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Long-term ecological monitoring in South Korea:
progress and perspectives

Jeong Soo Park", Seung Jin Joo? Jaseok Lee®, Dongmin Seo’,
Hyun Seok Kim*, Jihyeon Jeon?, Chung Weon Yun®, Jeong Eun
Lee’, Sei-Woong Choi’, Jae-Young Lee'

'National Institute of Ecology, *Center for Atmospheric and Environmental Modeling,
*Konkuk University, “DSeoul National University, *Kongju National University,

*Mokpo National University

Journal of Ecology and Environment (2023)
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7|53} (climate change)

MEHZ=A (ecological observatory)
Z7| BLEE! (long—term monitoring)
IWHIZ SEl (population dynamics)
EtA 23} (carbon cycle)

MECIYY (Biodiversity)
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o ZHEQ BEA YEYINEON, TERN S)240] 213 S5 Hl0JE T2 U BITS Srkotn, ©f LI & AZXel
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13 1. The ecological observatory locations for (A) flux towers, (B) phenoCams, and (C) species monitoring. JB: Jeombong-
san; NS: Nam-san; GR: Gyeryong-san; DJ: Daejeon-si; SC: Seocheon-gun; UP: Upo wetland; JR: Jiri-san; WD: Wando;
JG: Jeju gotjawal; KEON: Korean Ecological Observatory Network; KLTER: Korean Long-Term Ecological Research.
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Lessons from constructing and operating the
national ecological observatory network

Christopher McKay*

National Ecological Observatory Network

journal of ecology and environment (2023)

(52 719E)

ME[2t=A (ecological observatory)
Z7MHEAEHIEL|T (NEON)

7| MEf H0|E (Long-term ecological data)
TEZ31E 0|8 2% (Standardized data collection)

A FHSLIE| £0q (Scientific community engagement)
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13 2. National Ecological Observatory Network (NEON) aquatic sites have customized mounting infrastructure to
deal with individual site conditions and reduce the damage during high-flow events. The original design is
shown on the left and three of these designs are shown on the right, including (from top to bottom) lowering the
instrumentation supports so that debris can flow over it, mounting instrumentation on overhead cables to allow it
to move as the stream flow increases, and attaching to nearby boulders for structural rigidity (figure is a product
of the NEON program and can be used by any member of the NEON team. It is open access and may be used).
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Long-term and multidisciplinary research networks
on biodiversity and terrestrial ecosystems: findings
and insights from Takayama super-site, central
Japan

Hiroyuki Muraoka"*, Taku M. Saitoh', Shohei Murayama®

1Gifu University, *National Institute for Environmental Studies,

*National Institute of Advanced Industrial Science and Technology(AIST)

journal of ecology and environment (2023)
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CIYM U= HEQIT (biodiversity observation network)

=2t (carbon cycle)

7| MEf A HEYA (long-term ecological research network)
HZE (phenology)
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EYSE (Soil respiration)
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o [}2 HHHES AIZ5t= 7|29 HZE YEYI(LTER, FluxNet, BON £)S2 E3510] 7|5 M3}, MSCHUM &M
Z2 S0l 24 22X thst 2™l 0|57t 7ts

o 5B U= HEYIE Soff B2 HI0|EQ} X[A2 StAREE Ol 2t Y& KA MSEO K& 7Hset WY S8
(SDGs) 24, &t Y, 7|5 Hat 1S S Ale|ld SHE Z4ot= Ol 28 7ts

Z1Z3. Sample images from the automated digital camera of Phenological Eyes Network at the Takayama site. The cameras
are located on a canopy-access tower with a height of 18 m. The images show seasonal change of branches of Betula
ermanii (top), forest canopy taken from the top of the tower (middle), and forest canopy taken from the understory
(bottom).
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The Great Western Woodlands TERN SuperSite:
ecosystem monitoring infrastructure and key
science learnings

Suzanne M Prober", Georg Wiehl', Carl R Gosper"’, Leslie
Schultz’, Helen Langley®, Craig Macfarlane’

'Commonwealth Scientific and Industrial Research Organisation (CSIRO) Environment,

*Conservation and Attractions, *Ngadju Conservation Aboriginal Corporation

journal of ecology and environment (2023)
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MEHZ=T (ecosystem observatory)

SAME| A AR ERZ (Terrestrial Ecosystem Research Network)
MECIYY (biodiversity)

7|53} (climate change)

-I(JlI
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Z7| 2LEZ (long-term monitoring)
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o MEIA HZA= 27 Y N MAE FMEC OtLEE XY 722 ofF 24| siZ0e AENe= 7
o H Mefo| Met T UAES E0l= XM= ES7Y 2 2ot et A5 S24 Z
o X IO =Q

zo

IT.—
g QE 22 =2 BN 7IRKIE AUEZ, Sz QIet AHE 97| fIe He| 30| ER. 5| 5S¢
A £2 7120 =0t 2hA 22|17t Alge ‘St & (fire trap) 22 X&

34, Long-term monitoring infrastructure at the flux tower site on Credo Proposed Conservation Reserve. (A) 36 m tall
flux tower, (B) regularly-monitored core one hectare Eucalyptus salmonophloia AusPlot adjacent to flux tower, (C)
litter traps and dendrometer bands in the core one hectare E. salmonophloia AusPlot, (D) soil pit (to 1.4 m deep) at
flux tower site.
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Korean Journal of Environmental Biology (2021)

[52719E]

C/N H[2 (C/N ratio)

C/P H|Z 21| A== (C/P ratio decay constant)
7| MEf 32 (long term ecological research)
=g (remaining weight)

2ALI2 (Pinus densiflora)

=& (Pinus thunbergii)

1) =2 =X

_
LI2(Pinus densiflora)2t &(Pinus thunbergii) ZEX|0AN S| &7|H
£EE H|W-2Mot0] 2ol 8 Y
off 10| B Heke SX1 A MENA 7|5 |0 0|Xl= S Bt

