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Abstract: A 210-day experiment was conducted to examine the effects of starvation on
survival, external morphometric traits, and sectioned morphometric traits in Far Eastern
catfish (Silurus asotus). The survival rate decreased to 92.2+0.47% in the fed group and to
74.4+£2.59% in the starved group. Eight dimensions of Ls, DALPO/Ls, DADOP/Ls, ED/Ls,
CH/Ls, BDAA/Ls, BDMA/Ls, and BWAA/Ls showed significant differences (p<0.05), and
16 other dimensions of DALAD/Ls, DPDPL/Ls, HPLAA/Ls, HALAV/Ls, HALOP/Ls, DAUPO/
Ls, DADAV/Ls, DADAA/Ls, Max BL/Ls, Man BL/Ls, LD/Ls, HWOP/Ls, DAUF/HL, DAUS/HL,
IW/HL, and DAUE/HL were not significantly different among the initial, fed, and starved
groups (p>0.05). The fed group showed higher total height (THX), wider width (WX),
and larger area (AX) than those of the starved group in each body section. This research
provides information on the morphometric traits and body sections of starved Far
Eastern catfish. These results can be used as a basic guide to indicate nutritional status
and assist in aquaculture methods for Far Eastern catfish. Moreover, the methods used
in this study were considered helpful because the survey analysis method can be used
to investigate information on the nutritional status of other fish species.

Keywords: body section, Far Eastern catfish (Silurus asotus), morphometric trait, star
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MNE 8 Y5E 9FAE0] T (KOSIS 2019). ThEEe] o= 7]
4 ws), A4 87 s} 9 ARl Sez slokg Ao
| 7] = (Siluriformes), W 712} (Siluridae) ] &= H7] ], o] 2|3t 7]ofe] A7) 2 oA 2= do]| o] 2 2= 9lc}
(Far Bastern catfish, Silurus asotus)=, =l A3t BA¥go] (Park 2004; Hur ef al. 2006a, 2006b; Park ef al. 2007; Hardy
470001 E (] WimolY A 15%)0ll Ol2& 5 2012; Park et al. 2012). LU, o]uf ojF= A 22
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_04 LH/KgZ-] iZ—]oﬂL—];{]Q‘{ AREH E?—)“_ g_g}o]—?g Aga‘[d—
A 9 sk Wsle Ba ol2et sloks Fusie vl
2 AT A A, olAle) Sfehd 24 W 4R e v
she} 22 ol ZALIA] NEFE ST Weatherley
and Gill 1987; Lee et al. 1999; Park 2004, 2006; Park et al.
2007; Hur et al. 2006a, 2006b). X1 7& HAF2= o 7ot
A= o2 Ao Al 4 #al &2 27 oy
4 ‘ﬂ@roﬂ o2 AF W5t 52 F= o QAT (Park et
al. 2002). 710} Al A SH Lz 9] ARS-2 A% HE|R o]
o] 2o, o]2|jt @42 FA] 7H—‘—°1 (Oncorhynchus mykiss)
o] 7]otd & ol H15l vt lh(Weatherley and Gill
1981).
o}Fo] FHH 2 Aoy T2 s, FAE
T %%iai% T2 Aoy, 150 o] 43eke
EH A S gelskal 7ok |
%‘:]'(Park and Zhang 1994; Park 2004, 2020a, 2020b;
Park et al. 2004; Park and Oh 2020). ©]2|3+ FEf&rs] *}o]
+ GRHAQl 3] &2 B9 siiet YH R o]siE
H| 1 E T} (Strauss and Bond 1990). B S o] 7= 44484
o SJaiA = A o] A7 =] ATt (Riddell et al. 1981), B9
oFu} A S0 A4 g olof st HF 2] Ho 7t LeR}]
w-2o] (Thssen et al. 1981), 215t A 2] oot FAF
oA ] 2734 Hol & ntepet & A= Xé~
of thg 2ol AAsh= 8% Hol AlE &ele flsiA
+ o] Halof| JoFe A = ASF A ohefo] e
ST} (Currens et al. 1989). 9.2 o]23t ASH A mhokS
S5l Blo] g5 Hste] mhE o) 7o) FAYH HIE 715
S}t (Park et al. 2002). AT} 0 2 thoFgt Ao ZAA
o]yt gJE|ska EAJo] &J3ke HF=X]E o]3] §_E]—?j
o] 70| thg AAR Y| FF ol s Eed
5] thet B7HE A 4= ATH(Currens et al. 1989).
Classical dimension¥} truss dimension®] ©]&F2] Ad &
A5 9lol = A= (Hubbs and Lagler 1947; Strauss
and Bookstein 1982; Park 2004; Park et al. 2007), truss dimen-
sion> 017 9] 7|52 ©eut siRetA 2gE e 54
AZE 71Ed e, AFT oA Fi} Avte dolE gt
Stof Al 2F T3 Aol o2& o7 ofA & Holof HF
&= classical dimension®]] HIal| o5 A|@ Al glo] ¢
=5}t (Strauss and Bond 1990; Park et al. 2007). Currens et
al. (1989)=
Stod 710FAIZ] chinook salmon (O. tshawytscha) 2 2] 7R
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BF 2910 ABo] 71 JFL
o] 7]-1]— 2 71] 0:]0]:2_ HIOFO O -

