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Water-holding characteristics of woody debris and epiphytic moss in the subalpine
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Abstract: Woody debris (WD) is the basically structural component in most of forest ecosystems worldwide, and plays
crucial roles in holding water, conserving soil, promoting forest regeneration, nursing biodiversity, and modulating the
cycles of carbon and nutrients in the forest ecosystem. Generally, WD consists of coarse woody debris (CWD) and fine
woody debris (FWD). Among these, CWD provides better substrate for the growth of epiphytic moss. Further, the epiphytic

moss on the CWD also plays important roles in holding water, regulating the bioelement cycles, and nursing biodiversity.
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Together, both WD and its associated epiphytic mosses might exert paramount roles in regulating the hydrological process,
in particular holding water in the the forest ecosystem. Although the water-holding characteristics of CWD and moss have
been widely investigated in different forest ecosystems, the simultaneous investigation on the water-holding capacity in both
WD and its associated epiphytic moss has not been reported. Furthermore, the changes in water-holding capacity of
epiphytic moss on CWD with decay classes and diameter sizes are not investigated. The changes in water-holding capacity of
WD and its epiphytic moss with forest types, decay classes and diameter classes were therefore investigated in eight typical
subalpine forests in western Sichuan. The saturated water-holding capacity of WD varied greatly with forest types, decay
classes and diameter sizes. The highest and lowest saturated water-holding capacity of WD were observed in Picea purpurea
primary forest (22.06 mm) and willow secondary forest (4.55 mm), respectively, but the ratio of water-holding varied
slightly with forest types. Meanwhile, the saturated water-holding capacity of epiphytic mosses on the WD also varied greatly
with forest types, and the highest and lowest values of saturated water-holding capacity were found in Picea purpurea primary
forest (7.01 mm) and Sabina saltuaria primary forest (0.21 mm) , respectively. Moreover, decay classes gave stronger
effects on the saturated water-holding capacity of WD, higher and lower values of saturated water-holding capacity of WD
were respectively measured on decay class IV (3.77 mm) and decay class II (0.75 mm). Particularly, the saturated water-
holding rate of WD and saturated water-holding capacity of epiphytic moss correlated significantly ( P<0.05) and positively
with WD decay class, which fitted the quadratic term function as Q(Q')= ex’+fx+g. The saturated water-holding capacity
of WD and its associated epiphytic mosses on the WD increased with diameter classes, and the saturated water-holding
capacities of WD with diameter size>50 cm (D5) and its epiphytic mosses on the D5 WD accounted for 60% and 40% of
the total saturated water-holding capacity in the subalpine forest ecosystems in Wanglang National Nature Reserve. In
conclusion, these results suggested that forest types, decay degree and diameter sizes of WD were the key factors that
determine the water-holding capacity of WD and its epiphytic mosses in the subalpine forest region. Particularly, CWD

epiphytic moss plays an important role in improving the water-holding capacity in the subalpine coniferous forest region.

Key Words; coarse woody debris; epiphytic moss; water-holding capacity; subalpine forest; Wanglang National

Nature Reserve
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JE SR ARG P VT SR, DA I ARMOK SCA SIS 2 RIE TR AR KR & 882 AT )2 DA%
~F AT R AR B A ) A SR BB AAAE AR AR K SCA 25 o R o T RV 2 X AN R il SR ARARAE TS
BRI,

AR I3k B BOFIR [RI AR 20K /I AR AR A2 7 B S AR R I R R BT e ) B i 2 AL AR
R TR | 55 R 208 1) 55T PR RRH AL, Ao AR 7K 3R AR A T A AR B I ] ) R 7K 3 e 7 2 AT
AT DR B AR B R bR K SCI R AN SRR AT TR A S IR R AR AE S R G
PERTESESRAR ) L BRI BE T2 BRI 7 T« KR 5 B2 RIOR BUR AR A B 8, w5, A0 A W AR BRI
FRARB A SRR IR 0 AR K PR RE A8 J 35 22 5 s R, AT 1) 28 8 SIS T B ) 5 B4 K B g 114
FEJFH Z T AR R R A AR AR R R I R K SR, (RIS b, B R
it B MR 7K RE ) i 52 BRI JE 2 S5 AR R/ NF IR R, SR, © A B9 2 2 PP A AR MR SRR T 35
BRI RETIB T 2 A AR TR PRI AR 5 B K ISR SR E ) G i 2 G TE

JUTPGE o LU B Prb o 1l 35 — JORRIX (U R AR X)) 19 248, ZEK IR IR K RS R AR M) 2 R R 5507

http ; //www.ecologica.cn



6554 JAE = 41 4

T A AN R AR s 3 2 AR TR 2 S5 M A BB A R O RA A 7 B 0 o LU B I MR S R e P A
ARG PR AT REXS FRAOK SCA S R AR R AR BE (5 00 R TIT , 7 DG e LU B I RO I 3 Ak B LB 4
BRI ACRAEREAR B 422 S GORIAR GRS AR AR 1 R = b B G TE o AL , 6 T RSB 1A £, LU P IR
5 IHIRTT Y AZ IR AR S R A2 IBUR AR 7 RO UG AR A 8 A LR BRI RUBTFE RS B, AL DTS T AR e
RN AE BB RO MRt /K dE R AR BRS8N AR GRS AR, LA S R A S S0 25 LU R bR K S 2R
A AN AT R 2B A B AR AR

