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The Fish Community and Habitat Analysis in the Bongseonsa
Stream within Gwangneung Forest, South Korea
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Abstract - The present study is to understand the Bongseonsa stream in the National Arboretum
fish fauna variation through comparison with historical data and to evaluate the stream health
situated. We performed investigations over three times from April to September 2015. In the
survey, 2,960 individuals which belonging to 22 species, 8 families were collected. Dominant
species by number was Zacco platypus and subdominant species was Zacco koreanus. Seven
Korean endemic species (Squalidus gracilis majimae, Microphysogobio yaluensis, Zacco koreanus,
Koreocobitis rotundicausata, etc) were observed and showed a ratio of 36.4%. The community
analysis revealed that the structure of fish community in the study sampling sites was instability in
having dominance 0.79 (£0.15), diverse 1.21 (£0.60), evenness 0.58 (*+0.15) and species richness
1.49 (+0.83). The values in the Qualitative Habitat Evaluation Index (QHEI) was averagely 122.9
(£ 44.8) in the Bongseonsa stream and this was showed to have favorable habitat surroundings.
As a result of tolerance guild analysis, the total number of sensitive species and intermediate
species were higher than tolerant species. Analysis was divided into A and B two groups of fiducial
12.25% in Cluster analysis degree of similarity between study sampling sites. Fish Assessment
Index (FAI) was rated A and B grade in Bongseonsa stream that stream health showed favorable.
However Wangsuk stream as a urban stream rated C grade and analysed the lowest grade in
the whole study sampling sites. There was high correlation beteween FAI and various indexes,
dominance, diverse, evenness and sensitive species and intermediate species.
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Ao z3tet #FS FAISH] o AR BT o AR
9] =g o] o]Fo]R|aL Qlt}(Species Restoration Technology
Institute 2012). 15 slbo] tjoto 2 A A9l AH3A S
22 §74 FRT AR YL 22 A4 A%
< (Botanic garden) 2 =2 (Arboretum)?] g&o] tjF5]
fom, o2fg AEdEL dFEolA Adel Het 25
29848 A= 9 35t JYtH(Kim et al. 2005).

2 Aol gAeldl $AAH] 52T QI HEEL
B71% ZHA 2550 fAE glen, 1930do] +EHe
2 A=At 1,118 ha B A Fe2 uf-g HE0]
Z =o] glow, A& 3344%3 FE 1,668F 5ol A4l
I Qe Aoz dHA Utk (htt:/www.kna.go kr). EIF =
WolM+= 4iAg 2 fula3 A JEHAEEA ez AF
o) Hof gl AHE HEE Yol BENE 42T SAF
= tigt B2 ZAFAF7L AdPE o] £} (Choi and Byeon
2009). SHATE T =ASE Q1% QIFE7F 9 wEo U
2 BN Fuo) W7 AT, ekl So| Biue)
Z7kh3 glof ol Qe a1 U Aol AHsetEn
A= Aol

s o2 EEY olF %i‘ﬂ A& FAlo AAA
£ A5, 011‘—11]4 ks LHEAS 2282 A
ol 4ALE 5 FaT 75 S REo s S
Aot 53 A 9 ‘34 £H AHAE 48t Atk (Byeon
2013). 22 T A o] &Y 1= Q3 s FA
o2 Jfdo] 3] o] RojA AL glown, ofH o] o3t
97 wske shHol AAakE olRRT ofe NE AE
O] AAIR] 9 4gbgto] G £ 4 Uth(Hur er al. 2011).
2% oRE oHA AHAY A4 ANAR o F 4o e
aw, AAg7 o] Wste] wigtstA wheshe e F sh
2 370 wet ohget WS Hol= AEoIth(Song er
al. 1995; Han et al. 2007). =3t A1 2 &7 WHsl®at ofyz}
Q1917 mebo] WA Mg Il BAL AU Qo] B
oAl AEwd 24S T3l sk 2 TR A
3= FFe THHLE FH7HE 4= itk (Jang er al. 2007,
Lee et al. 2014). @7 WA 7]& BES o83 B7t=
F2 24 5e 54 AATY S4TE DY A7 5
£ 0|3 QloH (An et al. 2001), |23t 7]1&2] B7} 7Y
S NS Bl glolA tha FAE Hol= Aol
webk ZZo|: Plafkin er al. (1989)°] o8] =YH s <]
7z 9 Westd S92 olgat A NAH Brhy
9l QHEI (Qualitiative Habitat Evaluation index)& ©]-&3}
of I skHe] AE AAAE gt E2F SHs T4
o2 paala Brleht o Wl Beat sk

