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(1. VPR 22 Bt o SR AR A ST T, B 2 i Ll AR AR 25 R Gt 1 K 7 R L I Tl 70 5 e SR AR AR A 0 S B R S B 2, TG 8 9 X v S8 A
MR R IeE, TU MK 8600005 2. PO)IIEHEZ MG, MU iz 625015)

TE: N TRV R LGB AR B 2 R AR T TR, 7Rt 2 TARA R JEat BAF 70 7 (i L vh 3 5 Hbe b

WA PR N IR BRI B« ARRIBR TR AR PR AR & 8 AR W R E . 25 SR I, b T A SR L T AR &5 B A A A P i

e, P35 910.10 g/m?, FUCNEARE(221.90 g/m?), WA HRAK(53.59 g/m?). PREHITE AR & 88 s L AR B de i, 3

559 360.47 g/m?, HIKAMTF(305.51 g/m?), /N AMKZEQ44.11 g/m?); M. PRGABR T 18] i i 2 & 8 A AR =
FALE(P<0.05). WK BAIE, ARE &8 AL AR Y R DU SN 5 kD ka3h o DRI, 7R TG R 8 2 by Ll T AR A

PR F b T AR 25 8% A T AR A A A 2 R

KRB BEHHY: W& EWE: TERaERLL

doi: 10.11926/jtsb.4655

Effects of Bryophytes Diversity and Gap in a Dark Coniferous Forest in
Xizang Sygera Mountain

MA Heping', SHI Yulong?, ZHAO Wenyin', MU Jinyong', LI Jinhang'
(1. Institute of Tibet Plateau Ecology, Agriculture & Animal Husbandry University, National Key Station of Field Scientific Observation & Experiment, Tibet
Key Laboratory of Forest Ecology in Plateau Area, Key Laboratory of Alpine Vegetation Ecological Security, Nyingchi 860000, Tibet, China; 2. Ya’an Forestry

Bureau, Ya’an 625015, Sichuan, China)

Abstract: In order to understand the diversity of bryophytes and their response to gap disturbance in dark
coniferous forests in Xizang Sygera Mountain, the biomass characteristics of epiphytic bryophytes on the ground,
rotting wood and tree in different habitats (forest gap, forest edge, understory) were studied in five plots of
western slope in Xizang Sygera Mountains. The results showed that the biomass per unit area of ground
bryophytes were the highest with an average of 910.10 g/m?, followed by saprophytic bryophytes (221.90 g/m?)
and epiphytes (53.59 g/m?). The biomass per unit area of ground moss in the forest gap was the highest with an
average of 360.47 g/m?, followed by understory (305.51 g/m?), and forest edge (244.11 g/m?). There was a
significant difference in the biomass per unit area among three habitats (P<0.05). Along altitude gradients, the
biomass per unit area of bryophytes grown in forest gap increased at first and then decreased. Therefore, it was
suggested that the forest gap had a significant effect on the biomass per unit area of ground moss in dark
coniferous forest in Xizang Sygera Mountain.
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TR A A R A AL T B Eh 22—,
AR FENE RN, FIRES A ANRAE
SV FAERSUE . — B, YIRSy
WEREIAR A, R — A AR B R . SRR AR
ARG TR E R TR E RN, kW
R TE M55 S R AR R AT ARk 3. BRI AT A
N—EEFIRRERAEIG, T2 BRI L.
BATHR T B AR AR, AT AR
MERE G TN, KRBT B H AR EL R
PR R

FERMET, TIRIBBAMI G, (L
BI85 PR 1 B BT IR A RO e A SO AR Xk ST Y
FAEPH, AR T A B OE PR 52 (R
gik, AR SBRI R, X 4ERAEVE TN
Yok Z A2 B DT, R R AR AR B il
MTPIE, RS N EZWE T, Xk
MAEZS RGN R I A AN AT sk i L
B RS AR A S TR K AL 238
BT, AR TR TRETE R B, BTk
EXTIRN IR, A7 B TR R R 2 A
PERIAERF LA -

