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Abstract

The abundance and distribution of microorganisms in the upper-layer sediment of West Lake

were studied. Results showed that aerobic heterotrophic bacteria were 2,Ol x 10Sfg and

actinomycetes were 1,83 x 104fg on average. Both were more abundant in L. Yuehu. wnile the

bacteria had negative correlation with the surrounding water temperature, actinomycetes had

positive correlation. Aerobic cellulose decomposing bacteria were l.88 x 1031g on average, and

more abundant in L. Xili and L. Yuehu L., peaking in July and }vg[ay. Nitrite bacteria, nitrate

bacteria, nitrate reducers and denitrifiers were 2.75 x I05/g , 1.81 x I05/g, 1.23 x 105fg and

3.14 x 103/g olt average, respectively. Organic phosphorus decomposing bacteria were 2,38 x

I031g on average, while calcium phosphate dissolving bacteria were very low, About 50.4% of

heterotrophic bacteria were found to be Bacillus and about 23.9% were Enterobacteriaceae.

Remain about 25.7% consisted of 1 l other minor bacteria genus.
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gntroductien

West Lake, Rangziiou is a relatively small shallow lake. Its water surface area is approximately

5.67 Km2, and its average depth is orily i.56m. Due to aii al)undmt grow{h of plankton and

pollution from tourisrn garbage each year, the nutrient content of the sedimeRt has become very

high. The content of total carbon (TC), total nitrogen (lrN) and ammonium nitrogen (NH4 -N) in

the lake sediment had reached about 10.5%, 1.24% and O.oo97%, respectively, While total

phosphorus (TP) and inorganic phesphate (P04-P) were O,25% and O.eOl6%, respectively (Li,

1990). C, N and P in the sedirnent of1ake are gradually released from lake bottom into the water

body, resulting in the water becoming more eutrophic state, Microorganisms in the sediment play

an important role in nutrient release (Hattori, 1978), but studies on such microorganisms in the

West Lake have yet to be reported. A joint research between China and Japan has been

established in order to complehensively study several aspects of the 1ake ecosystem. The present

paper deals wnh the distribution ofmicreorganisms in the upper iayer sediment ofthe West Lake,

iVi[aterials and metheds

Sampling sites were selected as in part 1 of this study. The sediment samples were taken using an

Ekman-Birge dredge from five sampling sites,
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Using tke diluted sediment of lake, heterotrophic bacteria, actinomycetes, cel}ulose decomposing

microbe, ammenium oxidizing bacteria, nitrite oxidizing bacteria, nitrate reducers, denitrifiers and

phosphoras decomposiRg bacteria were then cultured and counted according to procedures

described in part 1 of this study (Xue and Zheitg, l986). The nurnbers of microorganisrns (cfu)

were determined in per gram of dry sediment (cfulg dry sediment) .

1 17 strains were screened from the sediments between October l995 and March i996 and were
                                                                   7
classified according to Bergy's manual (Buchanaii and Gibbon, 1974).

Results and discussien

Table 1 shows the abandance ofheterotrophic bacteria in upper layer sediment in May 1995, The

aerobic baeteria (average 2.l2 x 1051g) were almost IOO times more abundant than anaerobic

baeteria (average 2.85 x i03fs,). This implies that dissolved oxygen in the upper layer sediment

was relatively rich. Inspectien ef the sediment confirmed this, and the dissolved oxygen (DO)

level in the upper layer was more than 5,5mgll. These results verify the oxidized state of upper

iayer sediments from a microbiological parspective.

Table l.. Aerebic and anaerebic heterotrephic bacteria in

     theu er la er sedirnent efthe iWest Lake

Sub-lnke Beili L. Yuehu
        L,

Xili L, OuterL,

aerobic-bacteria( l e' lg) 2.76 4.55 1,59 2.07

anaerobic-
bacteria(i031g) *

183 5.32 2,27 1.97

*detennined by the pyrogallic-acid-vaccum-pump method.

Figure 2 shows the aerobic bacteria disnibution during July 1995 to May l996. 0f the sub--lakes,

the density was highest in L. Yuehu (average 3.63 x I05fg) and iowest in L, Xili (0,94 x I05!g).

For seasonal distributions, the density was greater in March (3.21 × I05fg) than in July (l.49 x

i051g), These distributions may be determined by the conten£s of organic substances, the microbe

can absorb and the density ofzoobenthos fauna devouring mlcrobes.

