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Analysis of Fish Community according to Habitat in the Woraksan National Park, Korea'
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ABSTRACT

This study was conducted to analyze the current status of fish fauna and characteristics of the fish community
according to the habitat of Woraksan National Park, Korea. The spatially balanced sampling selected 20 stations
from major streams of Woraksan National Park, and three surveys were conducted in each season. The physical
environments of the habitat were mostly mountain streams (Aa), with large stones and gravels scattered over
the stream. The average altitude of the habitat was 304.4 m, and the average depth of water was 40.3 cm, being
less than 1 m in most cases, and the river water level was distributed from 3rd to 5th streams. The principal
component analysis of the physical environmental factors by habitat showed that the substrate properties differed
according to the altitude. The survey identified a total of 2,183 individuals in 16 species belonging to 7 families.
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The dominant species was Zacco koreanus(86.2%), and the subdominant species was Rhynchocypris

oxycephalus(3.8%). Pseudopungtungia tenuicorpa, classified as the endangered wildlife II, was the first

endangered legally protected species found in this survey. Analysis of the rank abundance curve model in the

fish community showed the Zipf model at 9 out of 20 points, the Lognormal model in 3 points, and the Preemption

model in 4 points. The remaining 4 habitats showed only one species and were not analyzed. The canonical

correspondence analysis of 20 stations and fish species was performed to understand the characteristics of the

fish community according to environmental factors. The fish communities were divided according to differences

in habitat environment by the altitude.

KEY WORDS: PRINCIPAL COMPONENTS ANALYSIS, RANK ABUNDANCE CURVE, CANONICAL
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Table 1. Addresses and locations of each surveyed stations in Woraksan National Park, Korea

ahel Srofo] A4la}7] o] A o 8 2] 48

Stations Address Location
R1 Worak-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.185928E 36.849506N
R2 Gasan-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.294662E 36.876804N
R3 Myeongjeon-ri, Dongno-myeon, Mungyeong-si, Gyeongsangbuk-do 128.269073E 36.843464N
R4 Songgye-ri, Hansu-myeon, Jecheon-si, Chungcheongbuk-do 128.082047E 36.874840N
RS Myeongjeon-ri, Dongno-myeon, Mungyeong-si, Gyeongsangbuk-do 128.257568E 36.843449N
R6 Mireuk-ri, Suanbo-myeon, Chungju-si, Chungcheongbuk-do 128.089340E 36.820904N
R7 Worak-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.161087E 36.860661N
RS Beolcheon-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.287506E 36.853592N
R9 Gasan-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.309128E 36.908199N
R10 Myeongjeon-ri, Dongno-myeon, Mungyeong-si, Gyeongsangbuk-do 128.278946E 36.845852N
R11 Worak-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.182785E 36.851501N
R12 Gasan-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.286697E 36.869797N
R13 Worak-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.132568E 36.896687N
R14 Susan-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.117874E 36.906441N
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Stations Address Location
R15 Worak-ri, Deoksan-myeon, Jecheon-si, Chungcheongbuk-do 128.170517E 36.855011N
R16 Mireuk-ri, Suanbo-myeon, Chungju-si, Chungcheongbuk-do 128.094559E 36.833309N
R17 Myeongjeon-ri, Dongno-myeon, Mungyeong-si, Gyeongsangbuk-do 128.249802E 36.841785N
R18 Gasan-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.300095E 36.886616N
R19 Gasan-ri, Danseong-myeon, Danyang-gun, Chungcheongbuk-do 128.305420E 36.904083N
R20 Myeongjeon-ri, Dongno-myeon, Mungyeong-si, Gyeongsangbuk-do 128.272614E 36.858822N
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Figure 1. Map showed the surveyed stations in the Woraksan National Park, Korea.



