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Abstract: Bryophytes are typically poikilohydric plants and water availability for growth of bryophytes is
particularly important. 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 18
dominated or common bryophytes species from terrestrial, trunk and branch in a moist evergreen broad-leaved

forest in Ailao Mts. Our results demonstrated that weft, fan and pendant life-forms were dominated in terrestrial,
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bole epiphytic and branch epiphytic bryophytes respectively. Bryophytes from different microhabitats exhibited
great variance 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, indicating 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 bryophytes 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 bryophytes 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 basis of elucidating hydrological features of bryophytes 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
ever-green broad-leaved forest from September 2014 to August 2017 (data from Ailaoshan Station
for Subtropical Forest Ecosystem Studies).
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FRATTINHA: AR B AR FIAREE E 2 A B AR = b A 5 b oy i 4% 6 b R A B LI B
GEREY, JLih 18 ME GRS, HhHAEEEE N RIW/ANEKEE (Pogonatum inflexum) T
K& (Macrothamnium macrocarpum) W RIK & (Wijkia deflexifolia) KIK#E (Hypnum
plumaeforme)~ KPV&E (Thuidium cymbifolium) FAEM H K EE (Leucobryum juniperoideum);
MR %X TR S8 N U -FE&E (Homaliodendron montagneanum), JIWH-F&E (H.
scalpellifolium) , W J& 21 & (Plagiochila arbuscula) , 5% 1 & (P. assamica) , 1 M~V #§ (Neckera
crenulata) F'E L MM #F & (Bazzania himalayana); Wid b JZ W AE & &8 FATM
#§ ( Sinskea phaea) 1R K& Kn B #F ( Cryptopapillaria feae )« Tt B & ( Dicladiella
trichophaora)~ YA HL 8§ & A2 F ( Trachypodopsis serrulata) BiJ8 H-M & (Frullania zanggii)
MBI (Herbertus aduncus). T 2017 4F 3 -4 H A LRSI A 118 A4 5 2 i i Ak
=RAERINCRE ERE M, MM SAER, BANEERE 0.1-0.2g .
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Table 1 Classification of life-forms in epiphytic bryophytes

75 No.  A=3HH Life form FFIEHEIR Description

| HoRA FZEHE BB, SEAIERR_E 2R Dome-shaped colonies formed by

Cushion regeneration from a central point of origin, with stems more or less vertical
JEi] . N \ .

2 (RES _ FEEMGESRE S, O EMPIREIF Stems creep or erect, branching resemble
Dendroid miniature tree

3 T AETRENERKER b, /7 —AFi L Shoots rising from vertical
Fan substratum, branch repeatedly in the horizontal plane to form flattened

photosynthetic surfaces

IE

4 Pendant I MR E I R E:#E42 K Main shoots hang down form the point of attachment
HP 4 S A 5

5 T2, A A ZHE L8 2E 5% Shoots creep over the substratum
Rough mat while possess many erect lateral branches
AP A Yy == . = DX R

6 AP EEIEATRAE, A SAERKIEFUEZ AN Shoots creep over the substratum
Smooth mat with rhizoids closely attached to while branches lie flat

b St S 9’ .
7 AMRA FEE S, CPATREAEK, 5300, F R KX IR Many loosely or closely

Turf packed vertical stem with limited branching, occupying a large area



A4

8 Weft FZEEHHFIAAEZ Stems and branches loosely interwoven
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Table 2 Life-forms composition of terrestrial, bole and branch epiphytic bryophytes

A1 Habitats  #)Ff Species Al Family A 35 Life-forms
KIKEE Hypnum plumaeforme KEEF} Hypnaceae L Weft
KPI8E Thuidium cymbifolium PIEER} Thuidiaceae L Weft

Hh AR FAKEE Macrothamnium macrocarpum B8Rl Hylocomiaceae LA Weft

Terrestrial RN/ NG K BE Pogonatum inflexum & 8%} Polytrichaceae AR Turf
S E K EE Leucobryum juniperoideum A K %R} Leucobryaceae HARMY Cushion
2 - J K 8% Wijkia deflexifolia HREERl Sematophyllaceae  F F4# %Y Rough mat
VU -8 Homaliodendron montagneanum  “V-#£F} Neckeraceae fJ% Fan
TIWE#§~F-# Homaliodendron scalpellifolium  “F-#£F} Neckeraceae fJ% Fan

