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The Characteristics of Early Changes in Vegetation Structure by
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ABSTRACT

The study aims to establish a direction for forest ecological restoration by classifying forest types
and understanding the ecological characteristics of the Uljin forest area damaged by a large fire in
2022. Hierarchical cluster analysis and indicator species analysis were conducted on 78 survey plots
located in the forest fire-affected area, and four forest cover types were derived: P. densiflora pure
forests, P. densiflora dominant forests, mixed broad-leaved forests, and Q. variabilis dominant forests.
As a result of visually comparing changes in forest types before and after forest fire damage, by
classifying data according to whether or not upper dead trees are included, it was confirmed that pine

forests, which have a high proportion of pine trees, spread widely due to forest fire damage. However,
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broad-leaved mixed forests and oyster oak dominant forests showed characteristics of maintaining

concentration, indicating that pine forests were severely damaged. As a result of the important value

analysis, during the process of natural recovery after a forest fire, the species that appear early in the

lower layer are the sprouts of existing species such as Quercus mongolica Fisch. ex Ledeb., Quercus

variabilis Blume, Fraxinus sieboldiana Blume, Rhododendron mucronulatum Turcz. The distribution

of diameter at breast height by forest cover type showed that among areas with extreme forest fire

damage, the proportion of dead trees was relatively high and structural changes were large in P.

densiflora pure forests and P. densiflora dominant forests where pine trees had a high distribution ratio.

However, if continuous monitoring is carried out in the future with reference to the results of this study

and plant data is collected and analyzed from a mid- to long-term perspective, it is believed that it

will be used as useful data to promote forest ecological restoration projects in forest fire-affected areas.

Key Words: Forest fire, Forest restoration, Vegetation structure, Forest type, Vegetation recovery
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Figure 1. The map of survey plots by forest fire damaged class in study sites.
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Table 1. The descriptive statistics of survey data for study sites

Dataset Variables Unit Mean Max. Min. S.D.
DBH cm 16.0 31.9 8.9 4.6

Survey plots Height m 10.6 21.0 55 2.4
(N=78) Basal area m2-ha-1 36.4 92.0 6.6 16.9
Stand density trees-ha-1 1,485 3,300 300 574
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Figure 2. The analysis flow for forest cover type.
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Figure 4. The classification dendrogram of 4 forest types in study sites using the Hierarchical cluster analysis.
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Table 2. The basal area ratio of appeared species by 4 forest types.

Basal area ratio by species

Species Cluster A Cluster B Cluster C Cluster D
Pinus densiflora 2> 5- 98.6 79.9 19.0 14.6
Quercus variabilis 275 0.6 6.6 4.2 68.0
Quercus mongolica 7 25 0.6 10.6 39.9 12.1
Robinia pseudoacacia °V7HA U5 0.7 13.3 0.4
Prunus serrulata var. pubescens ZrgHU5- 0.4 3.6 1.0
Castanea crenata W5 4.4
Cornus walteri & Y5 3.8
Fraxinus rhynchophylla &34\ 3.8
Betula schmidtii B2 - 0.5 1.9
Quercus serrata Z735- 0.8 1.6 0.1
Quercus acutissima "3 0.5 0.1 15
Styrax japonicus W5 U-5- 0.2 0.6 0.9
Quercus dentata |25 14
Actinidia arguta TH) 13
Betula davurica S82U 09
Prunus sargentii AFHU5 0.7
Quercus aliena 2735 0.1 0.3
Acer pseudosieboldianum G5 0.1 0.2
Cornus controversa %Y 0.2

Total 100.0 100.0 100.0 100.0
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Figure 5. Comparison of position changes before and
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burned forests.
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Figure 6. Comparison of forest damage class by 4 forest types. PD is Pinus
densiflora pur forests. PDd is Pinus densiflora dominant pur forests.
BT is Broadleaf tree mixed forests. QVd is Quercus variabilis

dominant forests

Table 3. The frequency ratio of geographical location by damage class and forest types.