493 s

ol

1)
fir
r il
o,
ox
%
R
toh
D)
)
=
)
S
e}
=

and Olsen 2004). T}FA-S AUA =S, H2AS g
HEE o]gslo] ARgelste] 250x250m H7]¢] 4
AR THKIm er al., 2020). ©]9} -2 WIS E5}o]
AT E o] A A4 B 207171 A4 E
] ZF ZARAE Q1A A K= Table 1 ¥ Figure 13} 2t

%’f
2}

iﬁﬂlﬂg
o 12 I‘m

2. ZALH EMUH

(1) AMAA =273

doprb=rd s AMAA] e
SHAY, sHd+2, 9 273 5= 54 - VISt &
& 50m &2 E= FoIAARSATIE oSk, 4
< Im AAE o] g5t s SETdTHE 8
2}4(KNPS STREAM ORDER 5181)Z ©]-83}
k. sHES AP (Aa), %*J%%‘(Aa-Bb) FE(Bb),
%35}53(Bb-Be), 12]al sHR¥(Be)E 27t LEsc)
(Kani, 1944). 3}A1LZ= Cummins (1962)2] E2HE &
83l0] ZE(>256mm), 3}%%(64~256mm), ZoFE(16~64
mm), AFZH2~16mm), Z2}(0.1~2mm), XS(<0.1mm) 2 L5
Sten I Hlea %2 EASHY A== GPSE of&
Sto] FRIZ=AL A Bl YRR IS 6L

ojgtoll = Frehy, wek el Ve FoA F& 7|58t
et

@ oi5e) A%

of5e] AL MAA BAo] A ES BT Tm)TH
Eoi(4xdm) S ol 5te] A AL shEom, Gl o)

o] AHETLY AHgo] ol Els} 2w
Eate] RSP soick LTS 9L 2AAES
ol vhet 219] Shifsieton, {7 2 B 27 e
BOI(ET 7433, S 402208) Vol AH o 43
sheict.

r~{o

tlo o

7
N
Z]

r\l —l> o

1ROl 54 U B THE Fujol WiEE FHTKim,
1997; Kim and Park, 2002; Kim et al., 2005; Choi et al.,
2002)°f wzron, sty A=A THNBRI, 2020)9]

?1-7}*3%2;2(2019 12. 31. 7]3)& AgsH9aL o] F=
£9] v g2 Nelson(2006)2] EFAAE FHarshaict.

2) MAIZ| B ¥ 032 24

(1) A417) 87 24

HARER 208 BAARE
B 05} 1R} FAJE B (principal components analysis,
PCA)S AAISIATE AR 2] 42 ‘R console (ver. 3.6.1)
Aol Al A5 O (R core team, 2012), ‘vegan’ package
9] ‘rda’ SFE 0]-85}tHOksanen et al., 2012).

() oAFd =4
Zy KA 7)o A E33gH thAF© & ordination £

olRE
2 Sk WA A4 ol RTYTRE BATIA 2
20 %59} A5 E o] $ate] ThoFe|(Shannon and
Weaver, 1963)5 AF&5}42 1 ‘vegan® package?] ‘radfit’
3+4>(Oksanen, 2011)E AMESle] &¢FH=2A(rank
abundance curve, RAC)E H-A15}% th(Whittaker, 1965;
Wilson, 1991). £9]55 2 2419 32 FaMNull), di
A Lognormal)(Preston, 1948), Mendelbrot(Mendelbrot,
1965), A1 (Preemption)(Motomura, 1932), 12|31 Zipf
(Zipf, 1949)9] 57]] el ZoflA] Akaike % 57| Z(Akaike’s
information criteria, AIC)o] 7} W& A& 2|7 mdlg
ATt E3t s FHE 3410 HAt 7lg7l(average
slope, AS)+= Th29] 412 o] 85}o] AFESIATHKIm et al.,

2013).
- [logs, —logsSl
N N—1
N: A B S1: %9 A

Sn: ‘n’¥HA Fo] HA 4

(3) AR Bel W2 oREA AT 84

iy A0 Ed 447 B4 4
517 flote] ol /R MASE vl o R S
(canonical correspondence analysis, CCA)S AA|3}3th
(ter Braak, 1986; ter Braak and Verdonschot, 1995). E35t
CCA =3} 74 2.917+e] A= ‘vegan® package®| oF
4 ‘envfit’ 02 EA5}9tHOksanen, 2011).

