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ABSTRACT

Biotic indices scoring with the benthic macroinvertebrates were assessed as pollution monitoring
tools in the north branch of the Han River system, Korea. We investigated the temporal varia-
bility of water quality at unpolluted, moderately polluted and heavily polluted sites using several
biotic indices and assessed appropriate biological monitoring indices for lotic systems in Korea.

The following biotic and chemical indices were employed in order to compare their applicability
to the lotic systems: Trent Biotic Index (TBI), Chandler’s Biotic Index-Average Score Per Taxon
(CBI-ASPT), Modified Biological Monitoring Working Party Score System-Average Score Per
Taxon (BMWP-ASPT), Hilsenhoff’s Biotic Index (BI) and Family-level Biotic Index (FBI) models
for biotic analyses; and National Sanitation Foundation’s Water Quality Index (NSFWQI) and
Comprehensive Chemical Pollution Index (Pb/n) for chemical analyses of water quality. Index and
score values were compared with each other and with 24 water chemistry parameters.

All biotic indices were significantly auto-correlated (p<0.001); and BI and FBI/ROK among
them were highly correlated (r=0.84). BI and BMWP-ASPT models were also highly correlated
with NSFWQI, while TBI values showed high correlation with the Pb/n. The BI and
BMWP-ASPT were highly correlated with the most water chemistry parameters.

We conclude that the BI model, which includes indicator species and abundance of taxa, is best
suited for the bioassessment of lotic systems in Korea. For rapid field-based assessments,
FBI/ROK and BMWP-ASPT models are also appropriate.

Key words: Biotic indices, Macroinvertebrates, Water quality, Han River system, Republic of
Korea.
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INTRODUCTION

Organic pollution from municipal sewage, agricul-
tural wastes, and industrial effluents is common in
Korean river systems (Environmental Office/ROK
1986, 1991). Biological monitoring of river systems is
common in North America, Europe and Australia as
an assessment tool for water quality, because water
pollution affects the diversity and composition of
aquatic communities (Metcalfe 1989). The structure of
stream assemblages is a result of both long-term en-
vironmental factors, and critical conditions of short
duration. In contrast, water quality conditions rely on
physical and chemical determinations, and measure
only those characteristics existing at the time of sam-
pling and not necessarily past short-term and
long-term pollution stresses.

Macroinvertebrates have long been used to evaluate
the water quality of streams (Hilsenhoff 1977). Since
Kolkowitz and Marsson (1967) first used arthropods
to evaluate water quality, much has been written con-
cerning their potential and the methods for collecting
and evaluating them (Cairns and Dickson 1973). Few
studies on pollution in freshwater systems have been
carried out in Korea and these have concentrated on
water quality and biological fauna in the Han River
system (Yoon 1978, Kim et al. 1980, Yoon and Byon
1981, Yoon et al. 1986, Ra and Cho 1986, Yoon et
al. 1987, Chung er al. 1992).

There are three principal approaches to biological
assessment which use taxonomic and pollution toler-
ance data, these being the saprobic, diversity and bi-
otic approaches. Recently, emphasis has been placed
on developing potential biotic indices for more com-
prehensive assessment of pollution status in an
aquatic ecosystem (Metcalfe 1989).

The biotic approach to freshwater assessment in
developing countries such as Korea has the following
advantages: 1) Chemical monitoring says little of the
effects of pollution, especially as pollution is essen-
tially a biological phenomenon. Moreover, biomonit-
oring allows spatial evaluation of the effect of a dis-
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charge point, and is sensitive to synergistic or antag-
onistic effects of mixes of chemicals that can not be
predicted from chemical analysis alone. 2) Biomon-
itoring is a low-cost technology and not dependent
on advanced environmental chemistry; it uses much
less laboratory equipment, so that it may be of par-
ticular relevance to the developing countries.

The specific objectives of this study were: 1) to de-
termine the nature, intensity and seasonality of pol-
luting sources of a selected portion of the Han River;
2) to evaluate waler quality of the river by studying
the temporal variability of unpolluted, moderately
polluted and heavily polluted sites of the river; 3) to
recommend preferred biological methods to govern-
mental authorities which are responsible for water
quality monitoring.

