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Abstract: Habitat environment and food sources of fish, benthic macroinvertebrates,
and brown trout (Salmo trutta) downstream of Soyang River Dam were analyzed. Water
temperature at the site where brown trout was identified ranged from approximately
12.4 to 13.4°C, confirming that this environment could provide an optimal water
temperature for the growth of brown trout. Most of the riverbed structures at this site
had a high proportion of cobble and pebble substrates. Brown trout constituted less
than 5% of the total fish population, more abundant in the upstream. The total length-
weight relationship of brown trout showed a parameter b value of 3.234, with the
condition factor (K) increasing with length. Dominant benthic macroinvertebrates were
Limnodrilus gotoi and Chironomidae spp. (non-red type). Stomach content analysis
indicated that brown trout primarily consumed aquatic insects (R.A., 73.8%), non-insects
(R.A., 23.3%), ground insects (R.A., 2.7%), and fish (R.A., 0.2%, TL: 246 mm). Correlation
analysis revealed a positive relationship between total length and species preferring
flowing water (p< 0.05) and a negative relationship of total length with species favoring
low-flow, sandy habitats (p<0.05). Larger brown trout showed active feeding behavior
and resilience to flow speed and riverbed structure. The primary food source for the
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largest brown trout (TL: 246 mm) was Hypomesus nipponensis. Future analyses should
include brown trout with a total length of 30 cm or more. Given that samples were
limited, comprehensive population management will require ongoing research.

Keywords: length-weight relationship, hogs, food type, correlation analysis, Soyang

River
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Bate-E0](Salmo trutta)= 1= (Salmoniformes)
¢l (Salmonidae)oll &5h= B0l F=E Xt 1 m7t
2 A 4 Qe Ol S22 ofFolth BEkdol(S.
trutta)« T2 A&, g3 o], 121 AFAAQ 54
o7 AAZ] 29 o= QIARI FYo] o] ol ¢k
TH(NIE 2020). HetEolo] e4talE 1, Sotma]rt
gl Aofajo} 2|90 & oFejA] §lou A7) & A|H o=
o] o] & gHito g Qg ZAIZE A7 Q= A7l
o}, Hepegole §41/4do] et e E&F dojit of
o] Hol 9 HA] BAe A 95 Hetel] w2t A Al
AR o g2 P4 efiEe mali7t B Ao (Townsend
1996; Korsu et al. 2010; Hasegawa 2020). Al A E 2
A (TUCN)2 Betgol & AlA 2k2] 100t <l %
AF o2 2143 vE At (Lowe et al. 2000). ©]o] =1
AR HE =l AAsh= Aol ofFol 71A8F 2 A
H dut oot wHe 8§ metiat oyt

A RelA MAske BE7] oMAE e 250

(Brachymystax lenok tsinlingensis)2F 4121 2] & o] 77y
& 57 dmolo] AR LT A LS FU 7}

579°] Q1O (NIE 2022), 2022%d 89 31 BeledolE
e A 2= 2G5

el=o A= BeteEolo] AAgA, o5/t A ©
o, A, AREA] B AT s 71, EE, A S T
St A7} 438 & o] 2t} (Reiser and Wesche 1977; Allan
1978; Kaeding and Kaya 1978; Cunjak and Power 1986;
Raleigh et al. 1986; Wesche et al. 1987; Jonsson 1989;
Young 1995; Belica 2007). L2t} =il A= Beh@gof
o] A4 & Azt el A 9 Bluticof wh2 Azt of
F AFtato] ZshH v Itk (Park et al. 2022; Kim et al.
2023). Bekegolo] Holedo= 4= 2 A4 o

FFAFEE, 29 olFek Ao, o7 U(egg), s=E
HFIE 52 Este] ¢ et Ao m dHA v

I
(Allan 1978; Kaeding and Kaya 1978).
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Hol FA i e A A" A= 4F DA
oF A 754 A= olsishs Hl T2’ 84 F 5
o]t} (Brodeur and Pearcy 1992; Woottom 2012). &
g -8 4 s Bl Aolof ofsff o A Algh
7 2 AHeAE orete 4~ 9131 (Nakano and Murakami
2001; Baxter et al. 2005), EIA 71X, & 74 9D WA
ogto] gt o]sfell i 7]oI gkt (Litvaitis 2000; Ahlbeck
et al. 2012). Beh2Fol & It &=9] msff A= w4
HEoA BEF offo] 294 EFER 74, FAFFE
O] A7t Fashe 5 sHd AEIAE A MR ZH
(Townsend 1996; Peter and Gerard 2017). TE3F, S50f 4|
+ Holot MAA] AN EF ol FE ALeste] o7
MAa=2] Faet 2 H2] "F2 of7|A17|H, o} FiEt of
Yzt #AF5EolE dFe vAe 5 Holre] Wt
S AR AoZ delA] TH(Crowl et al. 1992). 1
L =riof] AAskL 9l Helegol o] HolHof tigh
T= muRk Aol

ofof & A= A% Aot Agzto] &l Hepy
Folel =gt Ado] 7hEstal 5 de7l =
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Food sources analysis for brown trout

