}’bﬁ‘ﬁ? Guihaia Jun. 2019, 39(6) ; 776-787 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw201805003

SIcAg=X: s, R, SHTAE, 5. e A P AR AR B i e A B A RO B A e B HAE AR AR (D). AR, 2019,
39(6): 776-787.

SHEN T, SONG L, GUO XL, et al. Habitat preferences of epiphytic bryophytes along the vertical gradient and their indicator functions in a
tropical dipterocarp rain forest [ J]. Guihaia, 2019, 39(6) . 776-787.

EMERTHEMRMEESHEOEEEEHERN
MERERETREETER

wo R 'Y FHEHE", Corlett Richard T.', & %>, &>, Kk £>°

( 1. P EBEEBE R R RDIFE 80T, o BIe 666303, HE; 2. PEBEERERY:, JEat 100049, HIE;
3. P ERR 2B B A AR S E VMR, BB 650223, HHIE; 4. UMR ECOSYS,
Centre INRA, Versailles-Grignon, Batiment EGER, 78850 Thiverval-Grignon, France )

& OE. PR E A BRSO [ G 1A SR DR A DX e G A R AR Y 69 B 13 A4~
e B B LB AE SR, 45 R R T HARRERT e SR SIS E T 25 Bl 60 J& (1 90 i b A= £ E , I 4
i SRR 2 (5 IR 25.6% 13 AN B IR SR A S I S B (IBUEE R F>45 m
X)) B IEEE(TRAR T <15 m BXH) )77 &8 () 3z 00 T B4 A& E b AESMT),
F O XA B A FER AR A (0 17 Fh & B /R (IndVal =0.7,P<0.05)  Bife 353 58 5 0 TH s, ke LA
LRI B G LR, BT A iE 5 LS TH S AR, 20 PG R ROl A 00 1 L LT R
IKIVRIE M A2 LA SRS e RER 2 6T B A 5 8 A= 0 AL 109 A i B B A W 3 5 e, 2 T e R R R A B
A RN A B AR A AR AR S RV RUE S50 A7 2 AN [ e 1o 7 =X T[] — o A A AR A 5 A B i A R L Y
BEMUE DRI, 78 2RO 6 A 55 A Al %) W 0 R B e | o A A B EL A T Sk 4 4 B A S b R A A Rk
IOE RN P

KGR MO, MiAEESE, BOHAR, FTEG, EERA, SRR

hESES: Q948.1 XEFRIRAS . A XEHHS: 1000-3142(2019)06-0776-12

Habitat preferences of epiphytic bryophytes along the
vertical gradient and their indicator functions in a
tropical dipterocarp rain forest

SHEN Ting'*, SONG Liang’", GUO Xinlei>*, Corlett Richard T.",
WU Yi*?, MA Zhanxia®’, CHEN Quan®’

Wis B 2018-05-29

EETE . BRIl wE ESE (2016FB0S3, 2014FBI184) 5 ERME R “— =" MM L 5 H - (2017XTBG-F03,
2017XTBG-FO1) ; P ERl2ERE “PEiZ " AA S5 135 H [ Supported by the Basic Research Program of Yunnan Province (2016FB053,
2014FB184) ; the CAS “135” Program (2017XTBG-F03, 2017XTBG-FO01) ; the CAS “Light of West China” Program ],

EE A LI (1991-) 2, DU, B BF 50 25, WF 58 05 1l g B A4 35 B A4 252 bk AR 2 et RO E, (E-mail )
shenting@ xthg.ac.cn,

CEEEE KRS RBIPIRR, EENFMOE Y AW Z RS, (E-mail) songliang@ xtbg.ac.cn,



6

VLA o el P FRPK B AR 5 8 0 i R BB RE AR S O e B AR R VR

777

(1. Center for Integrative Conservation, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun 666303, Yunnan, China;

2. University of Chinese Academy of Sciences , Beijing 100049, China; 3. CAS Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical

Botanical Garden, Chinese Academy of Sciences, Kunming 650223, China; 4. UMR ECOSYS, Centre INRA,
Versailles-Grignon , Batiment EGER, 78850 Thiverval-Grignon, France )