RRON ] 25 BE Rejo]Ae]
Aol )] %7 Wol2 olsfshs ul §8 S-88ittn By
G u} Qirk. sh, A ArkRlo] A PATE S Y o)A A7),

iy

o] FaAoHE 84S, o] 23t AHZFE9] Foko] &
Sl AR ofe Y AR 2 AR AARE 1
2k = Qlohs TRA, A o] tigh A4+ Fast
2471 = 4= QIeh(Park et al. 2002).

7] A Z]ot Git= AR U] SEA|TE BTt
AR Z2]0] Wsto] thgt A7 a1 H HE 9101 (Goo et al.
2020), 2 AFolA= oln] =ePE ot Ao Aot
o ASEE ZAFE Bl Adoleh Atole ot 95 W}

£ wpolstal, 7 23 o] Aldetd Wl wEe Fof w7l
A9 Zlote] w2 A £ WS ZAFSHTh

Table 1. Composition of the experimental diets used in the star
vation experiment™’

Nutrition Content (%)
Crude protein 40.0
Crude fat 4.0
Crude fiber 5.0
Ash 15.0
Calcium 1.0
Phosphorus 1.0
Mineral premix*? 1.0
Vitamin premix** 1.0

*'Ehwa Feed Corporation (EP-No. 10; Busan, Republic of Korea).
*2\jitamin premix contained the following amount which were diluted in
cellulose (g kg™" mix): L-ascorbic acid, 121.2; DL-a-tocophery! acetate,
18.8; thiamin hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride,
1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin,
0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl
acetate, 0.73; cholecalciferol, 0.003; and cyanocobalamin, 0.003.
*3*Mineral premix contained the following ingredients (g kg™' premix):
NaCl, 43.3; MgS04-7H20, 136.5; NaH2PO4-2H20, 86.9; KH2PO4, 239.0;
CaHa(PO4) - 2H20, 135.3; ferric citrate, 29.6; ZnSO4-7H20, 21.9; Ca-lactate,
304.0; CuCl, 0.2; AICI3-6H20, 0.15; Kl, 0.15; Naz2Se203, 0.01; MnSOa4-H20,
2.0; and CoCl;-6H:0, 1.0.



oA F3Fste] 20191 39l AFol 18cm A - F= AF
gt 1,000t =, o] 5 20074 FAH9R st 7]
o, Aol R 27|# o= st Ao st
A2 20199 495 H st on, A A dedol9
& L5 ghEo] Ao x| RS #ol7] 9
Stod, 2019\ 3€e] R A9dolof| Histe] Al F At
(Table 1)E AIF 1~3%°ll siFst= F& 2573t Folshal
TH(Goo et al. 2020).