Table 1. Administrative district and GPS coordinates for sampling sites

Sites Administrative district with Latitude and Longitude
St 1 Cheonjeon-ri, Sinbuk-eup, Chuncheon-si, Gangwon-do (N 37°55'39.03" E 127°46'53.93")
Soyang River St.2 Janghak-ri, Dong-myeon, Chuncheon-si, Gangwon-do (N 37°55'11.08" E 127°44'41.54")
St. 3 Janghak-ri, Dong-myeon, Chuncheon-si, Gangwon-do (N 37°54'24.59" E 127°44'50.02")
Jinae Stream St. 4 Jinae-ri, Dong-myeon, Chuncheon-si, Gangwon-do (N 37°565'34.95" E 127°46'46.97")

Dam Soyanggang

weang eulf

Fig. 1. Map showing sampling sites in the Soyang River. St. 1-3 are located in the main stem (Soyang River) and St. 4 is located in the
tributary (Jinae stream) with a trout farm outlet.

739, 22k 79, 32k 99, 47} 109, 57k 20239 39, 6 =ded 2 §&7) SR

2k 69, 721 84, 82k 109). E ez ARG O, §45-2 554 (FLOWATCH;
JDC electronics, Swiss) & ©]-8-5F] Aot

M A B FAFTEY] A2 o2 (riffle) ol A

surber sampler (30 cm X 30 cm, mesh size: 1 mm)= S}

2.2, A ol

i

A A= olgfetd 4, 93 AR (5, 4 O] Ao} {4 5 1ste] 3314 A A ote] &9l
A, sHEFR), FAAES (A HEFAF5E, ol F), AAG ZA7NA5 (Inds. m) & }Eﬁ]’(ﬁr’} E3H hand-
183 B0 AT AY AR} 9] Y8E 4 net?t WAIS ]85t 55 (run), B4 (pool), TH & 4
= THo=E aYotqint olgketa A o] AN [FlE AAE O AAAANA F T % grgstr] f1sh 30
A= =A 7] (HI-98194; Hanna Instruments, USA) 2 olde A4 Y-S Hhotlch APH Alee %
£ o|&oto] AN 2, AL, pH, A7|HAEE ol 41 94% Ethanol®ll 11745to] AAHRE R & A4
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Table 2. Statistical summary of physico-chemical water quality, stream current, and proportion of stream bed substrate

Sites
Category n
St. 2 St. 3 St. 4 Total (Min.—Max.)

Specific Conductivity (uS cm™) 84 8b 91 86 (64-115) 28

Physico-chemical Water temperature (°C) 12.7 12.4 12.6 12.8(5.6-17.7) 32
water quality Dissolved Oxygen (mg L™") 12.23 12.53 11.72 8.59 11.27 (7.04-16.43) 28
pH 771 730 700 741(6.21-8.56) 28

Stream current Velocity (m s™) 0.6 0.5 0.3 0.5(0.0-1.7) 32
and depth Depth (m) 0.54 0.63 0.54 0.58(0.1-1.5) 32
Sand (<2 mm) 9% 4% 33% 12% 32

Cobble (2-16 mm) 15% 9% 25% 16% 32

Stream bed substrate Pebble (16-64 mm) 30% 22% 22% 24% 32
Boulder (64-256 mm) 35% 46% 17% 34% 32

Rock (>256 mm) 1% 19% 3% 14% 32

An)7 (SZ61; Olympus, Tokyo, Japan)= &-8&5to] 574
(identification) St} -2 Yoon (1988, 1995), Won
et al. (2005), Jung (2011), Kim et al. (2013), Kwon et al.
(2013) 5= FaIstlon, FH O FAo] ofe 7
N Tt ﬁ(genus) 3} (Family) E+= 5 (Order) <
sp.= A gsto] ZA5H3T.

ol 79 A2 =t (mesh size: 4 x4 mm)2t T (mesh
size: 7X7 mm)= T2 0|85t TH AU H o] F
al. (2005), Han et al. (2015), Chae et al. (2019)]l <]#5}
o T8 AAIst o, @7%elA S0l o= A9
8¢ 10% 2T E= 70%9] ofehE §llo] A7 of
% /ﬂ%] l:l}o e} EX—]E]-Oﬂr/]-

2 AT O o]FY BekEolo] 7 !

(1 mm ) ZﬂT(O Olgr’]’H =1
Skt A5 o] % Heledol o] 9 822 4= It
o] S €7H°PT Q1 HEsto] 949 ofgh-Eof 1

A ddd = Ht. Hystgich

F+= Kim et

<
9

R
o

@ 24 % o

A% PAE 2IYSE Hste] AYo] 41 Al
ThH(Le Cren 1951; Anderson and Gutreuter 1983).
TW =aTL® (Eq. 1)

TW: Total weight (g), TL: total length (mm),
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a, b: parameter

ofF ATl ARAe bt B 7 st
¢l H|YHE Z]4=(Condition factor, K)+= A1A12HE 2 &
o] o] 4] AejE HF95h= A]40|t}t (Anderson and
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a2} HFS Tt

K=TW/TL*x10° (Eq.2)
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Food sources analysis for brown trout
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Fig. 2. Relative abundance (R.A.) of cold-water fish species, mean water temperature, and mean velocity by sampling location. Panel indi-
cates all sampling period (a-e) and summer season (f-j). Vertical bar chart indicates cold-water fishes (a, f), Salmo trutta (b, g), Hypomesus
nipponensis(c, h), Oncorhynchus masou masou(d, i), and Oncorhynchus mykiss (e, j).

o] o]3letA, EelA A4 g2 o3} LT (Table 2).

