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Explaining the diversity and endemic patterns based on phylogenetic
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Abstract: The Loess Plateau is home to various vegetation types as it contains famous transitional forests,
grasslands, and deserts. Due to natural resource limitation and intensive human activities, this natural
environment faces serious conservation challenges. In order to effectively conserve this natural environment,
spatial mapping of species diversity is key to conservation efforts. In this study, we first modeled the
potential distribution of 293 woody species based on specimen records and climate data and then calculated
the spatial patterns of species richness and weighted endemism. Secondly, we calculated phylogenetic
diversity and phylogenetic endemism and identified environmental drivers of the observed spatial patterns.
Finally, we analyzed endemism types and tested their significance. Our results suggest that biodiversity
hotspots are distributed on the southern edge of the Loess Plateau and are highly related to the flora of
Qinling Mountains. The biodiversity patterns of this transitional region are driven by annual precipitation and
minimum temperature of coldest month. Endemism hotspots were found on the southern edge of the Loess
Plateau, which contain paleo-endemism and mixed-endemism, but no neo-endemism. We concluded that
most woody species of the Loess Plateau originated in tropical or subtropical regions, and the species
richness patterns of this region are maintained by dispersal rather than speciation. Our study indicated the
importance of incorporating the evolutionary history in biodiversity conservation.
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Wi 22 FEVE () 25 8] 73 A A% =) =& A2 0 2 A1 AR
PP B AR, (H A ST T K 215 B A 7
R, R AR S BN (R 22 4, 2015),
MEA % RV P 2 MR R IEE R R
B TOMAEFRNTEPRBENRARERE L
(Qian et al, 2017). FWF I RG K B E SHANYF
ZAEPERS R FE R, W DASE AT T AR s i
FEXT T4 JR T ORI 2, AT 58 A R R AR ) 22
FEVE, (RAFAY1LIB E(Jetz et al, 2012; Barnabas
et al, 2015; Shapcott et al, 2015).

BT VBl 18] 55 2 5k R8I P il 22 46
PR Z G R B W (R om A28k, 2013). 3304FK,
W8 & 1 M L R 51 B AR R DA R S 7 1k B AN W 5
¥, RGUKE IR N S ORTE B R R
(Donoghue, 2008; & WN#K4E, 2014), I HIULATAE H
— BRI A Z BRI fE bR . Faith (1992)42 t DA
XK AT R G K E 2 FEYE (phylogenetic diver-
sity, PD), %480 LA R G K B W L RT A /N PR B %
& (minimum spanning path) )43 32 SRR E R, R
SM G FEHAL IR FZ R, AR TR R AR T R
BT SR SREE . A FUUE B Fh - FE (species
richness, SR)M R4tk B £ FEEA—EAF1EIEA K
P, fnForest®%(2007)fEMT FL R AR LF B2 MR . DU S AH
Yo Aikg R R I8 ARG K E 2
I THRBES, IFHNVARAREGREREZ
FEME R AR TR E BRI E . E R, REK
B2 A — R LR K -F e bR L s 2
5, (AR TR s, B R T
IAEE[3E B A8 /7 (Barnabas et al, 2018).

TR AE R AL 7 S e R v 3 L AN B 1T ) R 1
T IE B T AR IR A B R (4K £15%, 2013). Crisp
55 (2001) TERI FUAE YRR A IR I 3 A bk JR3 B 42 H1
RO P (weighted endemism, WE), %38 ¥/E Wb
F 5 BRI R B A5G 7 BR8] oy A YE L A
()54 OB, R T IR EB S . BEE REK
H¥R B, Rosauerds(2009)42 H R % K B4 1
(phylogenetic endemism, PE), 5 InAUREA 151,
ZARBIE R R KB 2RI AL L2 A o

VG H, BER A HARFE IS I A X 38, 7E RS idt
b 3 e b3 B 45 A S 2 M AR R AR
RN B R 0 M R S A AT R
Mishler5 (2014) $2 tH#r . w4FA 0 43 2% (categ-
orical analysis of neo- and paleo-endemism,
CANAPE) /7%, 1% AR T X 25K 6 Fr A 1%
(relative phylogenetic endemism, RPE)#AT 114, &
B AR R G B R R R 0T I X SN A7 AR
2K, KRBT &) 2 (e, HIE
ARG O, X MBI R E R LR
TR I G B Sk ) DX A R X T o AH I
BEACHIAEX RG KR B RA T S E BT 7T XA
FELEE 2 73 ARG BB 22 A S, BT TR RE R N 74k
IRV, 3B AR HE B K X 3, X FR G LR N
WAL, R A IR & 1 X P o3 A i
B, R Rl . O B T IR E AR I
TEH M RHAT TIRAWEIL, WHuang%5(2012) 45 &
HER A E SR RAERKEER, 2T
T RE G AR AT 1 W 7 A A oy S e A PR 4
X, (HARE— D SR O M