A AN Al AYolE @X}Z%%(JW-I; Acom, Poshen,
Republic of Korea) 7} digital vernier caliper (CD-20CP; Mitu-
toyo, Kawasaki, Japan) & AH&-5to] A5} A< 0.1g, 0.1
cm ©H91= Z47F A5t o w, 2715, Aol B 7|0kt
o] Bt AT} Pt APF-2 27} 359+9.9¢g, 18+3.6 cm
(n=200),354+7.7¢, 18+2.8 cm (n=200), 356+9.7 g,
18+2.3 cm (n=200) At} 2019 4 4%, B A9 A&
AA 24417t A ASE] AbR R QIGE S AlS] wekg HiA]
ShHA 2% AESHATH (Park ef al. 2001).

Effect of starvation on some characteristics in Silurus asotus

2. 7|0H2Y

Z7|4, Aol 2 7]okt-2 A3 A1 Al Goo et al. (2020)
o] Hiof oA, & F& 1,000 ppm<] NaHCOj; (Sigma,
USA)<t 200 ppm 2] A4 E71?] (Lidocaine-HCl, Hong-
seung, Republic of Korea)< ©]-§5to] nh3] & AHsI3 S
B, o5& ZgholutAl SISt A ALRSHILE AFR R

1

£ L1E 99 FRP X (A5 118 cm, Z°] 100 cm) 2 2}
AT 27l 25 ol8stalon, 18-S Hol Ajleld
gE2 A5 FF7)E 40 W I35 (5,400K)2 ©]
goto] E’r°1 § 5all 12L: 12D F718 SASH9 A &
HERS

BT ZARSHZ] koom 22 25+
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Fig. 1. Morphometric measurements of each landmark of Far Eastern catfish, Silurus asotus used in this study (according to Park et al.
2004). Upper: lateral view of the whole body; Lower: dorsal view of the head part.
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AEES JARE Aol 5 AE7IZE Bt 25t
of Atetith Ad T2 §, AR SH A Al R QI 3
2 o] AnE witeh= Z& WAsH] ol ol

Az SR A 2447 A5 0 ™ (Park et al. 2001),
ﬁol%ﬂ 7)okt Z¥ZYol| Al 6omte| 4] Alm StH S| XE
5 1,000 ppm<] NaHCO;2} 200 ppm 2] F4te| 7}l
(Hongseung, Korea)= ©]-8-5to] 3 A7 AJ7HET} ZHA]
7 S5 vh] - FQ o3 AR 9 2 S5, ©f

T 10% 5/ L= (Sigma, USA) -8§-H o] 14513

Ol(

3. 98 ASE 53
Park et al. (2004) oA AT HER} 20, classical dimen-
sionT} truss dimension®l| TS ZF SA XA Ato]Q] 257}
A AZFHES Z45EA T (Table 2, Fig. 1). Ls, HPLAA,
HALAV % HALOP+= 4~ 7] (horizontal distance) & 1+

Ehfolon, Uymz] 2o 7k A2 7ol A7z
(direct distance) & WEFHSITE 2+ AlS

oiet e 2 Aelste] 2461312 ™, DAUF, DAUS, IW
9 DAUEE= 740l tigh | = =

o
=
flo
rE
o
s
{o
Eis

A AEHE 1 FEE-S Park (2020) 0] ol 07,
Fig. 20419} o] 7kaA=2jn] 714 47-Z(P), $A1=
2u] 714 2 (D), SA =] 714 g (A) ® R
Agn] F2F FE (M)A 42 0.5 em oW FAI= &
wHdThste] ARSI 2t Al Adwo] it =eE 7t
SA=gu] 714 o A AAHO] = (body circumference
anterior to the base of the pelvic fin: CIP), 5 A|:=2{1]| 7]#]

