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Abstract: In recent years, various research studies have reported on the diversity of macrofungi and endangered species
conservation for fungi for various regions of China. Shandong Province is a leading province for economically valuable fungal

resources, but little published research is available related to the evaluation and conservation to endangered species and
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other rare species of macrofungi. Field surveys, commercial field surveys, government investigations and a thorough review
of the literature revealed a total of 182 taxa of wild edible and medicinal fungi are known to occur or have historically
occurred in Shandong Province belonging to 39 families and 80 genera. Among these, 123 species are edible fungi and 90
species can be used medicinally, including 28.28% and 20.69% of the total number of species, respectively; only 60
species, or 13.79% , have been documented to have been used commercially. The edible fungi include species such as
Agaricus stlvaticus, Agaricus silvicola, Ganoderma lingzhi, Grifola frondosa, Lactarius deliciosus, Lactarius subvellereus ,
Perenniporia fraxinea, Pholiota adiposa, Schizophyllum commune, Suillus bovinus, Suillus granulatus, Xerocomellus
chrysenteron and Xerula radicata. An evaluation system for endangered species status and conservation priority of the 182
macrofungi taxa was established based on their biological and ecological characteristics and by consulting related literature.
The goal weights of each layer were determined through the Analytic Hierarchy Process ( AHP) and expert consultation.
Using this system, the status and the conservation priority of 175 species was evaluated ; then the endangered species status
and conservation priority standards were determined based on the following system: ¥V, =0.650, endangered species; 0.650
=V,=0.550, vulnerable species; 0.550=V,=0.440, lower risk species; 0.440=V |, safety species; V,=1.900, the first
class conservation species; 1.900=V,=1.700, the second class conservation species; 1.700=V,=1.600, the third class
conservation species; and, last, 1.600=V,, the delayed class conservation species. Four (0.92% of all species) of the
analyzed species were classified as endangered species, Ganoderma lingzhi, Lactarius deliciosus, Morchella esculenta and
Russula aurea; 34, (7.82%), 74 (17.01%), 63 (14.48% ), and seven (1.61%) species were vulnerable, lower risk,
secure, and first class conservation species, respectively. Four of the 175 species, Ganoderma lingzhi, Lactarius deliciosus ,
Morchella esculenta and Russula aurea, are the favorite edible-medicinal fungi of local people and can frequently be seen in
the marketplace. Lactarius deliciosus and Russula aurea are ectotrophic mycorrhiza and researchers have not yet been able to
bring them into cultivation. Amanita pallidorosea, Cantharellus amethysteus, Crucispora sinensis and Entoloma shandongense
are endemic to China and also to this region. In addition, 25 (5.75%), 33 (7.59%), and 110 (25.29%) of the 175
species were second class conservation, third class conservation, and delayed conservation, respectively. This study

provides a scientific basis for efficient conservation of macrofungi in Shandong Province.
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Fig.1 Evaluation system for the conservation priority of endangered macrofungi in Shandong province
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Table 2 The elements of A-B judgment matrix
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0.15
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0.07
- 1 .
1 — 3
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Table 3 The elements of B,-C judgment matrix
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Threatened coefficient . of occurrence Flora Difficulty for ~ Fruiting Protection (Cy) . Weight
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destruction  distribution )
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TR A HBIR(C))
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destruction
WX AE (C,)
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X RZFEE(C
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Table 4 The elements of B,-C judgment matrix
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H B H Ecological value(C,3) 7 1 0.875
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Fig.2 Evaluations of species conservation priorities
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Table 6 Standards of endangering grade and conservation priority for threatened species

Wilfe BV EAE R Wi PSP R I (V) BN
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Scale of endangered . Scale of conservation R4 ﬁf” ) i
o Endangered grading . . Classification of species
coefficient priorities coeff icient
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FLAIFBE Suillus bovinus  JSARFLAHF S. granulatus 55 , X LE R RA A T L e oh UL BF A= 57 5 25,
o, RO 25 A, B M A 12 R RAZRC™ i, fEE A A ZLes Bhas 2L A i  smEL e
JFRERAZ IR B X W NATT 5% R4S B AR rh 4T L3

®7 LFEEAHERAAENR . E MHERE LS 2HHLH)
Table 7 Numbers of species, genera and families of edible and medicinal fungi in Shandong province and their percentage

