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Leaf Litter Breakdown of Quercus mongolica and
Calpinus cordata in a Headwater Stream
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Abstract - Leaf litter processing rate of Quercus mongolica was compared with that of Carpinus
cordata in a first-order stream draining Mt. Jumbong in Inje-Gun, Kangwon Province. Daily processing
rate (—k « day™") of Q. mongolica leaf litter in mesh bags was 0.00503, about one-third of that of C.
cordata leaf litter. Forty five macroinvertebrate taxa were collected from litter bags; 39 taxa from C.
cordata and 38 taxa from Q. mongolica litter bags. Nemoura tau, a plecopteran shredder, was the most
abundant taxon in both leaf species, and the second was the non-predatory chironomids. In terms of
biomass, Gammarus, an amphipodan shredder, was the largest, and followed by Cincticostella castanea,
an ephemeropteran gatherers. The biomass of most insect taxa decreased during April to June, while that
of non-insect taxa greatly increased during the same time period. Gammarus was the most important
shredder taxon to the leaf litter breakdown in the experimental stream and appeared to prefer C. cordata
to Q. nongolica leaf litter. N. tau, in spite of its abundance, seemed to have a limited effect on the leaf
litter processing. Since other shredders were minor compared with these two taxa, leaf litter processing in
this stream appeared to largely depend on the feeding ecology of Gammarus.

Key Words - Headwater stream, Shredders, Gammarus, Nemoura tau.
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S99 oF 13el9e). FYFHUNAE B 45 $FTel 43 RAFFE) FaAE 7A
wel ) 39 BF 2ol AlTh b 3 ool 388 R-rel MR Bwe B 48k Nemoura
tawe F FRFHU A A £33 BFZeldls B ZAA Chironomidaey: 7 WA £ ¥
ol =8-S Gammarus7} 7P 9km 1 ggoz dFAbele| £3t Cincticostella

castanea7} Ut TF EFTY HEEAA 4~6Y Aolo] HEFHo] F Foz Frisgl ot
o] Al7)el w|FE 7o F2FL 03|y ZUlech & T T8 F F9EHel M
93 EFTE Gammarus2A ol 52 7HAEEGg& AIshe A2 velhdw}. Nemoura tau
= A B8 BHE olgdoyt o]Eo] 128 A dejiE PRl miX e AA] o
2 Aoz Byt BojuE Fao 43 ol EFTE o] Eoll ¥]|te] sfA g} HEZFe] w5
dowva |z5He GPEHNE Gammaruse] XA e o)ste] IA AXE Ao AP}
HAO]| - “molm= 2a)”, A3LA, Gammarus, Nemoura tau.
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24 g & &
A $U8EE $7)18282E oo} (Fisher and Likens,
1973). £AAANA SHes Bolor 4712 o
2 S0k Aot ANE ARRHSFEAAL B3
J#9le] %23l (Anderson and Sedell, 1979;
Wallace ef al., 1997). Bult7-2] S = S x]Hlo| A=
o] die) kgl H4o] Helz 3t
A e AIFHEFTE 5 LS A AAse
“%‘ﬂ‘:ﬂ =.g)” (shredders; o|3} 7]l #3 A<

= Cummins, 1973)x &3, 3oz UYBYE
‘x°1‘:ﬂ7] A}ty wul ol (Cummins and Klug,
1979) 18] ARAE 2] B9 LS £
o o3 & Axd Thyal Feseldls Ao
2 484 9ok (Ross 1963; Cummins et al., 1989). o]
So) 443t AR E B9 BEHET HE 47
E gAE “FHYx 7] (gatherers)” 9t “ZHHE
=-2] (filterers)” 2] “3‘0]7} =™ (Short and Maslin, 1977,
Grafius and Anderson, 1980), ¢] & =5+ FEA|x}2] &
o] 7} ©}(Cummins, 1973).