ox.

o
=

}

o
Hr &
18

i



YoM E] HAHo] W2 ojRRA B 494

ZAn W o
1. MAIX| 2tE & 2N

Yopy Y 20 AHe] Belx A4S worat 2
¥ B R e R olE= shdelgl e %‘é’“i‘ﬂ 371 &
A, B4 67) AR, e Tk 107) Aoz gelE
o}t shdE ] diFE2 ARHAIRE(Aa) e FHFY
(Aa-Ab)o] FEiS UERHTE A 4A]7} 9I2]7E 2+ XW«]
TELE 181~473mYi oy, HH 304.2mYt) FESH SZ o
1.5~26.8m2] HYZ Vel H 10m= F27} ELXl oF
Sfth A2 13.3~78.3em Gl Hat 43.1em&E YERGES

ARt 37 S 1551, 4 o8 38, o o1
4AHOR 27 SRIEIAT, ST iy 2ET A
22 A0 YRoH, 2oFET Aol A
el A Aol 2o Aol BEeslckTabe
2). ol SHH| ¥ W Rt TAE Sk BHAS)
o] WA gk fiol WS A% B9 2o ol FAd

A

FIel Y} A S5k 0, AT S A A
|2 5]o] sHR2 o]FsHAl H7] dwo= YZE.
éoup;}amoj AAAE B2 g Qolel ix, 84~

. 224, SHAAS, a3 7*24 SHIEH 5o dEgd

AFESE ohe, 117 o] F
S e 5 el e
fefol 2 AR el 53l 9 A2, T2
oA wl- A Vb eH, Z1to] ﬂ 2 g aelel i
&, WTZI\";—'%' A, Ao A 0.001
(Table 3).

AR R Aol 2420 Bl 9RR19) T
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Table 2. Morphological and physical environmental information of twenty stations in the Woraksan National Park, Korea

. Altitude FI.OW Depth ~ Stream Substrates on streambed
Stations width

(m) (m) (cm) — order  Rpock  Boulder Cobble  Pebble  Gravel Sand Silt
R1 357 5.3 40.0 3 30 25 20 10 10 5 0
R2 258 17.5 43.3 5 5 10 40 20 15 10 0
R3 398 7.2 40.0 3 40 20 20 10 5 5 0
R4 181 18.5 60.0 4 10 30 25 15 10 10 0
R5 448 5.3 41.7 3 15 35 25 15 5 5 0
R6 404 1.7 13.3 3 10 30 30 20 5 5 0
R7 272 10.0 48.3 3 10 30 30 15 10 5 0
R8 333 7.5 21.7 3 5 20 15 10 15 35 0
R9 213 13.5 78.3 5 40 30 15 5 5 0
R10 342 8.5 45.0 4 40 25 20 10 5 0 0
RI11 346 10.0 46.7 3 35 30 15 10 5 0
R12 328 1.5 333 3 15 25 15 25 15 5 0
R13 194 14.7 48.3 3 10 20 30 20 10 10 0
R14 185 11.5 51.7 3 10 30 30 20 5 5 0
R15 303 10.8 55.0 3 35 30 15 10 5 5 0
R16 302 6.2 40.0 4 10 20 30 20 10 10 0
R17 473 5.5 25.0 3 20 20 20 25 10 5 0
R18 226 26.8 50.0 5 0 20 30 20 20 10 0
R19 196 10.7 55.0 5 10 30 30 15 10 5 0
R20 325 6.8 25.0 3 5 20 25 30 10 5 5
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Table 3. The direction of nine morphological and physical environmental vectors of principal component analysis (PCA).