BEE W BAANRE gAeE AN olRA B A4

A3}, ZH9 (specifies restoration)o]] B3 7| 227, B
Fol et 2AAT 5 ThEG ATE AT TA 2AE
The Government-General of Korea (1932), Choi and Byeon
(2009), Byeon (2011)°] &J3t A7} glom, = =dS
B4 20079 o|F 44 F7|2 A&He ofF HUHY
2 ANk get,

ded B Ao BAARS AR R} u
B9 F54 oA WSS BAstm, WA 514
& Whsha Bieh BR A B S B
HAA %7174 QHENS Bgetol BAAS 48
U BHS YARA Sol, B AT B A9 X
274 57 wgtel] gt 7|2A=E AlFstast gt
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12} ZAF: 20159 49 24~25Y
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32k ZAF: 20159 9¥ 12~13¢Y

2. 24 A1

EAp TS BHA 2343 WS HAT AR
(BS: Bongseonsa stream)¥} €<% (WS: Wangsuk stream)<
ez 2AE AN 2 24 A1H L GPS (WGS)
= U= 2ok (Fig. 1).
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Fig. 1. Map of study sites the Gwangneung forest in Korea.
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BS St. 1 (N: 37°46'19.91", E: 127°09"23.28")
BS St. 2 (N: 37°49'49.80", E: 127°10'08.63")
BS St. 3(N: 37°45'16.54", E: 127°10'06.15")
BS St. 4 (N: 37°44'52.40", E: 127°09'42.44")
BS St. 5 (N: 37°44'57.38", E: 127°1020.46")
BS St. 6 (N: 37°44'54 23", E: 127°11'16.52")
BS St. 7(N: 37°44'57.53",E: 127°11'33.15")
WS St. 8 (N: 37°44'19.65", E: 127°11'45.72")
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1) MAIXe| E2|1H sty 24
AMAA U E2A B4 BA2 20159 49 FRAE §
3 =4S AAske glolA A2 &8 A (Nikon LASER
12008)F o|-&3sto] A | F 9| {F-& 543132, Digi-
tal water velocity meter (FP111)5 ©]83}o f&1 41
ZAsA sHFFEES AS 2 £5FE Cummins (1962)
9] & A 83}o] Boulder, Cobble, Pebble, Gravel, Silt/

Sand®] 5EHA| 2 FLES}o] Abt) &0l LA v &S AT G}

2) A U X
o729 & AL B 7x7 mm, 1433, S (T
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1997; Kim and Park 2002; Kim et al. 2005)& ©]&3}%11,
B2 Al= Nelson (2006) wHft}.

ARHe 24 772 JFH0R AU AR
233 £ 4 9 A LS vl BEA5ke] A E (Dominant
species), o933 (Subdominant species), +H =X 4
(McNaughton 1967), Tt =X 4= (Shannon-Weaver 1949), v
SEX 4 (Pielou 1975), FH =X (Margalef 1958)E& A+

st
4) s Ze 24
ARE F2 £ odmel uet 44 BatE WEE

We, o

(SS: Sensitive species), TR FAN = BT F 5
B3z H7L F718He WA (TS: Tolerant species), T17+
T WAEF Z3eA e F HF /\}OH FE (St
Intermediate species) 2.2 &35} EA4S AASIAT)

5) Hak™ MAIX TIHQHEI)

BAARA S X BA2 Plafkin e al. (1989)0] A A|
ot 2Elol A AAA H7F 719 (Qualitative Habitat

Evaluation Index)2] ®HoflA 2 A AR 9] 7o &
& 7Fse 10709 FES AdEste] F83qi. 24 M
2 A (200~162), 2 Z-F3T (161~149), %FZ (148~104), %
5-HE(103~91), BE (90~46), HE-o}5} (45~33) 1 ot}
(<3 = FEsHE e, ZF 10719 F5E F4tsto] st
Ao 294 17HdE B8 (Table 1).