R Q] Wit 22 12.8°C, o 17.7°Co|3loH, B
gre-&0fo] sl A 4221 20.5°C "|Tto] it

(Vornanen et al. 2014). Y573 o<1 Bafgol o] 4%
S Qg HH o] 22 oF 13°colH, WY E <F 12~16°C
9] 2 AZoh= Aoz 4R l=Hl (Elliott 1975),
2 AT 24 AHE B 22 12.4~13.4°CE] H9=
e} A 2ol 4] Baflgo]o] Aol XA Q] 4-20]
ATEE A4 B Ao |ehEth(Fig. 2). 54t
A= Bt 11.27 mg L'o]3l o™, 2|4 7.04 mg L7, 2|t
1643mgL1ﬂ S Hlot Bepgolo] w2 tiike
< A5 A LEtE o g 7mg L o)/do] Wast
3, 5mg L™ o|at7} =W iJ—ﬂ = c*h o= dHA
2 O‘I](Haury et al. 1999), ZA A/ wh2 W 8= AF
= 8.59~12.53 mg L8] M5 Hof AHE ot A
*4 o2 IetE pHE 6.21~8.562] HHE YR
A, A7|HEE = Bt 86 uS cm™ = UEFSLTH
F&50] A4S ﬂé% 0.5m s'o]lom, Ack7twol v
> A7l 491 0.0m s, 297 =4
el %7} Ad AZllE Hd 1.7 m s = UrE}
CAEE Bd 5452 03~0.6m s o HAE B
7 obdQl st 404 7P 2 455 Bk OW
9HFE(64~256 mm) 7]E0] B 34%E ARSI
A+ (16~64 mm) 24%, AHZ (2~16 mm) 16%, EHF
256 mm) 14%, 23 (<2 mm) 12% 59 +°o =7 HW
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o
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1o Hu
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% o]
Er
*r

9@ o & 3 oo
>

rlu

v

2 chepsiA| 24 wo] gl A0 Shelsigict, o]t 2
The Bekegolo] Y B4 e ok AT
al. 1999; Belica 2007; Hasegawa 2020; Park et al. 2022)2t
AR A= HAAr

- (Haury et

il

[

3200 38R d=

oZ
H
old

ol &

Zy 21498 oA A A3, F 113 29F 2,2237HA417}
A=A ™ (Table 3), FHETS BEHA7IHIE 1w
o2 2A4H 7M1 171 (33.6%), OFF-HE2 101 (19.6%)
2 et 1 9 9ol (7.5%), HEE7M (6.8%), FEN
(5.3%) 2] cc o= FRIE o, HelkeEol=3.33%= 4
A A o7 7k 5% vlEhe] AHEREE Bt &
FF B A (St 1~3)°l =I5 AF sHd2] 23 (St 4)

oAl AHtH o2 FRHEE F-AAF oA HEEo=
Zdote T 7HAa7]), Hol 59 B A &d
o] Fof ol FAfo] oA & X}Ol EOP Ao UrE}”
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Table 3. Fish species compositions in the Soyang River and tributary (Jinae stream)