BBt A= Wi-~F&E Neckera crenulata. SFEER} Neckeraceae 5% Fan

Bole epiphytes [P & Plagiochila assamica FEEL Plagiochilaceae 7% Fan
WIS Plagiochila arbuscula F1E F} Plagiochilaceae 7% Fan
B LR MEHEE Bazzania himalayana. 8- &%l Lepidoziaceae LR Weft
AN FEEE Sinskea phaea H ¥R Meteoriaceae £ FEA Pendant
Tel B #¥ Dicladiella trichophaora H #E Rl Meteoriaceae £ M Pendant

PR HRBRFABE & Cryptopapillaria feae E#¥ 7l Meteoriaceae =M Pendant

]:;?;::tes FUF I &5 AR Rl Trachypodopsis serrulata AW EEF} Trachypodaceae M JE Dendroid
G H-ME Frullania zanggii HI-EF Frullaniaceae 41 ~F44 2 Smooth mat
Y& Herbertus aduncus By &%l Herbertaceae MR Turf

£: 2 Bates (1998) MEICE (2009) HJ5VERIr G 84T

Note: The category of life forms followed Bates (1998) and Ma (2009).

([T 28 ¥ 35 ESmooth mat MERTarf
EMEFHE ERough mat [ | mmer. .

EEFURAEALEA

The percentage of |ife-forms

K2 il BB A AN A I AR o SR AN R A3 R 5 20 b

100% -

S0%

80%

30%

20%

10%

0%

BB Cushion
) #&EDendroid

aE
B E &FPendant

7

%

M EEE WMTMHEEE
Terrestrial Bole epiphytic
bryophytes bryophytes

Branch epiphytic
bryophytes

Fig. 2 Percentage of different life-forms of terrestrial, bole and branch epiphytic bryophytes
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2.2.1 ARESD N BBV K15 KRR

FERIKSERIT AR 1 /NI N, BT & SR A A0 2 70 E AR R, DA BB I 8] A SE K T
gz, FOKMZ S “T B REEREYS, $8E0H 05 R AT DR G b5 2K Hh 222 1k,
HYE ZB R R T 098 (K 3). B VLR, MWEEMEI A S S M EEE. T
w2 AN, HEEEHMIE 2 M RERZHOK, B AL TEERE.

XA R A T S5 K 705 JORKRF LI E 25 AR W - AR E BRI (1 B AR
KL WFE KR BE & T WA EEY), el BZERESINEZ KT (P<0.01),
(EUR T B A 5 B S AR P 28 7 B 2 8] B AR AR A AT 3 K R M 2 AN B 2 SRK AR E I
FI i I 8] (T ) RIUHBAE 5 BES IR I A B B0 T AR 8%, P (A7 AE i
Fto MR BB BT R AGE R K TR AR 8, KRR T 8P, 1
WAEEEE ST A B SR T ROKERERARE (K4 a)

300 |

Plagiochila arbuscula WC=8.15+236.85¢° ''**, R’=0.99, n=5
Bazzania himalayana WC=2. 65+283.92¢ % %'?* R?=0.99, n=5

®  Sinskea phaea WC=8.53+239. 45¢™* %% R’=0.99, n=5
® Dicladiella trichophaora WC=-2.29+241.06e > *?°*, R’=0.99, n=5
g50: vV Cryptopapillaria feae WC=0.87+274.96e™" “**, R’=0.99, n=5
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Fig. 3 Water loss curves of terrestrial, bole and branch epiphytic bryophytes
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Table 3 Saturated and natural water contents, water loss rate of bryophytes from three habitats