6) SA=4

EA L4 Biodiversity Pro (ver. 2)& o|-&3}o] A} £

Table 1. Qualitative habitat evaluation index (QHEI) in the Gwangneung forest

QHEI
Habitat parameter Evaluation standard

M1: Substrate/instream cover 20-16 15-11 10-6 5-1
M2: Embeddedness 20-16 15-11 10-6 5-1
M3: Flow velocity/depth combination 20-16 15-11 10-6 5-1
M4: Bottom scouring & sediment deposition 20-16 15-11 10-6 5-1
MS: Channel flow status 20-16 15-11 10-6 5-1
M6: Channel alteration 20-16 15-11 10-6 5-1
MT7: Frequency of riffles or bends 20-16 15-11 10-6 5-1
MS: Bank stability 20-18 16-12 10-6 5-1
M9: Bank vegetative protection 20-18 16-12 10-6 5-1
M10: Riparian vegetative zone width 20-18 16-12 10-6 5-1
Total score 200-149 148-91 90-33 <32
Grade o S M P
Environmental state optimal suboptimal marginal poor

The numbers in the parentheses indicate the ranges of each category
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M fAES E73FAF F-AHE (Bray and Curtis 1957) &
qg Axsidon, AHE 2ol EAAY Aolo} ek 2
A5 7ho) AAL olst7] I3 SPSSE ol g el A

BA E4 (Pearson Correlation Analysis)< A A] 3+ T.
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(Table 2). -2 94391 St. 804 9.3°CE 7H4 Wte
o, BAAR 2 57Q] St 494 153°CE 7H =4 Ve
o RAGQET A FoA =20] B #A Uit AL 2
g Aot Ao wheh 2271 gt o2 Al 2
SR E = . 4352 S5 St 8oflA 35~
75 me] HHR 7HF wolow, AR St 104 0.8~4.5
mZ 7P F2 A2 2AE QY 4L S St 39
A 15~100 emZ 7Hg 22 Aoz Yebgon, St 404
2~12 cmZ 7P & A2 2AEI. sFFA G ]
3l St. 30914 =4do] 7HF A YEbd AL AR X A
A= Q= AFF FEFEEE)] AATL o] /F
o] Z7F7] WEoltt. sHd+2+= St. 1,4, 5, 7914 Boulder
9} Cobble, Pebble?] H|-&o] H|ILA =2 Ao R RAIEG O
Ui St. 2,3, 6, 89| A GravelZ} Silt/Sand”} HjF-E2 243}
o2 RAE QT AL A AR 3= St.2,3
01]/\1 Gravel®} Silt/Sand2] H]&o] &7 LFERE AL St. 29]
StREoA Ak ALE I3 AuS A% 5 ¥
e} 2y o2 Qlaf shd 7t destEglr] hiEolH, St
32 ol AX =] Sl AFE AGAREEH)E Q8
F&AA 9 ARG o2 A AR Yo BEAL AEH LS

2 4ol Antz gekEc).

lo _ll)l

Table 2. Physical factors of the surveyed sitein the Gwangneung forest

2. 9184

E=xM
& U RS FEHAH AT oF 24 2
83} 22 2,96071A7} & @S Th (Table 3). A2
0144-(Cypr1n1dae)°ﬂ/\‘] 122 (545%)2.2 7} ohoF
o] Edstg o, nlde| T (Cobitidae) 3F (13.6%), &
A+l (Odontobutidae) 23 (9.1%), W7Ao] 2+ (Anguillidae),
2712} (Balitoridae), ™ 7] ¥} (Siluridae), 5% 7§ =} (Cottidae),
5012} (Gobiidae) ol Al ZH2E 15 (4.5%)°] @383t ¥
ojZto] &3k ofFo] 7HF FHSIEH, ol A - HA=
s2& st dyrAQl Adatkel ekt (Byeon and Lee
2006). A0 AN ol F 4 U A o
9] 37] &, 3} AR5 (stream order)®]| W} B3I AY AR
oA StRE A4E FIee ALE UEA O]E}(ChOi and
Kim 2004). 249 A9 sHAR%7F Heols 275
2 i Y o2 usisted, o 2
oA FEHOR WASHE 1 - I EY B GHHEAL v
Ao $Me ASNTE 1 W B 2ol T
A= o™ (Byeon 2011), o2 o|Fo] A25}7]of B
A ohFg m A A X7F RSt 917] WE2Q] Ao R wet
Heh Y E olF F AA7EE 9 BNV E &
e F9 S8L fllen, I4A EFH7|oMAE 1150
9o} 2012 BES7|HYIENA A 2H E2A (Cortus
koreanus)7} B §U AF (St oA A&Hoz2 &
Asta Qe AoE RAEGT Y FAFToEE HTHY
o} (Cyprinus carpio, Gold type) 15°0] £85I oW, AE|A
AFPIYELS EAFHA F3Arh
ST oFY AT RE 4 d=1/FY T AAHE
=A% 23 v 2tu) (Zacoo platypus)7t 1,328704 (45.5%)
2 7MY 2 AYSEEE 2oy, tees J3EAY
(Zacco koreanus) 56170 A (19.0%), W= X] (Rhynchocypris
oxycephalus) 38970 A (13.1%),

