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Effects of benthic decomposers on the decomposition of litter mixtures in a forest

headwater stream, Jinfo Mountain stream
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Abstract: The allochthonous input of detritus is the most important sources of energy in headwater streams. The
decomposition of allochthonous organic matter as a fundamental ecosystem process for maintaining the balance of carbon and
nutrient, is driven by a diverse array of benthic decomposers, but their contribution to the mixed litter decomposition is not
well understood. In this study, we addressed the effects of the litter identity and benthic decomposers on the decomposition
of litter mixtures in the Jinfo Mountain stream, a typical subtropical headwater stream in southwest China. We collected the

three riparian plant species with different lignin to nitrogen ratios (Alangium chinense, Liquidambar acalycina and Machilus
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leptophylla) and designed seven combinations of the riparian plant species (i.e., three single species including, and four-
mixed species). Then the litterbags of three mesh sizes (i.e., 0.05mm, 0.25mm, and 2mm) were chosen in the experiment
to identify the effects of microbes, meiofauna and macrofauna. The results showed that: (1) microbes were the main
contributor and their relative contribution of microbes in the litter decomposition process was greater than 50% ; and both the
meiofauna, and macrofauna further accelerated the litter decomposition process. (2) There were significant differences in
the decomposition rates among single species: A.chinense (53.05% mass loss rate) >L.acalycina (30.00% ) >M. leptophylla
(12.63% ). The higher quality (higher N and P content and lower C/N and C/P) of leaf litter, the faster decomposition
process and the higher the microbial contribution; the lower quality of leaf litter, the slower decomposition process and the
higher contribution of invertebrates. (3) For the mixed litter species, there was the significantly negative non-additive effect
in the three treatments containing A. chinense (i.e., A. chinense+L. acalycina, A. chinense+M. leptophylla and A. chinense+
L. acalycina+ M. leptophylla, respectively ) in the fine-mesh bags allowing the access of microbes. In the presence of
microbes and meioinvertebrates, the non-additive effects of litter decomposition were positive but not significant. Moreover,
in the coarse-mesh bags with the presence of microbes, meiofauna and macrofauna, the positive non-additive effects were
significant in the two treatments (i.e., L. acalycina + M. leptophylla and A. chinense + L. acalycina + M. leptophylla,
respectively). When the number of mixed litter species increased, the complementation effect between species was
enhanced, and the litter decomposition process was faster. In conclusion, the function of litter decomposition in the

subtropical headwater streams is closely related to the identity of riparian plants and the complexity of decomposer groups.

Key Words: benthic decomposers; headwater streams; mixing effect; litter identity
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1 HRERBREFE

L1 R XL

G W LR T T 4 B LU R SR % 1 SR A7 IX P (28°46'—29°38'N, 106°54'—107°27'E) , KI5+ 4 b LI AL
M R G A ot — G U, < B 1L i I A 0 2 KU, 4R 1 R 8.3—12.4°C AR K & 1164—
1382mm , 4F 3] H B8 1091.6h, {0l 57 9% 224 J7 4T ( Chimonobambusa quadrangularis) )| 25 3 B4 ( Carpinus
fangiana) | B W FF ( Liquidambar acalycina ) | 5% " 3 K 32 F ( Neolitsea confertifolia ) . 7 1 ( Neolitsea
confertifolia) YT BB ( Cornus controversa) /\fHM (Alangium chinense) /X7 X ( Fagus longipetiolata ) %' | A5
Bl s IR 2 1000m , JLFAZ ARG S T, KB A (R 1) .

x1 REEDIBIHRPREKOYEUZSE P LARER  n=4)

Table 1 Physicochemical parameters of the stream water during the litter decay ( mean+SE,n=4)

ey == MR ST NH;

e Y NO3 P037 %
TS 7K/ C Dissolved Total Total Ammonia 3 4 EE‘EF?:
i T : pH i . . Nitrate/ Phosphate/  Conductivity/
Site Temperature oxygen/ nitrogen/ phosphorus/ nitrogen/ X | ( uS/em)
g/L e/L cm
(mg/L) (mg/L) (mg/L) (mg/LL) (mg/L) (mg/L) n
Sl 10.2+0.13 9.7+0.32 7.9+0.18 1.9+0.13 0.14+0.01 0.2+0.07 0.8+0.48 0.04+0.01 181+8.4