=S
=
o 24 R2010] HY Zotigd DIxlE 714 s At oY &2 7| =Xtz

e 3& LS ALS YYHCI BHSTI} HED, 60748 F Ba9 HESS
24.7%2 ALFRO| 42 1% 0 A LIEHE
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M RX| TR0 LA
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J35. Changes of N, P, K, Ca, and Mg concentration (A, B, C, D, and E) and the % of the remaining N, P, K, Ca, and Mg (F, G, H,
I, and ]) in the decomposing leaf litter of Pinus densiflora and Pinus thunbergii.
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CO, f& (CO, efflux)

A2l EQF (Forest soil)

Ltgiﬂ'—* KIS HHA[AE! (Multi-channel automated chamber systems, MCACs)
= 2ALE (Q)

.*_"a* Lt2 (Quercus mongolica)

EYSE (Soil respiration)

1) =2 =X

8

o 02| YOI EY CO. RETS H7/IT BHHCZ XI5 FFE + U= USAHE

KSHHAAERI(MCACSs)Q| 7He 2 M& Skt
[e]

o EYRE U EQAET CO, REYY W 7Y L EYRL0I0| EYSE0| Dx|=
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bem #0|9] B 2= TR A 2tetA(=0.92)8
o 2A(r=0.27) EY
o U CO. RE £59| Ytz 8 ARH Hat= 29| Hst ATs Xo I=2E
I» t

o MCACsZ SH&E gt AIZLP o IHd £ CO REH2 24 11.1gCO0:m™

3) 32 AMAPY
o LIRS NSHHAIARS A HEiAQ B4 RES Dold2 A
U= AR +HO|H, SEA EAX| ZUEHM 28 7ts
e EUREE EYSE ZHY T2 AXN0[H, Qv SdH 712 H0 TE Bt HEY
0= 7= M= MS
o =7t HR19 7| 2UHT MAM XiSet 2= HH|o| =2 71 Hst S HEA
Aol FEFdnt dEE M

il
e

=
=

o
1



J136. Diurnal variations in (a) air temperatures at the 1.5 m height (°C, solid line), soil temperatures at the 5 cm depth (°C,
red dashed line) and volumetric soil water contents at the 15 cm depth (%, blue dotted line), (b) PPFDs (photosyn-
thetically photon flux densities) at the 23 m height (umol m-2 s-1, solid line), and (c) soil CO2 effluxes (mg CO2 m-2
h-1, gray circle and solid line) measured with the multi-channel automated chamber systems (MCACs) at the Nam-
san experimental site in a Quercus mongolica forest during the sunny days from 7 to 9 June in 2010. Vertical bars
indicate the standard error of eight soil chambers (n = 8).
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J27. Remaining weight (%) of decomposing leaf litter of Quercus mongolica in the study area. Bars indicate standard de-
viation.
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Z128. Monthly soil respiration and soil moisture content relationship (2009~2010) with regression curves.
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1#29. Changes of increments of the diameters at the breast height (DBH) of Quercus mongolica in the Mt. Jeombongsan,
Mt. Namsan, and Mt. Jirisan, South Korea. The information on the logistic function of the regression line is shown
in Table 4.
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J&10. Concentrations and compositions of the forest stream DOM at the V-notch weir of Mt. Jeombong, depending on
seasons. (a) [DOCI, (b) SUVA254, (c) 8"C-DOC, (d) 4™“C-DOC, (e) normalized lignin phenols (Ay), (f) proportion
of aromatic functional groups in DOM as identified by 1H NMR analysis, (g) acid-to-aldehyde ratio of vanillyl
phenols and (h) proportions of lignin- and tannin-like compounds estimated by FT-ICR MS.
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Effect of slope gradient and litter on soil moisture
content in temperate deciduous broadleaf forest

Minyoung Lee', Dongmin Seo', Jeong Soo Park’, Jaeseok Lee'

'Konkuk University, “National Institute of Ecology

Forests (2025)
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J311. Soil moisture content (SMC, %) and daily rainfall (mm) measured in the unfrozen period at the ridge and
the southwestern slope (Southwest). (a) shows SMC and rainfall during 2020 and (b) shows SMC and rainfall
during2021. Abbreviation F indicates the foliage season, and NF indicates the non-foliage season. (A) and (B) are
selected rainfall events for analyzing the increase in SMC during rainfall events, which more than 10 mm of rain
fell. Event (A) represents the rainfall event in the non-foliage season with 27.0 mm of rain, while event (B) oc-
curred in the foliage season with 13.2mm of rain.
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and decline event of Sasa borealis (Hack.)
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Journal of Plant Biology (2017)
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J1312. Relationship between amount of precipitation received between February and May each year and number of an-
nual flowering cases since 2010. Values on Y-axis were log-transformed. G and J indicate area of Gangwon and Mt.

Jiri, respectively.
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Distribution, abundance, and effect on plant
species diversity of Sasa borealis in Korean forests

Soyeon Cho', Kyungeun Lee?, Yeonsook Choung"

'Kangwon National University, National Institute of Ecology

Journal of Ecology and Environment (2018)
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1213. Plant species diversity (H'), richness, and evenness as a function of Sasa borealis abundance (% cover) in 4 strata.
Data points are mean values. Strata: T1, tree; T2, subtree; S, shrub; H, herb.
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Distribution and synchronized massive flowering
of Sasa borealis in the forests of Korean National
Parks

Soyeon Cho, Youngjin Kim, Yeonsook Choung’

