Reconstruction of Past Vegetation
Dynamics in Temperate Regions
by Environmental DNA

Chae Eun LIM*, Jung A KIM, Yoonjee HONG, Hye Sook JEON

National Institute of Biological Resources, Korea

R g e hacos
S !*,g:st‘rv&-vt.",_,_'.-

%E‘.l AHEII-O_I.I_}

National Institute of Biological Resources



Background

© DNAstate © Transport

K]
=
-
w
v
=
]
-

5

Freshwater

Marine

Cristescu & Hebert 2018

« High cost & Time-consuming * Cheap & Time-saving
« Taxonomic errors » High sensitivity
« Dangerous « Safer

Invasive  Non-invasive



Background

1. Comparison of eDNA, pollen, and macrofossils in Greenland
2. Using ancient eDNA, tracking ecosystems from 2 million years ago
3. eDNA provides biota information previously undetected in pollen and macrofossils.
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Fig. 4: Early Pleistocene animals of northern Greenland.

From: A 2-million-year-old ecosystem in Greenland uncovered by environmental DNA
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Questions

« Can we identify past ecological changes caused by climate change
through sedimentary eDNA analysis?

* |s it possible to predict future ecological changes using artificial
intelligence (Al) learning?

« Can ancient DNA from past organisms be preserved in temperate
region soil sediments?



In this study

* Wetland soil core samples in Korea

@ Site 1: Topyeong stream
O : Upo wetland

 eDNA analysis (at 10cm intervals)

Site 1: 18m, 177 samples (Core 1): 8m, 72 samples (Core 2): 9m, 85 samples
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In this study

* We utilized Artificial Intelligence (Al) to model the interactions
between past climate conditions and past ecological changes

- Through the Al model, we aimed to predict how biodiversity would response to future climate change
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Methods: field sampling to species detection
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Results of soll cores: Site 1

¢ TO pyeo n g Stre am Sample No. D(sr[:]t)h Cal yr BP  eDNA(Family/Genus)
Quercus, Persicaria,

v’ Core depth : 0.3~18m STP18-05 03 35 180 piccia
STP18-05_0.4 40 150 Pinus, Larix

v Vascular Plants : 61 Genera in 40 Families STP18-05_05 50 150  Larix
STP18-05 0.6 60 150 Pinus, Quercus, Larix

. ; R STP18-05_0.7 70 150 Pinus, Quercus, Poaceae

v Bryophyte : 2 Genera in 2 Families STP18-05 0.8 80 150 Pinus, Quercus
STP18-05_0.9 90 150 Pinus
STP18-05_1.0 100 150 Pinus
STP18-05_1.1 110 150 Pinus, Quercus
STP18-05_1.2 120 150 Pinus, Quercus
STP18-05_1.3 130 150 Pinus
STP18-05_1.4 140 150 Quercus
STP18-05_1.5 150 155
STP18-05_1.6 160 174 Quercus
STP18-05_1.7 170 193
STP18-05_1.8 180 212 Pinus
STP18-05_1.9 190 232 Pinus
STP18-05 2 200 252 Pinus, Quercus, Smilax
STP18-05 2.1 210 272 Pinus, Larix

B STP18-05 2.2 220 292 Pinus

gl STP18-05_2.3 230 312 Pinus

g Pinus, Quercus,
STP18-05 2.4 240 332 Castanea,

Castanopsis

STP18-05 2.5 250 351 Pinus, Quercus
STP18-05_2.6 260 370 Pinus, Quercus
STP18-05_2.7 270 391 Pinus
STP18-05_2.8 280 416 Pinus
STP18-05_2.9 290 444
STP18-05_3.0 300 471

* O indicates soil subsampling sites -

Sample No.

