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Abstract

Caryopteris mongholica is a key protected wildflower plant distributed in typical steppe, desertified steppe and
desert areas. But there is a lack of research on its community characteristics and classification. This paper aims to
study the distribution, characteristics and classification of C. mongholica in northern China and provide a
reference for further protection and management. From 2018 to 2021, a total of 40 representative C. mongholica
sites were selected in northern China, and their community characteristics were studied using the sample plot
survey method. Results showed: (1) Caryopteris mongholica is concentrated in the eastern, central and western of
Nei Mongol Plateau, the northern Loess Plateau, Hexi Corridor, Qilian Mountains and other northwest temperate
desert or steppe areas in China, and is often the dominant or associated species in the communities. (2) According
to the survey of 40 sample sites, a total of 149 species of seed plants were recorded, belonging to 107 genera of
37 families, among which 31 communities with C. mongholica as construction or dominant species and 140
species of seed plants were recorded, mainly Compositae, Leguminosae and Gramineae. Among them, 39 species
were shrubs, dwarf- and semi-shrubs, 76 species were perennial herbs and 24 species were annuals and biennials.
In the classification of species presence, 87.94% were occasional species with frequency distribution less than
20%. Wide-range xerophytes occupied the advantage (63.12%) in the water ecological types. Middle Asia
elements (26.24%) were the major floristic geographic elements. (3) Based on the life form and dominance of
species, the 31 C. mongholica communities were divided into 3 association groups, C. mongholica - herb
association group, C. mongholica + shrub - herb association group and C. mongholica + shrub association group,
which were further subdivided into 19 associations. (4) Longitude and annual precipitation significantly influence
the distribution of C. mongholica communities and species diversity.
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Table1l Plots information of Caryopteris mongholica natural communities

