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Numerical Taxonomy of Heterotrophic Bacteria in Naktong Estuary

Hah, Y.C. and *0O.S. Kwon
Dept. of Microbiology, Seoul National University
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ABSTRACT: Using the numerical clustering method, 14 clusters (containing three or more strains)
among 231 bacterial isolates from St. 1, 17 clusters among 252 isolates from St. 2, 17 clusters among
301 isolates from St. 3, and 15 clusters among 260 isolates from St. 4 were found at the 70% similarity
value. The predominant organisms were identified as genera Aeromonas, Vibrio, and Alcaligenes at St.
1, Alcaligenes at St. 2, Aeromonas, Vibrio, and Moraxella-Acinetobacter group at St. 3, and Pseudo-
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monas at St. 4.
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Heterotrophic bacteria reacts more quickly to
the changes in their environment than the others
and reflects the contents of easily degradable
organic matter in the water(Rheinheimer, 1977).
Thus heterotrophic bacteria can act as a good in-
dicator of organic pollution load of the water at a
given time, and they have been used recently to
evaluate the effects arising from massive oil and
other catastrophic events (Colwell and Walker,
1977; Tagger et al., 1983).

The use of numerical methods for classification
purposes is based on the assumption that an
organism, a population, and a community can be
expressed in numerical terms describing the char-
acteristic features, and all characters have equal
weight. Sneath and Sokal (1973) have pointed out
that the use of numerical methods for taxonomic
purposes has generally been more readily accep-
table and has provoked far less criticism when ap-
plied to bacteria than to other organisms.

Naktong River goes through the southeast area
of the Korean Peninsula making up a Kimhae
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delta, and finally flows into the southern sea of
Korea. Cities, farmlands, and industrial com-
plexes are dotted along Naktrng River making it
the major water resources not only for irrigation
but also for industry. Since her basin area has very
unfavorable conditions as for the water resources,
river basin barrage was constructed to prevent
water loss and to meet the demand for resources
by blocking the influx of seawater at 1987. There-
fore, the ecosystem of Naktong Estuary will be
soon changed in a large scale. In this study, we in-
vestigated the characterization of the predominant
bacterial communities before the construction of
river basin barrage. It could be used as the base-
line data of microfloral changes after the construc-
tion of barrage in Naktong Estuary.

MATERIALS AND METHODS

Sample collection
Four stations located in Naktong Estuary were
sampled between July 1985 and October 1986
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Fig. 1. Map showing the sampling stations in Naktong
Estuary.

once a month (Fig. 1). Samples were collected
about 1 meter under the water surface at St. 1, 2,
and 3, and about 20 meters under the surface at
St. 4 using a Van-dorn sampler which was
thoroughly washed with water taken from each
station before sampling. Each sample was placed
in a rinsed 2,000 m/ polyethylene bottle for the
analysis of water quality and in a sterilized 100 m/
glass bottle for bacterial examinations. Samples
were kept on ice for transport to the laboratory
and assayed within 8 hours of collection.
Isolation and characterization of bacterial strains
After calculating the densities of heterotrophic
bacteria on three kinds of medium (N-0, N-10,
Z-25), agar plate having the maximal number at
each station was selected. More detailed descrip-
tions of medium composition and procedure were
described in the previous report (Kwon ef al,
1987). In order to simulate the effect of different
concentrations of organisms in equal volume
samples from different stations, the number of
colonies selected was not the same for all stations,
but was in direct proportion to the number of col-
onies appearing on the plates. Thus, the number
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of isolates was proportional to the size of bacterial
populations at each station. All isolates were pure-
cultured and maintained on agar slants or plates.
A total of 72 morphological and physiological
features were examined for each isolate (Kwon ¢f
al., 1987).

Clustering of isolates and classification of clus-
ters

Cluster analysis was carried out according to
the clustering method of single linkage clustering
(Sneath and Sokal, 1973); two strains or two
groups are linked together at the highest similari-
ty value which is shared by two members of these
groups. Clusters containing three or more strains
at 70% similarity value were subject to examine,
but those occured as single-or two-membered
were discarded.

Classification of clusters to generic level was
performed by refering the text descriptions in
“Bergey’s Manual of Systematic Bacteriology,
Vol. 1 and 2 (Krig and Holt, 1984 ; Sneath ¢f al.,
1986) and ‘“The Prokaryotes” (Starr ef al., 1981),
and the taxonomic keys (Shewann et al, 1960;
Bonde, 1977; LeChevallier ¢f al., 1980).

