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Abstract: Dactylorhiza hatagirea is an endangered medicinal plant with significant ecological and cultural value in the
Qinghai-Tibet Plateau. To clarify the population structure and community characteristics of Dactylorhiza hatagirea in
Tongde County, Haiyan County, and Zeku County of Qinghai Province, China, this study analyzed the quantitative
characteristics such as its population density, height, and the species composition of its associated communities. Species
importance value, interspecific correlation, and species diversity indices were employed to analyze the interspecific
correlations between Daciylorhiza hatagirea and its associated species. The results were as follows; (1) Population
density and height of Dactylorhiza hatagirea was relatively low across all three sites (average population density< 10
ind. - m?) , with population height dominanted by individuals < 20 ¢cm and 20 — 30 cm. Habitat degradation was evidant
at the Haiyan location, where over 80% of individuals were less that 20 c¢m in population height. (2) Associated
communities mainly comprised Kobresia capillifolia, Iris lactea, Kobresia humilis, Ligularia virgaurea, and Carex
parva. (3) In terms of interspecific relationships, Dactylorhiza hatagirea showed no signilicant correlation with the
majority of species in the community, and had positive correlations with Kobresia capillifolia a and Iris lactea ( P<0.05) ,
but negative correlations with Ligularia virgaurea and Euphrasia pectinata ( P < 0.05). This study suggests that
Dactylorhiza hatagirea has a narrow suitable habitat and limited self-renewal capacity. Climate factors and human
activities may be the primary reasons for its endangerment. For conservation, in-situ protection and natural restoration
measures are recommended to enhance its population. In practical applications, Ligularia virgaure and Euphrasia
pectinata can serve as indicator species for unfavorable habitats, while Kobresia capillifolia is a reliable indicator of
favorable habitats for Dactylorhiza hatagirea, and Iris lactea is not suitable as an indicator species due to its inconsistent
relationship with the target plant. This study provides a scientific basis for identifying critical habitats and formulated
targeted conservation and management strategies of Dactylorhiza hatagirea in the Qinghai-Tibet Plateau.

Key words: Dactylorhiza hatagirea, population density, height structure, species composition, interspecific

correlation, Tibetan medicine
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Table 1 ~ Geographical coordinates of the distribution areas of endangered medicinal plant Dactylorhiza hatagirea
i3 A BR
. . Geographic coordinates N L
HAELAR S o AR BB
PLE .
Code for S locati Wik Number of  Sampling
survey location urvey focation 235 25y lg: samples time
. . Altitude
Longitude Latitude
(m)
TD A RN A B R AR 24 100°40'15"E 35°01'02"N 3 240 46 2022 4F 6 H
Gaba Songduo Town, Tongde County, June 2022
Hainan Prefecture, Qinghai Province
HY T IR TR C M 96 2 B PG 98 101°52'05"E 36°59'07"N 3130 34 2022 47 H
Xihai Town, Haiyan County, Haibei July 2022
Prefecture, Qinghai Province
ZK T W N P B A T bk 101°53'10"E 35°15'43"N 3 200 57 2022 4F 6 H
Maixiu Forestry, Zeku County, Huangnan June 2022
Prefecture, Qinghai Province
F2 AEMAER=FMBHYSHE
Table 2 Quantitative characteristics of Dactylorhiza hatagirea populations at different locations
R I
Density (ind. + m™) Height (cm)
AR
Location FHIE bt 22 R AH IR/ ME FHfH b 22 R AH e/ ME
Average Standard Maximum Minimum Average Standard Maximum Minimum
value deviation value value value deviation value value
B 5.70a 4.64 18.0 1.0 22.88a 3.06 26.0 15.0
7K
[ 7 4.60b 3.98 12.0 0.0 27.51a 6.45 42.0 20.5
TD
2 3.40c¢ 2.22 7.0 0.0 17.40b 1.62 20.0 15.2
HY

. B F B RN W P 25 5 (P<0.05)

Note: Different letters in the same column represent significant differences ( P<0.05).
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PR R, IF DL <20 em 19 @ BE S e X34, o
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HEAE N 4.41; [A) 78 b SRR ¥ S 3R 100% , 3K 30
i, SRR 15 Bl 28 J&, UL o D (Iris lactea) |
JINTE B ( Kobresia humilis) , B BB 43 5l 5 16.16,
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Fig. 1 Height composition structure of

Dactylorhiza hatagirea at different locations
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Table 3 Composition of families, genera and species in the plant community of Dactylorhiza hatagirea