Moz Eol& YL 7o 4483 &
YR el A F AR FAhT FAehe
HA& AXE © o) Ao RE=HAT vy
2o olsted o) Wil Peke] Frlsd EAFE
29 M3Ae] Zr}3tc} (Kaushik and Hynes, 1971;
Birlocher and Kendrick, 1975). o]2]& #3}= 59

o] FR9} 4ol wet B FolM g Fo| esnmg,
UEge AR Adske cgeldy R u)yEs
Bdatell T e U A% He 4 A 2

U]-(Cummins and Klug, 1979). Bo|| &2 A3}HelA]
E F2 AL AR 257 H¥F¥FTE2 7
+-Ag St wa2A AERE 7 REE A
6}31 B3 Age] FARVIQ HAHFHFETES T3
32 3 S22 AlRE RIS AR 3tER
oW 43hHo] AMAlshe “EolHy T8 F FAd
ated AT & TS HFEFR ¥l
Z oz A7 glv}(Cummins et al., 1989).
Al AR AT 7ExatE dE o]83te] 7
7} T8 AN YR o] AR e vlwa
B3k (Chung, 1997), V5 E4foll A& H 745
52e) |4 Est Adel met Rol7k YA At
of arobugteh(Chung, 1996). T1&1e] AR o] 5359}
d spie) dddulels AT 9 2 opJe} o
Ao Ao B&wrt vf$ =¥ AlZ2TE d= wWtk
o o] = 259 YRAE HAelN BAHE $25}
u)$- t}= 2 2 (Webster and Benfield, 1986) Z+7+2] 1}
U AR GYFAFFEAE N2 HE A4
ol zch webM 2 B3eAE Chung (1996)9] 73]
g st 2ol B WelRW AHE o) T

A4 gde AANS A ulEeT ohed ¥ BF
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o) S Lot 600mel T Al qr Fe
2 gieh Agel 248 AT o sao] 23
A4 (@ o 800m)22HE| 15~
0m A7l FoA IS BEE 1-2m, H2
Wee #o mash UEsbA 2 4R F9 4719
AE2 o Rl Ak ol 2L HAZM 1ol 23]
sl 437t 7ol Aok A shae) B4
qojn|= F2 7D (Carpinus cordata), X172}
(Quercus mongolica), FF V57 (Acer sp.) 2} S

(Kalopanax pictus) 52 Fg o=z FA=] e

Mz o

Lt oL

1995\ 104 3te 119 AsAtoldl AL 2
e & uigela AFE A AR o
g A Wxg F ANAzFHFoz of 10g4
JEZFHY (37]: 20x 30 cm: #HE oF [ mm)ol] o
A 129 10 Ao FoFH- ‘:}°é—r"1‘4-°4 ofd o)
E ANA dYE2HEZEo] AREA 24T 4 o
== v]|g] 40709 79 (7}E 2~4 mm, A & 20 mm)<]
HEol AT} S Aol E FHE F3t] A o
2 o] mxivkz shsAlel Hulsted Fey wut
o 2 HE 4~5cm FEAR L FH o] dtEAA] ¢
okeh. 5089 GdFH st & A TR 25t 3}
A vpge] AT FdFHUE 4TF Aoz
delz =gl 544 3eEH Gdol 34" el
E Fojy &9 27)/%7] EAEY £ A3t
=5 FAsgx #AFLE B gpez xEd A9
FriUe sl A AR AdAA A A
349 GAFUE vdFeued deix Al
A} phioxine B 9 &7} H7}%¥ 5~8% formalin £} o2
A€ & "—Jf‘é*éi SAA AL HUE F B2
AelF et A AN FHY &9 {7)/%7] HA
3 3 Al‘- ZW“ WY T HFFETS FFHY
o 2ol g MAEL t}A] 5~8% formalin 4o 2
2] = polypmpylene 27)e] BaFHAG AAA G
de dFAZ7)(60°C)NM 547 AzFe] A=xF
ko] 2A =3, ofol| wlyl T FoA YR 32—% ZIp-3
A7) 2 (500°C)ell A 6A17F Eok el 93l F Folsl
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Aol FAS A3t Ftoez g9 ash free dry mass
(AFDM)7} dolx o}, T84 -8 (leaf breakdown rate
- day ™) mi=mo - e M (m=tA|ZF Foll FelQlE
FFA, mo=F3e] HHFA, k=332 EHAAS
/day; t=8 <ollA AA 7|7hell &3le] Fa A
(Olson, 1963; Petersen and Cummins, 1974).