s VAEEHL R 4 ZF Wk FRKkE TSR EERE
No.  Survey site Latitude Longitude Altitude Mean annual Mean annual Survey time
(°N) CE) (m)  precipitation air temperature
(mm) ()
1 AZE RIS B85 /2 Tumd Left Banner, Hohhot, Nei Mongol 4077 11122 1123 291 5.92 2018-08-02
2 AFEEEAERETTE)IIE Wuchuan County, Hohhot, Nei Mongol 41.10  111.77 1625 291 2.89 2018-08-12
3 NIRRT KT B Qingshuihe County, Hohhot, Nei Mongol 39.65 11144 1210 397 6.55 2018-08-10
4 NSRRI AR SR & Horinger County, Hohhot, Nei Mongol 4041 11193 1299 341 5.11 2018-08-11
5 WEZENS/RZHHIERAFE Dalad Banner, Ordos, Nei Mongol 39.94  109.58 1349 325 6.37 2018-08-03
6 WEESRRZHTEL S 244 Ulan Town, Otog Banner, Ordos, Nei Mongol 3925 108.04 1396 288 7.02 2018-08-03
7 NEEEYRZ BTG S5 PE4E Mengxi Town, Otog Banner, Ordos, Nei Mongol 40.08 10692 1196 152 8.02 2018-08-04
8 WENT/RZITSFLT A Otog Front Banner, Ordos, Nei Mongol 3841 107.61 1326 304 7.75 2018-08-07
9 WEHE/RZWTH S Uxin Banner, Ordos, Nei Mongol 3772 108.55 1321 371 8.44 2018-08-07
10 WEHSERZE A /KIE Jungar Banner, Ordos, Nei Mongol 39.84 11098 1271 382 6.32 2018-08-10
11 AZE ST EINE Liangcheng County, Ulan Qab, Nei Mongol 40.68 11222 1336 317 475 2018-08-11
12 WZEHEMIEE I R4 % Sonid Right Banner, Xilin Gol, Nei Mongol 4257 11243 1269 223 4.60 2018-08-12
13 WEHEMREEE I REEET Erenhot, Xilin Gol, Nei Mongol 4358  112.02 971 175 4.13 2018-08-13
14 WIS i Abag Banner, Xilin Gol, Nei Mongol 4390 11535 1190 246 1.83 2018-08-13
15 WE LG R BRI IE Dong Ujimgin Banner, Xilin Gol, Nei Mongol 45.66  116.76 1018 247 1.03 2018-08-14
16 AWZHSRI S BE BT Xilinhot City, Xilin Gol, Nei Mongol 4358  116.14 1295 302 1.72 2018-08-15
17 W HEMEEEHIEE A Zhengxiangbai Banner, Xilin Gol, Nei Mongol 4226 11497 1421 319 2.96 2018-08-15
18 B R IR 4 3% 45 it Alxa Right Banner, Alxa, Nei Mongol 39.79  103.41 1382 88 8.67 2021-08-01
19 ABE B4 38 MR 13 3% /2 i Alxa Left Banner, Alxa, Nei Mongol 3888 10573 1654 202 6.95 2018-08-05
20 FHEAPEAPHEKIX Shapotou District, Zhongwei, Ningxia 37.66 10537 1332 194 9.59 2018-08-05
21 FTEE)ITF A E Helan County, Yinchuan, Ningxia 38.69 10598 1329 193 8.38 2018-08-06
22 MHEE TR KR AT BEfRE Kangbao County, Zhangjiakou, Hebei 4199 11485 1621 362 2.73 2018-08-16
23 BEEEEKIAR T MR KM £ Daliuta Town, Shenmu County, Yulin, Shaanxi  39.29  110.33 1206 399 7.19 2018-08-09
24 BRPEE KR M AR T P Xigou Street, Shenmu County, Yulin, Shaanxi 38.81 11048 978 422 8.53 2020-08-25
25 BRUGEMMTIMIFH X ZLA#F 2 Hongshigiao Town, Yuyang District, Yulin, Shaanxi  38.10  109.12 1123 366 8.80 2020-08-18
26 BEFEE AT RIPH X 81)1144 Zhenchuan Town, Yuyang District, Yulin, Shaanxi 37.86  110.11 911 446 9.43 2020-08-20
27 BRPGEHIMTTRELIX Hengshan District, Yulin, Shaanxi 38.02  109.68 1064 425 8.98 2020-08-18
28 BRPEE KM TSEIL B Jingbian County, Yulin, Shaanxi 37.50  108.98 1556 405 7.60 2020-08-19
29 1LPEE BEMIME Xing County, Liliang, Shanxi 38.48  111.06 975 475 8.38 2020-08-22
30 IIFEA TN R4 R Baode County, Xinzhou, Shanxi 39.01  111.10 997 434 8.11 2020-08-24
31 WFEE M A # R Hequ County, Xinzhou, Shanxi 39.28  111.25 931 405 8.00 2020-08-24
32 HRE XMW % T X Anning District, Lanzhou, Gansu 36.11  103.74 1624 345 9.24 2019-08-22
33 HiREAMRMSERE Jingtai County, Baiyin, Gansu 37.05  104.04 1735 209 7.45 2021-07-30
34 HiF&EEE N EMX Liangzhou District, Wuwei, Gansu 37.69  102.56 2532 272 4.07 2021-07-31
35 Hif&skiiti HINX Ganzhou District, Zhangye, Gansu 39.10  100.52 1565 190 7.49 2021-08-04
36 HRA SRR A AR B R A 39.11 99.48 2165 278 1.61 2021-08-05
Sunan Yugurzu Autonomous County, Zhangye, Gansu
37 HRA RS SR Wenshu Town, Jiayuguan, Gansu 39.69  97.95 2016 124 4.85 2021-08-06
38 HRE R TN E Guazhou County, Jiuquan, Gansu 4112 9551 1784 67 6.22 2021-08-08
39 HIRA R TR AL S E R ELE L 39.75 9635 2805 131 1.43 2021-08-07
Yingzui Mountain, Subei Mongolzu Autonomous County, Jiuquan, Gansu
40 HR AR AN AL R B R L D A2 4155 9697 2036 88 4.06 2021-08-09

