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Contribution to Environmental Biology
- In this study, we analyzed various feeding patterns of Lepomis macrochirus identified in a dam and a river by examining
their stomach contents.
- This study provides basic data to inform the development of management measures for invasive species that disturb
the local ecosystem.

*Corresponding author Abstract: This study conducted field surveys targeting benthic macroinvertebrates
Jong-Eun Lee and fish in Andong Dam and Yeongsan River, with the specific aim of analyzing
Tel. 054-820-5618 bluegill stomach contents. Bluegills in Andong Dam ranged from 40-220 mm, with

E-mail. jelee @anu.ac.kr 93.0% between 80-220 mm, while those in Yeongsan River ranged from 50-210 mm,

with 71.4% between 120-210 mm. The highest feeding rates in both sites were for
Received: 7 August 2024 Chironomidae spp., with findings of 72.6% in Andong Dam and 80.4% in Yeongsan
First revised: 8 September 2024 River. In Andong Dam, H. nipponensis and Baetidae sp. were also significant at 17.5%
Second revised: 11 September 2024 and 6.5%, respectively, while in Yeongsan River, Baetidae sp. (75%) and Hymenoptera
Revision accepted: 19 September 2024 sp. were the next most common at 3.8%. The El index showed that bluegills generally
avoided H. nipponensis and S. tsuchigae (-0.373 and —0.975) whereas they preferred
Chironomidae spp. (0.759, 0.892) and Baetidae sp. (0.723). The parameter b values of the
total length-weight relationship of bluegill were calculated as 3.452 in Andong Dam and
3.449 in the Yeongsan River, respectively. The slope values of the condition factor were
0.0067 in Andong Dam and 0.0065 in the Yeongsan River. Both values were positive,
indicating that the nutritional status of bluegill was good. Aquatic insects constituted the
primary food source, particularly inYeongsan River. Feeding patterns did not significantly
differ by habitat orientation groups, but Yeongsan River bluegills consumed more
diverse food sources. In Andong Dam, larger bluegills likely consume food sources with
larger biomass, while Yeongsan River’s diverse and abundant food sources support
opportunistic feeding tailored to the water ecological environment.

Keywords: Lepomis macrochirus, HOGs, El index, length-weight relationship, bluegill

http://www.koseb.org 31



| I
Korean J. Environ. Biol. 42(3) : 311-324 (2024)

LA B

FZ (Lepomis macrochirus)<= -&°15 (Perciformes)
%27} (Centrarchidae) °ll &5 A== HAYoL,
2o, gALL T vl EERAG ez SUiolE 1969
Fibo] Uit AR S4E FAoR Ui A
oA o 25 E Zof 510v]E sl T
Sof FRstEA AAGEA T F U= AT (ME and NIE
2022). AAAQ] BujR| oM = F= FAdS HolARt
ol Eold S84 AR Bt et SAA T Fd
23t Hol e 2 (food niche)e Hol EZo]Fo] A4
g2 ms) 9 AiAle AaE et Hold A= os
e Seof At T4 LR AR A2 ol FE EA
ste & A LS ISt @ FolA 19981 2
d 19Y9FH AeiAnd Ae= AGEAL HHoz o
2= QITH(ME 1998; ME and NIE 2017). 542 &
o] 50| gl 859 (lentic)olH &4, 50| L& 5f
4o F-ohrollM w2 AfE&< AASHH (Kim 1997;
Schneider 1999; Son and Song 2006), A4 o4 &7
Hol, 5 FAFEE % £ off 5= ZASHL o7
Ao &2 gol d4ste Aer &2 Aot (Taylor
et al. 1991; Azuma 1992; Yang and Chae 1997). Ho | &
At 22 A4 AH A= 4% FdDAC AEA 7S
2 qgZ ofsfste Hl T8t 84 F Sholth(Brodeur
and Pearcy 1992; Woottom 2012). 3], 244 tFF+4
Fe=e oo tEAQl Hold oA, 71 YBALE 2E
Al o]g7go] Ao, Qle|aol ALt 2A ARl &7 rste]
st a2 @7 BUEZP | 1851 ol-8=aL 3l

