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ABSTRACT

This study investigated the characteristics of fish communities and river health in the Sincheon stream of

Imgin River between April and October 2019. The survey collected 3,677 objects in 30 species belonging to

12 families from 23 survey stations. The dominant and subdominant species were Zacco platypus (28.4%) and

Oryzias sinensis (13.6%), respectively, followed by Z. koreanus (11.8%), Rhynchocypris oxycephalus (11.7%),

Carassius auratus (9.6%), and Pseudorasbora parva (7.9%) in that order. Among the fish species collected,

10 (33.3%) were endemic species in Korea. The exotic species were 5 (16.7%), including Micropterus

salmoides, Lepomis macrochirus, Cyprinus carpio (Israeli type), Poecilia reticulata, and Xiphophorus

maculatus. The land-locked species included Cottus koreanus and Rhinogobius brunneus, while C. koreanus

was a climate change-sensitive species. The dominance of the fish community was low, and the diversity was

high in the Sincheon mainstream, Sudongcheon and Cheongdamcheon, whereas Dongducheon and

Sangpaecheon showed higher dominance and low diversity. The river health was very good and good in the

uppermost and Sudongcheon areas, whereas the upper stream was normal, and the middle and lower streams

were poor and very poor, respectively. The water quality was also mostly poor or very poor from the midstream

to the downstream, and only Sudongcheon was very good. Therefore, the water quality had a great impact on
fish habitat and eventually affected river health significantly. Although the water quality of Shincheon has
improved each year, the introduction of several foreign species had a very negative effect. Improvement of river

health in Shincheon requires water quality improvement and management of exotic fish species.

KEY WORDS: FISH FAUNA, COMMUNITY STRUCTURE, RIVER HEATH INDEX
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Table 1. Physicochemical environments at the study stations in the Sincheon Stream, Korea, April to October 2019

St River width \‘:flztg Water depth Altitude Rivef Stream Bottom structure(%) Etes™
(m) (m) (m) (m) type order M S G P C

1 15-20 5-10 0.3-0.8 93 Bb 2 70 20 10

2 80-100 5-15 0.3-0.7 79 Bb 3 20 40 20 10 10

3 10-20 1-3 0.3-0.7 107 Aa 2 20 40 10 10 10 10

4 15-20 3-7 0.3-0.6 124 Aa 3 20 40 40 w

5 60-80 10-20 0.3-1.0 75 Bb 3 60 40

6 80-100 40-46 0.3-1.0 70 Bb 3 20 30 20 30

7 40-50 5-12 0.3-1.2 85 Bb 2 20 40 10 20 10

8 3-4 1-2 0.3-0.5 85 Aa-Bb 1 60 20 10 10 RW

9 5-20 3-15 0.3-2.0 122 Aa-Bb 1 30 10 30 30

10 50-60 10-20 0.3-0.5 67 Bb 3 30 70

11 50-60 5-10 0.3-1.0 79 Bb 2 20 70 10 RW

12 5-12 3-10 0.3-1.5 113 Bb-Be 2 80 10 10

13 8-10 1-3 0.3-0.5 148 Aa 2 10 20 40 30

14 50-60 10-15 0.3-1.2 66 Bb 3 70 20 10

15 150-170 60-80 0.3-1.2 57 Bb 4 20 50 10 20

16 6-8 2-3 0.3-1.0 201 Aa 2 10 20 40 30

17 30-40 10-15 0.3-1.0 119  Aa-Bb 3 10 20 40 30

18 150-200 30-50 0.3-1.2 51 Bb 4 30 20 10 10 20 10 RW

19 130-150 60-80 0.3-1.0 33 Bb 4 10 20 70 w

20 15-20 5-10 0.3-1.0 161 Aa 2 10 20 10 30 30

21 30-40 5-10 0.3-1.5 119 Aa 2 10 20 70

22 20-30 3-10 0.3-1.0 134 Aa 2 10 20 30 40 w

23 50-60 15-20 0.3-1.5 46 Aa-Bb 3 20 40 40

"River type: by Kani (1944); “M: mud (-0.1 mm), S: sand (0.1-2 mm), G: gravel (2-16 mm), P: pebble (16-64 mm), C: cobble (64-256

mm), B: boulder (256< mm) -modified Cummins (1962); "W: weir; RW: river work

Table 2. Quality status in Sincheon (Stream), Korea from January to December 2019