MY e FEF=EE

FedFmel A AR FHAE Y A HYFH
Z2xg2 w2 [mmA g} 0.125 mmA ¢ ez £}
Hct ImmAo] Zejxl WP FHF5ES 25 A
HH o}, I mmAE 5432 0.125 mmAle] HHA
NAEL EHES] ol ot HAY 1/2~1/32 RE
A AELG Tl wm tabled o]-3:3)
of A2be 32AY7] (Waters, 1969)7} AH-5I51e. A
He PAREEL 85009 ARAuAHN 57
H2 mmEHz Eeo] ZHelrt AL HEEe
=2 2 QA8-F<l Gammarus (Crustacea: Amphipoda:
Gammaridae)x= & £& Z7}x] EA =9 e}, Chiro-
nomidae 5 4y T3 3} $F 4], Turbellaria, Cli-
gochaetal E/7 £FAA £/ AN A5
Arzge] 9T FFo e 8T Aol
Ao WAk A 1AsPsIA 20004 39
FE 8¢ F3t AFI MAEANN doiAl FHo|-A|
%) 57)4) (unpublished data)] o] 3ol 73]
ARGt W] HAANE BE 4 AW TR
2ol mopol §A1E ohE 2R2E AR o4
At % FAE Yoon (1995), Merritt and Cum-
mins (1996), Kawai (1985)7} o] &= a1 A7+
wl] A2 Cummins and Merritt (1996)0]] w3k},

2 =

L] Eaff

AZGF Y4 59 A S ] FAY 5%=
A ZARbE ] vl Azl H Y 19296 AR AY
717 ¢ ZARebE G A A 93%71 Atet
A4 H]te] AR G4 60%7F FAEEd
Aok AHH oz AlzhRe] G 3 3 7t
A% (~k - day'+£1 S.E.)-2 0.00503+0.000392 7}
g Yoo Zek7h A (0.01456+£0.00136: Chung,
1996)2] 1/3 5o 2F ). 3 7pxabd e 2
FAEL A7) wEg FHEd 149 Fols
0.00975+0.001412 tix Poror} 4~6Y Aleldl:
0.03451+0.00920=2 Fdo] Z=Fo] 3ol 3% o]A}
Zastdw Aoz vepsch(Fig. 1). ¥hd, 22 7|7
of A7 T FF7F4E2 0.00464+0.00043
oA 0.00497+0.00279= W 3}7} QIAHR] ek},
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Fig. 1. Natural log of % leaf litter remained (Mean+1 S.D.)
in mesh-bags. Leaf bags were placed in 2 headwater stream
on Dec. 10. 1995. Data for C. cordata were modified from
Chung (1996). N =5 for C. cordata, except April when n=
4. For Q. mongolica,n=4,4,5, 3, 4 for each sampling date.

HETHSEE
AAY 717 F ARE M-S BF LERT
o]ith. ] Foll 43 BFTo] oha g b
Fol| A 36%-Fol, Al AT FdFH YA 35 ER
o] EH3AT. =AF A7E ERE o GEFH
Yk AAE F g Hale] E4E 1Y ZRA 23~
248-Fo] 2¥EUL T S EEE 28298 R/
o] Z&3}Hc}. H|EEFE GammarusES EF3t] 3

AY7|17 AAFLY] AR GgFHY e &
oWl WYFHFFES HFUEE 953703 =AM
7hxebge] 1,09678A 9 davn JAHA ot
(Student’s t-test, P>0.05). 28} A7 HxEZ=7)ek
A oA zeo|7b ik ZRARE G FH A
NHEHFFE Ux: Hdeo] Moz £YH &
F A 2ol Fad= (130670 SR AR &
of oju] HuU=x9 66% T G WA, AT
gdFEm el AR 2ol s (1,318714)¢
23] o} (Fig. 2).