(Hynes 1970; Rosenberg and Resh 1993; Wipfli and Baxter
2010). &=old= 272 A4 AF, A7 o84, 7N
Al A, A4 d=F 3 e, A Do) I S wRt
A7} =3 =] o] LI} (Sarker 1977; Ehlinger 1990; Carlson
and Hoyer 2023). 12|11 siHjollA= EF4 9] Aol ¥
et A7F 1345 HE 2124 (Byun and Jeon 1997; Byun et
al. 1997), £ (Order) 5E2] 57 (identification) 7+
2R IA 24, AAA] [ HolHd 24 o] Bt 82

wjo]gt Agolct.
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2| ol A ZAFE AA[SFITH(Table 1; Fig. 1). A7 =
20219 24 (59)7 7124 (8~9Y) & 23] 2A Y=

et A 2AH= AN QPR ASFEE 1 ol RE WY
© 2 AASGTt 53, Hold miekg 15 SR A
7 HIGEE 195 9] (stomach) HEEE FHA LR £

s,

244 d@FAdFsEd A2 e Fole

Surber sampler (30 cm X 30 cm, mesh size: 1 mm)E ©]

Table 1. Administrative district and GPS coordinates for sampling
sites

Administrative district

Sites with Latitude and Longitude

Seokdong-dong, Andong-si,

ABZ(;:g AD Gyeongsangbuk-do
(N 36°34'36.81", E 128°46'53.95")
Sinchon-dong, Gwangsan-gu,

SC-U Gwangju

(N 35°08'25.28", E 126°49'42.61")
Samyeong-dong, Naju-si,

Yeorjgsan SJ Jeollanam-do

River

(N 35°00'08.12", E 126°42'35.04")

Baeksa-ri, Gonsan-myeon,
JS-D Naju-si, Jeollanam-do
(N 34°5828.84", E 126°36'35.82")
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Fig. 1. Map showing the sampling sites in the Andong Dam (AD) and Yeongsan River (YS; SC-U, SJ, JS-D).

85to] 32], J4- F7o A= Dredge sampler (30 cm,
mesh size: 1 mm)E ©|-85+% 30 cmX 38] E7|E AAISH
o] A JH-E 7Skl E3 hand-net?t WAlS ©]
8-oto] o (riffle), & (run), 5= (pool), +H & 43
A& T TR A AN A S skl A
H Az @A 94% ethanolof] 214 oto] HA@PAHZ &
vhet &, AA| AR 7 (SZ61; Olympus, Japan)< 2-8-5}0]
5735ttt E7-2 Yoon (1988, 1995), Won et al. (2005),

Kim et al. (2013), Kwon et al. (2013), Jung (2011) 5=
Fastilon, JH O] Aol oHe dF BRI &
(genus), ZH(Family) 4= = (Order) <2 sp.= 2|5}
o Ak

o] 79] AHF-2 = (mesh size: 4 X 4 mm) 2t T (mesh
size: 7x7 mm), BZ2A 02 AX Y (A mesh size 5
mm, = 20 m; height: 2 m)<= ©|-&5F3Ih 2= ©f
= Kim et al. (2005), Han ef al. (2015), Chae et al. (2019)
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ol st 542 AAlt

AAIsEE. o T, Ao A FAgo] o]
2 A el A 10% 22T

E=70%2] ofgh2 glo

e ke APAR 2ue 5 S

B Ao By o F BRA A% AAE AR
(1 mm BT AF (0.1 g FINE ZA 7 o2 7|55}
Ak A% o5 £F9] 91 hEBY B4 Slote] 87
2 A 7 912 AZote] 9as gl 1AA A

23, 2849 WF-HIF oA, H|UE

EF4 9 A AlFS 7o R AEEs AF-AS

£ ot <] 4] (Eq. 1) ZTh(Le Cren 1951; Anderson
and Gutreuter 1983). Hj7H¥1<= b2] Fho] 30] 4t&d ¢
T35 A% (isometric growth)= 7HE 4~ 12w, b
9] gtol 3 =kt A A% o] AlFo] F7toh= HIgt
ste] A3k, bl grol 3 n|ukel -9 A% tiv] AlFo] HAa
Sh= o2 Yehdtt