Index WSt. 1 WSt. 2 WSt. 3 WSt. 4 WSt. 5 WSt. 6 WSt. 7
Water temperature (°C) 2~27 2.4~27.9 3.7~29.2 4~27.2 6.6~28.9 3.1~28.2 3.6~27.7
(15.4) (15.4) (16.8) (17.1) (19.7) (18.3) (17.4)
BOD(mg/L) Wy ey 039 em @ om0 (629
SS(mg/L) 7.6~36 4.8~28.8 6.8~30.8 8.2~59.7 5.6~56 0.2~5.5 4.3~43.6
(17.48) (10.03) (12.57) (23.93) (14.31) (1.76) (15.71)
T-P(mgL) 0.19~0.69 0.09~0.29 0.08~0.51 0.09~0.24 0.11~0.38  0.002~0.04 0.1~0.37
(0.40) (0.18) (0.165) (0.15) (0.184) (0.02) (0.19)
DO(mg/L) 2.1~11.4 4.3~14.3 6.6~13.9 6.6~13.9 6.1~12.8 8.1~14.4 10~14
(7.85) (9.4) (8.84) (8.84) (9.56) (10.88) (11.22)
pH 7.6~8.2 7.1~8.2 6.8~7.9 7.7~8.2 7.4~9.5 8.1~9.4 7.4~8.0
Grade™ v v v v III Ia v

* . . . .
River Living environment standard grade
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Table 3. List of fish species and number of individual fish collected in the Sincheon (Stream), Korea from April to October 2019

*

o Station RA -
Scientific name Total Remarks
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 (%)

Cyprinidae

Cyprinus carpio 7 12 22 4 12 7 1 13 12 8 17 115 3.13
Cyprinus carpio 2 9 11 0.30 Ex
Carassius auratus 14 81 22 15 98 13 2 26 8 7 10 15 2 27 2 3 7 352 957
Carassius cuvieri 37 37  1.01 Ex
Pseudorasbora parva 8 41 52 11 7 59 7 14 4 22 15 29 8 13 290 7.89
Pungtungia herzi 3 14 8 44 69 1.88
Abbottina rivularis 22 3 25  0.68
Abbottina springeri 1 19 20 0.54 E
Coreoleuciscus splendidus 2 28 30 0.82 E
Hemibarbus longirostris 5 6 8 19 052
Pseudogobio esocinus 3 5 5 1 5 3 22 0.60
Rhynchocypris oxycephalus 32 64 9 15 35 1 34 84 17 73 45 22 431 11.72

Zacco koreanus 131100 103 100 434 11.80 E
Zacco platypus 15 37 34 163 35 475 35 37 165 21 28 1045 28.42
Balitoridae

Orthrias nudus 22 11 11 1 45 122

Lefua costata 2 2 0.05
Cobitidae

Misgurnus anguillicaudatus 9 20 1 2 1 2 35 095
Koreocobitis rotundicaudata 2 7 1 18 28 0.76 E
Tksookimia koreensis 1 10 1 3 17 5 37 101 E
Siluridae

Silurus asotus 2 7 1 1 1 1 13 035

Silurus microdorsalis 1 2 3 1 7 0.19 E
Amblycipitidae

Liobagrus andersoni 1 34 011 E
Adrianichthyoidae

Oryzias sinensis 40 404 1 56 501 13.63
Cottidae

Cottus koreanus 9 9 024 LEC
Centropomidae

Coreoperca herzi 3 2 5 014 E
Centrachidae

Micropterus salmoides 1 8 9 024 Ex
Odontobutidae

Odontobutis interrupta 1 1 2 1 1 3 9 024 E
Gobiidae

Rhinogobius brunneus 53 4 14 71 193 L
Poeciliidae

Poecilia reticulata 1 1 0.03 Ex
Xiphophorus maculatus 1 1 0.03 Ex
Number of species 06 4 2 3 5 8 4 6 9 5 9 3 5 5 4 7 3 5 8 9 1212 30 Ex

Number of individuals 74 238 120 60 40 38 361 37 104 97 489524 49 76 62 108204 18 114 230182200247 3677