St A At 2] E2 (body circumference anterior to the base

Table 2. Dimensions of the morphometric characteristics used in this study*

Dimensions
Standard length Ls
Direct distance between the anterior edge of the lower lip and the anterior insertion of the dorsal fin DALAD
Direct distance between the posterior insertion of the dorsal fin and the most posterior in lateral line DPDPL
Horizontal distance between the most posterior in lateral line and the anterior insertion of the anal fin HPLAA
Horizontal distance between the anterior edge of the lower lip and the anterior insertion of the ventral fin HALAV
Horizontal distance between the anterior edge of the lower lip and the origin of the pectoral fin HALOP
Direct distance between the anterior edge of the lower lip and the most posterior aspect of operculum DALPO
Direct distance between the anterior edge of the upper lip and the most posterior aspect of operculum DAUPO
Direct distance between the anterior insertion of the dorsal fin and the origin of the pectoral fin DADOP
Direct distance between the anterior insertion of the dorsal fin and the anterior insertion of the ventral fin DADAV
Direct distance between the anterior insertion of the dorsal fin and the anterior insertion of the anal fin DADAA
Maxilla barbel length MaxBL
Mandible barbel length ManBL
Eye diameter ED
Length of the dorsal fin LD
Caudal peduncle height CH
Body depth at the anterior insertion of the anal fin BDAA
Body depth at the midpoint of the anal fin base BDMA
Body width at the anterior insertion of the anal fin BWAA
Head width between the origin of the pectoral fins HWOP
Head length between the anterior edge of the upper lip and the midpoint of head width HL
Direct distance between the anterior edge of the uppeer lip and the first nostril DAUF
Direct distance between the anterior edge of the upper lip and the second nostril DAUS
Interobital width W
Direct distance between the anterior edge of the upper lip and the eye DAUE

*Each dimension is demonstrated in Fig. 1.
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of the dorsal fin: CID), S1A|=2{u] 7] ¢ 4] At &
| (body circumference anterior to the base of the anal fin:
ClA) ® SIA=u] 7k A1 Al A2 o] =2 (body
circumference at the midpoint of the anal fin: CIM) 2 mm &
912 274551k (Fig.2).

ES 7A=Y 714 o, A=) 71A4 o, SA]
o] 714 oF 3 sz =2fn] Zhed] A eA 9] 7 &
o WA (area anterior to the base of the pectoral fin: AP;
area anterior to the base of the dorsal fin: AD; area anterior to
the base of the anal fin: AA; area at the midpoint of the anal
fin: AM)S mm?® 992 YA 2] 7] (X-Plan 460D I1I;
Ushikata, Japan)& ©]-§5t] 2+t ZH519 0, 7H2F9] A
Ao tisto] A 3=©] (total height anterior to the base
of the pectoral fin: THP; total height anterior to the base of the
dorsal fin: THD; total height anterior to the base of the anal
fin: THA,; total height at the midpoint of the anal fin: THM),
A| 3=°] (height anterior to the base of the pectoral fin: HP;
anterior to the base of the dorsal fin: HD; height anterior to
the base of the anal fin: HA) ¥ Z (width anterior to the base
of the pectoral fin: WP; width anterior to the base of the dorsal
fin: WD; width anterior to the base of the anal fin: WA; width

Fig. 2. Total height (THX), width (WX), area (AX), height (HX), and
belly thickness (BTX 1 and BTX 2) measured in Far Eastern catfish,
Silurus asotus on a cross-sectional slice (lower figure) taken just
anterior to the base of the pelvic fin (X=P), just anterior to the
base of the dorsal fin (X=D), just anterior to the base of the anal
fin (X=A), and just anterior to the midpoint of the anal fin (X=M)
(upper figure).