STP18-05_14.4
STP18-05_14.5
STP18-05_14.6
STP18-05_15.1
STP18-05_15.2

STP18-05_15.3

STP18-05_15.5
STP18-05_15.7
STP18-05_15.8
STP18-05_15.9
STP18-05_16.2
STP18-05_16.3
STP18-05_16.4
STP18-05_16.5
STP18-05_16.6
STP18-05_16.7
STP18-05_16.8
STP18-05_16.9
STP18-05_17.2
STP18-05_17.3
STP18-05_17.4
STP18-05_17.5
STP18-05_17.6
STP18-05 17.7

STP18-05_17.8
STP18-05_17.9

Depth
(cm)

1440
1450
1460
1510
1520

1530

1550
1570
1580
1590
1620
1630
1640
1650
1660
1670
1680
1690
1720
1730
1740
1750
1760
1770

1778
1790

Cal yr BP

6533
6572
6611
6914
6991

7070

7226
7383
7462
7541
7729
7765
7799
7834
7868
7902
7936
7970
8073
8107
8140
8173
8207
8240

8270
8300

eDNA(Family/Genus)

Larix

Pinus, Linaria

Theaceae, Araceae

Larix, Theaceae, Araceae
Larix, Quercus, Forsythia
Larix, Elymus, Smilacaceae,
Apocynaceae, Fabaceae
Theaceae, Polygonaceae
Triticum

Pinaceae

Perilla

Larix

Larix, Theaceae, Araceae

Pinus, Theaceae

Pinus, Larix, Orchidaceae, Lamiaceae
Pinus, Linaria

Pinus, Larix
Brassicaceae

Larix

Pulsatilla
Pinus, Larix

Pinus, Quercus, Theaceae, Araceae

Pinus, Larix



Results of soll cores: Site 1
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v’ Vascular Plants: 61 Genera in 40 Families lom  EE

* Tree: 18 Genera (Gymnosperms (5), Angiosperm (13))

Gray mud

» Evergreen broadleaf tree: Camillia, Theaceae

» Deciduous coniferous tree: Larix, Metasequaia
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* Herbs: 49 Genera (Graminaceae 4 genera) 1 -

v Aquatic plants: Trapa, Nymphaeaceae
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Reference Database: DNA Barcode database
of Vascular Plants in Korea (NIBR)

**» Genus-level reference library of Korean vascular plants
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Site 1
NIBR)

Results of soll cores
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eDNA vs. Pollen (Number of Genus): Site 1

eDNA > Pollen
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Depth (cm)

Vegetation changes in Site 1 (Topyeong Stream)

based on eDNA I I Dry condition :
jm============== | Ml Cultivated plants |

R, i Pinus + Quercus |1 M Aguatic plants |

0 2000 4000 6000 8000 L. Pinus : : B Subtropical Plants :

| s shurdance g8 Relelhe abundrce ) T B e e e -

| |
0 Reclaimed sediment

Late Holocene
(ca. 500 cal yr BP)

1.43 coiyr

500 —
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<) Gray m -
_ ‘J
1000 - N ossqur i Middle to Late Holocene
: ' (ca. 4200 cal yr BP)
) 0.32 cmiyr
0.08 cmiyr — .
\ = = Middle Holocene
| o | | ! (ca. 6000 cal yr BP)
Darkgri t _ L____§ ‘ (a) Eary Holocene (ca. 8200 - 8000 cal y BP)
1500 ', | |
on3emyr : : I
' ; e Early Holocene
R —— (ca. 8200-8000 cal yr BP) |
e
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Depth (cm)

: M Dry condition |
I [ Cultivated plants |

Vegetation changes in Site 1 (Topyeong Stream) ! mqaicpians

1 Il Subtropical Plants:

Age (cal yr BP)

