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Relationships between species richness patterns of Rosa L. and environmental

factors in China
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Abstract: Understanding macro-scale spatial patterns in species richness and their underlying mechanisms is an important
issue to macroecology and biogeography. Rosa species have a high economic and ecological value. Exploring the geographic
patterns of species richness and their environmental determinants of Rosa in China will facilitate the resources protection and
rational utilization, as well as systematic and evolutionary research of the genus. In this study, datasets of 15451
distributional records and 11 environmental factors were used to conduct species richness and correlation analyses. The
results show that (1) Rosa is unevenly distributed in China. The species richness is the highest at latitudes ranging from

26.19°N to 34.29°N, and decreases as the latitude increase. The richness of Rosa is the highest at longitudes ranging from
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99.10°E to 108.47°E, and decreased from this optimal range to the west and the east. The species richness shows unimodal
pattern that increases first and then decreases with the increase of altitude, with the maximum value between 956.46 m and
3518.60 m. The central aggregation areas are located in the mountain areas around Sichuan Basin as well as Hengduan
Mountains, and Chang Bai Mountains region and northern Xinjiang are the local aggregation areas. (2) The energy, water
and habitat heterogeneity are positively associated with species richness. In addition, there are negative correlations between
species richness and environmental stability. The Rosa has higher species richness in regions with the suitable hydrothermal
conditions, the steady climate, and the great habitat heterogeneity. (3) The relationship between the species richness and
the environment factors basically supports the productivity hypothesis, the environmental stability hypothesis and the habitat
heterogeneity hypothesis. However, the hypotheses cannot fully explain the species richness pattern of Rosa, which indicates
that other factors such as historical environment, terrain, soil properties or human activity probably have played a role in
shaping the richness pattern of Rosa species. (4) Water factors account for 34.6% (P<0.001) of the species richness
patterns of Rosa, so water is the dominant factor, which might be determined by the evolutionary history, physiological
adaptation and other reasons. Our results can provide valuable information for the classification, evolution, protection and

exploitation of wild resources of the Rosa species.

Key Words: Rosa; patterns of species richness; environmental factors; hypothesis

W = B ) R b SRS JR) B HL A PR S 2 A 252 B A g b B2 A e R0 A e X 2 A
(LA RURE DA B it Ak A SRR AR SR m A 6L W Rh R B R D s AR S AR BRI BT 4
PR S AR S A A SR % L AR5 2 (R i A DAy R U2 i 5 T P o = T B 1) R AR g R 3 7
PARIREE 25 1 B AR AR M (P KO3 RO R AR A 55 ) AR B2 5 B, JF el ™ A= 1 BB i Al it L BR
SEAe s VEMR AN AR 58 S VR U . P BE R BEIAC , — 3 X A o 2 B 3 A2 R A, B vy Y
b7 H R0 R S A M RR iU E A T A IR K BE-Sh A B FE A AR K A
A ARSHE U U R 20 O IR R E MR U AR I PR B A5 R T 0 o 1) AR A AR 7, ol A S 07
TR, AR T ENEZ PR A T TR A, A 35 5 Tk v 1) b )y REAR LT 22 i AR 240
MTTATFIF AP R S e T AN W] 4 52 o R 7260 T R 3 B R = R . BT, 3%
SO B AE— LT PR G AE , 4 AR TR ( Gymnospermae ) U1 A [l Ff - AE 4 ( Spermatophyta) ' R
228} Orchidaceae) #4925 , B 5T Z AR LK I, it oK S 09 0 b =F 5 B 43 A s oy B
T AL AR R ATS AL R Bk

R (Rosa L.) & T4 80P} ( Rosaceae ) , & AZ94 150—200 Fl, |32 7047 FAL 28R 0 57 A iy
MoK, T EA S ARE A 95 A, Horh 65 RN R R 2 AR (B A A 0L SR ERE AL E Y
e R AN DF F A R E SRR ¢ RS EHME Y BeAh, # R R R 4
AL PR LI DU RAMIREE 25 | FhOIAk 0 BB AL IR 5 VF 2 A W R P M RETE
HIEE T A WAENAESEE RARE @ RER > BB U B 0 B 28 e IR 5T LR IS,
P F WA AR PRI 200 P g 2 et 61 PR i A 1) 3 A AR AT RGO TR AT 5 450 4 A1 6 )
LS PREE R R A5G 2R PR F2 BRI IR 50 3 s W o 4 B RS2 0 A7 B T 3 1) 45 200 s A 4 9 DR A
1 SR TFRF AL, X5 R AR 5328 RGNS L ZARE AP R BAT —E T X