B & i B J& i
Family Genus Species Family Genus Species
Eps HWEH R JARTF M T Saussurea stella IR ELLE INEERE Carex parva
Compositae Saussurea M LEEE I pulchra Cyperaceae Carex P NLEEE Carex ivanovae
B 233K 4 Cremanthodium lineare EHER 5308 FEM RS 3k Aconitum tanguticum
Cremanthodium Ranunculaceae Aconitum
EHE)E WA sEH Ligularia virgaurea EHE =B Ranunculus nephelogenes
Ligularia Ranunculus
D& HHOW 24 Ajania khartensis AREAL R ¥ R HMF Anemone rivularis
Ajania Anemone
HHE FHLEER Anaphalis lactea KEHEE JKEE Batrachium bungei
Anaphalis Batrachium
v THFER5E Aster Lipskyi R EY e R ZBESE Potentilla anserina
Aster Rosaceae Potentilla
KGR KGLEL Leontopodium leontopodioides ZHERF P. muliifida
Leontopodium
T R )T L Tephroseris kirilowii 4 WM P. fruticosa
Tephroserts
RAFE KR JIERBK Poa indattenuata vl R A% E KRR Rumen patientia
Gramineae Poa Polygonaceae Rumex
B BOR P. crymophilla 5 AR S
Persicaria Polygonum viviparum var. angustum
PR P % Phragmites australis KR /NK B Rheum pumilum
Phragmites Rheum
KEE SR FE Hordeum violaceum =F HEH2E 342 Dactylorhiza hatagirea
Hordeum Orchidaceae Dactylorhiza
i i Leymus secalinus g2 )E 4% 2% Herminium monorchis
Leymus Herminium
0 TP Elymus nutans HAER Y JEHAE Allium tanguticum
Elymus Liliaceae Allium
EE 26 5E Festuca rubra Ak A. polyrhizum
Festuca
EE 7 ] BEJR 55 SR PP JE PLEE T EEAE Thermopsis lanceolata

Scrophulariaceae Pedicularis

[

Lancea
INKEEE
Euphrasia

Je B g

Gentiana

JERERE

Gentianaceae

AES )T
Halenia

I AL 7 I

Comastoma

i 7 I

Gentianopsis

5 F KR
Swertia

Cyperaceae Kobresia

Pedicularis longiflora var. tubiformis

ST By 56 E P. mongolica
Hl S 5eE P. kansuensis
B[ 17 3 T S5 P. alaschanica
R E Lancea tibetica
INKEL Euphrasia pectinata
I JEAH Gentiana squarrosa
FRAETL G. straminea
Wi E AL Halenia elliptica
W% E Comastoma pulmonarium
WL R Gentianopsis paludosa
VUK 3% Swertia tetraptera

/NEEEE K. humilis
LM B Kobresia capillifolia

Leguminosae

SRR
Iridaceae
TR
Cruciferae
AR TR
Elaeagnaceae
TRk
Plantaginaceae

PR
Umbelliferae

HR T3

Potamogetonaceae

R H- R

Saxifragaceae
e
Sailcaceae
AR
Equisetaceae
AL
Primulaceae

Fir & B

Thymelaeaceae

Thermopsis

W )E
Oxytropis
Iris
Torularia
VR
Hippophae
T

Plantago

R

Pleurospermum

IKE AR
Triglochin
AR
Saxifraga
G

Salix

NGV
Equisetum
RFAEE
Primula

AL

Stellera

TR G Oxytropis kansuensis
b1l Iris lactea
W SRIF Torularia humilis
VI Hippophae rhamnoides
SEHR Plantago depressa
VR T
Pleurospermum hookeri var. thomsonii
WEAESR Triglochin maritima
FRH-H Saxifraga stolonifera
WA Salix oritrepha
[a]3#] Equisetum arvense

