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Abstract

'Ihe ecological distribution of mieroorganisms in the water body of West Lake was studied from

April 1995 to April 1996. Results shewed that the average density of heterotrophic bacteda was

2.()6xl of yCml. Actinoillycetes, molds and yeast had already of 35yEml, 24kni and 21ml, respectively.

Various pbysiological forms ofmicrobes were fbund in West Lake, includmg cellulose decompesing

bacteria (25!ml), organic phosphoius decoraposing bacteria (8knl). and Nitrogen utilizing bacteria

such as ninite bacteria (4531ml), nitrate bacteria (5851inl), nitrate-reducers (3.2 xl03fml), and

deriitrifiers (43/inl). ContrastiRg to nitrate bacteria, cellulose decompesing bacteria, ammonifiers,

nitrite bacteria and nitrate reducers were rich in vvinter and spring. Aiitotrophic bacteria, 1ike

nitrifiers were more common in L. Xiaonan and L. Beili, where the water quality was relatively good,

Heterotrephic bacteria vvere populous in the two highly eutrophic iakes (L.Yiiehu and L. Xili). The

study on 78 strains isolated randomly from the five sub lakes suggested that the donimant groups in

West Lake were ,Rseudomonas Bacillors and E?iterobacteriaeeae.
                     '
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Xntroductiofi

'lhe West I.ake, MarigZhou, is a famous scenic lake in Chna. Owing to the development of industry,

agriculture and materiai life, however, eutrophication has become a serioms problera in this lake. in l990,

the average of COD, BOD, IIN (Total NitrogeR) and TP (Total Phosphorus) reached 7.87, 5.12, 2.27,

and O.129 ingfl, respectively, while the average transparency (SD) of this lake was only 50.3 cm (Li,

1990). Although various steps have been taken, eutrophication has yet to be controlled. This has led to

the mitiatien in 1 994 ofa cooperat ive preject betweer} China and Japan.

'IIhe structure and imction of mierobial coramunities is a main focal peint in microbial ecology. 1lhe

habitat environment has a major impactor affects microorganisms te a large extent degree. 'lhe coiifbrm

index and the number of heterotrophic bacteria are two parameters important for evalwatirig the water

quality. Ftuthermore, the mieroorganisms in the water ecosystem play an important role in nutrient

regeneration and energy fiow.

The disrdbution ofheterotrophic bacteria and co}ifbim index have been reported (Wang and Chen. 19g3,
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Lg 1986), but the aburidance of C, N and P utilizing microorganisms have yet te be surveyed. "Ihis

paper provides a preliminary report on the abundance of these three types of microorganisms in the

West Lake.

' Methods aptd materiRls

5 sampling sites were selected, corresponding to the five sub-divisions (determined by two bridges) of

the 1ake (Fig.2>. Sampling was performed in each season from April l995 to April 1996. As the average

depth ofthe !ake is only l.56 m. water samples were taken at 5e cm below lakes surface.

Bacteria and actinornycetes were cultured on nutrient agar and starch agar, respectively, using the

dilution smearing method (Reinherimer, 1980). Cellulose decomposing bacteria, nitrite bacterieg nitrate

bacteria. nitrate reducers, deninifriers, and phosphorus decompesing bacteria were cultured in their

respective special medium (Alexander and Clark 1965) using the M]}N method. For the identiflcation

of heterotrophic bacterieg 78 strains were radomiy isolated from the water body in April 1 995 and April

1996. The identiflcation procedures used are described in Bergey's mariual (Buchanan and Gibbcm,

1974).

Results and diseassion

Figure 2 Shows the abundance and distribution of aerobic heterotrophic bacteria in the West Lake

between April 1995 and April l996. From this figure, it can be seen that the average pepulation density

was 2.06 x 1 tw1mi, the highest density occtured in Yuehu Lake in December 1995 (9.8 xl031ml), and the

iowest density occurred in the center of the outer Lake in September 1995 (2.0 x 102/mi). According to

the Japanese standard ,classifying system, the West Lake is a mid-eutrophic type from a bacteriological

view. Tal)le 1 compares the amount of heterotrophie bacteria in thislake over the last 15 years. in 1979,

the heterotrophic bacteria densities ofthese lakes were rich comparing with other years.