B v o X T R 0 Rk R R T R R iR
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YRR 1 M (T SCORURT 1 11 B, 1993) 0 1% Hb X AH
MFEEE, YRR 2 HR G ER TR (5K
WESE, 2002), (A TRKEF HZ RN, B2
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BEBAL, 3 A ARG AR FE R, A TR AN Mk
R(FE 15, 2004), L2 FEtE ORISR . K
LIk, 2% EE XX ITRE AT &SR
£5(2004) 730 Hir 1 K AR ASHEA) 22 FE 1 BB LA R,
IR PR EEDR 7o) Hedk AT i RE; 726 055 (2005)
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JUE IR ) 22 FF A =) B LT AL PRI RE DR HF 5

KRB BRI FE R, A58 3 A 2 S T )
A4y A5 k% = 1 5% B K] & (Francis & Currie, 2003;
Wang et al, 2011; Qian, 2013). <32 DA#E -+ i J5 i [X
NIFFIXIR, 4565 ER T S ARE L FH#TE
BEVE SHEA TERE R 00T . B TIZIX MR BT R
B, KX B b Y FE S, bR A IE S KT 5L
Br=m BE, DRI I8 G A 40U 20 4 P 38 72 7 AT X
F 9 3R B R i L XA A 0 A ) % R AR SR
Hh B A %5 F B (Schmidt-Lebuhn et al, 2015), i —
B G E AL T S Ay BT T S WA AE ) 2 R PR AS R I R
BESRDE F, FFR v E H XOR AR oG
PR R BEAT 2025, BUNZIBIX A 2 REvE AR
BERL AR o

1 MR5REE

11 HERESYM S mERERNE

% + 75 J5(100°54'-114°33" E, 33°43'-41°16' N)
AT 3R b, A v A A B R B R X A
i Bepgg s AAeEs . Hla AR Hil
ARG LA L A 52 B IR X I 2 R R 5 R
Z Wi R A X o AT ST BT A B 3 e R A
I A AE TR E B AT B X R b P R B |, ik s Feng
£5(2016) T i 1 4 38 4 SR 34 55 I /EAreGIS 10.2
IR . v T SR ) A B AR VLS, Ry
BT B B2 HE R A 10 km x 10 kmifg g, &
e S X A K] 43 A9, 102 W o b 43 A B
VR T B SR A B U5 4L 57 & (National  Specimen
Information Infrastructure, NSII) (http://www. nsii.org.
cn/2017/home.php/), 2 %] i 1%k 3L 3K 15 167,237 %
FRAEHE . N ORE s e It 5 T A, T stE
of (R EREYE) LR (http://frps.iplant.cn/) FIR
55 T2 (plantlist) (Zhang, 2017)%FfE 44 T 4433k
ITRIE, AEEIEFE AP A IR B B A A, R RS T A
ROEAP, A, RS A LG I, H
T3 SRAR B R 3 AR AR 10 S VR HE R O 2 i
AAbR, DRI AR YE bR A KR 25 b (0 R ERAE B b 4
5 )& 2 2 BN AT BURAL, A% 2 S
PAT BUEAAL I A 26 AR N iZAd 5 0 AL Bk DL TS 21 AH
LRI RSP e A ] B A AR B
— KA, REZMMEAXIBAFAE. KA

WIRILR 17,3255 10 % . &Ja, HTEEE B
TS WS BRI AE DD A o3 A A A Si it R
X (Wisz et al, 2008), K K 10,125% 5> fiicd %
13 G Bk« Lad e BE B, e Jim IR B R A
PIbR AL RKAT7,200%%, 73 989FH157)% 2931 .

A SR JE T tHE AU R (http:/iwww,
worldclim.org/), U FT &S T (1970-20004F)
I3 HEE 10 km x 10 km 19NV SR T A3k
BRI BV AE 3 A X, ASHIE FE A W0 o3 A 4
R i KRR A MaxEnt 3.3.3k (Phillips et al, 2006)
(http://biodiversityinformatics.amnh.org/open_source/
maxent/) AL o AT AP I AE A IX . BT A
& A TR R 7~ 2 TB] ) 22 B L4 1 i) 2% 5] AR Bk
()3 £ 8 45 (Graham, 2003), I DL 194N A 9 i
Rl F-3E4T 1 Spearman#f & 43 #r, AH ¢ M /N (B 9%
FH < 0.75) HA R E USRI PR 11 Or BR A J9 T
MR F-(#1) (Zhang et al, 2017).