Mazong Mountain, Subei Mongolzu Autonomous County, Jiuquan, Gansu
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AR A X)), 4)ZR R X I FE R A, A
1 F A BB BE N, (5) T e iR DX 38 v
TEH7, B4 SR IA R S Hh X 38 (75 ¥ 48 1 m i F VR
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FEHbIIGEit, DL S NI AR BB IE SL31, 31
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B R HE1%-73%, T3132%. BEE -0
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TR BT REU N3 E: SB1ZEHEE
KRy NEREMRK, mE>40 cm, FEHZ I,
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caespitosa)~ K& 5. (Cleistogenes squarrosa)~ F54t
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REM K, ®E<10 cm, £ EH A B F (Thymus
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(Aster altaicus) (45.16%) & 2% 22 HH K F (Lespedeza
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LR35 (Clematis fruticosa)~ A F3FMEAR BN Y-
K K 3 16 B (Artemisia annua) « H £ &
(Corispermum)~ .}, %.(Neotrinia splendens)?5 i I,
TR, IRE %, 5 SYFER87.94%, £
TS T AR DR
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3R R 14T AEY AT 43 R 0 /TR oR
BEARFIINEHER I AR, W 248
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chinensis)%5; SRS 5 10.64%, FEA AR
N REOR, FEEF W A FH (Ammopiptanthus
mongolicus)~ V& AK(Tetraena mongolica)~ <Kl
(Oxytropis aciphylla)5; @R EMYIE M, 152.84%,
NEL RN (Reaumuria soongarica)~ B2 ¥kNE E 32 (Salsola
passerina) ¥aMJEEH(Salsola laricifolia)F1& k22
(Sympegma regelii), W "EHE W1 F, N FE
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KANEFP(F).
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FLUC AR AER IR ) By, A 5030 Pt 4
X% )L(Caragana stenophylla). LW EJEEY. B 1
i FEL PR GEACSEE WA, 1525.53%; 7R
V%57 G528 % (Spiraea salicifolia) ¥ERIF. 624
K#AL(Cymbaria mongolica). MWAERRTHE, &
19.86%; LA R 15 8.51%, AR, BEAk
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AL AR 15 6.38%, AL B B
(Artemisia scoparia)f A (Bothriochloa
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T AR N B R R 22155, 193.55%; HE-E
IR A P B G AL ZE A (Haplophyllum  dauricum)
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FOIAA(A) AIETL(B) /K EFERTY(COMX RHFL S H (D). 1, (0-20%); 11, (20%—40%;
111, (40%—60%]; IV, (60%—80%]; V, (80%—100%]. A, HEAFI/NEHEAR; B, BT ZELEEAR; C, WIS HFER

SRE D, —/

TARAERUA E, BRISHYD; F, NETRR. HP, W@ MP, A MX, VRS SX, BRFAE; TX, B4 XM, B UX, BE
Ao AM, LR CA-MA, PO EA, R EPA, AR IbAk; HA, ZAutk; IN, SRR ARF; MA, T, PA,
A ALt PT, iz IRa7; WS, 5.

Fig. 1 Presence (A), life forms (B), water ecological types (C) and geographical floristic types (D) of the species in Caryopteris
mongholica community. I, (0-20%]; II, (20%—40%]; I, (40%—60%]; IV, (60%—-80%]; V, (80%-100%]. A, shrubs and
dwarf/semi-shrubs; B, monocotyledonous perennial herbs; C, dicotyledonous perennial herbs; D, annuals and biennials; E, fern; F,
dwarf/semi-arbor. HP, hygrophytes; MP, mesophytes; MX, meso-xerophytes; SX, strong xerophytes; TX, typical xerophytes; XM,
xero-mesophytes; UX, super-xerophytes. AM, Ancient Mediterranean; CA-MA, Central Asia-Middle Asia; EA, East Asia; EPA, East

Palearctic; HA, Holarctic; IN, invasive; MA, Middle Asia; PA, Palearctic; PT, pan-temperate; WS, world spread.