               Table 1. ComparisoB of heterotrophic bacteria in197SL--1996(cfutml)

Sub-iake l979-1980[21 1988-l989f3] l995---1996

YuehuL.

Beili L.

Outer L.

Youth Palace

Xili L.

Average

Evaluatien

2g,eoe

23,OOO

i4,oeo

8,OOO

!8500

eut!rophic

!,296

l,575

l,521

l,464

mid-eutrephic

3,970

1,320

1,180

2,7eo

2,293

mid-eutrophic
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In 1986, sewage was pipe<l into a treatment factory, and the cleait water from QiaRtang River was

introduced into the West Lake, resulting m' a reduction in heterotrophic bacteria. in recent years,

however, the water in Qiantang River has undergone eutrophication, pessibly causing a rnore rapid

proliferatian efheterotroptic bacteria in the West Lake.

'Ihe coliform index is one parameter useful fbr evaluating water qwality. If the coliform index is less

than 1,ooelml, the water is regarded as clear, if it is between 1,OOO and iO,Cxx)IMI. the water is pelluted,

if it is larger than lO,C}CK), the water is severely poiluted. TEgble 2 shows the colifbrm index in the 5 sul)-

lakes of West Lake. Comparing these indexes with dates published by WaBg and then (l983), it ean be

concluded that tbe West Lake is still po"uted by raw sewage, particulaitly in the Ytiehr and Xili sub-

areas. It is therefbre necessary to funher enhance the sewage adininistration of the lakes surrounding

envlronment.

Table 2. Coliform index ( (tftiil) in the five sub-lakes ofWest Lalce

Sub--iake 95.6 95.9 95.I2 96.4 Evaluation

Beili L.

Yuehu L.

>lili L.

Xiaonan L.

Outer L.

2,3Ge

>23,800

23,8eO

l,gee

920

2,3(>O

23,8eO

>23,goo

1,8oo

9,6CO

9,6oo

>23,800

23,goe

2,3oo

2,300

9.6oo

>23,8oo

23,80e

2,3oo

2,300

polluted

scrverelypolluted

sevc fely pelluted

poiluted

pelluted

Aetinorrrycetes play an impertant rele in substmce fecycling. Li aud Xtt (l993) have studied the chitin

decompesing actinomycetes in Donghu Lake ovnhan, Chna), but the actinomycetes in the West Lake,

Hangzinou l}ave not been previously reperted. Based en the expe£inients efLi and Xu, similar studies en

acimomicetes in the West Lake were conducted in 1995----1996. Results showed that the density of

aetinomycetes in the water body was only 35 cfu1mi on average , and imt their density increased with

temperature .

As ceKulose is the most impertant compenent in carbon containing strbstance, studying the abundance

and distribution of cellulose decomposing rnicroorganisms wili aid our understanding of the carbon

cycle in the lake ecosystem. Microorganisras whiCh have the ability to decompose cellulose include

several types. Preliininary analysis ofthe West Lake cenductecl in April 1995, redealed the main type te

be aerobic bacteria (29/mi), while amaerobic bacteria constituted eniy 9fMl, and ftmgi were even less.

Based on these results, the distributioR ef aerobic eeliulose decomposing bacteria was deterrnined from

April 1995 to Aprt1 1996. This disnibubon is sihown in Figure 3. The density of these bacteria was
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higliest in L. Yuelru (47Zrnl on average), peaking in December (80!mi), and lowest in the Outer lake

(8!mi ), with a minirnurn density in September (5/mi). A good correlation rnay exist between the density

of these bacteria and that ofheterotrophic ones (f==O.67e**).

