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ABSTRACT: Taxonomic composition and diversity were examined by statistical analysis for bacterial
communities in surface waters of the Sudong Stream, a tributary of North Han River. For total 282 iso-
lates, Flavobacterium, Aeromonas and Enterobacteriaceae was identified by the deterministic schemes
as a major group above 50% of total isolates in all sampling sites. Morphological, biochemical and phy-
siological characteristics were numerically analyzed for bacterial isolates from each site and clustered
into 15-28 groups. Not all statistically clustered groups were identical to the groups derived from deter-
ministic identification. Especially, consistent relationship was not found in dendrograms for the groups
with each a single strain which has peculiar sugar-degrading activity. At a level of 80% similarity, bac-
terial diversity (H) was ranged as 2.37-3.14, and it was suggested that the research area was oligo-
trophic-mesotrophic status. Regional distribution of bacterial community was most heterogeneous
at the site where large input of allochthonous materials or bacteria were occurred. And that was the sig-
nificant factor for the compositions of bacterial communities in the Sudong Stream.
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Microorganisms are effective competitors for
reduced carbon sources in all aquatic ecosystems.
It is now recognized not only that microorgani-
sms, especially aerobic heterotrophs are major
users of energy and materials but also that they
form microbial food webs. In this respect, a
number of approaches have taken to demonstrate
the diversity of decomposer species, of their ac-
‘tivities, and of their patterns of distribution. But
few studies have been reported on a bacterial com-
munity in natural ecosystems. The problems in
measuring species diversity of bacterial com-
munities inherent in the identification of bacterial
species have been discussed by several authors
(Mandel, 1969; Kaneko et al., 1977; Hauxhurst ef
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al., 1981). Because of the difficulty of identifying
bacterial species directly on the basis of their mor-
phological or colonial attributes, few studies on
bacterial diversity can rely on morphological
observations as the primary criteria for distingui-
shing taxa. Studies on the diversity of bacterial
communities, therefore, have most often employ-
ed the techniques of numerical taxonomy as defin-
ed by Sneath and Sokal (1973). The taxon as defin-
ed clustering in numerical taxonomy is func-
tionally equivalent to a species and can be used as
such in the calculation of the diversity index.
Thus, with the help of these methods, changes in
heterogeneity of bacterial populations in response
to physicochemical water quality or man-made en-
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vironmental stress have been described in par-
ticular biotopes (Lighthart, 1975; Bell et al,, 1982:
Gehlen et al., 1985).

In this study, we investigated the seasonal fluc-
tuation of bacterial communities in a stream,
where allochthonous organic materials input con-
taining animal-originated sewage, farmland outfall
and domestic sewage were occurred. And the rela-
tionships between the results from deterministic
and numerical taxonomy were discussed, By the
application of taxonomic diversity index derived
from the numerical approach to bacterial popula-
tions, the effects of environmental factors such as
hydrographic locations and seasonal changes on
the bacterial communities were also observed.

MATERIALS AND METHODS

Sample collection and Isolation of Bacteria
Five samples were taken from the surface
water of the Sudong Stream, a tributary of North
Han River (Fig. 1). The principal source rises
from the Mt. Sori and several subsidiary streams
flows into the main stream. These subsidiary
streams increase stream discharge and organic in-
put which contains domestic, farmland, animal
originated sewage. Especially, fecal discharges
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Fig. 1. Map of the research area and sampling sites.
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from farm animals (3,500 pigs) were present bet-
ween the principal source and the Site 2. Thus
great abundances of aquatic vegetations could be
seen at the Site 2. The stream bed was mostly
gravel or sand except the principal source which
shows some accumulation of fallen leaves. And in
the main river, it was mainly composed of claylike
basin. The sampling dates were chosen as Oct. 23,
Dec. 11, 1986 and Apr. 16, Jun. 17, 1987 to reflect
seasonal effects on bacterial community. Samples
were collected in sterile 2L screwcapped polypro-
pylene bottles (Nalgene, USA) between 9:00 a.m.
and 1:00 p.m. on sampling date. Using a cold-
storage box (4°C), they were transported and
analyzed immediately in the laboratory.

