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ABSTRACT
The purpose of this study was investigated theogial biodiversity of animals and environmentgl
factors at the Hari River in Korea during 2014 seasThe fauna of four surveyed stations wag a
total of 62 taxa, representing five classksertebrates exhibited the greatest species diyength
19 taxa identified, followed by birds (Aves) (1%ap mammals with 9 taxa, reptiles/amphibiafls
(Sauropsida/Amphibia) with 8 taxa, and fish reprded by 11 taxaBerger-Parker’'s index (BPI
for mammals was varied from 0.222 to 0.308. ShaiWeaver indices (H") for mammals a
invertebrates also varied among the stations arsd@es Although evenness indices for five animal
kingdoms during seasons were different from eadkerptthere were not shown significaft
differences (P<0.05). The portions of biochemicalgen demand (BOD) and chemical oxygen
demand (COD) in the river increased exponentialtyng the upper-down gradient. The ranges|jof
total phosphorus were varied from 0.028 mg/L td6.ing/L and total nitrogen were 0.18~0.116
mg/L. Total phosphorus and total nitrogen from tHari River is found to be within the lim
(Current National Recommended Water Quality Criteri The Bray-Curtis’ distances we
calculated from differences in abundance of eadtigs according to geographic distances amang
four stations at the Hari River. The relationshiptveen a distance matrix and a quantitatiye
environmental variable was shown very strong. Tleei IRiver has received increasing levels |pf
nutrients through sewage discharge and fertilizeraff from agriculture fields.
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INTRODUCTION
An ecosystem is all the living organisms along withir environment and environmental elements in an
area. A river ecosystem also consists of intertedldiving & non-living parts. For example, a river
ecosystem includes all the mammals, birds, reptdegphibians, fish, invertebrates, algae and biacter
living in that river, as well as the rocks, sarui|,sand water in that river. Diversity of Kingdofmimalia in
a river is comprised of individual organisms sushvartebrates and invertebrates. These organismis wo
together and interact with non-living systems torfdarger ecosystems: e.g. floodplains, ripariceasay
wetlands, and the river itself.
Much of the ecology downstream depends on habiapening upstream. The water carries nutrients
and other chemicals downstream with its flow makinhgrs very dynamic streams to study and a
particular conservation challerffeNutrient levels in the river have an importanfltisnce on the
community that develops. Low-nutrient (oligotrophitvers may have a low biomass, but high species
richness. Whereas high nutrient (eutrophic) rivees/ have a high biomass, but be dominated by a few
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competitive species which thrive under these caoort

The degradation of freshwater in a river has bde¢heotwo important characters. One is water pimiut
If pollution can be significantly reduced or elirmted by technical process, dirty water is the werld
biggest health risk yet and continues to threateth lguality of life and public heafthThe other is
disruption of long established water and biogeodbalneycles in the landscape.

Alpha (¢), beta ), and gammay] diversities are among the fundamental descriptaréeties of ecology,
but their quantitative definition has been contrsiaf. Whittaker proposed measurifigas the ratio
between regional diversity ar and asuch that K = Ha x Hp*. An alternative approach consists in
measuringf diversity with an additive model such as H Ha + Hp®*. Most diversity indices may be
considered generalized measures of uncertdinty

The purpose of this study is to investigate thenéaon the Hari River at four regions during fouasmns.
The data generated from this study will guide thenario of material significance for the future ears
in the environment to restore or improve the probl@ay be and will serve as baseline for further
research.

MATERIALS AND METHODS
Surveyed regions
This study was carried out on the Hari River (uppeggion: 35°30246'N/128°223384'E, low region:
35°312744'N/128°256154'E), located at Uiryeong province, Gyeongsangnamidorea (Fig. 1).
Geographical ranges of the Hari River were a tetath of 3.85 kilometers from the Mt. Bekha (52 m
to the confluence of the Namsan River. The aredlifiver is located at altitude (150~160 m absga
level). The upper regions are surrounded by forddte dominant species welénus densifloraPinus
thunbergii, Quercus acutissima, Quercus aliearad Quercus variabilis The middle and low regions
consist of a mosaic of agricultural fields and famgnhouses. The slopes of river are very low (ayera
5°). In this region the mean annual temperatudSi®C with the maximum temperature being 19.8n

August and the minimum 7@ in January. The annual average precipitation a@$ tlegion is
approximately 1,276 mm, and sometimes, intensivdaihisuch as 100 mm in an hour or 250 to 400 mm
in a day can be recorded.

