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Abstract: Coarse woody debris (logs, branches, snags, and stumps) constitutes a large component of forest biomass, and
plays an essential role in many alpine forests. Coarse woody debris not only participates in material cycling and energy flow
in the ecosystem, but also provides a suitable environment and abundant nutrients for the growth of epiphytic moss. Many
studies have focused on the importance of moss as an absorber as well as indicator of heavy metal pollutants, especially
pollutants from anthropogenic activities. Moss can absorb heavy metals from precipitation/wet deposition and directly from
the substrate, and the concentrations of heavy metals in epiphytic moss are related to the local environmental conditions;
total storage can be affected by the heavy metal content in the epiphytic moss and the biomass of the moss. However, the
effect of the interaction between epiphytic moss and coarse woody debris on the sequestering of heavy metals in forest

ecosystems remains unknown. In July 2015, the cadmium (Cd), lead (Pb), copper (Cu), and zinc (Zn) content and
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storage in epiphytic mosses on different types (logs, branches, snags, and stumps) and decay classes ( I — V) of coarse
woody debris were investigated in an alpine fir (Abies faxoniana) forest in western Sichuan. Results showed that an average
of 4700 mg/hm* of Cd, 21236 mg/hm’ of Pb, 6179 mg/hm’ of Cu, and 2622 mg/hm’ of Zn were sequestrated in the
epiphytic mosses on the coarse woody debris in this region. The total storage of the four heavy metals in the epiphytic mosses
was in the following order for coarse woody debris: logs > branches > snags > stumps. Cd, Pb, Cu, and Zn storage in the
epiphytic mosses on the logs accounted for 54.53%, 66.08% , 51.13%, and 66.30% of total storage, respectively; Cd,
Pb, Cu, and Zn storage in the epiphytic mosses on the roots accounted for less than 3% of total storage. The characteristics
of the heavy metal elements in the epiphytic moss was affected by the type and decay level of coarse woody debris. The
content and storage of both Cd and Pb in the epiphytic mosses of the logs and large branches showed an “accumulation-
release” pattern, and the highest values were observed in decay classes Il or decay classes Ill. In contrast, the content and
storage of Zn and Cu in the epiphytic mosses for all decay classes were insignificant. Overall, these results suggest that
epiphytic moss on coarse woody debris greatly contributes to the sequestration of heavy metals in alpine forests; the results
provide new insight into the cycling and transportation of heavy metals, as well as the role played by coarse woody debris in

these alpine forest ecosystems.
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6] ARIFEHSAE AL 3 /1> 100 m x 100 m AIREHD , 7EIX = FEHL R 23 I BEHLIE & 3 4> 20m x20m AYRETT
9 MHETr . TERRE DT B — I SRR AR PR AR A B (BRI ) LR/ Sk AR RS AT sk A T 2
SFRAE TR Ry R/NHUR R AR, FOE SEICTERE R AR 4. 45 Harmon'® 1 4 28 bR 1 A1 TR
] R R 30 437 1% K AR = 10em IR BERIARAE IR AC B o 4 . AR AL Jo ok 1 e o35 LD AR MR AR 25 R
U BPRES , iE—22 00 W EIK (Fallen log) ASZA (Snag) ARAE(Stump ) ARG ( Branch) . R4 T A7 B R
25 R GERA T BRAAR I 53 9 R G X IR 4 ARREAC SRR A 7 I e S R o0t o 1 S et AR BET R i —4F
I 4% T IR I e, /N TIACRT R FE T L 2ok s T /NI S 2 em s VIZRE . /N TRk 2—5 em; V9. /NTT AT
TG ATRIE, Mk RIS A JRTRER 1 m S5 m 10 m FIRTHELLZ A BEREIR 3 4 FHE 400 on
(20emx20cm ) /IMEJT B T3 VAR AL [ A E SEAE W), [R) I 10 SR B A= B AR ) A 28 /INRE 3 B8 | i B8
FUERE DL A, W TR SEACRSE 1.5 m DUF B M AEARY)

