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Abstract: China is rich in macrofungal biodiversity. However, many species have been threatened in recent
years by human activity and climate change. Red list assessment is the first step towards species con-
servation. To protect this group of fungi, the Ministry of Ecology and Environment of the People’s Republic
of China and the Chinese Academy of Sciences launched the Red List Assessment of Macrofungi in China in
2016. A reasonable assessment largely relies on the sufficient information of species’ geographic information,
population numbers and sizes and population dynamics, which is lacked in most of macrofungal species. It is
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therefore necessary to employ new approaches to find and utilize more information for the assessment.
Among the assessed species, Ophiocordyceps sinensis, which is an edible and medicinal fungus endemic to
the Tibetan Plateau and its surrounding regions, has relatively abundant information. This species gained
attention worldwide due to its obvious economic value and its importance to local societies. A species
distribution modeling has also been an important component of its red list assessment. Here, we call on a
previous study that aimed to predict the current potential distribution and to project the future distribution of
Ophiocordyceps sinensis, and then we discuss how this modeling method can be employed in red list
assessments to predict the current potential distribution and the range shifts of other macrofungal species in
response to climate change. Challenges of using the model and possible solutions are also discussed. The
species distribution modeling method is considered to have great potential for red list assessments and the

subsequent conservation of macrofungi.

Key words: species distribution models; Ophiocordyceps sinensis; fungal conservation; biodiversity
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20164F, JEFAEEORAPFR AN o [ RL A2 B ik 5 S 3
[ R LR AL (A4 RS BTH, 201845 H 22 H,
(PEAYZ ML O F—RUERE) 57
RAT o %48 E O IR E CAN199,3024 K2 LR A7)
T i) 52 BUPIR BLHEAT 1 V- A, B T8 PR S R
6,340 V) i i O H 5 AN /2 (DD), 5 PR Ak P il e
£011768.16% (Wk— &5, 2020).

£ 1 5 B (Ophiocordyceps sinensis) & — fif 5 %
MEMEZ I, bR ARG B H bR 57
Ed(Wang & Yao, 2011)fth N4 I AL, (5 Aii
EREFE . W =/ HIRSE X, Bk
HGRHE L FERE SR VAR . BIRE L ANPREEE 8 23
X (Lietal, 2011). 4 Ht 5 L1 F) H A 75 iR A
L FE XA E AR P s, & ORI
2GRNSR, FESERR 7 9 IR AR S R GRS E
P RAEAE EEAE R . ARSI B R
ZEER R, A Hu BB R 4y A7 Y0 R A 7 R o
RN ZELE . RAZA R BRI AL A2 i)
(Sharma, 2004; Negi et al, 2006; Winkler et al, 2008;
Cannon et al, 2009) LA S {22 4k % 2 HU B B (1] 5 0]
(Shrestha et al, 2014; Yan et al, 2017; Hopping et al,
2018) ST AR Gk T EBRAL 2 12 R T4
SR B R FLAE O A B IR R A B 5
AR, Ak R B B AR R, AN
FE VR 2 i AR R B O AP AR S 0 5 R TR
YiFh(Cannon, 2011), & E WA %3 1 VO HAE A
v [ () [ B (Zhang et al, 2012).
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Y Fh 2 —, W) R 4 A L 2 (species  distribution
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KB F R 2L A S PPl AR TAE, ASCRAAH
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fil R TT 58, TRV o AT BT AE K FLR 52 U 45
VTS A RO R R S T, R E A
LVl AR SR AL S %