Abstract: Epiphytic bryophytes play significant roles in maintaining water and nutrient cycles in the forest
ecosystem. However, diversity and distribution patterns of epiphytic bryophytes in forest canopies are understudied be-
cause of the limitations of canopy investigation techniques. Epiphytic bryophytes and their life-forms were investigated
from 69 trees in thirteen vertical segments using a canopy crane in a tropical dipterocarp rain forest in Xishuangbanna
National Nature Reserve. Canonical correlation analysis (CCA) and the species indicator method were applied to analyze
the microhabitat preferences of the epiphytic bryophytes and to find indicators along the vertical gradient of the hosts. The
main results were as follows; In the study area 90 species, belonging to 60 genera and 25 families, were recorded. Lejeu-
neaceae was the most species-rich family, representing 25.6% of all bryophyte species recorded. Three special ecological
types were extracted from the thirteen vertical segments, including sun-loving bryophytes (>45 m on tree trunks in the
forest canopies of emergent trees) , shade-loving bryophytes (<15 m on tree trunks) and generalist bryophytes (usually
distributed in various host heights with a broad niche width). Seventeen bryophyte species (IndVal=0.7, P<0.05) were
selected as indicators for specific vertical segments. With the increase in the height sampled, the proportion of species
with fan and weft life-forms decreased, the proportion of pendant life-forms increased first and then decreased, while the
proportion of smooth mat and rough mat life-forms increased. The relative humidity, vapor pressure, diameter at breast
height (DBH) and bark roughness had significant influences on the distribution preferences of epiphyte life forms. In
conclusion, epiphytic bryophytes show different life-form compositions and morphological structures in response to chan-
ges in the micro-environment along the vertical gradient of hosts, while bryophytes assembled in the same micro-habitat
usually have similar adaptation mechanisms. The epiphytic species with obvious preferences for specific microhabitats can
be used as indicators during the monitoring and management of habitat changes in the forest canopy.

Key words: canopy, epiphytic bryophytes, tropical rain forest, vertical distribution, habitat preference, indicator species
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Table 1  Description of host traits
Hg4% DBH (cm) F 5 Tree height (m) B B MRS BE Bark roughness
RS A . . .
Host 1 Number H/ME &AM WH &R &ML &AE HE ER  RME &KE BE ER
ost type (plant) Min Max Mean EX8 Min Max Mean EX58 Min Max Mean X0
value value  value cv value value  value Ccv value value  value cv
LJZFFAK Upper trees 20 25.7 113.1 76.3 0.44 26.4 69.0 50.2 0.33 2 8 5.45 0.41
FIEZTEAK Middle trees 25 16.1 38.4 25.0 0.20 11.6 24.6 19.3 0.15 2 5 3.08 0.23
TJZTEAR Lower trees 24 7.6 14.3 11.1 0.19 6.8 16.0 12.3 0.22 2 5 2.67 0.33
xR 2 I\ IREFEFIE Spearman 18X 5EFE
Table 2 Spearman correlation matrix among the eight environmental factors
piAcy
LERS) =5 AR S . . ] .
R R Photo A K RS A2 W% B
. . . Wind Vapour Bark Tree
Relative Air synthetically DBH .
humili . speed pressure Roughness height
umility temperature active
radiation
AHXHREE Relative humility
KIEE Air temperature -0.997
A R
Photosynthetically active radiation 0.997 1
A # Wind speed -0.997 1 1
JKIKHE Vapour pressure -0.003 0.008 0.007 0.007
W Je MRS BE Bark roughness -0.352 0.348 0.347 0.347 -0.281
My DBH —-0.535 0.534 0.534 0.534 -0.301 0.591
=i B Tree height -0.997 1 1 1 0.007 0.347 0.534

. BEKFE P < 0.01 BRI E R E L,

Note: Correlation index was significant ( P<0.01). The significant number was bold.

al., 2017) LAY B35 X5 B 43 BT ( CCA) J7 3k K 43 #r
B AR i N G AR 3 R 5 AR IR 3l IR 22 a] Y G
Fo Hrp ME——F3 AT He H7 s AERLEH
B, TS A I B R S IR BB R T CCA A
Hr, HRAE CCA & B I 70 B X E 09 O 425
RI(H1-H3 X1, H4-H8 X 1 HO-H13 [X1) ,
TATHA R & 5 H A9 Labdsv 4K F €0 ( Roberts,
2016) H' BY IndVal P& AL 11 55 45 4 B A2 & #E Y
IndVal {H ( Dufréne & Legendre, 1997) DAk 45
INFEER AR B4 AP IF H LA IndVal fHKF 0.7 1E
bR HERE TR R PR (22375 ,2001)

