PEALAL 22 4R . 2023,43(12) :2140-2148
Acta Bot. Boreal. -Occident. Sin.

doi:10. 7606/j. issn. 1000-4025. 2023. 12. 2140 http://xbzwxb. alljournal. net

552 70 A 1 5T ¢ foT 23 Bl XL O
WMTHRHREHEIXR

IS AN RN SN D& I Ty

(1 JLPE IS K2 A ARl 220 8 B 33002252 YLPG IR A2 A HriliR shao . 1 5 33002253 BJe 114 Boif M KR 44 1 X A 4%
PRI IXAE B 01 2%, OB VLAEFHT 15709954 YL PG IRAE K24 86 FH IR Hb 5 i SR A X L B B H TSI E .M B 330022)

OE BT R M T A T O O A L SR G M T AR B S O e s R KRS R G S A X R
VAR AL TGOk B R AN R AT AR AR A A R A A N S SR ALY 53 B 126 J8 292 Al R AR R
MR o M R X R B . S5 R R (DB JOl T 3 R ZR AR SE LW R R N R R b
Y%t H L 3 106 J8 (5 B8 B 84. 13 %) 152 Fh (A 8L 52. 05 %) 5 (2) K R MUE A 43 36 11 Fh, 6 I 2 A 5 32 1R
(49.12%) KW R 2 (21. 55 %), A E R AT 43 A5 45 = (8. 48 %) s (3) HiL T ARk op [ 4 A & B8 Al iy T By “db &
DALk Sy 388 8 306 A T 85 5 COBRIAMI Ll Dt R B 5 B0 0 K L 2 £ &5 8 A X R A UM B v . b4, R 3R
TR EEAEY 7 A BB KL DR AR E BEAT Y X R Y BRSO R IR R AU A AU IR T
B, SR AFAR ) X R ELAT TR S 7 sk DR TR, 5 2 L o 55 0 1 £ 2 8 0 S b TR RR A R B A O i S AR LA
) 38 A BT

KR B A KR M IR Ll O s H R AR T E A 4 A

RESES.: QI48.5;Q949. 35 NEERERG: A

Bryophytes Flora of Underground Forests in the
Craters of Jingpo Lake World Geopark

ZHU Tingting' , CONG Mingyang”" , LI Yongkun®, YANG Wenjing', LU Shunbao'
(1 College of Life Sciences. Jiangxi Normal University, Nanchang 3300222, China; 2 Analytical and Testing Center, Jiangxi
Normal University, Nanchang 330022, China; 3 Management Committee of Jingpo Lake Scenic Spot Nature Reserve in
Heilongjiang Province, Mudanjiang, Heilongjiang 157099, China; 4 Key Laboratory of Poyang Lake Wetland and Watershed
Research, Ministry of Education, Jiangxi Normal University, Nanchang 330022, China)

Abstract: The craters of Jingpo Lake World Geopark breed rare primitive underground forests. This study
provides important data for improving the origin of bryophyte floristic geography of volcanic ecosystem in
China. Based on previous field surveys, specimen collection and species identification, it is known that
there are 53 families, 126 genera, and 292 species of bryophytes. The methods of hierarchical cluster anal-
ysis and principal component analysis were used for exploring the floristic geographical characteristics of
bryophytes. The results showed that, (1) the monotypic and oligotypic genera of bryophytes were domi-
nant in the underground forests in the craters of Jingpo LLake World Geopark, with a total of 106 genera
(accounting for 84.13% of the total genera) and 152 species (accounting for 52. 05% of the total species).
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(2) There were 11 floristic geographical components, of which the north temperate was the dominate com-
ponent (49.12%), followed by East Asia (21.55%), and the third was Endemic to China (8.48%). (3)
Endemic to China bryophytes in underground forests mainly spread along the “North line” through moun-
tain ranges. (4) The similarity of bryophytes flora was the highest between underground forests in craters
of Jingpo Lake and volcanic lava platform of Jingpo Lake. Additionally, seven threatened bryophytes were
discovered. In short, the main characteristics of the bryophytes flora of underground forests in the craters
of Jingpo Lake were ancient origin, complex composition, significant north temperate properties, and had

a profound historical origin with the East Asia. It was a refuge for Endemic to China, rare and endangered

bryophytes attribute to the superior microhabitat inside the volcanic cones.
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bryophyte; floristic geography; crater; underground forests; Endemic to China