TW =aTL® (Eq. 1)

TW: Total weight (g), TL: Total length (mm), a, b: 5~

ol A9 A7}S Frtol= WH ZheH sty
ol H|WFE Z]4=(Condition factor, K)= A4 27 9 o
ol o] A4 AEjE HtYst= A]4=o]th(Anderson and
Neumann 1996). 7]-&7]]] wahA] 4% tfd] v]9ks} E=
a2} RS wteh, dapetpAloA 71-&717F 03t &
OSH(a=0) 7 FHI AES, 71717 oKt 2 A7}
= BRtel A 71717 oX et 2o AiA| 7}

K=W/TL*x 10" (n=5) (Eq.2)

TL: Total length (mm), W: Weight (g), n=>5

2.4, Ho| MEHd x|

H

o]7o] HolY Al Ao} 3luE Hrshy] 95|
Ivlev (1961)7F 7H'd-& EYstal A& 4~7gste] Bt 3
W3 Electivity IndexE A Jacobs (1974)2] A4=E ©]
goto] EASHAIT ol= oA ] 718433t st
E74 9ol f-gol tiet AR A& Fefalsh= b
AREEITE BT A0 H9E —1~+12 19 7Pk d o
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o] §%2 ¢Als) F, +10] F7H9 THE wolo] 78
Aol 2 glo] o] Ho] fauh 2H%HS elujgiey, Eah 0

EI=(ri=pi) /(ri+pi=2ripi)

s o1 91 H-EOIA SH1g wlo] e o] vl
pis B7ONA 2@ ol jo] )&

2,5 HolA &4

9 H-g-EollA 2Rl Hold F A P FHF5E=
O] 7%, A|47]'5< (Habitat orientation groups, HOGs)
= 2Asto] A eSSt (Merritt ef al. 1996).
T3t HoldE 4% (Aqua insects, Al), TAZFS
A efet 2 A7 o 72
brates, BE), 5 (Fishes, F), S5 (Ground insects, GI)
5 19 FRE=E U] A& HAAsHH EF4Y
Holgo] A o] n|2|= P H7] o) Ay =5t =
(Linear Mixed Models, LMM; Eq. 4)& ©|-83}99.2m, %]
A4 2 9] FF2 2E o4 siE 27 (Random
effects) 2 SAIGFA L, Hol¥S 117 &7} (Fixed effects)
2 AAsto] 11 Auks AZskekTt. Y (circle) T A2
(triangle) === ZF A1HE 2
ol o] HAGH A E BATH 2]
olojxl A (line) s o] AR 7] 7
UeRdT E3h Hold o 2 A 7P B sHA A A1E 2w
T (Chw) E 3= Holg o g2 HdAsto] thE | o] dito)

8
HIE 55 BAH oL Bt

# 258 (Benthic macroinverte-

TLj= o+ B1 (Food source;) + yo; + & (Eq. 4)

TL;: jA1-l Q= 5742 i9] total length

Bo: = S W57 0 wf Bt total length

pi: 217 me] Al

Food source;j: 1174 B3}

yoi:j A (HE 2

&2 27T 7FS R o7

22700] H47)0] e F9 vlo| g} £ ofd 45
Fgo] Q] Hol 18-S YED L42 Fa) A7s
Si9ct. 98 ek 227, A2k lem 27t volg)
= UEhH, I &= 7he] Ad-L s HoledS AR B¢



AAET 849 4= SF40] siF Holde AR
HE o] 5 Uiy, Q449 FA1= ol A%
£ ofu|otH, sHd B A2 0] TAE e
EHL R (ver. 4.3.2, R Core Team 2023)2 AR5
™, LMM 42 Ime4 H7]#] (Bates et al. 2015)E, HE
3 =42 igraph 17| 2| (Csardi and Nepusz 2006)E
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 R5el Azl Axsks BRo] A4l o