JEEL (el %) FECHLBL % ) JEEL (Ll %) FhELC LA % )

fﬁ]y No.of genera No.of species ?;fﬂy No.of genera No.of species

(Rate) (Rate) (Rate) (Rate)
MUTFRE Pleurotaceae 2(1.2) 2(0.5) HEF} Cordycipitaceae 2(1.2) 4(0.9)
i 2Bl Geastraceae 1(0.6) 1(0.2) BIET 4} Gomphidiaceae 2(1.2) 3(0.7)
Z LR} Polyporaceae 6(3.6) 12(2.8) 2 HHAL Diplocystidiaceae 1(0.6) 1(0.2)
AR LER) Pluteaceae 2(1.2) 3(0.7) WA} Phallaceae 1(0.6) 1(0.2)
INERRTERL Psathyrellaceae 3(1.8) 6(1.4) ¥Rl Gloeophyllaceae 1(0.6) 1(0.2)
21457} Russulaceae 2(1.2) 28(6.4) S E ARl Cantharellaceae 2(1.2) 4(0.9)
IR} Tricholomataceae 4(2.4) 8(1.8) Bt <E} Lyophyllaceae 1(0.6) 1(0.2)
4R BL Schizophyllaceae 1(0.6) 1(0.2) RZF} Ganodermataceae 1(0.6) 5(1.1)
T8l Helvellaceae 1(0.6) 3(0.7) AHA} Auriculariaceae 1(0.6) 2(0.5)
UZFLER} Fomitopsidaceae 1(0.6) 3(0.7) AW R} Boletaceae 2(1.2) 6(1.4)
13k B A} Physalacriaceae 3(1.8) 5(1.1) BRI FF Strophariaceae 4(2.4) 6(1.4)
I F} Stereaceae 1(0.6) 2(0.5) AN HEEF Suillaceae 1(0.6) 5(1.1)
DA Agaricaceae 9(5.4) 31(7.2) WAL Clavariaceae 2(1.2) 4(0.9)
22 HF} Cortinariaceae 1(0.6) 2(0.5) M HE BBl Paxillaceae 2(1.2) 2(0.5)
/NGB Mycenaceae 2(1.2) 3(0.7) /N A=) Marasmiaceae 4(2.4) 9(2.1)
5 FLTEAR} Hymenochaetaceae 2(1.2) 2(0.5) K 15 TR} Bankeraceae 1(0.6) 1(0.2)
2N Morchellaceae 1(0.6) 1(0.2) HLEHE} Tremellaceae 1(0.6) 1(0.2)
fiff J2 hEh I BL Sclerodermataceae 1(0.6) 3(0.7) JRTE T4 Bl Phanerochaetaceae 1(0.6) 1(0.2)
5t 25 FF B RF Gyroporaceae 1(0.6) 1(0.2) HIE AL Hydnangiaceae 1(0.6) 3(0.7)
4 fLIER} Meripilaceae 5(3) 5(1.1)

5.2 YIRhsz B

Wt iR Wa R B AMOL SR S RPEN J7 1, S5 ST B bR R 2 IR BRsa b S OB i) , % 1
ARAE R R L 2 AR BE A S PR3 PP S AT T P (68,38 9) o MR8 W IR i IR A KR
FLR A BIfERN 4 B, Az IXORBY B RSP ET 0.92% s Mafafh 34 B, 5% XY LB SF BT 7.82% ; iUdF
74 Tl FZIX RV LAY 17.01% ; %4l 63 i, (5 I IX R L RS BHY 14.48% , FIT, AR 961 f b G
FERD 2% DRI FCTR B BRI LU 151, (B AN B 22 R R 22 Al A A= AR B0, PR DA 3 IX s Ak A2 I A
DX AEARH XY 25508, 78 N R S IR SRR SRS T % X T BV Z 1O R A Rl | DX
PR R R (AR BOR A REF Amanita pallidorosea M A HH Sk % Agrocybe salicacicola 1 1E + 7 1 7
Crucispora sinensis I ZR AR B Entoloma shandongense JRARAR: Hydropus floccipes W /N Mycena metata i85
W T fL I Postia gloeocystidiata ), PR I SRR A B T YRR B X R R T AL R IR RG AL A%
1 B AR5 1) R A 1A A5 R e B AT 8 5 S T IV IR A A T2 A B 0l RN A B, B I (] ) 4F
¥, ENTRVF s A Ef . X T HRTAL 3G FE SRS AP A, 7 ZARYE A R A LR o
PERBUSEHL IR 75 w8 AT S MR 75 R A , PRI AR G AR AE AL . 53 O s ARG A (0 A A7 PR 5%
ARG IIRE , R ORI U2 B o 14 B 2R A
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Table 8 Evaluation of endangering status of species

