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Abstract; We examined the distribution pattern of epiphytic bryophyte communities in different forest types and their
relationship with environmental factors based on the study of bryophytes and environmental factors of five 2500 m” plots at
Heishiding Nature Reserve, Guangdong Province, China. Distribution of epiphytic bryophytes showed a vertical gradient
along different tree heights: epiphytic bryophyte cover and species richness at the height of 20 ¢cm was much greater than
those at 60 c¢cm and higher tree heights; quantitative species composition of the former differed greatly from the latter.

Moreover, bryophyte cover and species richness differed greatly among tree species. Tree species were classified into 4
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groups according to dentrended correspondence analysis (DCA) and cluster analysis based on epiphytic bryophyte cover.
Pinus massoniana , with two dominant epiphytic species of Syrrhopodon (S. prolifer and S. armatus) specific to it, was
classified to one group. Quercus chungii, also quite different to other tree species, was classified to one group alone. Other
broadleaved trees were classified into two groups according to the forest type that they live in. Trees in needle-broadleaved
forest were classified to one group and trees in secondary broadleaved forest to another group. According to the analysis of
environmental factors and bark characteristics, for epiphytic bryophytes atmospheric humidity gradient might be one of the
major factors that affects the vertical distribution, and bark pH might be an explanation for the difference in the epiphytic
cover among tree species, but bark water content has no relation to the distribution pattern. Finally, community structure of

epiphytic bryophytes on the same tree species is also affected by forest types.

Key Words:; epiphytic bryophytes; distribution pattern; DCA ordination; environmental factors; Heishiding Nature

Reserve
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PR BB YIR  E SER R R SRS RS IR T T T BRAR G5 1 BT D 9 2R AR PO 35
MR RR SN IR T BB YR B BA R SRR RN R R
R4k, LAk, — e AR B A Wy B B R Slack ™ ZESER BT ABIST LS B LR b 38 R RE
P, Q0 B2 KR TR S e pHL R B Ak B2 % T B A 45 SRt B8 EE UL ; Aboal 25" il Gonzdllez-
Mancebo %" BB S35 22 WA B2 Y8 B A% ME IR S WA A B BE Y A BB T Kuusinen'™ #1 Studlar' ™ IIA Yy
W B2 B BR B A1 s U A e e i R

B I 2R A B EE AT R 2 P TR X, B BB A, A R TP i X Ji A= 5 BE A 5 MR X 8
AT it S L e X 32 TR A\t Bk R B A BB BT R . A TR AR R K AL R W 3 %,
KRR NEE, SEAYRRFEE" EHAPME RN T S8 % B EHERE DN, AR RHE
AEQ, 55—, BT ARESR M, R X AFER KA K AR AT, RE SRR EFERK
1 5% SBARL , YR A AR TARTEZRARE B P ol AR 24 G ELEE T, o33 S YR A AR AR o B A B BE AT
WA, TR [F 2R E B T B A2 B BEZ AR RN , 7T LU Aol X ARG B0 B Rk e B A FL R L 3
WK, BA BEERNER LR E X
1 #|RAZE
1.1 g RiAE

BATBRRF AT REHITR, ¥ F 23°27'N,111°53'E, BRI EXSE, BRI LA
S

ERATRE AR X AR 250 ~350 m FEREEI R E 5 A 50 m x50 m FFEHL, FEHL 1 R L 2
¥ 1976 SEZMERIRIG B R TEBUBIIRAE AR, B3t LA B 4% ( Castanopsis fabri) g FELE R, H3 3 A
K 4 g LAT BB AR ( Pinus massoniana ) o5 R 51 MR SSAK, EE LA BN & AXF 003, KT LI
( Machilus chinensis) 8% ( Canarium album) ZE55 8 W, FEH# 5 AR Y 100 a ) RE E MG LB 4R R AR, BA
KR (Ivonanthes chinensis) Fl/INH JRAR (Artocarpus styracifolius ) &5 &,

