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Studies on the Diversity and Vertical Distribution of Bryophytes
in Pingdingshan of Xiaoxing'an Ling
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Abstract: [ Purpose] Studies on the diversity and vertical distribution of bryophytes in Pingding-
shan of Xiaoxing'an Ling were carried out so as to provide a scientific reference for ecological restor-
ation in the area. [ Method ] Based on the investigations of bryophytes on eight different altitudes
and vegetations, the composition of bryophytes and the effects of vertical distribution on their di-
versity in Pingdingshan of Xiaoxing'an Ling were studied. [ Results ] (1) We recorded 107 species in
total, including 91 mosses (90 species and 1 variety) and 16 liverworts, which accounting for 31.60%
and 12.21% that of the Heilongjiang Province respectively. (2) The dominant families and genera of

mosses account for 39.07% and 37.21% of the total. The dominant families and genera of liverworts
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account for 64.29% and 42.86% of the total. The diversity of tree moss is the highest at 0 m from the

ground, with a total of 18 species. (3) a-diversity analysis showed that the maximum at 989 m of

Shannon-Wiener index was 2.63, and the minimum at 304 m was 0.75. Pielous uniformity index is re-
latively stable, from 0.27 to 0.72. (4) The analysis of the B-diversity showed that the largest differ-
ence between the two places of 810 m and 1 429 m is £.=50.00 and £;=2.00. (5) Seventeen major

ground bryophyte species were divided into three groups according to CCA analysis (canonical cor-

respondence analysis). [ Conclusion ] The species diversity of bryophytes in in Pingdingshan of

Xiaoxing'an Ling is rich, and species diversity shows bimodal variation with altitude. The distribution

of bryophytes in the middle and low altitude mountains is positively correlated with disturbance.

Keywords: Pingdingshan; bryophytes; species diversity; vertical distribution
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Pielous ¥ 2] EFRAL (Jyy) RVFHEDIFIIY 22 B2 5)
AR SRR

Jy = [_ Z PilnPl-] /InS (2)
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2 BRE5ZH
2.1 REBEHEHT
2.1.1 M & sEE A AR E

ZME, WIFEIX L 100 F (5 A8 R Hiu T 75 &%
Ty, R #EESE 85 1 AR AR E T 22 1 50 J&
BRUUMPET IR 108, & 1AH: g
He  (>3), X # Bl (Hypnoideae). Ml - #F Fl
(Amblystegiaceae) . #&4T#¢F} (Mniaceae) Fl 35 &f
Bl (Hylocomiaceae) 4 1~ ff # B} 40 & Hb a5 38
57.14% WJg s LIRPHERS (>5), $RITEERE . Sk s¥
B} (Polytrichaceae) . [ffl FE#£#} (Dicranaceae), JK
#ERL . #EFFR (Sematophyllaceae). MIITEERLFIE]
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Tab. 1 Dominant family and genus of ground mosses in Pingdingshan

DU HE 1 35 a3 DAFHE AR H5 R Firdi>5 DA HE A 34 ) >4
donmiant family genus donminant family species dominant genus species
JKEEF Hypnoideae 5 AT #E £} Mniaceae 11 ‘BT #E )& Plagiomnium 5
M-8 £ Amblystegiaceae 5 4 R #E R} Polytrichaceae 9 YHE#¢ & Entodon 5
PAT#E R Mniaceae 5 il R #¥ R} Dicranaceae 8 /N R Pogonatum 5
13 R Hylocomiaceae 4 X% %} Hypnoidae 7 F6EJE Thuidium 5
#3#¥ %} Sematophyllaceae 7 ¥ #% J& Drepanocladus 4
it #£ R Amblystegiaceae 7 %8 Brachythecium 4
PI## %} Thuidiaceae 7 ih B &%) Dicranum 4
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&£} (Thuidiaceae) 6 L HEL (5 Hbu T EE S Fh AT
65.12%, LA AR T L &4 Py 10 O 5 3214
HrREERE . Mt EE RPN KT EERL 3 B AT A
[ 30.61%, i EERFIEY 39.07%, Tt LR
HeF i & AR HE P A 2 L3R, DEJm 4 i &
fT#E )& (Plagiomnium)., ?A#%J& (Entodon). /N4:
K EEJE (Pogonatum) ., PVEEJE (Thuidium). i #E
J& (Drepanocladus). & #EJ& (Brachythecium) Fil
FE#E)E (Dicranum), HEZEFEN 37.21%,