SITES STUDIED

The Han River system originates in the mountain-
ous areas of Kangwon province, and drains the
mid-west area of the Korean peninsula. It drains an
area of about 26,018 km? and 481.7 km long (En-
vironmental Office/ROK 1986). The north branch of
the Han River is 317.5 km in length, and has five
man-made reservoirs; namely, the Hwachon, Chun-
chon, Soyang, Euiam and Chongpyong dams. Our
sampling sites were located on three tributaries of the
north branch.

The Sagimak-Chon (Chon means stream) (station
1) was regarded as the cleanest tributary, while
Masok-Chon (station 3) was selected as a severely
stressed stream. The Chochong-Chon (station 2) has
been assessed as moderately polluted stream (Environ-
mental Office/ROK 1991, Fig. 1). The sampling
stations in all the tributaries were similar in size and
substrate.

MATERIALS AND METHODS
Macroinvertebrate sampling

Four macroinvertebrate samples were collected with
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Fig. 1. A map of the north branch of the Han
River, showing 3 stations for the biological evaluation
of water quality with macroinvertebrates collected.
Station 1=Sagimak-Chon; Station 2=Chochong-Chon;
Station 3=Masok-Chon.

a Surber sampler (Wildco Instruments Co., MI, U.S.
A.; 30 X 30cm; mesh size, 750um) on each sampling
occasion. In some cases, qualitative samples were
taken with a hand net (90 X 60 cm; mesh size, 1
mm), scoop (25 cm/diameter; mesh size, | mm), and
a D-frame net (mesh size, 750 pm). Samples were
preserved in the field in Kahle’s solution, Organisms
were picked, counted and identified to the lowest
taxonomic level (Tsuda 1962, Kawata 1962,
Hilsenhoff 1975, Cummins 1978, Pennak 1978,
Wiggins 1978, Kawai 1985, Yoon 1988, Kwon 1990,
1992, Lee 1992). Oligochaetes,
chironomids and amphipods were subsampled, while

Yoon and Kim

animals from all other groups were identified indi-
vidually.

Physical and chemical measurements

Stream temperatures, current velocity (m/sec), stre-
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am width (m) and discharge (m3/sec) were recorded
at each sampling occasion. Water samples were refrig-
erated and returned immediately to the laboratory of
NIER/ROK for analysis of pH, BOD,, COD,,
CODy,, turbidity, Eh (ORP), TOC, TN, TP, S.S.,
coliform, Cl-, NH.-N, NO»N, NO:-N, PO.-P, alka-
linity and hardness. Dissolved oxygen (DO) and con-
ductivity were recorded at each visit with portable
meters. A total of 24 physical and chemical para-
meters were evaluated at each site.

Biotic indices

The biotic approach to bioassessment is one which
combines diversity on the basis of certain taxonomic
groups, with the pollutional indication of individual
species or higher taxa into a single index or score
(Tolkamp 1985). The biotic indices applied in this
study were: 1) the Trent Biotic Index, which rates a
sitte on a 1~10 scale, 10 being unpolluted (TBI,
Sladecek 1973), 2) Chandler’s Biotic-Average Score
Per Taxon assessing an average tolerance score per
taxon, which rates a site on a 1~100 scale, 100 be-
ing unpolluted (CBI-ASPT, Sladecek 1973), 3) Modi-
fied Biological Monitoring Working Party Score Sys-
tem-Average Score Per Taxon, also uses a 1~10
score (BMWP-ASPT, Armitage e al. 1983), 4)
Hilsenhoff’s Biotic Index, allocates tolerance values
per taxon (BI, Hilsenhoff 1977) and 5) Family-level
Biotic Index (FBI, Hilsenhoff 1988a).

