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Fig. 1. A map showing the investigated stream and sam-
pling points originating from the Seckjung hot
spring 1996~ 1998.
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Fig. 2. Fluctuation in water temperature, electrical conductivity, nikel, zinc and copper in small thermal stream and its
tributaries originating from the Seokjung hot spring 1996 ~1998.



Influences of Thermal Effluents on Algal Community 349

900 = Sulfate (ug/L)

60.0 —

30.0

4.0 = Nitrate (ug/L)

6.0 7 Ammonia (yg/L)

B ; i i
g i i - 14

97/04 97/09 98/02 98/04 98/06

Sampling times

Fig. 3. Fluctuation in sulfate, phosphate, nitrate, ammonia and chemical oxygen demend in small thermal stream and its
tributaries originating from the Seokjung hot spring 1996 ~ 1998.
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Fig. 4. Fluctuation of total number of species and individual, dominance, diversity and eveness in periphytic algal commu-
nity in small thermal stream and its tributaries originating from the Seokjung hot spring 1996 ~1998.
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Table 1. Ecological characteristics of epilithic algal community in small thermal stream and its tributaries originating
from Seokjung hot spring 1997 ~ 1998

Sites Time Biomass No. sp. 1st dominant species 2nd donminant species DI H J
97/2 409 12 Synechocystis thermalis Oscillatoria amphibia 0.86 1.35 0.38
97/4 449 11 Synechocystis thermalis Oscillatoria amphibia 0.85 2.06 0.58
97/6 442 11 Oscillatoria formosa Synechocystis aquatilis 0.81 1.76 0.63
St 1 97/9 97 20 Oscillatoria formosa Phormidium ambiguum var. major 0.35 2.37 0.75
) 98/2 376 12 Synechocystis thermalis Synechocystis thermalis 0.76 1.47 044
98/4 43 7 Oscillatoria amphibia Synechocystis thermalis 0.47 223 0.74
98/6 369 16 Oscillatoria formosa Synechocystis aquatilis 0.85 1.65 0.59
98/9 275 12 Oscillatoria formosa Phormidium ambiguum var. major 0.75 246 0.74
97/2 489 17 Synechocystis thermalis Oscillatoria amphibia 0.58 1.38 0.40
97/4 419 16 Oscillatoria amphibia Synechocystis thermalis 0.65 2.73 0.67
97/6 57 14 Oscillatoria formosa Phormidium tenue 0.39 136 0.38
St 2 97/9 352 18 Oscillatoria formosa Phormidium tenue 0.60 1.61 042
) 98/2 54 12 Synechocystis thermalis Oscillatoria amphibia 041 1.57 0.49
98/4 322 19 Synechocystis thermalis Oscillatoria amphibia 0.61 242 0.81
98/6 617 7 Oscillatoria formosa Phormidium tenue 0.80 135 0.39
98/9 510.9 12 Oscillatoria formosa Phormidium tenue 0.90 1.80 0.49
97/2 753.3 20 Synechocystis thermalis Phormidium tenue 0.82 1.56 0.45
97/4 81.2 17 Oscillatoria amphibia Synechocystis thermalis 0.42 259 0.65
97/6 575 16 Oscillatoria formosa Phormidium tenue 095 1.70 0.39
St. 3 97/9 19.6 13 Oscillatoria formosa Phormidium tenue 0.71 1.52 0.40
) 98/2 362.1 25 Synechocystis thermalis Oscillatoria amphibia 0.93 1.87 0.52
98/4 285 9 Synechocystis thermalis Oscillatoria amphibia 0.56 3.19 0.80
98/6 198.6 14 Synechocystis thermalis Oscillatoria subbrevis 0.89 1.69 041
98/9 184.2 14 Oscillatoria formosa Phormidium tenue 0.90 1.55 0.49
97/2 128.9 24 Ulothrix valiabilis Navicula cryptocephala var. veneta 0.37 3.75 0.87
974 3186 30  Navicula cryptocephala Nitzschia parvula 052 351 0.92