r--------------- [ m“:-’;‘;:‘.._“sg
I o3 modern 59 2009  Ainux Quercus Melastomatacese. Micomis_ Parcin. Persicaria. Riccie
0 2000 4000 6000 8000 I 1 + o et e
+ I 0s 30 19 Picoa, Pious, Larde
I 06 -1 198 Pinus. Quercus. Melastormataceae. Linderma_dubra. Traps. Ricoa huebenerians
= 3 Jelatie aburdarss (%) o7 T 1973 P Quercus Ouybasis glauca Poacese
Halative abendaacs (%) iy
0 L l l - . | e ——— a AR NS S ey
Reclaimed sediment y 09 421955 P
1 62 1946 Piones
n 0 1937 Finus. Quercus
12 » 1928 Pinus, Quercus
13 18 1919 Piones
14 137 "0 Querar
i (d) Late Helocene (ca. 500 cal yr BP) 15 155 1901 m:“m'
Oxidized 16 174 182 Queras
Dry land, cideed sol 17 193 1883 Marchartia
sandy mud L H | :
8 modern 212 wrs Pinus, Euryale
ate Holocene . Mmoo
2 252 1956 Pinux Quercus Smilax aspers
\ SR.0.43 cmfyr 500 | BP 21 72 W P Lank
ca. cal yr 2 2 s e
=} \ 23 312 189 Pinus
24 332 1820 P Quercus Castanes hearyi Castanopsis carlesi Calilepis caeroien. Melastomatacese. Miconis
\ 25 351 En Finus, Quercus
26 370 1800 Pinus, Laree Quercus
500 — \ 27 modern 3% 1559 Pinus
s 416 1534 Pk Quercus
29 444 1508 Pinus
3 M MW Pinus. Quercus
=
ER) 498 1452 Pins. Quercus
32 521 1423 Pinus Cymanchum
-
A T 33 555 1385 Queras
0.5 ey 34 S84 1366 Lanx
35 61 1339 Pinss. Larec Camelia sinensts
=] Gray mud 36 639 BN P
0.09 cmiyr ; 7 667 1283 Pinus
! (c) Middhe to Late Holocens (ca. 4200 cal yr BF) 38 64 125  Pius Querass
‘ 39 ™ 2 Pinus. Platydadus_ orientalls MeGstomataceae Micoma Linaria_sp. Smiax_aspera
T Swamp, ess vegetation 4 M8 102 Pius Quercus Melastomataceae. Miconia
\ \ - 41 76 1174 Pinus Melastomataceae Saxifraga cespiosa Smikax. aspera. Platyhypmidium
0.16 — Middle to Late Holocene u 0 o
1000 — —————————— I . : 43 3 N7 P
| 44 61 1089  Pmus
: | (ca. 4200 cal yr BP) s 5 e G g o
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0.32 cmiyr | | 4 $44 1006 Pinus. Queraus
| | 1 48 2 978 Pinus, Queraus
£ — (b) Middle Holocene (ca. 6000 cal yr BF) 5 1029 Pinus. Quercus
0.08 cmiyr | 1 51 1056 834 Pinus, Camedia smensss
. — | [ 1 52 1084 866 Pinus. Quercus
Q | | E— 53 m2 838 Pinus
L K 54 149 80 Pinus. Larec Remingia_sootepensis
] 55 1167 783 Pinus
| i 56 195 755 Quercus. Alkum
0.22 cmvyr 57 23 ! Larex Querass
| | 58 1250+-160 1251 639 Pinus
Dark gray mud —— ——— ‘ 59 2 sn Pious. Prunus_persica A, Trapa
1500 g Y { . 6 1308 542 Quercus. Pronus_perska (wowvs. Acanthomintha Musa
{ (3] 8337 612 Artemisia
I 2 Vb S e
[ |
0.13cmiyr 63 1391 589 Piows
1 ] 64 1419 531 Quercus Bassia Musa Rublaceae Boehmena
] 68 1510--100 1532 418 Pinus
69 1490.80 1570 380
| 7 62 328
D 0.29 cmiyr L § — 7 1687 263
ark gray | | 72 1755 198
i I
ks ——— - -
74 189 &
75 1957 7
7 289 139
T8 060s-160 2155 05 Pius Metreguoia
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Depth (cm)

Vegetation changes in Site 1 (Topyeong Stream)

oo ===

I Pinus :

0 2000 4000 6000 8000

Age (cal yr BP)

Oxidized
sandy mud

500 —

Gray mud

1000 —

1500 Dark gray mud
Dark gray
sandy mud

Gravel

2000

SR: 0.43 cmfyr

——
——

0.15 cnpyr

\ 0.09 cmiyr

0.16 amiyr

0.32 cmiyr

0.08 cmiyr ﬁ

Middle Holocene

5

\
0.22 cmvyr t
{
0.13 cmiyr w

(ca. 6000 cal yr BP)

