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Abstract ; In order to explore ecological adaptation strategies of bryophytes for different water conditions, we determined
the water loss characteristics during natural desiccation and water use efficiency of dominated or common bryophyte spe-
cies from terrestrial, trunk and branch in a moist evergreen broad-leaved forest in Ailao Mountains. Our results demon-
strated that weft, fan and pendant life-forms were dominated in terrestrial, bole epiphytic and branch epiphytic bryo-
phytes respectively. Bryophytes from different microhabitats exhibited great variances of water-holding capacity and water
loss rate: Water-holding capacity of bryophytes from three microhabitats was 476%DW , 210.98%DW and 238.95%DW
respectively ; Water-holding capacity and water loss rate of terrestrial bryophytes were higher than these of the trunk- and
branch-dwellers. Compared with branch-dwellers, the bole epiphytic bryophytes had lower water-holding capacity and
higher water loss rate. Water holding capacity and water loss rate of bryophytes among different life-forms also exhibited
significant differences: Weft life-form bryophytes exhibited higher water-holding capacity and higher water loss rate, in-
dicating their weaker water retention capacity, followed by pendant bryophytes, and fan bryophytes had lowest water
holding capacity and highest water loss rate. Water use efficiency of terrestrial bryophytes and bole epiphytic bryophytes
were significantly higher than branch-dwellers. Weft and fan life-form bryophytes had higher water use efficiency than
that of pendant bryophytes. The results indicated that water-holding capacity and water use efficiency of terrestrial bryo-
phytes was higher while water retention capacity was poor; Water retention capacity of branch-dwellers was higher while
water-holding capacity and water use efficiency was lower; Water use efficiency of trunk-dwellers was higher while both
water-holding capacity and water retention capacity was poor. Life-form composition and water characteristics of bryo-
phytes from terrestrial bryophytes, bole and branch epiphytic bryophytes indicated their adaptation strategies to different
habitats to a certain extent. The results would provide a scientific reference for elucidating hydrological features of bryo-
phytes under different microhabitats, and understanding ecological adaptation strategies of bryophyte.
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Fig. 1 Mean ground temperature(Liu, 1993) and mean
air temperature, relative humidity, and photosynthetic
active radiation between understory at 1.5 m and forest
canopy at 18 m in the moist evergreen broad-leaved
forest from September 2014 to August 2017 ( data from
Ailaoshan Station for Subtropical Forest

Ecosystem Studies)
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Table 1  Classification of life-forms in bryophytes
b AT A FRIE A
No. Life form Description
1 HOR A FERZ AT, S BOAFEARR ) L L 4R SR
Cushion Dome-shaped colonies formed by regeneration from a central point of origin, with stems more or less vertical
2 T EEWMMGER AL, SRR ETT
Dendroid Stems creep or erect, branching resemble miniature tree
3 J 1 AT EEE AR AREE b, BRI
Fan Shoots rising from vertical substratum, branch repeatedly in the horizontal plane to form flattened photosynthetic surfaces
4 B IR b 1) R R R K
Pendant Main shoots hang down form the point of attachment
5 IR RNV RE TR LE AN I A 2RO S R 2R A
Rough mat Shoots creep over the substratum while possess many erect lateral branches
6 0Bl 2 FZRW AL o3BT A K SR G
Smooth mat Shoots creep over the substratum with rhizoids closely attached to while branches lie flat
7 ISR EZEES, PATREAK, 30, F G R R X 5
Turf Many loosely or closely packed vertical stem with limited branching, occupying a large area
8 2EGURY FE SRR L
Weft Stems and branches loosely interwoven

SigmaPlot 12. 5 ( Systat Software, Inc., San Jose,
USA) Fll Excel 2010 #4740 5 i1 Bl 23 ]
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Table 2 Life-forms composition of terrestrial, bole and branch epiphytic bryophytes