H B LE R A I 206 %, 43 Sl BROAS [RDHLA BT R A S ARG At S R AT 4302, T 65 C LA Pt T &2
THE, AR R T, 2 BRI SR AR R AR 25 R G U 77 LY/ T1952—2011, FREX 0.5 ¢ #E4dh,
FARFREE D 521 BB — s SRR BOTR SR Ak , AR, (T AA-7000 LTI RN 2 Cd \Pb ,Cu
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A1) o BIRFA: 58 Cd Pb Al Cu AV EELES T I i 45 4000k 3 5 K5 SRR AR 27 8% Zn WREEXESH VIS
RN BN K . TERMRIE i e, B AR 5 6F Cd  Ph HIA) ¥ B2 A 58 LI A 25 28 B e K 5 Cu M ETE
JE SRR T RS 225 AN B3 (BAe i VI A B E . s ARG I IV I i S B A 25 6 4 Fh i 4
JE W R IA—E, Ph W22 A W, Cd Zn M Cu WRBEZE S 5, ol TARBERM 2B S BERIUIAE A B0, ok
BEATA R AT, DR e = A RS8R

F1 JIAESLHFEAKEARREE Cd.Pb,Cu 1 Zn iREE SHE/ (mg/k)

Table 1 Background values of various types of coarse woody debris in western Sichuan

R A Log K A4 Branch
Decay class cd Pb Cu Zn cd Ph Cu Zn
I 0.84+0.10a 3.74+0.06a 2.46+0.18a  160.40£5.20a  13.14£0.73b  8.46x0.84a 3.184£0.53b  184.65+31.00b
I 1.49+0.18a  17.84x0.92c¢ 1.71£0.31a  159.76£5.60a  7.43%0.52a  12.4121.27b 3.07£0.12b  150.67+3.00ab
I 0.56+0.07a  35.84x1.48d 2.28+0.46a  178.80£9.60a  12.7420.27b  12.46x1.55b  2.53z0.11ab 132.83x14.80ab
\Y 0.87+0.04a 7.90+1.12ab  2.30£0.18a  233.65+79.60a 17.68+1.01d  20.10£0.78c¢ 2.49+0.32ab  124.70+14.40a
\ 12.05£0.22b 5.97+0.93a 3.38+0.27b  219.4245+6.23a 22.0520.52¢  34.53x0.90d 1.71£0.36a  121.77+7.30a
JE AR, AHILA Snag HEHE Stump
Decay class Cd Pb Cu Zn Cd Pb Cu Zn
I 6.04+0.13b 7.52+0.26a 2.97+0.34a  64.69+2.30a  17.49+0.17¢c  7.25+0.06b 5.25+0.40b  728.67+8.60b
4.34£0.29¢  16.24+1.66b 1.87+0.45a  145.88+6.70a  29.23+0.39d  9.25+0.88c¢ 6.00£1.72b  348.79+107.00a
5.21£0.29b  11.95+0.73¢ 2.53+0.38a  159.40+14.20a  36.09+0.19¢c  11.45+0.09d 2.61£0.32a  213.26+4.90a

7.21:0.56c  11.14£1.95ab  4.35+0.34b  198.05+46.80a  7.46+0.19b  522+1.32a  2.37+0.45a  229.65+55.50a
2.75£0.44a  22.96+1.88d  5.08+0.73b  455.17x107.20a  5.330.23a  3.58+0.13a  2.67£0.24a  241.58+8.30a
(RIS AN [ /N 3 2 7 ) 51 ) Aol A8 AR A 57 55 AR A [ I8 e A5 45 [) o B 62 i T SR VR I (2 #2557 (P<0.05) 3 =57

= =2 BE =

*2 AEABEBRERMARLBERFZEIIEEEY Cd.Pb,Cu Zn KEMREENNEERFESH
Table 2 Results of two-way ANOVA for the effects of decay classes and types of coarse woody debris on the concentrations and storages of Cd,