BT Sy R B I TR SRR I R O ZD RS (Pinus
koraiensis Siebold et Zuccarini) , & H & M #4 (Lar-
ix olgensis Henry) ., ¥ M (Tilia amurensis Ru-
pr. ) A K[ Picea jezoensis (Siebold & Zucc.)
Carriere |, #t B (Phellodendron amurense Rupr.) .
KM CFraxinus mandshurica Rupr. )5,

o FHLES

Plot information
0 105210 420 630
[ == —)

ﬂ»:g’;g - :%

BT BRIt B A B 4 A kol O R A B R R E
Fig. 1 Location of four craters in Jingpo

Lake World Geopark

1.2 HRAE

2017 £ 8 H & 2019 4F 9 H FEeiAI kil b
AR BT AN A LR AR 3 622 1 B &R AR A,
Loy e S SR B T 53 B 126 & 292 B, 4K
B PR R A RO R o T A ARG S AR AT N
SR A 0 A5 K] o S AR ) X R M ER Ay . K
A& Y o3 A A8 Oy 4RI b B R S SRR AT B A
EREE 1T AFIE X (R DY T X R L
R(FER) X 12 M58 X AT 20 R 007 .
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K M PCA Z 43 43 Hr (principal component
analysis) X B BEHL Y X 7 A5 B 2 b 3, 8 IX R 35
G B &R T 4 ], 48 7 5 HAR T 58 X Z 8] X &
FGKFR., KA RIBT 4.2.2 A,

Fep TR AN

Fp=(Fy/T)X100%
K Fo MEXRPE ¢ A B AL 4> 19 9 Fh A
T HEX R PR EEGE, AT REHEER mFp

2 ZER 558

2.1 BHBENT
BEYAIE I R FRARE B A A s T R4l 4
AL B K@ (R =10 i) P& (4~9 F VB RD
JE2~3 M) Mg )R 2), Hi, mE
R 72 JEm(EBRE 57, 14%) s E R R 2 L 3t
34 J& (BB EL 26, 98%0) s TR B A =, 3% 16 J& (i 4
JEE 12. 7090 K& & L 0 4 J& (N B8 L
3.17%) . AT UL, R R SE R JE 7 4 6, 2 106
J& (i R % 84. 13%0)152 Fh (5 M A% 52. 05%)
F2 EHMHRMRARE AL O TR
BHEYENAR
Table 2 The genera composition of bryophytes of the

underground forests in craters of Jingpo

Lake World Geopark

J& Genera Fh Species
B39
Grade g 5L B figa
Number  Ratio/%  Number Ratio/%
KJ&E Large genus 4 3.17 54 18.49
H1 )& Medium genus 16 12.70 86 29. 45
SRR 34 26. 98 80 27. 40
Oligotypic genus
M E(i'ﬂlﬁ 72 57.14 72 24. 66
onotypic genus
#11 Total 126 100. 00 292 100. 00

2.2 RRMIBRSHEKS

BV K L 1T M AR bR SR TR 4 11
X RIS (R 3) . Horp dUIR A 0 A o L
w139 B, 49. 1290, K W4 fi ez (61 Fi,
21.550) A 0 A 3 = (24 7.8, 4890) .