3 £RXR50M
3.1 MAEBENR B MASH

FEHL N AR B 69 AR 13 N3 FL R E L 316
A2 T X I B A 5 B AR A 90 F SRR T 60 J& 25
B, Hh #2537 #0019 & 6 Bl #5553 F 41 & 19
B, 4% 5P Lejeuneaceae ) SELIHAFL, LB
T HEEEYIRNECL BT E B 25.6% , HGE:
E#ERL ( Meteoriaceae ) \H-M & F ( Frullaniaceae ) , H:
IS 5 B BT 8.9% 1 6.7%

o =

e
PN
=
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Table 3 Epiphytic bryophytes taxa, life-form, vertical segment preference and indicator value ( IndVal)
in a tropical dipterocarp rain forest of Xishuangbana
% T4 pe ]
"T})‘Cé ?\,‘Té i(ﬁ* H2 H3 H4 H5 H6 H7 H8 H9 H10 HIl HI2 HI3 IndVal P
axa Latin name Life-form
I MPIEE  Claopodium prionophyllum Rl Y vV v 1.000  0.005
Fan
ZYEANFIEE  Cyrto-hypnum pygmaeum gV 0.333  0.246
Weft
FHAV-8E  Homaliodendron microdendron Rl Y vV % 1.000  0.003
Fan
g R Rhynchosegium inclinatum YR vV vV 0.667 0.038
Weft
ALK - B Phyllodon bilobatus FOP-A 5 Vv 0.333  0.240
Rough mat
LRI EE  Tsopterygium minutirameum MRV v 0.667  0.055
Rough mat
JREEREEE Radula Javanica Y4 vV Vv vV 1.000 0.007
Smooth mat
WEERZHEE  Haplohymenium triste gV vV vV 1.000  0.005
Weft
YN IR—F  Lejeunea sp. 1 APl vV 0333 0.249
Smooth mat
Bt E Plagiochila trabeculata ol Y vV v 1.000  0.005
Fan
YR RRERSE  Taxithelium oblongifolium HOFE# Y 0.667 0.034
Rough mat
ISP Plagiochila nitens B Vv Vv Vv 1.000 0.004
Fan
Kl eag Trichosteleum sitgmosum B Vv vV Vv 1.000 0.007
Rough mat
BEABRVREE  Fissidens hollianus BE LV 0333 0238
Fan
FE Metzgeria conjugata EiR ] Vv 0.333 0.242
Smooth mat
MR Exostratum blumii BNER 0333 0.204
Short turf
SN g Taxiphyllum taxirameum HUOTHE 0333 0.227
Rough mat
ZUWOEE  Porella campylophylla R vV 0333 0.229
T AEFh var. ligulifera Fan
HHE Garovaglia plicata SR IETR vV 0333 0.211
Pendant
TLREHIEE  Aerobryidium wallichii Pt VvV 0333 0.246
Pendant
R #E Leucophanes octoblepharioides EMET Y Y Vv 0.870  0.007
Short turf
WWMNEE  Mithyridium flaum BAER VOV VWV 0.806 0.014
Short turf
5 1, D) e Serrhopodon tjibodensis RN vV vV 0.400 0.294
Short turf
HFE  Plagiochila furcifolia WE VvV v v vV v 0738 0.021
Fan
TR Chaetomitriopsts glaucocarpa HPA v vV 0.185 0.678
Rough mat
e Caduciella mariei EESOOVV OV VOV 0.947  0.001
Fan
Bk Isocladiella surcularts R \ vV vV vV v 0.849  0.007
Fan
MZEIBEEE  Cheilolejeunea trapezia ATHE vV VvV Vv 0.909 0.012
Smooth mat
BENE  Frullania musciola IRt vV Vv v 0.543  0.092
Smooth mat
W Lopholejeunea subfuscata EIRE: ] vV vV vV vV 0.450  0.208
Smooth mat
AEREHE Spruceanthus polymorphus EiRE: ) vV 0.200  1.000
Smooth mat
HMUGPES R Cololejeunea planissima Y- vV 0.200 1.000
Smooth mat
RIS Leptolejeunea elliptica iRl v 0.200  1.000