1 ##m7E

L1 AR5 XA

AHFFEAL TP )18 2 F B E 5 4% A R0 X (32°49'N—33°02'N, 103°55'E—104°10'E , a.s.1. 2300—
4983 m) , JB TP —AATE M % AR R 2.9°C,7 AEARUR 12.7°C,1 AR -6.1°C i
i 26.2°C , Mo i —17.8°C s AF R /KR 859.9 mm /K H AL 195 d, 27 KM, B E2AE PR RKES H—
9 H o R 1 PR AT w1 8 Fh AL B 1L FE R I - i RR TR LA R AR BT AR BRARTRRZ
BHUTTR A2 (Abies faxoniana) R =K (Picea purpurea) \Ji KM ( Sabina saltuaria) K& K HE ( Betula utilis) |
FHE(B. platyphylla) 55 . S HER £ 24T BRI ( Salix wallichiana ) VY §§ ( Hippophae rhamnoides) i # ( Ulmus
pumila) %5 . PR EAR F A S 1AL HY ( Rhododendron lapponicum ) W JE 3% % ( Rosa omeiensis) <M BILH A
( Lonicera trichosantha var. xerocalyx) . 41 JKAEMK ( Sorbus folgneri) | JI| JEL/INBE ( Berberis jamesiana) %8 4€ 1%
( Euonymus porphyreus) 55, HAAEY) FEA HF 28 W ( Cacalia palmatisecta) . JHHF}( Cyperaceae) | H i Fl 24
K (Poa pratensis) %, & EEALY) T 2A 5 LT #E (Mnium heterophyllum) Y5 % ( Hylocomium splendens) , K 3F)
# ( Thuidium cymbifolium) \géﬂfﬁﬂi]’ﬁjﬁ([jlagiomnium acutum) \FEZEPVE ( Plagiochila pulcherrima) AWM 18
( Solenostoma comatum ) . P 4 B & ( Frullania sinensis) . ¥ fil & ( Phaeoceros laevis ) . £1 b 4% ( Reboulia
hemisphaerica ) % ,
1.2 W5
1.2.1  BPAMREA SR

2019 4F 8 AW (M) , ZERTINT £ BRI SE A AR ORAP X i 1L B AR DXCHEA T I e S Al |, DL 8 Fh LAl (Y
5 LU ARARSE RS G (3R 1), 43 SIAE 8 Fh B BUARAI B 3 K/ A 10 mx20 m BRETy stk 24 A4~
AR TF A FUIRAA BB AE B Rk RE 1 A ot . Horh AR BRAAE 12 S 9050 532 IR Pyle Hl Brown'?"
BT M 5 AN (3 2) s BRI Harmon 25 43 25FR RN Sefidi 452 AY432505 1%, FIARYE A
WFFERY AR B B AR BRI AR R 53 5 M :2 em<d <5 em(D1) .5 em<d <10 em(D2) .10 em<d
<20 cm(D3) .20 em<d <40 cm(D4) Fl d>40 em(D5) , Hr D1 Hl D2 #8200/ INAR BUFR AR S 40 A 5k 1,
D3—D5 KA HIA A

P T A SRR T A PR BLERAR ( AR =2 em, KU 5 >20 om) BIEIAR A2 AR B
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RN BERE fy, KIHR 10 70 lpaly [l S 98 2 U= 22 04T

F1 ARTELFEWEHELR
Table 1 General information of typical subalpine forest sites

PR MR

%S AR ZHE 5314 Bierw] Wiz Cano Dontinant R
Number Forest type Coordinate ~ Atitude/m  Aspect/(°)  Slope/(°) Py . Plot number
cover/ % vegelation
32°52'N
: o B ’ ;
F1 WG L04°02'E 3075 NE 0 52 S. saltuaria 3
32°57'N B. platyphylla; B. albo-sinensis
HE A R 1 ’ yuas 5 3
F2 HEAR T A bR (O4°07'E 2601 SW 13 70 B il 3
o 32°57'N, - .
F3 TR A A , 2601 SW 0 52 S. wallichiana; S. paraplesia 3
104°07'E
32°58'N
e He ’ : .
F4 TRk {04°04'R 2643 WS 2 48 U. pumila 3
32°55'N
Il ) .
F5 TR A AR L04°08'E 2483 NE 0 75 H. rhamnoides 3
IRILY - 32°54'N, A
F6 EREE b 104°03'E 2962 ES 17 60 A. faxoniana; B. platyphylla 3
. 33°00'N, .
F7 [IRES ALYV , 2885 ES 50 65 A. faxoniana 3
104°01'E
. 32°52'N
y e AT, ) ;
F8 ER MM L04°02'E 3068 SE 5 62 P. purpurea 3