ABIF5E DX IR & R YA X B, Hofy
SEHMUEI 1 AP, X — &l T fh
AREEX, J5— T ELE PR
b, AGHEM., k2. iR JRHET
W EVFHET , 2 EF} (Lophoziaceae) FIR &
Bl (Jungermanniaceae) AR =L #FL, A B0
54.55%, B AR 64.29%. T H R o> B
o, AWM EJE (Scapania). P4 & J& (Lophozia)
RUNEE TR (Mylia) 5 & IEFEY 42.86%.
2.1.2 WS BRI

A AT BEESHL I 0 m &b (B T 3L
W 18 Fh & SE MY b B T 138 17 )8, W Fhix
Z; 08mib 2 F &SI R T 2R 28, ¥
Flvie /b o A ARl 5 b T R RO I, e,
X FHm A2, B E (Porella vernicosa

Lindb.), EHEME&E (Dicranum flagellare Hedw.)
EXE (Metzgeria pubescens Raddi.) . W MR A
[Plagiothecium undulatum (Hedw.) B. S. G.]fIfE&:
FIAEE (Leucodon pendulus Lindb.) {UAER + & FH .
2.2 AFEIGIR I E BT 2 R i

R 2 AR P T0 L 3 AR ) b ST AN [ i
P BE I 2 AR, 4300 S BEAE 478 m A £ i
TAZARAL T 093 m BEHE A SAZIRACHR, 478 m
FEHE (26 J& 35 Fiv) BEVEABIA L2 82%, NITAFE
AR BE =5 1093 m 4b (30 & 43 Fi) AL V%
HBEA B 75%, Sk i A R b R 5 A0S PAD B 1 1 265
2467 2 AHE SN AR 304 FT 712 m b, H:
o712 m FEHBRY F AR/, AL 13 @ 15 Fh, HE
EEE 0 SR A SRR AR AT P A G

H 3 A RPN S SEEY o 24
: 4> #1, Shannon-Wiener 4§ ¢ 7£ 0.75~2.69 2
], Hi 989 m Y f =i oh 2.69, 304 m AL
0.75. 989 m ALAF B A N Me—RLIR AZIRACHK,
M A A, JEHR 4552 1x (11: 53 ),
BN AR 304 m AR A A KRR AR
M, MR A, SERE 390 1x (13 44 &),
NN HRER, 478, 604, 712, 810 F11 1 093 m
TBEY N 172, 141, 1.81. 2.06 112,50, H
. 604 Fl 712 m 5345 SR KN LB S Wb A
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Tab.2 Dominant families and genus of ground liverworts in Pingdingshan

PUBHEF R H R JBHe>1 PAFPHEF AR H R 1 DAFPHE AR5 -1
donmiant family genus donmiant family species domiant genus species
%%} Jungermanniaceae 3 & F} Jungermanniaceae 4 G E & Scapania 2
ZUIH- & R} Lophoziaceae 2 - EFl Lophoziaceae 3 U E & Lophozia 2
A& F} Scapaniaceae 2 INEEEE Mylia 2
20
18F
16 N
14} O FhEK
S12) spe?les
- | JEE
g
= 2 4 genera
| m A
families
4t
Al Tmm BN
0 [ .
0 0.3 0.8 1.1 1.8
1 5 /m
height