Smooth mat
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FXE - HTE i H2 H3 H4 HS H6 H7 HS H9 HIO HIl HI2 HI3 IndVal P
Taxa Latin name Life-form
[N Erythrodontium julaceum AP Vv 0.200 1.000
Smooth mat
Eevicrid Herpetineuron toccoae R Vv Vv 0.400 0.270
Tall turf
p isfd Groutiella tomentosa M5 vV vV vV vV vV 1.000 0.004
Rough mat
i A7 T Cheilolejeunea eximia iR id) vV vV vV 0.250 0.460
Smooth mat
WL Frullania fuscovirens AP Vv 0.48  1.000
Smooth mat
FENE  Frullania ericoides AP vV Vv v v v V. 048 0.8
Smooth mat
WHTEEEE  Thysananthus flavescens BB Vv Vv Vv 0.267 0.511
Smooth mat
B Caudalejeunea recurvistipula iR ) vV vV \4 vV 0.800 0.023
Smooth mat
FibkIBiE e Cheilolejeunea ryukyuensis Y4 vV vV 0.400  0.297
Smooth mat
PO S Lejeunea anisophylla P47 vV vV vV vV Vv 0.361  0.394
Smooth mat
TV TR Acrolejeunea sandvicensis AR Vv Vv Vv Vv 0.246 0.516
Smooth mat
5 Sk 3P Plagiochila parviramifera R Y vV v vV v vV vV 0.833  0.009
Fan
WRHASF-#E  Calyptothecium wightii pe =il Y vV VvV Vv Vv 4 v v vV VvV Vo055 0032
Pendant
EHMPIEGEE  Pinnatella ambigua B Vv vV Y vV VvV 0.905 0.011
Fan
H s Mastigolejeunea auriculata Y vV vV Vv Vv vV 0.316 0.468
Smooth mat
A Prychanthus striatus B 4 v v vV v v 0.567 0.121
Fan

s HI-H13 03 13 AN BLIXBR 5 B 4R IndVal (=07 B MHR/R T P<0.05 FUR IndVal ILEA 1 ¥ 4E,
Note: H1-H13 indicate the height of thirteen vertical segments; when species IndVal was more than 0.7, it regards as indicator species; when P
value was less than 0.05, it shows species IndVal was significant.

A #iMosses  [] & Liverworts E 48 Weft [] BE FanAMTEER s W2 SA&ER T T
D z ERETmzr v BB i*ﬂki"” ST @ BRI Pendant
o T T = A
5 s 1L % %0
wi *f 110 E
sEo | 1 S o
SEW| 1l ; |
m=g ool | 1111 bl
g 1111 B
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Gradstein (2005 ) 38 i, ‘B AT 7E £ MK A0 4340 4% JRi
BT AR ORISR AN ER, X5
FATHIIE T 25 F — B, 6 i RR P &8 Bl A - 85
R 2P0 5 S B A 2 S BT A R R AR AR
DIl XoF ) e 0 ) AR T A= B B A 48 s AR AR
W5 i 4 T 1A BB RO b R R G T R B AR
LB AL AR /R, Z AT AT 5T (Holz & Grad-
stein, 2005 ) ¥ &5 #EFE /R AP H T35 78 = A AS TR A9 2R
AR FATT B R 1R ) 48 75 1 5 LA B A A
Yyxof 5 3 2 B R BE Y AR B o b, X RS SRt



6 VLA o el P FRPK B AR 5 8 0 i R BB RE AR S O e B AR R VR 785

S SC TR IS A S e T REE A A s O AR R
AR RAE

TV EMESE S TR A mE EAS
TE R PERRAE , FATT R B 2R AV ) A S = A A
SHLENES SUEEM MHeE, SHE
(FETET HO K8, B F AR >45 m -
X8 72 R MO B O & T R Y B
G = I EEE(IRG T = BT H3 X, BI<15 m
T 2T b)) 73 A T BAR A A T XU 2
TR i Z W | D AR AR B 5 ) A & R (Gl R ] 43
AT 0~70 m [a] (4 X3, RE =~ DL %) 6] DB /g 2 X
WO WAERE R T ERAARSEW AR, X152
AT B A B EELE Johansson X 38 H B8 Kl 43 4 2%
AL ( Cornelissen & Streege, 1989; Acebey et al.,
2003 ) , ABIFFE 1A 10 e B A0 — 28 R e i A
PR R A 7 B AR ) AR S R o B A T
R B RS