NE. Ui % NorthEast;SW : B P4 SouthWest; WS PifliF WestSouth; ES; /i F§ EastSouth;SE : B 7% SouthEast

R2 ARERGBEEERDE

Table 2 Decay classes of woody debris

25 Class IYZARHE Criteria for Classification
I LBOFRSEHE A TR W R e BRI BT, A AR 0
i} SRR TR B AR IR AR T BT, AR
I MBI AR, AR I IR ISR R B2 20 (BN R Tt o e RUE I iR €
v SO/, T AR E RS T T R 5 ok HL R i R AR b RR
v W, A EL IR, 7T LA ) b R R A 1

KT — I B DECTRIRA IR % T 2 )

1.2.2 RBEFAR B M A & SRR R I
15 1L A g A I3 A il 0] S 36 %, I B AR o, FIRE b, it — 2D PR LR VIV 2V 2R
R B3k N2 A B AR it el ] S 6 28 i, LR FHHEZK i I 78 AR v, SR J5 0 AR BB A A T 85°C
TR LT AT m, RS TR LR B p* AR A K d R R 0 5 A TS
FR 1630 258 A AR S B A A i 5 IR AK R O K, SR AN PR G FRTE my o BRPA B SRR Y 0 52 B =5 )
15 85°C THRAF ML AR5 my, SRS, B AR 35 88 0 T R /K Bt TR SR FHR VLI 5 KA T 5 B o8 A i 5
AR A RIBARAK A2 I A PR K FRHM K IS BB my, o X T EF AR 4 A 5¢ B A0 B2 59 S (R 11
ST T AR ST XA 72 B R RV ST 4% 5 DR T SRR BN SR T AR 7 A S o A 9 A AR i /Kt R A
FERRARYE X — G
PSR MA W
Ryp=(m,—m,)/m,;x100%
Wyp = RypXGyyp/10(mm)
R, =(m,—m;)/m;x100%
W, = R,XG,/10(mm)
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SRy, F W, 20 501 R B A8 A AR BTSRRI 47 7K 28 (% ) R A 7K B (mm) 5 R, R W, 53501 A B 40
A I AR BT AR A 5 B A AR RN RE K 3R (%) FIHL R 7K 2 (mm ) 5 Gy, R BT AM R 28 (9 R BURAR A it B (v/hm? ) 5
G, I EFHMRIA B AR BT AR A BN A= BB 5t (v/hm® ) 5 m, B my, 437 R SR B 108 AR J5T 538 A TR 245 I £ AT A 7K
ARSI (g) 3my M my 43 51 R B AR 35 B AL TR A 0 A A ACIR S T 8 () 5 10 SRR AR /K 3t B4 1/ hm?
PR mm 1 FREL
Forpr BY AR A 0 AR BT AR S A BB R A R
Gyp =2 Vxp/S,(t/hm”)
G, = X m;xSxC/0.04S,(t/hm*)
K, Sy BT W IERS A (m®) 5 V R EFAMA A AR BTAR AR AR T (m®) 5p S AR AR SR AR A AR 3 M4
TR (g/cm’) smy A EMETIRZS B (g) 3. 7000 9 BF A A B AR SR AR B M T AR (m?) 5 € D Y
AN A EFRAAR B A B AR 55 (%) 50.04 SHEIHL 20 emx20 cm FESH OB BRI AR (m?) .
Horpr BN A A B R A AR 5 R A T AR A A =R
V=l d,’/12(m’)

1 /1
51:?77(12 Idg*'lz (mz)

V,=ml d,’/12+ml dyd,/12+7l d,”/12(m’)

1 1
S, =?7T(d2 +dy) J4(d2 -dy)?+ 1 (m*)

p = m/V(g/m')
P VRS, 23] DRy B AN A ) 58 B AR A2 IR HEAR TS B AR BRI T AR v, A0S 501 DR AN 58 S R AR A 57 A
AW R R ATRFINTE R  d, , dy B L5350 AR BRSPS BLAR FIHK B (m) 5 VR SRAE B AR B R AARE il
s my AR AR BT () .

1.3 HdEab s 410

%Fﬁ%’ﬂ%ﬁ%ﬁ:ﬁﬁ( One-way ANOVA) 1 Duncan A I AS TR AR AS ] J3 42 S5 G RS [R) A2 % 22 B S
FRAR K LR A 5 B A AR AR 1 25 59 8 35 1 s SR FH 2 TR 25 7 2249 M Multivariate analysis of variance (MANOVA)
TR BEAG T 3R B2 SR G AAR G/ Nl AR B A K G A 37 8 44 AR B 19 3 LA FH T M i ) 2
FLHE R Pearson FHICHE 34T 7577 207 AN TRI AR AL A ] 8 62 458 20 R AR ) 428 20 =22 ) A Joi 5 A i R A4 5 6 14
il S5 AR A i 2 TR ARSCE s S 1 R AR A 7K i s 35 K 25 5 902 55 0% 2 [] A i 1o B 9, R ik
BrfE Q=ex’ +fv+g G EANTZ B [IH 56 & R A SigmaPlot12. 5 #4F #E 47 4F 5 R ] Excel 2019 #il
SPSS 20.0X 1 B AT GE T AL