Effect of starvation on some characteristics in Silurus asotus

at the midpoint of the anal fin: WM)2 mm @92 SA5H
T}(Fig. 2).

tlEo] B7bo] AI§ ZkaA=en] 714 o A g
(belly thickness 1, anterior to the base of the pectoral fin: BTP
1; belly thickness 2, anterior to the base of the pectoral fin:
BTP 2)¥} 52| =2n] 7|4 of A A (belly thickness 1,
anterior to the base of the dorsal fin: BTD 1; belly thickness
2, anterior to the base of the dorsal fin: BTD 2)+= Fig. 201 A4
oF Zo] B FAE mm TR SAotglon, B4 &
7} 57| (average belly thickness: ABT)+= mm 9|2 (BTP
1+BTP 2+BTD 1+BTD 2)/4 A2 2 A4ttt (Park
2020). 4|3 (body shape: BS) =78 Al A& 1 (Body shape 1:
BS 1) (CID/Ls) x 10022, A3 2 (body shape 2: BS 2)+=
(THD/Ls) x 10022, A3 3 (body shape 3: BS 3)-= (WD/
Ls) X 1002 2 A4FSHA T (Park 2020).

ob&d] ZF A AHHO] A 3 (section shape: SS) =
A wigw ALtelaleh =, Al ATE 1-1 (section shape
1-1: SS 1-1)-& (WP/THP) x 10022, 4] A+ 1-2 (section
shape 1-2: SS 1-2)= (WD/THD) x 10022, A Ahd 2-1
(section shape 2-1: SS 2-1)-> (HP/WP) x 10022, A At
3 3-1 (section shape 3-1: SS 3-1)-> (ABT/WP) x 10022,
A A 3-2 (section shape 3-2: SS 3-2)+= (BTP 1/WP) x
10022, A “ATs] 3-3 (section shape 3-3: SS 3-3)= (BTP
2/WP) x 10022 T12]11 A A 4-1 (section shape 4-1:
SS 4-1)-2 {0.5(xx HP x 0.5 X WP)/AP} x 10022 A|Al5}
AT} (Park 2020).

5 8AH&AM

2 A ARESE B AIS P diste] YRR
] (one-way ANOVA)-=& ARE-5Ho] T15F F 71 o8& v
W3} 2™ (p<0.05, n=60; SPSS 9.0, SPSS Inc., USA), 8
7442 Duncan’s multiple range test (Duncan 1955)E &l
p<0.0Ss =l A foI_t Aol & TSI e A
3HHR o & 43YskoiTh

—

2 1
W 7] (Silurus asotus) 2] 71oFE A A1ZF & 2109 0] 77}

20191 1199f| 7]otto] F43] &g %o, o]of o}
2t A4S Faatth A7 Fete] &2 Fig. 39
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Fig. 3. Survival rates of fed and starved Far Eastern catfish, Silurus asotus during the 210-day experimental period. The aggregate survival
rates of the fed and starved groups during the experimental period were determined in triplicate groups (according to Goo et al 2020).

MM

Scm

Fig. 4. Typical external morphology of Far Eastern catfish, Silurus asotus at the conclusion of the starvation experiment. Initial (a), fed (b), and
starved groups (c) in the 210-day period. Note that the lateral ventral region in the starved group is thin (arrows in Fig. 4c) (according to Goo

et al 2020).

e HEe} Zro] Aolit-S 92.2+0.47%, 7|0t 74.4 +
2.59% AT (p < 0.05).

7ot ddo] whE 9F AE5YE 574 2= Table 3
I Z o s, DALPO/Ls, DADOP/Ls, ED/Ls, CH/Ls,
BDAA/Ls,BDMA/Ls ¥ BWAA/Ls®| 87]f -FoflA 23t
Aol H 2™ (p<0.05), HE 167 = DALAD/Ls,
DPDPL/Ls, HPLAA/Ls, HALAV/Ls, HALOP/Ls, DAUPO/
Ls, DADAV/Ls, DADAA/Ls, Max BL/Ls, Man BL/Ls, LD/
Ls, HWOP/Ls, DAUF/HL, DAUS/HL, IW/HL ¥ DAUE/

60 ©2021. Korean Society of Environmental Biology.