BN BRI B B A (D)WFheR
R RON5-9IS SR A M SR, LI AH S T L&
PEREAL; ()W Fh R £ 10 5% 9 10-150 R A — IR 7 B
% Q)R R&EIC S>> 150 K E &5 % (Raes &
Ter Steege, 2007). H T £ 5 R AL I 2k J5 SR ALY
2 % R e AR A v R AR R AR, R
LRE A BE R R 4 B RE, B
FEAEBANELE o WIAAFEA B I K/ e BRIA 1)1 X
F: (L)% TR AR AS-9RIYIF, KR =1k
AR AH S5 R0, RIS FH000 ) A A A R 5 1 U
MEZAHSE, QAT REEDR> 104, &I 2k
5 2R HME 1110%, Az R A7 AE (Liu et al,
2018).

R BB I MaxEnthR A b g Ao AR FE AR

I 2 TAERHIE 28 (ROC) -5 8 A A Bl A TR,

HIAUCTE R VPl ASHIE T8 E 2MAUCHH > 0.75F,
L ARG FE i 2 23R (Marmion et al, 2009)
1.2 YIS HMIERTE

1 BUAE 28 2 #2Fphylomatic (Webb & Donog-
hue, 2005) 9% - = J5 1 [X 293 Fh AR AN 14 £ R 5t
RER, kFEzZanneZs(2014) KL 48, 7 EER
NI K, HRAR BEAZENEE, W
FIRIK . ZREETAPG NI T4 2K RS M2,
AT DAE g A A K, &4 kR
WM RGEREN, ERRE. 2RI
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Table 1 Spearman correlation coefficient between reserved environmental variables

EPRRE PHRRE  REETE R R RAHBRGE - FEKE

Annual mean Mean diurnal Temperature Max. temperature of Min. temperature  Annual

temperature range

seasonality ~ warmest month of coldest month  precipitation

FHIHBZ Mean diurnal range -0.197

IR EZEATE Temperature seasonality -0.110 0.750
B H F i 0.640 0.436
Max. temperature of warmest month

B4 H AR 0.727 —-0.713
Min. temperature of coldest month

ET Rk Annual precipitation 0.362 -0.619
T H B#/K & Precipitation of driest month 0.327 -0.265

0.548

-0.687 0.059

-0.709 -0.167 0.702

-0.134 0.209 0.374 0.602

72 N (Qian & Sandel, 2017). AHF 75 1 T 4445
AT TR

(V)PFh =5 . e ] B B s R TR A X3
IR KT, SRR N R 23 (Rl B e N BT A
YRk SR

Q)RR Y o AR P Fl 11 2 1) 23 A i Bl
W BB NIFRN AU, YRR 0 oA DGR, BT
A . BARTFE AN

WE = Z}Ni (1)
i=1
FLr, o BT G 1A 2% (8] B G 2 AR R R A, Wi 2 2R
| NMIFRTE1Z R P A .

RVRGIKE 2. B X NELZRFRKEW L
B P (1) B F BR AR 1 93 S FE R, BT R
AU

PD = Z Lc 2)
{ceC}

ceC
Horb, C NWHFFLIX BN A PR e ) R G B W
B SRS, ¢ N CI—N32, Le e g
K
WD RGRERA M. & SO X AN H LT
BTG LG A A B SRR, AR
PE = z Lc/Re (3)
{ceC}
Forp & Re 4 ¢ 4 SCHTARERFR 1) 4 A v
ik 4 NMEHISLE Biodiverse 2.0 AT
(Laffan et al, 2010), 535K [0 [9¢ R7E SPSS
22.0 B AFH B LB A B3 S AT 5 iR T 0 AT
1.3 HEHRULEBESTSEEMHRI
ROARBLZHMENAG R BR A MY RAEL
PRIV R G R B R EIHE TS, 51 N R LR
(BPPREE RGL K B W IGAR bS5 1, By e K