1.42%; 32 I 71 53 A1 M 55 22 1 ZE (Chenopodium
album) 2 ¥, (5 1.42%; 4k N2 Fi AL 22 B
(Euphorbia lathyris) 154,
23 FEEESE
RAERETT M A SE R, TR b B A A ) =
BUH, AR B AR/ E R N AL A . R
MR (R EERE R RAEIT TR (FRRTEE, 2020)
(<rh EEgESTR N B 5E) (£ EEEE, 2020)
e AR A 2 288 L DU R RE P A i 42 T Do e v i3k AT
TR RIEATETY ) RS, #4540
ANFEHR 73 314 BASE 3 AR 3B R VR A9
FoAb AR5 A B2 B R, 31N 52 S U AR
5 TWINSPANEU & 73 2 F1 Ny 73 A0 45 5 7 2%,
K53 UL 3N EEANAH: - AT A, 5l
AHEAR-FEATE AL SEERHEARTE AL, JFitE—

BRIy 9N AR (R2).

- AT AN 2 MR 25 R WA
R AR A Y, LTRSS . 5 k-
WRBE RPN AN 2, FELTHNZE SR
BRRRACHE . JEKITEL . R RIRERE . BT e e S
JEREORE . BV KNS £ (5 i i Ll 3, Hhk
ZUA . WHERF FENAFORERE TR HfE
B FNAE RS 73 o 523k e -RE B 1 BB N 32 B A
THZEE LS. SRR AR, T2
VOIS DX Py ol e iR o B2 - R AR R S B LT
PN 5 ol ] M A ) S A R SR, 43 A T S A B
it b, TR R %E%-}‘)\Eﬁg¥$ﬁ}‘)\
BT R I o TR B b G4 11
(Artemisia stechmanniana)~ ¥ - Jﬂ'ﬁ‘/ﬁ%f*ﬂy@%
#,OFHE-AEEEA ST NS
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Table2 Classification of Caryopteris mongholica communities

FEM Association group  FEM  Association

Feth4m5 Plot number

Si-E A Sl - Caryopteris mongholica - Carex korshinskyi P1, P3, P5, P19, P22, P23
rC;;Z;r?jgohpotlei}Zs - herb Fl-REFR T 5 Caryopteris mongholica - Cleistogenes squarrosa P7, P15, P16, P20

Sl - MACEF Caryopteris mongholica - Stipa breviflora P17

Zl - WA BT Caryopteris mongholica - Cleistogenes caespitosa P11,P14

F - HEE Caryopteris mongholica - Artemisia stechmanniana P2

-2 8 Caryopteris mongholica - Artemisia frigida P4, P8

S - SkTE Caryopteris mongholica - Gypsophila licentiana P6,P24

FA-$EEE Caryopteris mongholica - Tribulus terrestris P31
5 AR SR AR Caryopteris mongholica + Buddleja lindleyana - Setaria viridis P21

ri((l:r:z)jgohlglei’;g + shrub - Sl B E-REBS T Caryopteris mongholica + Artemisia ordosica - Cleistogenes squarrosa P25

herb Sl AR E- LT Caryopteris mongholica + Artemisia ordosica - Lespedeza daurica P27
SV E-A R Caryopteris mongholica + Artemisia ordosica - Bothriochloa ischaemum — P29
S+ BV E- R Caryopteris mongholica + Artemisia ordosica - Setaria viridis P30
A RHEARRLE- AL Caryopteris mongholica + Clematis fruticosa - Bothriochloa ischaemum P26
Fl I AEARRL - Caryopteris mongholica + Clematis fruticosa - Tanacetum vulgare P32