E1 TESLHESENSHENE

Fig. 1 The number of species, genera and families at different heights on tree
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Fig. 3 a-diversity of floor bryophyte communities at different altitudes
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BB EE N 40%, FhECR—, FgF e IS
712 m @B A, (AR R L, LR Y
F B BF & . Pielous ¥ A BE 45 B0 #E 0.27~0.74
ZIE, RS EAE—E XS

M 3 AT SFT L BB R Y Be 48 BUTE
7.50~50.00, pBr HEEAE 0.30~2.00, H:r 810 m Al
1429 m ¥ B R BUEI K, B HH 50.00,
pr B A 2.00, FHPFHAYIF 2R BE, [FH—
Fof () B A B . PR HBAE SRR, 810 m AU AR
IR 69%, FEGRRUEF RS, 1M 1429 m
FAE RIS Ay R f) — TR MEAR, AP FEEAIR T 810 m
AbFEHL, P, PIREHBAEA A, 712 m HI
810 m ) B Z FE M 48 B (E & /1N, B fH M 7.50,
Br fH R 0.30, TR b T 45 AH 3T FLYE B G e
I, BARMEPA R A5 R
TRACH, Bl S EER Y A AR (LD
2.3 HEABIFE T
2.3.1 FHIEAHT

M3 4 A1 HBSRR R R R, I

PoAb IR A L M, BEEAE 8.60~17°, HA
604 m b FE e/, AN REUK; ikt Ie
NRFHE, FEAHFIRTEGE, AR AR
K. RMAGHEEEE A o R AR A JE 7E
40%~82%, TRIETE 48%~68% . HET&EETE 10.5~
14.4m, HHb--5% pH (Y2 WM, 7E 3.8~6.5,

Xt 7 AN FE 3l I 855 R 3R AT A OC 4 B R
(F 5): THREE S5 Hu S 2 AR B 52 9030 35 97 A
X, MHERE I N—0.786 F1-0.700; 11 5 i
P HWARHZETY | B RE R S R DG, G
Z 50 0 0524, —0.583, —0.048 F1-0.617;
TS 5 3 55 T R R b 5 21 7R 31 S i i A DG
WEEMDE, MHRFRECH 0.926 1 0.756.
2.3.2 CCA 7 #r

Xt 7 AREHL Y 17 A~ 35 T A R
H& PRI F 1T CCA —4imdr, HEF
ZER N FRE{E N 0462 1, 03860, 0.180 5
F10.160 5, FRMHT MG, HRIE 4 7T 7]
W 28 D F L EEE YR 34, HREZH
BEFOL T = UZRRR,
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R3I TESREEEY p SHMIEBNELSR
Tab. 3 Value of B diversity index of bryophytes at different altitudes

#33/m altitude 304 478 604 712 810 989 1093 1429
304 18.50 11.50 10.50 12.00 23.00 24.50 0.81
478 0.74 15.00 14.00 19.50 26.50 23.00 28.00
604 0.46 0.60 9.00 13.50 22.50 25.00 20.00
712 0.42 0.56 0.36 7.50 22.50 25.00 22.50
810 0.48 0.78 0.54 0.30 20.00 24.50 50.00
989 0.92 0.92 1.00 0.98 1.00 19.50 22.00
1093 0.92 1.06 0.90 0.90 0.80 0.78 23.50
1429 0.66 1.12 0.80 0.90 2.00 0.88 0.94

e N LI REIE N B, FITN Br He
Note: Datas above “\” are ¢, under “\”” are fr.

