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Seasonal Difference in Macroinvertebrate Contribution
to the Leaf Litter Breakdown in a Headwater
Stream at Mt. Jumbong
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ABSTRACT

Macroinvertebrate contribution to the leaf litter breakdown of Carpinus cordata was estimated at
headwater streams at Mt. Jumbong (38° 03'N, 128° 25'E) during spring and winter-spring by using
two types of litter bag, Coarse-mesh bags with 10 g of leaf litter were placed in a 1st-order stream
in April (the spring experiment) and December 1995 (the winter-spring experiment). Fine-mesh
bags with 5 g of leaf litter were placed in a nearby 3rd-order stream. The breakdown of Carpinus
in coarse-mesh bags was rapid, and, in terms of season, leaf litter processed rapidly during spring.
Daily mass loss rates of leaf litter (—k=x1 SE) were highest for coarse-mesh bags in the spring
experiment (—0.0429+0.0048), followed by coarse-mesh bags in the winter-spring (—0.0146+
0.0014), fine-mesh bags in the spring (—0.0078+0.0004), fine-mesh bags in the winter-spring ex-
periment (—0.0054+0.0005). Macroinvertebrate contribution to the litter breakdown was
estimated by the difference of % leaf litter remaining between coarse-mesh bags and fine-mesh
bags. Although shredders were more abundant during the winter-spring, their contribution was
greater during the spring (50%) than the winter-spring (22~33%). This result appeared to be due
to the change in the chemical composition of leaf litter during processing, and to the seasonal
growth patterns of major shredder taxa,
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INTRODUCTION

Headwater streams draining deciduous forests in a temperate region receive a large
amount of litter inputs from riparian vegetation (Fisher and Likens 1973), and these
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allochthonous energy are the most important to stream biota { Webster and Benfield 1986).
After leaves enter the stream, they are broken down by physical processes such as leach-
ing and abrasion, and biological processes such as microbial degredation and invertebrate
feeding (Cummins 1974, Kaushik and Hynes 1968, 1971, Petersen and Cummins 1974).
Stream-dwelling macroinvertebrates consuming leaf litter are known as shredder func-
tional feeding group (Cummins 1973), and their importance to leaf litter processing in
stream ecosystems have been demonstrated (e.g., Cuffney e al. 1990).

During April~June 1995, the author examined macroinvertebrate communities in two
headwater streams by using mesh bags which contained leaf litter of Carpinus cordata
(Chung 1997). Compared with other studies (e.g., Petersen and Cummins 1974, Webster
and Benfield 1986), breakdown rate of Carpinus seemed to be very rapid. However, since
the timing of the experiment did not follow the timing of the autumnal litter input, what
observed during that study might not properly describe the general pattern of the leaf lit-
ter processing in headwater streams at Mt. Jumbong (Boulton and Boon 1991). To correct
this problem, the author carried out a similar experiment during the following
winter-spring seasons by using different types of litter bags. The objectives of this study
were to compare the processing of Carpinus during winter through spring with that
observed during spring, and to investigate whether there was any seasonal variation in
shredder contribution to the leaf litter breakdown.

STUDY SITES

This study was conducted in a 1st- and 3rd-order streams. Both streams belong to the
4th-order stream system draining the south-east slope of Mt, Jumbong (38° 03'N, 128° 25°
E). The 1st-order site is at about 15~40 m upstream from the confluence of both streams,
The 3rd-order site is located about 15~30 m upstream from the confluence. Both sites are
covered by a similar riparian vegetation, Dominant tree species are Quercus mongolica,
Carpinus cordata, Acer spp., and Kalopanax pictus. There was no apparent litter accumu-
lation in the 3rd-order site, but a large amount of leaf litter was often found in pools and
debris dams in the lst-order site. Water temperature was similar in both streams, Daily
mean water temperature ranged 0~2°C during December-March, while it increased from 2
to 11°C during the period of April~June,.

MATERIALS AND METHODS

Litter bag

Leaf species was selected by examining several debris dams in the studied streams dur-
ing October 1994. Debris were largely composed of Quercus mongolica, Carpinus cordata, and
Acer spp., among which Carpinus was selected. Leaves of Carpinus were collected during
late October to early November from the forest floor near the study site, Leaves were