Yol AAlshs AR AEET o e Roz A
28,

HEdolA AHE EF2 57704 T 3270A01A |
AE AN, 25704 = T 5] FHlz FEES
oF 43.9%= Yo, Holdo] /jAlp= F 212714
g E54 VAT B+t 6.670A1E Ak Aoz +4
=ik E54 9] Holdof thgt A FHEF- I (rela-
tive abundance) 41 A3}, ZW-7 (Chironomidae spp.
(non-red type)) 1547041 (72.6%) % 7V =2 A=
EPA, T o302 W ol (Hypomesus nipponensis) 3771
A (17.5%), K OFsF740]5F (Baetidae sp.) 10714 (6.5%),
7] (Hymenoptera sp.) 474 (1.9%), A2 (Gom-
phidae sp.), S5 (Coleoptera sp.)7t ZtZF 2704
(0.9%), 1831 B3| (Radix auricularia), & FoFTA
| (Ephemera orientalis), ZH3 22| (Coenagrionoidae
sp)7 247} 17170(0.5%)9] 0.2 vhebgteh, 4ot
E54 9] Aol @A 1L 53], A4 i FAHF5=9
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Z )=t (Byun and Jeon 1997; Byun et al. 1997), =&
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Fig. 2. Total length distribution of Lepomis macrochirus in Andong Dam (A) and Yeongsan River (B).
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of|A] EFH= (Plankton) ¥t X5 (Algae)E Al2]2t HolH
T AukRo] Aol 7MY w8, AAESE 2
478 PFAFE=2 HAEC] 7H 2 vt
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27 Al A E ol F, A EFAFs=
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FAet. Wolo] EI A4-= -0.3730.2 41&5 o]
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1= 0.759% A& 5 o] Aoshs Ad= 2o
=] T} (Fig. 3A).
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F2 o] 34.6% 90, 1 T2 2|2 (Hemiculter
eigenmanni) 16.1%, =70 (Squalidus chankaensis tsuchi-
gae) 4.5% 59 &0 & UEg o, 5542 2.5%9] 4
s Hol mile- ¥ Ao SIEdH o= ¢t
H o o 7ol Bt A3 A7} tha Aol & Hole= A
2 Ve TH(Han et al. 2007; Kim et al. 2019). 552
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brachium nipponense), AEFF0] (Cloeon dipterum)
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Fig. 3. Analysis of electivity index (El) of species that commonly
appeared in environmental surveys of Lepomis macrochirus stom-
ach contents of fish and benthic macroinvertebrates at Andong
Dam (A) and Yeongsan River (B).
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3
Q7N AN B2 8474l 5 447NN el
o] ST, 4074AE FHo| JH FHEL o
o

F4 VIAS B 11.870A1E AAlske Aoz E4 %3l
o}, E5420] Holdo| tigt A A EHFE (relative
abundance) =4 23, Zu77F 418714 (80.4%) =
VY E AR B, 1 308 AufstEo]
7 397041 (7.5%), 7HO1F 207041 (3.8%), Y= udota] &
(Ulomyia sp.) 15704 (2.9%), =71 77041 (1.3%), =%
WOlF (Enochrus sp.) 67041 (1.2%), BE = F (Ecnomus
sp.) 57041 (1.0%), =2+ (Tanypodinae sp.) 4704
(0.8%), Y&tF40] (Labiobaetis atrebatinus), B3|
5+ (Coleoptera sp.)7F Z+ZF 27§41 (0.4%), =] (Limno-
perna fortunei), ‘&S A SFHFA O] (Caenis sp.)7F ZYZ} 174
A (0.2%)2] =22 YR

2 ZANA Y o, AAA tidFH S
EF49] 9] W 8=l Holgor sl F 5 5
g ES9H T2 HEN, mutetRAolR, ZAu e 9
Elo] o]&9] EI A& R4Sk =09 E1 A=
-0.975% AtEEo] EF49 Holdo g ¢bd 7]ms}

ol
o &

o of

o

—=

P

=4

20 = Z1= ATt (Fig. 3B).