HRRE K H ARk 2 PRy KR
g YFh T s .
(%DW) Saturated (%DW ) Natural (%DW/min)
habitats Species turning point
water content water content Water loss rate
KIK#E Hypnum plumaeforme 45523+102.07 22.33+8.82  177.73£8.3  2.46x0.63
KBV Thuidium cymbifolium 342.32+39.35 19.94+5.57  125.75+8.2  2.57+0.36
A FAAEE M acrothamnium macrocarpum 381.08+61.34 15.19+2.2 127.95+£2.2 2.86+0.49
Terrestrial ZRV./N4: K 8% Pogonatum inflexum 194.9+13.39 21.47+3.81 145.64+13. 1.20+0.17
¥ A R 8 Leucobryum juniperoideum 1054.08+110.68 27.03£9.23  205.51+2.8  5.00£0.53
LA Wijkia deflexifolia 428.37+57.39 14.94£3.43  128.59+3.4  321+0.41
VUG 2% Homaliodendron montagneanum — 163.74+16.88 15.55+4.32  80.84+24.4  1.94+0.47
i@qzmﬁﬁi;Uﬂ+$ﬁiFé¥fiscaqwﬂybhum 165.49+19.12 14.48+548  76.38+12.4  2.03+0.42
Bole WiH-“F-4# Neckera crenulata. 217.16+43.94 17.45+3.24  81.29+13.3  2.53+0.81
epiphytes BT & Plagiochila assamica 194.72+33.2 9.01+2.54 71.95+£25.4  2.83+1.12
WIS E P. arbuscula 241.75429.84 6.1£2.77 39.09+7.38  6.21+1.51
SR MEMEE Bazzania himalayana. 283.03+100.01 7.03+5.85 115.90+44.  2.67+0.92
FHAM M 4E Sinskea phaea 245.88+41.6 16.13+2.75  123.75+12.  1.88+0.46
BRI TR Dicladiella trichophaora 231.18+14.53 16.38+3.33  123.1947.9  1.75+0.14
Branch HIRBIA B 6F Cryptopapillaria feae 265.74+61.22 15.88+2.38  119.6+6.89  2.1+0.58
epiphytes WAL EE AR Trachypodopsis 287.45+60.21 13.38+5.06  98.36+24.2  2.81+0.47
M EME Frullania zanggii 241.25+17.64 16.56+2.74  92.83+532  2.43+0.3
B35 Herbertus aduncus 162.19+3.47 1537+1.41  88.67+5.43  1.66+0.06

2.2.2 ANFAATE R E BRI R K 715 RIKEFIE
&S R G NI R I, 2 A BN HNE (Bates, 1998). Rij (15T 5T

SRR, LR B S AEA S B TR TP AR AR 20 R B A o B
YIRS A= 7, 3 X I =R AR 3 A R 5 K AT R KRFALE (00 5 25 SRR W], A AR B BE
WHFE AR KT 2R G, 8 &SN ACK IR TR a6, Hlz ez
FBIERRFEMKT, R TR LR E ST RS R A B R A RS I RKRE D), T
=R R Z IR B AR AKCR TG 2 5

&SR AKAE), £ BRTBRFAE T, — AN NRERILKE Ko A RS
B ERYIRRAREAT AR, e 45 KRB oK B E I B/ SEm 8] (T 4,0 RIN
RAR>Z /A, BRLLAMEHESRM B N ERARE, HWNESRE A
)22 53 A 31 7R 2 7KF (P<0.01). SZHUNE S5 B T & B -1 3 SR /K 26 1 K T
FREEE, HERBIREZKT (P<0.0D), ML EEHMEL G LEEER. &
AR & T & SR A SR /KR R B R R o T R o SERE IR P /KR i 1 R ) KT, iRk
BRI, KoK RENG, R TSRS BERA B I IRKTERE - R & 8RR R b,
RIAKIF TR, JOKE R BR, RUJHFFKRE T GRoKPERE I ZE (K] 4: b)),

2.2.3 AN[A) A S AAS [F) A2 5 ) &5 46 (1) 7K o R FH 0%

I 5E S5 BT AR PR R B AR FOObR L J2 RS B A2 = b AR B8 T & SR A 1) 7K 2
BCRS AN : HUAE B B (0.22+0.14) M TB A B #E (0.19+0.09) FEA P A & 4% (0.1420.08)
%5t WEMR IR 4 R B R A B B K 0 R SR KT I A B, (HE 2 M ERA
2 o T AR B SRR T B A B IR K I AR B TR P AR B R (P<0.01) (] 4:

alo



R4 AR T & EAEY KA R
Table 4 Water use efficiency of different bryophytes from three habitats

