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Abstract

The purpose of this study was, as a preliminary step for understanding the whole aspects of the impacts of aweir on the ecosystems in upper and
lower streams, to find out the impacts of the weirs with and without a fish-way. A survey on the aguatic ecosystem of upper and lower streams of
weirs in Ham-an Stream was carried out from June to October, 2006. Results of the investigation showed that some meaningful effects on the eco-
systems had occurred by the weirs.

The fish faunain upper stream of the weir with afish-way appeared to include 3 families, 8 species, and 184 individuals, while that in the lower
stream of the weir appeared to include 5 families, 14 species, and 664 individuals. The fish faunain the upper stream of the weir without afish-way
appeared to include 3 families, 9 species, 107 individuals, while that in the lower stream of the weir appeared to include 9 families, 19 species, 520
individuals, disclosing that, no matter with or without a fish-way, fish fauna species diversity and size of population were more abundant and bigger
in the lower stream than in the upper stream, but that difference of fish fauna species diversities between upper and lower streams of the weirs appe-
ared to be bigger for the weir with a fish-way than for the weir without a fish-way.

Benthos species diversity and size of population were found to be more abundant and bigger in lower stream than in upper stream, and in wet

season than in dry season.
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1. Introduction

The 1999 amendment to the River Act of 1962 had mainly
focused on the beneficial use of public waters and flood con-
trol. However, as the quality of life is upgraded and awareness
of environmental importance is widely spreaded among people
due to the activities of non-governmental organizations, such as
Coastal Area Conservation Network, there arises an urgent need
for ecosystem conservation and restoration for rivers and
streams.” Since the 1990s, as an effort to meet such a need,
nation-wide campaign for the improvement of ecological func-
tion of rivers and streams, mgjority of which were small to me-
dium size ones that flowed through or around cities and towns,
had been initiated by local governments. Most of the efforts
were focused on changing the flooded areas of rivers and streams
to elevated riparian parks and rest areas for urban dwellers. In
other words, the focus of such a project for improving the
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environments of rivers and streams, which was planned in the
lack of idealogical philosophy, methodological and technolo-
gical knowledge, and sufficient experiences, was put rather on
congtruction of artificial water friendly riparian spacesfor people
than restoration of stream ecosystem.z)

In this context, it is evident that any project to improve the
impaired ecosystems of rivers and streams hereafter should be
the ones to bring the disrupted ecosystems to its natural states.
In addition to the increased influx of water pollutants by indust-
rialization and population growth, one of most problematic water
pollutions is representatively the artificia weirs put across rivers
and streams, which, obstructing the free flow of streams and
rivers, unfavorably change the physiochemical and biological
environments of the water bodies.® As of now, numerous weirs
have been put in rivers and streams, but few comprehensive
impact assessments of such weirs on ecosystems of rivers and
streams, including biological habitats, organism structure, and
biogeochemica cycles, have been done. So, with no precedent
studies, it is rather difficult to put relative importance among
factors affecting riparian ecosystems and to devel op alternatives
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to secure the stability of the ecosystem.

As the present water quality assessment system based on the
physiochemical and biological methodologies can only represent
the instantaneous concentrations or biomass, it has limited abi-
lity to represent the ever-changing environmental factors. In par-
ticular, it is not possible to identify tens of thousands of water
pollutants in a water body in terms of manpower and economic
costs, and it is very difficult to assess the risk because of the
synergistic effects of complex water pollutants interaction. This
study assess the biological environment of upper streams and
lower streams of the weirs with and without a fish-way in Ham-
an Stream (Class 1 loca stream), a branch of Namchun in Nak-
dong river watershed. The assessment is wholly based on che-
mical and biological parameters of the water bodies identified
through field surveys.

2. Material and Experimental Methods
2.1. Description of Study Area

The study areas are consisted of two-100 m reaches of Ham-an
Stream. Each reach has a weir in the middle of it, one with a
fish-way and another without a fish-way. Ham-an Stream is a
Class 1 local stream, originated in Y euhang-myun, Haman-kun,
Kyungsangnam-do and joined by Ham-an national river at its
endpoint. The watershed area of Ham-an Stream is 31.2 kn’,
and flow-length and stream-length are 10.4 km, 8.4 km respec-
tively. From the sampling sites, we collected water quality and

biota (fish and benthic macro-invertebrates) samples twice in
June for wet season and early October for dry season, respec-
tively (Fig. 1).

2.2. Sampling Method and Sampling Gears

The fish samples were collected by two types of sampling
gears as casting net and kick net, each size of the mesh were
7x7 mm and 4x4 mm, respectively, which are appropriate for
collection of juvenile fish as well as large-size adult fish. The
number of species and individuals were identified using keys of
Kim and Park (2002)4) and classified into the order of tolerant
guild as sensitivity, intermediate, and tolerant species. Among
collected specimens, some species necessary for detailed further
identification and observation were fixed with 10% formalin
solution and transported to the [aboratory.