VYT 2 R 5 M b 2R W) B R R B R T )
FHE R RIS RGO, B B AE
Vi eV 2 AR B G 7y, R T I AR bR 4
WS R AR R 12 B R AAE AR AR
RGP ZAHE, ERFKD S FRMEH. R
) R ARk A ) 2 e D T LA F AR L,
KIILICK, HEMYEDEMZ RN T
IR ARAC AR B, R R AE S RGBT
PURFAENST. PRI, o v Ll A )RR AR 3T
IR L AR R A 35 2R G AE 4 Rp A2 2 R DA S
FERRM TS A I BAT B2

SR e AR GRSy -3 ek //E 2 e R R o AN
AR, EAE— IR _EX & S 2 A

SN, AR, B RIREIRHT R, A B
POAT RS IR IR AR IR FOMLARD . P DA — SR LT,
& BEREY) A B IR R ) AT A P, H
REAEN IR, BB 2 R 2 2 2
il BEEWEKEITHR, KFKERN, S
MR, A K AN R AL & B A
H/INEST A SRR RN, B 2 1Y
T ANOR I FE TR, T BES £E B 2 1134
B A, RIVM AV Z AR .

& B A 72 VO s 2= R L PR ABRR N M 22 RE
PEEH RS, ek TR R L, B
P PEIAS [FREFHAR FE 1) SR KA A2 (Abies georgei
var. smithi) FRNESRE 5 JUFEth, BT 7 ARG . MREAN
MR BRI AR B A B e, PRI B
Ay an AT o B AR RIAR B T, AR X,
AT AR A B B R R e B BRI S, o
IR G L ARMRA ST AR R AR A6 Bk

1 BRIV

1.1 BFFEX#EA

O ZE R A7 T8RS AT K4 25 R
), JE & A RLARNK, AT 29°35~29°57' N 94°
25'~94°45' E. (LA 2 800 (3 000)~4 000 (4 300) m,
DI, e Ll (s S SR AT R X, BRI AT 2R 4 300~
4500 m LA Al (s R 2T o 52 B RE PRI S
S, X AR PR 1134 mm, 28K & 544.0 mm,
W26 H—9 H, (HAFEKE 90%. F1iR 6.5 °C,
B HAIR 0 C~2.8 C, IR 115 'C~182 C,
TCREH 180 d, AHXFVEEE 60%~80%. (AZEhiIliX &
AR FEMRX L —, R E . HARMFIRE
R R AE L AR RKARIUBE IR R L AR )
SAEESHE R AR ZERIY, AR LE
FERRMAE R B IR A R AR, BLARK
B AL ERTERY, iR DR AR M A T 1
URAERY R ERRER, R DR A ZE A (Picea
likiangensis var. linzhiensis)~ )78 & L% (Quercus
aquifolioides) IR MREE, H 2IKA A2 78 3 A
LAEVR L AM Rl . FEHEK 3 880 m FTUR KA
A, BT Ethad 70 AR AR IS — IREBUR I RUR,
TR T R E o & S )t /2 3 2 A A 20 A
oy, AR, o TR B A TRIRR S,
EAEKEE, aetEY e, HMED, &
PEAR, B LA K 8 (Paraleucobryum enerve)«
55 Bl B #¥ (Dicranum conanenum) 72 22 JN #
(Pohlia cruda) 75 B8 (Dicranodontium denudatum)-
15 #£(Oncophorus wahlenbergii)55 .
1.2 BB MRE

ZHEIFNITIE, (R 3 540~4 305 m
W EAE BB IO R, BRI 30 3R
A S 2 RS AHALLA 5 B 100 mx100 m FRFEHE,
THRFEH DIARE 0, TEHAR. #. 76, db4