KR Primula nutans

JREE Stellera chamaejasme
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Table 4 Interspecific correlations between Dactylorhiza hatagirea and other species at different locations
Hi 45 Location
i/ EES
Plant species ) .
e ZK [ TD 2 HY
PAT 7 3% 5 S5 8 Pedicularis alaschanica — — 0.277
/NS Kobresia humilis -0.265 -0.076 -0.299
LIS 55 H Pedicularis longiflora var. tubiformis -0.220 — —
KA Primula nutans — -0.104 —
JIFE R Poa indattenuata — -0.186 0.454
TR Elymus nutans — — -0.214
KAE# H Kobresia macrantha -0.141 — —
KB 3E Potentilla anserina — -0.224 -0.243
HIRE Oxytropis kansuensis — — -0.723 =
= 5B T Ranunculus brotherusii var. tanguticus — 0.118 —
)T B Tephroseris kirilowii -0.414 — —
#34E3E Triglochin maritima -0.267 — —
v H B Ligularia virgaurea — — -0.605 *
KYEHE Leontopodium leontopodioides 0.001 -0.069 -0.128
#5522 Herminium monorchis — -0.187 —
455 H Potentilla fruticosa — — -0.091
H L Leymus secalinus — 0.011 —
B HEL R Poa crymophilla — — -0.573
I Gentiana squarrosa -0.126 0.165 0.054
743 Phragmites australis — 0.244 —
WRAE L Gentiana straminea — — 0.225
LW Iris lactea — 0.673 * —
FEMINTEES Saussurea pulchra -0.148 — -0.092
ST LSS Pedicularis mongolica — — 0.304
SEZER Plantago depressa — 0.137 —
W R H Lancea tibetica — 0.171 -0.500
WA Salix oritrepha -0.117 — —
JE T AE Allium tanguticum — — 0.293
RILHFF Primula nutans 0.289 0.036 -0.097
W £ 4 Halenia elliptica — — 0.118
[Al3#] Equisetum arvense -0.271 -0.282 -0.547
VE RS T Pleurospermum hookeri var. thomsonii — -0.432 —
A ERZE 2 Polygonum viviparum var. angustum — — -0.356
RT3k 4 Cremanthodium lineare 0.145 — —
LM B Kobresia capillifolia 0.709 = — —
INKEE Euphrasia pectinata — -0.116 =0.755 *
/NS Kobresia humilis — -0.419 0.426
/NEERE Carex parva -0.153 -0.456 —
W RIT Torularia humilis — 0.016 —
BRZEH Polygonum viviparum -0.439 — —
R FE L Hordeum violaceum — -0.202 —
L Festuca rubra -0.185 — —
TE: = Fom B (P<0.05) ; —FRRiZH TR R BLZ WA, RIFEFT A4
Note: #* represents significant correlation ( P<0.05) ; — indicates that the species is not found in the location and is not analyzed for

correlation.
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RS TEMAEZERZS5HMYFEX R
Table 5 Number of species related to Dactylorhiza

hatagirea at different locations

RT ERZLEEHEFERNBERYESN
Table 7 Analysis of Simpson’s dominance index of

Dactylorhiza hatagirea habitat community

AR
Correlation
Hh s
Location NEES v tES Tox
Positive Negative No
correlation correlation correlation

PRI 7K 1(6.25%) 0 15(93.75%)
[77% TD 1(4.76%) 0 20(95.24%)
gz HY 0 3(13.64%) 20(86.36%)
A Total 2(3.33%) 3(5.00%) 55(91.67%)

T 55 WEE A SR B S BRI A L,

Note: Values in parentheses are percentages of the number of

related species and the total number of species.

x6 BERZARUBRBFRSHEMELSN
Table 6  Analysis of Shannon-Wiener diversity index of

Dactylorhiza hatagirea habitat community

AR
PRETREL
Simpson’ s B 7K 2 HY [F] 4% TD
dominance
index
0.12 0.19 0.13
0.26 0.19 0.36
0.24 0.14 0.26
0.12 0.14 0.12
0.14 0.18 0.17
0.13 0.12 0.10
0.30 0.13 0.14
0.24 0.12 0.16
0.19 0.18 0.12
0.15 0.18 0.20
F-H 0.19 0.16 0.18
Average value
bRifE2E 0.07 0.03 0.08

Standard deviation

diversity index ZK HY ™

2.41 2.23 2.33

1.84 2.18 1.48

1.98 2.38 1.82

2.37 2.29 2.41

2.24 2.41 2.17

2.33 2.71 2.62

1.79 2.43 2.41

1.91 2.55 2.23

2.10 2.27 2.38

2.25 2.32 2.14

FHIE 2.12 2.38 2.20
Average value

bRt 0.23 0.16 0.33

Standard deviation

P PR, BAIE Jfc 1 4% S i 2 DL R Y ST M
FAF HERS AR
32 EREMBESERAREMEMBEERHERE
EX e

L3t b B o0 oo B A 2R R e R 2 AR IR
A, JEHIE K A 0E I 2, X B2 70 Wi A A 4 i
W, HAZ PR AR E] S 4 i 3E 5 ME LS8 o8 B A
(B AERE,2023) , RO DAFAFANY),