HOAHEE) AT LLPE Al 48 2O = T 0 A s T A
(Mishler et al, 2014). MBS SEFRM 5 LW RGER &
ZREMEM LR X R K E 2 K1 (relative
phylogenetic diversity, RPD), SZBrt 5 b 248
RERAEMLRIAHEN R R ERAE. #s
HREE O RONERAAP RIS Ak, RS
BrRpf Bl L 2R Gt K B R TR AE 3 e ) RS (B
BRI, o= 0.05)FF& SRR Ly Hik, iREEX
LB A% AN RS8R B R A AT 70 R R R 4R,
a = 0.05), WFH AT RA O, BERKH
FAHO, ARREEMNBEGRE T L; &5,
XPRE A L E— 32, 1 SEPr B ELEOR &
SR B RPA MR S RS (R A, o = 0.01)5E
SCRBIIRA A RO,

PD. PE. RPDFIRPE 4/Ma#i it 2 w24 1k
FIFH AR ST R SG, AR I
W T BEATL 20 TC 45 7 A) BR O EAN R AT B, DR,
TEA YA B B T BN BT R R R
A FRERGEATIUHEAT BEAAK 2 2 PEAS 55 (R
BT X TN B B RIS, 3 5 >
0.975, & WRAE 1% [A] oo fa B0 3 v T B 1
i E MEE< 0.025, N MR A 1% 75 ) R HUR 2
INFHIEEAE . iR 5 BT #47F) F Biodiverse 2.05¢ ik
(Laffan et al, 2010),

R T v T XA A A TR A 93 A X P AT
BIIHAT RGBT, KR TOREEE. D
BT, R A ZHEU KRG R ERA
PEA TR R 2 (RS R LRI (1) . AT S, 40
Hah) B H AR ) G GBS R S, B
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Fig. 1 Spatial pattern of woody plant diversity in the Loess Plateau. (A) Species richness (SR); (B) Weighted endemism (WE); (C)
Phylogenetic diversity (PD); (D) Phylogenetic endemism (PE); (E) Species richness of sampling records.
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Table 2 Results of multiple stepwise regression of climatic factors and biodiversity indices in the Loess Plateau. Rﬁdj: the adjusted
coefficients of determination; Beta: the standardized regression coefficient; t: t test for the regression coefficient.

R Beta t
PFHEEFE Species richness
HEFHRFKE Annual precipitation 0.656 0.438 31.316
74 A i A&#E Min. temperature of coldest month 0.772 0.392 30.247
BT H /K& Precipitation of driest month 0.777 0.098 8.549
SF¥JHEZ Mean diurnal range 0.782 -0.097 7.798
WFinAUREA . Weighted endemism
AESF IR /K S Annual precipitation 0.544 0.197 9.037
54 H B {%iE Min. temperature of coldest month 0.658 -0.445 —2.245
T H B#/K & Precipitation of driest month 0.682 0.288 16.948
B B Max. temperature of warmest month 0.700 0.661 3.831
F¥IH%Z Mean diurnal range 0.701 -0.359 -5.554
IREZEAT M Temperature seasonality 0.704 -0.847 -4.621
Rk FL2RM: Phylogenetic diversity
EF R KE Annual precipitation 0.652 0.411 21.770
574 A % A%IR Min. temperature of coldest month 0.766 -1.014 -5.746
SF¥JHEZ Mean diurnal range 0.771 -0.466 -8.296
T A BE/K & Precipitation of driest month 0.775 0.121 8.308
iR ZETI M Temperature seasonality 0.777 -1.215 -7.670
B H B =il Max. temperature of warmest month 0.781 0.885 4.931
FEP IR Annual mean temperature 0.782 0.264 2.219
REREBERAEM Phylogenetic endemism
04 H i &#E Min. temperature of coldest month 0.520 -0.443 -2.166
P RE /K E Annual precipitation 0.633 0.157 6.957
% T H 7Kk & Precipitation of driest month 0.659 0.307 17.472
A Bl Max. temperature of warmest month 0.680 0.653 3.666
F¥IH%EZ Mean diurnal range 0.681 -0.352 -5.270
IREZEAT M Temperature seasonality 0.683 -0.866 —-4.572

SR X BA R R AR . KA &R IREY)IX
11 Rt 75 0 Rl ESIR 74y Py s B 5y
YokhEE, ARk, 2 E AR R E 1
Xz —(BEFREE, 2004). oklifn T 1LvE4 T,
RKATIN, WEHRIGHE, HUXRFEE, K
A REZWHEHE)(BBRRAE, 2000). AIXIER
FERFE, 3w R B AR Rl 2 AR, Rk
R TER R B

B e A X R S 5 DR R X
A, KA, ZEPAEIH (E
BREE, 2004). RIS TAEBN L A B i EA%
RN, R TEH, YRt -EE R YRR
PER R GR A 2 P3N RS T K B 2
BFEMIEMARR R, IR 2 T R
AR AE K SRR 0 Z R &I 7. Shiss