RESULTS

Environmental parameters in Naktong Estuary
are summarized and shown in Table 1. The con-
centrations of nutrients were high at upper stream
and slow down with going to downstream of the
investigated area.

Since freshwater and seawater are mixed in
estuary, the density and diversity of heterotrophic
bacteria appeared on agar plates are varied with
regard to the salt concentrations of media. Thus,
the selection of appropriate media is determined
at first to isolate bacterial strains. At St. 1,
average bacterial density on N-0 medium was the
maximum. At St. 2, the maximum was found on
N-10 medium, but at St. 3 and 4 on Z-25 medium
(Table 2). Isolation media which have more col-
onies than the others may be said that they are
less selective and more diverse bacterial flora can

grow on them. Therefore, bacterial strains were
isolated from N-0 medium at St. 1, from N-10 me-
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Table 1. Summary of environmental parameters at each station of Naktong Estu ary.

St. 1 St. 2 St. 3 St. 4
max min mean SD$ max minmean SD max minmean SD max min mean SD
temp*(°C) 300 4.2 154 85 300 55 157 73 275 6.0 166 56 275 7.0 160 5.1
pH 77 62 69 05 79 65 72 05 82 68 79 03 82 74 79 02
sal** (%oo) 72 00 17 25 201 0.0 93 7.4 288 120 221 59 322 220 274 27
DO (mg/)) 88 34 65 17 93 40 65 16 98 42 71 1.7 103 35 71 19
BOD (mg/}) 99 08 45 24 92 15 45 23 90 08 40 26 90 10 36 24

MBOD (mg/)) 200 18 69 55 200 4 68 62 150 10 58 44 110 8 45 33
MBOD-N(mg/)) 1540 32 594 365 1000 31 561 309 920 26 495 297 920 32 499 279
MBOD-P(mg/)) 235 10 81 70 186 8 70 50 192 14 67 47 184 10 55 46
NH *(ug-N/) 1082 31 204 263 430 53 194 120 380 4 78 91 616 4 84 150
NOz(ug-N/J) 79 3 42 24 8 12 42 20 52 0 17 16 80 0 15 19
NOs(ug-N/)) 2294 327 861 555 2600 125 583 610 845 13 158 215 544 12 135 148
PO ¥ ug-P/) 157 12 26 19 62 8 36 15 76 1 36 19 63 8 30 14
chl# (mg/m3) 307 04 134 103 226 1.7 112 65 154 1.7 53 36 103 11 50 3.3

§standard deviation, *water temperature, **salinity, #chlorophyll a

Table 2. Variations of heterotrophic bacterial densities (x 104 CFU/ml) on 3 kinds of medium differing salt concentra-
tions in Naktong Estuary.

N-O N-10 Z-25
range mean range mean range mean
1.37 -51.0 13 0.83 -35.0 9.6 0.063-6.87 2.3
st1 (86.10.27)* (86. 3.27) (86.10.31) (86. 1.23) (85.10.27)(85.12.27)
St. 2 1.23 -392 36 3.3 -507 40 1.07 -26.0 6.2
(86. 5.25) (85. 7.26) (85.12. 1)(85. 7.26) (85.10.27)(86. 3.27)
St.3 0.094-3.3 1.3 0.085-10.1 1.8 0.31 -13.1 2.1
(86. 5.25) (85. 8.15) (86. 5.25)(86. 9.25) (85.10.27)(86. 6.27)
St.4 0.033-1.33 0.44 0.08 -1.52 0.47 0.108-4.23 1.1
(86. 8. 5) (85. 8.15) (86. 8. 5)(86. 6.27) (86. 1.23)(85. 8.15)
* (year. month. day)
dium at St. 2, and from Z-25 medium at St. 3and 4 Among all clusters, the distinct features of ma-
by random selection and examined the characters. jor clusters with more than 10% of total isolates at

231 strains were isolated from St. 1, 252 each station are shown in Table 3. Based on the
strains from St. 2, 301 strains from St. 3, and 260 features, the major clusters of each station can be
strains from St. 4, and grouped by cluster analysis summarized as following 7 generic groups:
based on similarity value of 70% at each station. 1. Gram-negative, fermentative, oxidase-posi-
By these procedures, 14 clusters could be found tive, motile rods (clusters of 10, 11, 12 of St. 1,
among 225 isolates from St. 1, 17 clusters among cluster 14 of St. 2, clusters 3, 12, 13 of St. 3,
243 isolates from St. 2, 17 clusters among 265 cluster 6 of St. 4). These clusters were similar to
isolates from St. 3, and 5 clusters among 255 iso- genera Aeromonas and Vibrio (Bonde, 1977:
lates from St. 4 (Fig. 2, 3, 4, 5). LeChevallier et al., 1980; Shewann et al., 1960).
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1 11
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——— 9 6
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60 80 100 14 8
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Fig. 2. Simplified dendrogram of percent similarity 16 15
showing relationships among all isolates from 17 4