Kangwon National University

Journal of Ecology and Environment (2018)
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1315, Number of flowers per bud, number of flowering buds per twig, number of foliar buds per twig, twig length (cm),
number of total buds per twig, and density of buds (cm™) of the cherry trees in Gurye given different treatments
and the control. The means with the same letter are not significantly different(one-way ANOVA: p>0.05).
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J&16. Class distribution of trees with >2en DBH recorded in the study. AcPi = Acer pictum subsp. mono, FaEn = Fagus
engleriana, PrTa = Prunus takesimensis, AlMa = Alnus maximowiczii, SoCo = Sorbus commixta, AcTa = Acer
takesimense, StOb = Styrax obassia, Tiln = Tilia insularis, TsSi = Tsuga sieboldii, TaCu = Taxus cuspidata, CoCo =
Cornus controversa, UlLa = Ulmus laciniata, CeJe = Celtis jessoensis, PhAm = Phellodendron amurense, KaSe =
Kalopanax septemlobus.
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Synergistic effect of dwarf bamboo flowering
and wild boar rooting on forest regeneration

Soyeon Cho', Youngjin Kim?, Sangyeop Jung®, Yeonsook
Choung”

'National Institute of Ecology, “Migang Ecology Institute, *Kangwon National University

Forests (2021)
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J&19. Stand-based species diversity indices in the stands with seven understory types over time. (a) Species diversity,
(b)speciesrichness,and(c)specieevenness. FR:floweringandrooting,FC:floweringandcutting,FI:floweringand
intactness,NR:non-floweringandRooting,NC:non-floweringandcutting,NI:non-floweringandintactness,Ref:referen
ce. Values are average standard error.
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J12120. Chi square test of the DBH classes distribution for A. koreana in Mt. Jirisan and Mt. Hallasan.
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J321. Comparison of vegetation maps at Hampyeong Bay between 2016 and 2022. The transects indicated by 3 black
lines installed in different vegetation types (A- A’, B-B’ and C-C’). Af: Artemisia fukudo, Lm: Leymus mollis, Lt:
Limonium tetragonum, Pa: Phragmites australis, Sg: Suaeda glauca, Sm: Suaeda maritima, Zs: Zoysia sinica.
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J1322. Correlation analysis between phenophases and climatic factors using Pearson correlation coefficient. *: p-value <

0.05, n.s: not significant.
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Twenty years of regeneration process for tree
species in burnt pine forests with different
severity and initial regeneration
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Byeongyoung Kim®, Yeongseob Shin®, Kyu Song Lee®, Yeon-
sook Choung®

'Chungrok Environmental Ecosystem Research Institute, “National Institute of Ecology,
’Kangwon National University, ‘Entop Engineering,

*Gangneung-Wonju National University

Journal of Plant Biology (2023)
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J1323. Effect of prefire resprouting tree species, as a biological legacy, on the postfire stands with different burn severi-
ties (LB: Light burn, SB: Severe burn) and initial regenerations (H: High, I: Intermediate, L: Low). Average+SE (n=8
for SB&L, and n=4 for the rest). Here, the basal area refers to those of broadleaved tree species with resprouting
ability, excluding Pinus densiflora, which was dominant before fire but not resprouting.
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Ecophysiological characteristics of Rosa rugosa
under different environmental factors
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'Kyungpook National University, “Baekdudaegan National Arboretum

journal of ecology and environment (2023)
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1324, Diurnal variations in the photosynthetic parameters of Rosa rugosa measured in July in the pot (quadrangle),
August in the pot (triangle), August in the Goraebul coastal sand dune (circle). (A) Net photosynthetic rate (PN),
(B) stomatal conductance (gs), (C) transpiration rate (E), (D) intercellular CO2 concentration (Ci), (E) instantaneous
water use efficiency (WUE), (F) instantaneous carboxylation efficiency (CE).
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Photosynthetic characteristics and chlorophyll
of Vitex rotundifolia in coastal sand dune
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J1225. Seasonal variations in (A) chlorophyll a content, (B) chlorophyll b content, (C) chlorophyll a + b content, (D) chloro-
phyll a/b ratio, and (E) carotenoid content in the leaves of Vitex rotundifolia growing in coastal sand dune and the
pot. Data are presented as mean values with standard deviation.
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Phenological response of an evergreen broadleaf
tree, Quercus acuta, to meteorological variability:
evaluation of the performance of time series
models

Jeongsoo Park’, Minki Hong, Hyohyemi Lee

National Institute of Ecology

Forests (2024)
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J1226. Heat map of the paired dynamic time warping (DTW) distance matrix for the observed GCC time series (A) and the
trend component of the GCC (B). A lower DTW distance between the two time series variables indicates a greater
similarity in their temporal changes.
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J1227. Population change of the dominance species with maximum number of individuals in Suncheon-bay
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Korean Journal of Environmental Biology (2019)
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J1328. Comparisons of the foraging efficiency between adult and immature Eurasian Oystercatchers (Haematopus
ostralegus osculans) by main prey (gastropods (Umbonium thomasi) and bivalves) during the breeding season on
Yubu Island in Korea. (a) Pace rate (the number of steps per a minute); (b) the prey search rate (the number of the
bill contacts with the surface of the tidal flat for feeding); (c) the feeding success rate (the number of prey eaten
per a minute); (d) the handling time (the time consumed from prey search to swallow); and (e) the heads-up rate (the
number of the times the head was raised and the bill held parallel to the tidal flat per handling time). Handling
time was converted to minutes. The numbers above the graph indicate the mean and the numbers in parentheses
indicate the sample size. The asterisks indicate a significant difference in mean values between the significance
levels in the Mann-Whitney U test: *p<0.05; ND: not detected.
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1329. Home range map using MCP and KDE by site.
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Z1330. Phylogenetic haplotype network of the partial CO1 gene Group 1: Red, Group 2: Yellow, Group 3: Green, Group 4:
Black.