Benthic macro-invertebrates were collected for each sampling
point by Modified D-frame deep net(mesh size: 250 um). Quan-
titative specimen was taken by 100 um Standard Sieve and the
samples collected by hand-net, hard bottom scraper, and Core
Sampler, etc., were used as qualitative specimen. Samples col-
lected at the site were fixed in Kal€'s solution, and identified in
laboratory under stereo microscope x40, x80 or optical micro-
scope and classified referring to Kim,? Kwon,® Choi,” Min et
al..? NFRDI,? and Jung.”

Physical and chemical parameters such as water temperature,
dissolved oxygen (DO), pH, electric conductivity (EC) and tur-
bidity were measured using Y Sl 600 Modle in the field. SS and
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Fig. 1. Study sites of Ham-an Stream.
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BOD were analysed by Korea Standard Method of Examination
for Pollution Control. Flow rate was measured using a Valeport
model 002 and Flo-tote |1 model.

3. Result and Discussion

3.1. Flow Conditions and Water Quality

The results of the first survey showed that the effluent flow
rate of the weir with afish-way was equivalent to only one-half
of influent flow rate because the influent water was slowed down
by the weir and alowed to be released only through the fish-way
on the left side of the weir. For the weir without a fish-way the
flow rates of upper stream and lower stream of the weir appeared
to be identical because of no significant stagnation of water flow
by the weir. The result of the second survey showed that there
was almost no variation of flow rate in upper streams and lower
stream of the weirs with and without a fish-way.

The water quality of upper streams and lower stream of the
weirs was found to be amost same for al water quality para-
meters except suspended solids(SS) in the first and the second
survey. The result of the first survey showed that suspended
solid concentration was a little higher for the upper streams of
the weirs than the lower stream. And for the weir without a fish-
way the concentration of suspended solid in the lower stream
was higher than that in the upper stream. The result of the second
survey showed that for the weir with afish-way suspended solid
concentration in the lower stream appeared to be higher than that
in the upper stream, and for the weir without a fish-way no vari-
ation were observed in suspended solid concentration (Table 1).

3.2. Fishes
Species diversity indices of ichthyofauna of upper stream and

Table 1. Flow rates and water quality of Ham-an Stream
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lower stream of the weir with a fish-way in Ham-an Stream app-
eared to be 0.41 and 0.22 respectively,™” a big difference bet-
ween the two water bodies, showing that movement of fishes
over the weir was not free.” However, in upper stream and
lower stream of the weir without a fish-way with no substantial
head of water, species diversity indices and evenness appeared
to be dmost identical, showing that movement of fishes over
the weir was free (Table 2).

Theresult of thefirst and the second survey showed that in the
upper stream of the weir with afish-way atotal of 3 families, 8
species, and 184 individual swereidentified, of which dominance
index of Zacco platypus was 69, followed by 20 of Herzensteir
and 11 of Pseudorasbora parva.™® In the lower stream of the weir
with afish- way in the collected samples were included atotal of
5 families, 14 species, and 664 individuals. In the upper stream
of the weir without a fish-way the collected samples disclosed a
total of 3 families, 9 species, and 107 individuas, but in the
lower stream atotal of 9 families, 19 species, and 520 individua s
wereidentified, of them five individuals were identified Pseudo-
bagrus brevicorpus, the Endangered Species Class 1 as well as
Natural Monument No.455 (Table 3).”

3.3. Benthos

3.3.1. Distribution

Thefirgt and the second survey identified atotal of 3 phyla, 4
classes, 9 orders, 25 families, 44 species and 633 individuals of
benthic macro-invertebratesin the weirs with and without a fish-
way. In comparison with the number of species and individuals
occurred in the mid-streams of typical Korean streams, bio-diver-
sity around the weirs were found to be almost same as theirs or
a little smaller than theirs (Table 4). It is considered that the
decrease in the biodiversity of the waters around the weirs,
together with stagnation of water flow in the weirs, is due to the

The weir with afish-way The weir without a fish-way
Parameter Survey area 1st 2nd 1st 2nd
Upper Lower Upper Lower Upper Lower Upper L ower
Flow (m%s) 1.2 0.6 0.4 0.4 13 1.2 0.4 0.4
Temperature (°C) 25.7 25.1 19.9 19.8 26.1 255 21.1 20.8
DO (mg/L) 8.4 8.8 8.3 83 7.6 8.6 85 84
pH 8.2 84 8.2 7.7 8.5 84 8.6 8.3
Conductivity (¢s/cm) 162 164 160 162 169 170 160 161
Turbidity (NTU) 31 2.8 6.7 115 3.0 32 7.6 7.2
SS (mg/L) 6.7 4.9 8.4 104 5.2 6.9 7.6 7.6
BOD (mg/L) 0.9 18 0.9 1.0 0.9 0.9 12 0.6
Table 2. Status of fishes diversity in the Ham-an Stream
The weir with afish-way The weir without a fish-way
Brological index Upper L ower Upper Lower
1st 2nd Tota 1st 2nd Total 1st 2nd Total 1st 2nd Total

