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Abstract

Island-ocean is the main landform of the East Asian island arc and the Southeast
Asian archipelago. Past biogeographic studies in this area mainly explained species
distribution ranges through historical sources, or divided biogeographic regions through
comparisons of species lists. This study uses the occurrence records of GBIF and the
bioclimatic layer of Worldclim to simulate the potential and actual distribution of plant
families or genera with different distribution situations in this area, and using the
species distribution model, Maxent to clarify the distribution limits of plants. It was
found that most of the tropical plants in Southeast Asia, including: six genera of the
family Buseraceae, Dipterocarpaceae, Ochnaeae, Nepenthaceae and Pandaceae, is no
potential habitat in higher latitude regions in East Asia. However, plants distributed in
specific subregions in Malaysia: Protium, Scutinanthe, Haplolobus, and Triomma of
the Burseraceae family all have potential distribution in other subregions. The above
results are consistent with two hypotheses: 1. The distribution of tropical plants
distributed in Southeast Asia is restricted by climate, and their suitable habitats do not
include East Asia with higher latitudes ; This means that climate is an important limiting
factor for plant distribution at large spatial scales. 2. Plants that are only distributed in
a single or part of a biogeographic subregion still have potential habitats in other areas,
but cannot spread because of the barriers of the ocean ; This means that at small spatial
scales, physical barriers have a greater impact on plant distribution than climate. This
study uses a species distribution model to simulate suitable habitats and explores
whether the distribution of plants at the inter-regional and intra-regional biogeographic
spatial scales is restricted by climate or ocean, providing insights into the differences

in flora between different regions in East Asia and Southeast Asia a new explanation.

Keywords: Biogeography, species distribution models, Maxent, biogeographic

barriers, climate niche
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Man 1. FLORISTIC REGIONS OF THE WORLD
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ER A “,/]E Ap B 1438 B % Bi(Merowet al., 2013 ;5 Wei et al., 2018) - 12
Pearson’s_correlation 3= 8 473 %57 19 B F i S¥cenip B 1L > L
Pearson's [ 1 | 0.7 chidfc > PF TR F 58T L A (R-) -

4. BAPMARR B h @i o INA PHE S IRk Bk s RIRF 0 14 Maxent

B RHT R FERRCT T R TR PR R(F ) -
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https://www.worldclim.org/

% = ~ Bioclimatic variables(https://www.worldclim.org/data/bioclim.html)

BIO1 Annual Mean Temperature

BIO2 | Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (x100)

BIO4 | Temperature Seasonality (standard deviation x100)
BIOS5 | Max Temperature of Warmest Month

BIO6 | Min Temperature of Coldest Month

BIO7 | Temperature Annual Range (BIO5-BIO6)

BIO8 | Mean Temperature of Wettest Quarter

BIO9 | Mean Temperature of Driest Quarter

BIO10 | Mean Temperature of Warmest Quarter

BIO11 | Mean Temperature of Coldest Quarter

BIO12 | Annual Precipitation

BIO13 | Precipitation of Wettest Month

BIO14 | Precipitation of Driest Month

BIO15 | Precipitation Seasonality (Coefficient of Variation)
BIO16 | Precipitation of Wettest Quarter

BIO17 | Precipitation of Driest Quarter

BIO18 | Precipitation of Warmest Quarter

BIO19 | Precipitation of Coldest Quarter
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Groups of intercorrelated variables at cutoff 0.7

0.6 1
—
.
o
[=
o
o
m0.4_
o
o
'
-
-
]
o 0.2
=
©
=
0.0 —
N © | N M O N S~ ® O QWMo S~
O ~ Ol = = =||©@ 0 ©0 ©0 O <« O [0 ~ = =
a2 2 o8|l 2 2 2/ o o &b o 2 B2 o 2 2 29
o o O o o o = o o o

B - -3 q‘% Bl ¥ 19 B & i %% Pearson’s correlation % %

md RN AR AR R P

Families/Percent contribution  Biol ~ Bio2 Bio3 Bio4 Bio5 Bio6 Bio7 Bio8 Bio9 Biol0 Bioll Biol2 Biol3 Biol4 Biol5 Biol6 Biol7 Biol8 Biol9

