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Abstract - In this study, the fauna of freshwater fish were investigated from March until October
of 2016 in 24 independent streams in the Jeonnam and Jeonbuk provinces, which were flowing
into the Yellow Sea. The health of the aquatic ecosystem in those streams was assessed through
the biological and abiological character index (BAc index). During the surveyed period, a total of
4,127 individuals were collected; they belonged to 59 species of 44 genera in 18 families. The most
dominant species identified was Zacco platypus, and 12 species were endemic species of Korea,
including Rhodeus uyekii. The BAc index indicated a statistically significant correlation (p <0.01
or 0.05). The stage distribution of the aquatic ecosystem health assessment showed the highest
rating of 41.7% at the “Fair” stage. The “Good” and “Poor” stages accounted for 20.8% while
the “Excellent” stage took up 16.7%. It has been confirmed that the aquatic ecosystem health
of independent streams is influenced more by the abiological character index as a consequence
of geographical characteristics and artificial/natural limiting factors, than by the biological
character index.
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Q3 W7fH 2 <A th(Kim and Han 2008). 12|22
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3 B7HE S AHA ol ste AL +AHA B
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An 2006; Choi et al. 2008; Choi and An 2013; Han et al.
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al. 1998; An et al. 2001a, b; Kang et al. 2001; An and Kim
2005; An and Lee 2006; Choi and An 2008; Jo et al. 2015).
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Fig. 1. Map showing the sampling sites for this study. See the Ta-
ble 1 for Site number.
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Table 1. Sampling sites for this study