2 HREHS

2.1 ARFFRMAE KRR T REBEA AR A AR 1L

B 1B, 8 I & Ll AR AR AL AR SR AR R AN i /K T 4.55—22.06 mm 22 [8] , AN [ ARAY 2 7] 22 53 (.
E(P<0.01), WFFEIR LI, AR FBTER A PR A K i 5 LA o 2 00 B 38 IE AR G (r=0.938, P<0.01) (3£ 3 FiIsk
4) KRR B A i 0 TR PR SR = KRR VT8 A2 K LA e K A A A g K B, 4008 22.06 mm Al
17.24 mm ; {HAR TR ARAE B HAR A U AE MR AR TD AR A A AR A AR LA B I %) A o 5 A4 1 i K
530N 4.55.5.55.5.79 .6.62 mm; IRITIA2- AR S ARG M AN G /K K P 46 A 11.25 mm 117 EF IR AR
TR, & BRI K R 5 R AE MR, (AT 5.09 mm,, b, 8 Fh ARG A T ARAK I K BE 1 HE3T , 22 R AN I
F(P>0.05) , F-HIREAS IR 7 B BTt Y 2.28 57K 43, He b SR 2 A2 S5 MR ARIATIAR U A BRI A8 FIRE 7K 3R AR XS
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B, ik 3] 291.50% F1290.37% , T J5 A FA B s AROFI 0 0K A= Mk A 10 R0 5 7K A X B AIK, R 180.02% F11
176.34%
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Fig.1 Changes in water holding capacity of woody debris with forest types in the subalpine forest region

Ul A P SHE R 22 (n=3) ; BN IR]/ING 5B FOR N R BR AR B R B 5% MR 22 18] iR v R /K e 22 53 W3 (P<0.05)

K3 TRHFMLE BREEFHEZXNNTHRRKREREMESESHNEE

Table 3 The stocks of woody debris and epiphytic moss of different forest types, decay classes or diameter sizes in the subalpine forest region

NGNS i A= 5 it ik WA AR B (i it WA 5 B i AU UNGAIN WS A A
FEMRER Stock of woody Stock of epiphytic 7 Stock of woody Stock of epiphytic || - Stock of woody Stock of epiphytic
. Decay . Diameter .
Forest type debris/ moss/ : debris/ moss/ . debris/ moss/
) ) class ) N size ) N
(t/hm?) (t/hm?) (t/hm?) (t/hm?) (t/hm?) (t/hm?)
F1 27.26+13.11 b 0.40+0.11 d I 10.85+4.45 ¢ 0.17+0.26 ¢ D1 0.55+0.13 ¢ 0.14+0.26 b
F2 24.49+5.97 b 2.36+0.85 cd I 5.01+0.09 ¢ 0.35+0.55 ¢ D2 1.53+0.38 ¢ 0.39£0.52 b
F3 18.66+5.23 b 2.48+0.87 cd | 10.46+2.04 ab 0.74£0.66 he D3 9.75£0.69 b 1.59+0.52 ab
F4 32.48+9.42 b 3.69+1.35 bed v 14.21+1.46 a 1.58+0.88 b D4 10.58+1.10 b 1.72+0.80 ab
FS 31.73+4.22 b 5.25+1.45 bed A 8.45+1.04 ab 2.87+0.85 a D5 33.74£8.21 a 3.14+£1.00 a
F6 48.80+9.92 ab 9.08+2.59 ab
F7 82.46+11.77 a 7.03£1.09 abe
F8 71.27£12.68 a 12.52+£2.57 a

TR AT IE AR 2 (n=3) ; R PREFIN DI—D5 HHIFEREHHF 2 em<d<5 em .5 em<d <10 em 10 em<d <20 em 20 em<d <40 cm ,d>40 cm AYA
Fgk ik R PORTR NG R AR R AR R 6 A2 SR IR G INAR B (AR Bl B A 58 22 [ A g i 25 57 3% (P<0.05)

F4 THLUABBRKRREZEREMESSENESMNEMNEKEZ BEHEXE

Table 4 Correlation between storage and saturated water—holding capacity of woody debris and epiphytic moss in the subalpine forest region

AJEFEAR Woody debris A JEFRARR A= E#% Epiphytic moss
g i A BRH AR Eg TS B1REH
fitt i Pttt KMt fitt 1t Yifitt it KoM
MR F K B
Saturated water-holding capacity 0.938 " — — 0.984 " — —

in forest type

5 A AR A AR

Saturated water-holding capacity — 0.698 ** — — 0.882"" —
in decay class

ARG/ MK

Saturated water-holding capacity — — 0.991 " — — 0.993 **

in diameter size

RPBF RN RLL r; # = FIR P<0.01
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2.2 KJEFRAKR AR B EE (0 i K AR BEBE AR R 125 1k