Early Holocene

0.29 cmiyr ‘

(ca. 8200-8000 cal yr BP)
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103

4630+-1%0

4710+-130
4680+-150

5780+-130

6430+-110

6390+-80

7820+-120

8170+-150

4mn
21
8
454
475
4160
4800
4887
5146
554
5652
51

22
-2mn
-3
259
-2605
-2810
-2850
237
-31%
3594
-3702
3762

3949
-39%
-4091
-4136
-4183
-431
-4219
-4326
-1
4420
4465
-4505
-4563
4622
4661
414
-4810

j 2 Dry condition :
I [ Cultivated plants |
: Il Aquatic plants :
1 Il Subtropical Plants;

Pinus

Cucurbita

Cucurbita

Pinus, Brassica

Pinus, Linariasp

Pinus

Brassica, Moricandia foetida
Sarcococca, Bassia, Artemisia, Brassica, Rubiaceae
Pinus

Pinus, Cucurbita, Carex
Pinus

Asparagales, Alium

Capsicum, Nicotiana solanifola, Physochiaina physaloides

Theaceae, Cryptocoryne. nuri; Mammillaria, Musa

Encephalartos, Pinus, Lari; Quercus, Theacese

Theaceae, Cryptocoryne.nuri; Chamaecrista

Pinus, Pueraria, Dendrobium fndlayanum

Pinus, Larix, Magnokia_odora

Pseudotsuga menziesi; Larix; Camella sinensis, Theaceae, Cryptocoryne. nurii

Larix; Theaceae, Daucus, Turgenia latifola, Brassica, Cucurbita, Flemingia_sootepensis, Platyhypnidium
Picea, Larix, Theaceae, Cryptocoryne nur Orchidaceae

Larix

Pinus

Larix

Pinus, Linaria sp

Theaceae, Cryptocoryne_nuri

Trapa

Pinus

Larix; Theaceae, Cryptocoryne.murii

Larix Quercus, Forsythia_suspensa, Cucurbita

Larix, Wrightia_tinctoria, Anadenanthera_colubrina, Elymus_lbanoticus, Smiax aspera

Theaceae, Ruprechtia obovata
Tritcum #
Melastomataceae. Miconia, Streptophyta sp
Pinus, Meriania_involucrata, Miconia

Picea

Camellia sinensis, Betulg, Perilla

Pinus, Larix

Larix. Theaceae, Cryptocoryne.nurii

Pinus, Theaceae

Pinus, Cucurbita, Linaria_sp

Pinus, Laric

Pinus

Brassica, Trapa

Larix

Pulsatil dahurica

Pinus, Larix

Pinus, Quercus. Theaceae, Cryptocoryne. nurii, Acisanthera unifiora
Pinus, Larix

15



Results of soil cores: Site 2

Depth
¢ U po Wetland Core 1 SUPWO04 = Ceratophyllum, Trapa, Euryale, Myriophyllum, Vallisneria, Potamogeton,

Nymphaea, Nymphoides, Nymphaeaceae, Salix
<Core 1: 23UPWO04>

Ceratophyllum, Trapa, Euryale, Myriophyllum, Hydrilla, Potamogeton,

Pseudoraphis, Nymphaea, Spirogyra, Nymphoides, Euryale, Nymphaeaceae|
Burkholderia glumae

Trapa, Euryale, Nymphaeaceae, Myriophyllum, Vallisneria, Potamogeton,
Aphanochaete

Euryale, Myriophyllum, Vallisneria, Potamogeton, Ideonella dechloratans,
Choricystis parasitica, Chlorella desiccata, Chlorella vulgaris
Potamogeton, Ceratophyllum, Trapa, Euryale, Myriophyllum
Potamogeton, Ceratophyllum