The biotic indices or scores were calculated on the
basis of the macrobenthic taxa collected from each
sampling station. Each macrobenthic taxon for calcu-
lating the biotic index values has its own pollutional
indication or tolerance value according to each index
or score system. The usefulness of FBI values was
investigated by comparing FBI and BI values, using
Student’s t-test. Tolerance values of each taxon in
species- or family-level (Yoon er al. 1992a, 1992b) in
this study were modified by authors.
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Chemical indices

Two water chemistry indices were also evaluated:
1) National Sanitation Foundation’s Water Quality
Index (NSFWQI, Ott 1978) and 2) Comprehensive
Chemical Pollution Index (Pb/n, Shen 1993). NSF-
WQI values were calculated with nine water chemis-
try parameters: temperature, pH, DO, BOD, NOs-N,
PO.P, turbidity, suspended solid and coliforms. The
parameters employed to calculate Pb/n were DO,
BOD, COD, TN, TP, SS, coliforms, and Grade I
values of Environmental Quality Standard for Rivers
in Korea were used.

Statistical analyses

The biotic index values of the sampling stations
and 24 water chemistry parameters; the biotic index
values and water quality index values in the stations;
or biotic index values themselves, were mutually
compared by the Spearmam’s rank correlation coef-
ficient analysis (Spearman 1904), in order to elucidate
the mutual correlations of the parameters employed
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in this study. The one-way ANOVA test and Dun-
can’s multiple range test were also applied for the
comparison of statistical differences among means of
biological index values obtained from 3 sampling sta-
tions.

RESULTS

Biotic indices with macroinvertebrates

A total of 150 macroinvertebrate taxa in 62 famil-
ies, 16 orders, 6 classes in 4 phyla were collected du-
ring the course of this study. Of 150 macroin-
vertebrate taxa detected during the period of survey,
the numbers of taxa in the stations 1, 2 and 3 were
107 (71.3%), 94 (62.7%) and 31 (20.7%), respectively
(Table 1). Six biotic indices or scores were employed
in this study, and seasonal variations of biotic index/
score values are tabulated in Table 2.

The values of all the biotic indices or scores
employed for the water quality at 3 stations, except
those of FBI/USA, showed significant variation in
each season as well as in all the year round. In gen-
eral, station 1 was classified as clean water, station 2

Phylum

Class

_A_rﬁthropoda

Annelida

Mollusca
Platyhelminthes

Insecta

Crustacea
Oligochaeta
Hirudina

Gastropoda
Turbellaria

Order

No. of taxa (species)
St 1 St. 2 St. 3

Ephemeroptera
Odonata
Plecoptera
Hemiptera
Megaloptera
Trichoptera
Coleoptera
Diptera
Decapoda
Amphipoda
Isopoda
Haplotaxida
Pharyngobdellida
Rhynchobdellida
Mesogastropoda
Tricladida
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Total taxa (%)

107 (71.3%) 94 (62.7%) 31 (20.7%)

* A totélﬁrof 71750' mécroin\;értebfate taﬁiér 1r1 62 -families were éo_ﬂécted during the course of this study.
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Table 2. Biological index values (mean+S.D.) of the sampling stations during the period of four seasons