J1&31. Phylogenetic haplotype network of the partial cytochrome b gene Group 1: Red, Group 2: Yellow, Group 3: Green,
Group 4: Black.
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Spatiotemporal niche separation among
passeriformes in the Halla mountain wetland
of Jeju, Republic of Korea: insights from camera
trap data

Young-Hun Jeong", Sung-Hwan Choi', Maniram Banjade?,
Seon-Deok Jin%, Seon-Mi Park’ , Binod Kunwar', Hong-Shik Oh"

'Jeju National University, “National Institute of Ecology

animals (2024)
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4= MEH St (Behavior ecology)
Z% (Competition)

=& FZ (Community structures)
7|2} E3 (Camera trap)

MAIX| EX (Habitat structure)
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J1334. Seasonal activity patterns and temporal overlap among Passeriformes captured through camera trapping across
the entire study sites (A indicates overlap coefficients).
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X7 |MEfHT (Long—-term ecological research)
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T35, Comparison of species number among surveyed sites according to functional feeding group (A, CF Z2|HE=54]; B,
Pe FolHERE; C, CG FHHEF; D, Sh MojHERE; E, SC FolHE=51; Blue letters, the numbers of species).
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Z1236. Difference of average feeding index (+standard error) of oak trees (Quercus serrata, Quercus mongolica) at three
survey sits of Mt. Jirisan from 2011 to 2013. Different alphabets indicate statistically different value at P0.05 (Krus-
kal-Wallis test).
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J1337. Species accumulation curve for the observed and expected caterpillar species that feed on 16 plant species in a 0.1
ha plot of Mt. Jirisan National Park, South Korea.
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Bottom-up impact of soils on the network of soil,
plants, and moths (Lepidoptera) in a South Korean
temperate forest

Sei-Woong Choi’

Mokpo National University

The Canadian Entomologist (2015)

[Z27I}E]

AFskAl sk (Bottom—-up effect)
EYEY
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LH|

(Soil properties)
(Lepidoptera)
8EHE.=.-' (Temperate forest)
ECIYA (Species diversity)
%HIQE (Soil fertility)
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J1338. Nonmetric multidimensional scaling ordination joint plot for 320 moth species across 18 sites and 24 variables of
southern South Korea. Cutoff r* = 0.500. 1. JJ, Mount Hallasan; 2. JR, Mount Jirisan; 3. MN, Mount Seungdalsan.
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Saturnia jonasii Butler, 1877 on Jejudo Island, a
new saturnid moth of South Korea with DNA data
and morphology (Lepidoptera: Saturniidae)

Min Jee Kim', Sung-Soo Kim?, Sei-Woong Choi®, Iksoo Kim""

'Chonnam National University, *Research Institute for East Asian Environment and

Biology, *Mokpo National University

ZOOTAXA (2015)

(52 719E]

H58! (Taxonomy)

DNA H}ZE (DNA barcode)
HELIZASE|LIE (Saturnia boisduvalii)
glati=0LIE (Saturnia jonasii)
AEOjLEEt (Saturniidae)

HIZFE (Jejudo Island)
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J339. Male and female genitalia of A and C: Saturnia jonasii female (Mt. Hallasan, Jejudo Province, South Korea) and B
and D: Saturnia boisduvalii. (Jochimryung, Inje, Gwangwondo Province, South Korea and Mt. Jirisan, Jeollabukdo
Province, South Korea).
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Patterns of an elevational gradient affecting
moths across the South Korean mountains: effects
of geometric constraints, plants, and climate

Sei-Woong Cho”

Mokpo National University

BIODIVERSITY IN ASIA (2016)

[E2719E]

71245} (Climate change)
£ (Distribution)

4 (Mountain)

ZEBT (Species richness)
CH23 (Unimodal)

Lt (Moth)
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J1340. pecies richness curves (lines with data points) of three moth families [a Erebidae, b Geometridae and ¢ Noctuidae]
and the 95 % prediction curves sample without replacement from program Mid-Domain Null (50,000 simulations
each). Alpha analysis was conducted using empirical range sizes and simulated range midpoints.
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Forest insect assemblages attracted to light trap on
two high mountains (Mt. Jirisan and Mt. Hallasan)
in South Korea

Pyae Pyae Thein, Sei-Woong Choi’

Mokpo National University

Journal of Forestry Research (2016)

[52 719 ]
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Z2 (Abundance)

OfgiM 2= (Nocturnal insects)
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1241, Dendrogram of insect assemblages on Mt. Hallasan and Mt. Jirisan in South Korea based on Sgrensen similarity
indices. Each site, the elevational ranges (Low:Middle: High) and dominant forest types (coniferous and deciduous)
are shown. Vertical dotted line divides all sites at the 50 % similarity break; the horizontal dotted line divides the
two mountain areas.
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. Noctuoidea
Geometroidea HELpErAL D}
Mg 54% (7475)
33% (458%) °

Notodontoidea

XHELpbadat
6% (853)
Sphingoidea
BIZiA |2}
3% (453) Bombycoidea ™ Calliduloidea
SFOflLpbadat SLHH| Lt
2% (34%) 0.1% (13)

1242, Composition of larger moths at six superfamily in Mt.Jirisan national park.



