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Abstract

Predicting biodiversity distributions and identifying the hotspots are essential in order to design
strategies for biodiversity conservation. Lu (2016) proposed a process to estimate biodiversity hotspots
based on the probabilities computed from species distribution models (SDM), using Taiwan's endemic
bird species as an example. However, we found that Lu's methods were seriously flawed in ecological
concepts and scientific logic, and could be misleading in the formulations of academic research or
conservation policies. We used a dataset on endemic bird species from the Taiwan Breeding Bird Survey
project to build two biodiversity maps: one based on Lu's process and the other one based on binary (i.e.,
presence/absence) SDMs, a general method reported in the literature. We tested the predicted hotspots
from both maps against a set of known hotspots, and found that Lu's methods severely underperformed
compared to the general method. We therefore urge that the methods of Lu (2016) should not to be used
anymore in biodiversity hotspot analyses or habitat-risk assessments.

BREEER : AV IR ~ (R ~ VIR A A
Keywords: biodiversity hotspot, conservation, species distribution model
YetrHEA - 2017 F 10 H 02 H

BEZHW 2007 12 HO1 H

Received: October 02, 2017 Accepted: December 01, 2017

o

2014) th /2 (R LY 2 M A BRI 2 —
(Myers et al. 2000; Marchese 2015) ©

'F]\T)J_

A2 BRI R NBRAEIE 1A M EK Al 25 1)
A i X FF R Z — (Rockstrom et al. 2009;
Steffen et al. 2015) » 1724 A TIREELAR TSI
FERE(Millennium Ecosystem Assessment 2003;
Maynard et al. 2010; Pereira et al. 2013) > /£ R
BIR N VSRR B RIS TR H BB
NEFF BLERA T 38R © A2tk A (biodiversity
hotspots) (Myers 1988; Myers et al. 2000)[X %
AR ERESEE BB R RIKRE1TE)
#)-E 2 T B (O'Donnell et al. 2012; Sloan et al.

AV RV BB R s B S AR A
P > HBE S SR E R A B s o HER S
R Myers(1988)Fe i » Hizilli LI/ VHEH
1,500 LA b 2R A AL RAEY) - DU Hiedk
70% LA [ A RE A i B R AT UE - 28 42 BR 35
l# 4 ¥ % &% M BEE (Myers et al. 2000;
Mittermeier et al. 2004; Williams et al. 2011) *i&
BERGEE PR S R AR % > {5 5 2 ERPE
THIFEHY 2.3% » Al 7Bk 50%LL ERIFFH
TELAEE SRRE) - 4390 A Ml EF MEB)P) » Il



B AP R FE(TW J. of Biodivers.) 19 (4): 255-270, 2017 257

[FEFE T 60%S2 &R ZLAR ~ 63%(1) 327 S0
PURe 79% 1Y 5% 2 Wi 4 8 (Mittermeier et al.
2011) » MAECR B 55K » (£ R ERR R BB E
29t o th 3B AN R R BEAS [R AR 2B
s34 (Prendergast et al. 1993; Samson and Knopf

1993; Dobson et al. 1997; Kerr 1997; Myers et al.

2000; Orme et al. 2005) * HBIAIRE LIFE
27 |5 R GE W R A RS B 2% H &t (Myers et
al. 2000; Ceballos and Ehrlich 2006; Garcia
2006; Callicott et al. 2007; Schouten et al.
2010) °

% B 22 1) 77 A1 B AT BIGRE R 1 (5
(Mace et al. 2008; Peterson and Navarro-
Siguienza 2016) ° F- {52 LSRRG A& Kl e g.,
% 1999; Fk 2002) skl #: 7> A1l (atlas) (e.g., fA
2005) B4 2 KR 1 o A - (H A B BIA 9B S
TTEA—E DUROR R [ g 2 KR 1 o7 AT
TETE AR AR R A o [ SR A= W) o3 A ] I 57
PR e fife 165 B RS AHIRE - VR PR S RS R
I3 o AR ZE I % H o AT AR A= W) 2 £
P& E AR S A (Ferrier and
Guisan 2006; Mokany et al. 2011) » 32 (I
A9 F 43 A7 i 78 (species distribution models,
SDM) (Elith and Leathwick 2009; Kearney and
Porter 2009) » F48 & 15 E 2 Bk 53 Al (e.g.,
Ko et al. 2009; Wu et al. 2013)° H:H1+ 42 SDM
IR KRBT = (1)t R A fLiE
KRGS S E - AV SDM » 55
IIARRZARAE 5 (2) LUE & UIBE A E B 0 A BUR 77
i AR ATz o Al s (3) B &AM
) AL Te oy ARl > 15 EY) 5 ' (species
richness) 7317l

i (2016) BN — E AL KR 1k 0 M E U
BB T - EFELL L x 1 km #d#& %
# > I maximum entropy (L4 T fifif maxent)