var. veneta

97/6 13.5 17 Homoeothrix sp. Oscillatoria tenuis 0.44 3.12 1.04
St. 4 97/9 146.4 23 Gomphonema sphaerophorum  Stigeoclonium sp. 0.84 3.63 0.79
98/2 596 10  Navicula cryptocephala Synedra amphicephala var. austriaca 0.85 2.85 0.77
98/4 670 9 Homoeothrix sp. Navicula cryptocephala var. veneta 0.81 2.88 0.67
98/6 717.6 12 Gomphonema sphaerophorum  Homoeothrix sp. 0.78 298 0.70
98/9 47.3 13 Gomphonema sphaerophorum  Stigeoclonium sp. 0.49 3.57 0.76
97/2 999.1 24 Synechocystis thermalis Phormidium tenue 0.53 1.39 0.39
97/4 75.1 20 Synechocystis thermalis Oscillatoria amphibia 0.57 2.86 0.69
97/6 688.5 22 Oscillatoria formosa Phormidium tenue 0.75 1.14 0.29
St 5 97/9 297 8 Oscillatoria amphibia Stigeoclonium sp. 0.70 3.38 0.69
) 98/2 424 8 Synechocystis thermalis Oscillatoria amphibia 0.63 3.06 0.67
98/4 521.4 16 Oscillatoria amphibia Synechocystis thermalis 0.44 3.04 0.66
98/6 70.1 20 Oscillatoria formosa Phormidium tenue 0.61 1.27 0.31
98/9 415.4 25 Oscillatoria formosa Phormidium tenue 0.50 3.33 0.69
97/2 55.8 10 Chroococcus turgidus Aphanocapsa biformis 0.77 2.63 0.94
97/4 334.9 15 Melosira varians Navicula cryptocephala var. veneta 0.59 3.17 0.88
97/6 751 7 Gomphonema sphaerophorum  Oscillatoria tenuis 0.84 2.16 0.58
St 6 97/9 664.5 11 Cymbella affinis Melosira varians 0.90 3.26 0.80
) 98/2 781.5 18 Stigeoclonium sp. Synedra amphicephala var. austriaca 0.78 2.97 0.69
98/4 88.5 19 Chroococcus cohaerens Homoeothrix sp. 047 1.87 0.56
98/6 508.7 17 Gomphonema sphaerophorum  Oscillatoria tenuis 0.93 1.62 040
98/9 30.7 16 Gomphonema sphaerophorum  Cymbella affinis 0.81 2.06 0.52
97/2 474.3 25 Synechocystis thermalis Phormidium tenue 0.95 137 0.34
97/4 286 10 Synechocystis thermalis Oscillatoria amphibia 0.63 2.77 0.65
97/6 227.3 13 Oscillatoria formosa Phormidium tenue 081 146 0.31
St 7 97/9 204.2 9 Oscillatoria formosa Phormidium tenue 0.85 1.91 0.42
’ 98/2 139.8 26 Synechocystis thermalis Oscillatoria amphibia 0.41 2.05 0.46
98/4 350.2 29 Oscillatoria amphibia Synechocystis thermalis 0.53 2.50 0.64
98/6 32.2 16 Oscillatoria formosa Phormidium tenue 0.75 1.19 0.26
98/9 177.9 24 Oscillatoria formosa Phormidium tenue 0.78 2.09 0.45
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Table 2. Correlation coefficients between biological and physicochemical parameters in this study

WT pH EC COD NH,-N NO3;-N PO,-P SO Ni Mn Fe Cr Zn Cu Pb

No. sp. Cyanophyceae * sk EEE * ook sk *
No. sp. Bacillariophyceae * Ak ok Hkk Hohok FhEOx
No. sp. Chlorophyceae *k Hokok *ok
Indiv. Cyanophyceae o Hokok Hkk * ** *
Indiv. Bacillariophyceae * * * *
Indiv. Chlorophyceae
Chroococcus turgidus * * *
Homeothrix sp. * * *
Ocillatoria amphibia * wok
Oscillatoria formosa ko HE * *x
Phormidium ambiquum . *E *E * * % Hdk
Phormidium tenue * * * Hkk
Synechocystis aqualitilis wk *
Synechocystis thermalis * *
Cymbella affinis * wkk - okok
Gomphonema sphaerophorum ¥ ERX o * * HE AR
Melosira varians * * * * * ok
Navicula cryptocephala var. * * *E * *
Synedra amphicephala var. * *
Ulothrix variabilis * Ak
Dominant index (DI) * * oK HkE Hokk