Sites Location of collection stations
St. 1 Sangam-ri, Buan-myeon, Gochang-gun, Jeonbuk (Galgok Stream)
e Sub. 1 (N 35°2824.1", E 126°43'18.8"), Sub. 2 (N 35°28'58.2", E 126°41'55.4"), Sub. 3 (N 35°30'52.9", E 126°40'54.1")
St.2 Sangam-ri, Buan-myeon, Gochang-gun, Jeonbuk (Wondang Stream)
e Sub. 1 (N 35°33'00.5", E 126°38"21.9"), Sub. 2 (N 35°32'49.2", E 126°37'42.4")
St.3 Sunwoon-ri, Buan-myeon, Gochang-gun, Jeonbuk (Jangsa Stream)
e Sub. 1 (N 35°32'49.2", E 126°37'42.4"), Sub. 2 (N 35°32'56.0", E 126°36"26.1")
St. 4 Songhyun-ri, Buan-myeon, Gochang-gun, Jeonbuk (Mapa Stream)
e Sub. 1 (N 35°32'01.4",E 126°37'03.4"), Sub. 2 (N 35°32'32.8", E 126°36'11.6")
St.5 Yonggi-ri, Simwon-myeon, Gochang-gun, Jeonbuk (Jujin Stream)
e Sub. 1 (N 35°24'29.8", E 126°40'43.1"), Sub. 2 (N 35°25'50.8", E 126°43'08.9"), Sub. 3 (N 35°26'32.6", E 126°39'31.5"),
Sub. 4 (N 35°25'46.0", E 126°37'04.4"), Sub. 5 (N 35°27'44.5", E 126°37'37.6"), Sub. 6 (N 35°29'13.3", E 126°36'49.1")
St. 6 Wolsan-ri, Simwon-myeon, Gochang-gun, Jeonbuk (Wolsan Stream)
e Sub. 1 (N 35°31'05.4", E 126°33'27.8"), Sub. 2 (N 35°31'51.5", E 126°33'17.1")
St. 7 Dua-ri, Simwon-myeon, Gochang-gun, Jeonbuk (Damam Stream)
e Sub. 1 (N 35°29'41.1", E 126°32'26.1"), Sub. 2 (N 35°31'10.1", E 126°32'37.1")
St. 8 Gungsan-ri, Simwon-myeon, Gochang-gun, Jeonbuk (Haeri Stream)
e Sub. 1 (N 35°27'01.2", E 126°32'40.7"), Sub. 2 (N 35°26'44 4", E 126°30'51.8"), Sub. 3 (N 35°28'12.1", E 126°31'45.1"),
Sub. 4 (N 35°2929.7", E 126°30'58.9")
St.9 Raseong-ri, Haeri-myeon, Gochang-gun, Jeonbuk (Bupjang Stream)
e Sub. 1 (N 35°28'51.5", E 126°28'12.8")
St. 10 Jangho-ri, Sangha-myeon, Gochang-gun, Jeonbuk (Naegok Stream)
e Sub. 1 (N 35°26'58.7", E 126°26'39.5")
St. 11 Jaryong-ri, Sangha-myeon, Gochang-gun, Jeonbuk (Jaryong Stream)
e Sub. 1 (N 35°25'36.7", E 126°27'26.8")
St. 12 Chilgok-ri, Hongnong-eup, Yeonggwang-gun, Jeonnam (Guam Stream)
e Sub. 1 (N 35°24'59.0", E 126°30'59.4"), Sub. 2 (N 35°22'39.1", E 126°29'09.8"), Sub. 3 (N 35°23'09.4", E 126°28'33.0")
St. 13 Imam-ri, Beopseong-myeon, Yeonggwang-gun, Jeonnam (Watan Stream)
e Sub. 1 (N 35°18'38.3", E 126°3424.9"), Sub. 2 (N 35°20'43.9", E 126°32'11.4"), Sub. 3 (N 35°17'56.6", E 126°32'18.6"),
Sub. 4 (N 35°17'40.7", E 126°30'36.4"), Sub. 5 (N 35°19'44.2", E 126°29'06.8"), Sub. 6 (N 35°19'18.9", E 126°27"24.5"),
Sub. 7(N 35°19'50.2", E 126°26"20.9")
St. 14 Songam-ri, Yeomsan-myeon, Yeonggwang-gun, Jeonnam (Bulgap Stream)
e Sub. 1 (N 35°13'05.2", E 126°33'30.4"), Sub. 2 (N 35°12'12.9", E 126°30'01.7"), Sub. 3 (N 35°13'09.8", E
126°26"24.5"), Sub. 4 (N 35°15’18.9", E 126°27'52.7"), Sub. 5 (N 35°14'49.1", E 126°28'43.1"), Sub. 6 (N 35°15'07.6",
E 126°25'45.8"), Sub. 7 (N 35°15'53.1", E 126°24'56.9")
St. 15 Odong-ri, Yeomsan-myeon, Yeonggwang-gun, Jeonnam (Odong Stream)
e Sub. 1 (N 35°13'07.8", E 126°23"24.7")
St. 16 Wolcheon-ri, Sonbul-myeon, Hampyeong-gun, Jeonnam (Bukseong Stream)
e Sub. 1 (N 35°09'17.5", E 126°24'30.1")
St. 17 Seokchang-ri, Sonbul-myeon, Hampyeong-gun, Jeonnam (Jugam Stream)
e Sub. 1 (N 35°05'56.8", E 126°28'05.4")
St. 18 Gomac-ri, Nasan-myeon, Hampyeong-gun, Jeonnam (Haeun Stream)
e Sub. 1 (N 35°04'23.2", E 126°27'37.0")
St. 19 Hyeonhwa-ri, Hyeonggyeong-myeon, Muan-gun, Jeonnam (Gwanggak Stream)
e Sub. I (N 35°02'53.6", E 126°26'30.5")
St. 20 Dongsan-ri, Hyeonggyeong-myeon, Muan-gun, Jeonnam (Hakkye Stream)
e Sub. 1 (N 34°59"27.9", E 126°25'28.6")
St. 21 Cheongcheon-ri, Cheonggye-myeon, Muan-gun, Jeonnam (Taebong Stream)
e Sub. 1 (N 34°5830.4", E 126°25'46.3")
St.22 Namsung-ri, Cheonggye-myeon, Muan-gun, Jeonnam (Yonggye Stream)
e Sub. 1 (N 34°54'31.4",E 126°25'27.2")
St. 23 Cheonggye-ri, Cheongye-myeon, Muan-gun, Jeonnam (Cheonggye Stream)
e Sub. 1 (N 34°53'17.9", E 126°2524.0")
St. 24 Jisan-ri, Samhyang-myeon, Muan-gun, Jeonnam (Jisan Stream)