St 1. 60 80 100
Fig. 4. Simplified dendrogram of percent similarity
showing relationships among all isolates from

o St. 3.
% similarity cluster No. of
60 80 100 isolates

Aeromonas and Vibrio could be differentiated by
1 36 vibriostatic agent, 0/ 129, the strains of the former
being resistent while those of the latter being sen-

4{‘,: i 12 sitive. This generic group was predominant es-
4 8 pecially at St. 1 and 3.

| 5 30 2. Gram-negative, oxidative or non-fermenta-

6 15 tive, motile rods (cluster 1 of St. 1, cluster 7 of St.

7 15 2, clusters 1, 6 of St. 3, clusters 3, 4, 11, 15 of St.

8 17 4). The straine .. these clusters belonged to the

9 3 genus Pseudomonas (Shewann et al, 1960;

' — e LeChevallier et al., 1980). Among those clusters of

St. 4, strains of cluster 3 were not able to grow in

22 0% of NaCl and 1.6% of KCl, that is, showed the

13 22 characteristics of marine bacteria. But strains of

14 14 clusters 4, 11, and 15 could grow not only in the

e 15 5 above mentioned salt concentrations but also in

e 5% of NaCl, which couid be euryhaline strains.

60 80 100 This generic group was especially dominant at St.

Fig. 3. Simplified dendrogram of percent similarity

showing relationships among all isolates from ) . o
St. 2. tive, oxidase-positive (cluster 7 of St. 1, clusters 1,

3. Gram-negative, non-motile, non-fermenta-
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% similarity cluster No. of
isolates
1 3
2 3
3 13
4 11
5 27
6 30
7 9
8 4
9 17
10 17
11 47
12 3
13 44
14 6
15 21

80 100

Fig. 5. Simplitied dendrogram of percent similarity
showing relationships among all isolates from
St. 4.
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5,6, 8, 12 of St. 2, cluster 11 of St. 3, cluster 13 of
St. 4). These strains resembled non-motile strains
of Alcaligenes (Bonde, 1977). This group was
predominant at St. 1 and 2.

4. Gram-negative, non-motile, non-pigmented,
rods-coccobacilli (cluster 2 of St. 1, clusters 2, 3 of
St. 2, cluster 2 of St. 3). The morphological and
metabolic features of these organisms resembled
those of Acinetobacter-Movaxella group (Thorney,
1967; Bgvre and Juni, 1984). The genera Acineto-
bacter and Moraxella are distinguished by the ox-
idase test, the former being negative and the latter
positive (Baumann et al., 1968). Thus, the strains
in cluster 2 of St. 1 and cluster 2 of St. 2 were
similar to Acinetobacter, and the others were
similar to Moraxella. These organisms were domi-
nant at St. 3.

5. Gram-positive, non-motile, oxidase-nega-
tive, cocci (cluster 5 of St. 1, cluster 11 of St. 2,
cluster 10 of St. 3, clusters 9, 10 of St. 4). These
organisms were morphologically similar to
members of family Micrococcaceae (Sneath et al.,

Table 3. Features of selected characteristics of major clusters in bacterial populations isolated from each station

of Naktong Estuary

station 1 2

3 4

cluster 12567101112 1 2

0w
Q@

6 7 81112131417 1 2 3 5 6 9101112131516 3 4 5 6 910111315

No. of isolates 343611274123 9113616 15151715292213 811 8206115 820123425 7151311273017 17474421
character