Fig. 1: The four stations (St. A~D) for fish and iwertebrates (small quadrangles) and four areas (Are A~D)
for mammals, birds, and herpetology (large circlesat the Hari River, Korea
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Identification of animals
The water and animal samples were collected frorerag sampling points of four major River systems
of Hari which are given in Fig. 1. The sampling ipdrwas divided into four seasons, March, June,
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September, and December. Animal identification gisirmeans of marking is a process done to identify
and track specific animals. A small dredge is aised to collect sediments from the bottom of therrto
determine the numbers and kinds of invertebratesgmt. Identifications of mammals were based on
Weorf>. Identifications of birds were based on Lee efand Yoor®. Identifications of herpetology
were based on Lee et'al.Identifications of fishes were based on Chientifications of invertebrates
were based on Kim et Hl.and Merritt and Cummif$ The periods of animal samplings were March,
June, September, and December 2014.

Biotic indices

Diversity is defined as the measure of the numbelifferent species in a biotic commuriityVe assume
that three aspects of biodiversity are of primarteliest: number of species, overall abundance, and
species evenness.

Shannon-Weaver index of diversitythe formula for calculating the Shannon diversiyex (H') is

H'=-X pi In pi

pi is the proportion of important value of thla species fi = ni / N, ni is the important value index @th
species and N is the important value index oftedigpecies).

N1=¢"
N2 = 1A
Wherel (Simpson’s index) for a sample is defined as

ni(ni-1)
A=y
N(N-1)

Species richness is a measure of the number ofesgecind in a sample. The species richness ofalgim
was calculated by using the method, Berger-Parkedsx (BPI) and Margalef's indices (R1 and R2) of
richness”.

BPI =Nmax/N whereNmax is the number of individuals of the most abumdgecies, and N is the total
of individuals of sample.

Evenness indices (E1~E5) was calculated using iapbvalue index of speci&s,

R-diversity index was calculated using the methb@uomisto as B z/a®. Herey is the total species
diversity of a landscape, ands the mean species diversity per habitat.

The homogeneity of variance or mean values to imfeether differences exist among the stations
samples or seasons was teStefxcept where stated otherwise, statistical aealygere performed using
the SPSS software (Release 21.0).

Environmental factors

An ecological distance describes the differencespacies compositioh The relationship between a
distance matrix and a quantitative environmentalade can be analysed with Mantel test. Laborasori
and equipment were used to measure a range of quadity parameters including pH, dissolved oxygen
(DO), biochemical oxygen demand (BOD), and chemaalgen demand (COD). DO and pH were
measured with YSI field meters (Professional Plesptech, Colorado, USA). The method for BOD was
used to a standard method of the American Publalthlé\ssociation (APHA) and is approved by the
U.S. Environmental Protection Agency (USEPA). COBswneasured using the 910 colorimeter (YSI
Incorporated, Ohio, USA).

RESULTS AND DISCUSSION
The fauna of four surveyed stations was a totabaftaxa, representing five classes. Invertebrates
exhibited the greatest species diversity with 1 taentified, followed by birds (Aves) (15 taxa);
mammals with 9 taxa, reptiles/amphibians (Saur@g8ichphibia) with 8 taxa, and fish represented by 11
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taxa. Berger-Parker’s index (BPI) for mammals wased from 0.222 to 0.308. Shannon-Weaver indices
(H) for mammals and invertebrates also varied améime stations and seasons. Mammals and
reptiles/amphibians were shown with the relativghhindividual density or abundance in upper region
(stations A and B) of river across areas. BirdshFiand invertebrate animals were shown with the
relative high individual density or abundance imvleegion (stations C and D). The total humbers of
species were 50 taxa within the St. A, 51 taxa iwithe St. B, 50 taxa within the St. C, and 52 taxa
within the St. D (Tables 1 and 2).

In order to assess macro-scale spatial variatufithhe animal community at the Hari River, we amaly
distributions of species richness, diversity, anenmess of large taxonomic groups as well as ftatios
compositions along geographic distances (Tablexd12a Species richness changes over space and time
BPI values for four kingdoms except bird and fisbregvlow at high region, meaning dominant species
were different according to stations or seasongedpegions (Areas A and B) were considerable high
richness in mammals, birds, and reptiles/amphibians

Shannon-Weaver indices (H") of diversity for mamsnahs varied from 1.565 to 2. 108. H” for birds,
fish, reptiles/amphibians, and invertebrates alsied among the stations and seasons. They wewensho
high H" values at low region (Area D) for bird aimdertebrates because this station is the placaenvhe
three rivers join one.