WE& 1 T R T, SC UL B A
A FE TG, T 248 1 8 L FIOREL P Bl R Y 22 3k S
TEEEBEE EOCRORUK A SRR FE AR AR, A
PRI /N 14 1 40l B BE R S S AT
FITF 0 K o B ECR , LA X 5 580 /9 T B8
Bio PR i S A 00 37 8 32 25 43 A 76 2 B B R
T 20 m(>H4) BB T | Fp B R0 S LR D) 52 22 5y
A5 AE I 108 B9 8 X 5% ( H1 - H3) ( Bates, 1998)
Horpr iy R AR A 3 BN 15 T A B B A R[]
Tl o B OABE RL# B F2JE F 40 T H2  H3
DAk A AR b e DA B AL 223 A T He (HT IX
I 7K S 88 4 B A 5 | ( Sporn et al., 2010)
BT E AR F B T H7 H8 XU b ]
RESE H1 T 32 DS 72 09 vh B MOE A KA %5 K, B
AR T W R K R g5 S Y 7K 43 ((Glime,
2013) , [a] i v J2 9% AR 56 25 1Y B it BEL 4 1 — AR 43 B
O, AT LAk S s ot B A, A, B AL E
Y 20 R ER A PR SR 45 A XA R T
3 i 20 BE O DLW K 4 R (B, 2008 )
FELV- 4 25 6 5 M A e e L 35 5% TR AH DG X AT B
2 I TS B B GE R V& A0 1] TR 2R AR O
T Bz 5 A REL RS () A T LB B g R XA T
A 8 K 53 1R 25 R RN v R K BB O DA

TIE A ST (RMEFE, 1998) , & A= 1% 7 2] i
Wi fE A AR AR L 5 Z T Sporn et al. (2010)
TEEE JE 7 . AT AR PR N 109 9 A 45 2R 2 — B,
PRBL T B X 7K BRI A 1 ) 175 38 7 SR

g5 FRTIR U e FE i R E OB ) A2 4k B
Az B AR B FIIE AR S5 A A 25 A [m) Y w197 5 =X
(TNES: FE A b R 9] 40 o 7 2 3% Y 4 03] DAl
RUFI R Y Ry 35 T 28 B3 B b Lo = B 4 b bl
PRI/ B TR ) | i 3R A 78 [] — A 158 7Y 5 6
T A 26 AR, B 3 1 B AT an A ] 25 BH 49 b 1)
PRI T AR BT 3 O0'G 19 38 B AL AH L) o B A & &%
T T LR BE 1Y) 43 A A% Jmy B X A A B 1 O - TT E
& HOO MR S o A= 45 K N S A B A i 25
o A Ja TR A 582 Ak 1% e 0 A B
X A B B A I Al G ) B A SR A A A
R S R

B R a0UmRAARESRAARR
SN F LN BF RS AR AR R R & Fe s AR B
BRI,

SE .

ACEBEY A, GRADSTEIN SR, KROMER T, 2003. Species
richness and habitat diversification of bryophytes in submon-
tane rain forest and fallows of Bolivia [ J]. J Trop Ecol, 19
9-18.

AH-PENG C, CARDOSO AW, FLORES O, et al., 2017. The
role of epiphytic bryophytes in interception, storage, and the
regulated release of atmospheric moisture in a tropical
montane cloud forest [J]. J Hydrol, 548 665-673.

ARIYANTI NS, BOS MM, KARTAWINATA K, et al., 2008.
Bryophytes on tree trunks in natural forests, selectively logged
forests and cacao agroforests in Central Sulawesi, Indonesia
[J]. Biol Conserv, 141; 2516-2527.

BATES JW, 1998. Is ‘life-form’ a useful concept in bryophyte
ecology? [J]. Oikos, 82(2): 223-237.

BUCK WR, THIERS BM, 1989. Review of bryological studies
in the tropics [ M]//CAMBELL DC, HAMMOND HD. Flo-
ristic inventory of tropical countries. Bronx, New York: New
York Botanical Garden: 484-493.