(2016) 3 3k X 3 - v i b X ) A A A0 4 ) R
Pl: T A X R A AR K T R A R
SRR 2, X RERAE 7K 3 S A2 e v b e SR )
RIS, Ak, SRR RS U T R A
S0 B e SRR A A K A B R ) SR TR S . AR
o, VIREEE. URNBESEE N RGRKE S
FEME3/N 1R 205 B H IR B A G R &R, 1
IR PR R E B — BN R, E -
o JE L X R R B A 2 B G JE I, ARSI IR
SFPEBR ) T X SR i ) B B (XU et al, 2013;
Kerkhoff et al, 2014), Wang%(2011) | A% K F
AR BRI N RS B S FR AR T R R A
VIR AL, R I B4 2 (1) P S50 FE X R AR KA
F 5 FE AR BE 71 B (60%—73%), S HE I PR 1)
B, TR A A RGN RTINS .



%124 ELEE BT RGUKE K3 L I DORAAE Y 2 FEE SR A PR R 1275

A 111%% Mountains <0.025 >0.975
o o ETTT . 0 200km
—— %45 Provincial boundary <0010 FpauR > 0990
—— #F+FJFEPR Boundary of the Loess Plateau No significant

B2 BISEMXAXREMSHEMEEHNEZEREERE. (ARZTLELZHM B)RELBHAMN, OBNARZLES
HiE; DM ARG L BHAM.

Fig. 2 Spatial pattern of significant metrics of woody plant in the Loess Plateau. (A) Phylogenetic diversity; (B) Phylogenetic
endemism; (C) Relative phylogenetic diversity; (D) Relative phylogenetic endemism.

T 11 Wutai Mourftains

A 111i% Mountains ¥ %%t Paleo-endemism 0  100km
~—— 44 Provincial boundary W IB&HE Hul> Mixed-endemism

—— ¥+ 5517 Boundary of the Loess Plateau W IR A4 .0 Super mixed-endemism

E3 REISRMEXAREYH. SHFEH O

Fig. 3 The categorical analysis of neo- and paleo-endemism of woody plants in the Loess Plateau
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EREHLERRG R, REKE L. R4
REFAME. YN RAKE SN ZAKE
FEA AN P e B b s S R X (1L VS 4 5 Bk v
A ) B R T L, ERH % X 3 A A ke
PR, TR RE b 52 2 048 JoHb 2% 1L ik
(A 1) BEL RS T R RE ) B9 k. X T~ RS K B ReA T
FFX RGUR B RA ER AR, BENLZ B R L0
I v v et X 0 L A S 2 v T,
VL XN AR IR Z AR R4 32, AR a1 b8 8.
R A AHEL ) 1) 22 R 50 A 4 SR B o0 PR I
SIREIEE R, B EHL X A A X ZR Y PR
P, BARGESRGIYIMAEZ X IR RS
L. HilE RO BEIORGFFE IS, HENZ R Zih
X Ll kA 22 3 b R 2, BRI TR 8 HOE R -

AT T A W) 22 R 1 A TR A B T R L 43
A DX H B SRAS, 202w SR R X AR AT A A
PR A RGURAE, PRI J5 4 BRI 4R il
SRR TR E R, 1 B 52 (] e
TN, A 7% 23 (8] H e AF AR A e 5 (B
1A\ 1E), TM4Fh oy At 8 GE 68 6T MR R AZLE S B
Ry 2 L B R R TR o A DAL 7 2RSRELR
F 5 FE BT R BOR A 2 Vs (L) Fh o A
TR BT SR B A I S sE AR X, (HR IS4
Fh A2 9 5LEe S Pl AE AR SRR = 2, 7
TE 3 A7 X 5 52 BR 43 A5 [X 0] BEAFTE 5K 1) 22 5 (Mer-
ow et al, 2013); (2) AR A SCH e FH 1 35 i i i X
SE AT, (HSR I X N M AR BT I AR A R St
RAE, FRASIRAE 56 BEFE B AR BUR I AN 8
Q)T PP REA T LD, FEYIFh oA A A
A2 X, AT R R 34T T 51 B,
{EX YA T BEA BRI BRI E, XA 2
FEMEORYP A BB R LS & L (Ma et al, 2013). ¥4
K, Bl o A AR ER VR (1 AN TR R DL bR AR
LEMIZHFE, BRI VR IR KR
G ECIE7 =
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