A5 A 3 Bo g ZpAabd s Ayt
oA ZFzt AA Y] 50% (35~66%)2F 40% (29~57%)
£ 2R3} (Fig. 2). B8 B/ FolA 7P &3
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Roz vehd N raus 7HARCA ARG 48% T GgFeol M NASe) 23% (10~36%)2F 34%
(33~63%), A1} M 38% (26~56%)F ZHA| 313 (19~48%)% A8kt (Fig. 3). T4, spALo] 52
e R F5o wet ARG dERtel 23 7pxubg s} Azl A Zhzy A AHA R 7% (4~

(Fig.3). 4= % F HA= £ EFT Sweltsa:s 11%)9} 6% (4~9%)5 A 31 G B }2Y
A 1% =5 A 8H=d 23 F WA= & el Aglel 3% °l3ks AU HZFRE
3 w2 E 22L& 7R AR G Fm Y e 7Rt AZUR GgFedelA 474 dA 9
A Z2F A G 25% (11~38%)2F 40% (21~52%) 17% (9~32%) S} 11% (8~21%)& A3}, v 23F
75k e). e 5 TFFNME ¥ £A44 Chirono- * F EFRe $d Y 2ReA A s A

midaerl 71 R LD o BL XA} At % Frbsidlen], 55 AY v 2 6ol

Y, Ephe. 7722 Pleco. [__1Tricho. N Dip. [T Nonins.
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Fig. 2. Mean number of individuals of macroinvertebrates. (a) = C. cordata litter bags. (b) = Q. mongolica litter bags. Data for
C. cordata were modified from Chung (1996). For C. cordata, n=>5 except April when n=4. For Q. mongolica,n=4,4,35,3,
4 for each sampling date. Ephe. = Ephemeroptera, Pleco.= Plecoptera, Tricho. = Trichoptera, Dip. = Diptera, Nonins=Non-

insect taxa.
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Fig. 3. Cumulative abundances of 5 major taxa. (a) : for C. cordata litter bags. Data for C. cordata were modified from Chung
(1996). N =5 except April when n=4.(b) : for Q. mongolica litter bags and n=4,4, 5, 3, 4 for each sampling date.
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49 of 2i2 ZUtetdet. Gammarusys 7RA b2t HEFL FHUT 2479 mg AFDM o 24 4lzhis-
AR A 2t 12%9) 6% A)3kgoem Olig- G 3 (188.5 mg AFDM)o A B &2 7o

chaeta®} Turbellariax= 747} AHA L] 2% A XS A v} (Student’s t-test, P<0.05). A2 o F
shct el A% el A 2ol A el Hlskel
23 w2e = TR dlA Az vl

HEH dutel el 2k} (Fig. 4). WA Moz G5

A dgFmdd A AR dRFAEERe] o) FERL ATERI AF sgted feos

~—#&— Ephe. —®— Pleco. —&— Tricho. —¥— Dip. —— Nonins.
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Fig. 4. Cumulative biomass of macroinverbebrates (mg AFDM - bag™').(a) = C. cordata litter bags. (b) = Q. mongolica litter
bags. For C. cordata, n=35 except April when n=4. For Q. mongolica, n=4, 4, 5, 3, 4 for each sampling date. Ephe. =
Ephemeroptera, Pleco.=Plecoptera, Tricho.= Trichoptera, Dip. = Diptera, Nonins = Non-insect taxa.
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Fig. 5. Cumulative % biomass of six major taxa. (a) : for C. cordata litter bags. N =35 except April when n=4.(b) : for G.
mongolica litter bags and n=4, 4, 5, 3, 4 for each sampling date.
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=29 £Mz ol A4}
=9 P2 Yxo Hshe AjHoz

$540l%, 2=
wsrd el 2
wokt.
Gammaruss 7P g3 Az S e oA
HA| FETFL] 45~74%2} 31~66%S A dfe] HE
F 2delM Jb 728 dXE AAsdT 93
Fol Aol 64e] A4 B oz Fmshodnh
A9 67) EFF F Gammaruss A 913 L} ] 57)
FREE 25 T3l ST Fig. 5). sHRaol 52
C. castanea™= =3 FoA dE=gFo] 7|7 E9tE £
FLoz 1«4 F AA9 5~28%2 v]E&E A}
o1 6eE 0.1~02% $F o2 ZF2dldo. o2
FEX 6o FEF] & Fo= 2.