T EHEAR F+81 T Caryopteris mongholica + Zygophyllum xanthoxylon P18, P36

,izg;llz;}gg + shrub F MY )L Caryopteris mongholica + Caragana stenophylla P33
S ATCERNY )L Caryopteris mongholica + Caragana roborovskyi P34
S EARTZ Caryopteris mongholica + Ajania fruticulosa P39

By 5l -1 S A AL T MRS R B AN SR HE v Al
e S-SR RN A T N S R 2
iy 5 22 A ARV RROR 1T B - R AL T
L pa ey B, 22 A7 T v SR TR, A R R 3 R
Bz, 2R SNKTEN .

A HEAR- AT NAGFET NN DS
B+ RRVD - AR N O I, AT B R AR
W IPEX BB, 7340 T B 5 D G E S
10 % X b s R 7 vb g b S
(Buddleja lindleyana)-¥i R HFE ML T BB 22 105
XA, NATIEE; 5 rE ARk - A
INAL T B PE AR B S 22 T, ERREE A R
AEANBEIR, T2 43 AT T R T R R S A ST () A T
Ll

5 AR N R4 AR, 32y
A VAT VG 7 JER A BT X 455 Ly b S 5 BB 1R A
Bl . S 3E+55 £ (Zygophyllum xanthoxylon)#
AT A 58k Bl dr 35 45 HEAN R 2 sk AR T S
R ER XS ) LI (Caragana roborovskyi) WIS i 3+
TG JLEE A A T AR T AR T S i
+HEAR V26 (Ajania fruticulosa) it WAL T H R SR T .
ZHENER B — R TR AL, PR R
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VEANRE T RIOCE A, H WA ROy KBRS
(Stipa tianschanica var. gobica).
24 FEEEEMHEZHESHERSIERE T

HRHE AP 22 FE 11 48 K0 Hh R R0 S5 PR 5 B AH 5%
PR R, 31 RS EARE AR 1)
T 2 REPE S P S S R T — 0 A S, S
G BFE. BEACHIK PR S5 R 3R (R3).

i i 72 92 1 BEA P B RN T P R & /P B R E e
HOATRDASM T, S5 REIR, R, HAZEYFZ
FEPEFE 205 I 2 R = A B -7~ 1T 79 ol ) AR 2220l
N51.42%M13.73%, 55—l o5 ] AR 57 1190.57%,
FAHME R E 5 —H P Sl e - B2 S A28 —
PR B SR s PR BT R 1 AN B I A 22 REPE R H)
FHORME R /N 48 >4 [ 7K B> K PH o o 5> 24 i >
WGP 8 SR, A B KRR X B v % 30
ZREE R B R K . HRIMER2 AT SN, ERFKE
H5WEARZWY)FEEE. Shannon-Wiener % £ V15
B 2 TR, 5EAZENZ UM 2 LR EUR
EIEMX. REFESREREYMFEE K.
Shannon-Wiener % 1 14 15 3 )2 Simpson £ £ 4 15 44
W ZEM G, SHEREZ IR 2 FEIE 4R 2 3
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Table3 Correlation between species diversity index and environmental, climatic factors of Caryopteris mongholica communities

18%7 Index R R B Correlation coefficient
Life form ) = P — U
i 2 KR K B 4 4 EPHRR
Latitude Longitude Altitude Mean annual precipitation Solar radiation Mean annual air temperature
YR WA Shrub 0288  —0.434" -0.564" 0315 0.310
Species rich . . - . .