5 Station P val
value
Index eason ] , 3
TBI Spring 7.67+£1.50 7.42+1.93 3.83+2.48 0.0008
Summer 7.33+£0.98 6.50+1.09 2.50+0.84 0.0001
Fall 8.25+1.22 7.58+0.67 5.50+0.55 (0.0001
Winter 8.08+1.31 7.33+1.92 3.83+x1.94 0.0001
Mean 7.83+1.28 7.21+1.52 3.92+1.89 0.0001
CBI-ASPT Spring 69.57+22.18 72.55+20.61 34.00+20.12 0.0001
Summer 70.84+18.69 69.94+20.46 35.60+12.28 0.0001
Fall 71.35+19.52 70.26+21.31 34.96+£18.71 0.0001
Winter 71.80419.16 70.11+23.48 33.504:20.45 0.0001
Mean 70.92+19.71 71.02+21.55 34.62+17.76 0.0001
BMWP-ASPT Spring 7.75+3.05 7.35%+3.19 4.35+3.64 0.0001
Summer 7.69+3.04 7.83+3.01 4.04+3.41 0.0001
Fall 7.90+2.86 6.95+3.28 3.70+2.54 0.0001
Winter 7.44%3.05 7.21+3.26 2.80+2.17 0.0001
Mean 7.70+£2.99 7.31+£3.20 3.76+2.98 0.0001
BI Spring 1.62+1.88 1.62+1.99 2.59+3.14 0.0212
Summer 1.65+2.16 1.72+£2.39 2.9414.83 0.0004
Fall 1.51£1.36 1.74+1.68 3.39+6.25 0.0084
Winter 1.50+2.16 1.68+2.37 4.43+4.94 0.0001
Mean 1.57+1.93 1.68+£2.17 3.18+4.75 0.0001
FBI /ROK Spring 2.01+2.79 1.47+2.02 3.73+4.66 0.0059
Summer 1.38+1.31 1.51+1.57 3.2614.65 0.0027
Fall 1.38+1.28 1.39+£1.54 2.94+3.58 0.0003
Winter 1.45+1.55 1.40+1.90 3.7914.58 0.0001
Mean 1.56+1.86 1.44+1.78 3.35+4.24 0.0001
FBI /USA Spring 3.55+6.84 3.57+6.64 7.26+9.05 0.1818
Summer 2.93£2.52 3.29+3.68 4,77+5.28 0.1596
Fall 2.63£3.77 3.01£3.85 4.581+4.64 0.1656
Winter 2.69+4.10 3.06+4.16 3.57+3.68 0.0879
Mean ) 2.9(7571 4.67 3.2414.82 5.4616.91 0.0018
was slightly polluted and station 3 showed a heavily in Korea, in order to calculate BI values suitable for
polluted condition. Especially in Duncan’s multiple Korean aquatic fauna. The tolerance values for every
range test, stations 1 and 2 were closely grouped, species of macrobenthos were scaled from 1 through
separately from station 3. 5, meaning that the lower value the species has, the
Every species was assigned a tolerance value (=in- more sensitive to clean streams. The lower BI values

dex value) on the basis of collections made previously indicate higher quality of water. The tolerance values
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applied in this study were workable for the appli-
cation of BI and FBI/ROK indices.

In addition to applying the FBI model using
Korean-based tolerance values, tolerance values used
in Wisconsin, USA was also applied in this study.
The tolerance values in this part ranged from 0 to
10, values of 0 being assigned to species collected
only in unaltered streams of very high water quality
and values of 10 assigned to species known to occur
in severely polluted or disturbed streams. However,
FBI/USA values showing at 3 stations were not sig-
nificantly variable in all the four seasons.

Chemical index values

The NSFWQI values at station 1 ranged from 80.4
in October to 91.8 in April, 76.8 in August to 91.8
in April at station 2, and 58.8 in July to &1.1 in
December at station 3. The overall mean values of
NSFWQI were: 86.0 in station 1, 83.6 in station 2,
and 72.9 in station 3 (Table 3).

The comprehensive chemical index values (Pu/n) in
the stations are shown in Table 3. The index values
at stations 1 and 2 ranged from 0.5 through 2.1
throughout the survey period. The overall mean
values in stations | and 2 were 1.1 and 1.3, respect-
ively, suggesting that these two stations are categ-
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orized as a slightly polluted status. Station 3 showed
the highest mean value of 3.1 categorizing it as
“heavily polluted”. The stream conditions were well
grouped as slightly and heavily polluted in the mean
values of Py/n, as compared with those calculated by
the formula of NSFWQI.

Correlations of the values of biotic and chemical
indices

A correlation matrix of the biotic indices or scores
applied in this study are shown in Table 4. All of
the pairings of biotic indices were significantly
correlated with each other (p<0.001). The value be-
tween BI and FBI/ROK was highly correlated (r=
0.84), while the coefficients between FBI/USA and
the other biotic indices were lower (r<0.69). In ad-
dition to high correlation between BI and FBI/ROK,
the pairings showing high coefficient values of more
than 0.80 were TBI and FBIJROK (r=-0.821), BI
and BMWP (r=-0.830).