December 1996 Chung : Leaf Litter Breakdown by Macroinvertebrates 565

stored at room temperature until they were used for the experiments. Two types of litter
bags were used. Coarse-mesh bags (size: 20x 30 cm) containing 10 g of air dried leaf litter
were made of Imm-mesh size nylon cloth with 40 additional openings (size: 2~4X20 mm).
Fine-mesh bags (size: 17x25 cm) were made of (.15 mm-mesh size nylon monofilament
netting (Nytex®) to prevent the access of macroinvertebrates to leaf litter. Fine-mesh
bags were received 5 g of Carpinus to reduce the chance of anaerobic condition within the
bag. Fifty coarse-mesh bags and 40 fine-mesh bags were placed in the 1st- and 3rd-order
streams, respectively, on April 16, 1995 (the spring experiment: for coarse-mesh bags see
Chung 1977) and December 10, 1995 (the winter-spring experiment). Five of coarse-mesh
bags and four of fine-mesh bags were retrieved at 2~7 weeks interval until coarse-mesh
bags lost more than 90% of their initial mass. Upon retrieval from streams, each bag was
transferred to a plastic bag and preserved with 5~8% formalin. In laboratory, leaf litter
remained in fine-mesh bags was gently washed with tap water to remove any sediment,
There were always some filter-feeding chironomids in fine-mesh bags. But, they were
ignored since they would not significantly affect the litter breakdown rates, Leaf litter in
coarse-mesh bags was washed off sediments and macroinvertebrates. Macroinvertebrates
clinging to bags were hand picked. For later identification sediment and macro-
invertebrates retained on 0.125 mm-sieve were preserved in 5~8% formalin containing
small amount of phloxine-B dye. Leaf litter remained in bags were oven dried at 60 for 5
days and weighed (oven-dry weight) and ashed at 500°C for 12hr and re-weighed (ash
weight) to the nearest 0.01 g. Ash-free dry mass was determined by subtracting ash
weight from oven-dry weight. Leaf processing has been assumed to follow an exponential
decay model (Olson 1963, Petersen and Cummins 1974). Daily leaf processing rates ( —k)
were estimated by equation m, = m, e, where m, is the remaining mass (in AFDM)
after the time of t, and my, is the initial mass of leaf litter.

Macroinvertebrates

Macroinvertebrates and sediments preserved in formalin solution were passed through
nested 1 mm- and 0.125 mm-sieves. All macroinvertebrates retained on 1 mm-sieve and a
portion (1/4~1/32) of those passed 1 mm-sieve but retained on a 0.125 mm-sieve were
sorted and identified under a dissecting microscope. For identification of insect taxa, Yoon
(1988) and Kawai (1985) were used. Macroinvertebrates other than insect taxa were
identified to Gammarus, Turbellaria, Copepoda or Oligochaeta. Tanypodinae (Chirono-
midae) was treated as predator, while other chironomids were allocated to collector-gath-
erer functional feeding group. For Functional feeding group allocation of insect taxa,
Merritt and Cummins (1984) was used.

RESULTS

Leaf litter in coarse-mesh bags broke down significantly faster than those in fine-mesh
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bags, and mass loss rates of leaf litter during the winter-spring experiment were lower
than those of the spring experiment (Fig. 1). Daily mass loss rates of leaf litter (—k=+1
SE) were highest for coarse-mesh bags of the spring experiment (—0.0429+0.0048), fol-
lowed by coarse-mesh bags of the winter-spring (—0.0146+0.0014), fine-mesh bags of the
spring (—0.0078+0.0004), and fine-mesh bags of the winter-spring experiment ( —0.0054 +
0.0005). During the winter-spring experiment, the difference in the mass loss between the
coarse- and fine-mesh bags was greatest in late March (33% more mass loss in
coarse-mesh bags). During the spring experiment, between bag type mass loss were
greatest at the end of the study period, when coarse-mesh bags lost 95% of their initial
weight, while fine-mesh bags lost only 45%.

Abundance of all macroinvertebrates was higher in the winter-spring experiment than
those in the spring experiment, largely due to Nemoura and chironomids (Table 1). During
the winter-spring experiment, the mean number of Nemoura was 14-times greater than
that of the spring experiment. Most of them were young nymphs. While 8 mm was the
largest body length class of Nemoura nymphs collected, individuals of <2 mm represented
near 96% of the total individuals. Abundances of non-insect taxa were quite similar be-
tween experiments (Table 1). Gammarus was the only non-insect taxon whose abundance
was significantly higher in the winter-
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Fig. 1. Percent of initial leaf litter remaining ( +
1 SE in ash free dry mass) of Carpinus
cordata in streams. Litter bags were
placed in the lst-order stream on April
16, 1995 (the spring experiment) or on
December 10, 1995 (the winter-spring ex-
periment), N=5 for coarse-mesh bags,
and n=4 for fine mesh bags. FWS=fine-
mesh bags of the winter-spring exper-
iment, CWS=coarse-mesh bags of the
winter-spring experiment, FS=fine-mesh
bags of the spring experiment, CS=
coarse-mesh bags of the spring exper-
iment. Data for CS were from Chung
(1997).