The pour plate method was used to estimate
viable heterotrophs on a ZoBell's 2216e medium
with distilled water. Plates were incubated at
25°C in dark room, and colony-forming units
(CFUs) were counted after 2 weeks. The plates
were selected that contains 30-300 developed col-
onies for each sample. Colonies for taxonomic
analysis, grown on the above agar plates, were
picked from the plates at random. Simultaneously,
colony characteristics which included form, eleva-
tion, opacity, diameter, pigmentation and texture
were observed. And purified as a single colony
through re-streaking to fresh medium.
Numerical taxonomy

A range of 53 tests, which were morphological,
biochemical and physiological characters, was se-
lected for numerical taxonomy. The tests included
ability to grow on the following compounds as a
sole source of carbon (1% w/v, except 0.5% w/v
salicin); adonitol, arabinose, dulcitol, fructose,
galactose, inositol, lactose, mannitol, raffinose,
rhamnose, sorbitol, sucrose and salicin. Ability to
use inorganic nitrogen (200 ug of N/m/ for
N-NOy), citrate, malonate and ability to grow at
medium pH 4.0, 10.0 and at temperature 5°C,
37°C and 44°C were included. Tolerance to 1.6%,
3.5%, 5.0% (w/v) NaCl, 0.0075% (w/v) KCN and
hydrolysis of casein, gelatin, Tween 80, esculin
and starch were tested. Production of catalase, oxi-
dase, urease, indole, arginine dihydrolase, H,S on
triple sugar iron agar and gas from glucose-
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peptone water were observed. Methyl red and
Voges-Proskauer reactions, O/F reactions, Gram
reactions and motility were included. And several
observed colony morphological characters were
also included.

Similarity coefficients were calculated accor-
ding to Goodfellow (1977) and described in the
previous paper (Hong ef al., 1985). Eighty percent
similarity level clusters were formed by the unwei-
ghted-pair group method with arithmatic average
linkage cluster analysis. Identification of the
strains to the genus level was performed by the
schemes described from Shewan ef al. (1960) and
reference to Bergey's manual of systematic bac-
teriology (Krieg and Holt, 1984), Manual for the
identification of medical bacteria (Cowan, 1974),
and Biochemical tests for identification of medical
bacteria (MacFaddin, 1980).

The diversity index (Shannon and Weaver,
1963) was used to express the overall heterogenei-
ty of bacterial community from a particular loca-
tion and season. The community was split into,
clusters C,, ---.-, C, by dendrograms calculated on
the basis of total 53 tests. All isolates with 80%
similarity were summarized in a group, C,. If N;is
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the number of bacteria of the cluster C; and

zZ

N= £ . N,, where N is the total number of isolates
of a community, the diversity index (H) is
calculated by:

H=InN-1/N

i e

1 Niln Ni

where z is the total number of clusters.
RESULTS

The total 282 isolates were categorized to 13
groups by deterministic taxonomy. Flavobacte-
rium, Aeromonas and Enterobacteriaceae were the
major groups, consisting above 50% of total
isolated strains in each sampling sites (Table 1).
Only small portions of isolates were gram-positive
or cocci, which include the genera Aerococcus,
Staphylococcus, Micrococcus and Bacilius. The re-
mainder consisted of members of the genera
Acinetobacter, Pseudomonas, Vibrio, Zymomonas,
Lucibacterium and Photobacterium. And it could be
seen that there was no evident shift of generic
composition according to the stream flow. The oc-
currence of Enterobacteriaceae group and Ac-
romonas spp., however, shows relatively larger

Table 1. Variations of the bacterial population in the Sudong Stream between sampling sites. Flavobacterium, Aeromo-
nas and Enterobacteriaceae were the major group in all sampling sites.