A B SRR BR A 25 28 R R K S RS /K AR AN AR AR 1] f 2575 ( P<0.001 ), FRRIMig 7K 2 1 725 Ak i Bl 7
0.21—7.01 mm Z[A]( & 2) A AfEK S a2 8 R BN IEA G (r=0.984, P<0.01) (£ 3 fiifk 4), H
b AR A e 1 SR A2 R AR LA B s IR RN K 2 (7.01 mm) |, 8 35 i A AR IRV A2 R
URAR(4.07 mm) FURTTIA F2- IR AR (4.48 mm ) A A T BR A4 B A 25 B 000 R 7K B2 7K OSF- H 25 5 R AR ARV SR
(2.73 mm) MIAAR(1.35 mm) BIBRAR(1.19 mm) FEABERR(1.16 mm) (4B A B SER RN K S 804G 5 1T B A=
BEAT R AR 0 7 B AR R B MR AT B AR AR A K B (0.21 mm) | B 3R T HABARI B4, A& 2 FefiTaT LA
F AR B R R R ACREE R R MO R AR E R AR (576.41%) | WRTTVE 26K (575.61% ) FJ5 A AAIAR
(541.86% ) , BEML I [ B Bt b 30T 6 A5 A 7K 43 5 ATAR U A= PR I8 A S5 5 1R B A4 5 8 1 AN 457K SR IR 1K (385.78% )
LT HAMT (P<0.01) . A ERERRKIERES R A SRR 3.9 58] 5.8 £, B3 @ TR 4K,

r 700

a

B 600 |-

i 2 oa a oM
. ab soo | 1 1 =

be 400 |

T

bed 300

Ak R

Saturated water-holding capacity/mm

HaFnRkE

Saturated water-holding rate/%

200
ed cd ©d

2 1] 0
F1 F2 F3 F

4 F5 Fé6 F7 F8 F1 F2 F3 F4 F5 Fé6 F7 F8
FRAAEK A Forest type

100

S = N W A LA I ® O
T

B2 Tl S bk R R R A Bt A A K e T RE AR EL B (L
Fig.2 Changes in water holding capacity of epiphytic moss on woody debris with forest types in the subalpine forest region
P e B P BB AR R 22 (n=3) B TPOR[RD/NG TR IR AN IR BRbR 26 T AR JB % AR A £ 5 8 22 1] 614 0 1A /K- B RIS K R 28 e I 35
(P<0.05) s F1: Ji BRI AR 2 MEARUCAE A 13 M UCAE M R4 AR YRR F5 U AR 6 IRTTIE A2 - FIMER IS 7 URVTIS A2 I
UMK B8 R B iR Ak
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Fig.3 Changes in water holding capacity of woody debris with decay classes in the subalpine forest region
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V(2.97 mm) A BT 5R AR A 4R FIA% /K B 5335 5 T 1(1.00 mm) A1 11(0.75 mm) BEREZESR . 5 AR A i
FRARST)N PG &35 1 AR S R AR K BB TTHR A TV (36.09%) >V (28.41%) >TI1(18.74%) >1(9.58%) >
1(7.19%) . 4N, JEREFRE A I 2 5 A R AR (R A AT /K R (P<0.001 ), o R 7 3R Bt 25 65 062 S5 % 1) T
T T S MR K 1(86.81% ) <11(149.56% ) <I11( 186.41% ) <IV (269.57% ) <V (351.86% ) , HiF/K fiE
TN TR E 1 AEE]V %) 3.5 75, [FRMFISIE & B, AT AR (Q) SRS (x) Z B E R T
WHE Q=ex’+fx+g BIRBE R (F 4)

400 AT c 1.6 A JRBRAK 23 B
£ 350 | 0=60999 +28.409x + 56.515 E 14| 0 =009885x2 - 2.4903x +2.5218
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Fig.4 The regression analysis between saturated water-holding rate of woody debris or saturated water-holding capacity of epiphytic moss

and decay classes

P R FR M A K 8 M RIS 7K fat B 00 A5 AR A R 5 2R, P<0.001 27 o 1 JA T P Al H: 2%

2.4 ORJTTFRARR A= 75 s i /K i AR K M R B 2 SR 40 A8 4k

JE R 0 2 R R A T R AR B A B B (R A A K i e S R R, AR RN K R, LA B 3 IE AR G
PE(r=0.882, P<0.001) ,Z4bVEEIA T 0.09—1.49 mm Z[A] (& 5) , R, BfF A & 68 A0 1 A i K e 5 HAE R 2
(] 0 2 I 35 TEAH DG (r=0.997, P<0.01) (3R 3 R 4) o AN[FIE 2 3 G A Bt (A B A 3 88 o8 11 96 11 5 1L A=
BREGFIKER TN . V(50.26% ) >IV (27.73% ) >111(12.85% ) >11(6.23% ) >1(2.93%) , WFFEib &L, HoAt
7K Q') SR AR (0) ZIH A R R WA A IR TTFE Q' =ex’ +a+g MIBRBOC R (B 4) , SR, i —2
WG R B, AR e S B A 5 6 2 [B) AR N Rk R 3 22 5% (P>0.05) , HoP #4535 K B8 J1°h 539.72% ,
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Fig.5 Changes in water holding capacity of epiphytic moss on woody debris with decay classes in the subalpine forest region
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2.5 KFFRMAE KRR M BEREAR 2 19 A8 1k