Hh T2 HIL A 3~5 M, 7EBFA A h &
IR, YA AR TG A T AL, 5 K £ <20 em, T 1K
Jo , AR FEAR B AT 3K 40 em, 3X U 2 2L A Bk
JETERADRRRE b el T BAEIE AL, M E R 2 Fp
BEEE R A RO E, B S S
iy, [ b S P IR 2, W 2 b s I I, AR
R [B) 55 4 B2 B 43 T, 8 PR b 57 o Ly s B 395 o5 1L
Fifa), AEBE A, B E] BE AR, R 2R 2 A8 R
TG S, IR R FE AL 45 52, DRI AT AR A ok 8 5 T 9 2
b A R A R A b, AR T B R SE 4
5, S 2w DL SE A T S AR O

Xof At R 400 o A0 245 ) 1) BF 5 th 2 B, b R 1)
I E R 5 R ML A — Bk, ] s i
T () AT 1 245 1) 0 58 TR RE 1 (B8 1545 ,2017)
25 PN, B T R ) 72 1 2 0 2% P e T A
Xy T VA 2 PR T SRR Ak, 3 2 2 Rl e I
AR A 1 A T TG 3k 5 B A AR B, % inak AE
B s b N T e R RS LR
RS PR MR ) R A SRR,
33 EHZMBLEEEENN

EREP IR X R ORI, E
P A 55 T (A MRS B AR L 2022) , FHIIEETE
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Table 8 Changes in species diversity of plant communities at different locations

Hh £
B Location
it
Index . §
BRI 1} 2 [F) 1l
7K HY TD
TV a5 97+2.86a 99+1.91a 100+0.00a
Total community coverage (% )
Lk ESYE 16.4+1.96b 24.1%3.75a 20.1+3.84ab
Species richness (% )
SRR 25 39 32
Total number of species
B ZHEHREL 0.52 0.62 0.59
B diversity index
TR T E 2.12+0.23b 2.38+0.16a 2.20+0.33ab
Shannon-Wiener diversity index
AR R AL 0.19£0.07a 0.16+0.03b 0.18+0.08ab

Simpson’ s dominance index

TE: FATAR/NG T3R8 B2 R (P<0.05)

Note: Different lowercase letters in the same row represents significant differences (P<0.05).

Yy 5 PR BT 2 VI AR O, J0HJE A v v i A0 3
Fhal R, ATV R AR SR AR R b O 5 —
SO YR R SKAH R A B Rl OB BURS E YRR AR A A B
T[] 2 5 P A o AR 3T 40 ol 1 A 2 I 1 (A
R4, 2020)

AR NREVR AR AR A TE 3 A M A
o, SRR 40 R 25U Rl B R ] OC RO (0
SR P B W AP A OGP InAE
V2R ) R, i, 5 R T v B 2 O R R D i
ARG TR 2 1 0, S OB G /KA B
TS E UM G, Hoh ) 2 O A Y
FERERD, 55 A 2 (0 IR TR SR AR AL, AT R[] % U
FhAT, 35 Z [0 2 A OG, SR, HON B S /oK
BOEm ELE AR EATZ M A G, (H
S, i 5 2 I AE G M Y R S B
L A 2 AR AR R Hb Y B AR A, T S R
(PhEIL,2022) , HEHR 2T RKIFA -2,
AW IEAE G PR B — D R, N, i
A PR A A AR A BTG 78 S SE AP R R AR, R
FER PP R AR A R B
i s R B SRR AL (R 8 KRR AR A R K
JE ARG A ER A K

MAILEE S BE TR A 53 B, i 18] SCHR P iz e 1 4l
WIAEA A 1 i A B OC &R N IR 1Y 38 4 5 R

o RPEEZE R DR, BRI AN [R] M X 8] 56 &
R, BEOOT I R 4 Bl R PR A R RIS L il
T P2 A0 (5 48 M i, ] 30 o DR 4 2 i R R 5 i
SEPEAAEY) , dERE 2 RAF I A K BR BT T i 2
Ho s, B IR HOR B oK R mRESS
R GOM ML) B R W, R R S A AT

LTS

X B B Tl R £ R R D e R A R R A R AT
WFFE, B A F) 0 A 35 5 28 = ol e 3 1 B
LG, HLIGUE 58 OT A5 AT s i 72, X 3
SRR A S SR 2 B, A, B TR TR R 1Y
vy L ) R SR 2 O B AR BT A T R A0 4
R, 822 PR LE R I W Bk LB A R T, R
IRIRME T S 2 P A S AR, 0 1 D B 11
HERPAFAE . FEPFEY Rl rp 2 A 5
HEAFAE 35 W IE AR G I, T 5 8 32 5 /D oK AT
FE S I TR SN, 25 5 22 5 P AR W b 22 1] ) Ao
B SCIRAE AT 2 I, 7E 28 SE B p, S B S /D
K BT R 2 B T g A AN M) A B Y i
01 s O e S B T b SR
[ ik O L R 00 2 ST R S A A
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