Pb, Cu and Zn in epiphytic moss

Cd Pb Cu Zn

R Concentration  JEf#AES Decay class 39.645** 90.777 ** 23.803** 72.849 **
HH Type 80.310"* 56.543 177.039** 6.637"

HTXJB#:5% TypexDecay class 27.380 97.983 ** 47.329** 70.543 **

W £ 4 Storage JE# A Decay class 8.404 ** 4.381" 1.885 4.857

HH Type 3.829" 14.733** 3.974* 13.561 **

KI5, TypexDecay class 6.110*" 8.477 " 17.548** 5.862 %"

* ,P<0.05; "* ,P<0.01;n=39

2.2 A[IZEEDREAR FUak A A= 5 o 4 s W A7

RTRIZE RO A T 5 A4 B A= 5 6 B 4 i W A7 2k B 25 ML S5 0 AR S i S R i AR A R B B 5 25 57 (/1 2)
AR A= B 8E Cd \Pb 1 Zn WA RETE S TS i SR G0GR B R, Cu WA AR50 T SR GGk Bl R . Rk
BiHAE B8 Cd WAF AR5 T S SR B e R, 76 L 8 it S5 R A7 Bt A s M A B A= 278 Pb Il Cu A7
ot B T S PRGN T B, Zn WRAF R KA RS S R 2 AR E . AR AL T
55 00 IV G i SR ST AR TSRS VB i S SR ME , DR L TG AN () it S8 Aty ST A RITAR B B A 25 48 7 4 s W
i,
2.3 HUAJTAR AR A 25 8 o 4 A7

T L BRACHLAS AR A AE 5 #E 8 42 )8 Cd . Pb ., Cu F1 Zn (RS A7 54351 8 : 4700mg/hm* 21236 mg/hm”
6179mg/hm*Fll 2622mg/hm?*, Bt AE &8 4 i WAE i A0 AN R S B RpRR JT s M rp 22 S g 38 (3R 3) , LR SR I
AR S KGR S M ST ARSI, BIARHEZ#E Cd Pb Cu 1 Zn WLAFRE 43 1) i v 1L BRI B 3% 445 S e 7
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Fig.1 Concentrations in heavy metals in epiphytic moss on coarse woody debris with different decay classes and different types
Ve v Al b 25 EL B30T R ML A B AR ) M it A5 20, AN TR] /N S R0 AN [ A 5 0 ) A SIS R AR S5 A ) 7 o 3 DT 3R Wk BE W 3 22 5 (P
<0.05) ; I B I {E R iEIR 22 (n=3)

R3 AREEEFEAKRRE M ELSEE Cd . Pb.Cu F Zn RRFE/ (mg/hm?) BB/ %

Table 3 The storages and allocations of Cd, Pb, Cu and Zn in the epiphytic moss on different types of course woody debris

Cd Pb Cu Zn

W Ak et WA Ak et WA Ak ZR 1] WA Ak ER1]

Storage Ratio Storage Ratio Storage Ratio Storage Ratio
FA fBIK Log 2563.36+321.80a 54.53  14033.21+2861.20a  66.08 3159.43+438.53a 51.13 1738.54+534.84a 66.30
Type  KAfifE Branch 1323.5+680.06b 28.16 5279.02+829.05b 24.86 1582.75+589.95b 25.61 515.06+228.66b 19.64
HHNEA Snag 767.41+163.97bec  16.33 1720.53+513.57¢ 8.10 1278.88+370.60b 20.70 307.43+£77.04b 11.72
HRAE Stump 46.30+33.01c 0.99 203.69+145.23¢  0.96 158.09+£112.72¢  2.56 61.23+43.65b 2.33

SR AF & Total 4700.65£1198.84 100  21236.46+4349.06 100  6179.15+1511.80 100 2622.26+884.19 100