At point of evenness, all ecological communities &ariable at a range of spatio-temporal séales
Although evenness indices for five animal kingdowere different from each other, there were not
shown significant differences (P<0.05).

The values of R-diversity for animals were variednf 0.182 for reptiles/amphibians to 0.244 for
invertebrates (Fig. 2). For the four community goss as a whole, the values of 3-diversity weeelthv
(from 0.165 for St. D to 0.232 for St. A) (Fig. 3Jhey indicated that heterogeneity in species
compositions among the replicates were high. Thrupeters paired similarity between season and
stations testified. There was high taxonomic heteneity of the fauna community in between four
seasons. Especially, species compositions of Birdseason were different from each other because a
of migratory birds were included in those regiobe numbers of individuals of reptiles/amphibians
were different from each other between seasonsubecgenerally begin hibernation in late fall. There
were high taxonomic homogeneity of the mammals fistd community in between four seasons and
similar trends in seasonal development of animitiparian and channels of the same river. However,
distribution of biological diversity and richneshosved a statistically significant upper-low regions
different ( <0.05). This decreasing trend was supported mdinlgn increase of artificial disturbances
such as road or house constructiom addition, we consider that the Suam Resemirpper area plays
an important role in biodiversity (Fig. 1). Thisaris a lot of birds and amphibians inhabit.

pH is very important parameter as rise in pH insesahe solubility of toxic chemicals which cany@o
harmful to aquatic fauna. The mean of pH was 7&8#6ss stations, varying from 7.206 to 7.473 (Table
3). The mean value of DO was 6.273 mg/L. BO valueater sample from the Hari River is found to be
within the limit (EPA standard statistical classé#ftion of surface freshwater quality for the manatece

of aquatic life§. The average value of BOD and COD were 2.660 nagytl 3.114 mg/L, respectively.
The portion of BOD and COD in the river increaseganentially along the upper-down gradient. BOD
increases as micro-organisms accumulate to degragimic material. Oxygen is essential in aerobic
organisms for the electron transport system of chibmdria. Oxygen insufficiency at the mitochondria
results in reduction in cellular energy and a sgbeat loss of ion balance in cellular and circukato
fluids. Total phosphorus and total nitrogen frora thari River is found to be within the limit (Cunte
National Recommended Water Quality Critetiafhe Hari River has received increasing levels of
nutrients through sewage discharge and fertilimapff from agriculture fields. Generally, high Lévef
both phosphorus and nitrogen can lead to eutrofbicawhich increases algae growth and ultimately
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reduces dissolved oxygen levels in the water. ¢t the variations in the chemical composition afumal
waters might play an important role in regulatimg tabundance, composition, the geographical and
temporal distribution on phytoplankttn The excessive growth of algae and macrophytesrebulting
oxygen depletion, and the production of a rangeutiistances toxic to fish, cattle, and humans are no
major pollution problems worldwidelt could be affected as one indicator of moryatif fishes. Thus
there was decreased the number of species intbis Many artificial actions reduced the watedunal
filtration action and eliminated many species airthabitat in the Hari River.

The Bray-Curtis’ distances were calculated fromfedénces in abundance of each species according to
geographic distances among four stations at theRiaer (Table 4). Neighboring stations such asBst.
and St. C had the similar species composition hadhighest remote populations (St. A and St. D)nadid
share any species.

Human impact on the environment may vary from ieddy minor to servé As a rule minor damage can
be offset by homeostatic mechanisms. For exampleage accidently can dump a stream and people
often spill organic chemicals on the water. Thegdestances are food for naturally occurring bacténia
health stream, the population of these bacteriaoisnally small. If organic food supplies increase,
however, the bacteria population expands. Becadwesédcteria consume oxygen as they devour organic
waste, the level of dissolved oxygen in the strglummets. This, in turn, Kills off fish and otheguatic
organisms that need oxygen to survive.

Problems arise slowly in the Hari River because dnuiectivities push ecosystems so far. That is, huma
activities strain the limits of resilience, gradyahltering the biotic and abiotic conditions ofeth
environment, damage can be severe. Many artifagitibns reduced the water's natural filtrationacti
and eliminated many species at their habitat irHthg River.