1.2 WEE
1.2.1  JEPIRE SRS

T 2017 4F 8—9 HWUE S B IR LR R AT 3 Fh AL 5t 22 5 08 35 50 & DA Bl - B9 40 (/A iR il s
WA R ARG ) | 25 BR i d R H 3 i B, #E 60°C bR 0% 48h & H .
1.2.2  JAVEWIR AT o S

FREUHLT 5 B - 759 4. 28 CRE B3 0.1g) 28 AZM#AR N (15emx 10em ) 1, 3 126 A0 4% (7 Fhi 7%
PiabHEx3 FifliEx6 NNEE ) . A 3 ML, 302 /LA 0.05mm ( AV R Bk il A A4 ) hAL
£ 0.25mm ( SRVFIEA B AV St ) FIORFLAR 2mm ( SRVFRTAT 20 (R /N S AR 8
JEMG s ) HEH ) o 7 FRIRTE DAL R AR AR PR TR 0T 3 AL(RD A NN 4.2¢; B BEER T 4.2¢; C. M R
4.2¢) M 4 IRE WA (BD D 445 . AP ECEA 45 2.1g; E 4G /\APREER % 2.1g; F 4
& BT AR 212G A3 MR 1.4g) o BRI AE e BN || JF A7 Huks 2 e AL
FIELETIR |y T 2017 4F 11 H 17 HECEMESS 2018 4F 1 12 H [, I [ JASIE G — 40 iss KR
PRAEIZ 200 3 BORE IR HI S T2 /K A BRAL T AR , R4 T KRR S AL b
1.2.3  KORERAEE T 5 08 3 Y i R

5 Ml FH 22 S50 4% ( YSI Professional plus, Yellow Spring, 32 [E] ) Il 22 & /K R B pH {8 HL 5 R R
i T B KRV S [ 5256 2

2 PR P e PR B 12 M AL ( TN ) B (TP ) L 498 PRI e B vk Il UL R AN e e i ikl 5
THERER BB YO BE LM B RRER 2 T2 A A 9 A0 R B AL A o, (00 RS IR PR i sk 2 R R 4F
e g S P (ZP-50, SR, r AR ) I 0, R S B B B I R BT B 0/ A AR
i FH TOC-TN 43 B ( St BAS) =i KA beiill e A3 AILRR 7% 45t TN TP 56 FH R it 2 -ao S0 Ak S0 T A B AR 0 A
SRJ5 FH TOC-TN N5 0% i, S P R BAT Lb 0 vk 0 e il 15 o AR I e 5 SR TSR UL (C/N) (B Eb (C/
P) AR (N/P) 5AKFZE/N,
1.2.4 JEWSIYIR G385 5% e

B PR FLAR R TR (30cmXx30em) LL/NFLAE (0.05mm ) 7EAD K FLAE (0.25mm) 76N 1 5 4 28 | 75 455K
55 5 AT BB LR 3 AU ATREARTS | B AE 75% BITERE PR ARAT 38 [0 S I8 = UE AT 40 B %5 it
B, S BRI AT REAR K 4 287K, AR SR T B, 400 B 1 A RO WG 3h 4 19 2 (ind/m® ) . MR 4fE Tachet
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ST YT R R B AR S IR 4 AR R R BT RESSRE B E A R R IR R B
BHEMAER, AUTHIRIRK UL Giere % 143 205 AR IR 43 T KA/ EL R S 5 i AL 0.
25mm fHARE T 0.05mm FLA2TH F T Zh R 239 /N B A 28 6 FE 8 3 2mm (B BEi 38 0.25mm FL
AR 9 64 R KB S 40
1.2.5  HdEsrr
R 75 0 0 I B B 25 5 THA UV W B R R