"Relative abundance (%); ~E: Korean endemic species, L: land-locked species, C: climate-sensitive species, Ex. exotic species
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Figure 2. Relative abundance of the fish species found

in the Sincheon (Stream), Korea from April to
October 2019.
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Figure 3. Dendrogram for the cluster analysis based on
similarity index of the fish species found

among the stations in the Sincheon (Stream),
Korea from April to October 2019.
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Table 4. Community indices and index of biological integrity (IBI) in the Sincheon (Stream), Korea from April to October 2019

Index 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Dominance 0.50 0.51 0.72 1 0.83 0.71 0.72 0.76 0.85 0.63 0.99 0.84 0.98 0.68 0.71 0.98 0.89 0.89 0.73 0.89 0.80 0.63 0.58
Diversity 1.83 1.67 1.14 0.08 0.99 1.34 1.39 1.21 1.18 1.64 0.16 0.92 0.69 1.30 1.29 0.61 0.77 0.96 1.26 1.09 1.35 1.68 1.82
Evenness 0.79 0.93 0.82 0.11 0.90 0.83 0.67 0.87 0.66 0.75 0.10 0.42 0.63 0.81 0.80 0.44 0.39 0.88 0.78 0.52 0.61 0.68 0.73
Richness 2.09 0.91 0.63 0.24 0.54 1.10 1.19 0.83 1.08 1.75 0.65 1.28 0.51 0.92 0.97 0.64 1.13 0.69 0.84 1.29 1.54 2.08 2.00

Table 5. biological integrity (IBI) in the Sincheon (Stream), Korea from April to October 2019

Index” 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
M1 125625625 0 0 6.251251251251256.251256.25625 0 625625 0 0 125125125125
M2 0o 0 o0 O O O 0 0 625625 0 0 625 0 0 625625 0 0 12.56.25125125
M3 0 0 625 0 0 0 625625625 0 625 0 625 0 0 625625 0 0 125125125125
M4 0 0 625125 0 0 6.256251256.25125 0 125625 0 125125 0 0 125125125125
M5 0 0 0 125 0 0 O0 625125 0 O O 125 0 O 125 0 O O 125125125125
M6 0 0 625125 0 0 O 625125 0 O O 125 0 O 125 0 O O 125125125125

M7 125125125625 0 0 12.512.512.512512.512.56.256.25625125125 0 6.2512.512.512.5125
M8  12.512.512.512.512.512.512.512.5 12,5 12.5 12,5 12,5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
FAI  37.5313 50 56.312.518.8 50 62.587.5 50 50 37.5 75 31.3 18.8 81.3 56.3 12.5 18.8 100 93.8 100 100
(grade) D D C C E E C B A C C D B D E A C E E A A A A

"M1: Total number of native fish species, M2: Number of riffle benthic species, M3: Number of sensitive species, M4: Proportion
of Individuals as tolerant species, M5: Proportion of individuals as omnivores, M6: Proportion of individuals as native insectivores,
M7: Total number of individuals, M8: Proportion of abnormal individuals
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Table 6. Historical record of ichthyofauna in the Sincheon

(Stream)
Relative abundance (%)
Scientific name 3nd" 4nd” (Pf;ls(}ent
(2006)  (2014) study)

Number of surveys 2 3 2
Number of survey stations 20 23 23
Cyprinidae

Cyprinus carpio 1.30 6.80 3.13
lyi);[))rinus carpio (Islaeli 0.06 030
Carassius auratus 27.06 15.06 9.57
Carassius cuvieri 1.84 1.01
Pseudorasbora parva 3.82 8.07 7.89
Pungtungia herzi 2.26 1.31 1.88
Abbottina rivularis 1.01 0.68
Abbottina springeri 0.54
Coreoleuciscus splendidus 0.40 3.32 0.82
Hemibarbus labeo 0.03
Hemibarbus longirostris 0.31 0.14 0.52
Pseudogobio esocinus 0.96 1.41 0.60
Microphysogobio yaluensis 0.36
Rhynchocypris oxycephalus  19.65 20.35 11.72
Aphyocypris chinensis 0.01