Table 1: Diversity index for mammals, birds, and rgtile/amphibians in the studied areas

Indices Mammal Bird Reptile /Amphibian

Area A |Area B|/Area C Area D| Area A| Area B| Area C| Area D|Area AArea BArea JArea D

No. of species 9 8 6 5 13 13 14 15 7 8 6 6

Richness

BPI 0.241 | 0.222 0.250| 0.308 | 0.139] 0.150 0.14p 0.116 0.291324|0.414|0.316

R1 2376 | 2.1241.803| 1.559 | 3.349| 3.252 3.501l 3.722 1.74/985|1.485|1.375

R2 1.671| 1.5401.500| 1.387 | 2.167, 2.05% 2.186 2.287 1.29(/372|1.114|0.973

Diversity|

H' 2.108 | 1.996 1.754| 1.565| 2.469| 2.474 2508 2.643 1.74/905|1.595|1.649

N1 8.235 | 7.360 5.778| 4.782 | 11.81311.863| 12.286| 14.052| 5.995| 6.718| 4.930| 5.202

N2 9.667 | 8.7758.000| 6.500 | 15.36514.717| 14.643| 18.813| 6.039| 6.523| 4.562| 5.207

Evenness

El 0.960 | 0.9600.979| 0.972| 0.963] 0.964 0.951 0.9746 0.92D916| 0.890| 0.920

E2 0.915| 0.9200.963| 0.956 | 0.909| 0.913 0.878 0.937 0.886840| 0.822| 0.867

E3 0.904 | 0.909 0.956| 0.946| 0.901| 0.90% 0.868 0.932 0.83R817|0.786|0.840

E4 1.174| 1.1921.384| 1.359 | 1.301 1.241 1.192 1.33 1.0@r971| 0.925| 1.001

| ©| N| N| O

ES5 1.198 | 1.2221.465| 1.454 | 1.329] 1.263 1.20p 1.39 1.0a8966| 0.906| 1.001
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Table 2: Diversity index for fishes and invertebrags in the studied areas
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Indices Fish Invertebrates
StA| St.B| StC| St.D StA StB St.C St.D
No. of species 8 8 9 11 13 14 15 17
Richness
BPI 0.303 | 0.216| 0.193 0.208 0.1080.158 | 0.163 | 0.161
R1 2.002| 1939 2.154 2583 3.3p3.574 3.597 3.975
R2 1.393| 1.315 1406 1.588 2.1372.271 2.143 2.272
Diversity
H' 1.927 | 1.979| 2.107 2.271 2.4962.250 2.617 2.696
N1 6.872| 7.234] 8.223 9.68b 12.1352.425| 13.691 14.816
N2 6.947 | 7.835 9.111 10.2%%5.13¢ 15.622| 16.110 16.383
Evenness
El 0.927| 0.9521 0.959 0.947 0.9[730.955 0.966 0.951
E2 0.859| 0.904f 0.914 0.880 0.9330.888 0.913 0.872
E3 0.839| 0.891] 0.903 0.868 0.928.879 0.906 0.863
E4 1.011| 1.083 1.108 1.059 1.2471.257 1.177 1.106
E5 1.013| 1.096 1.123 1.066 1.2701.280 1.191 1.113

Table 3: Water quality at four stations in the studed areas

Item St. A St. B St.C St.D

pH 7.473+0.156| 7.456+0.162  7.245+0.165 7.206+0.056

DO (mg/L) 7.365+0.373| 7.220+0.264 6.125+0.4710 5.392+0.187

BOD (mg/L) 1.945+0.277| 2.639+0.184 2.928+0.196  3.130+0.290

COD (mg/L) 3.980+0.331| 4.035+0.105 4.325+0.468 4.380+0.302

SS (g/L) 15.448+1.421] 17.474+1.380 19.528+1.5/8 20.170+2/295
T-N (mg/L) 0.018+0.008| 0.024+0.009 0.082+0.016  0.016+0.013

T-P (mg/L) 0.028+0.004 | 0.045+0.009 0.067+0.033  0.106+0.026

Table 4: Ecological distance (upper diagonal) basesh Bray-Curtis’ formulae analysis and geographic
distances (km) (low diagonal) among four stationstahe Hari River

Station St. A St. B St. C St. D
St. A - 0.072 0.347 0.518
St. B 1.355 - 0.030 0.350
St.C 2.435 1.080 - 0.016
St.D 3655 2.300 1.220 -
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Fig. 2: Occurrence index B-diversity) for five animal kingdoms at four stations. Bars and vertical lines were
mean and standard deviations fouiseasons and four statior
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Fig. 3: Occurrence index g-diversity) of four stations for five animal kingdoms. Bars and vertica
lines were same as figure 2

0.30

| T T

> :;:n
v 0.15
()
>
S 010
Y
0.05
0.00
St. A St. B St. C St. D
Station

Acknowledgement
This work was supported by Dc-eui University Foundation Grant (2015AA0Z

REFERENCES

1. Buckland, S.T., Magurran, A.E., Green, R.E. and $tewy R.M., Monitoring change in biodivers
through composite indicePhil. Trans. R. Soc. 360 243-254 (2004).