ML = (M, = M,)/M, x 100% (0
A, ML R ST 455 53 M A M 53550 A R 95 400 23 ) ok TR O 7 0 1 S0 B T 40 2 Rl o g R
WP R R Y ) o 0 R R S BR 5 OR RT A V  40  RR S O0E , DA TR T 2 ) o R A 151
MR A VR V&P 53 ik i ST

S L <
ML, =————— x 100% (2)
M
ML, - ML,
Mixing effect = ———— X 100% (3)
ML

Ko ML TR A AT Y T B BB ML A Rl ¢ 0 s Mo A R b 0 O i ML TR A R %
WS BR A R A K , Seastedt 250 BF ST AL T RS /NEURI R R AT 3h %ot i A B 41 2 AP 38 Tk
aaaaa ot X 100% (4)
B, (%) SRR o i X U8V 0 T R O S 5 L, S 0 i o B R 40 L, R TR FL
AT FRAS IR TE Y T IR 1) 25 AR R 0 5 L 2 K AL AS i J e 0 40 BL S B o sh i A
RGN BRI R A3
Ve FIR A VAR PR B BE T IACE R (CWM) £ AR 16 4
CWM = Y p, X trait, (5)
K p, BYIFN | FEIRATATE D BT 7 09 EL BB 5 it 20D @ AOMEIRAE,
TRA TTE Y PR Z 86t D BB 438U B0 (FDis ) 267, BE R 22 4k RRAF 25 18] T 41 4 Fb 23R A 90 Fl S
R R AT RE 2 AR R R FD T A
TR VR T4l =5 5 B 0 T 401 2k () s e ] e FH IR S 8004 18] 22 52 19 Kruskal - Wallis #5560 5 FOX ¢ 4G 3048
FEIRA VAT Y A B P (R B OV A5 0 3 5 TR UR IE W A B 5 AN LAR B A B R i e o 2 RN 53K
V7 P 5 e (5 DR 2Ry 22 0 AR 9, 0 T 401 2R 2R 47 3 )5 K 46 ( Tukey HSD 556 ) o X F IR A RV 90 11 32
RO R E AN , il Loreau 25 AT, BCHEIR bR 220 1 25 A A A2 o) o B B 2 TR AR
A5 107 A R A5 R R FH  lmed” AL P A 2R PR TR S U AR B A A 2 BT A T 7 R 444 (R version 3.4.2)
S, P<0.05 & NG FES R,

2 #R

2.1 JAvEM R BRI

=Rh A v )RR R BEAME TR S W (3R 2) WA A P A R AR, C A S R s, R N/
P ORJRER/N HAE Sy , 7 =M g i R e, T R de 2 5 SRS I B € P R 5 B S 0k
LA C/P N/P A TG PSR 2 (8], i i 0o AT mT A o s /\FARE) NP 3 i de i, TS A1
WEY (ORBURILFHER ) & e fi, o A S i B, A5 0

X 4 AR A BRIV P (9 2 00 i SRR FEA T 2 R 20 A (T 1) B4R ol 0 o e R T B AL 519 79.1%
F120.1% , —3 R 5TER N 99.2% , H—H5 %N NP SEEOMC, 5 ¢ & ARG’ ARG
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JRE/N.C/N F C/P IEAHSE, S iS5 %ET ¢ && N&E. P &8 AREY P KRR /N

N/P Iﬁﬁﬁaé HHHEREGE C/N.C/P RIFAX,

®2 ZHEABWHAELERCPERER n=5)

Table 2 Initial physical and chemical properties of three leaf species ( mean+SE, n=5)

PR AN R I A
Traits Alangium chinense Liquidambar acalycina Machilus leptophylla
C/(mg/g) 364.86+2.53b 363.42+3.64b 400.85+2.20a
N/ (mg/g) 15.52+0.64a 9.90+0.17¢ 12.23+0.29b
P/(mg/g) 1.89+0.02a 0.99+0.06h 0.9620.04b
AKJFZ Lignin/(mg/g) 38.08+.52¢ 101.99+12.90b 255.21+9.95a
42 Cellulose/ (mg/g) 89.37+9.04b 177.93+17.88a 176.10+8.62a
#M Toughness/ (N/mm) 0.24+0.02b 0.26+0.02b 0.35+0.03a
A /N Lignin/N 2.46+0.10c 10.29+1.24b 20.89+1.00a
RA L C/N 23.60+1.14¢ 36.74+1.00a 32.82+0.94h
Tew L C/P 193.29+2.94¢ 370.10+20.25b 419.15+15.52a
AW N/P 8.22+0.29¢ 10.10£0.70b 12.82+0.86a
CoB i s N AU 1 P B 1 AT IR R R R R 28 5 3