CAO M, ZOU X, WARREN M, et al., 2006. Tropical forests of
Xishuangbanna, China [J]. Biotropica, 38(3): 306—309.
CHAZDON RL, FIELD N, 1984. Light environment of tropical
forest [ M ]//MEDINA E, MOONEY HA, VAZQUEZ-
YANES C. Physiological Ecology of Plants of the Wet



786 OO0 M W

39 %

Tropics. The Hague: Junk Publishers.

CORNELISSEN JHC, STREEGE HT, 1989. Distribution and
ecology of epiphytic bryophytes and lichens in dry evergreen
forest of Guyana [ J]. J Trop Ecol, 5(2): 131-150.

DISLICH R, MANTOVANI W, 2016. Vascular epiphyte assem-
blages in a brazilian atlantic forest fragment: Investigating
the effect of host tree features [ J]. Plant Ecol, 217(1):
1-12.

DUFRENE M, LEGENDRE P, 1997. Species assemblages and
indicator species; The need for a flexible asymmetrical ap-
proach [ J]. Ecol Monogr, 67; 345-366.

ENGEMANN KB, SANDEL BJ, ENQUIST PM, et al., 2016.
Patterns and drivers of plant functional group dominance across
the Western Hemisphere; A macroecological re-assessment
based on a massive botanical dataset [ J]. Bot J Linn Soc,
180. 141-160.

FRAHM JP, GRADSTEIN SR, 1991. An altitudinal zonation of
tropical rain forests using bryophytes [ J]. J Biogeogr,
18(6) : 669-678.

FREY W, GOSSOW R, KURSCHNER H, 1990. Verteilungs-
muster von Lebensformen, wasserleitenden und wassers-
peichernden Strukturen in epiphytischen Moosgesellschaften
am Mt. Kinabalu ( Nord-Borneo) [J]. Nova Hedwigia, 51
87-119.

GLENN MG, COLE MS, WEBB SL, et al., 1998. Corticolous
lichens and bryophytes: Preliminary surveys of old growth
and managed northern hardwood stands in Minnesota [ M ]//
GLENN MG, HARRIS RC, DIRIG R. Lichenographia
Thomsoniana: North American Lichenology in Honor of John
W. Thomson. New York : Mycotax 2 on Ltd; 407-422.

GLIME JM, 2013. Adaptive Strategies: Growth and Life
Forms. Chapt. 4-5 [ M]//GLIME JM. Bryophyte Ecology. Vo-
lume 1. Ebook sponsored by Michigan Technological University
and the International Association of Bryologists. http; //digi-
talcommons.mtu.edu/bryophyte-ecology 1/

GONZALEZ-MANCEBO JM, ROMAGUERA F, LOSADA-LIMA
A, et al., 2004. Epiphytic bryophytes growing on Laurus azo-
rica, (Seub.) Franco in three laurel forest areas in Tenerife
(Canary Islands) [J]. Acta Oecol, 25(3): 159-167.

GRADSTEIN SR, CHURCHILL SP, SALAZAR AN, 2001.
Guide to the bryophytes of tropical America [J]. Febs Lett,
26(1-2) . 20-24.

GRADSTEIN SR, POCS T, 1989. Bryophytes [ M]// LIETH
H, WERGER MJA. Tropical Rain Forest Ecosystems. Am-
sterdam, the Netherlands; Elsevier Science Publishers:
311-325.

HOLZ I, GRADSTEIN SR, 2005. Cryptogamic epiphytes in pri-
mary and recovering upper montane oak forests of Costa
Rica: Species richness, community composition and ecology
[J]. ] Plant Ecol, 178(1) . 89-109.

HOLZ I, GRADSTEIN SR, HEINRICHS ], et al., 2002. Bryo-

phyte diversity, microhabitat differentiation and distribution

of life forms in Costa Rican upper montane Quercus forest
[J7]. Bryologist, 105: 334-348.

JOHANSSON D, 1974. Ecology of vascular epiphytes in West
African rain forest [ J]. Acta Pharm Suec, 59: 1-136.

KELLY DL, O’'DONOVAN G, FEEHAN J, et al., 2004. The
epiphyte communities of a montane rain forest in the andes of
Venezuela: Patterns in the distribution of the flora [J]. J
Trop Ecol, 20(6) ; 643-666.