A5 Yrkh A IEA Pn FME AR Tr KRR WUE
Habitats Species umolCOm2s!  mmolH>Om2s-! umolCO»/mmolH>O
KIKEE Hypnum plumaeforme 0.72+0.18 3.92+1.09 0.19+0.03
KPIEE Thuidium cymbifolium 0.63+0.10 1.37+0.34 0.47+0.08
oA FAREE M acrothamnium macrocarpum 0.61+0.08 2.354+0.62 0.27+0.06
Terrestrial IRIV/NG R #E Pogonatum inflexum 1.33+£0.26 4.46+0.31 0.30+0.06
Kt R 8 Leucobryum juniperoideum 0.72+0.16 6.18+1.21 0.12+0.02
B RIEEE Wijkia deflexifolia 0.48+0.12 5.68+1.32 0.08+0.01
VARG Homaliodendron montagneanum 0.41£0.06 1.73+£0.53 0.25+0.04
TV Homaliodendron scalpellifolium 0.41£0.08 3.58+0.86 0.12+0.02
Zi?: WiH~F-%% Neckera crenulata. 0.83+0.08 3.05+0.36 0.28+0.05
epiphytes FI§%F & Plagiochila assamica 0.62+0.14 2.79+0.61 0.22+0.02
WP E Plagiochila arbuscula 0.42+0.17 1.62+0.44 0.26+0.06
B LRI S Bazzania himalayana. 0.35+0.63 2.79+0.26 0.13+0.03
FELARIH- 3 6 Sinskea phaea 0.72+0.18 5.92+1.85 0.120.02
T B &% Dicladiella trichophaora 0.63+0.10 5.78+1.36 0.11%0.01
ziich HRERE & Cryptopapillaria feae 0.61+0.08 2.39+0.63 0.27+0.07
epiphytes FUH I #5148 Trachypodopsis serrulata 1.33+£0.26 9.46+3.37 0.15+0.03
B S 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

PRE XS A LR L i V2 e Y = 00 34 5 8 A 470 A 3 R 1 7K 4 ) P 2038 1 5 5
F W] =P AR E Y B B I K 2 R AR 3 N 4R (0.26+0.14) BT (0.22+0.07)
BEM (0.17£0.09). ZREBEWHSLEREN: RYLEHEREEHEZMERANEE, MiX
PR M AR R B A ) K o R S8R 35 B T AE R R A B R AR S B Y
(P<0.01) (K 4: b).

345w 5T

3.1 ANFEAEE S A [ A 1 B E S A 17K 73 AR R AR

TERRMR AN [F) 2 BB P RIS R AR AE 22 5, B M fERIBS N, DB, IRFE, DLAGEY)
ZRHCRWIE S, TS SR R ETR A (RWFFLE 15 Song etal, 2015; Peteretal, 2016).
ANFAES SR A T AR & R AE HOK 73 B WRHAE B AN o FEARWE T, A B S
MFKEE, ARFKEER, BABORIIRIKEET, , HAKHERFENRK, (HRAKEHER
Py BB AR B SR AR K RIS, FKRE BUR, RAKEREFEN &, KK FE S5 A E
SEMEY) O 2 S, R HARAKRE ) [FIFEELSS o MRE 2 A B A B AR R RF K RE 0 IC, 1
JeKERENS, RIFHBEAE S PRAKYERE, X 5B A & 8K 18 R HARIE . 805 XU
5 2 BOE I A B SRR T T oK 4018 B SRS A B ) K R o BRI 2 N KEY), ez
FPEYEERAL, A EIERRR, X H KRR L, HEKE DT
M (USORESE, 2006). & EF AT 2SR T M EARIR, 44N 5 %R0
Ja, MREGE B KK E 15 BRI DhEE (Proctor et al, 2007) o ARG 1B AE & #F IR B
TR BN S, MOS WA A & B A ) I S AN TR A, — BB PE Y EK
5 R B ORI P BE AT LASHS Bl AR ASE B A 5 e A B R A B ) P PR ERUE B B 7K &2
T AERF I 0 AR 35 Bl DA AR e J2 7 1 1 AR 58 264
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Fig. 4 Variance of saturated water content, natural water content, and water loss rate of different
bryophytes and life-forms from three habitas. With different uppercase letters means the level of
significance is P<0.01; With different lowercase means the level of significance is P<0.05. With

the same letter indicates there is no significant difference.