W) o 53 A 15 TR SURR 3 855 A 25 AL B (enviro-
nmental niche models, ENMs)., 5% & £ J& 17 (hab-
itat suitability models, HSMs). 8 7F 2: 357> A f 77
(potential habitat distribution models, PHDMs)%%(Gu-
isan et al, 2013), FEARIEIIFIELA )5 A {5 S A
INETAR EAE, 18 PR M SV L R e
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fi 1% 5t (representative concentration pathways, RCPSs)
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(2017) %) 4 BB B b oy A Y 53 M 7 1k B R DL
HERIL, HHARHS 78 W 3k https://github.com/saltp
awpaw/OS_distribution_modeling/ A7
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Yan%§ (2017) %} 24 HU 5 B A0 3 A1 1) 53 A 45 R S
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2. WEIAFERERE: YanZ(Q017) 29 UMk . fifh. IR
WL BRI R T ITA IR R, ST S 2 A
[A] 43 #4230 s (GIELhl km x 1 km).

3. BEAL M T IR R R B Yan %5 (2017) R 4 B 4 BT
(classification tree analysis, CTA). |~ U457 (generalized
additive models, GAM). |~ X Z& 4457 (generalized linear models,
GLM). £ 7t B &M FE2% A1) (multivariate adaptive regression,
MARS). A (maximum entropy, MaxEnt). BEHLAR#K
(random forest, RF) 6Fh &M E T 72458, LR RUARRE L
5 I 5 % H 1k MaxEnt 45 7 1 3 Fl R ASE 784 4 722 401 & Y
(ensemble model, Aralijo & New, 2007) 347 5% Ji5 I H R 43 H7

4. ARASEEAG FIERE: ARG AS RS A AR AL 7E 5 5w i
X AR SR A PR 45 5 (Su et al, 2013), YanZ%(2017)ik 51
KRR (general circulation models, GCMs) & 7 ¥4
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G ARIGHR XA HES LR ERAEK,

2. ks, BERLTI R PREE AR &5 A0 A0 AU Sk S B
305 RSN S TS E 43 A5 X5 I S U AR SR S —
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A b5 H Al T R & 7 X e A — 8 A E Ry
AT (IR T B A A RO B T o7 1 LA, 5 i R 7 4 R
o A4 iy BERT DA UG AR RY 43 BT IR T S

LENNHERWEAFREE F ST L RE A
HAE S BAL . KRYE IUCNZL (42 S Pl b v A
FbRAE, a0 A R R AR I 25 BOR Sk A BT >
ANE IR [ 352 VR T A & Al it HEWT
BUFMIRIEE R, DR > 80% RN n] vF Ak fE, >
50% 1] PEAMISG, > 30% R 5 fa. {ERATZFRXT
KRB Se I A AR R, ORF P X R 4R
&5 S A& e R PR TR ) R B R .
REBITRO, 4 B B 43 X 52 SR80 52 e 7
Kok =. I+ A REZES736%-39% (Yan et al,
2017), TMIX—R2M & AT I 1. QiR =5 By vl R
[ sZma Rl 2., 4 BB RE 23 AT DX RN B (1 2 46 1T fe

IEEGEIE50% (W RIMIfEER). T4 B FAHXT
TRIZBEHEE R RIS, HAEDEMEKR
ESHNEFEIE, AV ZBINEL T N5 G
PP BRI bR HE A “A2acd + 3cd” (FR1).
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1y VELE 3 AT X DL AR SRS 5 040 X
AN EE DT ] AR L B S AE B (RLE PR ERAE
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Hodh 1% 2 [N & 52 (Moran-Ordofiez et al, 2017).
o3 A1 B 7 SDMs 7 T (1 ik, 5 BT FH 1) 0 A1
R BR 22 R, X 20 AT Y T DA R A R R
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ALK, JUH AR R LETE BN SEBR 7 A X AR 2