dance in both experiments. Abundances of
most taxa belong to three dominant func-
tional groups did not appear to closely re-
lated to time of year or the amount of leaf
litter remaining in bags (Table 2). Collec-
tor-gatherers and shredders tended to in-
crease when 40-60% of initial mass of
Carpinus remained, but they often bounced
back later and maintained relatively high
abundances at the end of the experiments,
Predators did not exhibit any distinct tem-
poral pattern either.
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Table 1. Mean numbers of macroinvertebrates per bag over the entire sampling period. Litter bags
were placed in a 1st-order stream on April 16, 1995 (the spring experiment) or December 10,
1995 (the winter-spring experiment). N=15 for the spring experiment, and n==29 for the win-
ter-spring experiment. Functional group allocation was based on Merritt and Cummins (1984).
Data for the spring experiment were from Chung (1977). CG=Collector-gatherer, CF=Col-
lector-filterer, Pr==Predator, Sc=Scraper, S==Shredder.

Taxa Spring Winter-spring Functional
Experiment Experiment group
Ephemeroptera
Bacetis 55+1.7 21.7+5.5 CG
Ephemerellidae 0.5+0.5 0.2%+0.1 CG
Cincitcostella tshernovae 1.7£0.7 16.0+3.9 CG
Drunnella cryptomeria 0.7+0.4 0 CG
Ephemerella sp. 1.2x0.6 0 CG
Ephemera strigata 1.0+£0.6 0.2+0.1 CG
Cinygmula 0.9%0.7 0 CG
Ecdyonurus dracon 0 0.8+0.3 Sc
Ecdyonurus kibunensis 0.2+0.2 0.2+0.1 CG
Ecdyonurus sp. 0.3%0.3 0 Sc
Heptagenia 0.1+0.1 0 Sc
Paraleptophlebia chocorata 30.7+7.2 34.6+6.4 CG
Ameleius montanus 1.5%0.8 1.7+0.8 CG
Total 43.9%8.0 75.3£12.6
Plecoptera
Capnia 0.1+0.1 0 S
Sweltsa 6.5+1.9 14.5+2.6 Pr
Rhopalopsole 3.9+2.3 1.8+0.6 S
Amphinemura coveana 1.1+1.1 4.0+2.8 S
Nemoura 34.5+4.5 521.1+66.8 S
Yoraperia 0.1+0.1 1.8+1.2 S
Perlidae 0.5%0.5 0 Pr
Isoperia 1.5+0.6 1.2+04 S
Pleronaycysis 0 1.2+0.5 S
Scopura 1.3+0.6 1.0+0.7 S
Total 49.6+6.0 546.7£67.9
Trichoptera
Micrasema 0.1+0.1 0 ?
Goerodes 7.3%2.5 10.8+4.2 S
Hydatophylax nigrovitiatus 0.3+0.2 1.5+1.0 S
Psilotreta 5.2%1.5 2.0+0.8 Sc
Plectrocnemia 0.3+0.2 0 Pr
Rhyacophila articulata 0.9x0.4 1.8+0.3 Pr
Rhyacophila brevicephala 1.5+0.7 1.0x0.3 Pr
Rhyacophila shikotsuensis 0.1+0.1 0.6+0.1 Pr
Total 15.6+3.9 17.6x+4.6
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Table 1. Continued
Taxa Spr-ing Winter-spring Functional
Experiment Experiment group
Coleoptera
Elmidae 1.0£0.6 0.3£0.3 S
Helodidae 0 0.8+0.2 ?
Total 1.0+£0.6 1.1+£0.4
Diptera
Atheridae 0 0.2+0.2 Pr
Ceratopogonidae 0.6+0.3 0.1+0.1 Pr
CG-Chironomidae 168.6+48.2 254.3+52.6 CG
Tanypodinae 22.1+5.3 11.7+3.3 Pr
Dixa 0.2+0.1 0 CG
Empididae 0.7+0.5 0.1+0.1 Pr
Pericoma 0.2+0.1 2.5+0.9 CG
Prosimulium 0 0.2+0.1 CF
Antocha 0 <0.1 Pr
Dicranota 3.9+1.0 2.7+14 Pr
Hexatoma 0.2+0.1 0.3+£0.2 Pr
Ormosia 0.0+0.0 0.1+0.1 CG
Pedicia 0 <0.1 Pr
Pilaria 0 <0.1 Pr
Tipula 0 0.240.2 s
Total 196.5+47.7 272.4%55.6 ‘
Non-Insects
Copepoda 1051.9+210.1 1023.8 £226.9 CG
Gammarus 76.4+11.0 139.9+23.9 S
Oligochaeta 20.5+£7.0 16.5+8.5 CG
Turbellaria 39.5+17.0 26.3+12.9 Pr
Total 1368.6 £257.2 1206.5+221.4
Insect Total 305.6£49.7 913.2:£105.4
Non-Insect Total 1188.3+£219.9 1206.5+£221.4

