipitation (mm)
25.0 w—Tamperature (*C) = 400
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= 300 E
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y Fo200 =
g 50 =
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0.0 L 100
- H H H N
0.0 | |_| |_| H H M 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Mov Dec

Figure 2. Monthly mean temperature (°C) and monthly pre-
cipitation (mm) of Gapyeong-gun from June 2011 to October
2020. The data were obtained from the Nami-island weather
station, Gapyeong-gun (N 37°47'23.2" E 127°31'39.7") (Korea
Meteorological Administration, 2020).
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Table 2. Stem density (number of stems ha™) and importance percentage (IP) of woody plants (DBH > 2 cm) in Abies holophylla
stand (NA I) in Ihwa-ri, and forest belt (FB) and Pinus koraiensis plantation (PP I) in Sanyoo-ri. IP (%) of a species = [(Relative

stem density + relative stem basal area)/2]x100.

Study site Thwa-ri Sanyoo-ri
Stand NA I FB PP I

Stems ha’ (m?ﬁa'l) IP (%)  Stems ha' (mP[l?a"') IP (%) Stems ha' (szﬁa") P (%)
Abies holophylla 1000 28.31 58.6 400 40.88 60.7 450 44.70 66.7
Larix kaempferi 25 2.54 3.6
Pinus koraiensis 75 5.04 7.7 75 8.96 12.6 175 9.35 18.6
Quercus serrata 125 3.31 7.1
Quercus variabilis 25 0.03 0.7 25 0.28 1.7
Quercus aliena 25 0.13 1.5 50 0.08 2.9
Quercus monglolica 75 0.13 44
Castanea crenata 75 4.19 6.7 50 3.19 5.8
Prunus sargentii 50 0.16 1.5 75 0.15 4.4
Ulmus davidiana 25 0.07 1.5
Fraxinus rhynchophylla 25 0.07 1.5
Morus australis 75 0.38 4.6 50 0.06 29
Lindera obtusiloba 450 0.31 12.2 75 0.06 43
Rhamnus davurica 50 0.02 1.3
Symplocos sawafutagi 25 0.01 0.7 50 0.02 29 25 0.03 1.5
Rhus chinensis 25 0.01 1.4
Total 1900 43.91 100.0 875 53.99 100.0 875.0 54.57 100.0

Table 3. Stem density (D, number of stems ha”), basal area (BA, m* ha™) and importance percentage (IP, %) of major tree species
(DBH > 2 cm) in each stand.

. NA T NA TI NA III PL
Species
D BA P D BA P D BA P D BA P

Abies holophylla 850 18 51.1 650 38.72 79.1 1800 1.75 404 2600 6.43 46.2
Larix kaempferi 13 1 5 500 21.09 43
Pinus koraiensis 38 3 7 25 0.06 1.4 300 2.77 16.8 300 0.22 4.4
Castanea crenata 138 5 12.7 100 4.22 10.2 200 6.76 31.3 100 1.33 3.6
Quercus species 175 2 5.2 200 0.9 7.4
Other species 538 3 18.9 175 0.12 9.4 200 0.1 4.1 200 0.06 2.8
Total 1750  31.31 100 950 43.13 100 2700 12.27 100 3700 29.13 100

Species FB PP I PP II

D BA 1P D BA P D BA 1P

Abies holophylla 583 27.20 58.2 400 35.64 65.6 450 14.17 36.1
Pinus koraiensis 110 9.18 11.1 125 6.71 15.4 325 16.03 33
Castanea crenata 50 0.19 23 63 0.33 4.2 225 7.02 17.9
Quercus species 65 3.72 8.3 13 0.64 1.5 150 4.63 11.9
Other species 280 0.24 20.1 213 0.11 132 25 0.06 1.1
Total 1088 40.54 100 813 43.43 100 1175 41.92 100

NA: Abies holophylla

natural stand, PL: Larix kaempferi plantation, FB: Forest belt, and PP: Pinus koraiensis plantation.
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Figure 3. DBH distribution of trees (DBH > 2 cm) of (a) Abies holophylla stand 1 (NA 1), (b) A. holophylla stand
II (NA 10), (c) A. holophylla stand 111 (NA 110, (d) Larix kaempferi plantation (PL), (e) Forest Belt (FB), (f) Pinus
koraiensis plantation 1 (PP I), and (g) P. koraiensis plantation II (PP II). (a)-(d) are in IThwa-ri and (e)-(g) are in
Sanyoo-ri, Gapyeong-gun, Gyeonggi-do.
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Table 4. Density (stems ha') and basal area (BA, m* ha™) of Abies holophylla in different size classes and stand basal area

(m* ha’', DBH > 2 cm).