¢

X

rH e

IS5 =M
MA LR B J=F FAL N wau Gammarus7}
5t “Zom= 27| (shredders)’¢} Chironomidae”}
sat “FUE 2) 4 TS Boluy ¥
i ARt AR ddzedel 2 A
259] 48~74% 9}k 36~64%F AT, “FHE w
2] (gatherers)”x= 247t 21~47%, 31~56%% =} 3141
o2 hgoe B 42 2T AEEE o
t 53 (predators)’2 A HA 8] 3~13%F A3}
o BHH “Fel™ = F-2| (scrapers)” ¢} “HE = T2
(filterers)’= W=7} v $ ok},

“EolWi= 7] FEFL 7 AR
oAl Ztzh AA ) 50~78%¢} 44~71%5 AR st
(Fig. 6). 2L &0 =2 (. castanea?t Chironomidae7}
43 “FHHE o) (5-43%)5 “FolE T2 (6

Z A8
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Fig. 6. Biomass (mg AFDM) of functional feeding groups. (a) : for C. cordata litter bags. N=35 except April whenn=4.(b) :
for Q. mongolica litter bags and n=4, 4, 5, 3, 4 for each sampling date.

24%)7F 1 HE ok CFelde e %
4% olst, “AH Y= FA"e 1% °ls}€ A 8k
&

U
ARt Q3 Azhiee] g sEd] mud 3
o Wlste} e WE Sxz 2t A2 Eol
BE AE2] §lo] B &AM Al A= £2E AE
9] 3} $Z|A 73 Webster and Benfield (1986)=
7hR| et o] 43t Betulaceae®] —k - day !':= ¢
0.0050, A1z} 37} 43 Fagaceac: 0.0025 A==
FA sk 28 URde] shHA AR &=
£ A2 23 S 44, JPLFY =, 27
O3 AMAst= A EAN] whel o= 31 (Webster and
Benfield, 1986) =3} V12U S F0]|3lm 1A AA
3= "ide] uie}l ©h= 2 2 (Boulton and Boon, 1991)
£ A9 A} AR BT ¥ 4

o},
AAGE 49 BAEEE A AY 710 S
A2) wigke] Y- Aol Hshed AU UL 4-6

Qo] whe Sx2 e WA AFHYEH, o
4 WAL FAFmelA UReE Bl ¥
o #8 %8 39 444097} 9dd Aste 44

o]
&

2, ¢

o GgFeU e “BolHE F2)” F Gammarus: 7
ﬂ]#a} PEF ZFoM, N taus AASN 712
F23 EFTIAS. d2FAA S FoF BFHT

<]
—
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R AR 9 Asl A e Aoe A%
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# uo uEQe QuAy SEFE adeed o
2]-&o] ¢)or} (Birlocher and Porter, 1986), o] 2% o]
21 4EQe) 2w Ak sy Ed U A
o] ol (Rongetal., 1995) B4 7] 123l o
g AdzAe] vig ¥ Aoz odeA ot (Kaushik
and Hynes, 1971). Gammarus= =8 A A wg}
2 wol® WA 52 A s Al e
(Coffman et al., 1971; Birlocher, 1983; DeLong et al.,
1993), o|&l Abdo] 2shae] Sl ualst 2o 4712
AN A 25 o] 4l 98 FaAs 74T
Ae & Aoz A74Hc 238 Helg ek
HAT 4+ 7] el 2akAAA A v Az
2y dFHEF] w¢ 2> Anp o] FRE Y
o] # w7l 7]71-(personal observation)& FA| &
3 A 4 e Aow Artdch w150 A4