1.1.1 W4 EEEE
BB T 10 cm BFEAR, M T E 0 ~20 ¢cm,40 ~60 cm,80 ~ 100 cm F1120 ~ 140 cm 4b(CHHER

@ MRtk B\ B/ME. TRBA TGN ESENREREDER. A ERTEDER
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T, T30 AEN 20 ¢m,60 cm,100 cm A1 140 cm) , 4% & B 55 B B HY 77 T BURE , XA SR A 20 em x 20
cm BGER], FERIPIERRI 238 2 cm x2 om B/, DT RILAE B — /MBI XA EEH MR, S8ErFE
SRENLE, BEMYESSHFEEEMYA SR ™, 5 M LR 713 BRIEAAME,
1.1.2 R E/KEBMRE

XY RE Y LA AP R REPLIEE 3 BRI T 10 em BN, 23 BIFER T 19 20.,60,100 cm 1 140 cm
BEALFIBSNZEFER B o ERAIWT B T B, SR B XL S AT U0 B, AU B B 5 T 40 &
HLRPBEITINE . WBAREEE)S T (80 °C,24 h) ,IRTE , HBM B FKE,

TER LR E I, IR EHRN 4 M RERENESFERS, HRRNT/EMH, KB L g, A 50 ml £5T
K, FERBIR L LA 210 r/min B3 EHRY; 30 min, 7 & 48 h /5 pH HHUE .
1.1.3 WEELEE

FEREH 1 PIREDLIERE SR B PR , 20 BIFE R T BIES 77 191 B9 10 cm 1 100 em 4L E TES 1361 338 B
1 TES 1336A FEETH, A 10 min 323 1 Ko 5H—WIRTER A Dy 2006 4F 10 A 19 H , W ERIA G AR, AAH
B ; 26 —RIE WA DY 10 H 30 H, BRTESERES 10d, ARNEB T4k

1.2 ¥Eabs

1.2.1 MRl
(1) Jaccard $8%X G =j/(a+b-j)
(2) Bray-Curtis 184K Cn =2 xjn/(aN +bN)

KF,a b 53 BIUFHEHL a FIREHL b FPEIYIFREL,j v PR HISEA FRE oV A1 BN 233 0 HF 3 a FIAEHL b
BT YA AR B B A E B T AR R B 184 jn D REHD & FIREME b SEA R AMASE () BUMNE

2B jn = gminwv,-,bzv,-) .

Jaccard 188U — 0/ HEIREIIIBE, T Bray-Curtis Sy %0 Bl B9 BE , BT SBREE & B9 R R4, T
Ja 7 [ R BT FhRE R & YR R BB R E , XL SR B LU=
1.2.2 DCA #f¢

FIFE PC-ORD #4347 RR a4 ( DCA ) B2k 431 ( Euclidean Measurement, WARD’ s method) ,,

B TREHE 1R 2 3590 30 W BYYRAE IR MAR, R 3 A1 4 X041 I B 3EAK, L IR RN — B, 4 i
R 1 A2 53R — UL AR 3 714 B3R R— 1 BUEEAL B, LA A AT B B G ES R A HEFP X4
(R B MR EOR T 8) , DL RRh & S W B 7 2 25 BE R 8 45, AT HEP R R K 407, M B
( Castanopsis kawakamii) 4T _EAUR —F &8, TEPRE . RBORHAFTI, (UH R — R E SR RKE
ST W . XS B BRI R e, AR AT H A AR AL AL B
2 HRESH
2.1 PRI BN