A5 Y # A i A
Habitat Species Family Life-form
A KIK#EE Hypnum plumaeforme JKEERL Hypnaceae AL Weft
Terrestrial KHIBE Thuidium cymbifolium PEER) Thuidiaceae LT Weft
B AK#E Macrothamnium macrocarpum IE#ER} Hylocomiaceae AL Weft
K/ K EE Pogonatum inflexum 4 B BERL Polytrichaceae JAEET Turf
KM ZBE Leucobryum juniperoideum H & ##F} Leucobryaceae #URAE Cushion
L RAEE Wikia deflexifolia Hi#¥RL Sematophyllaceae HLFEH 7Y Rough mat
W f 2 VG 8¢ Homaliodendron montagneanum SRR} Neckeraceae J# % Fan
Bole epiphyte TIM B2 H. scalpellifolium F-#EFR} Neckeraceae B3 Fan
W IHEBE Neckera crenulata P8 F} Neckeraceae Ji 24 Fan
F[BEPIE Plagiochila assamica SPIE R} Plagiochilaceae FF ] Fan
BHERE P. arbuscula FIEFL Plagiochilaceae Fi % Fan

A B A=
Branch epiphyte

B HEMEE Bazzania himalayana
HMTREE Sinskea phaea

TCHB#E Dicladiella trichophaora
HARBEAN B EE Crypropapillaria feae

PIFL I FELMAE R Trachypodopsis serrulata

F8M 5P} Lepidoziaceae
LR Meteoriaceae
EEERL Meteoriaceae
EEHER} Meteoriaceae

HIM-#¥ B} Trachypodaceae

AR Weft
237 Pendant
BT Pendant
/Y Pendant
7 Dendroid

B EM B Frullania zanggii

BYE Herbertus aduncus

HM-ER Frullaniaceae

B &R} Herbertaceae

V4% Smooth mat
INEEF] Turf

H: 2 Bates(1998) AL 3CHE(2009) B 7 BRI 0 HERAE TG AL,
Note : Category of life forms followed Bates (1998) and Ma (2009).

B AR P4HRY Smooth mat O MEER! Turf I3 #4KE Cushion
3 AR Weft EJFAFHHE! Rough mat [ A Fan

/\100 3 A Dendroid E3 BFEH! Pendant
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Fig. 2 Percentages of different life-forms of terrestrial ,

bole and branch epiphytic bryophytes
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Table 3  Saturated and natural water contents, mean water loss rate of bryophytes from three habitats
b T
Habitat Species holding rate holding rate g o ean water loss rate
(%DW) (%DW) (min) (%DW - min")
A= KIKEE Hypnum plumaeforme 455.23+102.07 22.33+8.82 177.73+8.37 2.46+0.63
Terrestial KIVEE Thuidium cymbifolium 342.32£39.35 19.94+5.57 125.75+8.27 2.57+0.36
B AR EE Macrothamnium macrocarpum 381.08+61.34 15.19£2.2 127.95+2.26 2.86+0.49
R /NG K #E Pogonatum inflexum 194.9+13.39 21.47+3.81 145.64+13.68 1.20+0.17
¥t 19 R &% Leucobryum juniperoideum 1054.08+110.68 27.03+9.23 205.51+2.81 5.00%0.53
AL EE Wijkia deflexifolia 428.37+57.39 14.94+3.43 128.59+3.45 3.21+0.41
BB AE VYR SEBE Homaliodendron montagneanum — 163.74+16.88 15.55+4.32 80.84+24.42 1.94+0.47
Bole epiphyte TIMBEEEE H. scalpellifolium 165.49+19.12 14.48+5.48 76.38+12.46 2.03+0.42
Y- 8% Neckera crenulata 217.16+43.94 17.45+3.24 81.29+13.33 2.53+0.81
BT & Plagiochila assamica 194.72+33.2 9.0122.54 71.95+25.4 2.83%1.12
WIEPRE P. arbuscula 241.75+29.84 6.1+2.77 39.09+7.38 6.21+1.51
B ORI E Bazzania himalayana 283.03+100.01 7.03+5.85 115.90+44.10 2.67+0.92
WA A= AN TEEE Sinskea phaea 245.88+41.6 16.13+2.75 123.75+12.75 1.88+0.46
Branch epiphyte 5y o Dicladiella trichophaora 231.18+14.53 16.38+3.33 123.19+7.9 1.75+0.14
HARBAANBIEE Cryptopapillaria feae 265.74£61.22 15.88+2.38 119.6+6.89 2.1+0.58
P B AR R Trachypodopsis serrulata 287.45+60.21 13.38+5.06 98.36+24.28 2.81+0.47
FR BN S Frullania zanggii 241.25+17.64 16.56+2.74 92.83+5.32 2.43+0.3
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A LUR R bt H S SR ) 1Y) 0 KGR R g, BT
RIS BERE W 1 R K R 5w T v () K7 i 2k K ik A
A, RAGERINS R T B T 5 8 HoA 4
I DRIK T RE T Bl TR 5 A 5 K SR A /DN | 2K K B [l
B RGN, F W R K e 77 AR K Pk g
Y= (K 4:b)
2.2.3 REV A AR A &R B 8264 K45 ) A 2 f