Soyang River Tributary
Scientific name Total R[;A' Remarks
St.1 St.2 st.3 (St. 4) (%)
Cyprinidae
Acheilognathus lanceolata intermedia 1 1 0.04
Carassius auratus 4 4 0.18
Cyprinus carpio 1 2 3 0.13
Hemibarbus labeo 1 1 1 1 4 0.18
Pseudogobio esocinus 1 3 14 18 0.81
Pseudorasbora parva 2 5 40 47 2.1
Pungtungia herzi 1 1 0.04
Rhynchocypris oxycephalus 1 113 14 5.13
Zacco koreanus 50 50 2.25
Zacco platypus 25 15 b9 99 4.45
Balitoridae
Lefua costata 1 16 1 1 19 0.85
Orthrias nudus 88 7 8 48 151 6.79
Cobitidae
Iksookimia koreensis 7 1 110 118 5.31
Koreocobitis rotundicaudata 1 1 1 3 0.13
Misgurnus anguillicaudatus 3 1 6 10 0.45
Misgurnus mizolepis 1 1 2 0.09
Bagridae
Pseudobagrus fulvidraco 1 1 0.04
Osmeridae
Hypomesus nipponensis 22 83 27 304 436 19.61 Co
Salmonidae
Oncorhynchus masou masou 4 1 3 8 0.36 Co, Ex
Oncorhynchus mykiss 1 1 2 0.09 Co, Ex
Salmo trutta 42 7 3 22 74 3.33 Co, Ex
Gasterosteidae
Pungitius sinensis 41 63 177 466 747 33.60 En
Centrarchidae
Lepomis macrochirus 1 1 0.04 Ex
Micropterus salmoides 18 18 0.81 Ex
Odontobutidae
Odontobutis interrupta 3 9 12 0.54
Gobiidae
Gymnogobius urotaenia 4 19 4 75 102 4.59
Rhinogobius brunneus 82 16 30 38 166 747
Tridentiger brevispinis 3 2 1 6 0.27
Total Number of Species 16 15 21 22 29
Total Number of Individuals 303 243 291 1,386 2,223
R.A.: Relative Abundance, Co: Cold-water species, En: Endangered Species, Ex: Exotic Species
2a). St. 2014 71 =90 ™ (37.9%), SHF F1toll 1A%t FTHE7E A vehd A= f2olut §E A4 59 o]
St. 30141 7 S9kTh(10.7%), ©l+= St. 20114 Hol <] Al sleh2] 44 2to]9] ol fHtbE A ow f&o] =7
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FHE HAHE ASsHe 5 Holo g E49] olf=
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= oqezqoﬂE H]%"T’} FFo = e (Fig. 2g). 712
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2 Y54 o7 A4 7Hs #lolH, Hekegolo] 4
HEFEE St 19141 9.8%, St. 20141 1.0%, L2 St. 3
oA 0.9% =2 YERt BE Al7]E E9e AT (Fig. 2b)
oF FARRE FdS Eth 2 YoM d4E Rt
ol A oS4 2 o7t A, | shRE 244
20| SVt AEFS Bl ol wEeo] St
T8 - obRe] 2 Aol A2 g2 e g Hily
T} (Zaidel et al. 2021). O|HH & A4 DA Al7]
ty2t 54 st 1014 Helegolo] AHEi =
= A2 | AstR bl f1A5k glow, oFA
TE g ] feo=s waH ohE dojit of
Atz ol (Oncorhynchus masou masou), T2 71601
(Oncorhynchus mykiss) 9] 73-¢- JEHE 2% 1|Tto=
S|4 St o, T3t [ Zfol= KHolz] of
Skt (Fig. 2d, e, i, j).

o 2 3L orE e o Juorr
=)
(o]

3.3, Haj2$0i Y 2=, E-HF oA
2 Aol A A EH Hekego] o] 47 (Total length)<
7IRFO 2 A7 A7 S 2RIt A -2 26~246
HIAZE R A (0+) E= vH1d8 1 +)9] o]
& FAEE MAlEel S5k (Fig. 3). Heke
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HU

/J<55HH (Belica 2007), 4=°] WolkA]&= 10~12
730l Algho] AJ&tE= o2 4R Qlrh(Reiser and
Wesche 1977; Raleigh et al. 1986). 2022'a 22}, 2023 6
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MAES] 7% B 111 mm (87~138 mm)2] HAZ 1t
]5]—]4— E]-E]/\ﬂ 7Hiﬂ£o] /\-111-6]- 7—] oz iZ—]QOJr/]- ?l-_\lj)
20228 17}, 20239 524 AHE AHASS Bt 110
mm (75~175 mm) 2] \-2 HHE E3rh 2 goloA
o 132 oF 50 mm (Gabrielsen 1999), 2 FZHof| A
74~83 mm (Maia and Valente 1999), ©]=tollA] 102~128
mm©] 1.2t (Kheyrandish ef al. 2010), & A-olA= B
111 mmE UERY thE =7te] Hlof g5 er) wE
Ao g FAEQI) o] = Qe Mo EAJS Hrggt =
T o] Zpol7t AAE P FEFTE FHATl ¥F=
njx]= Fo g ulFo] & off(Lee et al. 2021), A o2
w7t F2 Fujoll A Holhdog o] gE= AAA Y
FHFFEY e @ TR E2of et Beked
ol9] 4 Kot whE Ao Afr ok byl 2 Ao
M A EXZE 7E0R AYS S &% B

25019 4kt A 9 Al7] (Martling et al. 2020), Z7]
3 LAt (Syrjanen et al. 2008)°ll et =7t A7 e
Ao & AmEh

A% A% BA ] mjAHS bZES 324302 AEH QL
E}(Flg 4a). H7HHS b7} 3 208 A, A8 S
A ] Hlgo] iAo g Frkstar, Fdo] HltehH

= 4“] S (Baek et al. 2020), = A3 A (Kim et al.
2023)°14 A bgke] 3.032.2 SRIH HOE njFo] H
ST FFS Hol= Aoz ERIE Z*} A7)
EAAFEE E o, BF 3.0 o2& UEHTH(Table 4).
E]7] (Arslan et al. 2004)2} 7| 5B} (Sigler 1952)°141
£ bake] 29622 AT U2 o2 yERd T, <l
I (Rawat ef al. 2014)°A4+= 3.072 AFE7 =2 F1o
2 Yeht 2] wet A= zfe]7t gl Ao 2 mrtd
t}. E3h E]7] (Arslan ef al. 2004) 1A= 711 A&
A=Y 3.0 1]9H(2.89~2.9), =W AT (Kim et al. 2023)
A= ol Bt 7ol =71 3.0 Dl‘ﬂ(z.86~2.98)
o] AL} e Ao & et B Aol o
3.0 oS R veRd M3t Afolet Ayt yEpyitt 1
7| sPoll Bepegolo] 5 Holge] FHEE= 7|
oz JA=I Q7] WEQl AoR mtert Hnh:
T (K)E 4HEste] 71718 2435 A, e A7)
7171+ 0.0008~0.00322] M2 Z7}(positive)SH=
&S Uetdo] AUR Y-S 2 ok= W] 7ol o]
= 20 2 T th(Table 4; Fig. 4b).
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Fig. 3. Population recruitment pattern of brown trout in Soyang River by survey period. Length distribution based on total length (TL, mm)
and number of individuals with 10 mm TL interval. The closed black bar indicates the age of 0+ year of brown trout, and gray bar indicates
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Fig. 4. Length-Weight Relationship (LWWR; Left panel) and Length-K trend (Right panel) of brown trout.