The coefficient of determinations (r2) and significant level (P value) by permutation tests

Variables Axis 1 Axis 2 r? Pr(>r)
Altitude 0.65087 -0.75919 0.7187 0.001™"
Flow width -0.71599 0.69811 0.7982 0.001™
Depth -0.00866 0.99996 0.8919 0.001""
Stream order -0.65389 0.75659 0.6641 0.001™
Rock 0.91416 0.40535 0.7835 0.001™"
Boulder 0.87496 0.48419 0.4496 0.010™
Cobble -0.99988 -0.01525 0.4797 0.004"
Pebble -0.61282 -0.79022 0.6724 0.001™"
Gravel -0.9773 -0.21186 0.6753 0.001™
Sand -0.89823 -0.43952 0.1723 0.188
Silt -0.29999 -0.95394 0.2405 0.138
*H%: P<0.001, **: P<0.01 (P values based on 999 permutations)
i |
R9
Depth
F. width gir_order
ST R4
R19
R18 mgould Rock
R14 R11
(]
0 R2 7
Cobble | = 3
Gravel Sand R16 R5
_ ReSilt R12
[ H
R6 i
Pebble e Altitude
R20
T I T T
=2 0 1 2
Axis 1

Figure 2. Ordination biplot derived from the first two axes of principal component analysis(PCA) of parameters of
morphological and physical factors in habitats. Eigenvalues of both axes are that is 3.534, 3.012, explained
60.0% of total variables.
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Odontobutidae
6.3%

Centropomidae
6.3%

Osmeridae
6.3%

Amblycipitidae
6.3%

Siluridael
6.3%

Cobitidae
12.5%

Cyprinidae
56.3%

Figure 3. Composition ratio of fish a kinds of the families

in the Woraksan National Park, Korea.
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Z. koreanus 86.2

R. oxycephalus 1l 3.8
P. herzi 1 2.9
C. splendidus W 1.6

O. playcephala 1.5

Species

C. herzi 11.1
S. microdorsalis 10.5
K. rotundicaudata 10.5

Z platypus 10.5

Others B1.4

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Relative abundance (%)

Figure 4. Relative abundance(%) of fish species collected
in the Woraksan National Park, Korea.
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Table 5. A list and individual numbers of fishes collected in each streams in the Woraksan National Park, Korea

Scientific name

Korean name

Stream name

Dongdalcheon =~ Gwangcheon Danyangcheon

Cyprinidae oJo]x}

Pungtungia herzi E117] 23 6 34

Pseudopungtungia tenuicorpa 7t=Ea17) 3

Coreoleuciscus splendidus EaE)| 14 22

Hemibarbus mylodon SE=3A] 8

Microphysogobio yaluensis =ukRk 2

Microphysogobio longidorsalis ulj 7FATE] 8

Rhynchocypris oxycephalus HEZ] 71 13

Zacco koreanus 24AY 461 480 940

Zacco platypus 1 ghu| 3 7
Cobitidae u] L] 7t

lksookimia koreensis A= 3 2

Koreocobitis rotundicaudata A FZu]Fte] 10
Siluridae | 7] 1}

Silurus microdorsalis u]-8-7] 1 10
Amblycipitidae E71e] 3

Liobagrus andersoni 571 3
Osmeridae ulchHl o 1k

Plecoglossus altivelis 2.0] 2
Centropomidae 7 A 7}

Coreoperca herzi AXA] 2 4 18
Odontobutidae ZAle)at

Odontobutis playcephala S A 15 18

Number of species 5 8 15
Number of individuals 560 525 1,098

ZdFo] 35 AFoldek. kel 971 Aol A= Zipf
majo] AgYet Ao Yepylth g+ By F A
o)A 53] A B GAIg ZhAlwte] WA ¢ 3
U AeElA Z)Q(ecological niche)ol] Z-3]| A48}l Th=
AL oJu|sthWilson er al., 1996). 2} ZAA|H 2] £3 2

2 A9 RISAE BZAUL 42, RIGOIAE NS
Ao FAAY, RI|AE FLAUL AR ZRsGE
|, 2t F7ols AR B olojof e 7k AAlo] AL
oF % glth Eat A wPL AHPORA