RS — YR SDM > FHKIERTEYfE SDM
W5y AHEAR > SHELHERERY Shannon F588 (B4
142 fEFR S SHDI) » Sl 5 LU s 0-1 2 AH%L
il o BfEAR e - HIVIFES BT S o il
fEEMh 2 IR 1 (i ~ b~ SEREE - AV~ B
B #l) LL 3 5K 43 43 #7 (principle  component
analysis, PCA)RIERR & » B LU — il iE
P - GRS —HS(E PCA BT =HliIHESE
Fe o BOHE RN G2 SRR £ HR) - [RIER LASE L 77 50
L 0-1 2 AHEHE - B - AFEE
{EZ fEb AT » fxi% > FFEHA{% 2 SHDI Bil
HR &5 » EHUE & 2 e/ MBS Az A& a4 1)
L A% VE AL B (S BioHS) ° BioHS BfE A
i 0 X3 SHDI B HR RZEEARAN R  #5LL > %
HZE V)20 KRR E BRI ] - 32O LR B
B BT E A SR B AEY)
KRR ] A S At AR Y RERY - 108D
IR HI7E IERER DR E SRIG LT 81 o

BAMEE I 2 WS EAAE R AR A E
MLFEIE » DIGAHRARA T R R B TR R AR -
B LL maxent 38 SDM P52 W8k TEHI
{8 > J& 57 A1 %22 (Phillips et al. 2006; Merow et al.
2013) - ifiFEAHES 2 & (relative abundance) > 5
05 A& Shannon FR3 o HR - 2k
BEIS > RENARIREERBIEEEE
KRR ) NE B I o (R R 1 ARG I 28
HY > HE R s e JREYE e s
J& > T JEE 5 B EF (heterogeneity; e.g., Shannon
B8 o 26 = TERTREE HBN F#EZ T o
ARREH @AM L BRI » RIS Ll A 2
BT o AR B S A A 18E Y%
it > Bl SHDI B HR 15375 [l 2 B 24
(7% SHDI FffE v LUIE ffe SR AE V)20 A% 1)
DA 38 8 2 SR B EE T R BioHS » Bl
P AN E R YIREAT) E 2GRS o R



258 LIPRE AR AU i 2 B E BAGRG — 3 T AP0 2 BRIEENES 2 HEf - LR A BRER S

IR -F BLHEfG Y AR W) 20 BRI A0 56 - LURTEA YIS
BV EAEERII0E > HEARTA(E BRI - % -
H M35 (2016) UL PCA EHEHBERR LR
i R E NG GRS AT EEV A e A
K {£ & — Wil 19 £ 5 5 & fi (component
loading) > *EEL AN ~ B0 ~ B EK ~ AR
RAYAHIR 15 I B G RS > £ S b s
TR AN JERG DY 25 L AR B o AR
ER I o S5 SHDI B2 HR 153 ki
AEEPU(= 2016 BYlE] 3) o BAMIEEE N 758 ([ sE
o BT HGE AR A B 2 SR B AT

R s - 1T BT SRS SR (ie., Ko et al.

2014)FEFF » LABSAR 38 B i 8 AR Fr 7 7Y
HARBIHZR

AT L ) (2016) Bl £ S — Mg 0k ) 7=
B0 PRAM Ll R B RE R A E T2 (Taiwan
Breeding Bird Survey ; LA Ff&#E BBS Taiwan)
2009-2015 FEEI(F5F 2016) > I maxent
SR A B TET SDM o Tk MK = (2016)/Y 75
%5 SHDI ~ HR ~ LUK BioHS » {H HR 420
{fKi% PCA &l R 7 £ R 3 B 1 T LA
el o AR R IR B2 R — M > 9 —
JSTE SDM Z3 i bEAS il » LU T BE#H S o/1
ZAITCOMN s B E A B Z AR - 15
FRa S S o AnlE - i - FAMLL BBS
Taiwan EFREEEATE > FHMER /AR R E
JSTRENE Z IERENE o

BER T ik

E M o fm & kKL EH BBS Taiwan
2009-2015 - Z FE Hi¥5 - BBS Taiwan LL 1 x 1
km & AT 2 ZPEROERRR IR - PR ] K&
o WA B B ERE 6-10 {EAHEE 200 m
DA YRR 2 DA CIFI GEY T E SN