Burseraceae 2 51 46 133 03 05 07 09 02 25 6 359 08 38 02 0.5 1.8 199 1
Chrysobalanaceae 27 65 83 317 09 07 09 01 05 0 28 24 01 14 02 05 118 4 05
Cunoniaceae 0 56 47 317 0 07 0 0 0 0 64 179 01 252 02 0l 0 6.2 L1
Dichapetalaceae 04 7 55 124 04 14 0 1 06 0 02 527 06 55 o0l 01 23 96 03
Dipterocarpaceae 22 37 114 20 21 08 02 01 24 11 0 43 04 36 02 0 46 33 1.4
Linaceae 0 14 09 173 19 01 06 01 18 01 193 2 18 03 65 01 04 395 59
Nepenthaceae 0 45 55 439 0 0 06 01 01 03 03 91 02 2719 03 07 29 34 02
Nyssaceae 0 99 18 35 01 01 14 27 0 0 09 0.6 16 L1 03 0.2 08 749 0.1
Ochnaceae 19 45 67 218 32 01 06 03 05 03 02 232 02 152 08 42 4 5 1.2
Pandaceae 06 96 57 147 07 1 0 0 04 06 0 509 01 5 0 06 01 84 06

AR M AZR S F i ST AR B HE:
bio4 Temperature Seasonality
bio8 Mean Temperature of Wettest Quarter
biol4 Precipitation of Driest Month
biol5 Precipitation Seasonality
bio18 Precipitation of Warmest Quarter
L5 SEiTL A
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2.3 HBRiR & RS

i * 48 - # HER (species distribution modeling, SDM)® # R ek & % 4»
&4 7 $.58 (Maximum Entropy Species Distribution modeling, MaxEnt) » 14 #it
£ Maxent version 3.4 34 {7 (Phillips et al., 2024) - £ % » } it e = DI % 4787 5
B i SBGER g R > BF Maxent e AT R WA =8 o
BB IFPFEBERI G A F IR EREF R R FIER] - GBIF &
P R XY A ERE BB S8 iR S i EARR o SIS S W
A g1 % dp e (Merow etal, 2013 5 izigik % » 201487 - B et R
(Maximum iterations > o 3F éfig < 3% =0 o U E R RS R P TR
% 500 ~ Je & T & (Convergence threshoud » |78 % @ e acF| & 59 #17)
% 0.00001 ~ &~ # F B2k~ 35 10000 - %J g w5 cloglog(i % Fpip| 75 fein
W) Hepiz e iigk & > A2 R85 Bl{o AUC(Area Under the receiver

operating characteristic Curve, AUC » * *t 22 3| B rgid) o

24 BRERFTR

F1 % LR & % #f $= 5 (threshold- independent evaluation) = j# » 3+ & ROC
W 4 (receiver operating characters curve) ™ 114 % (Area Under the receiver
operating characteristic Curve, AUC) » =iz & # FE R rr A2 B o B B AR T
Lo Bl 6T & i 4 4% 5 0.5 % 7 oAl i il 2 56 8 iRl 4p o (Ling, 2003 :

Huang and Ling, 2005) -
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31 AHFERIFG A
TR EA1* Maxent 24 > #F 2 REFTEWehp HAFELS T IER
Bl X#hia SR Y ds 5k B VRS A By EZHEERES O
B ARG R A DI FARE M ARGE S 0 ARG PR A DI AR -
ﬁzﬁg,%é@é%ﬁ@ﬁ%ﬁ;@égaﬁngGMFm% FoLe

BHEHNR e Bnghiz o d R ERREZBF D 373 TR IREH

—=\
e
x‘\

o

% Khanetal., 2022 0= j2 » B4 i S REF A IMPBF 0-02(9 ¢)
SR E 02-04(G8 %) 5 KA E ~ 04-06(F )5 ¢ B £ - 0.6:0.8(}

F)FBARELE 08 (d)iBRESL -

08

0.6

04

0.2

90 100 110 120 130 140 150

B4~ A TR

1 3¢ %5 4 #(Dipterocarpaceae) & |
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32 BALFARRELSFTLIUR