e 25 5B, A AR BT B AR FpRo 2
AR A = b A= B3 T & &R W 1 7K 43 ) I 8803 4
B A EEE(0.22+0.14) T EAEEEE(0.19+
0.09) WAt A= 5 #E (0.14£0.08) , 22 57 W & 1
G 56 445 SR 30 b AR 5 RE 114 K 43 R FHROR R T 0+
BAE B & BT Z E A 22 5 A8 02, miESE
BRI T B 2B 588 19 7K 20 R R 83058 8 3 8 T AR
B A B8 (P<0.01) (K 4:a)

MR X6F 22 21 A0 | B AR Lk A A = b B
R4 A 155 4 7K 43 R 55038 0 ) e 5 R, e =
Tofr 2= 156 78 BEAT ) 1 7K S 1) R 8038 43 0l oy 28 LA

(0.26+0.14) 3 1(0.22+0.07) EFEA (0.17+
0.09), R EMEGEREI . LR EGES A
FHEZ [F] 25 57O W3 T X R R A 3 AR RE A )
7K 43 R AR 3 35 o 2 v T o 2SR A A B o 4l
Py B & 6E (P<0.01) (K 4:b)

3 W&

3 AEEEEARAREFREEHBEYHKITH
I

TEARMR A AN [) 3 06 B 1 R B8 R A7 72 2%
S B FE A, O IR OR BE DL K A W) 25 IS
VT A VR T 25 ST DU T Ul I ( A R E] 15 Song
et al.,2015; Peter et al.,2016) , AN 4B SLIFT
AN A & B HOK o B ARRRAE A AN TR, 7E
ARWFFE M A EEAE P AR KR H AR RRK R
R, B AT B9 1Y 47 7K BB 7, H 2R K ik R FE I A
K BRI FERL ;. BT B AE B B R AR AR KR
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Fig. 3 Water loss curves of terrestrial, bole and branch epiphytic bryophytes
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Table 4 Water use efficiency of different bryophytes from three habitats
b YiFh JEHE P, MR T, KAFIRA WUE
Habitat Species (umol + CO, - m” +s™) (mmol + H,0 + m” - & (wmol + CO, - mmol™ H,0)