Number of

Fif

Species

U 221

Endangered grading .
species

. 4 Ganoderma lingzhi , Lactarius deliciosus ,Morchella esculenta , Russula aurea , 331 4 Ff
Endangered species

Agaricus dulcidulus ,Agrocybe farinacea ,A. salicacicola ,Amanita esculenta ,A. fritillaria ,Armillaria mellea ,
A. tabescens, Cantharellus amethysteus, C. cibarius, Chroogomphus rutilus, Clavulina cinerea, C. rugosa,
i 555 34 Crucispora sinensis, Entoloma coelestinus , E. shandongense , Lactarius camphoratus , L. chrysorrheus , Lepiota
Vulnerable species castanea , L. erminea, Leucoagaricus americanus, L. excoriatus, Melanoleuca melaleuca , Ramaria stricta,
Russula delica, R. flavida, R. integra, R. rosacea, Stropharia rugosoannulata f. lutea, Suillus bovinus, S.

granulatus ,S. luteus ,S. viscidus , Volvariella murinella , Xerocomellus chrysenteron , 3531 34 Ff

Agaricus comtulus, A. subrutilescens, Agrocybe praecox, Amanita castanopsidis, A. hemibapha, A.
pallidorosea ,Antrodia hingganensis , Artomyces pyxidatus , Boletus fraternus, B. ornatipes , B. subtomentosus ,
Bovistella  sinensis, Cantharellus lateritius, Chroogomphus roseolus, Clavulina coralloides, Cortinarius
purpurascens , C. sanguineus , Craterellus cornucopioides, Entoloma cuspidiferum , E. rusticoides, Gerronema
albidum , Grifola frondosa, Gyrodon lividus, Helvella atra, H. macropus, Hydropus floccipes , Irpex lacteus,
Laccaria amethystea, L. laccata, L. tortilis, L. flavidulus, L. fuliginosus, L. gerardii, L. hatsudake, L.

(R

. . 74 hygrophoroides , L. piperatus, L. subzonarius, L. wvidus, L. vellereus, L. volemus , Laetiporus sulphureus
Lower risk species

Lepiota brunneoincarnata, L. kuehneriana, L. squamulosa , Leucoagaricus leucothites , Loreleia marchantiae ,
Lycoperdon asperum, L. perlatum, Macrolepiota procera, Mycena metata, Naematoloma fasciculare,
Perenniporia fraxinea, Pholiota adiposa, Pluteus leoninus, P. nanus, Postia gloeocystidiata, Rhodocybe
popinalis , Russula amoena ,R. cyanoxantha ,R. delica,R. densifolia ,R. integra,R. mariae,R. nigricans,R.
olivacea ,R. rosacea, R. sanguinea, Strobilomyces confusus, S. strobilaceus , Stropharia aeruginosa , Suillus

placidus , Tricholomopsis rutilans , Typhula subsclerotioides , Volvariella gloiocephala , 2647 74 Ff

Agaricus abruptibulbus ,A. arvensis, A. augustus, A. campestris , A. silvaticus , A. silvicola, A. subrufescens,
Amanita vaginata , Asterophora lycoperdoides , Auricularia auricular - judae , Auricularia polytricha , Bankera
Sfuligineoalba , Calvatia craniiformis, Cantharellus minor, Ceriporia lacerata, Clavulinopsis fusiformis,
Conocybe filaris, Coprinellus micaceus, C. radians, Coprinopsis cinerea, C. friesit, Coprinus comatus,
Cordyceps militaris, Cordyceps pruinosa, Crepidotus mollis, C. sulphurinus, Entoloma rhodopolium ,

LR 63 Flammulina velutipes, Ganoderma applanatum, Gymnopus androsaceus, G. confluens, G. dryophilus, G.