Potamogeton, Trapa, Euryale

Setaria, Potamogeton, Nymphoides, Trapa, Euryale, Vallisneria

Trapa, Nymphoides, Potamogeton, Pinus

23UPW04 (0 - 8.4m) 1

e Corel =y
A o

o COre2 =g

Camellia

Cynanchum

Pinus, Trapa |

Solanum
Pinus, Actaea, Symplocos, Camellia, Larix

Daucus, Brassica, Pinus

Pinus Cultivated Plants

Daucus, Pinus
Pinus

Pinus
Quercus, Camellia

Camellia

Pinus 16

Pinus




3UPWO04

M «— 155+156
: Core Depth Calyr BP  Calyr BC/AD eDNA (Family, Genus)
. 2914136 0 Ceratophyllum, Trapa, Euryale, Myriophyllum, Vallisneria, Potamogeton, Nymphaea,
. 1: Present - = g Nymphoides, Nymphaeaceae, Salix
1 . Q = ‘D Ceratophyllum, Trapa, Euryale, Myriophyllum, Hydrilla, Potamogeton, Pseudoraphis, Nymphaea,
. ES 2 . i Nymphoides, Euryale, Nymph Burkholderia gl
- G % S Spirogyra, Nymphoides, Euryale, Nymphaeaceae, Burkholderia glumae
= (% ; % 0.23 123 modern modernTrapa, Euryale, Nymphaeaceae, Myriophyllum, Vallisneria, Potamogeton, Aphanochaete
= (<h) . . . . . .
= 411100 yr ago U pO Wetlan () 03 Euryale, Myriophyllum, Vallisneria, Potamogeton, Ideonella dechloratans, Choricystis parasitica,
2 « B . ’ Chlorella desiccata, Chlorella vulgaris
Creatlon 0.4 Potamogeton, Ceratophyllum, Trapa, Euryale, Myriophyllum
1620480 0.5 Potamogeton, Ceratophyllum
0.6 Sagittaria
3 LSl 0.7 187 d dernPot ton, T E |
. . modern modernPotamogeton, Trapa, Euryale
. creation < e
=) «—— 2845174 0.8 -3651 modern modernSetaria, Potamogeton, Nymphoides, Trapa, Euryale, Vallisneria
3 0.9 Trapa, Nymphoides, Potamogeton, Pinus
4 . 15 Camellia
E 1.8 Cynanchum
: 264 1812 169 107Pinus, Trapa
5 342 2828 -845 911
R 4.4 2605 -619 -691 Solanum
- 4.64 2811 -834 -888Pinus, Actaea, Symplocos, Camellia, Larix
6 5.15 2673 -693 -753Daucus, Brassica, Pinus
5.47 2992 -1012 -1072Pinus
5 A Daliciis Pinns
7 6.06 3819 -1840 -1898Pinus
7.3 4808 -2827  -2889Quercus, Camellia
7.57 3721 -1742  -1800
7.6 3752 -1769 -1835Camellia
8