ot KIK#EE Hypnum plumaeforme 0.72+0.18 3.92+1.09 0.19+0.03
Terrestrial

KPIGE Thuidium cymbifolium 0.63+0.10 1.37+0.34 0.47+0.08

F AREE Macrothamnium macrocarpum 0.61+0.08 2.35+0.62 0.27+0.06

IR/ NG K #E Pogonatum inflexum 1.33+£0.26 4.46+0.31 0.30+0.06

¥ (1 & BE Leucobryum juniperoideum 0.72+0.16 6.18+1.21 0.12+0.02

25 A BE Wijkia deflexifolia 0.48+0.12 5.68+1.32 0.08+0.01

BTt Pa R Homaliodendron montagneanum 0.41+0.06 1.73+£0.53 0.25+0.04

Bole epiphyte

TIMHEE H. scalpellifolium 0.41+0.08 3.58+0.86 0.12+0.02

K SF-2¥ Neckera crenulata 0.83+0.08 3.05+0.36 0.28+0.05

FIE= P& Plagiochila assamica 0.62+0.14 2.79+0.61 0.22+0.02

WIEPIE P. arbuscula 0.42+0.17 1.62+0.44 0.26+0.06

B DRI Bazzania himalayana 0.35+0.63 2.79+0.26 0.13+0.03

A B A MU FEEE Sinskea phaea 0.72+0.18 5.92+1.85 0.12+0.02

Branch epiphyte

T EEE Dicladiella trichophaora 0.63+0.10 5.78+1.36 0.11+£0.01

HIEIN B #E Crypropapillaria feae 0.61+0.08 2.39+0.63 0.27+0.07

P I 878 Trachypodopsis serrulata 1.33+0.26 9.46+3.37 0.15+0.03

BB EE Frullania zanggii 0.72+0.16 5.10+1.13 0.14+0.01

B Herbertus aduncus 0.48+0.12 7.70+1.13 0.06+0.01

X 5 B A A A R AR A e KU
ZR I 2 1) A 5 4% P TR S K 433 7 5 s A %% 1)
KR, BRI Z N KY, BT = f R )2
YA ALY, WeAT FLIE IR 28, X% [ Bk 434 1l
AT J2 |, L K it ) B 5 A8 b T A8 £k (] SO
45,2006) , B B YR S PR AR T i kAR
IS, Y ANR I A AR S, MRE R R B KR & I
TR AL DI BE ( Proctor et al., 2007) . AHXS T
oAz B R R AT B A B BRI MO 2
B B A= 5 24 A TR 6 8 O A B TR A R, —
L B Y 8 = 55 R, B i oK M rg v)
DA AR A BT A 5 88 A B 1 (] PN DR AR 553 1Y
B 7K M 2445 1 % A0 2 BT 30 LGS 1 A 2 7
it 1) A B 451

BB 10 A T A O 2R B A A ) — R

IR, B W) Y A T R 2H R R A A B T B
TR 385 70 A A ) A= 55 T & B AR ) 10 A4 3 Y
S RHIE, BE4E 78 & AR Y 5 PR BT 2 W) AY ¢ &R
(Kiirschner, 2004) , — ok i, 5% /N M HE N EE
WAV R A, AR HOIR BEOIR A= 1 B
1R B AL W) BE B8 AT A8 IR AR I AR R Y ok i
B DT REAR AU It 3 B 22 ) A 3 3, R i g
A R A K oy 28 kAR T3 B RS
HIFFKBE ST, PR G i 52 B8 ) 0o (RIS AR, 1998)
TEARMWTSE WY A [) A= 1 B & B | S8 1B 3 88 R
HE R O FE K BE 0, HOIR B s i 1 B OHLF- Al
T )25 - ) s 8 R AT v )RR BE g, T A
T B 2RIV /N 4 e B 1) 45 7K BE T 88/ (EL DR R P
U B TR B SR A L M DXL b RS T B AR
BRI AE TG AL (Ma et al., 2009) , HH
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AERRMEFmMBAGEELL, AR TEMNS KR
S35l T A BB K 43, (B 38R Y 2 T AR A H:
Xof A B AR b R AT B 25 1Y i A2 1% ( Bates,
1998 ; Kiirschner et al., 1999) . ki %I il & 3 5 5
E 1Y 7K 43 > Y5 32 AR 5 I T 0 AN s b ok
g3, I A A I A SEAE A TRV 1L HE = 55 A
R W UL ( Leon-Vargas, 2006) , FEF #r | #4
4 L Ml 2= B3 PR DX S8, 5 T R i XU 122 R
T JZ B A B A 1 i T 7R o e LA SR AIR A K R
J1, LB 2 W | 22 W PR 4514, R T R ad &2
(R 7K 453 5 4 IR 9 553 TR B B 50 7 4 FE G 8 Dok
#4255 ( Proctor, 2004) ,
32 A AEAAEEESRAFAEFREHEEYHN KT A