Zacco koreanus 11.99 8.43 11.80
Opsariiffhthys UNCIroStris 0.01

amurensis

Zacco platypus 16.40 18.57 28.42
Balitoridae

Orthrias toni 2.63

Orthrias nudus 5.77 1.22
Lefua costata 0.04 0.05
Cobitidae

ai/gftibl[i}fc';fdatus 2.52 1.57 0.95
Misgurnus mizolepis 1.72 0.69
Tksookimia koreensis 1.27 1.32 1.01
Cobitis nalbanti 0.01

Siluridae

Silurus asotus 0.09 0.35

Relative abundance (%)

Scientific name 3nd” 4and™ (Pf:s(int
(2006)  (2014) study)

Silurus microdorsalis 0.10 0.19
Amblycipitidae

Liobagrus andersoni 0.01 0.11
Adrianichthyidae

Oryzias sinensis 0.96 13.63
Cottidae

Cottus koreanus 2.94 1.63 0.24
Siluridae

Coreoperca herzi 0.34 0.45 0.14
Centrarchidae

Micropterus salmoides 0.24
Odontobutidae

Odontobutis interrupta 1.36 0.30 0.24
Gobiidae

Rhinogobius brunneus 1.13 1.68 1.93
Poeciliidae

Poecilia reticulata 0.03
Xiphophorus maculatus 0.03
Total number of family 7 10 12
Total number of species 20 31 30

Total number of individusls 3537 6952 3677
"The 3nd National Environment Investigation of Freshwater
Fish (Choi and Lee, 2006a; 2006b; 2006c; 2006d; 2006¢);

“The 4rd National Environment Investigation of Freshwater
Fish (Han and Kim, 2014a; 2014b; 2014c)
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E5A(13.6%), AT FEAY1.8%), HEA
(11.7%) 9] o2 Ueht $-350] Fofoli HEA, 7
gin| 2, ofp-Fo] HEX|oA H2tn|, EEA = W3}
%] tHTable 6).
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anwwensis), 7W(Orthrias toni), V)F-ELR|(Misgurnus mizolepis),
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Figure 4. Water quality data in the Sicheon (Stream),
Korea from 1997 to 2019.

A= AA 7t Had
oo = IA 3
IEe s FEEUAT s ol 2 I
AR FERRE sl AR me FHA)T F5
B)o2 7= et vhd UE I
7HA, HEde AR AFE FEENE, ARe B
O©Lz 11 9 7ok F-otfe WD) me- UHE) >
2 J7HEi: Aol 2 AHES AT A
HAF AAElE] Hon S5 AAHEe] =3
i, A7del U A UdS A4Sl AiAlalEe]
1L AT AAlElEo] Wkt sk =23} W] asy
Hil shd o] U AH(WSL 6, 15)2 WAdEa 24
9 vlEo] #}aAL F2 AFHWSL 6)2 WIS s

2

OofN



o] sk A vRle Y% 275

o] Hlgo] Hom FAZY JA|lHIEe] w2 A os Ve
L*E} o}ﬂ 73783 A 2 A E FREE SRV
& g o ol AF S /\EX']U]‘ ¢ =&
o UrE‘r”E} wheba] o] off AAlo] 2 FFS U]xl
i, SR 2 S Fu= AoE WHE Sl
19974 =] 2019 744] AlZ1 o] 222 ¥ 8} Figure 49}
Z9kth. BOD, TP, H-457 HE 1997 o]5 19981 0] A
199940 713 Al8HA] efsle o]3 AALS Rl 7HAash=
20|82 Ky, B4 dAxot 243 27517 % A,
THA] assto] W e Holal QIgiet Ald o) 442 6}
Aee|s g8 o= hdd Ao oﬂé&]y_ 3 32919
3T FAL GAAEEREE Yot H5E AYAES
oH XMUPE}U% A2 g8 Fold Ao wetEt st
AL} ZH8 S AN S-S S-¥A
WRHAZ g Rlo] theFatA e of

57 9lo] mek 801 ATshAL, 1 oo Haaka
A eldiel AAA Swer dasiorn B

: o OPAER A HlATE £ Ak
A e Feshsir] vhiel St ohiet s A4t
Exol3o] HES 9 29 AAH Be) Weto] 87
= gict.

REFERENCES

An, K.W.(2007) Domestic and overseas trends of river ecosystem
health assessment and application cases in Korea. River and
Culture 2: 84-91.