T 5 AR P AL % DU A= 5 8F 40 b, Hrh g 28 21 7, 8838 19 B, 403k 1 s,
2.2 MAEEHESHTRENXR

BHORE R AEE SN T R T BE A W B 3, HAp 2R % B RIA BB (£ 2) .
20 cm A EEFRAM S HE R AL, (B— e R T 2 I8 L E R, i JE8tE ( Cololejeunea sp. ) WU 57
E (Heteroscyphus argutus) JiIRB8BEE ( Cheilolejeunea ryukyuensis) 1 g fif) KU #E ( Fissidens mangarevensis ) % 7E
W TR AR ERAG, B 20 cm BAAEERENPESH S KRB ZFER(FE3), 60,100 cm
140 om FALHE BERP I RARE VA S BOMIRE , JE LA <R R B Z (] B AR DL R BB = . i3k 4 T L, B RPRh Y
WEEKEBIERE LM RFZHBSHETAL, HHRNEESKEAERMEHZEEESENEERR, R
MTEAMRITHAAARSELERERBENNELERER (K 1,E2),10 cm 18 EFER/D, EW
W EF ,10 cm 4 HREBEH R T 100 cm 4°, R HREE TR 11:30 ~16:00 B ERARE HZRE K,
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IRETE 10 A 19 HLL10 cm 455 ,{B7E 10 A 30 HMIFEHEGE, FUE 10 cm AMUBET 100 cm &b, i gkl
T, %t F R A TRARPY IR B A2 B B T 5, AT IE 2530 B MR = B A M T H 8RN A K, TOEREE A
EMTER 2 m BENEHEIHERRNERRT,

£1 EBEWS MEEMch R A E8ERh
Table1 List of epiphytic bryophytes in the sites of Heishiding Nature Reserve

No. Fp4& Species No. FhA& Species

1 R4 3EE Calypogeia arguta 21 X & Metzgeria furcata

2 Vit F2E & Heteroscyphus argutus 22 IR RE#E Fissidens guangdongensis

3 BB HE Frullania muscicola 23 8522 R B Fissidens ceylonensis

4 4GEEE Prychanthus striatus 24 i RE#EE Fissidens mangarevensis

5 TS E Lopholejeunea sp. 25 F 9 &8 Leucobryum chlorophyllosum
6 B E Lopholejeunea subfusca 26 B H K& Leucobryum juniperoideum

7 HEMBEE Lejeunea flava 27 INIEBE Octoblepharum albidum

8 B8 2 Lejeunea ulicina 28 BTG W#E Syrrhopodon prolifer

9 BB A8 2 Lejeunea catanduana 29 B P&% Syrrhopodon armatus

10 BB E Lejeunea curviloba 30 LRI PEBE Trichosteleum lutschianum
11 BIRBEBBEE Cheilolgjeunea ryukyuensis 31 PEARILRIPEREE Papillidiopsis complanata
12 F B8 L Cheilolejeunea intertexta 32 KB RIPEBE Trichosteleum stigmosum

13 HATR#E & Acrolejeunea pusilla 33 i 77 /NeREE Brotherella henonii

14 ZFEBE & Cololejeunea ocelloides 34 =3 PEHuBE Clastobryum glabrescens

15 PEEEPEBE & Cololejeunea peraffinis 35 B £ Ki#E Haplohymenium formosanum
16 B EHEBEE Cololejeunea tenella 36 T [E]H#F Isopterygium tenerum

17 PR L Cololejeunea sp. 37 R Thuidium pristocalyx

18 RBEEE Leptolejeunea elliptica 38 11K JKE§ Herzogiella perrobusta

19 N8 L Leptolgjeunea latifolia 39 K IRBHH-8E Vesicularia reticulata

20 /NS E Mastigolejeunea auriculata 40 RIS EE Pseudotaxiphyllum pohliaecarpum

£2 ERMATAIASELEZHEYHERES 28 (FivEE)
Table2 Species richness and percent cover of epiphytic bryophytes at different vertical heights in each site (species richness/percent cover)

RS BB Height(com)

Plot No. 20 60 100 140

1 18/2.14 14/0.93 10/1.30 13/1.74
2 12/2.96 6/0.60 2 /0.05 1/0.11
3 15/2.45 11/1.17 10/1.35 9/1.22
4 10/2.26 10/1.10 8/1.07 7/0.51
5 15/1.88 4/0.15 4/0.25 4/0.23
E P Total species 34 28 27 24
SE#13% B Mean cover 2.34 0.91 0.80 0.76

2.3 BEHYSHMERMRXR

B3R 5 WL, A [ b M AR B BRI 2 AR
R, AR T X (Quercus chungii) B MY HEE T &
BK, 15 9. 83% , T i BE HEAR P 28 & 5 1 35 8 AL
0.07% , M\NMHHEEEERFP2RECE, HiC ( Engelhardtia
roxburghiana) . % ¥ Hii ( Diospyros morrisiana ) B JHI AR
( Schefflera octophylla ) . %2 18 1§ F1 & 4 & ( Styrax
confusus ) BB AR & BEER A 10 F LB, T B2 HEFT /)
M ERE 2 AACE 1 #hA1 2 B, ) BEHERY B2 pH (B F
TR AR, X W BB R ECIM T L B #E R BRI