7.93 111703 -109695 -109811Pinus




Results of soll cores: Site 2

* Upo wetland Core 2

Core eDNA (Family, Genus) Core eDNA (Family, Genus) Core eDNA (Family, Genus)
. Depth Depth Depth
<C0re 2 . 23U PW02> 0 Spirodela, |3otamogeton, Trapa, Salvinia, Euryale, Ceratophyllum, 3  Pinus 6.1 Pinus
S Hydrocharis, Zannichellia, CasFanop.sis, Salix, Callitriche . 3.1 Pinus 6.2 Pinus
0.1 Spirodela, Potamogeton, Zannichellia, Trapa, Nymphaea, Salvinia, - 63 Pi
"~ Euryale, Ceratophyllum, Hydrocharis, Quercus, Salix, Humulus 3.2 Pinus : I
Hydrocharis, Trapa, Nymphaea, Victoria, Salvinia, Euryale, 3.3 Pinus 6.4 Pinus, Quercus
0.2 . . L . -
Ceratophyllum, Potamogeton, Zannichellia, Robinia, Salix, Cnidium 34 Pinus 6.5
0.3 Hydrocharis, Salvinia, Trapa, Euryale, Ceratophyllum, Potamogeton, 35 6.6 Pinus
" Zannichellia, Salix, Humulus, Nicotiana, Lindernia, Persicaria ' ' i
Spirodela, Trapa, Nymphaea, Salvinia, Euryale, Ceratophyllum, 3.6 Pinus 6.7 Pinus, Que_rcus,
o Corel 0.4 Potamogeton, Salix, Humulus, Bolboschoenus, Eleocharis, Lindernia, 3.7 Pinus, Camellia Castanopsis
! Plantago, Callitriche 38 6.8 Pinus
3 B Trapa, Salvinia, Euryale, Persicaria, Ceratophyllum, Nymphaea, 3'9 QUETES 6.9
' L2 Potamogeton, Pinus, Robinia, Quercus, Populus, Salix, Humulus, .9 Pinus j
o Co,rez » | 0.5 Calystegia, Bolboschoenus, Eleocharis, Setaria, Lindernia, Artemisia, 4  Pinus 7
Callitriche 41 Pinus 7.1
06 Spirodela, Trapa, Salvinia, Ceratophyllum, Euryale, Potamogeton, ' i 7.2  Pinus
"> Robinia, Lindernia, Bolboschoenus, Persicaria 4.2 Pinus .
Ceratophyllum, Trapa, Euryale, Potamogeton, Zannichellia, Robinia, 4.3 Pinus %8 [IFLTE
0.7 Quercus, Prunus, Pinus, Bolboschoenus, Setaria, Draba, Lindernia, 4.4 7.4 Pinus
Astragalus, Persicaria - 75
Persicaria, Trapa, Euryale, Ceratophyllum, Potamogeton, Miscanthus, | 4 Pinus 76 Pinus
0.75 Populus, Salix, Pinus, Robinia, Chenopodium, Beckmannia, Humulus, 4.6 -
Bolboschoenus, Oenanthe 47 7.7 Quercus
Spirodela, Salvinia, Persicaria, Ceratophyllum, Trapa, Hydrocharis, . 7.8 Pinus
0.9 Potamogeton, Pinus, Chenopodium, Astragalus, Calystegia, el e 79 Pinus
Bolboschoenus, Persicaria, Oenanthe 4.9 -
2 Pinus 5 8 _
21 5.1 Quercus 8.1 P!nus
. 8.2 Pinus
24 5.2 Pinus .
8.3 Pinus

B e 53 Pinus, Quercus —-
! — — = ; 8.7 Pinus
] o T 12 uE 0.4

2.8 Pinus, Gymnanthemum, Lactuca 5.9
. 8.8 Pinus
2.9 Pinus 6 Pinus 18



23UPWO02

0
<«— Present

< 11150£250

< 12420310

23UPW-02 Cal

yr BP  Calyr BC/AD

eDNA(Genus)

Wetland
creation

0.75

0.9

G 0.9

-283 modern modern

-1212 modern modern

-962 modern__modern

Spirodela, Potamogeton, Trapa, Salvinia, Euryale, Ceratophyllum, Hydrocharis, Zannichellia, Castanopsis, Salix, Callitriche

Spirodela, Potamogeton, Zannichellia, Trapa, Nymphaea, Salvinia, Euryale, Ceratophyllum, Hydrocharis, Quercus, Salix, Humulus

Hydrocharis, Trapa, Nymphaea, Victoria, Salvinia, Euryale, Ceratophyllum, Potamogeton, Zannichellia, Robinia, Salix, Cnidium

Hydrocharis, Salvinia, Trapa, Euryale, Ceratophyllum, Potamogeton, Zannichellia, Salix, Humulus, Nicotiana, Lindernia, Persicaria

Spirodela, Trapa, Nymphaea, Salvinia, Euryale, Ceratophyllum, Potamogeton, Salix, Humulus, Bolboschoenus, Eleocharis, Lindernia, Plantago, Callitriche

Trapa, Salvinia, Euryale, Persicaria, Ceratophyllum, Nymphaea, Potamogeton, Pinus, Robinia, Quercus, Populus, Salix, Humulus, Calystegia,
Bolboschoenus, Eleocharis, Setaria, Lindernia, Artemisia, Callitriche

Spirodela, Trapa, Salvinia, Ceratophyllum, Euryale, Potamogeton, Robinia, Lindernia, Bolboschoenus, Persicaria