F4 FHULEBIFERF

Tab. 4 Environmental factors of samples plots in Pingdingshan

o e 1 HhE AT X . VR - ; _—
g Em CUPRR ey e minmee TORRSM g e o
. geomorphic . community . . .
No. altitude slope disturb shade . soil pH humidity vegetation form
type height
K HEAI— AR SR A AR natural
D001 304 1 12 0.5 68 10.5 6.5 68 secondary forest of Fraxinus
mandshurica and Betula platyphylla
6% 212 N Tk plantation of Pic
D002 478 1 17 0.5 82 113 45 65 AP LA plantation of Picea
Jjezoensis
FIHER SR AR natural secondary
D003 604 2 7 0.5 40 12 42 8 forest of B. platyphyla
LA A — [ TR AT ixed forest of
D004 712 1 15.8 0.5 67 12 3.8 67 S — IR mixed forest o

Abies nephrolepis and broadleaf
D005 810 1 8.6 1 69 12 43 62 Bt AR 2 mixed wood

BT —E MR ZZ AR mixed forest of

A. nephrolepis and B. ermanii

% 7 12— MR AS A mixed forest

of P. jezoensis and B. ermanii

D006 989 3 26.4 0 75 13 4.2 60

D007 1093 3 18.4 0 55 14.4 4.6 52

&S5 R 7 MEMIMEEFHEX AR

Tab. 5 Correlation coefficients bentween the environmental factors

HEEH T R HZRA e T FRPEE BEEmEE L pH TR
factors altitude geomorphic type slope disturbance shade height soil pH humidity
IR altitude 1.000
Hb5H 2R geomorphic type 0.583 1.000
% slope 0.333 0.350 1.000
T disturbance -0.350 ~0.786" -0.700° 1.000
AR shade -0.048 0.233 0.0238 0.117 1.000
HEVA =% height 0.926" 0.756" 0.309 —0.504 -0.206 1.000
15 pH soil pH -0.195 -0.060 0.098 -0.060 0.098 —0.264 1.000
2% humidity —0.524 —0.583 —0.048 0.233 0.333 —0.617 0.195 1.000

T e RORIEE (P<0.01), “¥"FIREZE (P<0.05).
Notes: “*** means extremely significant (P<0.01), “* means significant (P<0.05).

I 40 . YO003. J7 4F #¥ [Climacium dendroides I 2H . YO002. 2R &) kT & [Plagiomnium acu-
(Hedw.) Web. et Mohr]. Y006. K JK #¢ (Hypnum tum (Lindb.) T. Kop.]. YO007. £&&PI&E [ Thuidium as-
plumaeforme Wils.), YO009. I ¥ &% [Phytidium simile (Mitt.) Jaeg.]. YO005. Ji FHi#E (Plagiotheci-
rugosum (Hedw.) Kindb.], I & #0155 1+ 1 um neckeroideum B.S.G.). YO015. G} 7 &% [Bra-
pH £dli I IEADC, SHE R AAHE, chythecium rutabulurn (Hedw.) B.S.G.]. Y004. K
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Fig. 4 CCA ordination for 28 major bryophytes and environmental factors in Pingdingshan

W M #% [Plagiothecium succulentum (Wils.)
Lindb.]. YO014. ¥t #1l & &L & [Rhytidiadelphus tri-
Y016 Ll K + #f
[Schwetschkeopsis fabronia (Schwaegr.) Broth.],
Y017. F B #E [Myuroclada maximowiczii (Borszcz.)
Steere.et Schof.]. WZH &5 & 434 5 AR A & S B0 1E
FHOG, 53 pH 2IGAHC,

4 . YO008. JK P & [Thuidium glaucinum
(Mitt.) Bosch et Lac.]. YO001. ¥ #¥ [Hylocomium
splendens (Hedw.) B.S.G]. YOl1. & & &£ (Poly-
trichum commune Hedw.). YO013. 4l -] 4 & #¥
[Polytrichastrum longisetum (Sw. ex Brid.) G. Sm.],
YO012. i fLe &% (Sphagnum oligoporum Warnst.
et Card.), YO010. ¥l B &E (Dicranum fusenscens
Tuurn.), BEA BT SHE L . MR |
PR R IIEARSG, 58 pH, B TR
JERBARL

quetrus (Hedw.) Warnst.].