0

1

—

T}

il

LT
Woiwowol

lr JN ru{N

E117] (Pungtungia herzi)

Bottom structure

Sites Water temperature (°C) Stream width (m) ‘Water depth (cm) “B:C:P:G:S
St. 1 11.8 0.8~4.5 4~28 B:C:P:G:S=2:3:2:1:2
St.2 13.6 6.5~8.5 5~45 B:C:P:G:S=1:1:1:1:6
St.3 13.8 11~16 15~100 B:C:P:G:S=0:0:0:1:9
BS St. 4 153 2.5~10.5 2~12 B:C:P:G:S=3:3:2:1:1
St.5 14.7 52~13.5 4~35 B:C:P:G:S=1:3:3:1:2
St. 6 11.1 4.4~22 3~85 B:C:P:G:S=0:1:2:3:4
St.7 10.7 8~25 5~47 B:C:P:G:S=1:3:3:2:1
WS St. 8 93 3.5~75 5~55 B:C:P:G:S=1:2:4:1:2

BS: Bongseonsa stream, WS: Wangsuk stream

*B: Boulder >256 mm, C: Cobble 64~256 mm, P: Pebble 16~64 mm, G: Gravel 2~16 mm, S: Sand <2 mm
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Table 3. List fish collected at each site in the Gwangneung forest from April to September 2015

. Sampling sites 1932 2007 2011
Species
St1 St2 St3 St4 St5 St6 St7 stg Year Year Year
Family Anguilldae Zro] 3}
Anguilla japonica LLE ] 1 ©)
Family Cyprinidae ol
Cyprinus carpio o 15 6 © (@)
& Cyprinus carpio (Gold type) H] ko) of 1
Carassius auratus o] 17 11 10 19 ©) © O
& A Acheilognathus signifer EgAF ©
Pseudorasbora parva a0 6 2 © @)
Gnathopogon strigatus =70 @)
Hemibarbus labeo =] ©
Hemibarbus longirostris Zpul}p 8 45 12 31 36 14 @) © @)
& & Hemibarbus mylodon o] &% ©
Pungtungia herzi =E117] 32 22 16 67 37 O © ©
& Squalidus gracilis majimae 1E7 6 10 11 15 (@) © ©
Pseudogobio esocinus Akl R=Y 9 11 7 9 14 13 ©) © (@)
& Microphysogobio yaluensis Sz} 6 @) O
Saurogobio dabryi FL-Ao] ©)
Rhynchocypris oxycephalus HEA] 165 23 13 136 13 18 21 ©) © @}
& Zacco koreanus F4AY 10 89 100 186 164 12 O ©
Zacco platypus 1] gt 119 233 17 203 184 592 O © @}
Opsarichthys uncirostris amurensis 1g] ©
Family Balitoridae 0=
Orthrias nudus = 5 © ©
Lefua costata o] e ©)
Family Cobitidae w2 2}
Misgurnus anguillicaudatus w3 2] 11 © @) O
& Koreocobitis rotundicaudata A==y 1 1 2 2 @) @
& [ksookimia koreensis ZEAN 4 13 2 5 1 ©) © (@)
Family Bagridae FAN 2
Pseudobagrus fulvidraco AN ©
& Pseudobagrus koreanus =5 AN ©
Family Siluridae | 7] 2}
Silurus asotus | 7] 2 1 @) © ©
& Silurus microdorsalis u]-§-7] © @)
Family Amblycipitidae 7+ 2
& Liobagrus andersoni =71 © © ©
Family Adrianichthyidae A}
Oryzias sinensis S5AH] ©)
Family Cottidae =303
Cottus poecilopus =37 31 ©) © (@}
Trachidermus fasciatus 7% 0| ©)
Family Centropomidae A X) 2}
& Coreoperca herzi 22 @)
Siniperca scherzeri 271 ©
Family Centrachidae AL
& Micropterus salmoides Hj A @)
Family Odontobitidae SA I}
& Odontobutis interrupta dEFAE 6 1 4 5 4 @) (@)
& Odontobutis platycephala SAH 1 3 3 2 @) O
Family Gobiidae =03t
Rhinogobius brunneus "o 11 7 7 4 4 © © @)
Family Belontiidae W &5
Macropodus ocellatus HES] ©)
Family Channidae 7HE Rk
Channa argus 7HEA| @)
Total number of family 2 4 5 2 4 4 5 4 13 9 8
Total number of species 2 9 15 2 11 14 13 13 30 22 22
Total number of individual 176 204 476 167 196 499 520 722