e Sub. 1 (N 34°52'58.4", E 126°24'23.5")

Sub.: Subordinate sites.
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. An et al. 2001b; Park ef al. 2005; Kim et al. 2007). & 307}
5 |®00e o ¢ ¢ ¢ B7R S0l et 712L Karr (1981)2F An er al. (2001a)°]
S [%858%s588388 © 3 ©8| 8 AT e 2R S5 EAo) @A WA g3t
- . - Aqom, 72l ZF HriA|pute) <57, 937, <172 A 83519
g |8¥EE&Bew-2 B = &F|RZ T} (Table 3). 2R e} A A7 B7} GAS An er al. (2001a)
Hlea . - sz 9 57 7IEdd dAsIA L, £ Aol 3071 B7HA
“ . _ ~la Fo| AE FYste] 4adA 2 $45ke] FESATH(Han
. . el et al. 2013). BAc index o] 148~949] W9l 27 oA
b - ° 17 g (Excellent), 93~762 %3 ©@7 (Good), 75~65= HE o
8 = - =R g A (Fair), 64~30-2 &3 @7 (Poor)2 tj'd3to] H7}slich.
&l - ~le] RBE BAAS HAE BIA S0 AR BA4L 99
2| = - olz| & EARMESPSS 2002 AN
® e - |2 E
Ela o el &
. ot W o
B B
| Coallel g Lola4
ale w - o z|g| @ 2 AT Fote] AU ofFE F 8% 187} 44 59F
P . =] 3 412770 2 ERI=|QlTh(Table 2). HE oF FollA o
z : ) A é = (Cypriniformes)©| 26% (RA: 44.1%)2.2 7}4 @kt o
- ” ” Tl E 2.8 o} B (Perciformes)©] 24% (40.7%) 0.2 HolE]gich.
= = =] & oJ o7} (Cyprinidae) o177} @Wol &@ste] $-2uhel Aot
o e o nlg| Z a2 52l ahae] EAT Qx5 (Na 1994; Byeon
o PO S v alz E and Lee 2006; Choi and An 2008; Baek et al. 2013; Park and
A NE % Joo 2015). &2} E40iF = "2hu] (Zacco platypus), 5]
. - : %; (Carassius auratus) D 591 (Pseudorasbora parva) 52
I AN 35%(59.3%)0] FHBAT 0| B0l e Wl (Rhinogo-
" =< T oo 4|8 & bius brunneus), FZ5% (Tridentiger trigonocephalus) 2 %
- e e " =8 o (Mugil cephalus) 52| 24% (40.7%)°] &+21%] T} (Table
o el g 2 SEES U2 playpus) RA: 25.2%), oL HES
. P o|3| 2 BoY(C. auratus) (RA: 11.1%)2 1= Qt}. o] 5 22 3}
) . I T - A % - stpoldl T3l Fdstel 2 ogd gE Wil %
B A P & o] Z0|Th (Kim et al. 2014). 3| AFL FE) (Iksookimia
Eg koreensis), AA7FAHE] (Liobagrus mediadiposalis) g 20
° ; ; gé (Plecoglossus altivelis) 5 6522 AA ZAE F31o] 17)
cocyc o id NER AB RA: 0.02%) S STl 54 Boolwrt
Elieiete s o, |53[i2, Swstel US4 UeglthTble 2). ol B
s FE5 TP s T 4 2t |ZEE0E 24 U AL & ARAdel et T4l X3
EREEE T RS DR 0 NEAPE S I T C O R R R R L L
§:jf§q§§§§§“‘vm:§= :E: BHol A, 5734 A 59 A9F ZHel ) 4ol
é’aj-;; %ﬂ ;_a %‘fi%l%é ;5 : L g ¢ f A A oo Wsle] w2 Av2 AR ErH(An and Kim
§§§E§EE§§§§§§§§§§ %5% 2005; Choi and An 2008; Park and Joo 2015).
SETEVE 303 474 6359 NAIZ SHels ABAT AT ulwsto]
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Table 3. The biological and abiological characters index (BAc index) of matrix for this study