All the biological index or score values employed
in this study were significantly correlated with the
values of two standard water quality indices (NSF-
WQI and P./n) as shown in Table 5. Biological indi-
ces showing correlation coefficient values of more
than 0.60 compared to NSFWQI, were BI, BMWP

Table 3. National Sanitation Foundation’s Water Quality Index (NSFWQIL) and Comprehensive Chemical Pollution In-
dex (P,/n) values in the water specimens sampled from the stations of the north branch of the Han River

M /1998 St. 1 St. 2 St. 3
onth /199 NSFWQI Py/n NSFWQI Py/n NSFWQI Py/n
Jan, 89.5 1.6 91.1 21 72.7 3.4
Feb. 84.5 0.9 82.8 1.1 77.4 2.3
Mar. 88.2 0.6 84.3 0.8 77.2 2.0
Apr, 91.8 0.6 91.8 0.2 77.9 1.8
May 84.3 0.5 82.5 0.6 67.1 2.0
Jun, 83.6 1.4 78.7 L5 66.1 2.7
Jul. 87.0 1.3 78.3 L.7 58.8 6.7
Aug. 80.8 1.0 76.8 2.7 69.7 3.5
Sep. 89.1 0.7 83.9 0.7 80.4 2.2
Oct. 80.4 1.9 85.0 1.8 71.5 5.3
Nov. 81.4 1.4 774 1.8 74.4 3.3
Dec. 91.1 0.9 90.3 1.5 8l.1 2.1
Mean 86.0 1.1 83.6 1.3 72.9 3.1
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Table 4. Spearman’s correlation coefficients (r) among the biotic indices applied in the stations of Han River system*

Biotic Indices as Assessment Tools

TBI CBI-ASPT BMWP-ASPT BI FBI/ROK  FBI/USA
TBI 1.000
CBI-ASPT 0.756 1.000
BMWP-ASPT 0.720 0.665 1.000
BI -0.767 ~0.667 ~0.830 1.000
FBI /ROK -0.821 -0.791 —0.764 0.843 1.000
FBI /USA -0.694 -0.571 —0.653 0.565 0.677 1.000

* All of the pairs of biotic indices were significantly correlated each other (P<0.001).

The coefficient values of more than (.80 are underlined in this Table.

Table 5. Spearman’s correlation coefficient (r) and probability values (P) of six biotic index values on two standard

water quality indices*

o NSFWQI Comprehensive chemical pollution index (Pb /n)
Biotic index
r P r P

TBI 0.678 0.0001 -0.717 0.0001
CBI-ASPT 0.530 0.0009 ~0.545 0.0006
BMWP-ASPT 0.694 0.0001 ~0.654 0.0001
BI -0.715 0.0001 0.633 0.0001
FBI /ROK? —0.628 0.0001 0.468 0.0040
FBI /USA? —0.558 0.0004 0.450 0.0059

FBI /ROK?' : FBI with Korean standard
FBI /USA* : FBI with USA standard

* All the biotic indices employed in this study were significantly correlated with two standard water quality indices

(NSFWQI and Pb/n),

The coefficient values of more than 0.60 are underlined in this Table,

-ASPT, TBI, and FBI/ROK in the decreasing orders.
The highest correlation coefficient value of —0.715
was recorded in the BI. In cases compared with Py/n
BMWP-ASPT and BI values showed
high correlations of more than the coefficient value
of 0.60. Among biotic indices applied, the TBI
matched well with Py/n with the highest coefficient
value of —0.717.

The values of TBI, CBI-ASPT, BMWP-ASPT, BI
and FBI/ROK were compared with 24 physical and
chemical parameters by Spearman’s rank correlation
analysis. The TBI correlated with 15 of 24 water
chemistry parameters, Similarly, CBI-ASPT and FBI
values correlated with 13 water chemistry parameters.
The values of BMWP-ASPT and BI were correlated
with 16 parameters, showing the highest percentage
of 66.7% (Table 6).

Summarizing the results of Tables 4, 5 and 6, the
values of Bl and BMWP-ASPT were highly correl-
ated with the most water chemistry parameters. BI

values, TBI,

and BMWP-ASPT models were also highly correlated
with NSFWQI, while TBI values showed high corre-
lation once with the Py/n. Although all of the pair-
ings of biotic indices were significantly - correlated
with each other, the value between BI and FBI/ROK
was most highly correlated.