£3 WTARAREEERHEN Bray-Cortis IH (XNALKT) M
Jaccard FEE (WAL L) AR

Table 3 Bray-Curtis index (below the diagonal) and Jaccard index
(above the diagonal) of epiphytic bryophytes at different vertical
heights

20 cm 60 cm 100 em 140 em
20 cm 0.6316 0.5250 0.5263
60 cm 0.2606 0.7188 0.6250
100 cm 0.2563 0.6754 0.8214
140 cm 0.2513 0.6126 0.8126

HREZ — , T B2 pH >5 BRFH , WAEE B R AR A (Schima superba) , A E R AN B R D BAK
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B¢ pH EER, B i T RARA RIPIR PIEE, B A B B A X T 5 AR KK, WFBRAME, DR
AT LB O M BER A 8 FiohBES, BEM Y A X LS, T I R L E R BRI = T EE
VIS ER . RIER 4 MRS, A FERT LA SRR SH R EKEZ IR,

— 100 cm -
O 271 10H19H 190ct. «aann-. 10 cm e 105
T 26 - o =
£ 25 VS £ 100
g 24 £
7} =t
5 23 g 95
e 22 T 90|
= 21 !
o201 0 0 0 0 1 o0 by opyossLt L1 11 11 11 1
” 09:14 13:14 17:14 21:14 01:14 05:14 09:14 13:14 17:14 21:14 01:14 05:14
11:14 1514 19:14 23:14 03:14 07:14 11:14 15:14 19:14 23:14 03:14 07:14
10H30H 30 Oct. _ 100 = 10H30H 30 Oct.
o 21 100 cm §
e 2 90
E z
5 5 80
a 5 - 100 cm
g = o
& I 70 | 10 cm
i 2o
mgoqsL L L %60"""“""""
09:30 13:30 17:30 21:30 01:30 09:30 13:30 17:30 21:30 01:30
11:30 15:30 19:30 23:30 11:30 15:30 19:30 23:30
st 1a] Time It Rl Time
B 1 ARARERELEREE
Fig.1 Temperature and relative humidity at different heights in the forest
100 cm
= 800 a 10819H 19 Oct. = b 10H30H 30 Oct.
2 600 g
E 400 £
2 200 2
’Exéo|\|| TR R R ! L% 0 Lol M |1
=09:13 13:13 17:13 21:13 01:13  05:13 = 09:31 13:31 17:31 21:31 01:31
11:13 15:13 19:13 2313 03:13 07:13 11:31 15:31 19:31 23:31
B} 1] Time B} 1] Time
B2 ARARERELRERE
Fig. 2 Light intensity at different heights in the forest
F4 TEARELWEEKE(%) (FHHE +I7EE)
Table 4 Water capacity (% ) of bark at various heights (mean +S.E. )
P LEM BEEN HHE Ao BEE i BEHE AR
i~ . Pinus Quercus Castanopsis Engelhardtia Castanopsis Castanopsis Schima
Height( cm) ; N . ) ; N
massoniana chungii carlesii roxburghiana fabri kawakamii superba
20 17.510.4 13.513.8 26.9+14.8 24.5+2.9 30.3+5.7 12.7+1.9 23.8+9.3
60 19.213.2 15.1 3.5 22.0x12.6 24.1x2.4 27.5+3.4 12.3+2.6 20.5+2.7
100 18.8£2.5 13.213.2 17.1x7.2 21.9+1.8 26.2+7.3 10.7 0.8 19.7 3.6
140 19.8 £3.5 12.512.9 20.9x£13.8 24.3 3.0 24.3+3.8 9.310.6 23.0x4.6
SEHJ Average 18.8£2.5 13.6 £3.1 21.7x11.2 23.7x2.5 27.1x5.1 11.2 2.0 21.8+5.2