Density (stems ha™) Basal area (m® ha™) Stand BA

Stand type
DBH <2 cm DBH > 2 cm DBH > 20 cm DBH > 2 cm DBH > 20 cm

NA I 5820 940 300 24.14 20.07 38.87
NA II 50 775 375 40.71 36.37 45.47
NA III 1900 1800 0 1.75 0 12.27
PL 1000 2600 0 6.43 0 29.23
FB 311 444 267 31.65 30.38 43.36
PP I 225 400 213 35.64 3533 45.97
PP 1I 350 450 125 14.17 11.56 42.06

DBH < 2 cm also includes trees with height < 1.3 m. NA: Abies holophylla natural stand, PL: Larix kaempferi plantation,

FB: Forest belt, and PP: Pinus koraiensis plantation.
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4. (a) Height and age at 1.2 m height of Abies holophylla in overstory by counting growth rings and (b) height and

estimated age of A. holophylla in understory in A. holophylla stands in Gapyeong-gun, Gyeonggi-do.
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Figure 5. (a) Non-metric multidimensional scaling of study plots based on DBH distribution of Abies holophylla and
(b) clustering of plots based on Bray-Curtis distance.

5. FLIF 230 ME AR 72

2A} QL 4719 SH(AN, AP, AM, P02 HEE|9]
ChFigure 5). H]B4 HEAA] HLpEe] 27 Ryt
3 ol galglon), FULY An AL 3T AP
of g ARe] BE S48 HojFsch

AN §32 ojstele] MU Qi NA 12 A2
o el Qs ZRE o] $RL WA e
AATRE 47 40 em ol4e] ABAA QKo
BEsiy] G A7de] Wesk 5L o 19e] AR
= HQItHFigure 6(a)]. ol AU HAH Y] A4 229}
H]5=31 gEjo]ti(Chung, 1996; Lee et al., 2012). F=3F ofjF
ol HFoIA Aol WEA} 1 ok o) $99)
Qe LRIl 9Hsk glou] o R ARl &
e oz o=

AP YL AR vt o] olole 2YAR A
Selo] ALpR 224 PP I E3achFigure (b)) 27
50 om olAFS] Y AU} HESHE 202 Hop At

23 A 1] HURE U WAE A0 B

=R

.

o f+

ALk} Aot o] QAT 7

0
Ashs Fde Holw, 3t AAHellA= v, Ay

ol A= olEx 7“”01]*1 0174
8}btﬂ S A7ko] Ay Aoz oy
Qlth(Lee et al., 1996). PP Il &2 w|u 3 F270]
At YIRS Q7] wmell AEH ez {4

@l %&i Ak S 224
2 ®olth
P %L@ W sk glott 4
AZ) AT 4% BT o
HFigure 60 2H4-2]2] ALF 287 PP 1o
3 glon] Akgelel FB gt ofakelo] At
7} Z3k=]Qicth ARge]o] 9B L A7 50 cm
714 AGRE Exslgr. die] 445304
, 15-25 cm
R

o]

1 g
b9

=)



A7) 719 A

(a) 800 m Abies holophylia
700 a Pinus koraiensis
R B Larix laempfer
@ B Castanea crenafa
500 O Quercus
"f 400 O Others
a
=}
E 300
=
200
100
0
2-5 5-10 10-1515-2020-2525-3030-353540 40 <
DBH (cm)
400
() mAbies holophylla
350 B Pinu s koraien sis
"o B Casfanea crenata
- 300 DQuercus
§ 250 O Others
2 200
@
0
E 150
=
100
50

2-5 5-10 10-1515-2020-2525-3030-3535-40 40 <
DBH (cm)

ZHA W A dbies holophylla)) H-3E} HA7YA

Figure 6. DBH distribution of trees (DBH > 2 cm) in (a) natural Abies holophylla stand (AN), (b) Pinus koraiensis
plantation with A. holophylla in overstory (AP), (¢) A. holophylla in overstory and management activities (AM), and

(d) newly invading A. holophylla in plantation (P).
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