BrPEoA EFAT A HHE FA01F F FHEES
HE7N 51.42%, oF-HE2 8- (Pseudorasbora parva)
5.87%RCH, 11 thaC 2 A7) 4.75% 59 o= UE
ek A0 vk 2549 AHE RS+ SC-U 3.33%,
SJ 19.22%, JS-D 34.26% % JAVF ohr = 448 2 A
O 2 etk ol o W2 o} olo mbE f520 ¥
S}, AE(silt) 2 2l (sand) 2t 22 S 718 9] Hlgo]
EobA vehd A= wEoH(Kang et al. 2019). &5
49 F HolYl A FFAFFTEY] $HT2 4
28] (Limnodrilus gotoi) 56.2%, °F-H&2 2w+
(Chironomidae spp.) 40.6% % WEFS oW, A4 At
E 2 YIS A (Limnoperna fortunei), Y&oHF40]

(Labiobaetis atrebatinus) 522 SFRIE| T},

3.4, SR WY 2E, WE-HF Al

- AT AA S wiA A b g2 ROl 3.452, 9



Table 2. Fish species compositions in the Andong Dam (AD) and Yeongsan River (YS; SC-U, SJ, JS-D)

Food source analysis for Lepomis macrochirus

Yeongsan River (YS)

Scientific Name Andong Dam R(;A' Total RO'A' Remarks
(D) (%) scu sy UsD (%)
Engraulidae
Coilia nasus 45 45 1.35
Cobitidae
Misgurnus anguillicaudatus 1 1 0.03
Cyprinidae
Abbottina rivularis 3 3 0.09
Acheilognathus macropterus 63 64 1.93
Acheilognathus rhombeus 7 3 10 0.3
Carassius auratus 666 31.84 41 4 49 1.48
Carassius cuvieri 13 0.62 Ex
Culter brevicauda 63 3.01 93 6 103 3.1
Cyprinus carpio 2 0.1 2 1 3 0.09
Hemibarbus labeo 20 0.96 5 16 21 46 1.38
Hemiculter eigenmanni 337 16.11 82 50 3 160 4.82
Microphysogobio yaluensis 2 2 0.06
Opsariichthys uncirostris amurensis 2 0.1 il 6 17 0.51
Pseudogobio esocinus 1 8 1 10 0.3
Pseudorasbora parva 10 0.48 2 164 1 167 5.03
Squalidus chankaensis tsuchigae 93 4.45 80 1,244 138 1,463 44.04
Zacco platypus 91 91 2.74
Osmeridae
Hypomesus nipponensis 662 31.64 367 11.05
Centrarchidae
Lepomis macrochirus 47 2.25 1 414 123 565 17.01 Ex
Micropterus salmoides 19 0.91 10 60 7 78 2.35 Ex
Centropomidae
Siniperca scherzeri 1 0.05
Channidae
Channa argus 4 4 0.12
Gobiidae
Rhinogobius brunneus 50 2.39 1 30 0.9
Tridentiger brevispinis 37 1.77 37 1.1
Bagridae
Leiocassis nitidus 2 2 4 0.12
Pseudobagrus fulvidraco 70 3.35 2 2 0.06
Siluridae
Silurus asotus 1 1 0.03
Total number of Species 16 12 17 15 25
. 100.00 100.00
Total mumber of Individuals 2,092 330 2,154 359 3,322
R.A.: Relative Abundance, Ex: Exotic Species
APFOllA] 3.449% 7}7} 41EF] 0] (Fig. 4; Left panel) 8% T (K)E AEs 23 7127 2 s d 0.0067, B4t
s F5A19 vlgo] iAo R Frtskal, w0l H 7 0.00652 FO] IS Hol= Aoz BT (Fig. 4;
A= Ao R et (Baek ef al. 2020). H|THE #] Right panel). 5§40 2 =2 HTHE 2|4= oF9] 7]-27]
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Fig. 4. Length-Weight Relationship (L\WR; Left panel) and Length-K trend (Right panel) of Lepomis macrochirus by sites.
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Swimmers) by sites.
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Andong Dam Yeongsan River
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Fig. 6. Total length (TL) of Lepomis macrochirus according to food source using the Linear Mixed Model (LMM) at AD (Left panel) and YS (Right
panel) sites. HN: Hypomesus nipponensis; Lf: Lemnoperna fortunei; Ra: Radix auricularia; ST. Squalidus chankaensis tsuchigae; Ba: Baetidae
sp.; Ca: Caenis sp.; Eo: Ephemera orientalis, Go: Gomphidae sp.; En: Enochrus sp.; Co: Coleoptera sp.; Hy: Hymenoptera sp.; Ul: Ulomyia
sp.; Chr: Chironomidae spp. (red type); Chw: Chironomidae spp. (non-red type); En: Ecnomus sp.
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Table 4. Effect of food sources on total length of Lepomis macrochirus from Andong Dam and Yeongsan River using Linear Mixed Models