Species diversity 0 0.41 0.41 0.47 0.60 0.22 0.59 0.44 0.61 6.52 0.87 0.87
Species richness 0 3.10 3.09 2.44 4.62 461 3.26 3.22 394 5.02 5.64 6.63
Species evenness - 0.22 0.60 0.2 0.06 0.06 0.16 0.09 0.11 0.08 0.09 0.08
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Table 3. Status of fishesin upper and lower streams of the weirsin Ham-an Stream

Weir with afish-way

Weir without a fish-way

Family Species Upper Lower Upper Lower
1st 2nd Total 1st 2nd Total| 1st 2nd Totd 1t 2nd Tota
Zacco platypus 2 125 127 10 403 413 7 54 61 43 162 205
Opsarliichthys bidens 2 2 3 3 2 2 4 6 23 29
Hemiculter elgenmanni 1 1 1
Rhodeus notatus 4 4
* Rhodeus uyekii 12 12
* Acheilognathus koreensis 2 2 4 4
Cyprinidae Acanthorodeus assumussi 25 25
Cyprinus carpio 1 1 2 2 2 2
Carassius auratus 1 1 4 18 3 21 3 24 27
Pseudorashora parva 12 12 2 31 33 2 2 3 3
Pungtungia herz 38 38 4 104 108 98 98
*Squalidus gracilis majimae 4 4 4 4
Microphysogobio yaluensis 16 16
Cobitidae M.I sgurnus angw | I_| caudatus 1 19 20
Niwaella multifaciata 1 1
Iksookimia Misgurnus anguillicaudatus 21 21
Odontobutidae *QOdontobutis platycephala 1 1 18 18 4 4 1 50 51
Bagridae Pseudobagrus brevicorpus 5 5
Odontobutidae *Qdontobutis platycephala 1 1 18 18 4 4 1 50 51
Bagridae Pseudobagrus brevicorpus 5 5
Rhinogobius brunneus 1 4 5 21 21
Gobitidae Tridentiger obscurus 5 5
Chaenogobius urotaenia 11 11
Siluridae Slulus asotus 1 1 1 1
Centropomidae *Coreoperca herz 1 6 7 1 28 29
Osmeridae Plecoglossus altivelis 1 1
Centrarchidae Micropterus salmoides 2 2 1 2 3
Tota 2 182 184 17 647 664 | 34 73 107 62 458 520
Table 4. Benthic macro-invertebrates species in Ham-an Stream
Weir with afish-way Weir without fish-way
Species Upper Lower Upper Lower
1st 2nd 1st 2nd 1st 2nd 1st 2nd
MOLLUSCA
Gastropoda
Basommatophora
Lymnaeidae
Lymnaea auricularia 1 6 8 9
Physidae
Physa acuta 14 2 2 3 11 3
Planorbidae
Gyraulus chinensis 3 2 2
Hippeutis cantori 1 1
Polypylis hemisphaerula 1 1 4 1
ANNELIDA
Oligochaeta
Archioligochaeta
Tubificidae
Limnodrilus gotoi 5 2 4 1
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Table 4. Benthic macro-invertebrates species in Ham-an Stream (continued)

151

Weir with afish-way

Weir without fish-way

Species Upper Lower Upper Lower
1st 2nd 1st 2nd 1st 2nd 1st 2nd
Limnodrilus sp. 7 1 1
Hirudinea
Arhynchobdellidae
Hirudinidae
Hirudo nipponica 2 1
Whitmania edentula 1 1 2 1
Whitmania sp. 2 1
ATHROPODA
Insecta
Ephemeroptera
Baetidae
Baetis silvaticus 9 2 11 5
Baetis sp. 1 2 4 2
Cleon dipterum 4 3
Potamanthidae
Rhoenanthus coreanus 1
Heptageniidae
Epeorus latifolium 8 4 5 3
Epeorus curvatulus 3 2 2 1
Odonata
Coenagrionoidae
Cercion hieroglyphicum 4 2 2 1
Ischnura asiatica 2 1 2 1
Calopterygidae
Calopteryx japonica 1 4 3
Aeshnidae
Anax parthenope julius 1 1
Anax nigrofasciatus 1
Corduliidae
Somatochlora graeseri 1
Libellulidae
Orthetrum albistylum speciosum 3 2 2 3
Pantala flavescens 4 2
Hemiptera
Belostomatidae
Muljarus japonicus 1 3 2 4 3
Nepidae
Laccotrephes japonensis 2 1 1 3
Ranatra chinensis 1 1 2 3
Gerridae
Aquaris paludum 4 1 2 3 1 1
Coleoptera
Dytiscidae
Laccophilus difficilis 2 1 3
Hydrophilidae
Sternolophus sp 2
Elmidae
p. 1