22 REWTEY T RE

221 REWIEY R F R R ‘

VAT 53 fok 0 o S 0 2 2 R T R 2L I (F s 5 = tor CWM C/N
30.61,P<0. 0001)%[1/\%’%%%%(1?2 6 = 35.68, P<O0. 0.5 AL CWM cellulose
0001) Y S & 52 M, Hrp AP Ll B AR i R (2 3) § CWM C/P LM
IR G BN Z PATE R L (F, 5= 3.43,P< & "7 TTT
0.05) FSHBHABE(F, , = 36.95,P<0.0001) MBHE £ | MNE

O ’ CWMP CWM Lignin
"I’] ( %‘:Z 4) : CWM Toughness
222 IRATATEYI M R R TOE oymn | CwMe

X T BN YIR A TE P  BT R R A 3 SR ;

[BFEAE 3 22 5%, )\ AW (Alangium chinense , J5 1 51 2% R T S TR TR

H53.05% ) >EEIFA ( Liquidambar acalycina , J5T 5K
4 30.00% ) > M-8 5 ( Machilus leptophylla , 5t & #1 5%
N 12.63%) (&1 2) o 3 Fli 3 v W 1) Jo ik 461 2K Bl FLAR
RS T i s b TR R R L i A v ) o i
5 (28.10%—88.35% ) b 3 15 T /LA 4% (14.78%—
64.08%) (&1 2) .,
TEIR G 75 Y) DEFG 26 - 75 i JoT e 4 2k

BEFLAC RIS 52 TR 3 A LT/ LAR, D (A B+

) EC\ AP EIHE R ) | F (B AR A
A ) F G/ HAR A+ SRR T+ A ) 72 R fLAR v
I BT T 21.33%,12.98% ,15.53% K1 30.27%
2.2.3 IRGIRVEY R ETR A RO

CWMI1 (79.04%)

B1 EANRESENHRMEREERS ST

Fig.1 Principal component analysis of initial community trait of
four mixture treatments

CWM : PR BETE AL CommunityWeighted Mean ; G B 3 & ;N
BUAE P WA AL, N B+ BB Alangium chinense +
Liquidambar acalycina; AM ; J\ i+ 0048 Alangium chinense +
Machilus leptophylla ; LM ; SREEARF+TE M EAE Liquidambar acalycina
+Machilus leptophylla; ALM : /\ F R+ AR E + 3 A Alangium

chinense+Liquidambar acalycina+Machilus leptophylla

4 PP G AE 3 FORIR M ASALAR T 30T 12 FR S AL ], 0.05mm fLAR BIAURAE 992 5 73 fifk ) b 3
18 SR B0 SR AR T T i i 2k | SR SRR AN, b 3 A 2 G A AR SO0, - /A AR+ e
WA (D, P<0.05) AW+ (E, P<0.05) /\ A+ BEHE - (G, P<0.001) , JRWESHPI A
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43 %

Jii (FLA24 0.25mm F1 2mm ) F PR 1E AR | RISE b i &4t 2 35 T AU i s, Hodb 2 b B
Ry 3 3 TE AR RSN, S AN + AR (F L, P<0.05) /\ AR+ SRS + A (G, P<0.0001, 81 3)

R3 MMARMALENRERAZMONERTESH

Table 3 Two-way ANOVA of species combination and mesh size on mass loss

gE| RS il A %5 P AR S E A3 L % »
Projects Sum of squares df Mean-square % of total variation
YIFPALAL Species composition 3750 3 1250 30.61 44.4 <0.0001
IIHARALAR Mesh size 2915 2 1458 35.68 34.51 <0.0001
2 HAEM Interaction 311.2 6 1270 1.270 3.684 0.2955
"2 Error 1470 36 40.85
F4 PMARMALENBEYNNZMANERFTEDH