Safety species erythropus , G. peronatus, G. castaneus, Hohenbuehelia reniformis , Isaria farinosa, I. japonica,l. sinclairit,
Lepista nuda, L. sordida, Lyophyllum semitale, Marasmiellus ramealis, Megacollybia platyphylla,
Melanoleuca cognata ,M. grammopodia, M. stridula , Mycena alcalina, M. corynephora , M. pura, Panellus
stipticus , Phellinus gilvus, Physisporinus xylostromatoides, Pleurotus ostreatus, Pycnoporus sanguineus,
Rhodocollybia butyracea, Russula senecis, R. wvioleipes, R. wvirescens, Schizophyllum commune, Trametes
versicolor , Tremella fuciformis , Xerula radicatas , 311 63 F

5.3 RS RAP PN B E

KAVE YR SR GO0, 3R 9 FTLVE i X KBV B W — AR DR A 7 B, b iz XS R
1.61% , .- R ¥ Ganoderma lingzhi | WNFLIE Lactarius deliciosus . 2F-J 7 Morchella esculenta F8 85 2145 Russula
aurea 5§ 4 NFPIE AT B 2B HE TSGR EE T IR ), P A FLEs L. deliciosus F B ZL45 R.
aurea F&= 4N TH R B, MO BEWE N T AR B BB A K8 T Amanita pallidorosea . IR %8 3% W 18 Cantharellus
amethysteus . "P [E 241 Crucispora sinensis | |11 /¥4 B Entoloma shandongense 2 IR FhFIZ D X R AT Ff
AR 25 B IR KRBV B B 5.75% BN Armillaria mellea REEINE A. tabescens FUI
EAET4E Chroogomphus roseolus % 55 FLA4- FF B Suillus bovinus SSARFLAE TR S. granulatus, —RARTYIFIAH
33 Flt, I XK AL EL YR SRR 7.59% , B R IRNA 110 B, (5% X KA LR SRR 25.29% , K
BRI SR DCH DR O AL 2 | 52 FUARIRME AN TS BORh2E . DL5e i O Rh e 32 202 DI A Y fR37 i
(EANSE I  JRTE Wi A R BL il AR T AT 3l T H0A A AR EREE (0 52 a4 s ) — Fh bR PR ORGP, 2
WG S (HIF A S 2 2 IEA G
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Table 9 Evaluation of conservation priorities for threatened species

. P Hcd
(S el Fif
. . Number of .
Classification of species . Species
species

— 7 Ganoderma lingzhi , Cantharellus amethysteus , C. cibarius , Crucispora sinensis , Entoloma shandongense ,
The first class conservat ion Lactarius deliciosus , Russula aurea ,3t31 7 Fif
Amanita pallidorosea , Armillaria mellea , Armillaria tabescens, B. fraternus, B. ornatipes, Cantharellus

minor , Chroogomphus roseolus, C. rutilus, Lactarius chrysorrheus, Lepiota kuehneriana, Morchella

S

. 25 esculenta , Ramaria stricta, Russula. cyanoxantha, R. delica, R. flavida, R. integra, R. rosacea,
The second class conservation

Stropharia rugosoannulata f. lutea, Suillus bovinus, Suillus granulatus, S. luteus, S. placidus, S.
viscidus , Typhula subsclerotioides , Xerocomellus chrysenteron , 331 25 F

Amanita castanopsidis , A. hemibapha , A. vaginata , Asterophora lycoperdoides , Boletus subtomentosus ,
Cantharellus lateritius , Craterellus cornucopioides, Entoloma cuspidiferum, Gyrodon lividus , Laccaria
gl 3 amethystea L. laccata, L. tortilis, Lactarius flavidulus, L. fuliginosus, L. gerardii, L. hatsudake, L.
The third class conservation hygrophoroides , L. piperatus, L. subzonarius, L. wvidus, L. vellereus, L. volemus, Lepiota squamulosa
Loreleia marchantiae , Russula densifolia ,R. integra ,R. mariae,R. nigricans,R. olivacea,R. rosacea,