* ok otk * * sk

Diversity index(H")
Eveness(J”)

*

No. sp.; Total number of species, Indiv.; Total number of individual, WT; water temperature (°C), EC; electrical conductivity
(uhmos/cm), COD; chemical oxygen demend (mg/L) , unit of nutrients and metal; ug/L, N=56, *p<0.05, **p<0.005, ***p<0.001,

Underlying asterisks means negative correlation
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Influences of Thermal Effluents on the Epilithic Algal
Community in Small Stream Originating
from the Seokjung Hot Spring

Yeun-Tai Chung, Yeun-Ja Mun, Mi-Yeon Kim,
Min-Kyu Choi and Bong-Seop Kil!

(Institute for Environmental Science and Division of Life Science, Wonkwang University,
344-2, Shinyong-dong, Iksan City, Chollabuk—-Do 570-749, Korea)

Abstract — To study the influences of thermal effluents flowing from hot spring on epilithic algal
community, seasonal survey was carried out at stream and its watersheds from Seokjeong hot
spring in Chollabuk-Do, Korea. Totally 7 points were divided into three regions for sampling of
water and epilithic algae, such as the direct effected, uneffected and the mixed region, respec-
tively. At the discharging points of effluents, a dark-green cyanobacterial mat were remarkably
constructed, mainly by two cyanobacteria, Oscillatoria and Phormidium. The mat formation were
more obvious at low temperature than any other season, and even result in disappear with
downstream and season. Totally, one hundred and fifty-three taxa of epilithic algae were
classified with 15 unidentified species. Among the, diatoms occupied 58% of total species,
whereas cyanobacteria was 67% of total biomass, comparatively. In terms of stream direction,
relative abundance of cyanobacteria was only limited in the upstream in cold season, and result
in this pattern disappeared with season change. Although all physicochemical variables at the
discharging points, was very high, compare to other points, they were quickly decreased
downstream. Among them, some heavy metals were not detected or below the detection levels at
downstream. Nitrate nitrogen increased with downstream, as well as phosphorus and sulfate
have a similar trend throughout, while ammonia quickly decreased in the initial period of
discharging effluents. This suggest that although the thermal effluent with high temperature
and organic compounds could polluted the small study stream, various contributions such as
flowing water, intake of uneffected streawater and collaboration of cyanobacterial mat and
stream bottom gradually induces a stable water system. [Thermal effluents, Epilithic aigal
community, Chemicals, Correlation].
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Appendix. Systematic lists of the epilithic algae identified in Seokjung hot spring-originating stream and its drainage

1997 ~ 1998
Class Cyanophyceae Subfamily Melosiroideae
Order Chroococcales Melosira sp.
Family Chroococcaceae Melosira varians
Aphanocapsa biformis
Chroococcus bituminosus Subfamily Sceletonemoideae
Chroococcus cohaerens Cyclotella meneghiniana
Chroococcus menbraninus
Chroococcus minutus Order Pennales
Chroococcus turgidus Suborder Raphidineae
Dactylococcopsis raphioides Family Achnanthaceae
Merismopedium punctatum Achnanthes lanceolata
Merismopedium tenuissimum Achnanthes linearis
Synechococcus cedrorum Cocconeis placentula var. euglypta
Synechococcus elongatus Cocconeis placentula var. lineata
Synechocystis aquatilis Cocconeis sp.
Synechocystis aquatilis var. minor
Synechocystis crassa Suborder Araphidineae
Synechocystis pevalekii f. thermalis Family Fragilariaceas
Synechocystis thermalis Subfamily Fragilarioideae
Fragilaria capucina
Order Nostocales Fragilaria construens
Suborder Oscillatoriineae Fragilaria crotonensis
Family Oscillatoriaceae Opephora martyi
Lyngbya nigra Synedra acus var. acus
Oscillatoria amonea Synedra amphicephala
Oscillatoria amonea var. nongranulata Synedra amphicephala var. austriaca
Oscillatoria amphibia Synedra minuscula
Oscillatoria formosa Synedra radians
Oscillatoria jarsorvensis Synedra rumpen var. scotica
Oscillatoria laete—-virens Synedra ulna
Oscillatoria limnetica
Oscillatoria limosa Subfamily Diatomoideae
Oscillatoria princeps Diatoma anceps
Oscillatoria subbrevis Diatoma vulgare
Oscillatoria tenuis Diatoma vulgare var. brevis
Phormidium ambiguum Meridion circulare var. constrictum
Phormidium ambiguum var. major
Phormidium automnale Subfamily Tabellarioideae
Phormidium corium Tabellaria binalis
Phormidium farvosum Tabellaria fenestrata
Phormidium papyraceum
Phormidium subfuscum Suborder Biraphidineae
Phormidium tenue Family Naviculaceae
Phormidium valderiomum Subfamily Naviculoideae
Spirulina laxa Caloneis limosa
Spirulina laxissima f. major Caloneis speciosa
Spirulina major f. major Navicula canalis
Spirulina sp. Navicula cincta
Spirulina subtilissima Navicula cryptocephala
Navicula cryptocephala var. veneta
Suborder Nostochineae Navicula exigun var. capitatz
Family Rivulariaceae Navicula incerta
Homoeothrix sp. Navicula lanceolata
Navicula pupula
Class Bacillariophyceae Navicula radiosa var. tenella
Order Centrales Navicula rhynchocephala
Suborder Discineae Navicula sp.
Family Coscinodiscaceae Navicula viridula
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Appendix. Continued