ABIFFEHE T HRAIC s A SCHRBORE, R T GIS B, TR plJm AW 7E v [ Y 2 5 BE A i Jmd | O 455 PR R
R AR X — 6 SR Y T2 B 0K 5l R 3R SOZ m A Y B0 F R A K, DU i pl m A i 2326 ik Ak 9E
VA W | AP T SR R AP SRS S SRS

http ; //www.ecologica.cn



14 FRSE b R AR YR B AR R B S IR T G R 211

1 #EEFE

L1 ZdlikiRAnab B
L1.1 PR oA s

H ] 5 s AL o AT B R IR T v B RO AE IR AU (CVH, hitp://www.evh.ac.en/) |, FHEAHE P FE A
Py ) 2 FI( Flora of China)'"™ HEATRNS . SRR A LA SGFh 5B Fh ARV SE R R G0 — kST 1 432 o
TC IR B — RGBS BB S A 4 v [ 3 AR 1 125 b KRR R BT, 889 A%
B, 15451 Z00Mif5 8 .
112 B

I3 A () AH DG SCHR , A BIFFE e BB T AR v 2 BT 5 b i PG 11 b A0 (B0 BB B AR 0 A7) Fi AR
BT AR (Mean annual temperature, MAT) f5e#8H V-2 i ( Mean temperature of the
warmest month, MTWM ) . 5z ¥& A ¥ < I ( Mean temperature of the coldest month, MTCM) . <. I 4F %% 2%
( Temperature annual range, ART) . 4F ¥4 [ [ & ( Annual precipitation, AP ) I [# 7K Z= 75 £ ( Precipitation
seasonality, PSN) Z#E KT WorldClim £ & (http ://worldclim. org/version2 ) (1970—2000 4F) | R Ui 43 HE %
A Tkmx Tkm ; 2 SEPRZEHE ( Actual evapotranspiration, AET ) 2R U T [ Br A&V AF 5T 41 2 (http . // www. cgiarcsi.
org/) (1970—2000 4F) , AR 53 B4 Tkmx Tkm ; M2 45 41 ( Moisture index, MI) > H it [E R} 22 Be 55 I A 55 R}
SRR 0 Chitp ://www. resde. en/DOL/doi. aspx? DOTid = 39) | J5 #5 73 2 &y 500m x 500m ; 1 3% 75 1k 75 [l
(Range of elevation, ELER ) MR 45 25 A% P $5¢ /5 3 5 B ARV & 2 22 01040 T S8 R B EarthEnv 004 15
(http://www. earthenv. org/topography ) , Jil i3 73 #¥ %5 24 1km x 1km; < it 25 8] 22 5 ( Range of mean annual
temperature, MATR) FlI[# /K %5 [8] 22 5% ( Range of annual precipitation, APR) 235! A A MRS P4 A4 45 K % 7K
ARl A B RAE AR/ IME 2 22

W S5 T AR AR 5 BRI B, T T A 45 BRE DR 1A A A DA 1 24 0 B g A A% 1) PR R0
B ) S BURT S 3R ArcGIS 10.6 568
1.2 Wdasrtr
121 YRS

YR E YA R RN, B0C, FIH ArcGIS 10.6 #1745 1h FR IR #E #52 (Albers equal area conic
projection ) FFEFE FA0 ; FUR , Ry T U/ INASTR] B DX THTRR 2 S5 68 = B 132 ) S ) 58 43 7 st B o7 T BRUARL ]
IR v R B DX P 2 A6 R 100kmx 100km A5 AR R4S | L BR RS /2 75% HO A% 24521 901 A% s SR 5 , 32
A B DY e AR AR MR Th O AR AR SR A B DR P b = B2 5 AR R A7 ORI, JBCAS T s P i A7 B X A 114
SRR [R)— RS AN ] B XA R 0 RS E 52 G it ) AR i IS 1 W b R B s s, LT AreGIS iy
Jenks JXEZRINRE R 5 BERI 23 AN AF G SRR R 3G DX T) 0] 17 [ A% i A B 358 % A D 3 f s A )
A R RIS ELYE
1.2.2 YyFh =5 B ST N T AH G A