Choi, J.S. and K.Y. Lee(2006a) The 3rd nation environment
investigation. Fresh water fishes of the Deokjeong whole area.
Ministry of Environment, 6pp. (in Korean)

Choi, J.S. and K.Y. Lee(2006b) The 3rd nation environment
investigation. Fresh water fishes of the Sineup whole area.
Ministry of Environment, 10pp. (in Korean)

Choi, J.S. and K.Y. Lee(2006c) The 3rd nation environment
investigation. Fresh water fishes of the Dongducheon whole
area. Ministry of Environment, 8pp. (in Korean)

Choi, J.S. and K.Y. Lee(2006d) The 3rd nation environment
investigation. Fresh water fishes of the Maji whole area.
Ministry of Environment, 9pp. (in Korean)

Choi, J.S. and K.Y. Lee(2006e) The 3rd nation environment
investigation. Fresh water fishes of the Gwangjeok whole area.
Ministry of Environment, 8pp. (in Korean)

Cummins, K.W.(1962) An evolution of some techniques for the
collection and analysis of benthic samples with special
emphasis on lotic water. The American Midland Naturalist 67:

477-504.

Han J.H. and J.Y. Kim(2014a) The 4rd nation environment
investigation. Fresh water fishes of the Sincheon Upstream
whole area. Ministry of Environment, 8pp. (in Korean)

Han J.H. and J.Y. Kim(2014b) The 4rd nation environment
investigation. Fresh water fishes of the Sincheon Lower Stream
whole area. Ministry of Environment, 10pp. (in Korean)

Han J.H. and J.Y. Kim(2014c) The 4rd nation environment
investigation. Fresh water fishes of the Jeokseongsuwipyo
whole area. Ministry of Environment, 9pp. (in Korean)

Han J.H. and J.Y. Kim(2014d) The 4rd nation environment
investigation. Fresh water fishes of the Cheongdamcheon
whole area. Ministry of Environment, 8pp. (in Korean)

IFRI(Inland Fisheries Research Institute)(2009) Distribution,
utilization and management strategy of introduced freshwater
fish. National Fisheries Research & Development Institute,
125pp. (in Korean)

ISK(Ichthyological Society of Korea)(2003) The introduced fishes
of Korea. Proceedings of 2002 Symposium of the
Ichthyological Society, 128pp. (in Korean)

Jang, M.H., G.J. Joo and M.C. Lucas(2006) Diet of introduced
largemouth bass in Korean rivers and potential interactions
with native fishes. Ecology of Freshwater Fish 15: 315-320.

Kani, T.(1944) Ecology of the aquatic insects inhabiting a mountain
stream. In H. Furukawa(eds), Insects I. Kenkyu-sha, Tokyo,
pp.171-317. (in Japanese)

Kim, HM., J.H. Lee and K.G. An(2008) Water Quality and
Ecosystem Health Assessments in Urban Stream Ecosystems.
Korean Journal of Environment and Ecology Biol. 26: 311-322.
(in Korean with English abstract)

Kim, I.S. and J.Y. Park(2007) Freshwater fishes of Korea. Kyohak
Publishing, Seoul, 467pp. (in Korean)

Kim, 1.S.(1997) Illustrated encyclopedia of fauna & flora of Korea,
freshwater fishes. Ministry of Education, Yeongi, 629pp. (in
Korean)

Kim, I.S., Y. Choi, C.L. Lee, Y.J. Lee, B.J. Kim and J.H. Kim(2005)
Ilustrated book of Korean fishes. Kyohak Publishing, Seoul,
615pp. (in Korean)

Kim, Y.P., EH. Lee and K.G. An(2009) Ecological Health
Assessment of Dongjin River based on Chemical Measurement
and Fish Assemblage Analysis. Korean Journal of Limnology
42: 183-191. (in Korean with English abstract)

Ko, M.H., J.Y. Park and Y.J. Lee(2008) Feeding habitats of an
introduced large mouth bass, Micropterus salmoides
(Perciformes; Centrachidae), and its influence on ichthyofauna
in the lake Okjeong, Korea. Korean Journal of Ichthyology 20:
36-44. (in Korean with English abstract)

Ko, M.H., Y.S. Kwan, W.K. Lee and Y.J. Won(2017) Impact of



276 232 .