Elevational species richness gradients in a
hyperdiverse insect taxon: a global meta-study on
geometrid moths

Jan Beck' 9]

"University of Colorado €]

Global Ecology and Biogeography (2017)

2 II19E]
1= (Altitude)
CHFM (diversity)
LIH|S (Lepidoptera)
AM2AHd (productivity)

Z-HH 27 (species—area relationship)

yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

7|2 (temperature)
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J343. (a) Elevational pattern of species richness (S, , all analysis-grade gradients pooled and adjusted to the same
average richness; 8 Species). Note that both y-axes have linear scaling, while log-transformed and standardized
data were used for modelling. (b) Elevational pattern of residuals from the ‘best’ model (lowest AICc,
pseudo—R2:0.40). LOESS fits (black lines) are shown to visualize overall patterns in the data. See main text for
linear and quadratic fits. Similar patterns were recovered when using the ‘best subset’ data alone (not shown).
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Distribution breadth and species turnover of
night-flying beetles and moths on different
mainland and island mountains

Sei-Woong Choi, Pyae Pyae Thein

Mokpo National University

Ecological Research (2017)

[52719E]

2R (Distribution range)
ZuH| (Turnover rate)

115 (Elevation)

LHHY|S (Coleoptera)
LIH|2 (Lepidoptera)
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1344, Nonmetric multidimensional scaling (NMS) ordination using (a) 331 moth species (135° rotated) and (b) 108 beetle
species(-30° rotated) across 16 sites after deleting the species that occurring at less than three sites.
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A high mountain moth assemblage quickly

Annals of the Entomological Society of America (2018)
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Z1&45. NMDS ordination plot with a matrix of 20 sites and 198 species after excluding species occurring at less than two
sites and a second matrix with three variables (fire, yearly change and elevation) (final stress = 9.90662 after 103
iterations). One burned site (SAJA) and three neighboring sites (ROAD, EORI, YOUN)
on Mt. Hallasan, Jejudo, South Korea. The number after the site indicates the year.
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Long-term (2005-2017) macromoth community
monitoring at Mt. Jirisan National Park, South
Korea

Sei-Woong Choi"’, Jeong-Seop An?% Nang-Hee Kim', Sanghun
Lee?, Nahyun Ahn?

"Mokpo National University, *National Institute of Ecology

Ecological Research (2019)

[E27I9E]

CIFN (diversity)

H7| BLEE! (long—term monitoring)

CHELEE (macromoths)

X|2|AF (Mt. Jirisan)
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J1346. Annual changes (2005-2017) in total number of species (a) and total number of individuals (b) at all six sites in Mt.
Jirisan National Park, South Korea.

{c= fxaly



yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

96

2017~20184 EY0|=
7

E
(H=: HOIR)Q A-S2HE S0 | 22X g

[527I9E ]
OpAlitH (Wild Bee)
20474 (Pollination)
SH2O7H2Z (Pollinator)
OpAMitH 2IX (Wild Bees’ Distribution)

1) =2 22X

[y o B |

o 7|2 g} EX| 0|8, 59 AS 59| /g2 Qo FX
TEE ZAGHL ZM010] & MEHA 2 & Thabdg BHEL 2 E ?let 7= AeE
HE
© 2018E7K| = 5171 ZA}
nl

X
SHE= Mo, £¢ dgs

[
=2
R

o
_l’;-'.‘_—
§

HS AEol0] OrdEE AVIE,

HI O
1z

FHE2 S 2L HEE 200, 55| 731 83 MO|0f

o 0P| S3 R QU0 Tf2f QKR! HOI7} YOLY, ZE0 ChshAts Rl
R0l7} 2H0IEIX| 222

* 2147t 5 1683, 2,2507R12] 0RO SYHUT, XS0/ Crabronidae)7t

3702 71 52 5 [yE BY

=}

3) 32 AAH

o = Ci7= T=0 MAlShs ORI AI7|E & S7HE 220 tiet 7= M= NS

o 32 ¢ LTS Plet ARMINES AR OtL|2f, B L0t 4= HEfA 0l A 2]
O 5



1347, All wild bees collected using ez-Malaise trap in 2017 and 2018.
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J1348. The ecological traits of dwarf bamboos at four study sites on Mt. Hallasan National Park, Jeju, Korea. (A) Water
content, (B) Leaf mass area, (C) Nitrogen content, (D) Carbon/Nitrogen ratio.
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INHZ HS (Population dynamics)
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J349. Number of moth species in each family collected from 11 sites in Mt. Hallasan National Park from 2013 to 2018.

J250. Number of moth individuals in each family collected from 11 sites in Mt. Hallasan National Park from 2013 to 2018.
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Korean Journal of Environmental Biology (2020)
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B (Distribution)

115 (Elevation)

71243} (Climate Change)
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1251, Altitudinal variations in the number of species (@, closed circle) and individuals (O, open circle) on Mt. Jirisan.

J&52. Altitudinal variation in Shannon Wiener (@, closed circle) and Simpsons D (O, open circle) on Mt. Jirisan.

08 &= RPN 1c= {xaly

=Y
Pel

103



yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

e

St=EMET (2020)

[Z27I}E]

HA=X B35} (Phenological changes)

#tZ4 9l (Environmental factors)

1) 2 25

o YA LHH| 2o AEM Hatet LAMS 20IotH, &F 7|2Hst JatE mlsty|
et 7= X7

o JME0| MAlSH= LIH[O| THSH HFE Sot0 7|FHetLt MAIX] Hetz 215t o
Hah by =0l

o 251 RAIE Sl 7|&0 A=0IM ME 7150] U= UH| & S5S &0lstl
SIT AL Zotet H| ot MAIGH= LH| &2 de|

2) 32 o7 Zut

© 2020 4L2E 10MA| HAZOlA T E
JHA|| LH|7t &elE

o L|&LiH|INymphalidae)?t 7592 71& &2 &5 XIX|6t, ElLtH|IKPieridae)=

20871MIZ 7+ T2 JhAM7t AT, diFElLH|(Pieris rapae)?t 1257142

TIX|2| 26.3%E RIX[St0{ 7HE X

A8 XH =27t 7|2Hst MEXREQ! G- LH|(Eurema mandarina)2t

27

SAREMUH|(Lampides boeticus)?t &=L, FHE SQIUY MEXEQ
o|l=
o=

ror
oA

f ZAL L, & bt 245 476

UELH|(Limenitis helmanni)2t SYMBIXLQ! SHLH|(Papilio xuthus)=
ol

[y =]