L AELATAREAF LG G A TEA T i d o 2R
#*(Connaraceae) ~ ¥ % #Hf 0 % B (Nyssa) ~ & - 058 F Jf s
(Cypholophus) ~ A #* <AL B (Canarium) ~ £ 6 (Garuga) ~ & frf dvk
S5 B (Maoutia)F 3 JRER *h enR B F 1 F By E L ek XS G (Pemphis)
Bl 74 (Buseraceae) B i F RIERIT R E A F o P R F S A
B (Davidia)Tg R » T TR E AT o 2 F AE B L% % DR ”’]1—*‘5:%
(Anisadenisa) i ® B K & > HIRF LRy o 5 ka LA F TERFL - B
Scutinanthe % Haplolobus 382 F D1 il F o 58 I % i
Triomma R e B xR L {222 F A BLELG BAES T o 2 F 200 5 2§ R
e FBEF o Protium A EFLE ®L NI FAATF o P g L § 2P R
T RAL T & B (Tirpitzia) ~ F % ¥ (Reinwardtia)fr % #HfL eh+ % 1 4 ff
(Diplopanax) g 137 FF¢h B tate s o d ha Iy 3 AT Of FrEf
(Gnetaceae) ~ ¥ % fitfl «h ¥ 3 X 0 Mastixia) e K I 04 B D RBELA
# 5 @ 4<% % 4 (Dipterocarpaceae) ~ % i A F(Ochnaceae) ~ {24 4
b (Dacryodes) ~ % # % #*(Chrysobalanaceae) ~ 7 4 ¥ #*(Nepenthaceae)

4 A fl(Pandaceae)sa # FERIAAZRIT R F A F > L RF Pl s e R o
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LR IAER VIREARG B DO RABELEN
A iﬁ-ﬁ%ﬁ/ﬁi#f‘” LUPANS rQ I % CQ v Bk d %
I | =
3| 2
ol
R
T
Q
s
Fee
Ceel | PopeBe | ¢ o m | a5 F | =
LR I S S - I R I
= 2 T A IS
4 ELT I T T I P
g4 % | %
£ %4 | Connaraceae O| O V| V]|V |V
E*AE | Nyssa vio|lo| V|V | Vv]|]oOo]|oO
B | Cypholophus V|iIV]| O O| V|V |V
sk Buseraceae A% V| V]|V |V
EA Canarium V] Oo| O V| V|V ]|V
W Garuga V|O V|V |V ]|V
kS5 FB | Maoutia O| 0|V O]l O0O| 0|V
L
e Davidia \Y
ZE B PR
2 Hﬁ]\ff % | Anisadenisa \Y% \Y%
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LAV i
L= i | Santiria V|V |V
(T 4L) | Scutinanthe V|V ]oO
(T 4) | Haplolobus V| V] O
e L%
(B ) | Triomma V] iOo| O
Pl R ERy
Ew-% % | Protium A% \Y 0] A%
PALEZYR
%A | Reinwardtia O A%
% e Tirpitzia AY/
~ % 7 4§ | Diplopanax O A% O
ek
£# % $ | Chrysobalanaceae VIV ]|V |V
L | Dacryodes A% \Y \Y A%
i %% # | Dipterocarpaceae V|V |V |V
B %4 | Gnetaceae O V| V]|V |V
H % X0 | Mastixia ) V|V| V|V
£ AF | Ochnaeae V| V]|V |V
B4 X | Nepenthaceae VIV |V |V
‘| 4% ~# | Pandaceae VIV ]|V |V
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2 > % 4 (Connaraceae) ~ ¥ % #Hf 0 F % #ENyssa) ~ & frft 0% 5 Jfr
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“+ )

F»l
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SR OBy AL ok XS (Pemphis) ~ i #4 (Buseraceae) S A

RlIETR AT o
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34 BEERTER

U =R D5 .

Maxent it 53 2 4 % W& K ROC> ¥ 7 2 4 AUC & > 75 #

D

T i A AUC B 0 & 3 ROC A ')