8, R IES A BRI T Y =log (Y4+1) XFEUR B Hk SR ENE W 2 55 Fh 8 5 4
LA PRET N T B2 RGO Tt — PR IT eI K o0 FIA B 53 JSO IR (4 S2 0 58 B2, o 0 b = B2 R 3k
PG A 0 i EA T 1 B A 1T A D R0 — A 235 AR (R A9 47388 20 11 U5 73 A I O 22 £ Y 4 B B 358
BT i R SR Rl Ky AR S Btk K 25 G B AL S AR B AT IPAS (R Sk T R A PR B
Z 8] Z AL AR 20 703 A0 [l A I e 45 7 22 B2 K Rl ( Variance inflation factor, VIF)/NT 10 YRR #EAT
orHT . ASEHES AT IR SPSS 22 S8,

http ; //www.ecologica.cn



212

2%

2 ERES

2.1 AP R P R S () A A )R

Hh S R AR 25 (B A AN B 5 B RS 0 R R R BEAE 0—43 M Z Il (I 1), 7E BN L, 5 5k
JE PR R e A 1 WU RS R, 435I 67 A 62 Pk gl Jm A 43 A, it 82 i, o 4 [ E A Al
KU 65.6% , FUCH R PRV FEDE VU SEM TR AL A B A 20 UL

z
7
<
Zor Eé%f’%% ¥ ‘
e T
% (= =y Em e
on 3 E
4
=Y
on
o
g WE
o I
e} 17
I g _EE ==
| B
S | 0—2
\ 3—7
g, | IO 814
| 1524
0 500 km
. Bl 2543
80° 90° 100° 110° 120°

1 PEEBRERWHEZEERR

Fig.1 Species richness pattern of Rosa in China
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Table 1 Descriptive statistics of species richness and environmental factors of Rosa in China
M WA TR RUME bR I Optimal e
Item Max Mean Min SD T LFR
Lower limit Upper limit
YR FE B Species richness 43 2.89 0 5.27
HuFE K Geographic factors
Jt4 Latitude/ () 53.04 35.81 18.89 6.93 26.19 34.29
R4 Longitude/ (°) 133.56 103.46 75.13 13.87 99.10 108.47
IR Altitude/m 5455.02 1848.20 3.08 1699.11 956.46 3518.60
SfEFTF Climatic factors
(1) B T Energy factors
AEYIRE Mean annual temperature/ °C 23.88 6.53 -11.21 8.10 1.90 14.91
BAA R 29.41 19.28 1.86 7.73 11.62 24.44

Mean temperature of the warmest month/°C
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e & F YL Optimal range
i H HKRME FHE R/ME brif2e
Item Max Mean Min SD T LR

Lower limit Upper limit
% H ¥
18.2 -7.92 -27.87 10.00 -8.20 6.
Mean temperature of the coldest month/“C ? ? 9
2 YA s
CURF 46.57 27.20 9.29 8.18 11.95 23.50
Temperature annual range/°C
(2) KA F Water factors
A% K Annual precipitation/mm 2599.81 591.43 16.19 496.20 696.38 1339.14
ST PRZE R Actual evapotranspiration/ mm 1169.90 467.77 20.11 337.58 607.76 942.91
A 45 X Moisture index 11956.74  -646.92 -10885.27  4628.45 925.06 10790.28
Bk 2= Precipitation seasonality 141.82 89.06 34.76 22.25 62.60 92.20
H: 355 55 BUPE R F Habitat heterogeneity
53 23 ] 22 B
U 5 225 . 44.00 9.77 0.00 7.75 9.00 39.00
Range of mean annual temperature/°C
ook s 2
bk 5ol et S 3240.00 239.08 6.00 272.55 183.00 984.00
Range of annual precipitation/mm
3 s AL S
(ﬁffi,xﬂiﬂlﬁ‘i 6677.88 1611.82 11.69 1129.03 1961.06 5354.88
Range of elevation/m
2.0 r
R?=0.190
P <0.001

lg(#Ph=E % & Transformed richness )

lg(#Fh=E 5 Transformed richness )