& : Korean endemic species, #: Exotic species, #: Natural monument, A : Endangered species
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174704 (5.9%), ZukR}F (Hemibarbus longirostris) 1467 A
(5.9%), I FRA] (Pseudogobio esocinus) 63704 (2.1%) 5
o o2 Vet RnGEY 2US A Aol A
248 BY3E 7120 AAA Y 4070l otRE 3
47} Z+4A38HH (Jeon 1980; Choi et al. 2000), YHFA Q] 314
o o] SH2A IHF HIEE 288% % LA UTH(Kim et
al. 2005). 2 ZAA &£83 1852 7EN (Squalidus
gracilis majimae), &R+ (Microphysogobio yaluensis), %+
ZAY, N Zu|F 2] (Koreocobitis rotundicausata), 23 7Y
(Iksookimia koreensis), Q@5 AM2] (Odontobutis interrupta
interrupta), S A8 (Odontobutis platycephala) & 7%
(364%)o2 HlnA I1HF W=7t =4 Uit S
HASE TGEE GRE - ARG 23 5 Wol A
A4St AN B0 BRES AT YE Ao LA
el (Byeon 2013) BAAHE] A9 Aol 3toi, v
2H 45Ut o227l Bol B4Eo] Yol 1HEY
He7t =4 Uehd Ao g add

2) ojF4 Hal

A 1932 ZAF Al 133} 30 (The Govertment-General
of Korea, 1932), 20074 93} 223 (Choi and Byeon 2009),
201149 83} 223 (Byeon 2011)0] &3P o™, B AL
M 73t 22%0] SE35H%ITh(Table 3). 2007HFE A7}
A BUE 29 WL gt Ao et BAGE &
ASGAT B 2Ao]A] FEIA GO Fozt BuxE
(Acheilognathus signifer), 915X (Hemibarbus mylodon), =
=70 (Gnathopogon strigatus), 5-3 0| (Saurogobio dabryi),
112 (Opsarichthys uncirostris amurensis), 20|32 (Lefua
costata), SR (Pseudobagrus fulvidraco), =5 A7l (Pseu-
dobagrus koreanus), U|-¢7| (Silurus microdorsalis), 5 7}2]
(Liobagrus andersoni), 1 55A (Oryzias sinensis), 7 ©]
(Trachidermus fasciatus), 227}2) (Siniperca scherzeri), W2
(Micropterus Salmoides), W&%-°] (Macropodus ocellatus),
7VEX] (Channa argus) 5 & 17522 1t 1932
of ANPE A AHY A 2AF AF ] E71H| A
ol Fegt A YA E Tofsly] ooy 2 2AF 5
Buk oy} F5w Woll AT 33 22 shdE0] =
o] A& 7HeAdol ol 2 A oA ARE oF
Ho}h ot ojFso] 4% Ao adEn. dAg=
A FUATE 2 ZAMA FTHH o2 SHET FoR
Hgho] 1501%lem, 19324 o]|F &R Yrprt 2
Ato A QAR E F0 2= WAy (Anguilla japonica) 15:0]
A=A e =dFo &k Hdd ol FE A
5 St. 394k o] =, St. 39 HRe SR
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12 e Bl mpe oot e
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ZilojFolH, e ARt ER Qo Q= vi2Y
B =W AAshs EAFY 4} X o E Adof7tA] B
Alsto] AZkeE QA TS of7|eta e AR dH
A=t (Lee et al. 2013),2007d 0] HHE o] &dF}A|
o BAARE Woll &84 Zeta =ejEAAY sl
o7 o]Fd AoRE WA WA FAAHA E
o2 stord FEAY ] 49 20081 1090 HA
X3t BA A WRE AR, S
20119 0] AF&3H AFRE Zho] 7.6% Q21 (Byeon
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Table 4. Dominant, subdominant species, and community indices at each site in the Gwangneung forest