H
3

o 2 OI7E S50 7|E 2Rl 715 A0 1280] O FIIEUAH, FMHZ0|
M

3) 32 AAHY

o ST HE EMX|HR FME LIH|0) thet V1= A28 MSH=E HoM S8t
=

0 QI MOl A=(NE7t F2 MR FUE(ZEAIQt AM 22 S4) I

i

H|EI_6H

=

o

104



(<)
I

Bl
Klo
Ml

x5t

S B7|NoR

122 59 RYUOILE 7= AAS

A

st

o
[

H3lZ

4

ol

op
~

J4

ol
zr
KIr

5l
il

160

saloads jo JaquinN

<t &N O

- - e

o O o o
4208
1

- -

o
©

o
<

o
N

S|PNPIAIPUI JO JBqUINN

0 © < o O

o

May Jun Jul Aug Sep Oct
Month

Apr

-species ——e—— individuals

[ErYe TITH

J253. 20209 A=A AR vl G F=2) /A4 WSt

=
)
o
= T — | — %
Jz|z|3|E|E|3
[ i -
om0 mo | k|| Iy |
Ko |0 | H | H|F |~ @ |
R I B B I
RO 5 5 |5 | 2 | K| Ik
| T T |T|F| =
Ul;ﬂ__ﬂ_,dm_.ww.a
KR | DSy |
_x_vwwm.-womwul._l
£y | P T 5
o
=l
P
Khu
| 2B 2g|3 3R
™~
Slw |~ Tee o
_




yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

S=EEMES (2021)

[E2719E]

12L& (Gogeumdo)

A (Island)

LtH| (Butterfly)

2= (Insect)

23} (Seasonal change)
MECIYY (Biodiversity)

1) == 35

o Ik LiH| 2O AEHee LAEE EM0l0], 7|2 e} I EFHale| Jets
ofofat| flgt 712 Alm 715

o LiH|9 EE BLHE S Sl Y= AE Hst g =0l

o =3 ZAE Soff 7I1EM 1s=0M ME 7|1=0] 2= UHl & 552 lst,
T ZAL 20t} HIWSt0 MAlShE LiH| 42 Fa

2) 38 7 A3t

© 2021 3YEE 10K ZAF AL}, & 514 38F 8007HA|2| LiH|7} t0I=!

o JIE 0| YAE 2 UL HLH|Z MAHQ| 13%E AK[ot!, CEe2= ELt],
HURHLH|, SHEHELH|, BiF2lLH| &0 2 LIEHH

o 0t VK= 3ERE 6K 7157t 7~8R0| At = 9ol ThA| F XIS
20|11, 7~889| UA= BHEHCH U2 A 1RO Z 2ME

o I3k A4 2E0] 22 HO[2} Q1T QI &=L HAE0)| HIsH B4 X iRt
= LIEr

o SHAE XY 22| M= 950| MAGIF =L, Ol= Q12 01 FME(UZ)L &=(55)

20 ¥2 #XI2 LEE

106



o LiH|Q| CiYM 3 AEA Het= 7|2, ZFEDE OfL2} L7t MS5t= AMO0[LE AAIX| 22 2t 0I0) m2F Z2}
2 k= ™ME AAL
Rank Abundance(£2 SEk)
100
— — Individuals
LH
[
HH
D
e
R 10
C
>
QO
<
(9]
o
|
1
1 10
Log Species Rank(Z E8k =2)
1354, gk 1] 9] S-SR A
20 200
18 180
16 160
14 140
<12 120 4
K0 40 100 =
8 80
6 60
4 40
2 20
0 1 1 1 1 ] 1 1 0
38 48 58 68 7€ 8¥ 98 10¥

J&B5. 202149 IaoA] A L F=2) /iAWt

RPN 1c= iy



yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

T 22 LHHZO) AAISHS CHELINO] CIY U A

YR, SRS

St=EEMET (2021)

[ER27I%E]

2T (Wando)

4 (Island)

Lt (Moth)

2= (Insect)

H&E= 3} (Phenological change)
MECIAM (Biodiversity)

1) =2 2

= |
o AL HTNF MASkE U =9l TFdilt AZY HalE ZARIY 7|=
N

o Lol Lok 3
=

00
=
o
pal
I
il
k=)
K
o
i
b
ro
o

AHOR EX(5(0] 7| SHEILL MAIX]

2) 32 A7 Zut

® 2017356 20207HK| £ 143} 3775 4,80774H12) CHELIEI0| £0Is

o 7% SHSI= TFamilyy= ALIHTHGeometridae)2, 1215 2,472} &0l
EIUOD] XA Of 82%S AHKIE

o 7HE WO| LAHE B2 HEJIXUAlcis angulifera)22, Uid 2&chk= S22

LtEfE
o TA|ZE SO A & 24 VHA| =7t HA dAots FYE BEUCH, S HYd &
oSk Ak SHO0HK|= Z20| e

o = TS SoI0 FHE 7= A2 Y= 7SI MAX| eEHe0| 2 2
2 W 25 B5S 8ot Botots Ul Qe M=t 2 5 AUS

108



=3 A7 =20k
o = 7= HYUHTS Y22 AKX, DIALYO|L oy LH|FQ ZAF ZIHE FI1eH 2= HTHFO
MAlohzs LIS 252 g OYe Aoz oY
o LIA2 HOI2=0M & LS o2, U JX2 HAs HO[O=0 FEE DIE + US
250 2000 | 45 0.3
1800 4
200 1600 | 35 0.25
1400 3 0.2
150 1200 25
1000 2 0.15
100 800
600 1.5 0.1
1
50 400 0.05
200 0.5
0 0
2017 2018 2019 2020 2017 2018 2019 2020
Species richness  —e=— Abundance . . . —— * .
Shannon-Wiener Diversity Pielou J Berger-Paker Dominance