R. sanguinea , Strobilomyces confusus,S. strobilaceus , 371 33 Fli

Agaricus abruptibulbus ,A. arvensis ,A. augustus,A. campestris ,A. comtulus ,A. dulcidulus ,A. silvaticus,
A. silvicola ,A. subrufescens,A. subrutilescens,Agrocybe farinacea,A. praecox,A. salicacicola , Amanita
esculenta ,A. fritillaria , Antrodia hingganensis , Artomyces pyxidatus, Auricularia auricular —judae, A.
polytricha, Bankera fuligineoalba, Bovistella sinensis, Calvatia craniiformis, Ceriporia lacerata,
Clavulina cinerea, C. coralloides, C. rugosa, Clavulinopsis fusiformis, Conocybe filaris, Coprinellus
micaceus , C. radians , Coprinopsis cinerea ,C. friesit , Coprinus comatus , Cordyceps militaris , C. pruinosa,
Cortinarius purpurascens, C. sanguineus , Crepidotus mollis, C. sulphurinus , Entoloma coelestinus , E.
rhodopolium , E. rusticoides , Flammulina velutipes , Ganoderma applanatum , Gerronema albidum , Grifola
frondosa , Gymnopus androsaceus, G. confluens, G. dryophilus, G. erythropus, G. peronatus, G.
RIS 110 castaneus , Helvella atra ,H. macropus , Hohenbuehelia reniformis , Hydropus floccipes , Irpex lacteus , Isaria
The delayed conservation farinosa , 1. japonica, I. sinclairii, Laetiporus sulphureus, Lepiota brunneoincarnata, L. castanea, L.
erminea, Lepista nuda, L. sordida, Leucoagaricus americanus , L. excoriatus, L. leucothites , Lycoperdon
asperum , L. perlatum , Lyophyllum semitale , Macrolepiota procera , Marasmiellus ramealis , Megacollybia
clitocyboidea , Melanoleuca cognata ,M. grammopodia ,M. melaleuca ,M. stridula , Morchella esculenta ,
Mycena alcalina, M. corynephora, M. metata, M. pura, Naematoloma fasciculare, Panellus stipticus,
Perenniporia fraxinea, Phellinus gilvus, Pholiota adiposa, Physisporinus xylostromatoides, Pleurotus
ostreatus , Pluteus leoninus, P. nanus, Postia gloeocystidiata , Pycnoporus sanguineus, Rhodocollybia
butyracea , Rhodocybe popinalis, Russula amoena , R. senecis, R. wvioleipes, R. virescens , Schizophyllum
commune , Stropharia aeruginosa, Trametes versicolor, Tremella fuciformis, Tricholomopsis rutilans,

Volvariella gloiocephala ,V. murinella ,Xerula radicata , 3t 110 Fh

6 Zig

3 1o 9 A R A ) SR AL & B A B 2 U 182 Ab L SR JE T 39 BE,80 J& , P 123 Fh, R AL
1) 28.28% , 24 T 90 Fft , i AP L1 20.69% , Hor BF A= 52 5y HLE AT 60 P, 7 SRR 13.79% , o5 £ 25 TR &
B 32.97% , FEHAEER 175 FpEA I B A KA B UEF T T Wi fE AR B AP SR B VRN .

FRE LA A Py IS RE DL S R RN BB ST T 1 25 B R AL E R B W2 AR SRRt T IR A K
BRI OE SO B PPA A 2R | R R 2 R 53 4712 ( AHP ) R 30 % AR 45 G 10 05 200 72 A DA J2 R EH BR AL
AT T IR KA E B YR 00 WG S5 AL SR F PN AR (V, =0.650 , i fE P ;0.650=V,
=0.550, fEfEFl;0.550=V, =0.440, FEFN ;0.440 =V, G 4F) , AR AR AER & X400 78 % L X /Y 175 Fh

LR KA B R fE A BE AT T VAN, I A Wifa 4 B, 5 X KA BT R 0.92% 5 Jifs fe
34 Flr, A% X R BT SN 7.82% ; USSR 74 B P X R B ECTR ALY 17.01% 5 %4 Fh 63 Fft, (%X
KIWE P S 14.48% , —AR R 7 B, i IXEFELT 1.61% , AR IR 25 Flr, A IX R
B PR 5.75% , AR IR 33 Bl I IXOR BB YRR SRR AR 7.59% TR IR 110 B,
12 X KR LB R 25.29%
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ASHIFIE I 0F L AR A A Y R ) R BB TR B PR A S48 1 IR B A B R B W R Z AT B
il R — R 58 3 KA B YR S L e R PR IR 2R X6 LU 7R 4 DR A8 L TR 9 VR A A T I ) A 285 1)
RO T 2B AP, S A5 LU AR R B LT B IR O AP A5 SR T SR AR 4K . [R5 b e el 710
AR BARPREE A BT, BT B U570 A1 M7 B, 26 ORS00 A A DR AR AR X
FE4 TG WIF ST AT XF LU 2R 48 B AR B 2 TR P e W A L Se R Wl O i LUl b 08 3 0 S b DR 5 AR S 5 1Y
T AT R
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