Sites Dominant species Subdominant species DI H' E RI
St. 1 Rhynchocypris oxycephalus ~ Misgurnus anguillicaudatus 1.00 0.23 0.34 0.19
St.2  Zacco platypus Rhynchocypris oxycephalus 0.70 1.47 0.67 1.50
St.3  Zacco platypus Zacco koreanus 0.68 1.71 0.63 2.27
BS  St.4  Rhynchocypris oxycephalus — Cottus koreanus 1.00 0.48 0.69 0.20
St.5  Zacco koreanus Pungtungia herzi 0.62 1.69 0.70 1.90
St.6  Zacco platypus Zacco koreanus 0.78 1.53 0.58 2.09
St.7  Zacco platypus Zacco koreanus 0.67 1.70 0.66 1.92
WS  St.8  Zacco platypus Pungtungia herzi 0.87 0.85 0.33 1.82
mean Zacco platypus Zacco koreanus 0.79(x£0.15) 1.21(£0.60) 0.58(£0.15) 1.49(x0.83)

DI: Dominance index, H': Diversity Index, E: Evenness Index, RI: Richness Index
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Table 5. Qualitative habitat evaluation index (QHEI) at eight sam-
pling sites in the Gwangneung forest

QHEI
Site
Index Assessment

St. 1 167.0 (0]

St.2 148.0 S

St.3 89.5 M

BS St. 4 174.5 (0]
St.5 188.0 (0]

St. 6 76.0 M

St. 7 1135 S

WS St. 8 83.0 M
mean 1299 (+44.8) S

Optimal (O): 200-162, O-S: 161-149, Suboptimal (S): 148-104, S-M: 103-
91, Marginal (M): 90-46, M-P: 45-33, Poor (P): <32.
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YA E ZE (Tolerance guilds) ¥4 A3} 9% (SS:
Sensitive species)?] A4 B]&2 St. 1, 494 93.8~
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= Ao BAETH(Fig. 2). UAFE 849 24 1
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Fig. 2. Tolerance analysis different trophic states in the Gwang-
neung forest. bbreviations are as follow; TS: tolerant spe-
cies, IS: intermediate species, SS: sensitive species.
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Fig. 3. Cluster analysis fish communitassemblages collected at 8
sites in the Gwangneung forest.
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Table 6. FAI index according to season at the Gwangneung forest

Summer (1st) Spring (2nd) Autumn (3rd) Mean
Sites
FAI Class FAI Class FAI Class FAI Class
St. 1 68.8 B 62.5 B 62.5 B 64.6(£3.6) B
St. 2 62.5 B 75.0 B 81.3 B 729(£9.6) B
St.3 68.8 B 81.3 B 81.3 B 77.1(x£72) B
BS St. 4 81.3 B 81.3 B 81.3 B 81.3(£0.0) B
St.5 81.3 B 875 A 93.8 A 87.5(£6.3) A
St. 6 81.3 B 75.0 B 875 A 81.3(x6.3) B
St. 7 81.3 B 100.0 A 875 A 89.6(£9.5) A
WS St. 8 43.8 C 56.3 B 43.8 C 480(x7.2) C
A class: 87.5~<100, B class: 56.2~<87.5, C class: 25~<56.2
Table 7. Correlation coefficients between FAI and other factors
Factors Sp In DI H' E RI SS IS TS
Correlation coefficient (r) 0.275 -0.356 —0.547%* 0.617%* 0.777%%* 0.368 0.510% -0.506%* -0.322
*p-value 0.194 0.088 0.006 0.001 0.000 0.077 0.011 0.012 0.125

*P<0.05, **P<0.01 in the Correlation Analysis; Sp: No. of Species, Id: No. of Individuals, DI: Index of Dominance, H": Index of Diversity, E: Index of
Evenness, RI: Index of Richness, SS: Individuals ratio of Sensitive Species, IS: Individuals ratio of Intermediate Species, TS: Individuals ratio of Tolerant
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