Ceratophyllum, Trapa, Euryale, Potamogeton, Zannichellia, Robinia, Quercus, Prunus, Pinus, Bolboschoenus, Setaria, Draba, Lindernia, Astragalus,
Persicaria

Persicaria, Trapa, Euryale, Ceratophyllum, Potamogeton, Miscanthus, Populus, Salix, Pinus, Robinia, Chenopodium, Beckmannia, Humulus,
Bolboschoenus, Oenanthe

Spirodela, Salvinia, Persicaria, Ceratophyllum, Trapa, Hydrocharis, Potamogeton, Pinus, Chenopodium, Astragalus, Calystegia, Bolboschoenus, Persicaria,
Oenanthe

23UPW-02  Cal yr BP Calyr BC/AD eDNA
T 828 1157 T092Pinus
25 Pinus
26 Pinus
2 Pinu
2.8 Pinus, Gymnanthemum, Lactuca =
: P Cultivated plants
3 Pinus
sl Pinus
3.2 Pinus
33 Pinus
3.4 Pinus
2R Piniis
3.7 Pinus, Camellia I
3.8 Quercus
3.9 Pinus
4 Pinus
4.1 Pinus
4.2 Pinus
43 Pinus
ac Tovmvere
4.8 Camellia I
4.95 9805 -7790 -7920
5.1 Quercus
R Pinus
5.3 Pinus, Quercus
5.4 Pinus
5.8 Pinus
6 Pinus
6.1 Pinus
6.2 Pinus
6.3 Pinus
6.4 Pinus, Quercus 5 ] ] 5 5
£e - - Mainly in tropical and subtropical Asia
S w :
6.8 inus
> e JN, JJ in Korea
73 Pinus
7.4 Pinus
7.6 Pinus
77 Pinus
7.8 Pinus
79 Pinus
8.1 Pinus
8.2 Pinus
8.34 10556 -8520 -8692 Pinus
8.4 Pinus, Quercus
8.6 Pinus
8.7 Pinus
8.8 Pinus
L
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Schematic reconstruction
showing Holocene plant cover & wetland evolution IN the Upo Wetland

based on eDNA

B 23UPWO4  Sywamp/
AD 1152~8692 BC

. - Eronn st Wet I an d C r e a.t I O n

e Cultivated plants
W
ala 1840 BC
L -

- =



Al Model for Biodiversity Monitoring basedon

correlation analysis between past temperature and eDNA/pollen data in sediment layers

« A model utilizing correlations between Topyeong Stream eDNA & pollen data
and temperature/precipitation trends

* Projecting future temperature data onto the established model to predict future

species composition

e S ‘ : r’ “ v_lqlm'h,\‘fi‘»“y x‘, TN | ﬂz
H . ‘,.," ‘ i AR TR ‘f il # “IIMWM?A,W:,MK’\W Vi
_z« ‘e i & £ tom

wl;l.r\*»'ﬁ"vr,t\'iwfﬁ""f"\[\‘ﬁ}‘l‘ﬂ‘h%lﬁ‘{\'ﬁ*M M

i [:’

Temperature/precipitation data

Target

Artificial intelligence (Al) learning model

{eantton o1 IIII aEe I- .I.I. 1. -

sz

,,,,,,,,

nim IIII IllI Imml
1

=
i ]
Asteraceae

eDNA/pollen data in sediment layers
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Reconstruction of past climate data for Al model development

o App“cable across the entire Correlation with Gangyang (ERA5 Data) ’
Korean Peninsula

Correlation with Gangyang (ERAS Data)

10 P s 1.0
IU.8 - ' ",'.:_"i 3 =2 o ’
oe = 0.8
a4 U 4 X
02 2 B AN - 0.6
& - A
00 & d \ =
L 0.2 ) - 0.4
I-o_4 =
- 0.2
< Gwangyang model > - 0.0
- categoy 0.2
Period 8,000 years ago (Holocene) 0