Figure 3 shows the disnibution of actinomycetes in the West Lake sedirnent. The average density

was l ,83 x 10`lg, with the highest density o¢curring in L. Yuehu (3.31 x IO`lg). Medium density

in L. Beili, L, Xili and L, Xiaonan , l.78 x I04, 1.68 x l04, 1.55 x 104!g, respectively, and Outer

lake having the lowest der}sity (O.84 x le`lg). In figure 3 it can also be seen that actinomycetes

were rnost abundant in July (3.69 x IO`lg> aAd least abundant in March (O.57 x IO`lg). This

suggests that they had positive growth correlation wkh temperature and a Regative correlation

with the amount ofheterotrophic bacteria present.

  It was reported by Li in 1990 that the total organic carbon content in the West Lake sediment

reached about lO.5% (wlw). The dominant composition of these substances containlng carbon
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was cellulose. Therefbre, it can be assmuned that an understandi.ng the density and distribution of

cellu!ose decomposing microorganisms can aid in ciarifying the carbon cycle of the lake

ecosystern, Tabie 2 shows the amounts of fbur kinds of cellulose decomposing microorganisms

separated from the upper layer sediment in April l995. Accordingly, aerobic bacteria were

slightly more abun(lant than other types of decomposing microorganisms.

Tab}e2:Css/}ldce thdtfVVtLake
        Sub-lake Bacteria Fungi

Aerobic Anaerobic Aerobic Anaerobic

Beili L,

Yuehu L.

Xili L.

Outer L,

Average

l.041

8,782

22585

308

&.I79

28

l,976

}.O04

269
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l,04}
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Figure 1. Schematic diagram ef sampling stations at West Lake
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Figure 2. bistribution ef aerebi¢ heteretrophic bacteria in the sedimeRt ofWest Lake
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Figure 3. Distribution ef actinemycetes in the sediment efWest Lake

Table 3 shows the distribution of aerobic deieulose decomposing bacteria in West Lake during May

a995 to March a996. These bacteria were rich in L. Xili and L. Yueh", and more abundant in spring

(May) and summer (3uly).
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Table 3. Distribution ofaerobic cellulose decem osin bacteria(x 1(}31 ) IR the sediment of West Lake

Sub-lake 95.5 95,7 95.IO 96.3 Average

Beili L.

Yuehu L,

Xili L

Xiaonan L.

Outer L,

Average

l.10

l,92

9.09

 nd

2.95

3,32

3.e8

6.82

lD8

4.92

e.19

3.22

O.20

2.06

O,34

O,59

O.23

O.69

O,31

O.40

O.27

O.32

O.l6

e.29

1.17

2.80

2.69

l,85

o.gs

l.88

                                nd: not determlned

As nitrogen in lake ecosystem exists in several forms, nitrogen-utiljzing bacteria are also varied.

Apart from nitrogen flxing bacteria, the abundance and distribution of several kinds of nitrogen

utilizing bacteria was surveyed. Ammonifiers are able to grow on nutrient agar, so their

distribution can be seen in figure l . The abtmdance and distribution of ninifiers includiBg nitrite

bacteria which oxidize amino-compounds to nitrite and nitrate bacteria which oxidize nitrite to

nitrate are shown in Tables 4 and 5, respectively. Nitrate reducers are shown in Table 6, and

denitrifiers in Table 7.

     Table 4 Abundance and distribution ef nitritebaeteria x 10`/ ) in the sediment of VVest Lake

Sub-lake 95,5 95,7 95,IO 96,3 96,5 Average

Beili L.

Yuehu L.

Xili L.

L,Xiaonan

Outer L.

Average

O,73

17,O

O.88

N

352

5.53

6.51

20.1

l3.4

361

19.2

84.0

O.l7

4.36

o.se

!7.6

7.42

6.07

O.l7

O.63

O,12

4,95

O.}9

}.21

1.38

L13

2,22

N

l3.4

4.53

i.79

8.64

3.48

i28

8.75

27.6
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Table 5. Abundance and distribution ofnitrate bacteria (x IO`1gi in the sediment efWestLake

Sub-lake 95,5 95.7 95,10 96.3 96.5 Average

Beili L,

Yuehu L,

Xili L,

Xiaonan
L,

Outer L,

Average

O.29

iO.6

5.45

l,37

11.4

5,ll

6.56

3s46

558

O.06

6.88

50.5

O.22

l 9. )"'

l5.4

O.I7

3,99

2.22

9.01

187

38,7

3.10

5.64

22.1

40.2

I7.g

lDO

7.70

20.0

2,26

62.5

l8.i

Table 6. Abundance and distributiofi ef denitrifier ( x le3fg} in the sediment of VVest Lake

Sub-lake 95,5 95,7 95.IO 96.3 96.5 Average

BeiiiL.