KRINSKY NI, 1968. Chapter 5-The protective function of caro-
tenoid pigments [ M ]// GIESE AC. Photophysiology:
Current Topics. Elsevier Inc; 123-195

KURSCHNER H, PAROLLY G, 1998. Syntaxonomy of trunk-
epiphytic bryophyte communities of tropical rain forests. A first
pantropical approach [ J]. Phytocoenologia, 28: 357-425.

KURSCHNER H, 1990. Die epiphytischen Moosgesellschaften
am Mt. Kinabalu ( Nord-Borneo, Sabah, Malaysia) [J].
Nova Hedwigia, 51 1-75.

LI Q, 2011. Indicator value ( IndVal ) method and its
application [ J]. Chin Bull Entomol, 48(2); 457-462. [ 2%
I, 2011, $878 AR SRR P R (0], B
Hi2fdR 48(2) :457-462.]

LOWMAN MD, SCHOWALTER TD, 2012. Plant science in
forest canopies — The first 30 years of advances and challen-
ges(1980-2010) [J]. New Phytol, 194; 12-27.

MA KP, 2015. Biodiversity monitoring in China; From CForBio
to Sino BON [J]. Biodivers Sci, 23(1): 1-2. [ B35,
2015. AP 22 P D ) 2 215 . ML CForBio %] Sino
BON [J]. ZE¥ZHEE, 23(1) :1-2.]

MA KP, 2015. Biodiversity monitoring relies on the integration
of human observation and automatic collection of data with
advanced equipment and facilities [ J]. Biodivers Sci, 24
(11): 1201-1202. [ B30, 2016. A= 4 S A%k Wa il 4t
THUE AT 5 et BoR T B A LA & [1]. A9
ZFEME,24(11) :1201-1202. ]

MAGDEFRAU K, 1982. Life-forms of bryophytes [ M]//SMITH
AJE. Bryophyte Ecology [ M]. Chapman and Hall, London:
45-58.

MALE TD, ROBERTS GE, 2005. Host associations of the stran-
gler fig Ficus watkinsiana in a subtropical Queensland rain
forest [ J]. Austral Ecol, 30. 229-236.

MITCHELL AW, SECOY K, JACKSON T, 2002. The global
canopy handbook ; Techniques of access and study forest roof
[M]. Oxford, UK; Global Canopy Programme.

MITTERMEIER RA, ROBLES GP, HOFFMANN M, et al.,
2004. Hotspots revisited; Earth’ s biologically richest and
most endangered terrestrial ecoregions [ M ]. Mexico City:
CEMEX.

NAKAMURA A, KITCHING RL, CAO M, et al., 2017.
Forests and their canopies: Achievements and horizons in
canopy science [ J]. Trend Ecol Evol, 32(6) . 438-451.

OKSANEN J, BLANCHET FG, FRIENDLY M, et al., 2017.
Vegan: Community Ecology Package. R package version 2.4—



6 VLA o el P FRPK B AR 5 8 0 i R BB RE AR S O e B AR R VR 787

4. https: //CRAN.R—project.org/ package =vegan

OLIVEIRA HCD, OLIVEIRA SMD, OLIVEIRA HCD, et al.,
2016. Vertical distribution of epiphytic bryophytes in Atlantic
forest fragments in northeastern Brazil [J]. Acta Bot Brasi.
30( ahead).

RAES N, CANNON CH, HIJMANS RJ, et al., 2014. Historical
distribution of sundaland’s  dipterocarp rainforests at
quaternary glacial maxima [ J]. Proc Natl Acad Sci USA,
111(47) : 16790-16795.

ROBERTS DW, 2016. Labdsv:

analysis for ecology. R package version 1.8 - 0. https://

Ordination and multivariate

cran.r-project.org/ web/ packages/labdsv

SCOTT GAM, 1982. Desert bryophytes [ M]// SMITH AJE. Bryo-
phyte Ecology. London: Chapman and Hall: 105-122.

SHI XM, SONG L, LIU WY, et al.,, 2017. Epiphytic
bryophytes as bio-indicators of atmospheric nitrogen
deposition in a subtropical montane cloud forest: Response
patterns, mechanism, and critical load [J]. Environ Poll,
229(X) : 932-941.