Fixed effects (Food sources)? Estimate Standard error tvalue p-value Significance®

Intercept (Chw) 4.58 12.69 0.36 0.720 NS
Ba 116.62 12.69 9.19 <0.001 xxx
Ca =717 32.88 -0.22 0.828 NS
Chr -8.67 25.09 -0.35 0.731 NS
Co 15.85 2117 0.75 0.457 NS
En 5.66 19.13 0.30 0.768 NS
Eo 85.39 32.74 2.61 <0.05 *
Go -4.61 32.74 -0.14 0.889 NS
HN 65.01 16.77 3.88 <0.001 *r*
Hy 3.80 19.04 0.20 0.843 NS
Lf 63.58 32.67 1.95 0.057 NS
Ra 82.39 32.74 2.52 <0.05 *
ST 9.08 1797 0.51 0.615 NS
ul -21.09 2771 -0.76 0.450 NS

Random effects (Sites)

Standard Error

Intercept
Residual

26.39
30.06

®HN: Hypomesus nipponensis; Lf: Lemnoperna fortunei; Ra: Radix auricularia; ST: Squalidus chankaensis tsuchigae; Ba: Baetidae sp.; Ca: Caenis sp.; Eo:
Ephemera orientalis; Go: Gomphidae sp.; En: Enochrus sp.; Co: Coleoptera sp.; Hy: Hymenoptera sp.; Ul: Ulomyia sp.; Chr: Chironomidae spp. (red type); Chw:

Chironomidae spp.(non-red type); En: Ecnomus sp.
®NS: No significance, ***: p<0.001, *: p<0.05

9= 138~180 mmE LFERLE 7] 3] 2] 0 2 4 4]o] o] F o]
+ Aoz waEth 7P & A%l 207 mm<l EF4
ool o3 (Bivalvia) ¢l FIEE2](Lf)E HAITH 7o =2

o, 7P 22 67~70 mm IS 7M1 E22
W 7 (U)E AR Ao = SRIE . A
of thet Hold 4] 5o Apol= 487 70

ThFgat R ol w2 o]

)

lo & ug rlo
2 oo HOW oo X

S )

=1
Mr i 2L
oo orr
Sl o
Rl u To
i

o
0
ox %9

P
rlo
e
a ZE >
39 ol of K U

Py
o
l

B
=dj| (Mittelbach 1981; Harrel and Dibble 2001), & 1+
M= 70 mm o5+ A A= 27 (Chw), =99
O] (En), Y= 7 (U9 22 479 FAF5E]
T Hol el Ao = RIF|IT,. Yang and Chae (1997)°]]
o5t QHEHoll A o] 70 mm ©l5te] ZHA A= o
F ZAu RS A45HIA, 70~80 mm 9ol A= 2t

=
TH2F A7 A2 (Decapoda), 100 mm ©1/32] 7HA|

2

=

ro

o A= o F2] X olE Wol At o, A% (Byun
and Jeon 1997), ZH (Byun et al. 1997)°14 EF40]

41415 B0l v} tha Aol S Kol Ao ekttt 1

P} R o] AWSE Aol 2 ol 9172l
HA Hlgo] FolAlt BEAQ ATE AT 4 9glo
o, 2 ok e e Hols 202 SIFglr,
A 25 wele) 174 G AW Holgl % ool