JiEl 1 km DI o NG EEFA » 2009-2015
FRETEH 453 (ERIE o SRR A =2
75 B LAE BhEH 8502 (point count) EE#E 2 R EHH
A o HRPHEEHHZEH % 4 hr RTERL
THERRESEE 6 min > ZC8k 100 m P&
) S fE B o M DU SRR ) 5 — R B
HBUE RS SDM » [K L (B B A H B4
F&B T REAEE 453 i -

BAM LRI~ S N E S ADEE
IR ~ R ~ fibk ~ REEEmELS]
RS SDM RUERERET 5l « B9k > AT
% & (population density) ~ JE % i f# (surface area
of roads) » LI K 2 ) (building) ~ f2 H (farm
field) ~ #fih(bare land)78E ZHIFELLA] » LIFHEA
FEPH PCA » FRUKTE 5 (2016)19 17 3R HR ©
B2 HR Az F—E R Hl R &
W% HORBER IOk oy B far 2 IE BRI
LI HR Bk - S i BR S R 1 e
K o BRI > YRS ELL 30 m RN Z
Wi i FE A5 (Digital Elevation Model)ZHEL T
% s ZKJHF 2011 FREHZ ASTER Global
Digital Elevation Model version 2 ° 5% & EHY
28 R 15 53 B HE 5 B AR 15 (hitps:/ftccip.
ncdr.nat.gov.tw/v2/index.aspx) 2000-2012 4E%&F
PR EARERT 5 1 x 1 km FRAFE - ACIBEE
FHI B B E TR 2015/3/21 AT Z B/ )M
A IE N B o B T R ORI A8 S A g fiE
2015 Rl o THURIFHERIECE T 4 F1]H
AHATRCR ) R TR AR R IRREREE 1 - TE -
FIFHFRAT R 1 FRAEBCEIR IR 2004 1200 %
HIZSER > 2 2006-2008 2 E 2R o [E
AR ORMERFIE ) HINZ (K85 2004-2009 4 TEIZR
RERE 20 AR 1 3Rt e a3 12 B A R IR
AR R R AG BT o IR T &R E
HHE > G522 % 3F(2016).2 A ©


https://tccip/

B AP R FE(TW J. of Biodivers.) 19 (4): 255-270, 2017 259

BRI maxent ZHEFF G BFERT SDM 3
LI MaxEnt version 3.3.3k (Phillips et al. 2006)it
17 o 2RERE © 15 ARG 5% A (max number
of background points) 40000 ; iifi 4% =X % 122
logistic 3 HIEAERA LLHI 259% 5 Ho Bk {5 A 7
& AE(Merow et al. 2013) * FFRIEREE » K558
%5 (Pycnonotus taivanus) it 43 47 {2 R R 5 B
Hi AP » [H SDM M LIEES 2k
TRUPR 3 AR BLGR o RIEBRAIAATESE ~ 23 ~ DL
KRR SRR PR ~ TGS ~ SRR B 1R SR
W& 2ot » HERAERE B S BRS 7 A BEER E 5 3
R 0 FREITRMEZ T o W THEIE S 7
i Z BG5S fE - ¥R A 10 percentile training
presence R .Z (Norris 2014) ° fxf% » BE 2 E
ST Z TGRS R - 198 — Mg a8 B2 Y)
T " 5 5 2 H{if (estimated species richness; LA
& ESR) o H4t o Mg — SRR R 7
Tit%Z{E » JRED MaxEnt B A logistic B
1 4 (2016)HY /57353 TH SHDI : FfHH SHDI i
HR 228 2 i/ |MH » £35] BioHS °

HAMLL BBS Taiwan B2 R A TEZ 1
PEENEL > FFEEAR AR EREN: o MBS
FEY)TE S VAR 2 56T 53 47 (Shiu and Lee
2003; Ding et al. 2005; Koh et al. 2006a) * A E
A F mid-domain effect (Colwell and Lees 2000)
F LU (Koh et al. 2006b) ° {#5 mid-domain
effect » V)Fi & & FE I 2 AR VIR U 1/2 - 2
BRTETEEAE 27 M T H BB A6 5
21 mid-domain effect FIERE% (BN & PIFERY
Gy AL B A A 56 A R )  FU 20 AR e vt
PIREEER 13 f8 o B LU ZAEE R FUE
IS E— BBS Taiwan £ 5 B H R E B RERC #%