SLACK NG, 1976. Host specificity of bryophytic epiphytes in
eastern North America ( Geography and Ecology of Bryo-
phytes) [J]. J Hatt Bot Lab, 41 107-132.

SMITH AJE, 1982. Bryophytes and Epiliths in Bryophyte
Ecology [ M]// SMITH AJE. Bryophyte Ecology. London:
Chapman and Hall; 1-14.

SONG L, LIU WY, MA WZ, et al., 2011. Bole epiphytic bryo-
phytes on Lithocarpus xylocarpus, (Kurz) Markgr. in the Ailao
Mountains, SW China [ J]. Ecol Res, 26(2) . 351-363.

SPORN SG, BOS MM, KESSLER M, et al., 2010. Vertical
distribution of epiphytic bryophytes in an Indonesian
rainforest [ J]. Biodivers Conserv, 19(3): 745-760.

SPORN SG, BOS MM, HOFFSTATTER-MUNCHEBERG M, et
al., 2009. Microclimate determines community composition
but not richness of epiphytic understorey bryophytes of rain-
forest and cacao agroforests in Indonesia [ J]. Funct Plant
Biol, 36: 171-179.

SONG L, LIU WY, MA WZ, et al., 2011. Bole epiphytic bryo-
phytes on Lithocarpus xylocarpus, (Kurz) Markgr. in the Ailao
Mountains, SW China [ J]. Ecol Res, 26(2) . 351-363.

STORK NE, 2007. Dynamics and processes in the canopy of an
Australian tropical rainforest [ J]. Austral Ecol, 32; 2-3.

SZARZYNSKI J, ANHUF D, 2001. Micrometeorological condi-
tions and canopy energy exchanges of a neotropical rain forest
(ssurumoni-crane project, venezuela) [ J]. Plant Ecol,
153(1/2) ; 231-239.

TANG JW, 2008. A study on the population ecology of Parasho-
rea chinensis in Xishuangbanna, SW China [ D]. Mengla:

Xishuangbanna Tropical Botanical Garden, Chinese Academy

of Sciences. [ JE#E4E 2008. P4 XN EE KA FhBE A= 252
WF5E [ D], B E BB P XU AR . |

WOLF JH, 1993. Diversity patterns and biomass of epiphytic
bryophytes and lichens along an altitudinal gradient in the
northern Andes [ J]. Ann Mo Bot Gard, 80: 928-960.

WOODS CL, CARDELUS CL, DEWALT SJ, 2015. Microhabitat
associations of vascular epiphytes in a wet tropical forest
canopy [J]. J Ecol, 103(2) : 421-430.

WU PC, 1998. Bryological biology [ M ]. Beijing: Science
Press; 318-328. [ Rf§FE, 1998. HAHEYI LY [M]. b
A BReE R 318-328. ]

WU Y, LIU WY, SONG L, et al., 2016. Advances in
ecological studies of epiphytes using canopy cranes [ J].
Plant Ecol 40 (5) : 508-522. [ 5%, X SCHE, K52, 4%,
2016. HE TGRS 1 BB E R AR S A W SE e (0], Al
P25 ,40(5) : 508-522.]

WU YH, GAO Q, CHENG GD, et al., 2002. Response of bryo-
phytes to global change and its bioindicatortation [ J]. Chin J
Appl Ecol, 13 (7). 895. [ % T ¥, 5 ilfe, 7 [ 4%, 45,
2002. FEER Y 4 BRAZ A0 R W B SR e R
[J]. BEAIAA#4,13(7) : 895-900. ]

YANG W, 2008. On morphological and physiological adaptations
of mosses to environments [ D]. Jinhua: Zhejiang Normal Uni-
versity; 1-2. [AF1R, 2008. #EISHIY)IE RN IR AT A5 4544
BAEREERU] [D]. S8 WIS 1-2.]

ZHU H, 2000. Ecology and biogeography of the tropical diptero-
carp rain forest in Xishuangbanna [ M]. Kunming: Yunnan
Science & Technology Press: 90-91. [ ZR4E, 2000. P§XUAR
AN e I A BT R AR A 2527 5 A W BRAA AT (M. BB
ZHRHE AR 90-91. ]

ZHU H, CAO HB, 2010. Geological history, flora, and vegeta-
tion of Xishuangbanna, southern Yunnan, China [J]. Bio-

tropica, 38(3): 310-317.