54 1

ST PRt ZE R S E AR 6 R R B B T IR S 505

ANTTIIARE . BREFRT 3 MESE P &R E T
(F D)o WA EEFEE 50 cmx50 cm FEJ7, JEAAN
BB AR B BERE 7 458 20 emx20 ecm. 2020 4 8 H—
9 HitAT &8 2 R4, Mk 5850 E R —
ECoREE, FIRHCRFEHLEAG S, Wik, &4
s WA TR I E SR, &IOS & A
TERETT RIS R B, AR 100 A 5 em 14
Ke/NTT MG BRE T NE 7 o A X R 7, WL SR A b 35
TP 5 T A& H, DGR iz Ff &5 85 75 BT 25 0
TR, WS AEK, WEEILHN 0. Z
JE B ANEETT N TR B REA RS, B HE T
v, bRy RN S, k. L4, REAN.
KA 0] W 7 Y o 25 RS 3 BT A0 A 1 AT #4E
P, AXHREFMANER =30 cm 2R KEA
ik LR S8 XF i AR 5 8%, SREE 50 cmx
50 cm /NFEJT A A B [ SR s 6 TR

1B A

Table 1 Basic situation of sample sites

ARAEEE, MRS HIER 34 20 cmx20 cm
() /INKE T AT B B (PR A s XA AR B 8
MBHAIE 4G, B EEHLTH 04 80+ 120 AT 150 cm
AL, RER. B P, b4 N7 E 20 cmx20 cm
& EE . HOTH . JE A RO R B & #E AR AEE T 3 MK
REZS T

Wty R AT R SR, 454 (P EEEE
A US240R (P & ) P TE S e. 25
B E A AEIE N T S KBS duE, BEZEEHE
FERAE 2 (AR . Wit IR J Fipl), &
T 80 CHEAET BT, TR F(FEE 0.001)FR 5T
. AR ARE . PRGRIART [ i AR 5
PR AE YD AR I35 4E, £3 H i HR R 5 X 1
TH] A= 5 8 B0 A7 THT AR AR 4 B ) S
1.3 HHEM T

FIH Excel 10 f1 SPSS 20 #fFiE47 BidiE 43,

o - R s M Forest gay YIFZH IR Species composition
ke Ak R ] M ) P postik
Sample plot Goorinate Vegetation type R (m?)  # ‘“Z’SE['{I (cm) TRz FAE
(m) Area Tree diameter Tree layer Understory
A5 94°42'17" E 4305 ARKEAKALES 24 >30 1. 2. 4 18+ 20. 21. 22. 23,
29°38'14" N Abies georgei var. 24, 26, 27
smithii-Rhododendron
A4 94°4220" E 4205 BREEAY 35 >50 2. 4. 7. 8. 22. 23. 24. 25. 26.
29°38'10" N A. georgei var. smithii 9. 10, 11 29
A3 94°42"26" E 4080 SRKAY 50 >50 1~4. 7~11. 13, 21~24. 27. 28. 35.
29°3821" N A. georgei var. smithii 15~17 40, 41, 46
A2 94°42'31" E 3 880 aRK A 120 >40 1. 2. 4. 79, 20, 22, 23. 27, 28.
29°3827" N A. georgei var. smithii 14 30, 36+ 37. 41. 45
Al 94°42'36" E 3540 BRK R 80 >30 2. 4~17 19. 20, 22, 23, 25.
29°3822" N A. georgei var. smithii 27+ 29~32. 34~39.
42, 46

o ZDRALRS; 20 MBRMEARALRS; 30 T2ALAS; 4 RRKEWES, 50 WEZHS; 6 BERME, 70 KM 8: BEBALRS; 9 SAFALRS; 10: PHRILEML; 11: 55
BIEEAERk; 12: IR LAR; 130 UKIZRHET 14: BRIERAS 150 M4 160 Mt B4 17: MUE WL 18: KHIZLRR; 19: KEFHLS; 20: Bl
BT 21 FAmeaA; 22 W E R 230 HVBHT 24 A A3 250 KHLEZ; 26 PURXT T2 27 ST R, 28: ANEERE; 29: BHUT; 30:
W 310 KA 32 TEBIGRIERG 33: KRFIDIFRORSE; 34: NHIEE; 350 BnEhs; 36: MRAEHANAE; 37 MMEZRISE; 38: HHmAFH; 39 BAA;
40: /NEE; 41 RRERF; 42: JH2%; 43 PERUIARAE; 44: U T7; 450 SURRRAITE; 46: FLME AR,