G Hi 2 8 T X R bR A3 Y 8 #E A A I
9 Fifr, W4l 4x B BE[ Polytrichastrum alpinum (Hedw. )
G. L. Sm. ] ¥M-#E[ Distichium capillaceum (Hedw. )
Bruch & Schimp. ], /N f1 # (Weissia controversa
Hedw. )%,

AC AT 3 A 2 B T % X R 3 o3 1Y & SR AR )

139 Fh, 4n oML P 7% Bl & [ Schistidium strictum
(Turner) Loeske ex Mirtensson |36 H&E(Tricho-
stomum brachydontium Bruch)%§,

R Af < B T X R R oy Y A AR A 3t
61 Fh, wn il 8 & £ i 28 fh [ Arrichum undulatum
(Hedw.) P. Beauv. var. gracilisetum Besch], i
m- gl B &8 (Dicranum lorifolium Mitt. )54,

o R A G AT 2 B TR DX R b B A3 1 B A
Wy 24 B, dnpke i 28 Bk BE (Eurh ynchium coarctum
Mill. Hal.) /N ZE B EE [ Eurhynchium filiforme
(Mill. Hal.) Y. F. Wang & R. L. Hul%:,

AR R AL 3 8] W7 53 A1 2 8 T X AR b B A 43 1Y
BRI 15 B, B G & [Wiesnerella denudata
(Mitt. ) Steph. |25 M F 45 # [ Pylaisiadelpha te-
nuirostris (Bruch & Schimp. ex Sull. ) W. R. Buck],
H EREE[ Brothera leana (Sull.) Miill. Hal. 15,

A YN 43 A1 - B T X R Hb B AR 43 1) & B A
Wy 15 Fh, N L 0E & (Warburgiella cupressinoides
Miill. Hal. ex Broth.).Z 3 5 ¥ # (Regmatodon
orthostegius Mont. ) . T ¥ /)N 57 &% | 28 Fh [ Broth-
erella nictans (Mitt. ) Broth. var. nictans |5,

x3 FRABMHRMRAEANLOMBTHRAEE
HEYX RIS H K
Table 3 Geographical composition of bryophytes
flora of the underground forests in craters of Jingpo

Lake World Geopark

F Species
e X 2R Hb B
No. Floristic geographical elements Bt 5
Number Ratio/ %

1 A 4 Cosmopolitan 9 —
2 Jb iR A7 43 % North temperate 139 49.12
3 ZRV 434 East Asia 61 21.55
4 [ 4776 43 4i Endemic to China 24 8.48

42 al

AR W 0L 35 18] W 43 A1 :
o East Asia & North America disjuncted 15 5.30
6 7 M 43 A7 Tropical Asia 15 5.30
7 1Z #4543 4 Pantropical 9 3.18
8 IH i $LE AT 04 Old world temperate 8 2.83
. S S W S5 K 31 A,
Tropical Asia to tropical Australasia C
10 |H 1 % #4715 430 4 Old world tropics 3 1.06
. S 25 AT 1 L o

Tropical Asia to tropical Africa :

B3t Total 292 100. 00

SRS HEAE A

Note: The cosmopolitan element is not included in the percentage.
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RGO A B TR IR M B R 1 SR A )
9 Fh, UNEMAEE[ Her petineuron toccoae (Sull. &
Lesq.) Cardot], % M4 B &% [ Ditrichum difficile
(Duby) M. Fleisch. ], B. W& kT # [ Plagiomnium
rhynchophorum (Hook.) T. J. Kop. 1%,

IH tH B 43 A0 2 JE T3 X 3R Ml 3 A ) 1) 5
YL 8 B, A0 AR #E (Plagiothecium neckeroi-
deum Bruch & Schimp. ) . £ 31 K& [ Rhodobry-
um ontariense (Kindb. ) Paris ], KB &£ Brachythe-
cium populeum (Hedw.) Bruch &. Schimp. ]%,

A W 2 Bl N 4 A - 8 T X B
WG EEAR Y S 8 i, i S i AL & B [ Meteoriop-
sis reclinata (Mill. Hal. ) M. Fleisch. .1 B H P
#E (Trichosteleum stigmosum Mitt. )55,

IH PR A3 A0 2 8 T2 X R M 3 A 3 1Y) 1
FE) I 3 Fo, AL Z AL 88 [ Ha plohymenium pseudo-
triste (Miill. Hal.) Broth. |.JE/Ns X #E[ Pogona-
tum urnigerum (Hedw.) P. Beauv. ] FIHt ¥ /N7
#E (Weissia edentula Mitt. ),