3 it

INDEE WS T TH L 5 SEAE Y ) b AR PR
B, AU AL R L EAE Y 107 B, Hohag
2590 1 ARFR, [ ERIpVT A #EEA 31.60%, 4
BT 23R 49 J@; HHK 16 F, HIEBEITAD
12.21%, 2@ T 9Ft 13 )8 . Huifi & &¢ 1L 100 Fb
(BG4 AR, K85 1 MR T

28508, X 14MTET SR 10/E. BT
AN K T, Moh s SRR R, 7
TE—E R R A B, (H DR T 3 25 &
%, HS5MEFEMI ., BRI TE 7 R
BEATEM TR B, (HIEANRESE e &R &k
A TFRARAFIE . AU op 2 BRI 3 A 5
A =TT B IAEYRE A NES, EAY
K B—HWETZHIE . SRR T
FEREEE X o AL, DB EEAR P A5 130 N P
F, BERIERMMGR, 68010 TR IR,
A6 75 X A B RS A X B 2

NS B0 & EEAE ) 53 A0 152 ) 5 | A /D2
B, OIS TS R 2 A
PR, (58 B SRS TPl B S R A,
BRI AR LA, I & S Y RS
AR e B R R 2 NI E RS, X R AR ik
TRBEAER B LR, PG BT KBk
%, FEAEARRZEMA T, BAGERAL (304 m)
NG SO, TR RAR, PR
B3N P B A Tk S, 7 478 m Ab Y BLER
1 ANUEEAE, (EAR RE RS ()T R B0ER A R A s
A B, FE 712 m ARG H L X B SR A R
/b R EILX, ATz dEss, HE
FHUHFRA TR, AR A S s, %
Wi B — SR E R FPZE, F] 1093 m AR AAE i ER
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B2 MIEEH, Mo 2R A, Shannon-
Wiener f8450 30 1 28R A8 2 e n i sh, H
WAL 5 m A B A AR 3, HE% 21
WEE H BRAE 989 m &b, AN B A 1 I 45
A, 810m#Aab 5 1429 m bWz REK, F
AT A IR ACHR, J5 & L X A R
— R, , B Z R AE B ) BRI R
PEo 2R EEAEPIT VUK H Il S Y Z AR B
GRS MR . HERNANDEZ
SR AR & b & SR ) 3 A0 R BF ST 4
RN A BN o 2RI T = 2
FRIETEAR S, (hump-shaped pattern), #IFPECIEIE
BCAE B A B 2R RN E . sSSP
R IR E &Y Z PR BT R R
F0) EIHE IR, 5 AT R SRR A T X
X P25 AT RE R HLAE A B F AR S, Ho/ %
LR 2 IR IR AL SO SRR B AR, IR
R PR 0 A AT

SR XA oA RO 22 I A
WEGY, HEEZENER TR AR, BEA
s SIS IS i 1 i DT 2 2 P e el (S VO
HAEM, fEXBRE FEEREAMIEME . -
HE WP TR JOER AR Y Gt R
KA (CCA) XFA[RIFRE I+ 5 F Tl 17 43
BESHEYMF AT, KRR E
B GBI FAATERE G R . T I BRI
FEE Y oA 5 11 pH ORI TR 2 IEAHOG
PR B 5 1 7 2 BE . WSR3 52 B E A
K, UL FIRHA R A TE A 2800 B BT o e,
XIF L8 pH, ZHFREIAMEG, FEEMH
TAYP A B L R /N R, A s ST 3 AR B
FHIT, £ pH $E,  HEE R R MG I8 35 25
o BRI LSNP T A IR DX R 1
Z UANFRREE AR, BARIT AR 4t N T s bk
ME B R G R s R8s, AT
R BSE, UL, 5 17 FEEE&E DA 8 Fh
(R34 5 TR IEAH,

BT, E P ETA RIS A4 A
B, TEARAUE S RN o R v & SRR 1Y) O3 A
RGBS KA, L, TERSR AT
FE PR OGIE A R B BN AR a1
e, DMEN ARSI I EN 2%,
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