)\‘g-: =2 T
e 24 Te #Eo APt A2 JloR Ay

Table 6. Akaike’s information criteria (AIC) values of ranked abundance curve for each model. The best model was

selected by the lowest AIC value (H” : diversity index, AS: average slope)

. Model
Station - : ' AS
Null Preemption Lognormal Zipf Mandelbrot

R1 - - - - - - -
R2 4.75E+01 1.16E-03 -2.09E-14 -1.20E-14 0.00E+00 0.20 0.64
R3 3.00E+01 - -1.18E-14 1.33E-15 0.00E+00 0.15 0.72
R4 4.09E+02 9.00E+00 6.56E+00 7.60E-01 7.60E-01 0.26 0.48
R5 2.94E+01 6.95E-01 6.95E-01 1.30E-02 1.30E-02 0.33 0.48

R6 - - -
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. Model
Station - - H' AS
Null Preemption Lognormal Zipf Mandelbrot
R7 4.64E+01 1.23E+01 1.03E+01 4.75E+00 4.75E+00 0.47 0.35
RS - - - - - - -
R9 252.98 97.55 44.01 18.14 18.14 0.92 0.17
R10 5.45E+01 1.78E+01 1.19E+01 6.55E+00 6.55E+00 0.72 0.27
R11 2.95E+01 5.42E+00 4.56E+00 1.67E+00 1.67E+00 0.41 0.37
RI12 - - . - - . -
R13 1.49E+02 3.71E+01 2.66E+01 1.12E+01 1.12E+01 0.51 0.30
R14 2.64E+01 3.82E+00 3.82E+00 1.03E+00 1.03E+00 0.48 0.38
R15 5.63E+01 - 6.66E-15 6.66E-15 0.00E+0 0.05 1.03
R16 8.48E+00 6.06E+00 -2.22E-15 5.33E-15 0.00E+00 0.68 0.06
R17 6.79E+01 1.44E+00 1.44E+00 1.43E-01 1.43E-01 0.22 0.57
R18 5.08E+01 1.07E+01 8.32E+00 3.43E+00 3.43E+00 0.54 0.33
R19 1.77E+02 5.88E+01 3.01E+01 1.44E+01 1.44E+01 0.71 0.19
R20 8.28E+00 2.40E+00 1.15E+00 9.28E-01 9.10E-01 1.07 0.20
L TP . I P . A 1A .
R1 @) R10 (Ziph) R11 (Zip) R12 @) R13 (Ziph)
300
100
30; &
10 B °
3 . )
1 R14 (Zipf) R15 : (Lognormal) R167 (Lognormal) R17  (Preemption) R18 (Zipf)
T 300
7 100
& ~s a0
= 10
4 £ 3
- R19 (Zipf) R2 (Preemption) R20  (Preemption) R3 (Lognormal) R4 (Zipf)
; 300 T
100
30 7 \
10 )
3
14 )
RS (Preemption) R6 () (Zipf) R8 ) R9 (Zipf)
> - T s 4 6 s

Rank

Figure 5. Rank abundance curve of fishes collected at the surveyed habitats. The horizon axis indicates rank and
number of species, and the vertical axis indicates individual number of each ranked species by log-scale.
The best fitted model was plotted into each surveyed habitats.
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OF1l, R200\A 7F4 =9t AH| HHS 045 sholw|Qlch oFY eSS AREH AlSE 7SR A F I1F
E3} 7t 2§90 H7]127]% 0.06~1.032] HYS eyl oz yrolgleh o= 24 *1*‘ Ao] 1w}t fa=3, 5t
o R169)4] 7};4 Loy R159)A] 74 =qrom, A4 A4 T ovh A, mef of ot ol Ao
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Figure 6. Ordination biplot derived from the two axes of canonical correspondence analysis (CCA) at the surveyed
habitats. Eigenvalues of both axes are 0.3266 and 0.0729, explained 31% of total variation. The angles and
lengths of the radiating arrows indicate the direction and strength of relationships of environmental factors
with the ordination scores.
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