Table 4 Two-way ANOVA of species combination and mesh size on mixing effect
i H B2 IR A ¥y P AR S E 4 L % P
Projects Sum of squares df Mean-square % of total variation
WFPLH I Species composition 2144 3 714.5 3.430 7.913 <0.05
I3 fr4SFLA%E Mesh size 15395 2 7697 36.95 56.83 <0.0001
A HAEM Interaction 2052 6 341.9 1.641 7.573 0.1642
"2 Error 7500 36 208.3

Lz 0.05mm M 025mm B 2mm
Q

o el

5 o

‘a’ (5

7] on

E o . 37 .

: 2| 2 3

3 =

= % ! % 7 5 z

A 1 ) &

K = *

B 1 = =

iz T

= =

B C D E F G

VATEYIRLFE Litter treatments

B2 BEYERAFRLEMIMMELETHRERE

Fig.2 Mass loss of litter under different treatments and mesh sizes

A\ Alangium chinense;B; MR Liquidambar acalycina; C VB E AR Machilus leptophylla; D ; /\ AR+ Bl 2 Alangium chinense+
Liquidambar acalycina; E ;)\ fAR+ W48 Alangium chinense+ Machilus leptophylla; F ; St AR + ¥ M-I R Liquidambar acalycina+Machilus
leptophylla ; G - )\ SR + B ZEAR A + W G4 Alangium chinense+ Liquidambar acalycina+Machilus leptophylla; AN [AFH: TR 27 B3FE; = . P<

0.05; * * * .P<0.001

2.3 Sl ST S G R TE I A ) R )
2.3.1 RS IS LA

e 5 FR 7R b LR TR ) 0 i s g b St R 30 T 32 S RIS 2 BE S 4 % %y 2072 4~/
m’, KEBSTIEHG Y E T BN (97.4%) M F 5 IIRIEA (2.1% ) FIE L4 (0.4% ) . Ho 20458} i i
B & e RN R AR OB (B SR ISUR ) SR B A RS R, AR R S R BT B4, Al 4y oS
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80 L% 0.05 mm 100 - L% 0.25 mm
*
60 H o,
seskok

40 -
X
<
£ 20
g
¢ o :
s A B C D E F G A B C D E F G
B VA& AL B Litter treatments
£ 100 .
= fL#2 2 mm
i

80
=

B SRR TR AR
C s mamsk

60

40

20

A B C D E F G
PVE YA Litter treatments

B3 REAZEDLESFE 3 MAEEFLEZEF(0.05mm 0.25mm 1 2mm) K REH K
Fig.3 Mass loss of litter in three mesh size (0.05mm, 0.25mm and 2mm) with treatment

* . P<0.05; * * ;P<0.01; * * % ;P<0.001

MEERFIIRE: W B H (49.1%) , K54 24 (18.2%) BWIEH (17.5%) & (9.9%) JEEH
(5.2%) FEFEH (0.1%) ;3o B 16 AS/NEURHG S 288, SE 4% R 9529 4~/m?*, Hivp /NI ISCR} 4
o7 LA R, IR B 59.2% , HI R HL(26.5% ) Fl/INELEZE H 4 HL(5.6%)

£S5 SHUBRPRES/NEREINMEFEE (%) MNEFIE

Table 5 Relative abundance (%) and functional feeding group of meio- and macro-invertebrates in Jinfoshan stream