W 6 s , ARG KN AR BT % A R K f AR (L SR ISR . AR G, AR BT 5 (A b i 7K St bl 5y, 2L
HBEEF(P<0.001), HAMLIEE AT 0.09—8.31 mm ZIH], 5 & 12 %% K /INA Bt 5% 74 1 % 1 55 35 1F A G
(r=0.991,P<0.01) (£ 3 MFK 4), fEEHEKN DS BHATIRIEEA o A K R (8.31 mm) , 5 it
60% , % i T HAWAR G ; Wi it e e /D 1) D1 ARG TR AR AT S IR AR A 7K 1 (0.09 mm) |, 8 25 (1% T oA
R, ANRRHI/INA BTG ARXT )1 VG 5 1L AR 2 R Gefidi 7K £ 9 ST A . D5 (63.86% ) >D4 (17.48%) >D3
(15.62%)>D2(2.31%) >D1(0.73%) , [RIBHIF5E0 K BR , ASTR) A2 6 R /IN 9 AR 5 3 A A AR 45 7K R 22 [ i AR Ak i
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Fig.6 Changes in water holding capacity of woody debris with diameter sizes in the subalpine forest region
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Fig.7 Changes in water holding capacity of woody debris epiphytic moss with diameter sizes in the subalpine forest region
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Y ARTRIAB G/ N A ST 35 B 2 5 B8 1 70 07 85 L 25 R G K 19 TER 4 DS (46.47% ) >D3 (24.35% ) >
D4(21.44% ) >D2(5.47%) >D1(2.26% ) , #E—HWFFE R I, R AFGE 5 1 14 245 20 A R o A 2 25
W KRR IR, %A B3 95 5 (P>0.05) ,

IR % 2 AL R BRI R S AR A/ T 2 TR = 3 2 I X A R 2 BB A 25 s f
TRk R AT 35 A8 H I (P<0.001538 5) . IR RN R4 SR80 16 3 A2 0 2 eh RGN
SRR A T35 P R 0 S TR 28 T B2 25 B8 K BB W K PO [ 22 IS R S5 BT,
R AR R /N = (58T XA TR VA B F B A 25 40 5 0 93 7 32 B0 DR 6 0 B 0 BT
(#5),

x5 FEHMNELE BEEFMEZRDIIRREREREMESEEKENNSERFTENT
Table 5 Multivariate analysis of variance (MANOVA) for the effects of forest types, decay classes and diameter sizes on the water holding

capacity of woody debris and woody debris epiphytic moss

AR A it 7K e B A e A K
ARt Saturated water-holding capacity Saturated water-holding capacity
Type of variable of woody debris of epiphytic moss
F Partial Eta Squared F Partial Eta Squared

FRMEH Forest type (FT) 7 5.616 " 0.083 6.174 %" 0.102
R AR Decay class (DC) 4 9.903 ** 0.083 16.470 *** 0.124
YR/ Diameter size (D) 4 30.450 """ 0.258 5.900 ** 0.074
FTxDC 28 22817 0.175 3.2627" 0.23
FTD 28 4.565 """ 0.297 3.51" 0.244
DCxD 16 2.385"" 0.112 2.57*** 0.119
FTXDCxD 112 1.897 " 0.413 1.974 " 0.420

T F R ZINRTT 20 I 22 453 ks Partial Eta Squared JERUN AT, 278 2 5 N 3 BCE AR XA R K B AGRZ IR RN 5 s 0K P<
0.01; % F/5 P<0.001

3 Wit

3.0 MREDR A5 A b B A K BE T B9 52

AR 2B 5 8 14 K SCRIZK AR 5 D AR AR MOK SCIFSE 0 T2 — 3800 WA S5 IS i L i 46
FRm A HOK IR IIRE ™ o AWRGT A SRR 1V S oy L I bR XN [) 28 A R AR A S 7k 1k B L i 25 i
AIRFKBE I Z TR R B 22 57 o, IEIR AR SR S AL MR YTV A2 PR Jo B AR 1) 10 R K e s, MR 2K
HEARA SRR (O AR Rt 7 i e, 2 B2 DR oy T D MO o e A i, T MRS 2 A R A A1 (3R
3) , it RS SR K AR T R OGN K 2 — 0 A AR TSR A i o S5 AR AR I 2 DDA 0G| T
B SRR B ER A 11 SRR A 28 v TR, PRk, Ak TR TS0 A AR 0 A A AR B B M i A R TS
WIR AR, fe e, R AR S WA K ) — N R AR, T A2 B AN [R] AR 22 ] (9 4 R K RO B0
S UL )1 PG ST g LB b DA B 5 A P R K 10 D PR 3 02 G 1 B A i e A - 2 ) 10
FA