1: Rhododendron rubro-punctatum; 2: R. aganniphum; 3: R. nivale; 4: Abies georgei var. smithii; 5: Picea likiangensis var. linzhiensis; 6: Betula utilis; 7: Acer
caudatum; 8: R. hirtipes; 9: R. wardii; 10: Sorbus rehderiana; 11: S. rehderiana var. cupreonitens; 12: Quercus aquifolioides; 13: Ribes glaciale; 14: Lonicera
tangutica; 15: L. inconspicua; 16: L. lenceolata; 17: Rosa omelensis; 18: Rhodiola fastigiata; 19: Spiraea longigemmis; 20: Rubus fockeanus; 21: Cassiope
Sastigiata; 22: Carex siderosticta; 23: Rubus stans; 24: Bergenia purpurascens; 25: Smilacina oleracea; 26: Listera pinetorum; 27: Ctenitis fengiana; 28: Aster
albescens; 29: Osmorhiza aristata; 30: Polygonum sinomontanum; 31: Cotoneaster multiflorus; 32: Ainsliaea foliosa; 33: Cardamine griffithii var. grandifolia;
34: Galium asperuloides; 35: Polygonatum cirrhifolium; 36: Streptopus simplex; 37: Potentilla peduncularis; 38: Swertia phragmitiphylla; 39: Notholirion
bulbuliferum; 40: Polygonum minus; 41: Setaira viridis; 42: Malaxis monophyllos; 43: Adoxa xizangensis; 44: Euonymus clivicolus var. rongchuensis; 45:

Impatiens urticifolia; 46: Cacalin pentaloba.
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KH R R T 2 0 it AT 2 H HR(P<0.05), 7 #T
AR - BRI R b T A - A AR B T R AR AT
AN TRIE SR ) PR 25 S 1

2 SR

2.1 BEEME M

X RAE Tt L PG 450 i, A
WA B AR A AT 5508, 3 14 B 45 )8 78
flre PAFh =6 MR IR EL, 200 2 H AR
(Bryaceae). Zk #f £}(Hypnaceae). M\ & £}(Pottiaceae)-
ifl FE #% £l (Dicranaceae) 1 5 & £} (Brachytheciaceae) »
A G 45 ), HLH 4B R, ol
J\%§ J& (Pohlia)« 5 E&%JE(Dicranodontium). 75 &%
J& (Brachythecium)Fi ¢ J& (Plagiothecium) . 5t 7€ BE
TE 5 AN b B & SRR ) i X S A
P, 43 E & B L& (Trichostomum involutum).
B 1 K K &% (Herzogiella striatella)~ 1 /)N 55 #§

R 2 VU L YIS R R AR & B AR A A

(Brotherella curvirostris) 12 '£: 22 J\&§(Pohlia cruda)-
9 #H 2 &% (Dicranum conanenum) 7% 25 /)N i
(Brotherella erythrocaulis)~ ¥ 3 22 N & (P. elongate)-
il & %% (Oncophorus wahlenbergii) 7525 %% (Pleuro-

zium schreberi) KIKEE(Hypnum plumaeforme), F
J&T 6 Fl 8 J&-

2.2 HEEAVEMERE

V5% € 2= 7 Ly G 35 AN [ 4 6 B2 6 I B A T
U SRR At AR 2 M A R T A
R A E R, S0 910.10 g/m?, K
FIEARHE221.90 g/m?), WEHARRAK, 751
N 53.59 g/m?.