Scoring criteria

Catego: Indicators
gory 5 3 1

Bi: No. of species >19 10-19 <10
B2: RSFF (%) >51 50-20 <20
Bs: Diversity (H') >20 1.99-1.49 <15
B4: Dominance (%) 20-39 40-50 <20, >50
Bs: RES (%) >20 10-20 <10
Bs: No. benthic species >20 10-20 <10

Biological Bz No.. sensitive species . >10 5-10 <5

character Index Bs: Ratio of tolerant species (%) <20 20-50 >50

Bo: RIOF (%) <20 20-50 >50
Bio: Ratio of rare species (%) <10 10-30 >30
Bii: No of individuals >299 100-299 <100
Bi2: NNCS <0 0-10 >10
Bi3: NCS >3 2-3 <2
Bi4: RIC of CS (%) <10 10-30 >30
Bis: AES - Absent Present
Ab;: Total length of stream (km) >19 10-19 <10
Ab;: Area of stream basin (kmz) >79 40-79 <40
Abs: Total width of estuary (m) >99 50-99 <50
Abs: WWE >79 30-79 <30
Abs: Depth of estuary (m) >29 1.0-2.9 <10
Abg: Ratio of water surface (%) >50 20-50 <20

Abiological Ab7: Water content of stream (%) >50 30-50 < 30

character Index Abg: DE Natural Low development Artifical

Aby: Type of stream flow S type Curve type Line type
Abio: Degree of stream order >4 4-3 <3
Abi1: Degree of pollution (Water color, odor) Low (Clean)  Middle (Yellowish brown)  High (Greenish brown, stink)
Abi2: No. of submerged weir <5 5-10 >10
Abi3: DTAS Natural FRA FCA
Abis: ITEA No Primary Secondary or more
Abs: Location of reservoir No Upper Mid/lower

RSFF: Ratio of Secondary freshwater fish, RES: Ratio of Endemic species, RIOF: Ratio of individuals of omnivore fish, NNCS: No. of no confirmed species
with Choi (1988, 1989), NCS: No. of new confirmed species with Choi (1988, 1989), RIC of CS: Ratio of increase and decrease in confirmed species, AES:
Appearance of Exotic species, WWE: Water width of estuary, DE: Development type of estuary, DTAS: Development type around stream, FRA: Farm and
residental area, FCA: Farm and city area, ITEA: Industrial type of estuary around.

2 AFoA EdstA G2 R A (Lampetra
Jjaponica), TFE30Y (L. reissneri) @ -&9] (Coilia nasus) 52
16590 Tth(Choi 1988; Choi 1989). A=A+ (L. japonica)
= Y sHHAA Aste Fo=, AY7IE2 2F
Aoz ALRHTH(Shim 1992). TEAO] (L. reissneri)= =
o] Bral 40} ofFo] & W E o] glon, FAF N HY 5
ol it g o]RolXl sHHA AT A
Q1T (Shim 1992; Yamazaki and Goto 2000; Sugiyama and
Goto 2002; Takayama 2002). A'F 30E7F 413t 9 T4
sto] w2 37 HIE 2 Ao E FH5HA g A
o2 AZHT} 9 (C. nasus), A (C. mystus) W =3}
oy (Neosalanx andersoni) 52 344 £ i & 3~4
4 AABRE Hste] shH Y sty ARE ol F skt 5t
Ao AAE ¢FEY st HAE H=2A| Fo| o7
ol5& Waliste] EHsA Y= AL 2 WHHTE(Poff and