Damaged class  Forest type  No. plots Valley Piedmont Hillside Ridge Total
PD 6 0.0 0.0 833 16.7 100.0
Moderate PDd 13 0.0 0.0 84.6 15.4 100.0
BT 7 429 429 14.3 0.0 100.0
Qvd 7 429 14.3 429 0.0 100.0
PD 11 0.0 0.0 36.4 63.6 100.0
Extreme PDd 23 8.7 0.0 69.6 21.7 100.0
BT 1 100.0 0.0 0.0 0.0 100.0
Qvd 3 333 0.0 66.7 0.0 100.0
o Feli7F g e g ERH2 AlFol 3] FAFek AN 2V /(5.6 9.9 %)
100% 2 Webska, =3y $de A5l g A $ARE25, 70 %)9 ¥lTel 7HE =
333%, Aol 66.7%% YEHTHL EHFER 2 AR yEiylth uebd &3 B A9 A
4, 2 SRR AN FE AR =Yg A st s A5
= Aoz yeyrh Adrdol 5¢] gl & Wk, Abd, Aot
Al g Agedel BRAT BA4Y  2o] BP4U) B TVOR | FASE e
Het o suff o, Abee] ddshe sdent ARV AA faste 540 veide Ae®
2} ol R0l A5yl Adulde] 2 89l BT
% ottt EaE vk QIthLee, 2005; Lee, 2004),
2 A7d Auslart 4d P40l A 89 5. MEIEYY S
T EEH14 %), T FHHE2 %9 ¥ 7t AR SR RS A o] & AEE W
Fol 2 £H155 2 2T $HEE24 54E BA] Ad) AEslEsE 3 E9
%)) MFucH 393 He ARG Hylow B 2@Fe] 24T vasldrkTable 4). S
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Table 4. The Important value by damage class layer for each forest types. PD is Pinus densiflora pur forests.
PDd is Pinus densiflora dominant pur forests. BT is Broadleaf tree mixed forests. QVd is Quercus

variabilis dominant forests.