Table 4. Analysis of total length-weight relationship and the slope
of total length and condition factor (K) of Brown trout according to
the survey period from 2022 to 2023 in the Soyang River

Period
— N a b R? Slope
Year  Month

2-3 34 0.000001 3.3838 0.9727 0.0030

2022 7 6 0.000003 3.2008 0.9208 0.0018
9 5 0.000004 3.1925 0.9996 0.0015
10 8 0.000006 3.0893 0.9800 0.0008

3 10 0.000003 3.1826 0.9846 0.0011
2023 8 0.000002 3.2717 0.9947 0.0024
12 0.000003 3.2572 09762 0.0032

10 22 0.000004 3.2043 0.9827 0.0017

3.4, 2YZH 5tR Yo MM/Y HHYRHExFEY

2 AF7NZE F9t A% shE a7l AR dig =
AL A, st. 19141 237} 33 343 inds. m™2, St. 20114] 24
¥} 32 779 inds. m%, St. 30141 207} 27 227 inds. m?,
St. 4914 277} 33% 1,203 inds. m? 5 F 4% 6% 165
361} 59% 638 inds. m™>7F FALE|QATH(Table 5). EF
of i FHE £ IO R H|LSF (Non-insecta) 13%
(22.0%), %5 (Insecta) 465 (78.0%)°] SA= T} 1
% oFF4o] = (Ephemeroptera)©] 16 (27.0%) 2= 7H4
TheFeh Fol ERIE Y, T th& 0 & A& (Odonata)
9 12| = (Diptera)©l Z2H7F 7% (11.9%), T3 E =
(Coleoptera) 5% (8.5%), ‘= A= (Hemiptera) L Ec.af

= (Trichoptera)©] ZZ} 475 (6.8%), "3 =215 (Plecoptera)
35 (5.1%) 2= UEtETh 7AE Ao = HHLEF 349
inds. m™(54.8%), <57 288 inds. m™(45.2%) & =]
& 170inds. m™(26.5%), SF&©]= 76 inds. m™(11.8%),
& 41 inds. m ™ (6.5%), 4 =25 2inds. m™(0.3%)
o2 YEeRtt I Al A (Park et al. 2022)° 4=
165 367 45F 1,63770A12 Y= 13F(28.9%), St
T2 8F(17.8%) 5OE B Ao o Tt &
T 7 A To] FRIE] Yo, F 204 tha Aol & Kol
= A0= SRIFGT o]= & AFoA ZA)ZH} ot
&t A A7) o] FA o] i Auts oo
T2 §574 @300 AAlste 7o WdstA ¥kt
+ EPT &< (Ephemeroptera, Plecoptera, Trichoptera)
(Lenat 1988)2> Al & & & 23%(38.9%) 2= LE
$O™, 118 inds. m™(18.6%) 5 AFAISFATE HA| 24
A HPFHFFE 5 8T AAF ol (Limnodrilus
gotoi, 29.2%)°1™, oF-HE2 ZW7 spp. (non-red
type) (Chironomidae spp. (non-red type), 20.7%)= 2}<1
=R, 11 9] FAF(Gammarus sp., 10.2%), St
2o} (Dugesia japonica, 9.6%), TN--=E =2 (Apatania
maritima, 6.2%), F-ASHFAO] (Epeorus pellucidus, 5.7%)

So] o el

2 A7 B AHE Bakgo] 10470419 9] W
Se< w4t AT AN ddFAFEES T 425
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Table 5. List of benthic macroinvertebrates and stomach contents of brown trout surveyed in the Soyang River from 2022 to 2023