SN olsh e gdAe AT G Fiy
ol 129 9459 el HAE, 205 4e 7
H47)E (d: o429 AR, 1812 FEFHY
o ¥ Ay Bz THY 6U8 a9 F
wule 23]8 Hano @2 ke Gammarus7} ‘}l
A9 AT Azerp 32 A2 o Foy (Kaushik
and Hynes, 1971)el| = Aeke] Gammarus7} A3 S
A" AL Agsr) 7t wlg- YA

N tawe AN AR B EFEoIR et Gam-
maruse W|ged Aol WS Yol TTo| 3
o] wXE= g3k e Aoz AAHAYG. o F
U Notau= B Zo] 2mm o] 3kl 2 A Eo] A
ASHE S &o] 90%8 YAET F31 483} 6ol
o] E-o] 98% o|ArE =}bA|EFE T Bo] 22 N rau:
§5e A% AAHE EldE Seelr] noke
Qo) mwd 349 YEFLE doluAG 3 E
ool $ARAG I 2 Abole] Y FE T
HF571EE FYHE 7MsAle] Y (Cummins and
Kiug, 1979). o1& ol 2 5 2] A} ol
% 649 7AAE o FEddE B2 2 M4
% & 95ie Aoz AU Bol 2 Nt 34
& BHoz 490 UF BasHon] 6ot
st Aue e FeY mRA dehid @
FEH olRLE LEo] 4~5%Uol £33V WEo=
PR |

£ Aol Fruol AThRUe] o) o} N
L= B3I 6l F8H olfT A 1)
74A] delald Fgdenzt 2Rkt 28] 2 Aol
olste] {2 wuelzd 7l o] 22 (personal observa-
ton) SHRMEe] AR Qe Fviu o) upRd
o9 ST ARLYA Fb) e @k 2
W ol Zol olgted JRUL 25| wFaw A
Ao} YEA o] &HR E3l3 37 ¢hE AHA
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S A B Siakel el A4 -
U Fol 47 e Foz FzY. olFe] Iz
2 duetatd ashd A 9 oA el
ol 4wt gich. 22ld, 24 18] ANeks
As) o Ese AUsste PPos JHDE
710] dubA el A3ko] B2 (Vannote et al., 1980), 42
AR A A MAlEE AEEE AR IES AT
Ao olg@ Aol e & 4 A olY B
Holl M, 2 Agrtoz = A 4 317‘]‘31', 7RA| 4>
gtov} Zo] 22L& N tau 59 7r=dF Hrle Hyda-
tophylax$} Goerodes 52| ‘F X Fo &3t “Eoj =
Sol7h Qs A cmell dse U
g EEsted ¥ Zle= AzEY. Hydato-
phylax’e 2AHA °i—rE1 °f 1km 3H72] 42} 3pA
o 9l T Aokt $uo] uhel HAY e U
& B ausked, 59 Bee $eluetel o 2
= Hydatophylax $-%23 152 wWAdEZ P4 =
elz7} 3¢ EAE 92 5] AL LTIl o|Ed}
EAut F=t} (personal observation). o] 5o
g<3] el SAsiel ST RS T B
o] 5YFoz BF Au|FH 7oz HAE £ S
v}, Goerodes = 5]*]'2/] 12} Boli 31 o
Tel H*ﬂ‘%}% Aoz AZtE=d (Chung, 19972] =]
4 4, o5 UEUS A AT B opfet
FQoz J° ooz 50 AA AASE AR
o g2 oo RYE FAshs Aoz odHA sl
(Whiles et al., 1993).

AEH o2 Gammarus’e A3 {718 thAtel
A 2 98¢ gdsly g Aoz weld a8y
|8 e £ AL AT AN T
HRo|3, ddEFel Wit AdsAe] wle Z3lm=,
A28 AL {715 bl o] Ee] AAEE ¥
F& ta AAY Zlolvth 3, ARt Ay
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