60
45§ Latitude/(°)
2.0 ¢
R*=0.116 R?=0.081
P <0.001 P <0.001

Fig.2 The relationships between the richness of Rosa in China and longitude, latitude and elevation
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ZE I A I 48 BO 35 8 P b AR R s R g5 R, J7 22 R38R 30% 1 27.7% (181 3)
2.2.2  fEHE KO3 FIAR B S B T v R A A R S
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Br (3R 2) G5 RARH AU MR | S5 SR R M R F & B RO R B, 38 45.9% 5 HoROR K o35
RN 34.6% ; Rt LAY AN A 35 53 I PR AU ) i R 00 T3 29.19% A1 24.9% ., v [ 4 W b = 1 B2 o0 A
W Ry 3Z BIRE R K43 A 358 5 o PR 4 25 Fh R B2 IR 1 (0 25 B 5 i), FerhoK 3 B 31 3 AR .
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Table 2 The optimal linear model of the richness of Rosa in China and environmental factors

Ry BT T

2
Model Environmental factors R/% P
fig it Energy & H i (MTCM) K (MAT) 29.1 <0.001
K5y Water SIPRAEREL (AET) Bk ZA5 1 (PSN) GBI S (MDD 34.6 <0.001
Z5 || 5 (APR) | ME 4k ZF 4L Y5 [l (ELER) R iR =5 A S
A 35 55 B Habitat heterogeneity ré%]v?;;;{l)] 75t ( ) 1 42 A ( ) Ul ] 22 5 24.9 <0.001
REFEE (ML) WA ALYE FE (ELE PR (MAT) SRS 6] 22
£ Mixed model IR (ML) ESE IS B (ELER) AR ( ) AR A ) 22 45.9 <0.001

5t (MATR) AEHIFEK (AP)

3 e

3.1 EEMUR Y)Y R RS A S A

)P = I T ) PR A 38 D M R R T B b 3 R AR S Ry 2 — 10 T T JE R B Dy 1) I v
HEYIZEHEY b 5 M o S P 2R | HIG 2 T 95— 110°K Ju R N >3 [H ik, vh Y 9 fh =F & i
R 18 26 205 B A X 0k VA e AR I L Pkt X7 0 T AR T 1) b R R I B T v R
SERE NS VD | A v DX S0 0 200 o e A A R vl TR R L X M R 1 3
(Aconitum L.) TC0>3KJE (Arenaria L.) 755 )& ( Kobresia Willd. ) 5" Aberdare L1 X 35 R} ( Asteraceae) KA
Bl (Poaceae) \ LB ( Fabaceae ) 250 K rp [E 37 JfR 52 ¢ V5 R ) 40 J JE B} ( Lamiaceae ) . KB+ ( Euphorbiaceae )
S SRR R AE KT ) I R A3 A X A TR G R DR L DX R )1 b R 3 L i X5
TN KT J3 A 1) 385 3 KL A N7 5 78 30 155 1) b, o 6 5 48 A ) W R T e R R B R 5 D E
956.46—3518.60m {15 [l P, 3 -5 )l i i 44028 A 1Y it LA AL A

T ] 5 i A T K o A S R 2T AR A/ ELAR B S B R R v b A s B R R
BRI 3) o PG e R R BT L DX R D) ] v L L B RAG Rk T AR ARG h MO e AR B
P SRR 8 R T AR PR A DR R R A 0 A ) Bl X, BRI Z AN ZE BT ER AL
DARARTEAS 1 L Jo i i DXt A7 2 R DX I 5 0 HR A v 9 0 o 2 B 5 2R N 1 — S W b G S R i
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Fig.3 The relationships between species richness of Rosa in China and environmental factors
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