Hart 2002; Poulet 2007; Mins and Olden 2013). I}A A
Aot vlwste] AHFA E1E ol {F= 11 (Opsariichthys
bidens), AR 0| (Trachidermus fasciatus) @ QEFAE]
(Odontobutis interrupta) 52 125031t} (Table 2).

St FF2 ZHA B9 (Rhodeus uyekii), 7FA'g A ]
(Acanthorhodeus gracilis) R 71 &0 (Squalidus gracilis
majimae) 5 12% (3881 203%)2. 2 215 1t} (Table 2).
ol= vt} sHH 9 {3} HEQl 288%HTE W Ao
2 v 1E Y (Lee ef al. 2008), -2 A% o] &1 victz A
A= 3HH EXoZ AR HTH(Choi et al. 1992; Hong
etal. 1999; Lee et al. 2004). 2T F 22 Z1 = vl A (Microp-
terus salmoides)~= Z=7 (St. 1, 337§A)), B34 (St. 14,
8AAANANA F 41MA7F E@8tALL, EFZ (Lepomis
macrochirus)& £ (St. 14)0|4 2571417} @A
F ST - 2AHE AFAFAANA Lojd
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o1& HrRo] Aug ==tk (Ross 1991; Martinez et al.
1994; Hong and Son 2003; Ko et al. 2008; Lee et al. 2009).
A (St. 200 BB (St. 21)ol A EHT dEFAE
(Odontobutis interrupta)= AYZOZ o|QE o] B¥xl=
Ao 2 3l &t} (Park and Joo 2015).

2.BAc index®] ZAAA 9} +AHA AFA B}

2 AFA G AFEE= 2470 SHaHY A=A A
4 B7t= AE 9 ¥AEY 3078 B7HA4= (BAc Index)
A Aste]

o

A 35T (Tables 3, 4). YHHA o2 AaiA
4= 7Fe] A o B2 ulolsts EAF 0l AFH AF
£ ou|ste, AdaAS9] Adigho] 170 7}7/}5"i 7
% 307 H7HA|
tﬂ 147} j‘ﬂllTOM 574]7“0% Tr«lﬁP(p<0 01
0 05) ABIA 7 1= Tk (Table 5). &% RlE=
o WSk} Bwste] —0.83022 £33 Fo A
2 3aF W=7} Al uet &3 F4 Wskeol
= FS B gHF 2d2 &4
349) 9 © A% (0.495) 53t H| W
FOIAE Hof theket o Fa Y2 A4 w3
o] d#fF & YIS FE AOE AU o] &

IFF =S —0.6079 £ &9 ATIA
LR ks 00829 W ko] AAIAE
gt Aats oA} Egro] 9] AAX|7} uhrtel Q13
Ao J5d 2LE AlRE & AT AA4E g
e 79 HY, U v, od: 9 pFE
0.804, 0.665, 0.747, 026322 oFo] AWIUAS
A, LAt AXF 2 BF S FHTAE 29
Ve 7}Xl-r7} HV@ B g FFE W= AS
=] ik E3H T BSHE, 1fF Ve 9 £
9] A= EJ &4 ﬁ*Oﬂ A= F9 W, FHE 4],
LHE, £FE o AHHoE 22 o AUAAE B
o AE FrIA e HAE H7HA 5 &-83F BAc Index
7F 3 Sshd Brtel 2ed AEAS UeL it
(Table 5). YA 167} B7HA 5= TAHLE FosiA=
Ao (p>0.05) ZHH SPsHH H7HE Yt 4T B
A2l B YA 42 AArHT

2 A7 g A9 AA S-S SAHA A%
A H7MA 4= o]l2F o2 11 148 BAc Index?t A 30
BAc Indexo|th. A A A7 7k digt & A+4d3t
£ THNEH, AA| 247] FHHHAES BAc Index= 497
(Excellent - Good - Fair - Poor)2 L2 T} (Table 6, Fig. 2).