Gram stain B i L - - - - - - - - - + - - -
cell morphology rdcrrrrrrddrrrrrerrrrrdrdrrcecrrrrrrrrreccrrer
motility d- - - - ++d--~ - - - d---d+-d-d-+---d+--+d-+--+-4d
pigment - - d+ - - - - - - - d----d-d-=~---d--+---d-- -~ - - d- - -d
OF test - - - - - FFF-- f--- - - f--FF-FF--- - - FfFF--FF-FO- o
oxidase +dd+++ d++ d+ + + 4+ ++ dt+ 4+ -+ 4+ +++d-++++++++4d-++ 4
catalase +++++H++r+++d+d o+ -+ 4+ d+ ++ + ++d+ d+ + + + + +
indole - - - - - d- - - - - - - - - - - R e e T T -
MR - - - - - d+ d---d----4+4+-d+ - - -« - - - d-d+-=--4-+--4d
L2 T + - -+ - - - - d - - - - - - - - - - + - - -
degradation of

starch - —--—d-dd-- - -+ -+ - - 44+ - - - - - d - + -+ +d- 4+ d+ + + - - - -
tween 80 -t -+t -+ - - d- - -+ - - -+ d- - d- -+ + o+ o+ o+ 4 + + 4+ 4+ o+ - - =
gelatine -~ddd+ d- - - - - - + - -+ + dd- d- -+ + -+ 4+ - + d+ + ++ d- - +
growth at/in

4°C d+ - - -+ + + + + ~dddd+ ++ +d+ d+ -+ d+++d~-++++++d+-d
37°C +++ - d+ + 4+ ++-d- + + +++ d+ + 4+ -+ -+ d-+-d++dd+ ++ - 4+
44°C --d---+d-d-d-d--d-d-+d+ - -+ - - - - d- - « - - _ d+ d-d
pH45 - - - - - d+ + - d- - - - - - - +d+ +d---d-ddd--- -+ -d- 4+ + - -
pH 95 + 4+ + - d+++ 4+ + - d - d= + 4+ 4+ + + ++ +++ -+ 4+ ++++++++d+ + +
NaCl 0% R S S S S Sl S T T T T 2 T U O
NaCl 1.5 % - -+t d- dd+ dFF A+ F R F o+ o+ o+ + o+ + o+ 4+ o+ o+ o+ o+
NaCl 3.0% St - s d+ +rd - - - - d o F bbb F b d o+ d b+ 4 de
NaCl 5.0% - - 4+ --dd--- - - - - - + -+ + 4+ + -+ - d+ o+ o+ + dd+ + + + + -+
NaCl 10.0% - -+ - --d- - - - - - - - = + - ---dd--d- - - - - - - - - - - + + - - -
Kd + + d d+ v+ d+ ++ d-d=-+++ +++ d+ -+ - + 4+ 4+ 4+ - - — 4 - 4 444 4
nitrate reduction dd--dd-d+--dd---++d-++ 4+ d-= - - — + - -+ d+ d+ - + + - —

+270%; -< 30%; 30% <d< 70%; , slightly fermentative; o, slightly oxidative
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1986). According to present classification
schemes (Kloos ef al, 1975; LeChevallier, 1980),
fermentative cocci are assigned to the genus
Staphylococcus and non-fermentative ones to
Micrococcus. Thus, the strains in cluster 11 of St. 2
and cluster 10 of St. 4 were identified as Staphylo-
coccus and the others as Micrococcus.

6. Gram-negative, non-motile, pigmented
(cluster 6 of St. 1, clusters 4, 13 of St. 2, cluster 9
of St. 3). According to the taxonomic keys of
Bergey’s Manual of Systematic Bacteriology
(Krieg and Holt, 1984), strains in these clusters
were identified as genus Flavobacterium. This
genus is not clearly classified, as defined primarily
on pigment production (Gibson et al., 1977).

«. Gram-negative, fermentative, oxidase-nega-
tive, rods (cluster 17 of St. 2, clusters 15, 16 of St.
3, cluster 5 of St. 4). According to the taxonomic
key of Bonde (1977), these organisms were classi-
fied into the family Enferobacteriaceae.

DISCUSSION

Most of dominant groups were Gram-negative
and rod-shaped bacteria, and could be identified
as genera Pseudomonas, Aeromonas, Vibrio, Acine-
tobacter, Movaxella, Alcaligenes, Flavobacterium,
and families Enterobacteriaceae and Micyococcaceac.

Pseudomonas, which have been isolated from a
wide range of habitats within the aquatic environ-
ment (Murchelano and Brown, 1970; Austin efal.,
1979; Grimes et al., 1984 ; Kuroda and Sakamoto,
1986) were also isolated in moderately high num-
bers from Naktong Estuary. Since genus Pseudo-
monas is subdivided into very numerous species
which are very distinctive in metabolic activities
and ecological habitats (Sands et al., 1970; Pallero-
ni, 1981; DeLey and DeVos, 1984), it would be
useful to assess the ability of these strains to
degrade recalcitrant and to measure their resis-
tance to toxic materials in the study of ecological
significance of Pseudomonas. In case of P. aeru-
ginosa, it has often been used as an indicator orga-
nism of water pollution (Dutka and Kwan, 1977;
Vicente ¢t al., 1986).