DISCUSSION
Biotic indices

Diversity indices are mathematical expressions whi-
ch use three components of community structure,
namely, richness (number of species present), evenness
(uniformity in the distribution of individuals among
the species) and abundance (total number of organi-
sms present), to describe the response of a com-
munity to the quality of its environment {(Metcalfe
1989). Diversity indices are strictly quantitative,
dimensionless, and lend themselves to statistical analy-



766 Chung, Pyung-Rim et al.

Table 6. Spearman’s correlation of the biotic indices of
the sampling stations with 24 water chemistry
parameters at the significance level of 0.05

CBI- BMWP- FBI/

TBI  aspt aspT B! ROk

Temperature
pH
Conductivity
D.C.

BOD;

CODx,
CODwua
Turbidity

Eh

TOC

TN

TP

S.S.

Coliform

Ci-

NH,*-N
NO,N

NOs-N

PO-P
Alkalinity
Hardness
Width
Current velocity
Discharge

+4++ + HF+ 4+ ++

I T T N i R T
+4+4+++ +

+ o+ ++

S+ +4+++ FH++H+ ++ + ++ +

Sum 15 13
% 625  54.2

Bsl+ ++++ +++++ ++ + ++ o+

Lo+ +++

(2]
(=]
)
oo

I

sis (Cook 1976). However, unlike the saprobic indi-
ces, no assumptions are made as to the relative
tolerances of individual species, which may be very
subjective (Pinder er al. 1987).

It is apparent that the “ideal” index should be
one which combines a quantitative measure of spe-
cies diversity (diversity approach) with qualitative in-
formation on the ecological sensitivities of individual
species (saprobic approach) into a single numerical
expression which can be statistically analyzed. This
is, in essence, the biotic approach (Metcalfe 1989).

Three indices are widely used in England for cla-
ssification of streams according to benthic inverte-
brates: the Trent River Board Biotic Index (Woodi-
wiss 1964), the Lothians River Purification Board
Index (Graham 1970) and the Score System (Chand-
ler 1970). Among these, Trent biotic index (TBI) has
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been adapted for use in many other countries and
appears to form the basis for most modern biotic in-
dices and scores (Persoone and De Pauw 1979).

In this study, the mean TBI values of stations 1, 2
and 3 were 7.83, 7.21 and 3.92, respectively, and the
lowest TBI values of all the stations were recorded in
the summer season as shown in Table 2. Pinder et
al. (1987), in their comparison of macroinvertebrate
monitoring methods for assessing the water quality of
an English stream, suggested that the TBI would not
be sensitive enough to detect major differences in
water quality among streams because of its restricted
range in values. In fact, one major drawback of this
index is that abundance is ignored. Chung et al.
(1992) have applied the TBI model to assess water
quality of three largest Korean rivers and obtained
good results, which were highly correlated with che-
mical parameters.

Chandler’s system showed very similar trends to
the TBI, though the scores ranged from 0.00 to 100.
The mean scores of station 1 and 2 were 70.92 and
71.02, respectively, and the lowest mean score of
34.62 was recorded in station 3. However, the highest
score of 35.60 was calculated unexpectedly in the
summer season in station 3. Washington (1984) com-
pared 19 biotic indices and reported that Chandler’s
index gave favourable. But, this system is necessarily
limited to the geographical area in which the toler-
ance lists were compiled. Originally designed specifi-
cally for upland rivers in Scotland (Cook 1976), the
system is theoretically an improvement over the TBI
because it includes an abundance factor and incor-
porates a more detailed list of macroinvertebrates.

The Biological Monitoring Working Party index
(BMWP) with the average score per taxon (ASPT) is
also in widespread use for family-level identifications
in UK. (Wright et al. 1988). Armitage et al. (1983)
examined the performance of the BMWP-ASPT over
a wide range of unpolluted running water sites. They
found considerable variability in achievable score and
ASPT between sites with different environmental
features. ASPT was shown to be less sensitive to
seasonal change than BMWP score. Oh and Chon
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(1991) compared the biotic indices for the bioassess-
ment of a clean stream in different seasons. They
found that there was no seasonal score change at all
when calculated with BMWP, while the other indices
such as TBI and Chandler’s biotic score had a minor
change showing the lowest values in the summer
season.