1366, A=E ST Ty W)

Log Abundance(E8)

=y

00

-
o

Rank Abundance(z2| E85)

— 2017
2018
— 2019
---- 2020

J857. 2017-20204 +=9-F5&= T4

10
Log Species Rank(& S8k £2/)

{c= fxaly

o
1Y

= tholaiRlc

ru}
=

B
IX{i0O

109



yoJeasay 1821601023 wda | -buoT JeuoneN puz sy} jo yoog Alewwing yoieasay

Effects of elevation and slope on the alpha and
beta diversity of ground-dwelling beetles in Mt.
Jirisan National Park, South Korea

Sei-Woong Choi", Beom-Jun Jang’

"Mokpo National University, *National Institute of Ecology

Journal of Asia-Pacific Entomology (2022)
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J1358. Numbers of species and individuals of the total (A, B), northern (C, D), and southern slopes (E, F) along elevational
gradients of Mt. Jirisan National Park, South Korea. The red line indicates the best regression model from first,
second, and third-order polynomial regressions.



Spatial and temporal changes in moth assemblages

along an altitudinal gradient, Jeju-do island
Sei-Woong Choi", Jeong-Seop An? Jae-Young Lee', Kyung Ah

Koo®

"Mokpo National University, “National Institute of Ecology,

*Korea Environment Institute
Scientific Reports (2022)

[52719E]
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J&59. The best-fitted regression model for the species richness and abundance of moths along elevation in HNP. (A)
Observed species richness, (B) Estimated species richness (Chao 1), (C) Species richness of the Erebidae, (D) Species
richness of the Geometridae, (E) Species richness of the Noctuidae, (F) Species richness of the Notodontidae,
(G) Total abundance, (H) Abundance of the Geometridae, (I) Abundance of the Erebidae, (J)Abundance of the
Noctuidae, (K) Abundance of the Notodontidae.
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Different diversity patterns of butterfly and moth
assemblages between deciduous and evergreen
broad-leaf forests

Na-Hyun Ahn', Sang-Hun Lee', Sang-Hak Han', Sei-Woong
Choi*

'National Institute of Ecology, *Mokpo National University

Journal of Asia-Pacific Entomology (2024)
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J1360. NMDS graphs of butterflies (A) and moths (B) in deciduous and evergreen broad-leaved forests in southern South
Korea. Red diamonds, Deciduous broadleaved; Green diamonds, Evergreen broad-leaved.
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Trends in the homogenization of macromoth
assemblages (2016-2023) in a Seoul City park

Sei-Woong Choi", Sung-Soo Kim? Jae-Young Lee’, Jaesang
Noh®

"Mokpo National University, Research Institute for East Asian Environment and Biology,

*National Institute of Ecology

Scientific Reports (2025)
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J261. Time series models of macromoth assemblages in Namsan, Seoul, Korea, from 2016 to 2023, with forecasts
following for five years. (A) Species richness (number of species); (B) abundance (number of individuals).
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and Larix kaempferi seedlings using morphological
g and physiological parameters
o

]ﬂ Responses to drought stress in Prunus sargentii

=
A a7

Narayan Bhusala', Minsu Lee', Ah Reum Han’ Areum Han’,
Hyun Seok Kim"**

!Seoul National University, “National Institute of Ecology,

’National Center for Agro Meteorology

Forest Ecology and Management (2020)
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J1&62. Linear regression of predawn and midday leaf water potential between Prunus sargentii (O) and Larix kaempferi
(0O) seedlings in different irrigation regimes to define the hydroscope of the species (isohydric or anisohydric
behavior) with increasing water stress. Three different treatments of control (black), light drought (dark gray),
and heavy drought (light gray) were used to show the relationship between two examined species. Sargent cherry
showed more anisohydric behavior with a steeper slope (2.13) and a wide range of leaf water potential gradient,
while Japanese larch had a shallower slope (1.72) and a narrow leaf water potential gradient.
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Evaluation of morphological, physiological, and
biochemical traits for assessing drought resistance
in eleven tree species

Narayan Bhusal', MinsuLee', Hojin Lee', Arjun Adhikari’, Ah
Reum Han?, Areum Han? Hyun Seok Kim"*

!Seoul National University, ’Kyungpook National University,

*National Institute of Ecology, “National Center for Agro Meteorology

Science of the Total Environment (2021)
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Z1E863. Correlation betweenabsolute andrelative values of leafmorphological or physiological traits and drought resistance
index ofroot collardiameter(Rd). TraitAbsolute values(a, ce, g, i, k); Traitrelative values(b,d,f,h,j,1). Ls, leafsize;
LMA leafmass perarea;Pn,photosynthesis;613C,carbonisotopicdiscrimination; ¥ PD,predawnleafwaterpotential;
MD,middayleaf water potential. Black and red circle indicate mild (MD) and severe drought (SD) conditions,

respectively, in 2018; green and yellow triangles indicate MD and SD, respectively, in 2019.
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Short-term severe drought influences root volatile
biosynthesis in eastern white pine (Pinus strobus L)

Umashankar Chandrasekaran', Siyeon Byeon', Kunhyo Kim',
Seo Hyun Kim', Chan Oh Park’, Ah reum Han”, Young-Sang
Lee?, Hyun Seok Kim"*

!Seoul National University, *National Institute of Ecology, *National Center for Agro

Meteorology

Frontiers in Plant Science (2022)
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J1364. Volatile synthesis (VOC)-Monoterpenes. (A)major monoterpenes and their content in root samples (B) total
accumulation of main monoterpenes and sesquiterpenes in root samples measured 32 DAT. Results indicate the
influence of severe drought on the significant accumulation of two critical monoterpenes a-pinene and delta-
3-carene apart from a non-significant increase for other critical monoterpenes like S-pinene, camphene and
limonene. Significant accumulation of total monoterpene content is noted compared to drought treated seedling
samples. Means denoted with different letters indicate significance at p<0.05.