TR HE 13 f (&) UL JIEZER [ ANGEE 15
2R E B R A, o B IBUE
(sensitivity 5 B[ ATENE 1 TEI A 2AEGY L1
KRR (false negative 5 TEIHIFGIEEEL G » &
A CAIENER R A1) 3 1 20 B 1k BRGEG 3845 77 1k
(IES o FA A b HIFERAEE R ERETE - BIFE
FL 1% (specificity : £ A1FEENEE#Y 1E e FHIHIAY L
151 BAES 51 (False positive 5 FETHI 5 20EL{H RS
FeFEEEERY ELAFT) - K FS BBS Taiwan A8 H Hif
WeAIE BIEEMELE - WIREEMRE T E MR
W o BT A RS TR E RS R > LU
Z IR IRT 5, 10, 25, 50% 55208 » SR E
ESR ~ SHDI ~ BioHS FIRUE: K k&1 o

54t > g Shannon FEEUE & T S Y)
T E o 3 DA 3820 AR VR EAEY » M
Shannon fi5 8By B A 2 IRIRBALR © T
1% BBS Taiwan 2009-2015 F M &F AR —f [
B — B RA > R EYEE S
Shannon $584 o FIEATA AR IR A KPS 2
B HAREV T > AT 10008 A2 B 1%
BELEEA o S Shannon FE#H A E NIERS
TEFEHT 10%45% A Shannon 458/ | Ml 7% 202l
B SUE -

® X

25 27 R SFER) SDM ¥R EAT -
PB4 1Y AUC (area under the
receiver operating characteristic curve)#{i » £
£ 0.8 LA L o l— BAEEHE SDM HIHERE B
AL AUC » FERZE 1 - (kEE SDM 73 fritzR
S ESEI) ESR K SHDI » 4111& 1a & 1b -



260 LIPRE AR AU i 2 B E BAGRG — 3 T AP0 2 BRIEENES 2 HEf - LR A BRER S

® 1. W RERHC Rk AR B o A R Ellk bR A AUC

Table 1. The number of recorded grids and SDM training AUC of Taiwan's endemic bird species

Scientific names English names Number of . Training
recorded grids AUC
Arborophila crudigularis Taiwan Partridge 274 0.83
Bambusicola sonorivox Taiwan Bamboo-Partridge 789 0.83
Syrmaticus mikado Mikado Pheasant 16 0.94
Lophura swinhoii Swinhoe's Pheasant 32 0.86
Psilopogon nuchalis Taiwan Barbet 990 0.80
Urocissa caerulea Taiwan Blue-Magpie 238 0.93
Sittiparus castaneoventris Chestnut-bellied Tit 37 0.89
Machlolophus holsti Yellow Tit 69 0.94
Pycnonotus taivanus Styan's Bulbul 143 0.93
Regulus goodfellowi Flamecrest 60 0.97
Pnoepyga formosana Taiwan Cupwing 91 0.94
Locustella alishanensis Taiwan Bush-Warbler 94 0.93
Fulvetta formosana Taiwan Fulvetta 64 0.97
Yuhina brunneiceps Taiwan Yuhina 250 0.87
Pomatorhinus musicus Taiwan Scimitar-Babbler 905 0.81
Megapomatorhinus erythrocnemis Black-necklaced Scimitar-Babbler 602 0.82
Alcippe morrisonia Morrison's Fulvetta 675 0.81
Garrulax taewanus Taiwan Hwamei 207 0.90
lanthocincla ruficeps Rufous-crowned Laughingthrush 18 0.91
lanthocincla poecilorhyncha Rusty Laughingthrush 75 0.88
Trochalopteron morrisonianum White-whiskered Laughingthrush 90 0.96
Heterophasia auricularis White-eared Sibia 328 0.83
Liocichla steerii Steere's Liocichla 221 0.92
Actinodura morrisoniana Taiwan Barwing 64 0.94
Myophonus insularis Taiwan Whistling-Thrush 310 0.85
Tarsiger johnstoniae Collared Bush-Robin 78 0.97
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Fig. 1. Distribution maps of Taiwan's endemic bird diversity and habitat-risk: (a) estimated species richness; (b)
Lu's Shannon diversity index; (c) Lu's habitat risk index; and (d) Lu's biodiversity hotspot scores.
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Table 2. Summary and component loadings of the principle component analysis based on the habitat-risk

factors
Variables Components

| ] 1l
Eigenvalues 2.53 1.04 0.96
Proportion of Variance (%) 50.5 20.7 19.2
Cumulative Proportion (%) 50.5 71.2 90.4
Component loadings
Bare land 0.11 -0.71 0.69
Building 0.92 -0.04 -0.06
Farm field 0.41 0.68 0.58
Population density 0.78 -0.26 -0.38
Surface area of roads 0.94 0.05 0.04
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Fig. 2. The (a) sensitivity and (b) false negative of the predicted hotspots based on the ESR, SHDI, and
BioHS indices.
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Fig. 3. The relationship between species richness and the Shannon index. Black circles represent the top
10% of species richness, and the solid line represents the threshold value of the top 10% of the Shannon
index.
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