% 307} B7FA 49 FHAF A4} 94~108 BAc IndexE &

1

f

Z
o T

oN L ome KO A» oroh f e mn
ﬂé :

o rﬁi‘ rr
;_

A

Table 5. The correlation coefficients of 14 variables among BAc index

Abs

Buo Bis B2 Bs B, B4 Bs Bz Ab» Abs Abn Abia

By

1
—.830%*

By

1

Bio

1

281%* 091#*

—.161

Bis

1

—.287
046
332

—.228

—-312

032%
—.288

B>

1

— 607%*
-.121
-074

279

Bs

178
019
184
089
279
271
295
-.072

.899#:* —.666%*

—.294

Bi

1

— 576+
— 191
- 0067

15%%
050%*
—.109%*
— 848%*
—.570%*
— 495%%

By

298

007
-222
—479%
—A415%*
—.295

158

—.050%%*

Bs

1

—125%*
— 206%*
—218%
— 0435
-057

098%*
—.182
—.083
—.231

.109%*
349
154

075%*

B

1

095%%*

.804%*
665%*

926%*

Aby

1

S507%*

783%%*
—.054
—.401

150%*
—.106%*

S588%*

Abs

1

395%%*
216
—A467*

4T

263
—.518%%*

A95%
-.022
—.051

T97F*
.84
—.530%*

Aby;

1

— 044%*
-388

216
138

022%%* 082
—.121

Abpy
Abs

1

—-.159

12%%

261

305

357

##: p<0.01, *: p<0.05, Bi4: Ratio of increase and decrease in confirmed species, Bio: Ratio of rare species, Bis: Appearance of Exotic species, B2: Ratio of Secondary freshwater fish, Bs: Ratio of Endemic
species, Bi: No. of species, B4: Dominance Bs: No. of benthic species, Bi2: No. of no confirmed species with Choi (1988, 1989), Ab: Area of stream basin, Abe: Ratio of water surface, Abii: Degree of pollution,

Ab2: No. of submerged weir, Ab;s: Location of reservoir
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Table 6. A summary of the results analyzed of the BAc index for this study

Integrity class Excellent Good Fair Poor
Stie no. 5 1 12 13 14 8 21 7 6 4 16 3 9 2 22 24 11 18 20 10 15 23 17 19
Total score 108 96 96 94 92 90 80 78 76 72 72 70 70 68 68 68 66 66 66 60 60 58 54 52
Bio. score (B) 49 45 45 45 43 47 39 39 35 35 31 33 31 33 33 31 31 29 29 29 27 25 23 21
Abio. score (A) 59 51 51 49 49 43 41 39 41 37 41 37 39 35 35 37 35 37 37 31 33 33 31 31
B—A: A 4
B-A:Vv -10 -6 -6 -4 -6 -2 -6 -2 -10 4 -8 -2 -2 -6 -4 -8 -8 -2 -6 -8 -8 —-10
See the Table 1 for Site number
65 1
Excellent Good Fair Poor
60 A
55 — Biological character
index
50 i/?ll(alie(;logical character
o 4
8
? 40
35
30
25
20 ; T T : T T T T T T T T T T T . T . : :
St5 Stl St12St13 St14 St8 St21 St7 St6 St4 St16 St3 St9 St2 St22 St24 St1l StI8 St20 St10 St15 St23 St.19 St17
Fig. 2. Comparison of results analyzed of the BAc index for this study. See the Table 1 for Site number.
ol XA St ), FAA S 5) 5 A (S 12) 59 474 o B B v E B e R E e 28 Y
S9sae 24 T (Excellenn® ek B4 TRl 2 Lpehich(Fig. 2). 60 BAc Index oJSh2 SR1slo] £ T
94 ©]2] BAc Index®2 B7Hd SHFHES 34 Zo|7t A (Poor)®] =AEA] A7 F7F 235 vehd W53 (st
14km=Ech 2o, §o HAo| 56km’ o] 2E dHH Fm7} 10), 254 (St. 15) ¥ FEH(St. 17) 59 571 SH3HE
PEHE @4 848 A0S B9 ofyz} ofF A4 o B s Zol7h vl i s o WAo] 4tk g
VT A= F? vAl ANAZE FAE 7] HEdd B4 a4 Qlstel Ae B} vidE BT @
Aoz ARHh 76~92 BAc IndexS UER o] %35 oA A3 YA YeEhd Ao 2 ARt (Table 6, Fig. 2).