2. Chiras, D.D., Enveronmental Science. A systems é@qh to Sustainable Deopment. & ed.,
1998, Wadsworth Publising Company, Belmont,

3. Choi, K.C., Guide of Korean Fresh Water Fish inddExcluded Lepidoptera), 2001, pf-671,
Hyeoamsa, Seoul, Korea

4, EPA (United Stated Environmental Protection AgencAmbient Water Quality Criteria for
Dissolved Oxygen. EPA 44(-86-003, 1986, United States Environmental Protectiagenty,
Washington, D.C.

Copyright © August, 2015; IJPAB 16



Huh, M.K. and Kang, M.K. Int. J. Pure App. Bios8i(4): 10-17 (2015) ISSN: 2320 — 7051

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.
21.

22.
23.
24.
25.

26.
27.

EPA. Methods for Measuring the Acute Toxicity offleénts and Receiving Waters to Freshwater
and Marine Organism&002, pp. 1-275, 5th eds., Environmental Protactigency Office of Water,
Washington, DC, USA.

Gaston, K.J. and Spicer, J.l., Biodiversity: Anrdatuction, 2004, pp. 54-76, 2nd ed., Blackwell
Publishing, Oxford, UK.

Hill, M.O., Diversity and evenness: a unifying nida and its consequencdscology,54: 423-432
(1973).

Howarth, R.W., Boyer, E.W., Pabich, W.J. and Ga#lgwJ.N., Nitrogen use in the United States
from 1961-2000 and potential future trendlmbio.,31: 88-96 (2002).

Jost, L., Partitioning diversity into independelttea and beta componenEcology,88. 2427-2439
(2007).

Kindt, R. and Coe, R., Tree Diversity Analysis. Aamnal and Software for Common Statistical
Methods for Ecological and Biodiversity StudiesQ20pp. 123-138, World Agroforestry Centre,
Nairobi, Kenya.

Kim, M.C. Cheon, S.P. Lee, J.K., Invertebrates imréén Freshwater Ecosystems, 2013, pp. 484,
Geobook, Seoul, Korea.

Lee, J.H. Chun, H.J. Seo, J.H., Ecological GuidekBaof Herpetofauna in Korea, National Institute
of Environmental Research, 2012, pp. 270, InchKorea.

Lee, U.S. Ku, T.H. Park, J.Y., A Field Guide to Bieds of Korea. LG Evergreen Foundation, 2005,
pp. 320, Seoul, Korea.

Magurran, A.E., Ecological diversity and its measaent. Princeton University Press, 1988, pp. 192,
Cambridge, USA.

Merritt, R.W. Cummins, K.W., An introduction to tlaguatic insects of North America, 3rd, 1996,
pp. 862, Kendall/Hunt, Dubuque, lowa.

Noss, R.F., Indicators for monitoring biodiversiyhierarchical approactConservation Biology:
355-364 (1990).

Pielou, E.C., The measurement of diversity in défa types of biological collectionlournal of
Theoretical Biologyl3: 131-144 (1966).

Pullin, A.S., Conservation Biology. 2002, Cambriddmiversity Press, Cambridge, UK.

Reynolds, B., Phosphorus, nitrogen and organicocaftux in a headwater streamrchives of
Hydrobiology 91: 28-44 (1984).

Ricotta, C. and Burrascano, S. 2008. Beta divefsitjunctional ecologyPreslia80: 61-71.

Shannon, C.E. Weaver, W., The Measurement Theo@aoimunication. Univ. of lllinois Press,
1963, pp. 144, Urbana.

Taneja, ., On generalized information measuresthait applicationsAdv. Elect. Elect. PhyZ6:
327-413 (1989).

Tuomisto, H., A diversity of beta diversities: $tfsening up a concept gone awry. Part 1. Defining
beta diversity as a function of alpha and gammardity. Ecography 33. 2-22 (2010).

Whittaker, R.H., Evolution and measurement of sggediversityTaxon,21: 213-251 (1972).

Weon, B.H., Mammal Species in Korea, 1967, pp. 64i@jstry of Education, Seoul, Korea.

Yoon, M.B., Wild Birds of Korea, 2003, pp. 623" &d., Kyuhaksa, Seoul, Korea.

Zar, J.H., Biostatistical Analysis. 1984, pp. 7P8&ntice-Hall Inc., Englewood Cliffs, New Jersey.

Copyright © August, 2015; IJPAB 17