Vibrio is commonly found as a dominant genus
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is estuarine and marine environments, and it re-
quires NaCl to grow (Murchelano and Brown,
1970; Austin et al., 1979; Hauxhurst ef al., 1980;
Grimes et al., 1984; Hunter et al., 1986). But some
species of Vibrio are often found in freshwater
(Sarkar et al., 1983; Bockemiihl ef al., 1986), and
the densities increase below 5%o of salinity in
coastal areas (Seidler and Evans, 1984). Although
Aeromonas is often found as a dominant genus in
freshwater (Rippey and Cabelli, 1980; Burke et al.,
1984; Quinn et al., 1985) and the true Aeromonas
species has never been isolated from the marine
environment (Simidu and Kaneko, 1973), there
are some articles that Aeromonas is a normal floral
constituent of brackish and marine habitats
(Kaper etal., 1981; Peele ¢t al., 1981). The density
of A. hydrophila is used as a relative eutrophic in-
dex (Rippey and Cabelli, 1980). Seidler et al
(1980) and Kaper ¢t al(1981) have found that an
inverse correlation exists between dissolved ox-
ygen and the incidence of Aeromonas spp., and
suggest that high density of A. hydrophila may be
an indicator of eutrophic or nutrient-rich condi-
tions. The densities of A. hydrophila also showed a
negative correlation with DO and positive one
with nutrient loadings in Naktong Estuary (Jeon,
1988).

Actnetobacter-Moraxella group readily isolated
from marine habitats (Austin ef ¢l., 1977; Haux-
hurst et al., 1980; Grimes et al., 1984) was also
found. But the characterization of this group is
preliminarily based on the morphological features
by most investigators. Acinetobacter-Moraxella
groups isolated from aquatic environment are not
sufficiently well studied to be readily seperated
from the other Gram-negative, nonmotile, nonpig-
mented bacteria (Gibson ¢f al., 1977).

There were also problems to classify some
clusters into genera Alcaligenes and Achromobac-
ter. According to Bergey’s Manual of Systematic
Bacteriology (Krieg and Holt, 1984), genus
Alcaligenes is motile, while Thornley (1967) and
Bonde (1977) reported nonmotile strains of Alcali-
genes. According to Thornley (1967), most strains
of Achromobacter have been identified as genus
Acinetobacter.
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Genus Flavobacterium is also preliminarily
characterized by single distinctive feature, the
reliance on yellow-orange pigmentation. Thus,
this genus has been object of controversy in re-
cent years, and several proportions have been
made for rearrangement and differentiation
(McMeekin et al.,1972; Gibson et al., 1977 ; Poen et
al., 1984). The ecological habitat of Flavobac-
terium is broad (Weeks, 1981), and this genus is
found in many aquatic ecosystems (Murchelano
and Brown, 1970; Buckley et al., 1976 ; Hauxhurst
et al.,, 1980; Kuroda and Sakamoto, 1986).

There has been reported the existence of
families Micrococcaceae and Enterobacteriaceae in

2]gh - 14 clusters®, AA 2004 Hu]dt FEL
+eid 1 15 clusters® 759
& Aeromonas, Vibrio, A[calzgenesi, A 204 =

S5 skol A Feldk F4od oS R
= 17 clustersZ, A 34 F2|gk #F
/L“V]UI—Z“ =1 z;-lg]]zsl»x-l E/Ho; H=

AlcaligenesZ, A4 3ol4&

7k cluster®] F2
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marine habitats (Anderson, 1962; Murchelano
and Brown, 1970; Gunn and Colwell, 1983;
Hunter ef al., 1986), and Grimes ef al. (1984) sug-
gest that staphylococci can be an active compo-
nent of the marine microbial community. But in
this study, the densities of Micrococcaceae and En-
terobacteriaceae were very low in ordinary times
and rather concentrated in spring and summer.
Therefore, it could be thought that the two
families were allochthonous groups in Naktong
Estuary and inflowed from terrestrial habitat due
to rain. Heavy rains are known to increase alloch-
thonous bacteria in lakes (Collins, 1960).

2

Fokdeh, 70%S FARER e Ad, AA el B
= 17 clusters®, A# 404
SR A, AR Lol A

Aervomonas, Vibrio, Moraxell-

a-Actnetobacter group2- 2, HA 4ol Pseudomonass. 3359l ch,
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