= o RHpEGFE E 0 2014 s > 50 AUC 8>09 2 £ 3RED ~ 0.9-

0.8 % 2247 ~08-0.7 54 +F ~0.7-06 = 17 ~0.5-06 7 % pz o

+

2 o s REHRE S NERA TR
R A v OB AUC F I
AR A Buseraceae 0.813 2 43
A Buseraceae BB Canarium 0.773 w
i K Buseraceae ESLE Dacryodes 0.896 a4
AR Buseraceae ER X Santiria 0.899 A 4F
B Buseraceae =B Garuga 0.84 243
A Buseraceae Protium 0.915 [N
A Buseraceae Scutinanthe | 0.912 oy
o K Buseraceae Haplolobus | 0.939 ol
A Buseraceae Triomma 0.946 3l
£ # % # | Chrysobalanaceae 0.894 2 4F
£ %4 | Connaraceae 0.803 2 43
"% # | Dipterocarpaceae 0.834 A b
B %4 | Gnetaceae 0.79 Wy
ErRL S Linaceae AT Anisadenisa | 0.985 o
I At Linaceae Rk Tirpitzia 0.963 RN
I At Linaceae A s Reinwardtia | 0.94 ol
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7 4 ¥ 4 | Nepenthaceae 0.884 2 47
¥ % A4 | Nyssaceae P Davidia 0.953 gl
¥ % B | Nyssaceae ~ %7 4/ | Diplopanax | 0.952 o)
¥ % #Hf | Nyssaceae s Nyssa 0.87 LAF
¥ % A4 | Nyssaceae 32 X% | Mastixia 0.816 2 4F
£ &+ F | Ochnacae 0.875 243
| 4% A~ #L | Pandaceae 0.873 L 4F
Ffr# | Urticaceae 7 = Cypholophus | 0.93 R
et Urticaceae K S5 Maoutia 0.848 LAF
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41 L TR IFIEFAIRN AL L K?
MU AR A 3 R A U 33 A B ARl R R A AR LA Ao
BROE A T BRIR o LR ML FAERME UL ES BTN IR E R

—& #(Cox et al., 2016) °

FPALRPFOREE A TPRI S L3R g A L g 328
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HBoful(As T2 A THIAFH)PEL T o AR ILa T LR
MEDE B R lp B RS RS F R RILT G S E IR RS g

FUERLFEOFRRLENE F AR R AL N7 B F R
P T AU, o KA FRRIBBREFRI L DB LLS T ERT LF D]
A B LS T RN AT RS 0 ¢ S ERE AL E R
Scutinanthe ~ Haplolobus ~ Triomma ~ Protium ~ Dacryodes ~ i< % % #*
(Dipterocarpaceae) ~ £ i A #*(Ochnaeae) ~ 7 4 & #*(Nepenthaceae)fr-| # + f*
(Pandaceae) - ¥ 3 § Jfir % 4 (Gnetaceae)fr & * A4 ch¥ % X % (Mastixia)
ALtoard g X 2P Fla IRl FEAE A R (Reinwardtia)fr 5 &%
(Tirpitzia) ™! % % #HfL e+ % T 4o (Diplopanax) i 55 B % 0L &7 % 38 )
BBEALL T o GHRNEFLIEFS- BEILF L s LT F iy & F X
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iEH gt o Foend & o
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Képpen-Geiger climate classification map for Asia (1980-2016)

W Tropical, rainforest (Af)
W Tropical, mansoon (Am)
e Tropical; savannah (Aw)
I Arid, desert, hot (BWh)
Arid, desert, cold (BWk)
Arid, steppe, hot (BSh}
Arid, steppe, cold (BSk)
Temperate, dry summer, hot summer (€sa)
Temperate, dry summer, warm summer (Csh)
Temperate, dry winter, hot summer [Cwa)
W Temperate, dry winter, warm summer (Cwb)
B Temperate, dry winter, cold summer (Cwe)
Temperate, no dry season, hat summer (Cfa)
Temperate, no dry season, warm summer (Cfb)
W Temperate, no dry season, cold summer (Cc)
W Cold, dry summer, hot summer (Dsa)
N Cold, dry summer, warm summer {Dsh)
W Cold, dry summer, cold summer (Dsc)
W Cold, dry summer, very cold winter (Dsd)
Cold, dry winter, het summer (Dwa)
. Cold, dry winter, warm summer (Dwb)
B Cold, dry winter, cold summer (Dwc)
W Cold, dry winter, very cold winter (Dwd}
Cold, no dry season, hot summer (Dfa)
Cold, no dry season, warm summer (Dfb}
= Cold, no dry season, cold summer (Dfc)
. Cold, no dry season, very cold winter (Did)
Palar, tundra (ET)
mPolar, frost (EF)

resalution, Sclentific Data 5:180214, doi:10, 1038/5 018.214 (

Bl =+ 1 ~ &Heag g4 % (Becketal., 2018)
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https://commons.wikimedia.org/w/index.php?curid=10799540)
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2022) -
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H % X % (Mastixia » By Vinayaraj - Own work, CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=26636593)
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Sensitivity vs. 1 - Specificity for Chrysobalanaceae
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Sensitivity vs. 1 - Specificity for Haplolobus
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Sensitivity vs. 1 - Specificity for Nepenthaceae
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Sensitivity vs. 1 - Specificity for Pandaceae