(Good)E H71E =3t ¥4k
el (St 8) S0 574 EFstdoz sl oS
st 7o), s (St 8)S AE WA 2T} v e
ZHAeET 24 ey o2 EYstdET ZolE Btk

H(St. 6), FIAGL7) D

oEL JH‘I

(Fig. 2). s 2] (St. 8)2 3k S/l WA 249 FAA+
Ao g2 g0 ofste] AE FTHA|ol ZHHE W

T HEE, IGE NE AN T 08 T 2 WA E
& A 671 BTt 2 & e 66~72 BAc
IndexS Yeto] Bg @A (Fain® B7He SY3tde o
A (St 2), AARE (St. 3) H vk (St 4) 59 1074 SH
shoz Sl BE B (FainZ B7hd S3sdE

2 A A7 B7F AielA ZelE 57 A
HE oA (Fall’)""’q EF 9 (Poon)2 Ropd4E
7t AR EREe SHHHEY AE B s 2o

e 7le—’?— 401] H 3[4 & @A (Poon)Z I

ot EolA 43| WolRl= Aol ‘/}E}‘X«}E}(Flg 2).

E~EF A (Fair~Poor)Z H7lE =YIHEL 514

o7t Tkm vlEHel ABH S4L Ui k. webA @

A BE @A (Fain® B7HE SYshd2 29 =&, o4

A 2 e FE 5o 9 T A EF 2A (Poor)

2 W3kg 7heAdel AdA =1

2 F A2 E T}, o]
9% SAEA 44 w7 Asel sane H4 W
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(Excellen)® H7H8 SHHES Xt BE SHsd
AA FAH 7hsdS AT 4= glon, olo] gF 4=
£k edge A4 9 Zoho] A3 a7 Myt ofy
2 BE~EF @A (Fair~Poon 2 B71E SYSHE o
3 54 dj@lo] Bad o2 AtrHT).

¥ 2

2 AdE AR fdEe AdT A5 247 E-4st
5 e R 2016 3YRE 109717 ol 7S 2AF
stal, E W BAE H7HA 4 (BAc index)E AAsto] 4
NEjA 174 B7HE AASHAT 28 olfe & 181} 44
& 59%F 4,12770A417F ERIE AT £HFL g2hv] (Zacco
platypus)2 FRI= A}, =1 {F-F2 ZHA8] (Rhodeus
uyekii) 5 12%0]1th. BAc index= B4 F 282 §93H(p<
0.01 E+= 0.05) AHTAZE A= et =AAHA A4
7o gAE B2 BHE oA (Fain)7l 41.7%2 7V &
< HES YERth 43S DA (Good)?t £ @A (Poor)=
20.8%, & A (Excellent)y= 16.7%=2 Z+Zr YElYT. &
Hotd e A A A3 HESHE F7HA R g H
E4, A7 - AdE AR 240 G2 vRYESH F7IA
9] JFE o W= AR FRIEH
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