In this study, all the stations also showed minor
variations in the seasons. The results obtained by the
BMWP-ASPT in this study are generally agreed with
the above-mentioned former reports.

Hilsenhoff (1977) introduced a biotic index (BI) for
evaluating organic pollution in Wisconsin streams
based on riffle-dwelling arthropod fauna. To deter-
mine the index value for a given site, each taxon
should be assigned a “tolerance value” ranging from
0 (most sensitive) to 5 (most tolerant) based on in-
formation from 53 streams. Tolerance values assigned
to species level in this study were revised for Korean
taxa on the basis of Pantle and Buck’s saprobic indi-
ces (1955), and modified from tolerance values of
Yoon et al. (1992a, 1992b). The influence of current,
temperature and seasonal factors on BI values have
also been evaluated (Hilsenhoff 1988b). BI values
were found to be erroneously high in summer, when
many sensitive species are in diapause.

Hilsenhoff (1988a) also adapted his index for a
rapid assessment by providing tolerance values for
families. The family-level biotic index (FBI) values
were higher than the BI values at unpolluted sites
and lower at polluted sites. However, Hilsenhoff
(1988a) recommended using the FBI only for rapid
assessment of the general status of organic pollution
in streams. There are some controversial points of
view on application of BI or FBI models. It is clear
that different physical and chemical regimes of
fast-flowing mountain streams and slow-flowing low-
land rivers will support totally different faunal com-
munities (Armitage er al. 1990). Secondly, a primary
weakness of biotic indices is the subjective approach
which is often used to classify organism tolerance.
Herricks and Cairns (1982) recommended replacing
“subjective tolerance estimates” with “quantitative tol-
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which
correlations between species presence and water qual-
ity.

The BI and FBI models were applied in this study,
using the subjective tolerance values for every taxon.

erance determinations”, require  extensive

Pollution tolerances of individual species have been
determined by observations on their relative occur-
rence under specifically defined conditions of water
quality. The FBI values in this study were calculated
with new tolerance values assigned for Korean taxa.

The FBI results with tolerance values assigned by
Korean standard (FBI/ROK) showed similar trends
as those calculated with the other indices. The
FBI/ROK values of less than 2.0 were detected
throughout the year in stations 1 and 2 (1.44~1.56
in range), but the values in station 3 were always in
the highest values over 3.0, ranging from 2.94 to
3.79. However, there were some exceptions in the
FBI values calculated with the tolerance values of
Wisconsin, U.S.A. (FBI/USA). The mean values of
FBI/USA at 3 stations were significantly variable;
but, there were no regional differences during all the
four seasons. In general, the results of FBI/USA had
more unexpected exceptions throughout the study as
compared with those of FBI/ROK.

Chemical indices

Two stations | and 2 were categorized by our
chemical indices as slightly polluted sites, and station
3 as a heavily polluted site. The stream conditions
were well grouped as slightly and heavily polluted in
the mean values of Pp/n, as compared with those
calculated by the formula of NSFWQL Actually it
might be the first time for the chemical indices to be
used in the water pollution studies in Korea.

Correlation of biotic and chemical indices

For rapid field-based assessments, our results indi-
cate that FBI/ROK and BMWP-ASPT models are
more appropriate in the running water systems in
Korea. Armitage et al. (1983) also recommended the
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use of a score system that uses a low taxonomical
level (i.e. family) to overcome the biogeographical
differences among the macroinvertebrate communities.
Comparison of the FBI and BI from the samples of
Wisconsin streams was made by Hilsenhoff (1988a).
Although some accuracy was lost by using the FBI,
he recommended the FBI model for a rapid, but less
critical evaluation of streams in the field by biologists
who can recognize arthropod families by sight.
Student’s t-test was once applied for the comparison
of statistical differences between means of BI and
FBI/ROK values oblained from 3 sampling stations.
Most of the statistical sets between BI and FBI/ROK
arranged according to each station (data not shown)
showed no significant differences, though only two
sets showed statistically significant differences with
unknown reasons. It means that correlation between
BI and FBI/ROK models was relatively high.
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