A7 A U AT RE S SN 45 2R L B ™ 2 W 22 (Foody,

2011). H T+ AH IG STk H A& e 5 o0 A b f R d sk AT
ARG, S L ERE ARG, o
SCHRH L Z I T 4 8 R EUE R i SR
RS R F B A TSR /At % (Li et al, 2011),
EU 4 358 0 ¥ $AK F-3,000 m ) 43 A i (8 1) 2 5%
2009) %%, DAL FRATAE Tl ) 3 BR A 7AW S
SEHB LK B AT RS S, DU E S AT
SCRRFRAE (K40 AT s B o o A O TR B R, |
T BRI A 7 BRI A, KEYIRP 43
i fe BIRRER = (24545, 2020), SDMs/HTE—E
TR B3 TR EA IR b R A e % . SCihid sk 18
SEUAR A LA S e Ath SR YR 1 2 A Ei s v R B AEAE B
e — 7 TR A] DAE i AR 43 A 5 7 R 4 i (Aggarwal,
2013; Liu et al, 2018), % — M REFHAT LIS
55O S A . B SDMs 3 # R A — 58
FEEE o] DABRAIR £ €8 44 S VP Ak A X 4 b 43 A7 Al R
T BN AR A B, 15 B AT 48K 2 B B )
Fhkut, A WA BHE LA 2 L T SDMs /31T,
TR T I O Y BB R AT DA ST . X AR
ATETERIRAK) R, % FE Bt 23RS
FE 22 Wb oy AT s 1A R4t .
3.2 IRBFMA RN RERVEEBREMEZA
bR 1 Sz B A s s, AR R, AR
J7 kA 2 R W A A N e S, T
TR 3 #r AR Be % IS ARV IRl A BAE SRR 2=, BiAY
TR HS %) 53 A 9 B R T AR AR K 22 0 0 T b s Br
[ 43 47 ¥ [l 2 ) (overestimation, Pineda & Lobo,
2009). fE4 t B R Bl R v, JRAT19F 21
YIRS R A S A BR T SCRRARE ()3 i Ak, 38 2
IR64BL 2 T0 I 20 AN SRR E B SRR, X
ForR R T ARA I M AR D R A DAAE, HROR
043 5 ) A e B e e SR ) b R DA A AR T
3,000 mAHLIX e AN KA REA & 2 B A (LI et
al, 2011; Yan et al, 2017). il H () 4 55 BE A X
FEIF3.54 x 10° km? AT BEIE KT SEBR K40 A T A
TR TR £ 45 SR N R o R RR ) 73 ARV
A1 43 A7 T AR AE SDMs 73 AT HR 1] g 2 B 22 Bl /b Hb g
refit, ARSI TR0 52 (1t (%) M R 2 A1 X AR Ak 2 2%
5 S AED b 52 BB 5 e VTAL AR AT AT R HE B AR
6 H 2 AE R B B R VP A 15 SR = HLHE USRI 15

BT, SDMs3 4 fit i) 43 A X A AS B 5
RN EHE,

BUIRAF AN v FE IO &5 2R, ek BB 1) v i
W& T 23 AT KO (R HE R I RN 7 75 B AN, B k.
BT TR AR B AR (1Y) ik £ /2 SDMs 4y
PritAZ o, AN [E] BT AT B 7 A 22 S ORI 45
H SDMs 7t 7V @ SL BISK, CAf 2 Bl A [ ) g 2
BETE RIS (VF k55, 2015), A5 3 BT i 72 oo
AN A A B 1 VR AN 2 % AT D ), ROC (receiver
operating characteristic)f1TSS (true skill statistic)f&
o W) 2 B AR A 56 1) H 77 7 (Hanley & McNeil,
1982; Allouche et al, 2006). BRItz 4k, KL ES 2%
>] #3%: (machine-learning algorithms) LA % 2H & i 714
(ensemble/ consensus model) t 2 $2 i T 45 S 14
M)A %07 2 (Marmion et al, 2009; Kindt, 2018).
ShresthafBawa (2014) 1 £ 5 FH B — 15 8Y F K I
RSB ARAL S 50F JE IR & HUE B b AR AL
HEAT TN, 45 R 2R F 2 A A A Tl 1) 45 SR (Yan
et al, 2017; Hopping et al, 2018)7Z7F . & % =, Hi#
(1 o &5 SR 5 S b I DA R A2 N IR K 2 5
B ARF, PR R B BRI, BR TR 0 A A
PEAF A, BRI Bt e BB N 3