AWTFEIE K B, T7 BORA UG PR JB 5 AR B A 5 6 ) S R K B e iR, Y 25 S 2 e R B AOSE A I R
T B BBk AR A B AR A i D TR A R AR A i (3R 3) o L, BRFAE 4 ) B o P R M LA A
AR A 8 g — A D 2T 5 DR 3R R A R A A AR S kL rh IR £ W S
SRR A A A A AR AT DR AP T D Y S 2 SR A V8 A R RN R A 2 A s AR, M
TSP 88t 2 P TS M 5 B A AR R R A A T O RO N AR A IS A B R T TS RO IR R 1 7%
St FE A AR B B A A T T 5 A AT b SR SR TR R AR U R BUR Bk AR b5 SE MR
B it i AR K BE TR
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ANTR] b DX 25 AR 53 AR o B A S G AR 5 (BB 6 ) DK IR SR R I A 2 5% (3R 6) . ARWFSE By ITY
S e LU IR DX RIS AR 5 P R, LR I o A it /K iV L 7E 50.88—220.62 v/hm® Z (1], [1] 4y )11 75 3. 55
LU AR B VA | VG s € 2R L R S D P DR 2 A2 0 37 Bl A 285 SR AE ARSI 8V I 2 P (B AR R 25 3 8 T R
A5 TR SRR DLW K730 M A B A A it 7K 2, S I R L W AR A AL S Al MOA [ % A it 7K E
(£ 6), HHN BB KR EZER KDY X s X A 20, B2 A 245 i 2 [ B e, IR &
SRR 0 AR, FLrb R R W I A R R RN A R Y 25 5 R I BN [RIK BASRAE T BRR IV A FAR
DA S A7 A 3 25 5 s VR R SR B R R 38 22— ) A g 10 b X S S AR X A 45, ik D 2%
TR BBRAAR ) i % 3 T AR DR B B A et 8K, LK RE 7 o B, SR, AR T i AR K i
ARG AR SR BR AR AR RN K ZTE TR 176.34%—291.50% 22 [4] , 5 A8 5] 3, DX F0 At 1 DX 4 2, 2= 4 1 R 52
A ARV R 2% 22 AH 22 A K, 43 3R 184.98% | 168.82% | 126.59%—211.57% . 199.92% F1 172.34%—
195.25% (£ 6) .

K6 TRMERKEBARRKED EEHFFKEE

Table 6 Comparisons of water holding capacity of woody debris or moss among the subalpine forest region

KR Mii*ﬁ*ﬁ y%?%ﬁ? b
. U ) . Epiphytic moss a/ -
Holx AR Woody debris Understory moss b S
Area Forest type References
Tk gl T RIRE KR oKl
(/hm?) FikE/% (/hm?) FikE/%
JIPEE &l E8) TR IR 50.88 180.02 2.15a 541. 86a AW
Subalpine forest of western HEAR TR A bR 66.20 254.56 11.63a 520.39a
Sichuan ( Wanglang) BB IR R 45.55 291.50 11.92a 496.09a
TR A AR 57.86 204.98 13.51a 385.78a
TP IRR AR 55.48 176.34 27.33a 521.26a
IRTLYAZ - HER AT 112.51 224.89 44.76a 492.64a
IRV AZ IR Ik 172.40 204.96 40.75a 575.61a
SEREVIRIEMN 220.62 290.37 70.09a 576.41a
FREE MM 184.98 [37]
VG g1 (4 )
Subalpine forest of western YA N 153.20 160.44 131.40b 484.66h [13]
Sichuan ( Bipenggou)
A 535 1Ly (RS2 RIX ) I AV N 37.62b 1195.85b [14]
Subalpine forest of western BT 44.77h 466.25h
Sichuan ( Miyalolin District) B A 19.05b 340.73b
@711 Sygera mountain SREAA M 98.42 168.82 67.35h 483.74h [18,38]
e LA BR 8.69h 281.75b
KA1l Changbai mountain I IR 27.42b 547. 20b [39]
FE 4 Tianbaoyan KA+ £ B+ B BANR S 34.70 126.59 [40]
{gﬁ’iﬁi Z+ 85 M +HIR I & F R 1872 21157
KALRAZ+ HRE +75 MR ST bK 18.34 151.07
KALHAL R A AR A AR 12.32 172.35
21T Bailongjiang JRRiEE 1050.21 199.92 [41]
P FRRE K etk 14.46 172.40 [42]
Great Xing' an mountains TR KBEk 10.11 195.25
;déSAt of central S AL 707 B b 18.48 129]
Prairie Creek Redwoods AT 165.00 (4]