LA Pt A i B 2 JE N 1 n X Wb A B 88 0 B 2E1T DCA 7 (18 3) , B RMW T TRARANEK
& (Syrthopodon prolifer) FIH§ | W #E (S. armatus ) 5 FE MR FH B8 X 3, BEEF KU HRA #6058 E
(Lejeunea flava) FIPEGEE M HRESE— BB 5 — & b, HAGRM WAL T PE 20, H A 45 B AW ARFESR—
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W BB e RESER (B 4) 5 DCA G5RFEA—F,
®5 TRAAMAE pH RE W ELHHRREE
Table 5 Bark pH, species richness and percent cover of epiphytic bryophytes on trunks of various species
AR AR 2
E:‘j <pocios Number of tree individuals S'zz;ﬁis C(:rnegmge ﬁf II:E
Sitel Site2  Site3 Sited SiteS  Tichness (%)

LB Pinus massoniana 8 2 28 40 4 9 (1/8) 1.16 4.4110.04
BTV Castanopsis fabri 43 32 0 2 0 7 (3/4) 0.62 4.4510.11
kiR Eonanthes chinensis 1 0 0 0 37 5 (4/1) 0.50 —
JNHBRAE Artocarpus styracifolius 3 3 0 0 16 2 (2/0) 0.28 —
Wk Canarium album 3 14 13 9 0 8 (573) 0.74 —
Mt Castanopsis carlesii 4 12 0 0 0 6 (373) 0.45 4.51£0.07
5 B it Castanopsis kawakamii 5 1 0 11 0 1(0/1) 0.07 4.19£0.08
BAC Engelhardtia roxburghiana 31 9 1 1 6 16 (10/6) 1.46 —
HAE T Styrax confusus 5 3 14 0 0 10 (8/2) 1.64 —
EBEFNX Quercus chungii 6 5 0 0 1 7 (4/3) 9.83 5.39+0.33
RSB Schefflera octophylla 4 7 15 1 11 (8/3) 1.01 —
4384 Machilus chinensis 2 6 15 17 0 11 (8/3) 1.21 —

B ¥ Wi Diospyros morrisiana 2 1 3 3 0 12 (9/3) 6.33 —
TR Schima superba 0 0 0 10 0 8 (6/2) 3.98 5.58 £0.49

* HEIESAEFESNERBR/EBLXEYHRFE; M pH KIEHME + inEEFE/R  The numbers in parentheses are species richness of

hepatics/moss respectively; Bark pH is showed as mean £ S. E

a b 19
80 |- — 204
Cascar‘A A
B Casfab A 3
A
: 80 13 a 40
A Macchi 4 ) A A
60 | APlnmas A
39 9 1
< Pinmas B e [ e * i 28
k= Quechula Engrox A o0 [[711T3S @ 17 A 29
< Fa- A a N <C A
Schoct A + Macchi N
Schoct Ba 40 = 10 25
40 k- . 11, A A
Canalb A4| , Stycon B al4
236
- B 2516
20
Shycon A 1+ Schoct B A ¢
20 b ! ! ! ! ! ! ! I 0 I Y-S ! I
10 30 50 70 90 0 40 80
Axis 1 Axis 1

B3 ETARMEPREMARIE SR E X (a) MESE (b) i DCA /7

Fig. 3 DCA ordination of tree species (a) and bryophyte (b) based on cover of epiphytic bryophytes on trunks of dominant tree species in needle —

broadleaved forest and secondary broadleaved forest

= [ 3a PRFHRERE MFENE 3 M FERR, REAEH A X B R ERAE; B 3b 1RSI RRKNEEEN IR 1

In Fig.

3a, tree species are indicated as the first three letters of the genus and the species, the last capital letter (A or B) indicates the forest types they

belong to; In Fig. 3b, bryophyte species are listed in table 1

3 itig

AT BT BB YRR 25 B X R W BRI AR, T 20 em RALEIFN AR S BRI R
HEREEHERET 60 em KU AR, A X B R L BIITIR R B> o o7 R 5 B AL VR0
FRENNESERBA N FEAREERREFREHEEHENEERE, 5 Russell "7 195513,
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Information remaining (%)
100 75 50 25 0
T T T T ]
Canalb A
Magcchi B ——
Schoct B —— 1
Stfcon B
Schsup B

Canalb B
Macchi A
Casfab A
Cascar A
Stycon A
Schoct A ) S—
Engrox A
Pinmas A —

Pinmas B —
Quechu A

B4 FETAFSRE R AEAR R AR B8 S X R R R T E
Fig. 4 Dendrogram of tree species based on cover of epiphytic bryophytes on trunks of dominant tree species in needle-broad-leaved forest and
secondary broad-leaved forest
* Y55 1A[A]& 3a Abbreviations as in Figure 3a.