Soyang River

Jinae Stream

Scientific name Total '(R‘VI:\) SE)?JOI'SG '(q(y':\) HOGs
St 1 St. 2 St. 3 St.4
Benthic macroinvertebrates
Dugesia japonica 136.9 366.3 370 1,076.7 1,949.9 9.56 3 0.34 CL
Corbicula sp. 3.7 3.7 0.02 BU
Radix(Radix) auricularia o o o ¢ o - CL
Physa acuta o ¢} ¢} 1.1 1.1 0.05 1 0.1 CL
Gyraulus convexiusculus o 37 o 37 0.18 1 0.1 CL
Hippeutis cantori o ¢} ¢} o o - CL
Chaetogaster limnaei 14.8 481 444 74 14.7 0.56 BU
Limnodrilus gotoi 74 1,661.3 37 4,258.7 5,964.4 29.25 5 0.57 BU
Alboglossiphonia lata 3.7 3.7 0.02 CL
Whitmania pigra ¢} o - CL
Erpobdella lineata 22.2 74 55.5 85.1 0.42 CL
Asellidae sp. 25.9 777 814 9176 4.50 114 12.95 SP
Gammarus sp. 621.6 943.5 288.6 229.4 2,083.1 10.21 81 9.20 SP
Baetis fuscatus 1.1 51.8 62.9 0.31 8 0.91 SW
Baetis ursinus 18.5 29.6 55.5 103.6 0.51 25 2.84 SW
Cloeon dipterum o o o - SW
Nigrobaetis bacillus ¢} o - SW
Procloeon maritimum o o - SW
Cincticostella levanidovae 1.1 11.1 0.05 2 0.23 CL
Drunella aculea 3.7 3.7 0.02 CL
Ephemerella dentata 14.8 14.8 0.07 25 2.84 CL
Ephemerella kozhovi 3.7 3.7 0.02 CL
Ephemerella setigera 421.8 118.4 540.2 2.65 107 12.16 CL
Uracanthella punctisetae 88.8 14.8 162.8 133.2 399.6 1.96 CL
Ephemera orientalis 14.8 3.7 18.5 0.09 BU
Ecdyonurus dracon - 3 0.34 CL
Ecdyonurus joernensis - 1 0.1 CL
Ecdyonurus levis 3.7 22.2 48.1 74 0.36 3 0.34 CL
Epeorus pellucidus 6179 218.3 1776 155.4 1,169.2 5.73 13 1.48 CL
Paraleptophlebia japonica 74 74 0.04 SW
Rhoenanthus coreanus 74 74 0.04 BU
Ceriagrion melanurum o ¢} o - CB
Ischnura asiatica ¢} o o - CB
Anax parthenope julius o o - CB
Somatochlora graeseri o o - SP
Crocothemis servilia o o - SP
Orthetrum albistylum o o - SP
Sympetrum eroticum o) o o) - SP
Amphinemura coreana 3.7 3.7 0.02 SP
Nemoura KUb 74 74 33.3 48.1 0.24 45 5.11 SP
Perlodidae sp. o ¢} o CL
Sigara (Tropocorixa) substriata o ¢} o o} 1 0.1 SW
Muljarus japonicus o o o ¢} o SW
Laccotrephes japonensis o o o o CB
Ranatra chinensis o o o o CB
Coleoptera sp. - 1 0.1 UN
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Table 5. Continued

Food sources analysis for brown trout

Soyang River

Jinae Stream

Scientific name Total T‘Vi_\) SE)CL)JC;SG F(“VS HOGs
St 1 St. 2 St. 3 St.4
Hydaticus grammicus o o - SW
Nebrioporus hostilis 3.7 3.7 0.02 SW
Platambus fimbriatus o o - SW
Enochrus (Holcophilydrus) simulans o o - 1 0.1 CL
Hydrophilidae sp. - 1 0.1 UN
Stenelmis vulgaris 74 74 0.04 CL
Antocha KUa 1.1 37 48.1 0.24 BU
Dicranota sp. o o - BU
Efﬁ;gg;i;or’p“/a) latemarginata o5 48 37 185 62.9 031 19 216 BU
Tipula KUa 3.7 3.7 0.02 BU
Chironomidae spp. (red type) 37 70.3 3.7 9472 1,058.2 5.19 BU
Chironomidae spp.(non-red type) 410.7 11,9573 381.1 1,472.6 4,221.7 20.70 57 6.48 BU
Tanypodinae sp. 14.8 14.8 29.6 0.15 2 0.23 BU
Stenopsyche griseijpennis 14.8 74 22.2 0.1 1 0.1 CL
Cheumatopsyche brevilineata - 3 0.34 CL
Hydropsyche kozhantschikovi - 1 0.1 CL
Rhyacophila impar - 1 0.1 CL
Agapetus KUa - 1 0.1 CL
Glossosoma KUa 29.6 29.6 0.15 18 2.05 CL
Apatania maritima 192.4 736.3 55.5 284.9 1,269.1 6.22 306 34.77 CL
Lepidostoma KUb ¢ ¢} o) 3 0.34 CB
Pyralidae sp. - 1 0.1 UN
Ground insects
Hymenoptera sp. - 24 2.73 UN
Fishes

Hypomesus nipponensis - 2 0.23

Total number of individuals 2,738 62308 1,809.3 9,616.3 20,394.4 880

Total number of species 33 32 27 33 59 34

R.A.: Relative Abundance, HOGs: Habitat Orientation Groups, BU: Burrower; CB: Climber; SP: Sprawler; SW: Swimmer; CL: Clinger; UN: Unknown

