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ABSTRACT: The objective of this study was to evaluate biodiversity and natural habitat environment of freshwater ecosystem.
Our aim was therefore to produce a set of biodiversity and habitat indicators based on multi-parameters of water quality and
biodiversity by analyzing the characteristics of the results by indicators. We selected four indicators a) anthropogenic
disturbance, b) habitat diversity, c) biodiversity, d) ecosystem structure. The fishes cohabiting with Brachymystax lenok
tsinlingensis were Rhynchocypris kumgangensis and Zacco koreanus. As a result of the anthropogenic disturbance evalu-
ation, it was analyzed that vegetation embankment showed a more stable environment in the tributary than the main stream,
and other disturbance was not confirmed As a result of the habitat diversity evaluation, it was analyzed that habitat
evaluation index showed a high score of 200 more on average, showing an optimal habitat condition. As a result of the
biodiversity evaluation, it was analyzed as a clean habitat condition with a high proportion of sensitive species, abundant
dissolved oxygen, and little pollutants. As a results of the ecosystem structure, the ecological health condition metrics and
appearance of endangered species showed large score deviation, but it was analyzed that the stream ecosystem health was
generally excellent. There was a slight correlation between the habitat environment and the results of the nature habitat
evaluation according to the appearance of the B. /enok tsinlingensis.
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Fig. 1. The map showing the sampling sites in Gyebang
Stream and Naerin Stream.
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Table 1. Metrics employed for stream ecological health and diversity

Indicator | Formula Score range | Score
Anthropogenic disturbance
Y 75< 4
a.
Nr=100 f; I 0< - <7 3
Naturalness of the | X 90s - <75
riparian area (Nr) | = the number of near natural land use types within the riparian area 25< - <50 2
ai = the area of near natural land use type i
ar = the total riparian area (20 m buffer along the watercourse) <25 1
. af; <25 4
Agricultural intensity |NI= aof 25< - <50 3
(AV) afi = the area of agricultural land use type i 50< - <75 2
af = the total land area (200 m buffer around the study site) 75< 1
Habitat diversity
M1 = Substrate/Instream cover
M2 = Embeddedness 182< - <220 4
M3 = Flow velocity/depth combination
M4 = Bottom scouring and sediment deposition
Qualitative habitat |M5 = Channel flow status 124< - <168 3
evaluation index M6 = Channel alteration
(QHEI) M7 = Frequency. .of riffles or bends 66< - <110 2
M8 = Bank stability
M9 = Bank vegetation protection
M10 = Riparian vegetative zone width 8< - <52 1
M11 = Dam construction impact
Biodiversity
R 3.0< 4
Shannon index — > plnp, 2.0< - <3.0 3
(H’, diversity index) | i=1 . i . . ) 1.0< - <20 2
pi = the proportion of fish species belonging to the i-th type <10 1
7.5< 4
Water quality (Wq) |[Dissolved Oxygen concentration 5.0 - <75 3
quatlty & 205 - <5.0 2
<2.0 1
Ecosystem structure
M1 = Total number of native fish species 80< 5
M2 = Number of riffle benthic species
. M3 = Number of sensitive species 60< - <80 4
Egs&?gé%al health M4 = Proportion of individuals as tolerant species
(Fish Assessment M5 = Proportion of individuals as omnivores 40< - <60 3
Index, FAI) M6 = Proportion of individuals as native insectivores
’ M7 = Total number of individuals 20< - <40 2
M8 = Proportion of individuals with disease, tumors, fin damage and
; 0< - <20 1
other anomalies
Rareness (20) Endangered species | Each 5
Species diversity Excellent environment (45) Mlgratlng fish and Each 5
(Sd) River salmon, others
Disturbed by alien species (-20) Bluegill, Bass Each 5
Total 90
2.3.3 BT (Biodiversity) 74 B7HE Slal] Y5 A5 WP sto] 23tsA &-8-5f
ATl tet KRR A WS s Ak F TekE Aget 1 W7 A58 Besige
U7 A AR (MCT 2004) 014 7ik et 512 A 1, & Th= A2 £44817] $18l Shannon diversity
987k B Aiol A ogstel A8E  index (H)S BE3IAIL 4 7} At B 5}
Lee and Yang (2010)-2 211514 0.1 (F toFE )4 A BFelA 7|20 &) AFlo] REAAEE (DO)E o]