T 1) 7K 43 F) H 28 % ( water use efficiency,
WUE) 48 W J& 78 & S K U7 7= A= 0 1 W I i) i
(Fischer,1979) , fE % fift B AH B P9 7E B9 FE K ML,
S oRAE YA SR FHK 43 B RE T (B A= 4255 ,2009)
X HL ) 7K 43 R 8R4 1 2 v oK SF B B BB K
SIRIRRCR AW R R 5728 B FEK Z H (Far-
quhar & Richards, 1984 ) , ¥ =5 B A 4E B (1999)
MNEHESRDHAFR LT 66 f A HY)
7K A R FHRCR R I g8 45 5, £ A H: WUE Ji Rl
0.19~4.04 pmol CO, - mmol™ H,0; 1 E A& B EIL
FEAHT R AR SR A W 9 7K 43 ) 0% 5 BB A
8.86~10.97 pmol CO, + mmol" H,0 Z [A] (J&/h=
4,2012) , SYEE ACAE YA L, B EE AR ) B K S
FIHROR L WAL, AR R R A S 4T 18
s 6 A 0 19 7K 43 R FH 20 % (WUE) 1936 [l 8
0.06~0.47 wmol CO, - mmol™ H,0, B 4K, =41l
Hby DXL M AR AR P BE ALY WUE 22 bE H At [X
MY R AL, R T RALE T, BEm
WUE FRSF B 7K 43 ) FH 5w A A1 AR 9 1 2
AEAF RGeSy, & B B WUE T8 1K
A3 R RS AT DA AR 15 A v W A2 77 ) (B AR &
45 .2009) o, TER AL LR GEIH X | B R 7200, AR
SN R B AR ) LA AL T K AR RN Y
RETF, 3% 0] A2 & & A Y 2 A BRI K 4 F)
ORI R Z—

Bl A= B 2% 1 H O 3 T 0 O ) K a3 it 0 A%

1, B SR VD L R AR A P 1 K A R R0 2
FrE AR (R AR ,1999) , 7E BFT IR AR Y
T AR b BRE 2R BR B b 2R R B R S WUE
( Watkins et al., 2007) ;4374 76 76 J2 [ 300 00 B 2 4
AU 38 I IR ZE I R B WUE, A3 N AH
X0 v R P B A 3 (VIS 45, 2012) , (HAEAR T
FEH, A= R T B AR S 0 K o3 A ] SR
BT e T A8 R B A 5 8 X 5w R B B AR
Wy 2E Rtk DA R T b AR 35 25 1 G B ERAE Y It
R A S AL, = XF K 4 f Co, il 7%
FRCRH 77 = B T o S 1 I TR R (Waite &
Sack,2011) . 4B K ARG 5L (2017) X E K& H
SRARAFT DX PN | 7 ol I 4 8 1 0T 5 R 1D K O e
( Thuidium cymbifolium) W] WUE & T JC i1 $& KT &%
( Mnium immarginatum ) , AT PR LU DR PR o A
S FE"(MRSE)NER, Y50
w4 A R P AR, & R ALY JC R R R
LGP R 855 725 AR T, IR I8 2 T8 i 28 &
FOR S EEEYIM R RS WUE BE K 43 7] F) PR RE AR
T REAR (X SCIE, 1998 5 A= 4245 ,2009) . #E )2
AR A 458 A Ul e v R G T 5 A B R T
B, TR AR 55N AB W 1) 2% A R, DT 5 UMK
SEL JA AR A B 2 5 BE A A 1Y) WUE AR F b 2B 25 &E A
MR B A B EE A, 0 R MO )2 R R
AU A BB ) WUE B8 T AT A 38 41
RVE SR T 5 AU A= B

it BRMRFLERGTAKRESZAHMR
SERAEA F LM A, BB B SE A AR F
F e F AN I LT,
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