No. (%)

Group St. 1 St. 2 St. 3 St. 4 St.5
Flavobacterium 12 (21.4) 15(25.0) 15(22.7) 14 (28.0) 14 (28.0)
Aeromonas 18(32.1) 14(23.3) 14(21.2) 14 (28.0) 13(26.0)
Enterobacteriaceae 12(21.4) 10(16.7) 14(21.2) 8(16.0) 14 (28.0)
Acinetobacter 2 (3.6 5 (8.3) 5 (7.6) 1 2.0 2 (4.0
Pseudomonas — 1 Q1.7 4 (6.1) 3 (6.0) 1 (2.0)
Vibrio 2 (3.6) 4 (6.7) 3 4.5 1 (2.0) —
Aerococcus - 3 (5.0 5 (7.6) 1 (2.0) 2 4.0)
Zymomonas 2 (3.6 2 3.3) — 1 (2.0 2 (4.0)
Staphylococcus 2 (3.6) 2 3.3) 2 (3.0 3 (6.0 1 (2.0
Micrococcus — — 2 (3.0 1 2.0) 1 2.0
Lucibacterium 5 (8.9 2 (3.3 — 2 (4.0 —
Photobacterium — 2 (3.3 2 (3.0) — —_
Bacillus 1 (1.8) — - 1 2.0 -
No. of strains 56 60 66 50 50

a; Tolal of individuals for each bacterial group and percentage of each group isolated on any one sampling site.
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fluctuation (16.0-28.0%, 21.2-32.1%, respectively)
than that of the genus Flavobacterium which was
21.4-28.0%. Despite small number of isolates (50
isolates), more diverse genera were found at Site
4.

Table 2 which represents seasonal fluctuations
of bacterial flora, shows a more specific pattern
than that of regional fluctuations. The proportion
of Flavobacterium, Aeromonas and Enterobacteri-
aceae group were found to be similar in April and
June, 1987. In contrast, the isolates consisting of
the members of Enterobacteriaceae were about
10% fewer in Dec., 1986 than in the other months.
And the number of identified genera was max-
imum (13 genera) in April, 1987. The isolates of
the genus Bactllus were found only in this month,
In winter, the members of Zymomonas, Micrococ-
cus and Bacillus spp. were not occurred.

The analysis of isolated bacteria strains for
each sampling sites yielded in 15-28 clusters. The
clustering was done at the 80.0% similarity level
on the average. In Figure 2, it can be seen that the
dendrograms bear no consistent relationship to
the deterministic identification. For example, the
dendrogram of isolates from Site 3 (Fig. 2c) show-
ed that the genera Flavobacterium, Acinetobacter,

Table 2. Variations of the bacterial population in the Sudong Stream between sampling dates. Members of Enterobac
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Vibrio and group Enterobacteriaceae belong to a
single phenon on the level of 81.3% similarity,
whereas in Fig. 2a, nearly all species of the genus
Aeromonas isolated in June, 1987 had a similarity
of only 74.6%.

Generally, the fermentative bacteria which had
reactions similar to the case of Enterobacteriaceae
(Aeromonas, Flavobacterium) were clustered toge-
ther to a single phenon,

Some tendencies were found with regard to the
seasonal relationships. In many cases, the isolates
from each season were clustered closely together
to a single phenon. At Site 2 (Fig. 2b), the eigh-
teenth group includes the genera Vibrio, Aeromo-
nas, Photobacterium and Lucibacterium to a single
phenon on the level of 80.7% similarity. All of
them were isolated in April, 1987 and clustered to-
gether.

Frequently, phenetic groups which contain on-
ly a single strain were found. It shows no related-
ness to any other strain at 80.0% similarity level.
Upon analysis of these strains, they were found to
have some peculiar physiological characteristics.
Most of them have the ability to utilize some sugar
as a sole carbon source and then produce acids.
Therefore, it is necessary to regard these clusters

teriaceae were fewer in Dec. 1986 than the other seasons about 10 %.

No. (%)

Group Oct. 1986 Dec. 1986 Apr. 1987 Jun. 1987
Flavobacterium 18 (27.3) 19 (36.5) 19 (20.7) 14 (19.4)
Aeromonas 14 (21.2) 15 (28.8) 24 (26.1) 20 (27.8)
Enterobacteriaceae 13 (19.7) 7 (13.5) 22 (22.9) 16 (22.2)
Acinetobacter 4 (6.1) 1 (1.9 6 (6.5 4 (5.6)
Pseudomonas 2 (3.0 1 1.9 4 (4.3) 2 (2.8
Vibrio 5 (7.6) 2 (3.8 2 2.2 1 (1.4)
Aerococcus 4 (6.1) 3 (5.8 3 (3.3 1 (1.4)
Zymomonas 3 4.5 - 3 (3.3 1 (1.4)
Staphylococcus 1 (1.5) 2 (3.8) 2 (2.2 5 (6.9)
Micrococcus 1 (1.5) - 3 (3.3 —
Lucibacterium - 1 1.9 1 (1.1) 7 9.7
Photobacterium 1 (1.5) 1 1.9 1 (1) 1 (1.4
Bacillus - - 2 (2.2 -
No. of strains 66 52 92 72
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Fig. 2. Dendrograms of bacterial strains isolated from the Sudong Stream at a level of 80.0% similarity.