P HBTRNAE & SEREII 5, A2 A ) A7 THT AR
AW E R R, A 1 298.24 g/m?, AS REER /N, Xt
JEARAEEEHEYIN S, AL PRI SR T AR A= P
B (303.75 g/m?), A3 FEMUER/DN: AL B
B A 5 A ) S AR A ) A A (96,25 g/m?),
AS FEHLET RN

Table 2 Bryophyte biomass per unit area on different substrates in west slope of Sygera Mountain of Xizang

[=31 R B EAEY) Y Bryophyte biomass (g/m?)

Sample Altitude (m) HbTH Ground J& 7K Rotting wood Bt AE Epiphyta
Al 3540 893.00+19.28 303.75+£12.28 96.25+8.94
A2 3 880 1298.24+22.72 208.50£10.58 33.134£5.38
A3 4080 938.84+20.55 175.50£10.11 74.50+8.32
A4 4205 874.24+18.95 197.00+9.89 39.06+6.49
A5 4305 546.16+16.51 224.75+10.87 25.00+4.32

TEARRFFLIX , BEE W T, IR PR, &
o 5 R v B N R PG, AN L AR ) R 2
WD, JUHRAE AS FEML, BT HUR . SRR,
BREZER, BER, FHPFEU EEEAHE,
IR IIL T URESIRES, B b s RS
MR, BEAFTEHNEET. 2 iZX
K HAA FARE, AN 2 o i (00 00 3 420 (LA AL B 1 A A
Mo E)E 3 T ORI MU, it 2 B YRR
TEEMEK, BUEHEERIK, Ay ER
R 5%,
2.3 MRE X HUE AR B AL AR A B R R

M 3 R, MR T A s SR A A T
AR AT IR . A1 REHD P H TR 2E &5 B
BN IRV DR B >R G, A2 MRTF>
WE>MZ, A3 Rl A4 WRE>H >, AS WRE>

MG, I, ARG, WE. REA
PR B B ) A T AR A ) B i BRI T 1k

M 3 AL, AT ARIR AR >G>, A2
A3 MBI =MLk, A4 T AS RE>HRG>HK T,
A2 (AR IR Bk, N 232.11 g/m?, MRk,
Al B RECNR >G>, A2 A4 AR E>
MG, A3 A F>ME>RE, AS AMRE>M
>

AN TR 4 351 AR T 1) b T 2B 3 8 o Ar T AR AR )
wi, T4 36047 gim?, HUCAM R(305.51 g/m?),
BN ZE(244.11 g/m?). ARE . PREFIMR R AT
THI A= 5 BT TR AR ) 22 5 1238 (P<0.05)
2.4 WGIRAIMRE N B B B4 AV B R0

LT BT UL, AS[RIRE H bR B R B0 & 8 B
RED R A — 8, AR R &
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RrTH AR A & B eI N b . FEHL AL
A2 A4 FIAS 18] AR BT AR & e AR ) B B 22
FAREZ(P>0.05), 15 A2 F1 A4, A1 F AS [A] {2 53
WE(P<0.05)0 A3 5 HAhFEH R3S 2 57 23 (P<0.05).
A3 M A4 et MR SRS 1) 2 7 B3
(P<0.05), TIAREGFIBR T (0] 22 AN SB35 (P>

R 3 L PG T A R A R T AR M R A

0.05); A5 HIMRN 5 E MMk Z 2 7 B35 (P<0.05),
AR T FIAR R TG . 3 22 573:(P>0.05)

3 SHR AR

RRMR b BERL I ) 70 A1 1 oG 52 2 3 B0 R A

Table 3 Eigenvalues of biomass per unit area of ground bryophytes in Sygera Mountain