O: Species observed during qualitative research

7 1255 223 32 854714, ol "= 13 15 2704, 4
P52 15 2470A17F SR = AT A Bekego] 105
M & FEC=Z RlH A= a7iA=E A 3.8%
off Exstith. olF+= Wol (Hypomesus nipponensis) 1
S, S43% 2 U5 (Hymenoptera sp.) 15°] 217 £
1= )1tk (Table 5). AAE HFFHF5E2] 73, vl
ST 65 (18.8%), LEF 265 (81.2%)°] FI= 9l om,
1 % SIRA0lE 95 (28.1%), ¥ S 8% (25.0%), &
el 9 whej o] 247t 35 (9.4%), =, A
= 2 UH][E (Lepidoptera)©] ZH2F 15:(3.1%) 2 <1

sgick. Behegols 1y e AAE HaT BREe

k

N

X

G2 334717 (38.0%) 2 1Y, 1 2o H]
235 2057041 (23.3%), stFAO1= 1877041 (21.3%), T}
25 787041 (8.9%), =5 45704 (5.1%), =7 2478
A (2.7%), B = 37041 (0.3%), Bl 27041 (0.2%), =
ARE 2 yu=o] ZkzF 170 (0.1%) 2 Urebstth FE
=A% A3}, ZNEI L (A, maritima, 34.8%), =
&7 (Asellidae sp., 13.0%), A 2]o}F4 0] (Ephemerella
setigera, 12.2%), BAH-7(G. sp., 9.2%) 52 =02 &<l
it Ao R vjwA o] Yl el ol F-AbR
oA &3] THEE FEC] A=, ol 2% H

H s

oA A% 7~8°CR AAHE 55 YR/PAAH oz 2
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—e—Fauna --=--Food sources

Fig. 5. Number of species (left panel) and number of individuals ratio (right panel) of HOGs (Habitat orientation groups; BU, Burrowers; CB,
Climber; CL, Clinger; SP Sprawlers; SW, Swimmers) in benthic macroinvertebrates.

BE|3 97, 5Pl BUHE 7] 20 vlgo] w2 Bel2e)
=]
-

= AFE Bl ER1E F(59%) & 88 RE &
JE F2 F 23T 0w EAEA = (Elliott 1967)°]

£ 7cm PIRH(0+)9] HoA Hol o] AFEE 7
o= YL F 25%, SHEAOl 5 23%, =5 19% 2
2 et 2 Aot vl ARk UErleh W, vl=
(Tebo and Hassler 1963; Cada et al. 1987)°l4= Z4Fo]
20 cm ©[ste] RA|ITEN A= AEFF(70%) S HBfSt
FAFo| 5 (Batidae spp.) 7t 58 Ho| Yo & o] |11 glo
™, 7ol 20~40 cm M lollA = S/F2F (50%), L o1
O] WAL A7 o7 (60%) 2 LRE+= 5 2 Aol
AR Bepego] 7] Welets 2] o Boldd]

o 4= gloh, 20 cm o149 A oA =
g o]Fo] AAlo] Holdom A FA g
720 2 YePth 21949 SHH 2= (Hur et al. 2009),
T AAA &7 Apolof mhet A Ash= Holdol F
T 9 FREIFEet olo] g A BAo]
2 o=, AdH oz WHEohs Holde| tigt &
20 & Atk

—_
o

lo o0& 1 rr ox

o > L Jo O 4o |

o
=)
o
Hir
rlo

3.6. Hojgle] MAl7]5 2 (HOGs: Habitat orientation
groups) 24

Hepego19] 9 Y-g-=olA Holdor ZlE 24
d i FAFTEY 75 AR 2 25 7
(Clinger, CL) 18 (62.2%), &Tt= 2| (Burrower, BU)
45 (13.8%), 71= 3 (Sprawlers, SP) ¥ s|dx|= F

356 (©2024. Korean Society of Environmental Biology.

2] (Swimmers, SW)7F ZtZ} 3%:(10.3%), 719122 F
2] (Climbers, CB) 1% (3.4%) 2.2 1=t} (Fig. 5). &
Tl A= vl AA] ThfAdo] ot A e s §¢
A= 7, 25 78 59 71570 thgstA 2ot
(Ward 1992; Wiliams and Felmate 1992), 15°] =211
sHdo] Bl 5o Tt e 2u 7, 7= T,
7101 2+ Fole Sk Ao A St (Yoon
et al. 1992). 2 Aol A HekeEol= ol A, St
E 5 e 129 S 50| vl wE f4ool A A
ol o] AAsks B+ F2(CL)9 Aol 7P w2
A0 2 YetEith §HH, f50] AL Tt 5o
& MAsh= 23 F2](BU), 7= FE(SP), 7]0le=
£ 72 (CB)oA & Tt Ho] A o] U2 Aoz
SRRIE| QT HefeFol= 7~19°Co] A7k =23t ofef
e SPEFE, S5Ol YA WHE FEolA Holo 71
Jol] o FHE 2E0= A== 41 % (Canopy)
7F A2 oA mdA], Bo] A4 F9| 718E A "ot
(Belica 2007). &= 729 A4 704 vl&o] 7HE &7
et Ai= o|of 22 A A7) EAJo] vt el A= AL
sHE B Hepegolo o)F ¥ dlF vHEo] 294
¢l A2 |t 2| AlRtE| o] 17| grom, Ho] 44
FRF T HlEE Al ASA o R YA diA e
2 AAG A HlE2 AR BE )5 £ 9 Hold
= A% AtE whdE

