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NWReDUCTION
    Organic compounds in large lakes are derived frova
phytoplankton and macrophyte, and these autochthonous organic
materiais are the major resuitant of the eutrophication [4].
Cellulose, a cell wall coraponent of phytoplankton and macrophyte

 is a raajor constituent o£ autochthonous organic materials and
particularly abundant in lakes [13].

    Attached bacteria are important £or the remineralization of
particulate orgaRic matter [8] because they are more active than
 free-living bacteria [6]. They assirailate low concen･tration of

organic raaterials and nutrients inbo high quality food for
predator [7].

    The purpo$es of thi$ study were to define the cellulo$e
degradation rates and the role of attached bacteria in Lake
Soyang, which is in eutrephic state [2]

MATERIALS AND METHODS
    Triplicate cellulose strips (2.5 x 5 cm) stainned with
Remazol Brilliant Blue R [1] and duplicate strips in litter bag

were submerged in water column and water--sediment interface of

Lake Soyang, 'frova January to November, 1992. After ca. 2 months

exposure, the strips were retrieved and then blue and unstained

strips were used to uaeasure the cellulose degradation rates [5]

and to e$timate attached bacteria numbers [3,11], respectively.

RESULTS

    The values of cellulose degradation rates and attached
bacterial numbers are shown in Table 1. At first experiment
 (from 16 January to 19 March, 1992), cellulose degradation rates

were 8.5 - 19.4 g in water column and 55.0 rg in water-sediment

intenface (bottom). The attached bacterial numbers were 1.6 x

lo6 -- g.7 x lo6 cell$ cm-2 in water colums and 1.s × lo7 cens cra-2
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in the bottorn. The degradation rates were consistant with change

of attached bacterial numbers.

    At second experiment (from 19 March to IS May), the
degradation rates and bacterial numbers were the lowest. Only
at o m, the bacterial number was 7.s x lo6 cells cm'2, which was

higher than those of first experiment. And at bottom, the
bacterial number were half of the first experiraent.

    The changes in ceUulose degradation rates and attached
bacteriaX numbers at third experiment (from 15 May to 23 July)
were quite different from first and second experiments (Fig. Ia).

The degradation rates at 7 and 10 m depths were the highest
value$, 80.7 and 7S.5 k, respective2y. And below 20 m, the
degradation rates were about 20 ? and decreased with depth.

Attached bacterial numbers were consistent with the change o£
cellulose degradation rates except for bottom sample. Curiously

at the bottom, only 1.2 ? of ceilulose was attacked, while

attached bacterial numbers was 2.5 × !07 cells cm-2. During the
period with high temperature (4th experiraent, from 23 Ju}y to 21

September), at O - 2 m depths, the ceUulose degradation rates
were iess than 10 k, and 5 - 20 m depths the rate were about 40

%. Below 20 va, the rates were changed with depth like other
experiments. But in epilimnion (O - 15 m), the cellulose
degradation rates were reverseXy changed with attached bacterial

numbers. At the bottom, the degradation rate was only O.3 %
sinilar to the third experiment, but the bacterial numbers was
only s.s x lo6 cells cra-2, one fifth of the third experiraent.

    The degradation rates were rever$ely changed with bacterial

number$ at the tifth experiment (Fig. Ib). The degradation rates

were 20 - 30 k in epilimnion and hypolimnion. But in
metaMmnion, the rates were more than 40 g, especially at 40 m
the rate was 83.4 g which was the highest rates in this study.
The attached bacterial nurnbeys at o m wa$ 1.8 x lo7 cells cm-2
                                                            '
the highest value of O m. From 2 m to 60 m, the bacterial
numbers were relatively constant with range of 6.2 x lo6 -- 7.s x

lo6 ceRs cm-2. In hypolimnion (70 and 80 m depths), the attached

bacterial numbers were about three times higher than those of the

above water column.
    The variation patterns of ceHulose degradation rates and
attached bacterial numbers could be divided into 3 groups: epi-,



71

raeta- and hypolimnion. The $cattergram of degradation rates and

bacterial numbers at three groups were shown in Fig. 2. In
epilimnion, slope between two parameters was O.02, which means
that the ceilulose degradation was due to the bacterial specific

activities (Fig. 2a). Xn metalimnien, iche slope was O.05 which

may suggest that the attached bacterial numbers were responsible

for cellulose degradation (Fig. 2b). But in hypolimnion, there
was no correlation between two parameters (Fig. 2c).