- Omission Rate)
o ‘e o o
= o m

Sensitivity (1

o
w

01r 1
oor 1
0o 01 0.z 03 0.4 0.8 0.6 07 08 0g 1.0

1 - Specificity (Fractional Predicted Area)

°| % * #(Pandaceae)

Sensitivity vs. 1 - Specificity for Protium

o o & o o o =
B m m w D © D

Sensitivity (1 - Omission Rate)

=
w

. | . . | . . | . | .
0.0 01 02 03 0.4 05 086 o7 og 04 1.0
1- Specificity (Fractional Predicted Area)

5§ % & (Protium)

Sensitivity vs. 1 - Specificity for Reinwardtia

o o o o

= in @
T T T T
L L L L

Sensitivity (1- Omission Rate)

o

w
T
L

01r gl

0o 01 0.2 03 0.4 05 0.8 07 08 0g 1.0
1 - Specificity (Fractional Predicted Area)

% 4 ¥4 (Reinwardtia)

90

Training data (AUC=0873) =
Random Prediction (AUC=05) ®

Training data (AUC=08915) ®
Random Prediction (AUC=05) =

Training data (AUC = 0.940) ®
Random Prediction (AUC=05) ®

doi:10.6342/NTU202403977



Sensitivity (1 - Omission Rate)

Sensitivity vs. 1 - Specificity for Santiria

Training data (AUC = 0.899) =
Random Prediction (AUC=0.5) ®

o
p
T

ivity (1 - Omission Rate)
o o
)
T T

oo 1

0.0 01 0.2 03 0.4 0.5 0.6 o7 (o] 0.9 1.0
1 - Specificity (Fractional Predicted Area)

oL 3 G (Santiria)

Sensitivity vs. 1 - Specificity for Scutinanthe

Training data (AUC=06812) ®
Random Prediction (AUC=05) ®

Sensitivity (1 - Omission Rate)
o o o o o
w = n o =~

o
ra

o

=
o

0o 01 02 03 04 05 06 07 (o] '] 1.0
1 - Specificity (Fractional Predicted Area)

Scutinanthe

Sensitivity vs. 1 - Specificity for Tirpitzia
1ok 1 Training data (AUC = 0.963) ®
Randam Pradiction (AUC = 0.5) 1

=
=
L

=2
=
L

=2
n
L

=2
=
L

=2
%)
L

oo 01 0z 03 04 05 06 07 08 09 1.0
1 - Specificity (Fractional Predicted Area)

Tirpitzia

91

doi:10.6342/NTU202403977



Sensitivity (1 - Omission Rate)

Sensitivity vs. 1 - Specificity for Triomma

T T T T T T T T T
1ok 4 Training data (AUC =0 946) =
Random Prediction (AUC=05) ®

o
o
L

=)
=
L

o
in
L

(RN gl

oo l

0.0 01 0.2 03 04 05 0.6 07 0.8 09 1.0
1 - Specificity (Fractional Predicted Area)

Triomma

92

doi:10.6342/NTU202403977



	謝辭
	摘要
	Abstract
	目次
	圖次
	表次
	一、 前言
	1.1 植物地理分區與分布類型
	1.2 植物分布的形成
	1.3東亞及東南亞的生物地理
	1.4研究目的

	二、 材料與方法
	2.1植物分布資料
	2.2氣候圖層資料
	2.3模擬適合棲地
	2.4準確度評估

	三、 結果
	3.1 分布預測圖簡介
	3.2 潛在分布與實際分布之比較
	3.3 各類群植物的分布預測結果
	3.4 準確度評估

	四、 討論
	4.1 東南亞的熱帶植物是否能在東亞生長?
	4.2 東亞及東南亞的植物分布屏障
	4.3 不同類群植物的分布限制
	4.4 結語

	參考文獻
	附錄一、研究植物介紹
	附錄二、GBIF的植物出現紀錄資料
	附錄三 Maxent的ROC與AUC