5 tjopg A, 2 AR Aol 444 Aoig

83kl H7k2 Saystc.
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2.3.4 AJE A L (Ecosystem structure)
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2k o] 79| o] 5 ofn| s, A2hAte] whe} vichof 4wk
ol &t sl 24 o1 (Oceandoromy), =2} 5
T o5 dh= Y524 o1 5 (Diadromy), ©<= ol
ARk 0] 5-5= 51 2]7-/d o1 7 (Potadromy) = -
T} (Yoon and Jang 2009). & Ao A= E<=of Aqt
o2 315k, 4leh e 913k ol s k= A
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Flo] Z1a1 o] WhE of 2R 7F 24 Hof Jlo] E
o7} Al A8}z of] Aot 8 F- A8kl A ieh WH
Ao A SR Aol A S8R 22 ol
= Ak AN, w71, 5570 450] ERlE =)
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Table 2. Individual number of fish species collected at each site in the Gyebang stream and Naerin Stream

Gyebang Stream Naerin Stream
Species St.| St.| St St.| St.| St.| St.| St.| St.| St.| St.| St.| St.| St.| St.| St.| St.| st.| Total ?:/{3
111 2 |2-1|2-2| 3[3-1/3-2| 44142 5(51 6| 7|71 8| 9
Family Cyprinidae
Pungtungia herzi 1 1 0.1
A% g i‘fj‘/{g%‘;”g"’”g’a 1 3|2 3|15| 24 | 1.2
% | Coreoleuciscus splendidus 2 18 141 12| 8 1 6| 4 13| 78 | 4.0
Ladlislabia taczanowskii 12 14 | 0.7
Hemibarbus longirostris 6| 6 |03
| Hemibarbus mylodon 1 (01
* | Microphysogobio longidorsalis 2 5 103
% | Rhynchocypris kumgangensis| 51| 27| 33 48| 98|138| 48| 30|156(142|130| 42| 74| 30| 5| 29| 3 |1,084|55.2
% | Zacco koreanus 36 48 87| 26| 51| 94| 17| 19 1| 672|457 (233
Family Cobitidae
% | Koreocobifis rotundicaudata 1 1 2|5 4113 | 0.7
% | lksookimia koreensis 1 1 3 102
Family Siluridae
Silurus asotus 1 1101
% | Silurus microdorsalis 1 413 8|1 1 1 19 | 1.0
Family Amblycipitidae
% | Liobagrus andersoni 4 5(211]3 111 2 19 | 1.0
Family Salmonidae
s | Brachymystax lenok 8| 4 12| 4| 2 3| 7]47) 1 1 130/ 120 | 6.1
tsinlingensis
Family Cottidae
| Cottus koreanus 5 2 7 |04
Family Centropomidae
* | Coreoperca herzi 8 10 23 14| 16 2 8|22/ 112 | 5.7
Total number of species 6(2(7/0|2]9|5|7|11/6|3|6|1|6|6]|4|6|10| 17
Total number of individuals 116| 31| 99| 0 | 60(241|171|133|176/190(208|139| 42| 85| 46| 9 | 49(169|1,964(100.0
%: Korean endemic species, ¢: Natural monument, 4: Endangered species
3.1.2 FAo1F etal. 2013), 2 tjAl=H3 Ao} Fed 5
WA AR ool AASHE GBoje] ZA0IFE  Ale) Bmo] AN el M & F7mAIsh ZAY (Zacco
5% 1,750704| 2 ZAFE QI AR al Wi Ad n s 2 temminckii), S57/N7} 2 3AES Hol= Ao =2
AEA7L SHFOR, FAAY o9 AFOR 24 WILE|o] ITH(Choi and Choi 2005). K 2A4210]14
sholch Y57 HRE Aje] o Aol FARAGIAAUT} £ FAES Kol AL

Lz
LEI

AU L HER] (Rhynchocypris oxycephalus)
TR 9 g0 2 Sslon], @50] BE S
o] $I7/t A oAl Buol7F $HF02 FHshe
Ao 2 ®¥iElo] ¢tk (Byeon 2011). & A1 X| Y1} 5
3 2 A Q1 AP o A GEo] A4 x] 2 3}o15| A3Y

=2 71 v
ol = SRR =S T A e Byl (Yoon

>

rﬂmd

T et dAjshe Aakg Bl o= 25
o] MAA7F AT -2o] SaL AR AT 54L& B
o= 2olA F2 A4 mi=el Ao wtEnh
573 A Aol AR M= SRR 7ok
AU} HEA7E S TR Rt A ot

2} ThE % 24 Urehyolnh ol 24mA) 4414
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7HESHA 2R SA T S Rkt
AL AT Aol = W, s Aol A=
A9 £351A] &) o]t} (Yun and Park 2021).

