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Abstract: Located in southern Qinghai Province in China, Sanjiangyuan is the source area for the Yangtze
River, Yellow River, and Lancang River, and a worldwide biodiversity hotspot. Sanjiangyuan was degraded
through human disturbance and climate change, which has led to a dramatic loss of the biodiversity of range-
land resources. We conducted field surveys based on species coordinates during 2014 and 2015. We used the
MaxEnt model to predict distribution of 40 endangered plant species in Sanjiangyuan using the species coor-
dinate data and bioclimatic data collected from the WorldClim database. From this, we obtained hotspots of
endangered plant species in Sanjiangyuan under current and future climatic conditions. Results showed that
hotspot areas of endangered plant species in Sanjiangyuan estimated using the MaxEnt model were approxi-
mately 89,438 km’, and mainly located in the east and south of the reserve. Among these hotspots, those that
included more than 30 endangered plant species totalled 485 km’, and were mainly found in Nanggian
County, Yushu City, Banma County, Jiuzhi County, and Henan County. The climate will become warmer and
wetter in Sanjiangyuan in the future, which would benefit biodiversity and expand hotspot areas to the
northwest. However, problems associated with planning the reserve remain. Nearly 4,423 km® of hotspot ar-
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eas have not been protected in the key reserve, including in Nangqian County, Yushu City, Banma County,
Jiuzhi County, and Henan County. In these areas grazing is permitted, which might lead to human distur-
bances. We suggest policy makers focus more attention on these areas and increase conservation efforts.
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Fig. 1 The location of the collected sampling points of the endangered plant species in Sanjiangyuan Nature Reserve
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Table 1 19 bioclimatic variables and their descriptions

AF it Variable fifiif Description

Biol EYJIE Annual mean temperature

Bio2 PR E HE 2 Mean diurnal temperature range
Bio3 5 Tsothermality

Bio4 IR EZEARME Temperature seasonality

Bio5 i A f =il Max temperature of warmest month
Bio6 & A 5% Min temperature of coldest month
Bio7 IR EALVERE Temperature annual range

Bio8 RIEZFEE)IR Mean temperature of wettest quarter
Bio9 I T-ZEfF38iE Mean temperature of driest quarter
Biol0 R ZRE I Mean temperature of warmest quarter
Bioll A ZEE IR Mean temperature of coldest quarter
Biol2 FPH KR Annual precipitation

Biol3 i B %7K & Precipitation of wettest month
Biol4 fx T B F%7/K& Precipitation of driest month

%K A7 5 2240 Precipitation seasonality

Biols (coefficient of variation)

Biol6 RIEZEFF KR Precipitation of wettest quarter
Biol7 B TZEME R /K Precipitation of driest quarter
Biol8 R ZE %7K Precipitation of warmest quarter
Biol9 A ZRERF KR Precipitation of coldest quarter

22 (IPCC) 28 F IR A5 H HEFE (1) 5> A 3R S5 AR AL A
A, {45 MIROCS. GISS-E2-R. HadGEM2-AO.

BCC-CSM-1. CCSM4 (IPCC, 2013). TR 5%
AR AT T 45 S 22 AR, ORI T ) ok 7 A A
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Table 2 The AUC value of predicted distribution of endangered plant species in Sanjiangyuan Nature Reserve based on MaxEnt model

PFh Species AUC{H AUC value
4 15 3k Aconitum brunneum 0.969
J\TEE RZ Arenaria baxoiensis 0.969
=% Aristida triseta 0.978
£ 5 Bromussinensis 0.962
[U{5 2% Coeloglossum viride 0.948
FEHIZ Cypripedium franchetii 0.997
HELPEHREL Elymus atratus 0.867
TP Elymus breviaristatus 0.884
JERF3% Ephedra minuta 0.930
BT k% Ephedra monosperma 0.839
FAEZEF Festuca sinensis 0.915
ML ME Gentiana grumii 0.880
PigEF2 Gymnadenia orchidis 0.942
Y1t 4-%% Habenaria aitchisonii 0.981
ZU A4 >4 Herminium alaschanicum 0.984
F#E>% Herminium monorchis 0.981
A2~ Malaxis monophyllos 0.983
L4285 Meconopsis punicea 0.921
MR E Metaeritrichium microuloides 0.873
JEE Notopterygium incisum 0.940

YFh Species AUCfE AUC value
JUARLLI] 2% Orchis chusua 0.910
EM-47 172 Orchislatifolia 0.919
L4017 Orchistschiliensis 0.995
T [E b5 Orinus kokonorica 0.982
JII777) Paeonia veitchii 1.000
Pt Sl Pomatosace filicula 0.833
/NIE R Rhodiola dumulosa 0.992
B4 5K Rhodiola himalensis 0.876
B M4 5K Rhodiola juparensis 0.830
P41 52K Rhodiola kirilowii 0911
ViZ44T 5K Rhodiola quadrifida 0.844
HZE4T 5K Rhodiola wallichiana 0.844
SRV EL Roegneria breviglumis 0.906
KRRV EL Roegneria brevipes 0.953
FHiFHEM B Roegneria kokonorica 0.980
ZIRERT Saussurea aster 0.818
%53 Saussurea obvallata 0.927
21 F 4 F Saussurea paxiana 0.855
FIEE T Saussurea wellbyi 0.916
#E3F 1t Snadoxa corydalifolia 0.993

i E PEAG ) 7R B 2 IS 2 R . o, =0T
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B — 5 4 %% BK 9% (Ephedra minuta). & 21 5 K
(Rhodiola juparensis)7y il A 52 FE /K A48 7 R4 e
R s 1 2 A R A A 2 2 AN
M PR~ = 2 (FF 3%2)
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RS . WG ARG R I AE 10—15Fd 22 Ja) ft 4 2 X dek
i F1 928,182 km?®, [ LA _E[X 45k & 30 4, 32 B4
TR EAeER. B2 B A0 ERILEE3).
24 SEZTHERTZIEAGHRIMEMNRS
X2k
241 SETHUHTHEESHT

TERCP2.61E 5 R, 20704 =TI X 71435 B K5
bt H AT K 201.88°C, 34K &G N5.76%. B
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X, REALe, RATHRARE, &2t R6, 58, A58, RERARK.

Fig. 2 The probability graph of current distribution of the grassland endangered plant species in Sanjiangyuan Nature Reserve
based on MaxEnt models. The species existing probability range from 0 to 1. Warmer colors show areas with higher predicted prob-
ability, red is the highest, followed by orange, yellow, green, cyan, light cyan and dark blue.



144 /R

Biodiversity Science

26 %

HWEL
Zhiduo County

R PRS2
Qumalai County

JEdrhrL
Tanggula Mountain
Township

REE
Zaduo County

PIFhEL No. of species
B >30
1 [25, 30)
1120, 25)
[ [15, 20) 0 100 2(|)0

C[10,15) I

E3 =ZTREARFREMGRERIFEDSHERSSTE

Fig. 3 The distribution graph of the grassland endangered plant species hotspots in Sanjiangyuan Nature Reserve
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Fig. 4 The distribution map of the grassland endangered plant species hotspots in Sanjiangyuan Nature Reserve under RCP2.6 of

climate change in 2070
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Fig. 5 The protection situation of the grassland endangered plant species in Sanjiangyuan Nature Reserve
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T H Bk E 13.6% Notopterygium YR H 36.2%
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Appendix 3 The variation of the 19 bioclimatic variables under RCP2.6 of Global Climate Models in
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