o1

b

ok

Ho

ol -

A - 31y el AAEelelA) 35(3) 2021

Fot

human activities on changes of ichthyofauna in Dongjin river of
Korea in the past 30 years. Animal Cells and Systems 21:
207-216. (in Korean with English abstract)

Kwater(2007) A guidebook of rivers in South Korea. Kwater,
Daejeon, 582pp. (in Korean)

Lee, W.O., H. Yang, S.W. Yoon and J.Y. Park(2009) Study on the
feeding of Micropterus salmoides in lake Okjeong and lake
Yongdam, Korea. Korean Journal of Ichthyology 21: 200-207.
(in Korean with English abstract)

MAFRA(Ministry of Agriculture, Food and Rural Affairs)(2010)
The national survey of low head dams and development of
database in Korea. 275pp. (in Korean)

Margalef, R.(1958) Information theory in ecology. General
Systems 3: 36-71.

McNaughton, S.J.(1967) Relationship among functional properties
of California grassland. Nature 216: 144-168.

ME(Ministry of Environment)(1997-2009) The
environment investigation of freshwater fish. (in Korean)

national

MEMinistry of Environment)(2005) Enforcement of wildlife
laws(Law No. 7167). (in Korean)

ME(Ministry of Environment)(2012) Conservation and
management laws of wildlife(Law No. 10977). (in Korean)

ME(Ministry of Environment)(2020) Water pollution accident
action and control learned from examples. Ministry of
Environment, Korea, 144pp. (in korean)

Nelson, J.S.(2006) Fishes of the world(4th ed.). John Wiley & Sons
Inc., Hoboken, New Jersey, 601pp.

NIBR(National Institute of Biological Resources)(2019) Red data

book of endangered fishes in Korea. National Institute of
Biological Resources, Incheon, 254pp. (in Korean)

NIE(National Institute of Ecology)(2018) Nationwide survey of
non-native species in Korea (IV). National Institute of Ecology,
Seocheon, 705pp. (in Korean)

NIER(National Institute of Environmental Research)(2019)

Survey and evaluation method for river and stream ecosystem
health assessment. National Institute of Environmental
Research, 131pp. (in Korean)

Nishimura, S.(1974) History of Japan sea: Approach from
biogeography. Tsukiji-Shokan, Tokyo, 274pp. (in Japanese
with English abstract)

Park, J.S., S.H. Kim, H.T. Kim, J.G. Kim, J.Y. Park and H.S.
Kim(2018) Study on feeding habits of Micropterus salmoides
in habitat types from Korea. Korean J. Ichthyol. 1: 39-53. (in
Korean)

Pielou, E.C.(1969) Shannon's formula as a measure of diversity.
Amer. Nat. 100: 463-465.

Pielou, E.C.(1975) Ecological diversity. John Wiley, New York,
165pp.

Sin, J.K., J.L. Cho, S.J. Hwang and K.J. Cho(2000) Eutrophication
and Water Pollution Characteristics of the Kyongan Stream to
Paltang Reservoir. Water Resources Research Institute 33:
387-394. (in Korean with English abstract)

Son, Y.G.,H.B.Im, K.H. Lee, J.G. Kim, Y .J. In, J.I. Choi, H.J. Lee
and J.G. Oh(2017) A Study on the Evaluation of pollution
Characteristics of Shicheon Stream and Its Tributaries in
Gyeonggi-do Province. Journal of Environmental Health
Sciences 43: 422-430. (in Korean with English abstract)

WEIS(Water Environment Information System)(2020). River
living environment standard. http://water.nier.go.kr/publicMain
/mainContent.do

Yeom, D.H., S.A. Lee, G.S. Kang, J. Seo and S.K. Lee(2007)
Stressor identification and health assessment of fish exposed to
wastewater effluents in Miho stream, South Korea.
Chemosphere 67: 2282-2292.

Yoo, D.G., G.S. Lee, G.Y. Kim, N.K. Kang, B.Y. Yi, Y.J. Kim, J.H.
Chun and G.S. Kong(2016) Seismic stratigraphy and
depositional history of late Quaternary deposits in a
tide-dominated setting: An example from the eastern Yellow
sea. Marine and Petroleum Geology 73: 212-227.