FRA Y 2 R R W oA 2 S T X AR B A
I3 B E EEAE AL 1 B, BURE €45 8% [ Semato phyllum
phoeniceum (Mill. Hal.) M. Fleisch],

25 20 15 10

2.3 HEHESTEHEYIBRESW

TEREAT A B R R I 2k A 3
(D e SRl ERB BRI EEK
FIIX 5 (2)“H 2R, il 3 2 P A 1 X 28 P L A |
VO W VLU B AR & v B AR R W LD X (3D R
287, h B I BME i X 20 B BT L X 3k /5L BEIA
WK LU MR AR AR b R o A B e A AL 24 B
TBHETEER IR EHBERGE D,
2.4 EHMARREHEYREFLEXER

I3 2B HAE R BoR 12 BFSE X AE B R
B 14—15 by 2 (K 2), B —d BRI
BEYA T Ll H R AR AR BB R VLRI W K LG A
M BEVG AR R E R G AR X L AR R L
52t AR DL JR v | B T A 3 S 300 A
ST 22 WA HE SR AR X 5 A SR VIV L
L R SRR XL W T3 T 0 R e [ SR AR
XTI PG U3 L E SRR P XL E DR B [ % AR
P4 X R O Ve B

FERRICHE B O 1 AL, BEIE M0 Aol b R /AR S
BRI s A G IE B i . PCA HEIP 45 RS
Y ERIHTEE R — B 2 A A FRAE(E R
TRk Z K 90. 67 % (A 3),

0
I ST LA ol 3 F AR

Underground forests of Jingpo Lake in Heilongjiang

Ly MR- e DI o gy )
Volcanic lava platform of Jingpo Lake in Heilongjiang

R - TR R R R R X

Niubeiliang National Natural Reserve in Shaanxi

Jem AR
Dongling Mountain in Beijing

P T G URD Hl

Hulunbuir sandy land in Inner Mongolia

Ly 21Eiv et PN

Waudalianchi new-period volcanos in Heilongjiang

P T 22 40 iV AR X
‘Waulanba-Shipenggou Nature Reserve in Inner Mongolia

TV Ll B % 5 AR X

Jiulingshan National Nature Reserve in Jiangxi

B Uil ] 5% B AR R X
Qingliangfeng National Nature Reserve in Zhejiang

TP LD A R R X

Jiulianshan Nature Reserve in Jiangxi

HE KB EZRZEBRRF X
Dabashan National Nature Reserve in Chongging

TR PR

Yuexi county in Anhui

B2 12 DATIEIX E AR Y X R R R

Fig. 2 Hierarchical cluster analysis of bryophytes flora in 12 study areas
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a. PRI TLBEITH) S 3R AR AR b, IR VLI W K & A B i
o BRVTAERERBARMT X d EEHRR I e W
A DR v b 5 £, B VL RG% WoBr 9 ls gL P58 1 22 300
A A SRARIP X s he VLG LA I E KK A SRR X5 . Wi
T A [ KR E AR X J LR LI I B AR X
k. ERREINEZRH AR X LLZRUETEE.

B3 12 MR IX H S P IX R PCA Hi ¥
a. Underground forests of Jingpo Lake in Heilongjiang;

b. Volcanic lava platform of Jingpo Lake in Heilongjiang;

c. Niubeiliang National Natural Reserve in Shaanxi; d. Dongling
Mountain in Beijing; e. Hulunbuir sandy land in Inner Mongolia;
f. Wudalianchi new-period volcanos in Heilongjiang; g. Wulanba-
Shipenggou Nature Reserve in Inner Mongolia; h. Jiulingshan
National Nature Reserve in Jiangxi; i. Qingliangfeng National
Nature Reserve in Zhejiang; j. Jiulianshan Nature Reserve in
Jiangxi; k. Dabashan National Nature Reserve in Chongqing;

l. Yuexi county in Anhui.

Fig. 3 PCA ordination of floristic spectrum of

bryophytes in 12 regions
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