W 4 A AR TR ) ) T A e R G AR Ak B T
A EAEI T, 2R FAEEAER . PFh
IR HRE ST WMo BB PRSI i ) 55 FoAth 5
Wi )b A P B L DR 3% (2 [ R A%, 2013). JAE I B
B SZ ) AR ELAE FH I 52 0 R e T B AR A AR
B, IR K SRR 2 A SR B ) A i
WA DRSS, WO E I T BEE A
IR T 807 A 6. &R ROk, R
FLBE 22 AR m] DLE 3 TR A2 3, (H A T AR A 75 7
FWZSYH. & RE R FIR 2 H P AT
(Wang & Yao, 2011), iER e A IR, XFEIRKFESE
2R A AT OIS SO R B R T . PR,
FRATAE & d F BRI 5 A m) TR B R HUik
(non-dispersal scenario), 14 Tl t 178 3 7 A X AL
DTG R AR X, T PR A% 2k T AR B A 13 2K TH AR
(Yan et al, 2017). H FiRE G RA A ROTIER DT
(A EAE S5V BRe 71 2 A8 R AT
WEFL, (AAE R SDMs TR 25 S0k K2 B 34T 52
B VP I, RIARE S PR IS DL R L A
PR A BRYHEE A [F] R
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Table 1  Assessment information of Ophiocordyceps sinensis

Sy Hfr Taxonomy

F Kingdom ] Phylum
HF S Fungi
224 Scientific name
H1IC 4 Chinese name
# 44 N\ Species authority

32K %&E Taxonomic notes

Y455 B Assessment information
AN ST Y5 I i

Red list category & criteria
P 4EMS Year published
VAl H# Date assessed
PEE N Assessor(s)
#HEN Reviewer(s)

ik Justification

I3 Geographic range
434X Range description
43AEE R Countries occurrence
/343 Range map

Fu#E Population

FEEEE Population size
Fh#E#4% Current population trend
Ff11{% B Additional data

43 Habitat

4235 Habitat

£ AGE Ecosystems

Q4R Generation length (years)
L% Use and trade
kA% Use and trade
BRMEF Threats

FEEEMHET Major threat (5)
f-3P473h Conservation actions

{#£47475) Conservation actions

THER ] Ascomycota

4 Class H Order F Family
FEZEHZN Sordariomycetes WEEE H Hypocreales — ZEHUEF} Ophiocordycipitaceae
Ophiocordyceps sinensis

A h R

(Berk.) G.H. Sung, J.M. Sung, Hywel-Jones & Spatafora

=Cordyceps sinensis (Berk.) Sacc.

=Sphaeria sinensis Berk.

TR ZFR Hirsutella sinensis X.J. Liu, Y.L. Guo, Y.X. Yu & W. Zeng
anamorph: Hirsutella sinensis X.J. Liu, Y.L. Guo, Y.X. Yu & W. Zeng

% f& Vulnerable (VU), A2acd + 3cd

2016

2016/9/27

FESCH, 254 Wen-Ying Zhuang, Yi Li

Sy A4 Xing-Liang Wu, Chun-Ru Li

AT H AR RO BB, &R B AT R R BRI AR R R s, TR B R
YRR, AR B O 2 TR, SRR i T oA YE I o ARAE BRI 45 2R, g
WSEI A M E A A X I RIEARMN = T EN A ARk $]30%LL .

Ophiocordyceps sinensis has a wider distribution, higher population density and biomass comparing
with other Cordyceps s. |. species. The population density was observed to decline due to
over-harvesting, and its distribution was also reported to be affected by climate change. According to

a study with species distribution modeling, over 30% of its current habitats will be lost in the next 30
to 50 years in response to future climate change.