[RIBIAN /NG - B AN ) S R RLAR B A B A4 5 3 [ A T < o B A 038 22 53 (P<0.05)

i) 54.53% .66.08% 51.13% FlliE: 66.30% , HIAE R AE & 6 o 4 J@ WAT 1o AN JE AT 1Y 3%, ASTR) IS i B BE Y
MR BRI B R S BWAFmE R B (R 4), BNEHEHMAESE Cd P Fl Zn W AF IR, 4
) R R AE ) 43.38% 34.78% F1 28.43% ;55 1 J& it S5 R A 8% Cu AR e K, 5 B A7 i 27.83% 5 111
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Fig.2 Storages of Cd.Pb,Cu #0 Zn in the epiphytic moss on coarse woody debris with different decay classes and types
Pl AL b 2 B B R MR T AR 1) T8 i S5 0, AN TR) /NS 7 3R 7R AN [ 8 A A0 ) o S AR S 5% AR ) b B 4 SR JC R S L 22 3 (P

M1

BV S S A B Cd A1 P AW AT B f /N AR b S A 1Y 5.019% F11 15.55% 5 55 T it S 2 Ik A= 5
Zn WA B i/, 5 S AF Y 9.77% ; 5 TG it S5 0 A B8 Cu WA /D, o SR AF B 1Y 14.05%

Fd4 TRBRFFEARKZEMLEESE CA.Pb.Cu Tl Zn BIRFFE (mg/hm®) B (%)
Table 4 The storages and allocations of Cd, Pb, Cu and Zn in the epiphytic moss on different types of coarse woody debris

Cd Pb Cu Zn

WA i e WL AF ] W AT Lt 45l W A7 Lt il

Storage Ratio Storage Ratio Storage Ratio Storage Ratio
JEfRER I 604.28+208.95h  11.80 4213.69+586.08b  17.00 2110.61+314.44a 27.83  291.96+119.47c 10.48
Decay class I 1314.43+641.66ab  25.66  4329.44+2155.89b 18.05 1466.81+£1435.16a 19.34  272.18+222.23¢ 9.77
I 2222.12+1212.39a 43.38  8343.62+6152.83a 34.78 1124.57+522.88a 14.83  791.75+333.81a 28.43
v 725.32+242.03b  14.16  3371.30+1484.52b 14.05 1577.48+501.55a 20.80  666.73+317.27b 23.94
\ 256.49+195.28h 5.01 3728.87£2272.93b 15.55 1305.77+988.06a 17.21  762.00+492.42b 27.36
B AE & Total 5122.64+2500.31 100 23986.92+12652.24 100 7585.25+£3762.10 100 2784.62+1485.19 100

[RIBAN ) /NG B 215 A [ 0 47 45 SR A 0 5 A B A 5 B [ A T o 0 e 035 22 5 (P<0.05)
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ARG VAR B A 7 8 11 < o PR A 20 B A > R S > i 52 A S AR 5 Bt B8 A S5 0 A0 38 80 AR A
BME A B SEE S RITR Cd Ph 5 FRRBEHC B0 CAFAE 5 A [ JE5 it AR M A= 2 8 Cu 70 Zn Y AN A7 B AR
AT JEE R A R ) ) 2 S AN WL LS A A 5 R A R () RELAR Bk MR AR B T J ok BE AR SV E AN (B35 (3%
1) o XL —T5 T WAL G AR B 2 3 6 0 5 Js EL AT 2 35 O IR AP A T, 53— T THT e WDRELA B 3k A
A BT R R IR Z2 R B AR5 ELRA T ke A ) 218 T 0 e R R 0 B A 8 T < o ok JRE R A ) 52
Mg AN A 2240

E Y TR [ B A5 AN OUAT LR SR i3 23, T EL AT L3 o fBORR DA i A2 A o < s 4
Wy ORI RO ST AR AR A 57 #EXT Cd \Pb Cu Ml Zn JCR B A B WA WAEAER . R EIARRA: &
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