Relationship of phenetic group to the deterministic results were represented. Each Figures (a) through (e),
shows bacterial community at Site 1, 2, 3, 4 and 5, respectively. Months of isolation, names of identified group

and phenetic group numbers were listed following to each strain number.
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of the diversity index and the numbers of iden-
tified genera with only one exception. Though the
values of the diversity index fluctuated less widely
in seasonal aspects, specific variations of hetero-
geneity of bacterial community were observed.
The highest bacterial diversity index was found in
April, 1987 and the lowest in June, 1987. A similar
pattern was also observed in the fluctuations of
the number of identified genera.

DISCUSSION

Although numerical techniques have been ap-
plied mainly in the redefinition of existing taxa,
they have also been successful in distinguishing
between groups of bacteria occurring in large mix-
ed populations in aquatic habitats. Furthermore,
the measurement of microbial diversity provides
insight into the ecological functioning of the com-
munity (Atlas, 1984).

In this study, we conducted clustering analysis
with the advantages of a computer, and consi-
dered the clustered phenon as a single species at
80% similarity level. As shown in the results, evi-
dent features of the variations of bacterial diversi-
ty index were identified according to hydrogra-
phycal characteristics. At the site with fecal con-
taminations, the bacterial community shows the
most heterogeneous composition. However, signi-
ficant changes of generic composition were not
found. And the clusters composed with only a
single strains have particular activities on the me-
tabolizing or degradation of some carbon sources.
Thus it could be assumed that the bacterial classi-
fication with numerical techniques has the merit
of being an indicator of physiological activities of a
community which is overlooked in deterministic
taxonomy. In this respect, numerical taxonomy
with the isolates relative to selected physiological
characters can provide not only some knowledge
of structural heterogeneity of bacterial community
but also the insight to the role of heterotrophic
bacteria.
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The effects of environmental stress on com-
munity structure have been examined by several
authors with the effects of offshore dumping of
phamarceutical wastes (Peele ef al., 1981), water
temperature (Odum, 1971) and phenolic com-
pounds (Milner, 1986). Theoretically, a low diver-
sity index (H«<3.0) is an indicator of some form of
environmental stress, which selects a specialized
homogeneous community. This stress could gene-
rally be produced by extreme pollution or in water
with extremely low nutrient content (Hauxhurst ef
al.,, 1981; Gehlen ef al., 1985). Thus we may pro-
pose the possible trophic status of the sampling
sites (H=2.37-3.14), as an oligotrophic-mesotro-
phic status. And a possible reason for the increase
of diversity index at Site 2, could be the effects of
inputed allochthonous microorganisms in the ani-
mal-originated sewage which were non-toxic syn-
thetic chemical but naturally occurring material.
Therefore, it could be thought that the input of the
fecal contaminants acted as a stimulator (nutri-
ents) and not an inhibitor for bacterial growth.

Kaneko ef al, (1977) proposed the threshold
level of bacterial population size and up to that
level the bacterial diversity was inversely related
to population size. Temperature is one of the most
critical factors for bacterial survival and growth.
Thus bacterial diversity decreased during sum-
mer, but increased during winter. These observa-
tions were also true in our research. Presumably
the seasonal variations of bacterial diversity in-
dices were characterized as a temperature-depen-
dent factor, having summer lower, winter higher
pattern.

In conclusion, the input of allochthonous mate-
rials or bacterial populations in a stream acted as
an most important factor for the changes of bacte-
rial community structure. They enhanced a diver-
sification and probably metabolic activities of bac-
terial communities. The increased diversity of
bacterial community was prolonged in down-
stream of the Sudong Stream, despite of contin-
uous dilution effect with water mass.
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