Lager Species Extreme Moderate
P P BT QVd| PD PDd BT QVd
Pinus densiffora Siebold & Zuce. AU 1000 800 95 167 957 840 213 156
Quercus variabilis Blume 235 15 143 02| 43 6l 1Ll 574
Quercus mongolica Fisch. ex Ledeb. A2} 63 105 64 30 470 153
Robinia pseudoacacia L. OV IR 22255 67 29
Fraxinss rhynchophylla Hance E3F2UF 159
Quercus dentata Thunb, 52V 76
Prunus serrulata var. pubescens (Makino) Nakai ZHE U 74 41 2l
;fl ryeeer Custanea crenata Siebold & Zuce. P 70
Quercus serrata Murray 35 68 21 25
Betula schmidki Regel Hlegh 2 25 22 4.1
Quercus acutissima Cammuth, §-2| U+ 26 29
Prunus sargentii Rehder AYEV- 24
Quercus aliena Blume 7L7L1Jr-r 21
Cornus controversa Hemsl. Z22VHE- 2.1
Total 1000 1000 1000 1000] 1000 1000 1000 1000
Spyrax japonicus Siebold & Zuce. WEUF- 21 72 40 137
Pinus densiffora Siebold & Zuce. AU 466 142 48] 633 186 31
Quercus mongolica Fisch. ex Ledeb. AZ 5 %52 66 99| 241 #3516 M5
Quercus variabilis Blume 234U 261 172 253 127 205 8.1
Betula davurica Pall, BT 10.1 33
Prunus Serrulata var. pubescens (Makino) Nakai 22 BlU}T- 07 56 99 50 33 3l
Cormus walteri Wangerin A5 93 101
Actinidia arguta (Siebold & Zucc.) Planch. ex Miq. o 71 56 4.1
Sub | Acer pseudbsicboldiamum (Pax) Kom, BEHEUT 56 41 40
tree layer| Quercus dentata Thunb, B2V 56 40
Fraxinus rhynchophylla Hance &35 56 40 93
Quercus serrata Murray S35 14 56 21 31
Quercus acutissima Carruth. $5E| Y- 55 40 39
Quercus aliena Blume Z273UH 40
Betuly schmichi Regel UrF 20 39
Robinia psevdoacacia L. P U 14
Fraxinus steboldiana Blume 2] &F L 07
Total 1000 1000 1000 1000 1000 1000 1000 1000
Robinia pseudoacacia L. OIS 19 99 393 305 26 21
Reododendron mucromulatum Turcz. J23) 135 124 U3 B4 128 126 203
Fraxinus sieholdiana Blume 41 2% 15 27279 43| 140 209 288 130
S Quercus mongolica Fisch. ex Ledeb, 212U 256 175 179 226 179 152
layer | Quercus variabills Blume 27t 26 68 5321 101
Styrax japonicus Siebold & Zuce. U 4.0 19 92 24 23 68 160
Lindera obtusiloba Blume A7 68 92 105 29 112 68 101
Lespedez bicolor Turcz. 2] 59 29 105 53 21 47
Acer pseudosicholdianum (Pax) Kom. GHEUT 10.0
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Table 4. continue
Layer Species Extreme Moderate
PD Pbd BT Qvd| PD PDd BT QVd
Lindera glauca (Siebold & Zuce.) Blume 7HEjLFF: 92
Rhododendron micranthum Turcz, 12|72 40 28 77 31 22
Quercus serrata Murray ZAUL 24 5.8 72 27
Shrax obassia Siebold & Zuce. ZE WL 14 67
Cornus controversa Hemsl. S3U%5 59
Pinus densiflora Siebold & Zuce. AL 20 58 36 28
Quercus dentata Thunb, 52 T 53
Prunus serrulata var. pubescens (Makino) Nakai ZEE5 53 24 41
Fraxinus rhynchophylla Hance £ 47
Toxicodendron trichocarpum (Miq.) Kuntze 7] &V 09 4.1
?:;g) Lespedeza cyrtobotrya Mig, 342 39 1.0
Rhododendron schijppenbachii Maxim, A% 09 29 36
Quercus acutissima Carruth. 452 27
Juniperus rigida Siebold & Zuce. =R 25
Stephanandra incisa (Thunb.) Zabel =+4-UH5 22
Lonicera praeflorens Batalin &3] 5} 22
Betula schmidi Regel S 0.9 21
Betula davurica Pall. S8 13
Rhododendron yedoense f. poukhanense (HLEv.) Sugim. ex T.Yamaz, 2H3% 10
Smilax china L. A9 = 0.7
Total 1000 100.0 1000 1000] 1000 1000 1000 100.0
Carex bumilis var. nana (HLév. & Vaniot) Ohwi 7FEY1EAZ 41 83 238 24 80 65 100
Viola orfentalis (Maxim.) W Becker =-#AH] 2 8.1 33 25 6.5 214 22 6.7
Reododendron mucromulatum Turcz. J23) 22 88 24 129 33
Porentifla Feyniana Bornm. MU YA E 81 75 21 189 71 97 87 100
Carex breviculmis R Br. A% 128 22
Carex lanceolata Boott TEAZ 6.9 4.6 7.1 9.7 65 100
Atractylodes ovata (Thunb.) DC. A 8.1 37 32 10.0
Viola albidh var. chaerophylloies (Regel) FMack. ex HHara WAHAHI 2 9.8 65 67
Artemisia feiskeana Miq. %-T1%; 12 94 48 43 67
Oplismenus undulatifolins (Ard) P.Beaw. F52ME LI 46 94
Spodiopogon sibiricus Trin. 275 94 33
Hetd | Arundinella hirta (Thunb.) Tanaka A} 81 34 94 11 32
Y oungia jyponica (L) DC. We]o] 81 55 46 65 43
Alnus firma Siebold & Zuce. AFES. 8.1
Fraxinus sieboldiana Blume 4] &3V 8.1
Dryapteris sacrosancta Koidz. 7)1 ZAH] 1A} 74 22
Rhododendron micranthum Turcz, 12|72 71 16
Aria alnifolia (Siebold & Zucc.) Decne. EHUH: 7.1
Rubus phoenicolasius Maxim. 5571 18 68 22
Artemisia indica Willd. % 6.5 6.7
Stephanandra incisa (Thunb.) Zabel =L 21 6.5
Taraxacum officinale F.H.Wigg, M52 41 54 6.5 1.6
Pinus densiflora Siebold & Zuce. 2V 42 2.0 6.5 22
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Table 4. continue

. Extreme Moderate

Layer Specics PO PDd BT QVd| PD PDd BT Qvd
Peridfim aquiinam var. faiusculim (Desv.) Underw. ex A. Heller 2ARE] 37 48 22
Dryopteris varia (L.) Kuntze ZA]H] 2A}E] 41 48
Conyza canadensis (L.) Cronquist %% 438 32
Dryopteris chinensis (Baker) Koidz. 7h=9ZAH] 1] 46 43
Sagina japonica (Sw.) Ohwi 77|22 46
Asplenium ncisum Thunb, 112 2AF2] 46 22

Hetb | Chelidonium majius subsp. asiaticum H.Hara o71%-% 46

layer | Aster scaber Thunb, %3] 07 46
Cardaniine impatiens L. Me]vJo] 43
Erjgeron anmus (L) Pers. 7|42 41 06 16 33
Peucedamm terebinthaceum (Fisch. ex Trevir) Fisch. ex Turez. 7| 5U% 41 24 16
Rubus crataegifolius Bunge v 4.1 0.6 2.0 22
Others(39) 65 261 152 0.0 00 226 239 233

Total 1000 100.0 1000 1000] 1000 1000 100.0 100.0
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Figure 7. DBH distribution of damage class for each community.
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