4Fo] R (Ba) Q] FHAE 116.62 (p<0.001), 574 0]
(Eo)+ 85.39 (p<0.05), 2] (Ra)= 82.39 (p<0.05)
2 58270 HF] SAHoR FoJu|gt JFS njA=
Z1 07 e} O™ (Table 4), YA HolHe Foju|gh
FAFS H|A]A] Y= Ao &2 EAE T (p>0.05). EFE, A
Aol gt e G7H= 26.399] EFE HAFE H+=d], ©]
KA 2] 174 o] o] F A o]

+ A4 e EF49] W] 7]
ot Ao & weE) 7]E£2] 4414 = (Trophic guild)©ll
A EF42 F 44 (Insectivore) 1572 &=A Qlch 1
2t 2 AgellA Bo] {9 4 A, ot /o |
olS A%t Zow yetytth whebs 2749 9ol 54
<= Aot 524439 Aol At oFQl Al m AL
=H

http://www.koseb.org 321



| I
Korean J. Environ. Biol. 42(3) : 311-324 (2024)

Fig. 7. Network analysis of Lepomis macrochirus (LM) food sources in Andong Dam (Left panel) and Yeongsan River (Right panel). LM: Lep-
omis chirus; HN: Hypomesus nipponensis; Lf: Lemnoperna fortunei; Ra: Radix auricularia; ST. Squalidus chankaensis tsuchigae; Ba: Baetidae
sp.; La: Labiobaetis atrebatinus; Ca: Caenis sp.; Eo: Ephemera orientalis; Coe: Coenagrionoidae sp.; Go: Gomphidae sp.; En: Enochrus sp.;
Co: Coleoptera sp.; Hy: Hymenoptera sp.; Ul: Ulomyia sp.; Chr: Chironomidae spp. (red type); Chw: Chironomidae spp. (non-red type); Ta:
Tanypodinae sp.; En: Ecnomus sp.

eI A A oA EFZA L] HREA QI Hol o % H9E= ots oA 40~70 mm HYE 7.0%, 80~220
gk Foabgat Hol 1S telsr] Qo YEHA & mm W= 93.0%E AA5HA L, FA7EelA 50~100
A5 AAlsto] A|Zteket Ax, Qs oA &2 Hol mm HYE 28.6%, 120~210 mm HYE 71.4% S ZHA]
Y & 27 (Chw), o1 (HN), Z20}sH40] 7 (Ba), 7H stoleh. 549 Hold F byt FibdolA Zut
15 (Hy)et 9284 771 B2 FA7F 548 2o = 29l ++(Chironomidae spp.)2] HA1E°] 217t 72.6%, 80.4%

=o] (Fig. 7A), 7HAIE FA]oll 2lo] 2 o]l Aoz 2 7MY =2 o= Uetuth 2y e dolA=E 1
TE AP ZTER (Chw), A RfshRArol & o] (H. nipponensis) 17.5%, HPFoLF4o]5F (Batidae sp.)
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oo} w2 W 2)o] Hol {5 A5k Y= AR & UE 2t & Hol= o= SRIEInh et 4t
O]H o} (Fig. 7B). A3 Hw3le o, QtadelA & 7oAl EF4 9] Bl A5 24 At o], FE7ek= 2t
F49] tedbe o] T1E-2 Ho o] thekgo] Wgg 7} -0.373, —0.9759] Fro2 AFEE o] Holgdo 2 A 7]
ojn|sta e /ol AAE Yedl= Ao s o ot FoFe o, ZnR(0.759, 0.892), A0tst
ot 3 £ Holdo] gk SELT} Fof 8 W F4F0]5(0.723) 0= Hol¥ o2 A ARsh= AokS Hol
sle] w Hold HAAart B4 ATl qlo] o FH oot = Ao= Ueyth 549 A-AlS TA L wizHS
74] 2 ¢ QlZ A o= AlRETE Y, g4kt A b 22 QFEHOIA 3.452, FAEll A 3.4498 77} 4HEE]
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