b FRIEE WA &% (g/m?) W (gm?)
Plot Eigenvalue Gap Forest edge Understory
Al 251 Range (g/m?) 64.39~263.38 189.39~438.45 293.87~548.76
Y Average (g/m?) 151.32 303.68 438.00
sFA7{H Median (g/m?) 127.38 288.74 398.57
Fr#EZ Standard deviation (g/m?) 110.63 259.84 379.85
A5 5 2R Coefficient of variation /% 73.11 85.56 86.72
A2 471 Range (g/m2) 274.26~597.37 289.34~421.55 338.25~552.77
T Average (g/m?) 460.52 351.64 486.08
I {H Median (g/m?) 408.45 294.64 427.74
Fr#EZE Standard deviation (g/m?) 401.73 301.07 389.29
AR5 2 ¥ Coefficient of variation /% 87.23 85.62 80.09
A3 251 Range (g/m?) 396.47~638.82 28.31~221.63 79.92~287.75
P45 Average (g/m?) 591.60 128.16 219.08
A Median (g/m?) 551.43 97.42 186.59
Fr#EZ Standard deviation (g/m?) 423.34 59.78 158.96
A5 5 2R Coefficient of variation /% 71.55 46.64 72.56
A4 471 Range (g/m2) 174.22~475.64 127.51~389.36 138.74~377.38
T Average (g/m?) 365.00 235.12 274.12
B {H Median (g/m?) 325.93 191.77 258.47
FrifEZE Standard deviation (g/m?) 295.08 154.37 177.75
A5 5 2 ¥ Coefficient of variation /% 80.84 65.66 64.84
AS 25 M Range (g/m?) 87.61~398.55 22.83~314.63 29.43~228.37
Y Average (g/m?) 233.92 201.96 110.28
FFA7{H Median (g/m?) 208.37 177.39 83.28
FRiEZ Standard deviation (g/m?) 148.73 103.64 59.55
27 ZH Coefficient of variation /% 63.58 51.31 53.99
700 - O W% Gap
600 - aA [ $k% Forest edge
o~ B HK R Understory
i=)
& S00F B 2L
g g aA —
3 S 400r cA aB
® 5 bA
2 5 300 bA
& = bA bB aC B
B2 00l
s cC cC
<) cC
100 +
0
Al A2 A3 A4 AS
Fith Plot

1 R R T A R A i R EARFEDR, NG TR ORI MR R AL R [ A A 22 S 3 (P<0.05).

Fig. 1 Ground bryophyte biomass per unit area in different plots. Different capital and small letters upon column indicate significant differences at 0.05 level

among different positions at the same altitude and the same position at different altitudes, respectively.
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SRR FE IR EE IR 15226271, i AR bR 45 #4 BT o 11
ARARPI R LR S B S /N ROBE R B [R5
VIR A B AR RIsEm, SFEEEHEYEY
EIEARMRP I3 A [F)128 30 0 U 5 2 B ) 1|
VG LR A A= 5 AL ) A A PR A T AR
WARTE R Z . B am GBIy . WG ARA
BT R, LGN & B A K B A
LI, MR N BIRRG A A AE Y (0 R P Bk
A, X GEATBEFEE R 2L

KA FEERF, FEETh L R X,
T AS FEHh, HulR . SRR, BREZEK, BEE,
FHHKPEFRKEMMEES, TR T RS
RA, BN K EELZE A R R IR, P25 (1)
IEAE BRI D, BB A TSR A
MIAEK, BRIBALE S EEAL, B A RO A 2 5 5
MRV ERAL, FIERHE, 1R &R Y
I, R BEE R AR, TR0 2 BHE], EHREE,
TR BT, SR /MR RR A R ZY, S ZU R SR M4
Hil T BER AR, B0 X s XK A FRIRR
&, FEERA ARG EEY YRR

W BE A SRy e R, it ZEhl
Pal 3 540~4 080 m X1, JLT2IRIGAIZMH, T
HJE A2 FEHh, MBS, EEATINT, M
T P T A R A R D i M T A S AR A 4 RO,
F G AR 95%~100%, =184 20~40 cm, i%4bHE
A B #E AL EA A REIE R TR E. Al FEH
WA AR IR 75%, RN BIIR, JEALEFIR A &
BERE T, WO DU A A B AR A AR
ERK,

e Rl P, Hi i A L AR & R A AR
YEfEE R, HUICHBARLE, WRAERIK, £9
R RSN E PRI S . PR TR A R
PR A R R

SR
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