Peck 45”7l Hoffman 2% %" 3o 193 31 [X 48} it A B BE O BT S5 M BR7EM TR i AL B 2 88 36 1 LU T 2638
B, SHABS AR I, HR T L B AR R R LR A B R TR X, YR R R R I A
YIATHE T, TR RER, AR T HEA K, BATMALT P KBRS E S, H7ENEIR 400 m
A FERSBTREANARSSEERT 65% (B 1), TiS sl mIE Y —MIERSHY , T BREM M
P B S S AR HOK 4, [R5 T A B AR 4 ELME - oy 2 2 B B, R P K 4 B e, BRI 28
SR IEXTHA R AR K, R A X B AR A 1 R B T

M R AL S I A B R I BIR B2 Y BB S REEER, WA NPT B AW S
KERYMMESHEENTIERT , WETRER pH BEWMASHEZENEERT . AP ME
SR B B2 A K B pH HEAT T ISE , 25 R BR i B2 87k B S A B8R 407 T 6, At B2 pH X Fit A 2 8
STEEW , BRETR KR B AR TR A S84 K, 5 Kuusinen'' & Studlar™ (25 REHEIR, B TRIE &K
B92hR b2 H I K B8 F1 K 55 K EE % i 3t R, [ B O 2 B0 0 RS T AL E R R IR S w i
m B R XA B B T AT R AT A B R A XK R

it SRR A SRR EEROERSME ", — B X S5 R R AR RR I R 51
S 3%, BT o T R BB A 5 o R LA L G s P B S IX ) W el , S5 A B — B
AP D B BRI RS, LW BT, A TR E AL X T s R T BT S
BEFIBEAE K BOFREE . T B IR A B P i TS B RH R B, B RIOR R B T8 % R
TR X DABE G (L A BB REE S, B TR N PR R b R A B DL B S L, BN
S BEVE AR A, (BT R AARO R A BB LB S X O 3, X FT B 5 HAR SR IO L R %, BAREHE
BEXT AR ETE E BA — E M, BEEANERR DL — WA TEARF | T AR T8 28 o R 22 (L
BT T AR TR S5 T EE AR T 4 T T o 1 BT W R B et T , 0 L St B A AR B A e, o
T T B AAE I P 51 h B ToeE iR, 75 B AR K14 T T R K SN I A A5 , 76 BUBAK o 3 i o I 2
B TS BB AT W 5k, A F b BB bk o T8 BRIE S 73X — Ao

7R 1) g W R _ R R A 5 B E R SRR 25 1 22 K, ZE VR A ARRIIR S AR e B TR — AR LA T R B A
BEREVE 22 LB, AR TR PR A 5 8 2% 13 T LA AL T4 R AR Y o f R IR Nl R R B B — 3, B R MR b
BRIV IR SN B B BRI 40 AR P2 LE 5], 5 Steele™ B Kenkel & Bradfield ™’ fy4% S2AEL o
4 g

() ESBELAMESIMEEHEESENEERE , WR BB R EFHYAHRHEFZ—,

(2) W Bz pH 7E— AR HE MR A BB
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(3) Zh FEARE BRH A 0 75 i ) o R B 8 A ), S ] N AR b ) B A B B T — RE 22 5%, TR GO
BRI A T B AR, FEAR 3 P ORIE—E OB D AR , AR T4 R IR A B BE DR

(4) BER YR/ N UBEACBUR, BRI BLR A S B/, IR SR U A AR AR i A 3 B
EAFE. ERREEMEEPMERAAARRKSHEEE, v a2 YA KBRS UR N ES,
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