N-utilizing bacteria include nitroge[n fixers, ammonifiers, amonium oxidizers (niti ite baeteria), nitrite

oxidizers (nitrate bacteria), nitrate reducers and denitrifiers. NitrogeR flxers were not detected in the

West Lake, as they eould not be isolated on Ashby agar (agar not contairimg nitrogen). This suggest that

the 1ake does not contain these baeteria, Gr more likely that their numbers are too low tobe detected by

this method.

'IThe distribution of amonifiers (which cari grow on nutrieRt agar) can be seen in Figure 2. rlThe

distribution could be seen also on fig.2. The distribution of nitrite bacteria, nitrate bacteria and nitrate

reducers are shows in figure 4 - 6, respectively. [IJhe distribution of denitrifiers is shown in Table 3.

Table 3 Distribution (cellsfml) of dellitrifiers in the water efWest Lake

Sub-lake 95rall7 95!6/l2 95/9n5 95/12/l8 96/4122 Total Avera e

Beili l6

Yuehu 35

xili 4e
Xiaonan 250

Outer 20

Tota1 36!

Averae 72

7

250

20

6

o

283

57

3

7

i

2

1

13

3

o

1

o

o

3

4

l

85

150

45

5

140

425

85

lll

442

106

263

164

IG85

217

22

88

2I

53

33

217

43

TIhe al)undance ofN-utilizir}g bacteria underwqRt seasonal variation. While ammonifiers, nitrite bacteria

aRd nitrate reducers were more al}urtdant in winter than in summer the abundance of nitrate bacteria
                                                  7
was higher in smmer than in winter. 'IThese vadations may be lii}ked to the substrate contents of the

surroundmg environment. Froin the above raentioned figures and table, it is also eyident that autotrophic

nitrobacteria (such as nitrite bacteria and nitiate bacteria) were more populous in L. Xiaonari and L.

Beili where the water qua}ity is relatively good, while amondiers and nitrate reducers (both being

heterotrophic bacteria) were rnore pepulous in the two highly eutrQphic sub-lakes, L. Yuehu and L.

Xili..

Phosphorus in the water body can exist as organic ptio$phorus and dissolved phosphate.

Mieroorganisms play a role in decomposing organic phosphorus, and changes to dissolved phosphate.

Results obtained in May 1996 revealed that organic pho$phorus decomposing bacteria consisted only

8hnl on average, and calcium phosphate dissolvers were even less.

216 strains of heterotrophic bacteria were isolated between April l995 and April 1996, and their

morphological characteristics were observed. It was found that most of these strains were non-spore

bacillus.
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Pbysiological and biochemical charactedstics of 78 strains isolated in April 1 996 were also categorised

according to Bergey' manual. It was found that 30.8% were ,llseudomonas, 1O.4% were Bacillsts, 17.9%

were E>iterobacten'aceae,and ether included Acr'netobacteny Alcaligenes) Achromobateny

]hicrobaeterium, caromobacten'unt, Elavobaeterium, and.hanthomonos..

Table 4. Cemparison ef inorphelogical characteristics of heterotrephic bacteria in tke vvater body efWest Lake

Sub-lake Test straiBs Gsmin% Cocci% Baei}lus%

liteili

Yuehu

Xili

Xiaonan

Outer

52

na

36

46

38

92

95

g3

78

94

14

5

6

26

17

e

o

ll

17

6
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      Figurel. Schematic diagram of sampling stations in the West Lake

Sta. 1: L. Beili, Sta. 2: L. Yuehu, Sta. 3: L. Xili, Sta. 4: L. Xiaonan, Sta. S : Outer lake
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Figure 2. Distribution ef keterotrephic bacteria in the water body efWest Lake
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  Figure 3. Distribution of cellulese decempesing bacteria in the West Lake
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      Figure 4, Distribution of amino oxidizing bacteria in the water body of West Lake
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          Figure 5. Distribution of nitrate bacteria in the water body of West Lake
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  Figure 6.
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Distribution of nitrate-reducer in the water body of West Lake
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