Feh¥ e BB FBE/ %
Taxa Functional feeding group Abundance
KA sh ) 2K Insecta 97.43
Macroinvertebrates M H Coleoptera 18.02
B JEHF Elmidae
Limmius SC/SH 15.45
Macronychus SC/SH 0.24
Elmis SC/SH 0.14
Esolus SC/SH 0.78
K AU H A} Elmidae SC/SH 0.82
Ji FaJR A} Psephenidae SC 0.34
JeE B} Dytiscidae
B EE Laccophilus SH/H 0.24
%7 H Epbemeroptera 39.72

e Wi R Ephemeridae
Wz g Ephemera

iyl =3 Ephemera orientalis SH/F 1.46
U5 IR} Baetidae
VU548 Baetis SC/DF 27.25
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e il ey F B/ %
Taxa Functional feeding group Abundance
J ¥ Heptageniidae
PRI Cinygmina SC 3.55
= Ui WIREE Ecdyonurus
T i WEE Ecdyonurus dracon SC/SH 6.77
BTIFRL Neoephemeridae
HUEJE Neoephemera DF 0.68
¥ H Plecoptera 6.13
234} Chloroperlidae 3.90
Siphonoperla SH
&} Perlidae
Dinocras SH/PR 0.43
PEAHEL Capniidae
Capnia SH 0.58
Capnioneura SH 1.22
¥#H H Diptera 33.41
KR} Tipulidae SH/DF/PR 0.63
THRBR} Limoniidae SH/SC/Ht 2.04
PR Chironmidae
KRB A} Tanypodinae
Paramerina PR 3.90
K HHRISOB Tanytarsini
R BHFEIURE Cladotanytarsus DF/SH/SC 11.60
K #HEBUR Tanytarsus DF/SH/SC 2.04
PRI Chironomini
% AR UR Polypedilum DF/SH/F 5.17
H PR AL Orthocladiinae
BT RARWUR Eukiefferiella SC/DF/F 2.44
BN IR Heleniella SC/DF/F 1.60
PIEREEWIE Parachaetocladius SC/DF/F
FARFEIURE Rheocricotopus SC/DF/F 0.78
1R} Cetatqogoridae PR/DF/SH 2.29
AR} Empididae SH 0.14
FEMH Trichoptera 0.14
Z A KA Polycentropodidae PR/F 0.14
WRIE 4N Arachnida 2.14
FUE H - Acariformes
7K 4 Hydrachnidia PR 2.14
8RN Gastropoda 0.43
IR H Basommatophora
fifi 428} Hydrobiidae &} Hydrobi idae SC/SH/F 0.29
Jii B I8 F} Planorbidae SC/SH 0.14
ANV Bl ) S HIZ] Ostracoda F 4.30
Meioinvertebrates 2§ 1 Nematode DF/SH/P 26.46
He £ 2 Copepoda 2.14
J5/K % Harpacticoida DF 1.95
B7KF Cyclopoida DF 0.19
FE4 Oligochaeta DF/SC 0.22
E U4 Insecta 65.24
5 H Coleoptera 0.22
Elmidae
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Kol DO /%
Taxa Functional feeding group Abundance
Limmius SC/SH 0.19
Je @Bl Dytiscidae
FIIRTEE Laccophilus SH/PI 0.02
W Wiz H Ephemeroptera 5.63
18Rl Ephemeridae
W2 Wi Ephemera
R ITWE Ephemera orientalis SH/F/DF/PR 0.05
VU542 F} Baetidae
DU EE ) Baetis SC/DF 0.90
Jii 47 R} Heptageniidae
PIShIZIE Cinygmina SC 1.14
RIZ)E Iron SC 3.48
i WUt I8 Heptagenia SC/SH 0.05
#{# H Plecoptera 0.18
£E4E%} Chloroperlidae
Siphonoperla SH 0.18
B#H Diptera 59.20
FRICRE Chironmidae SC/DF/PR 59.05
1} Cetatqogoridae PR/DF/SH 0.15
WRIE LM Arachnida 1.64
HI#%H Acariformes
JKW Hydrachnidia PR 1.64

DF. B JE % Deposit feeder; SH: # - # Shredder;SC. HI & # ScraperS;F;Ugﬁ"ﬁ Filterfeeder; P15 # Piercer; PRl &% Predator
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Fig.4 Impact of different decomposers on mass loss rate
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Fig.5 Contribution of different decomposers on mass loss
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Fig.6 Effect of initial traits on mass loss rate and mixing effect
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