Pollen, Tann (Mean Annual Temperature), MTCO (Mean Temperat
Utilized Data ure of Coldest Month), MTWA (Mean Temperature of Warmest Month
), Pann (Annual Precipitation), Psum (Seasonal Precipitation)

Climate Information Temperature & Precipitation

Data Coverage 89 locations across the Korean Peninsula

Temperature Trend Declining temperature trend from the Holocene to the 2000s

Pearson r
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Al Model for Biodiversity Monitoring basedon

correlation analysis between past temperature and eDNA/pollen data in sediment layers

Past climate data(Temperature & Precipitation)

* Input : Temperature & Precipitation

Slinear
interpolation

« Target : eDNA & Pollen

T i I I IEEENE CEE -
T () NI Y ImmEE
- . -
Tk i
i '
o L
Bl [] >
P S
- ' ' Pinus
f.,.‘,':,.". 1 :
& SN
= i Jgg
'\‘:: [ ] i — ’,*1

Asteraceae

eDNA, Pollen and their combination

eDNA

Pollen

——

Scaling

V4

eDNA + Pollen

—

Degreel
Degree2
Degree3d

Shifted

SMOTE analysis

e_Dna_Pinus_With_Smote (Degree 1)

s

No Smote

[
Input ===

Degreel
Degree2
Degree3
Shifted

1
=== Target ==

E_Dna
ohz

Combine

*Synthetic Minority Over-sampling Technique

With Smote

[
Input ==

Degreel
Degree2
Degree3
Shifted

1
Target ===

E_Dna
ok

Combine
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Application of CMIP6 future climate scenarios
to the developed Al model system

 Prediction of vegetation changes under future

. L . ! iﬁ_ro |Ca ,‘;_'.l.'._'_';'_'_'_".'.'.'-'_'__':,'_'ﬂ-'-f'll -
climate change(Temperature & Precipitation) bicg iy ’
/ _I_ . | | A s JII Illll-/‘ [ || II| / Iﬁu II M A /\ ’|I III |||:\,\ ’/‘ | u'l'll"\ ||II III'. I'II\| ||h= El\n'll ?‘II I'hl II' I =
| .'I Y I .\ I JI'I."I III 'I,l . II.' II". . .\/I\f |' II II'.l ) ."'\L i ."I W | |\'\I'."'I | | |II III |'I |I ,.'I |II I'||'I I", goas I—
ro p I C a # I|II .'I , '."\I III II."I | r|I,I I'gl .'h'.l || Il'il'; I', ;, | II'II.""\<{ I‘\.. I'-):IT}\JI .5\; \.\J.' II|I \/‘}. I>\ \\\II II| \ '/', I|II ,'I /|I|| 1" | .'II IIIIII.' III | ,':I:I‘. Ll ﬂ" l,;
. . | ,-/I \ II.'II I",I I," W .'“'. I'.i III I.'I I',|‘|I | A ' III I."II Y X |||I \ I,'\\JI I'.I I,' I|II || lII I,'{r\‘ I|I i'| || III ' 'il | / I'. .
v’ Temperate : Pinus, Quercus L VAR } v / F,,/ Y Vol "'.'l | ’
v’ Boreal & cold temperate : Larix s N 1 A SRk
T e Py S fCombine b ST Deel 75
CMIPG annual global average temperature (1850-2100) PI n u S lli.ll A II."/IIII \\\ = NI\\ II.'II II'II I|II IlI ;

I| |'I Voo I| | 4 'III

I | |
I ! i Aoa o A AN
| ,"-,I II ! | | '.5| Il'uI Il I'| || Al l,."""\l |'I‘ "\fl,ul\/ .'ll Y ‘.1|I N

Climate Change Artificial intelligence (Al)
Projections(CMIP6) learning model

* CMIP6 scenario assumes advancements in renewable energy
and continuous eco-friendly economic growth.
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Summary

 We conducted eDNA analysis on past sediment layers in temperate

regions and confirmed its feasibility.

« We demonstrated that analyzing eDNA from soil cores can help

reconstruct past environmental changes.

 Finally, we attempted to develop an Al model prototype to predict future
biodiversity changes based on the correlation between past climate

change and taxa occurrences.
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