Macroinvertebrate Total

1494.9+214.4

2119.7+293.3

DISCUSSION

High water temperature during spring appeared to be responsible to the rapid
processing of Carpinus in fine-mesh bags. Since macroinvertebrate action and physical
abrasion are virtually eliminated by the fine-mesh netting, leaf litter in fine-mesh bags
should be processed by microbes, Microbial decomposition is closely related to the water
temperature (Webster and Benfield 1986). High water temperature increase litter de-
composition by increasing microbial activity (Short and Smith 1989, Subberkropp et al.
1975). If it is assumed that 1,000 degree-days accumulation is required to process 90% of
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leaf litter (Hanson and Cummins: cited from Meyer and Johnson 1983), 590 degree-days
accumulated from late March to the end of the experiment in mid June correspond to
50~55% of mass loss of initial leaf litter. This estimate was fairly close to the observed
value (42%: decreased from 70% to 28%) that occurred during the same time period.

Macroinvertebrate, especially shredders, contribution to leaf litter breakdown in this
study appeared to vary with the season of leaf litter input to a stream, as denoted by
Anderson and Sedell (1979). Macroinvertebrates in coarse-mesh bags of the winter-spring
experiment seemed to feed on Carpinus until late March when 37% of initial leaf litter
remained. By that time, their contribution to leaf breakdown (average % of leaf litter re-
maining of fine-mesh bags minus that of coarse-mesh bags) was 33% and was in a close
agreement with those found by Petersen and Cummins (1974). Petersen and Cummins
postulated that the remained leaf litter would be processed further by the microbial and
invertebrate action. However, in spite of high abundances of shredders, shredder action
appeared to be minimal on these skeletonized leaf litter during the period of March
through June. On the other hand, in the spring experiment, 95% of new Carpinus in
coarse-mesh bags disappeared during the similar time period of year., Here, macro-
invertebrate contribution was estimated to represent near 50% mass loss of the leaf litter.
Such variation in the macroinvertebrate contribution to the leaf litter breakdown appeared
to be due to the change in the chemical composition of leaf litter during processing as well
as the different growth periods of dominant shredders in the study stream (eg., Grafius
and Anderson 1979, 1980). The skeletonized leaf litter has been known to have relatively
high content of refractory materials such as lignin (Gessner 1991). Gessner and Chauvet
(1994) reported that lignin reduced fungal activities on leaf litter, which, in turn, should
reduce the leaf litter palatability to shredders.

Gammarus appeared to be responsible to much of the different pattern of Carpinus break-
down 1in coarse-mesh bags. Gammarus was the second abundant shredder taxon in both
experiments. But, considering their large body size and the year-round existence in the
study stream, they should be the most important shredder in the study stream, Therefore,
detritus dynamics in the study stream can not be understood without considering their
feeding ecology and the seasonal growth pattern. For insect shredders, Grubbs and
Cummins (1996) demonstrated that some species grow in either autumn and /or winter,
while others showed either spring and /or summer growth. According to Cummins et al.
(1989), Gammarus belongs to the spring-summer shredder populations and should feed
mostly on rather slowly decomposing leaf species such as oak, since most of the rapidly
disappearing leaf species will be unavailable by spring when their feeding rates increase.
However, it is questionable if their argument is valid to headwater streams in Korea. For
two consecutive years, the author observed that most of the leaf litter stored within
wetted areas of the study stream disappeared after monsoon in July, Also, oak leaves
seemed to be a less attractive diet to Gammarus. Coarse-mesh bags containing oak leaves
contained much fewer Gammarus (unpublished data). Therefore, during summer, Gam-



December 1996 Chung : Leaf Litter Breakdown by Macroinvertebrates 571

marus probably feed on diets such as small organic particles, algae or moss (Bérlocher
1983). Also, laterial leaf litter inputs from stream banks or inputs of green leaves from the
riparian vegetation would provide valuable resources to Gammarus and other shredders
(McArthur ef a/. 1986, Stout and Taft 1985).

Considering their abundances, Nemoura might also be important to leaf litter breakdown.
However, since most of them are small individuals, they would not be so important as
what represented by their abundances. In general, aquatic insects are omnivores, and
their diet preference changes as they grow, Many shredding insects tend to feed on fine
organic particles when they are young, but later they switch to large organic particles
such as leaf litter or even to animal tissues (Anderson and Cummins 1979).

Overall, this study shows that macroinvertebrates are important to the process of large
particulate organic matters in headwater streams at Mt, Jumbong. Among shredders
Gammarus appeared to be most important to detritus dynamics in the 1st-order stream.
Neomura, the most abundant shredder taxon, may be similarly important, too. However,
under the situation where feeding ecology or seasonal growth patterns of most shredder
species are largely unknown, such conclusions can be biased to species of high biomass or
of high abundance.
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