PEC1ES TICAEss K Herb 0426 0.641" 0337 0.418 ~0.414 ~0.248
Shannon-WienerZ FVEFE%L  #EA Shrub -0.368"  —0.465" —0.413" 0.245 0.327
Shannon-Wiener diversity index ,. - - *

HiA Herb 0.310 0.587" —0.281 0.532 —0.406 —0.233
Simpson FEMEFEEL #EAK Shrub —0.401"  —0.465" -0.261 0.179 0.322

i i ity i ok ok *

Simpson diversity index B Herb 0207 0470 —0.175 0.525 ~0373 ~0.239
Pielous) 51 £ #6551 #EA Shrub -0.193  —0.170 0.092 -0.026 0.184
Piel ind . "

felou evenness index K Herb 0.061 0238 0.453 0292 0261

* p<0.05; **, p<0.01.
1.0 - N N 2 \ =)
HAHIG HREMK ) N Eh FE AR BRAR S &, 46
& FIE K )2 Shannon-Wiener 2 # 14 $5 2. Simpson
S sz e iy — =K REN —
e SRR UG K BEAR S A
051 =% J¥ . Shannon-WienerZ ££ M 45 £ & Simpson £ #£

HShannon

HPiel

SRich

RDA2 (3.73%)
(=)

Longitude Latitude

—-1.0 v 1 I 1 |
-1.0 —-0.5 0 0.5 1.0

RDALI (51.42%)

B2 ZEEEDM Z RS R TR IUR
(RDA)F/F . HPielou, A JZPiclouts) 51 84(; HRich,
AEPFFEE [ ; HShannon, A< ZShannon-WienerZ #fE
¥8%%; HSimpson, H A )ZSimpsonZ FEM:TE%L; SPielou, A
JZPielous 5J FE4R 4L SRich, #EAZYFi= i, SShannon,
# K JZ Shannon-Wiener 2 #f £ 48 4{; SSimpson, # K 2
Simpson £ £ ¥ 5 % . Altitude, 4k ; Latitude, 2 J%;
Longtitude, £ /%; MAP, /K&, MAT, 413 il
MSR, KBRS .

Fig. 2 Redundancy analysis (RDA) ordinations between species
diversity indices of Caryopteris mongholica communities and
environmental factors. HPielou, Pielou evenness index of herb;
HRich, species richness of herb layer; HShannon,
Shannon-Wiener diversity index of herb layer; HSimpson,
Simpson diversity index of herb layer; SPielou, Pielou evenness
index of shrub layer; SRich, species richness of shrub layer;
SShannon, Shannon-Wiener diversity index of shrub layer;
SSimpson, Simpson diversity index of shrub layer. MAP, mean
annual precipitation; MAT, mean annual air temperature; MSR,
solar radiation.

PEFR AU TR, (2 SRR R 2 FEPE SR £
ToEFEARRNE . FI, WA AN 128 R
B IR 2 A PEFE RO 2 700

3 Wig

AT, 3145 R TR T 4R 2
H 5 4 [ 455 11 10.00%, )& %05 3.30%, 1
AN 50.44% (&F06% 2022), VIFhECE /b A
TEARMBEE BT T RAETREX, XIEA
KRR, EEAERNES.

5 VK 55 E R EOR, AT,
AP SEE &S TREARGE. L TR RAE
RHFI DL AR K FH R S B R 50050.35%, AT L
IEARHMEWITE T 2 X E Y, RS § oy
Q2B R KBRS RHEY) , R
Y11541.67%, @ EYx E AR E Y a s BT
MFrE(EESE, 2011), RFEETFE. FTREXHMR
AR, OIS R (TR WL, 2007; SRS,
2021)tHFR B, B 4w JEh X A RHE Y B R
i SHuAL.

TOREEL L A M RRSE TR R WA
ARh, BB B2 A TR R MR,
A R 1R o3 A WM o BV AR ORI 2 24
FHRHE 542.55%, 29 A FLARTE K 7 56 AR B 1
S v EL % B 1A 7K 1) R 288 R B i 1) B
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W R AESIEL 0. PRI IX R H 5
ARl bR QIR ) e J& 2, 5255 5 (2008) %
B R X A R AR X R B A 4 SRRSO [,
Wi BT 7 DX 35 P ol AL 40 b B e 43 195 12 DX Ak
PR B ORI FVRFIE, A (R VR R RS
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WK I B A R 25 R
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