Nuavicula viridule var. rostellata
Pinnularia abaujensis

Pinnularia acrosphaeria

Pinnularia biceps

Pinnularia braunii var. amphicephala
Pinnularia braunii var. krookeri
Pinnularia caudata

Pinnularia microstauron

Pinnularia nodosa

Pinnularia subcapitata

Pinnularia subcapitata var. paustriata
Pinnularia sublinearis

Pinnularia substomatophora
Stauroneis anceps f. linearis
Stauroneis phoenicenteron

Stauroneis sp.

Subfamily Gomphocymbelloideae

Family

Cymbella affinis

Cymbella cesatii

Cymbella minuta

Cymbella minuta var. psudagracils
Cymbella minuta var. silesiaca
Cymbella prastata var. auerswaldii
Cymbella sinuata

Cymbella tumida

Cymbella turgidula

Gomphonema affine

Gomphonema angur

Gomphonema angustatum
Gomphonema olivaceum
Gomphonema parvulum
Gomphonema sp.

Gomphonema sphaerophorum
Gomphonema truncatum
Gomphonema truncatum var. capitatum
Gomphonema ventricosum

Gyrosigma sp.

Nitzschiaceae

Subfamily Nitzschiodeae

Family

Hantzschia amphioxys

Hantzschia virgata var. capitellata
Nitzschia hantzschiana

Nitaschia holsatica

Nitzschia linearis

Nitzschia palea

Nitzschia parvula

Nitzschia sublinearts

Surirellaceae

Subfamily Surirelloideae

Class

Surirella angustata
Surirella ovata

Surirella ovata var. pinnata
Surirella tenuis

Chlorophyceae

Order
Family

Order
Family

Order
Family

Family

Order
Suborder
Family

Order
Family

Order
Family

Order
Family

Chaetophorales
Chaetophoraceae
Stigeoclonium sp.

Ulvales
Hydrodictyaceae
Pediastrum tetras

Chlorococales
Characiaceae
Characium ambigum

Scenedesmaceae

Scenedesmus acuminatus
Scenedesmus acutus

Scenedesmus acutus f. alternans
Scenedesmus acutus f. anterniformis
Scenedesmus acutus 1. costulatus
Scenedesmus quadricauda

Conjugales
Desmidiodeae
Desmidiaceae
Closterium acerosum
Closterium gracile
Closterium sp.
Cosmarium sp.1
Cosmarium sp.2
Cosmarium subcostatum
Staurastrum sp.

Volvocales
Volvocaceae
Pandorina morum

Ulotrichales
Ulotrichaceae
Ulothrix variabilis
Ulothrix zonata

Zygonematales
Zygonemataceae

Subfamily Spirogyroideae

Class
Order
Famlily

Class
Subclass
Order
Family

Spirogyra sp.

Euglenophyceae
Euglenales
Euglenaceae

Phacus caudatus

Phacus pleuronectes
Phacus sp.
Trachelomonas cylindrica

Chrysophyceae
Heterochrysiohycidae
Ochromonales
Dinobryaceae
Dinobryon divergens