DISCUSSION
    rn aquatic ecosystem, the cellulose degradation is initiated

by the extraee!lular enzyrne activities excreted from attached

bacteria [9]. The growth of attached bacteria and enzyme
activities would depend on the water teraperature, concentration

of nutrients and other enviroRmental factors. rn the third
experiment, the high deg]radation rates was probably due to the

hlgh water temperature. In contrast to this, when water
temperature was low during the fir$t and the seceRd experiment,

the cellulose were slowly degraded. Even in ice covered lake$,

the degradation of organic materials wa$ observed by Tison et
al.[12]. At from O m to 5 m layer, the degradation rates were
}ow in the 3rd and the 4th experitaents, which suggest$ that the

high intensity of radiation and high temperature may inhibit the

bacterial growth and activity. The ceXlulo$e decomposer,
Cytophaga-like bacteria are inactivated above 24 OC in Canadian

lakes [5]. Eventhough the causative mioroorganisms were not
deEined in I}ake Soyang, exce$$ively high tempexature (32 OC) may

be one of the reason for low degradation.
    The highest rate of cellulo$e degradation in 40 m of the 5th

experiment (Fig. ib) may be due to the precipitation and nutrSent

supply from hypolimnion. Not only high rate of cellulose
breakdown but aiso the higher bactevial numbers, higher values
of bacterial activities and lower concentration of dissolved
oxygen in metalirnnion were already reported [1].

    The relationship between cellulose degradation rates and
attached bacterial number were apparently different froin each

layer. !n epilmnion, cellulose degradatlon was responsible to
the bacterial activitie$. By the environmentai factors, such as

tempeirature, UV radiation, nutrient eoncentration and biological
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factors such as bacterial species composition and competition

with fungi cou!d affect the bacterial activities. But in
metalimnion, the cellulose degradation was due to the bacteriai

numbers. Because this iayer is more stable than epilmnion, the

specific activity for cellulose degradation seems to be
con$tant, except for destratification period.

    In hypolimnion, since the anoxic zone wa$ periodically
occured, temperature was constalntly low, and nutrient
concentration was high [2], the major factor affecting to
cellulose degradation might be anoxic coRdition. The humic acid

and polyphenol substances form anoxic condkions are enzyme
inhibitors [10, 14]. During the study period, only in May, the
dissoived oxygen concentration was 8.9 rag l-i, while other

seasons were anoxic state. By this anoxic state, the enzyme
activities were depxessed and the ceilulose was degraded slowly.

Because the development of anoxic zone, and the difference of
chemical compositions and quantity of huvaic acid, the ceUulose

degradation rate$ were widely varied (O.2 - 55 k) not correlated

with attached bacterial numbers.
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Table l. The cellulose degradation rates and

          on cellulose films in Lake Soyang.

attached bacterial ntunbers

Depth lst exposure 2nd exposure 3rd exposure 4th expesure 5th expesure

(m) C B C B C B C B C B

o le.1 1.6 4.4 7.8 3.e 2.3 20.6 18.3

1 7.2 2.9 6.9 6.0 23D 5,O

3 9.4 2.5 8.8 5.6 29.7 3.5 25.2 3.5

5 12.9 4.0 8.8 29 32.0 10.2 53.8 9.2 30.4 6.7

7 l4.4 4.2 8.4 1.8 80.7 22.8 35.6 6.4

10 14.4 2.5 9.I 3.8 75.5 41.0 49.5 6.2

15 11.9 2.1 32 3i.7 29.7 40.3 8.8 25.5 7,5

20 l.6 l.8 20.8 115 30.7 16.4

30 l9.4 4.l O.6 3.5 22.4 11.2 25.4 IO.6 469 3.2

4e 13.5 3.7 7.8 3.3 21.l 14.9 152 12.2 83.4 5.4

50 14.l 5.4 9.4 4.8 14.8 6.4 l32 8.5 49.4 6.2

oo 13.2 4.4 14.4 4.6 21.1 10.3 34.0 6,4

7e 8.5 9.7 9.7 7.2 7.3 le.3 27.3 20.6

80 12.7 8.0 7.3 35 267 16.1

Bot. 55.0 14.8 54.7 7.4 1.2 24.9 O.3 55

.C liilX,igLo.se{:lle,g,:/iS..atko.".r.'`s,(.%),,eu:g,l,g.2,.m,.,o,nthes

lst expeiment: from 16 Ianuary to 19 March, l992
2nd experiment: from 19 M[arch to 15 May, 1992
3rd experiment: from 15 May to 23 July, l992
4th experiment: frem 23 July to 21 September, 1992
5th experiment: frorn 21 September to 27 November,
Bot.: Water-se(liment interface

Blanks are due to the missing strips

1992
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Flg. 1. The typical depth profiles ef ceRulose degradation rates and attached bacteria
numbers on cellulose film in Lake Soyang. a) third exposure, b} fifth exposure.
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Fig.2. The scattergram of cellulose degradation and
attached bacteria nurnbers in Lake Soyang.

Nurnbered data are excluded for statistical

analysis. a) surface layer (O - 15 m}, b} middle

layer (20 - 60 m}, c) bottom layer {70 m-

bottom}.