-

3.7. Haj250] Hgof| WHE Ho| 2| 4] nfH

Hahg%019] A% (Total Length, TL)o| T2 Hol &
% (food type) B AA7]5te] whE A4 gl sfefs
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7] {5l Ho| 532 5A1LF (Aquatic insects, Al), A4
A ¥ 74352 (benthic macroinvertebrates, BE), ©]
H (fishes, F), 4% (Ground insects, GI).2.&2 &35}
o] B33t (Fig. 6). 40 mm ©]51] Ao A= S
(AN A4 SELETH Ul w2 Ao s YEow, H]
WA &F0] L7 o AAste sld A= FE(SW), =
uh= 72 (BU)E AR A o= YEh H A i’-a}o] &=
3 gHE oiH] Blo] A Ao] I AAA oA F5 &FS
Ao 2 et % 60~150 mm HLoA = FA1ES
I A WPEHSF5E (BE)2 AT o]Fo|2 1L gL
[¢) AdrA o 2 o24-0] W2 11 s}Afo| 2D o]Ate] 713

— L =

v

oA AASHE B 22 (CL), 71 72 5Pyl et 4
A B4 d A o] B Aoz B v, Bely
woluk 1A Bl ojsh /b & Ag st B

= 1JrE’r‘HL Aol )= mebEch §HH, 150 mm
9

o] 2 HAlshe 2102 BEHEch £ A7 HH
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Table 6. Correlation analysis between total length (TL) of brown trout and their stomach contents (FS: Food Sources) or HOGs (Habitat Ori-
entation Groups)

Species of FS r p-value n Remarks
Agapetus KUa - NS 1
Apatania maritima 0.421 *% 42
Asellidae sp. - NS 25
Baetis fuscatus - NS 3
Baetis ursinus -0.829 *% 7
Cheumatopsyche brevilineata 1.000 *x 2 DD
Chironomidae spp.(non-red type) - NS 10
Cincticostella levanidovae - NS 2
Coleoptera sp. - NS 1
Dugesia japonica 1.000 ** 2 DD
Ephemerella dentata - NS 6
Ecdyonurus dracon - NS 1
Ecdyonurus joernensis - NS 1
Ecdyonurus levis 1.000 ** 2 DD
Epeorus pellucidus - NS 7
Ephemerella setigera - NS 20
Enochrus (Holcophilydrus) simulans - NS 1
TLvs FS

Gammarus sp. 0.427 * 32
Gyraulus convexiusculus - NS 1
Glossosoma KUa - NS 7
Hydropsyche kozhantschikovi - NS 1
Hypomesus nipponensis - NS 1
Hydrophilidae sp. - NS 1
Hymenoptera sp. - NS 3
Limnodrilus gotoi 1.000 ** 2 DD
Lepidostoma KUb - NS 1
Nemoura KUb - NS 6
Physa acuta - NS 1
Pyralidae sp. - NS 1
Rhyacophila impar - NS 1
Stenopsyche griseipennis - NS 1
Sigara (Tropocorixa) substriata - NS 1
Tanypodinae sp. - NS 1
Tipula (Yamatotipula) latemarginata latemarginata - NS 13
CL 0.096 NS 61
SP 0.181 NS 61

TL vs HOGs BU -0.356 ** 61
CB 0.093 NS 61
sSwW -0.262 * 61

NS: No significance, **: p<0.01, *: p<0.05, DD: statistical significant observed, but data deficiency

S AR (BB AT AOE ekt T olgel el el ABEAL AT A, IO 4BVAE e

A o] 2 Bol) 0] 4410l 2 ACR ARE W FL 2ASBIEN (A maritima), ToHESE
o}, (Cheumatopsyche brevilineata), Zet2|oF(D. japonica),
BateEo] o] A (TL) 9] WE=EolA Sl F Yot (Ecdyonurus levis), A2 ] (Limnodrilus
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gotoi) (p<0.01), FMF(G. sp.) (p<0.05)= FEFLS
™, &9 AHTAE vebd F-2 W-E0FF40] (Baetis
ursinus) (p<0.01)= ZQ1E| T} (Table 6). e

o] M 91 W&o eld AN HIFHF=
O] AA17)5(HOGs) Ztell A4S AAIgE 23 BU
(p<0.01), SW (p<0.05)7} =2] “TA = LERLIT. ]
+ A FFAFFEY 87 ZAA diF= 2,
IE 5ol AAshs FY AA FRE7E =11 f50] QL

24 @5 24l U Fapt vredE slog B

R}

)

I

A SR BHAA B HRE 2
S, S, 55 Fol HlS s Watshe 587
12910 ufet o] 2 A 7S ofo] Wio] of
Soll 4 o] AAJSH Ho gt of

L2 ool oo dlo & o or|r o

273 obr ddiolA olF 2 A HFFHFE
g, Befgolo] AAle7 9 Hold BAS AAS
. Bekgol7h SRlH 2|3 9] 22 9F 12.4~13.4°C
o] Hol= Ureht Behegolo] Aol A 9] 0] A
= AR o2 SRIEGIT sH R tiFE
5HE (Cobble), ZH (Pebble) 7121 9] H]-&0] =9ttt B
5o TR HA o) F F 5% v|THo|glom,
ZAA O] AR oA AtiH oz Hol Exsh= A
© &2 Ueigth Bekgolo] WAl TA =4 At
7 A b 3234 AFEE| S, A% ofH] v ]
(K)+= 57t FFo =2 Yesth AA4d a2 5
9] 7%, 42 ARl (L. gotoi), OF-HE2 2t
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