B A ) A T TR LSO AR B SR AR I — O LR I, B () AR 0 A AH R BE A AR SR )
U T AR o I AT A R AR B T B SR AR VR B AL A SRR, REIEOR B R S I
[E] o< &2 (Kiirschner, 2004). —fRUL, &/ MHE. MEZFAEETAEEEK, EMIR.
HORBCEOIR A 15 B 1 & BEAE Y R 08 A R PR 7~ A0 OB i AR, AN T PEAICOR S AE M 12
B R s, R e A iR K 73 280, AR T3 m BAE R MFKEE ), I
FReEE CRIBE, 1998). fEARMAMAFEAER G &R, LR E R BRI
IKAEST, HORBIMI AR e . RH T4 2L 10 25 o R e 2 B B Rk Re 0, T VAR ALY
TR /N R BRI R 7K RE TN, ARRIK PR IAT o 5 T8 6 B A 22 L b DXL L R AR T P 2
A HRFB I AEEE (Maetal, 2009, HEAREKKFRMARAMERLL, AT EA01S
KT 4l AR RR K 3, AR 1) 3R THI AR A A o KA FE AR A Rk, B R ZE 1 it
P (Bates, 1998; Kiirschner et al, 1999). i JE Al 78 4 75 45 1) 7K 43 KR 32 ELAK 52 F% I AR
SRS, XM AETE R S B RGT, R I HL = SRR 808 H W (Ledn-Vargas,
2006). FENRGT . BT I = AR, B R AN i XA OIS, AR el S A B A 1)
REMEEH B ABRKMFKEES], UERZW. 2 XM, FONBRFRT 2 1K 28
KUKV B TR H 5 2 J4E B 5 R 4B 5% (Proctor, 2004) .

3.2 AN[R) A 35 5 AN IR A 1 R 5 A AR 11 7K o ) 00

YK FIFHRCR (Water use efficiency, WUE) 8 A& 78 & B K BT P2 A2 114 5
ff)f (Fischer, 1979), feEMEREMEY)NTERIFEKNLE], EoaEPa MR K MR CF
A2, 2009). X BLRIK S FI R R TR (2 KSE BB K R R, 2R E
R 57K (Farquhar & Richards, 1984). % &A% (1999) XN % BRIV HIA
A AR B8R 66 Fh B A KL W) I K o B R R MR AL 4E R, R WUE 5 Bl R
0.19-4.04umolCOz/mmol HoO; 1 [E ZR B 7 AL AE T AR AR S AR ARG (1) 7K 43 1] F 280 239G il A
8.86-10.97umolCOx/mmol HoO Z.[i] (JB/hNm%E, 2012). S4EERMEYMLL, SHEHEDTK
SRR WA . AT AR A& 18 M E S /K 3 FIHZAZE (WUE) (1)
JEFH 0.06-0.47umolCO2/mmol HoO, 4R, A% (L HLIX (L Hbgf Ak & B R 41 WUE 2L
Fopth X 4 SR R . FERCT SIS T, B WUE FIERSE 17K 23 F1 F S g A F)
R AL B4R . & EEY BRI WUE RHEE 17K 2 R A 00T DL HL SR8 4
mAEFE ) CEAEZESE, 2009). (ERZEILRFIHIX, FEW7E, wEERE, WEE
BERYIRAR AT K R RIRAS R, X 0] 8 2 & 8 A 4 A BAR 17K 2 R ORI R TR 2

It A 55 A R BT AN [F) K 3 BE R 2% A B 5 B VD H I B AR R K 43 R R &2
BT mEss CERISE, 1999). TEEFHAZIINMHeis R, BEAEBR LL A% A o
#] WUE (Watkins et al, 2007); 3 A 7E 76 JZ 1 5B H A= 455 sR A A0 0 PR 28 B R, 32
WUE, L& ARRFEER A (LS, 20120 (HAEARFITH, M AR & & AR T f
A BRI K 43 R R T v T AR RS B A R, X B B AR B (AR AR DL BT A A
Bisk A%, BB R EESILR M, SZ XK CO 5, 28 HPH ) 32 2
BT & B A S (Waite & Sack, 2011). W] KAIERSEE (2017) XEREHR
LRI X PN B AT 35 2 B ORI 78 38 B KR 8% - ( Thuidium cymbifolium) ) WUE & T 103847
#F (Mnium immarginatum), AT LHE T M EEEY) “SALRE” (HRFED 25 .
2 SR B B 2y AT R PR R AR, & B R VR R LS RIR IS 2 B AR, (R A2
TERERZERER, SEREYIHF K WUE BE/K 5 7R PERRR TR (XIS, 1998;
A, 2009). MOEENB SRR R S KRR, 102 SR A BAR, R4
e NP8 IR, M5 B0 e 2 40 B B 2R 55 BEAE (1 WUE I T B A= Z & FIAR ST
Bt AR B EEAEY), JUHR MO E WA S Y M AR B E A 1) WUE 2 2K TR AR U 8
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