Trichoptera
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Table 4. Benthic macro-invertebrates species in Ham-an Stream (continued)

Weir with afish-way Weir without fish-way
Species Upper Lower Upper Lower
1st 1st 2nd 1st 2nd 1st 2nd
Hydropsychidae
Hydropsyche KUb 8 5
Hydropsyche sp.1 4 2
Hydropsyche sp.2 9 5
Limnephilidae
Nothopsyche KUa 2
Diptera
Tipulidae
TipulaKUa 2 1
Tipulasp.2 1
Chironomidae
sp. 1-red type 6 3 17 3 2
. 2 2 21 16 23 11
.3 49 37 7 72 43
Tabanidae
.1 2 1
.2 1 1
Culicidae
sp.l 3 1
Total Species 10 30 23 8 2 33 23
Population a4 149 100 38 10 185 102

eutrophication of the waters by the influx of nutrients from
non-point sources. In the benthos identified at al of the
sampling points were included 5 species and 75 individuals of
mollusca, and 5 species and 75 individuals of annelida, and 34
species and 526 individuals of athropoda, which took up 77%
in number of species and more than 83% in number of
individuals.™

3.3.2. Variation of Number of Speciesand Individuals

The first and the second surveys showed that at all sampling
points benthos were more diverse and abundant in the lower
stream zone than in the upper stream zone. In the first survey
for the upper stream of the weir with a fish-way were collected
10 species and 44 individuals, and 30 species and 149 indivi-
duals for the lower stream of the weir, three times as many spe-
cies and individuas collected in the lower stream than in the
upper stream.™

In the upper stream of the weir without a fish-way 8 species
and 38 individuals were collected while 33 species and 185
individuals were collected in the lower stream, amost four
times as many species and individuals in the lower stream than
in the upper stream. In the second survey for the upper stream
of the weir with a fish-way 3 species and 5 individuals, and in
the lower stream 23 species and 100 individuals were collected
respectively. In the upper stream and the lower stream of the
welr without a fish-way 2 species and 10 individuals, and 23
species and 102 individuals were collected respectively (Fig. 2,
Fig. 3).

3.3.3. Dominant Species and Subdominant Species

The results of the first and the second survey showed that,
regardless of sampling points and sampling date and time, Anne-
lida diptera Chironomidae species were dominant, and subdo-
minant species were some Chironomidae, Limnodrilus, Hydro-
psychidae, and Lymnaeidae. This means that al of the waters
of the study area were polluted (Table 5).

4. Conclusions

The effluent flow rates and water quality of the upper streams
and lower streams of the weirs were investigated to be similar
to each other, except in the first survey, where the effluent flow
rate over the weir with a fish-way was one-half of the influent
flow rate from the upstream. Throughout the investigation time,
ichthyofauna occurrence recorded 3 families, 8 species, 184 in-
dividuas, and 5 families, 14 species, and 664 individuas respec-
tively for the upper stream and the lower stream of the weir with
afish-way, and 3 families, 9 species, and 109 individuals, and 9
families, 19 species, 520 individuals for the upper stream and
the lower stream of the weir without a fish way respectively.

Included in the benthos of the upper streams and the lower
streams of the weirsin Ham-an Stream in the first and the second
survey were 3 phyla, 4 classes, 9 orders, 25 families, 44 species,
and 633 individuals, of which mollusca were 5 species and 75
individuals, and annelida were 5 species and 75 individuals, and
athropoda were 34 species and 526 individuals, which took up
77% in terms of number of species and more than 83% in terms
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Fig. 2. Variation of species and population in the upper stream and lower stream of the weir with a fish-way.
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Fig. 3. Variation of species and population in the upper stream and lower stream of the weir without a fish-way.

Table 5. Dominant index of benthic invertebrates in the upper streams and lower streams of weirs with and without a fisy-way
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Site 1st dominant species 2nd dominant species Dominant index
upper 1st Physa acuta Limnodrilus sp. 0.48
The weir with a 2nd Limnodrilus gotoi Limnodrilus sp. 0.60
fish-way lower 1st Chironomidae sp.3 Chironomidae sp.2 0.47
2nd Chironomidae sp.3 Chironomidae sp.2 0.53
upper 1st Chironomidae sp.1-red type Physa acuta 0.74
The weir without a 2nd Chironomidae sp.2 Chironomidae 1.00
fish-way lower 1st Chironomidae sp.3 Chironomidae sp.2 051
2nd Chironomidae sp.3 Chironomidae sp.2 0.53

of number of individuals.
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