State Park, California, USA.
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AW 5T H, 25 PR 5 B A R 2 5 R 14 1 i K R FRLFE 2. 15—70.09 v/hm?, AR TR 2K 3 L 7E
385.78%—576.41% Z ] , Hrfr Mu it /K & 5 1 74 S0 iy Ll K SE 29 AR DX PR g € ZR 7 1L AR P I AR T & 6 2
TRL M /K S ARG, (R A1 PG 5 Ll e A R LR v A2 AR AR T B B I i K i (32 6) 5 TR AR R 5
JUP I 5 1 SR A RS2 AR X PG 0 2R L RS L AR T B #E2 AR ACR M ZEA L, LA KIS AR X
HYJE AR A MM B AR A AR 5, 358 1195.85%, B #EAR G RIS REE WA T H AR
I (0 B BT A A A0 A FRA R AE R ], RS 5 R WA I 9 R 8 ( Leucobryum juniperoideum) , T
FEY) AR BAEAE R S B ALIIBR, IF ELR A i S350 Jn 1 SR a0 AR, R A B O 2K 4, i A 2540
£ IR S5 H 9 AR W/ N4 R 8 ( Pogonatum inflexum ) WIEUEWMSAK 43, BRI R /K BB J7 e 2%, (HL BVl & & b S AR
], HA R K i AP ARSI 25 57, DO IR S T a7 T R L 35 8 1 A= e | T DA SR BRAAC AR B %) £ ot J2 A
A B R AN K B — KRB 7 Ah, A RO AR BRI AT RE S 5 i B R K P BB 1Y
JIA KRR, H, PR IR R AR A2, AR JE R A BRTE B, 38 0 AR [0 6 A B LB A 35 i 1 X T
KRR R A B AR
3.2 TSRO A T AR A LB A B B K AR T 5

R P R R I AR I SR R B LB A 5 R K B T A S R 0 ARG R B R RS ARG (TV R V) Y
R R AR B A0 R K R 3 TR RS SR (DI A IO | 2 R S A E K i ik —8 .
DRI 2 Jff A 0, BRI /K 3 o DR A T A e P 3 P AR T ke 1 % /N 25 A s, LB R, K 4
REPEB B AR ISR ANAE | RS /K BE Tt e, I L 8 2 AR A S e A 3 T 2 2 A o 2 B
FEE I 5 8E S AT ok nT B IZK PRAE AR SRR L &E4E 5 53 A1, AR A AR 47 DX PN 1) e B T8 2 A R A R BBk AR A B
R R R — R AR BRI FIRE K 3R B T A S T = M5 A5 6 Q = en® +fx+g 27
R RECC R, 5 B AT IE RS R SRS F ORISR —80 P BeAh, R A 8 B2 S g v
FLRfEAE B AR K BB BT TR R B R WAT G Q' = e’ +fx+g ZIR IR, 5L, w0 M 72 B2 i AR T
BRARAEE RGN, E DR R 7 AR L YO & aF R Y PR AL T 0 2 A SR R AR K
JR ST DR LA S B S RERE i 22 LR BRE A T SR A K A R L R T AR A R RN, R R AR
G 1 2 S R AR T B A A B B o, DR TR A B Btk e, PR, £ B8 8 o B 2 S R R I
BRAR R LR A F o T 4R e L BT ORI R T e LA R L,

3.3 BRI IR AR e LB A B B R K R T 5% M)

ARHIFFE Y A SRR B FL R A 25 8 (9 1 Rt 7K e Y B 5 AR G 38 T T &, BB A 609% T 40% [ 7K i B AR
FETE D5 (d>40 cm) RIEHARTTERAMFIM A B 8 T, 15500, i 520 R U2 RAR YUK T gk AR S L ff AE & ki
it o, R AT RE S K AR IR b R B o6, EA MR R, R/ R R B A O ¢
17T L v AR A R % K R R DG, DR, R AR R TR R R LA g R R i K R R K
R AT R R I, kK R R AU B A OGE T X T g T R RO AR AR (AR
8 ) FEMEAN B0, Rt ZERMR S S A B St e IR B R AR U B AR S5 R B AR AR 0 T iR R AE S &R
GEE M RE A 2R X,

4 e

AR Flt T2 B (1 MR AR LA R X A K AL 38 ot e KR % S Ty R O HCBR AR 5 B T 4 T
MR T SRR A K BT R T BRMOK SCA ST T B A 4R, DAY 22 6 T AR R A B 1y 7K
VR IR DI RE , (EEAE 2200 HAT 5 R K BE T BB A 9 8, AR SCRITFE SR WA PY 5 L S B AR P g 2 25 2
FIRAR G A TSk M L B A 35 B B AT 58 KR35 /K PR BE AN 25 K VR R, U I HOK IR A SR BE 7 72881 P I v L
ARMOKSCEZS R GE P i E SR 8, D AR S R i A R HR LSRRI, [R)IR PRI 8 902 S R AR 2
R/N=38 B AR AR X AR BE T 5 28 TR DR U AR S A B v | [R] Ik O B ik e
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B R A R R AR G AR T R B L BRS A #5 E0 T AR BRMOK SO S PE AT 2 S, A AP T
NG 2 9N O e S = UE S N W LR PSS ) S e S N & 55 S SO 1 - s ke T A=
AR TFFR AR B R A 5 G K L OR 5 ZhRE , HOK ISR IR BE T BE 18] 2= Tk | DIESE sl 2 4L  ie F
PR AT
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