Yuehu L.

Xiii L,

Xiaonan L.

Outer L.

Average

6.29

9.41

4,16

1,95

S.45

1.03

6.82

2,42

8.2e

O.31

3.76

e,27

6,88

O.48

l.05

O,31

1.go

O.I7

6.3e

O,02

3,14

e.19

1.96

3.IO

>5.26

2.22

2.25

>3.21

2.l7

>6.93

l.86

4.l3

1,eo

3.l4

From these tables, it can be seen that the ntmibers of nitrite bacteria had positive correlation with the

surrounding ternperature, that is, they were most abimdant in July and least abimdant in March, The

other N-utilizing bacteria did not have such a relationship. The variations in the number of bacteria

rnay be explained by the amounts of substrate in thr sunounding environment. The metabolic

intensity ofmicrobes has a positive correlation wnh the surrounding temperature to a certain degree,

so rapidly metabolizing ammonifiers produce much more ammonia during the warm month of July.

As ammonia is the s}}bstrate fbr nitrite bacteria, the numbers of nitrite bacteria are also higher in July.

The West Lake is a shallow touring lake, however, disturbances to the water caused by boats

enhances substance exchaRge between sediment and the water body, This causes the nitrite

synthesized by bacteria to be easily released ' i to the water bedy, resulting in a changeable nitrtte

content in the sediment. A similar case exists fbr nitrate, Of course, microorganisms in the upper

layer sediment existed with other 1ake fauna and fiora, whoich in mm would also have affected their

numbers. For example, the microorganisins could have been devoured by zoobenthos,
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Environmenta1 factors such as DO, pH etc, would also have affected the growth cycle of

microorganisms. Therefbre, ftirther study is required to give a more comprehensive explanation for

the variations in the arnounts ofmicroorganisms in the sedimei3t,

          Tab}e 7, Abundance and distribution ( x lO`/g) ofnitrate reducerin the sedirnent ofWest Lake.

Sub-lake 95.5 95.7 95.}O 96.3 96.5 Airerage

Beili L.

Yuehu L,

Xili L.

Xiaonan L,

Outer L.

Average

l6.5

7.56

4i,6

i.95

i6.9

l.71

6.82

2.42

1.48

O.35

2.56

O.30

50.2

5.05

25.8

O.74

l6.4

2.08

>58.8

l.23

14,9

33.6

>22.l

3.IO

l.69

l.23

4.05

2.52

4.74

25,O

IO.3

l4.l

8,14

l2.3

From Tab}es 4 - 7, it can also be seen tiaat nitrite bacteria were most abundant iri L. XSaonan, nitrate

bacteria in Outer Lake and L. Xili and nitrate reducers and denitrifiers were most abLmdant in L.
                            ,
Yuehu and L. Xiaonan. These abLmdance variations reflect the different nutrient conditions in the

different sub-lakes ofWest Lake.

Phosphorus decomposing bacteria include organie phospherus decomposers and inorganic

phosphorus dissolving bacteria. A survey conducted in May 1996 showed that organic phosphorus

decomposers were most numerous in L, Xili (5.42 x 103!g), followed by L. Yuehu (1,69 x I03!g),

Outer Lake (1 ,35 x 1031g) and L. Beili (1.04 x 103!g), The number ofcalcium phosphorus dissolving

bacteria was low in each of the four sub-lakes (note aiat L. Xiaonan was not tested fbr these

bacteria).

I l 7 strains of heterotrophic bacteria were randomly isolated from West Lake sediment between Oct,

l995 and Mar¢h 1996. They were identdied according to Bergey's manual, It was found that almost

half were Bacilius (50,49t6) and about 23.9% were Enterobacteriaceae. The remaining bacteriai

strains ineluded Aeromonas (5.1%), Acinetobater (4,39x6), Microeoccus (3,49x6), Cellzilomonas (3.4%),

Slrop1ijilococcus (1.79x6), Pseucfomonas (1.7%), Plesiomonas (1.7%), Atcaligenes (l.7%),

Lactobacillus (O.85%), Agrobacterium (O.85%) and Microbacterium (O.859t6).
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