3.2 XAy Eot

3.2.1 Bt &3} (Anthropogenlc disturbance)
Qo 23t ek A Q] = AT A
A A=) B4 Aibe oh3a) 2ok (Table 3). 543
324 2o, A0} S A Aol 2|4 7
84.6 (M 9}: 61.5 - 100y LFERAGoM, 54 7=
Ag= Ho 10.8 (HY: 0 - 276)&‘:"“5] otk i
9] 4 AT AR A= HH79.5 (M9 52.5
- 100)S YR gleH, 59 7*5 A= Bt 19.8 (4
9: 0-42.7)= EA =k A HE 24 23, A
] St. 2-1, St. 2-2, St. 4-13} W2 29 St. 7-16]| 4 214
;(].o:]Ho] oo 0 25t olo] o8t make gl A

2 BAEolh gl Bt x| 5ol sjgshs X

O

Aol A Al 41480 bg 21 ¢l g
L o5 ko] EQ1E|A) ot 5HA Aelat o] ) S
Q3 A0 2 BT A e St 1-1, St. 29 )
A St. Sol M= FATH| sk BrHHRE Mol
Ao & Uepton], Wl o] st 9o A 714 W 21
A 2420 =0 =01 71 Z|B Kol 7] 0 2 BAY]
itk St. 9 A HAZ LT} A3} Q= SLO & 9
ool HlEhE B e A7 2 E AL QLo oF 2]
= F| o] WIS o] ol A1 i SO
olek. F7bE Bsoloh AT f AL A9), 24
7171 5 o 214249 meio] ot 2.40] £
S Ao ZF A= gro] 71 WA AEE -
aa%aaﬂ¢ﬂ4ﬂdﬁ%ﬂﬂ%ﬂaﬁﬂ¢ﬂ
o A 22 el sbHe] BeH W )5 2]
wssto] 1 TR EEG 53T RS B
ot} (Lee etal. 2014). 312 242 51 at G-Zo] 4
oA 3L, FAIRol F7hgA A AR A1 Bt
Aot pe|F2EZ 2 Qe she Tl /o] TAlskal,

HAow, =214

ol oh&
filo

r>4'

Table 3. Ecological health and diversity assessment based on the 7 metrics in Gyebang Stream and Naerin Stream

Anlthropogenic Habitgt Biodiversity Ecosystem
. disturbance diversity structure Total
Stream | sies Nr A QHEI H Wq FAI sd Score
ve s | v s \% s \% s v s \% s \% S
St. 1 698 3 |141| 4 |204| 4 | 14| 2 | 63| 3 [938| 5 5 5 26
St.1-1 |730| 3 |270| 3 |[210| 4 (04| 1 | 91| 4 |625| 4 5 5 24
St. 2 615 3 |276| 3 |212| 4 |13 | 2 | 72| 3 |813]| 5 0 0 20
St. 2-1 100 | 4 0.0 4 | 215 4 - 1 7.1 3 - - 0 0 16
St.22 |[100| 4 |00| 4 |205| 4 (05| 1 | 72| 3 |625| 4 5 5 25
Gyebang St. 3 667 3 |165| 4 |203| 4 |14 | 2 |77 | 4 |938| 5 10 | 10 32
St. 31 |955| 4 | 45| 4 |191| 4 |06 | 1 | 61| 3 |875| 5 5 5 26
St. 32 |973| 4 | 27| 4 |210| 4 |14 | 2 | 64| 3 |938| 5 5 5 27
St. 4 767| 4 |167| 4 |205| 4 |15| 2 |72 | 3 [100]| 5 10 | 10 32
St. 4-1 100( 4 |00 | 4 |188| 4 |07 | 1 | 77| 4 |100| 5 5 5 27
St. 42 [899| 4 |101| 4 |201| 4 (08| 1 | 82| 4 |875| 5 5 5 27
St. 5 723| 3 |277| 3 |204| 4 |03| 1 | 58| 3 [938| 5 5 5 24
St. 51 [896| 4 |104| 4 |208| 4 |00 | 1 | 68| 3 |500| 3 0 0 19
St. 6 816| 4 |184| 4 |193| 4 |06 | 1 |80 | 4 [875| 5 0 0 22
Naerin St. 7 819 4 |181| 4 [ 198 | 4 | 11| 2 |82 | 4 |750]| 4 5 5 27
St. 7-1 100 4 |00 | 4 [178| 4 | 11| 2 |80 | 4 [813]| 5 0 0 23
St. 8 788| 4 |212| 4 |175| 4 | 12| 2 |80 | 4 |[750]| 4 10 | 10 32
St. 9 525| 3 |427| 3 |206| 4 |17| 2 |75 | 4 |938| 5 10 | 10 31

Nr: Naturalness of the riparian area, Ai: Agricultural intensity, QHEI: Qualitative habitat evaluation index, H’: diversity index,

Waq: Water quality, FAI: Fish Assessment Index, Sd: Species diversity,

*: value, **: score
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S7IREe =M ShA AN L RE A STk 7
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Fig. 2. Comparison with scoring for evaluation category.
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mystax lenok tslingensis.
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