Hifts HiE. M), =F. PH5 Gansu, Qinghai, Sichuan, Yunnan, Tibet
E. BIHAR. ENE. AFF China, Nepal, India, Bhutan

%18 Decreasing

FERm. HL#EMN Alpine meadow, alpine shrub

I

B2Hi &z A precious edible and medicinal fungus

Sf#A54k . 3 ERFZ Climate change and over harvesting

A F 19994 4 JE MV FR ANV B A [E R ARG A, A o R X B A . BRI
XIS A #AT I DN, R RS G R SR SR, SR EE R ORI R, JCH Rk
I RERFEFIA, 9 RAZVE Z0 FAE SR 5

Ophiocordyceps sinensis has been listed as endangered species under the Chinese Second Class of
State Protection by the State Forestry Administration and Ministry of Agriculture since 1999. Part of
its distribution areas is now covered by nature reserves. Suggested conservation actions include
monitoring the bacterial population dynamics, selecting suitable distribution sites as natural reserves,
developing essential protection measures to reduce the influence of collecting activity to its natural
habitats, especially to prevent over-harvesting.
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SDMs 73 T 45 FRAN A S Bt A% A% Ak e 4 ol (1 52
m, N 2R 25 50 R) R R R A H AT ok iE
SDMSRHTH Rl o WA U FORUE, R
i B TS A A S o R A X A R R e
TR At — E IR (Yan et al, 2017; Hopping
et al, 2018). K EH B AL IR0 -5 A S b 1 o o=
FEYIMR, REAMEHEAHEERES, R
Pl DR B K42, AR RAZ 7 2
TR BT AN RS T o BRI R, ) E
VA AT R I 2 TN SRS Bl R L 5
i) [ B B AR

4 HFh

A dUE B SDMs 7 Hr SE R W, 7E il CR ) Al
I3 AT P HERA YR AN 75 B AT T, e 4Rl BALE
KA ECTE P {8 FISDMSs, A K 8 B0 52 8 2%
LALLM AR AT R M EEE . RE
SDMs 3 #1 78 S bR N H IS A7 AE 25 Fl ) @ (Aradjo &
Guisan, 2006), {H AL 2P B A AL L 18 A Hi i
W3 AR R R AR A 34 45 T TRV B AN T B AR
o fESNHEY) T, SDMsHE T2 N FH TR £ 73 Ai
DX (R TN (#E 24 N 4%, 2018; ZEhI%E, 2018). %A
A 5 W 43 A X ¥4 4k (Barrows et al, 2010;
Liu et al, 2014; Luo et al, 2015). ZZE& M F K175
B PL(TR o4, 1994)55 . ERR T, RUUMBTA
E AR >, H AT L T 4 B E FE (Shrestha &
Bawa, 2014; Yan et al, 2017; Hopping et al, 2018)#/
¥&% (Polyporus umbellatus, XI|5¢5¢%%, 2014; Guo et
al, 2019)A1#x [ 2% (Tricholoma matsutake, Guo et al,
2017)55E D HU LA YTl B BE 500 KR LA DR Y
HA, PLASDMSsZ T 7 VLRI AN KT 56 2, #H 15 SDMs
FE R FL AR b 2 ORI Z B FH, SDMs
I IIEAE R SR S B S PG K2 AR 1T
fliv FEMZ LRI . DUSE IR IX B SL ST TR 2
HHEZHWRIE . Rt 4, SDMso#r 4 R 45 &
VIh ) 22 FEVE 53 A0 23 AT 38 W] LUK 0 R K 1) 22 1
PEIr A% R REAT T, A ERA X kL. PR SN
IfE St S % . SDMsH T 45 SR 45 G P Fhobp i 55
JiE % Bl 7 78 Ak 1) St M I &4 SR A B T 3RAT T
fife Y LR 1A BRI A B, SEIORARY LR BEUR I S
AL
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