Z1265. Volatile synthesis (VOC)-Sesquiterpenes. (A) list of sesquiterpenes and their content in root samples (B) total
accumulation of main monoterpenes and sesquiterpenes in root samples measured 32 DAT. Results highlight the
influence of severe drought on the decline in total sesquiterpene accumulation supported by a decrease in major
sesquiterpenes like a-caryophyllene, b-caryophyllene and cadinene. Farnescene being the only sesquiterpene
showing a non-significant increase in their content among drought treated seedling sample. Means denoted with
different letters indicate significance at p<0.05.



Evaluation of growth responses of six gymnosperm
species under long-term excessive irrigation
and traits determining species resistance to
waterlogging
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Z1366. Correlation of individual leaf morphological (leaf mass per area; LMA), physiological (stomatal conduc-tance [g,],
leaf water potential [¥;;], and carbon isotope discrimination [6CL]), and biochemical (flavonoids) traits with
plant biomass of the species. Excessive irrigation resistance index (R;,) is defined as the ratio of biomass under
irrigation (Biomassg,) to biomass of the control (Biomass.) (Rg; = Biomassg,/Biomass,) (Bhusal et al, 2021). The
analysis was performed in both the absolute and relative scales of individual traits. Trait absolute values (a, c, €, g,
I); Trait relative values (b, d, f, h, j). Rel;y,, relative value of LMA; Relgs, relative value of gg; Relypp, relative value
of W,p;Reld™, relative value of 5'°C; and Rely,; relative value of flavonoids.
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Drought hardening effect on improving transplant
stress tolerance in Pinus densiflora

Siyeon Byeon', Seohyun Kim', Jeonghyun Hong', Tae Kyung
Kim', Woojin Huh', Kunhyo Kim', Minsu Lee', Hojin Lee’,
Sukyung Kim', Chanoh Park', Narayan Bhusal', Ah Reum
Han’, Umashankar Chandrasekaran', Hyun Seok Kim"*"

'Seoul National University, *National Institute of Ecology, *National Center for Agro

Meteorology

Environmental and Experimental Botany (2023)
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J1367. (A) Stomatal conductance, (B) maximum photosynthetic rate (Amax), (C) leaf predawn and midday leaf water
potentials after transplanting in 2021. Letters indicate drought hardening levels before transplanting. C, M, and S
indicate trees grown under control (100% natural precipitation), moderate drought (40% precipitation blocking),
and severe drought (80% precipitation blocking) conditions, respectively, in 2018-2020. Different lowercase letters

indicate significant differences in drought hardening effect (Tukey’s test; P < 0.05).
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Long-term drought modifies carbon allocation
and abscisic acid levels in five forest tree species

Umashankar Chandrasekaran', Kunhyo Kim', Siyeon Byeon',
Woojin Huh', Ah Reum Han? Young-Sang Lee’, Hyun Seok
Kim"

'Seoul National University, National Institute of Ecology

Journal of Ecology and Environment (2023)
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Z1268. Morphological and physiological responses of five Korean tree species (A) total chlorophyll content measured
from the leaves of control and treatment plants (B) stem diameter studied through the RCD is shown (C) lipid
peroxidase activity in leaves expose to 100%; 60% and 20% precipitation (D) variations in the free proline levels
are displayed. Different alphabets represent significance in our study. Means with different alphabets denotes
statistical significance at p < 0.05. FW: fresh weight; RCD: root collar diameter; MDA: malondialdehyde; Ak: Abies
koreana (Korean fir); Ps: Pinus strobus (eastern white pine); Zs: Zelkova serrata (keyaki); Lt: Liriodendron tulipifera
(tulip); Uj: Ulmus japonica (Japanese elm); MD: mild drought; SD: severe drought.
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Influence of severe drought on mineral nutrient
status in eastern white pine (Pinus strobus L)
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Kim"*

'Seoul National University, “National Institute of Ecology,
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Forest Science and Technology (2023)
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J1869. The results of the elemental analysis of nitrogen, iron, zinc, phosphorous, magnesium and potassium in leaf
samples of P.strobus seedlings32 days after severe drought treatment. The values are represented as mean + SE.
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Waterlogging Hardening Effect on Transplant
Stress Tolerance in Pinus densiflora
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Forests (2024)
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-12

R*=0.914

-15

J&70. Validation of RNA-Sequencing results using quantitative real-time PCR (qRT-PCR). Correlation of log, FC value
analyzed by RNA-Seq (x axis) with data obtained using quantitative real-time PCR (y axis) in trees grown under
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Log: (Fold change by RNA-seq)

waterlogging hardening versus control conditions in transplant stress.
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J1&71. Bar plot showing (a) NSC, (b) proline in each comparison. C, M, and S indicate transplanted trees grown at 100%
natural precipitation, 40% precipitation blocking, and 80% precipitation blocking between 2018 and 2020, respec-
tively. Bar color indicates drought hardening treatment. Asterisk indicates statistical significance (n.s. P > 0.05, * P
<0.05, *** P < 0.001).
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J&73. (a) Soil moisture content (SMC) measured in control, MD- and FD-treated seedlings. (b) Chlorophyll content
measured in leaves (pre- and post-treatment). Samples were collected on the 20th day after drought exposure
(post-treatment). (c) Stomatal pore size measured using Image] analysis (mm). (d) Stomatal pore openings
(abaxial) in the leaves of A.koreana seedlings exposed to three different conditions (control, MD and FD, 20th day
after drought exposure). n=10 (number of samples used); Tukey's (least significance) test was used to denote the
statistical significance among treatments.SMC-soil moisture content; MD-mild drought; FD-flash drought.
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