HLAA= Al 25 7t o8t Zel7h §ldTh (p> 0.05).
Ls, DADOP/Ls, ED/Ls, CH/Ls, BDAA/Ls, BDMA/Ls &
BWAA/Ls 5= 27|71} 7ok 2+ o]t 2}o)
g Holz] gtot(p>0.05), ol Aoldite= 79
F 2ol & B 9.9H (p<0.05), DALPO/Ls= Al o 5]
Folgt 2bolE HAth(p<0.05). Ls= AdolwolA A
o Qlofl Fo3t 2polE B 0™ (p<0.05), 710kl
A= Lso] Batah2 dastal o, 27wk f12o7F 2
o]F Ho|z| oottt (p>0.05). A E A Z} THH F

et



Table 3. Morphometric dimensions of Far Eastern catfish, Silurus asotus treated for 210 days in the starvation experiment*

Effect of starvation on some characteristics in Silurus asotus

Mgiak;?]rsr;s;nc Initial group Fed group Starved group
Ls (mm) 182.2+ 774 261.4+8.15° 179.8+2.11°
DALAD/Ls 28.04+1.506° 30.08+2.587° 28.17+0.673°
DPDPL/Ls 70.09+3.247° 68.70+3.585° 69.95+3.798°
HPLAA/Ls 58.88+0.601° 59.35+2.272° 5728+3.368°
HALAV/Ls 35.05+0.853° 34.15+1.062° 35.21+2.429°
HALOP/Ls 1729+0.431° 17.89+0.208° 1784 +0.163°
DALPO/Ls 16.36+0.201° 1748+0.851¢ 16.43+1.308"
DAUPO/Ls 14.95+0.470° 15.45+0.390° 15.02+0.129°
DADOP/Ls 12.15+0.240° 13.41+0.325° 12.21+0.499°
DADAV/Ls 12.62+0.604° 13.01+£0.898° 11.74+1.583°
DADAA/Ls 16.82+0.982° 16.26 +1.058° 16.90+1.780°
MaxBL/Ls 25.23+1.350° 22.36+1.752° 24.41+2.967°
ManBL/Ls 6.07+0.508° 5.28+0.597° 6.10£0.916°
ED/Ls 1.78+0.103° 154+0.123° 1.78+0.093°
LD/Ls 766+0.237° 8.13+0.523° 770+0.766°
CH/Ls 6.36+ 1.339% 772+0.792° 5.63+0.746°
BDAA/Ls 9.67+0.212° 12.44+0.478° 9.38+0.507°
BDMA/Ls 9.91+0.521° 11.67£0.930° 9.38+0.867°
BWAA/Ls 5.89+0.313° 8.60+0.957° 5.14+0.620°
HWOP/Ls 14.81+1.030° 13.52+0.573° 14.29+0.270°
DAUF/HL 13.81+0.784° 13.71+0.651° 13.51+0.160°
DAUS/HL 24.97 +3.562° 24.95+1.183° 24.99+1.121°
IVW/HL 48.85+0.725° 48.93+1.264° 48.12+1.106°
DAUE/HL 35.08+1.646° 35.14+0.551° 35.51+0.685°

*For abbreviations refer to Table 2. Data were analysed using one-way ANOVA on data transformed per standard length. The values are means + SD (n=60) of
triplicate groups. Means in rows with the same superscript letter are not significantly different (0> 0.05).

FolA Aol 7okt 1Ho] Zpol7F AA Yo w, &
Hol A5 FHoNAE Fog 2folE Holx] gttt
(p>0.05). Fig. 49| 4] Hol= H}e} Zro], 71°FL dol+
9 Z 7]l vlste] -2t B
Table 4= ZF 2|4 9] A
Ao}, A Ao e] & =
4 CIMOA = 27171} 7|0kt Atolofl=
7} gl (p>0.05), *\30144% oIt A}o]
(p<0.05), CIDOIA= Al o ZF F2lgt 2o
(p<0.05). 7FER=2]n] 7|2 2] 9] 2
H FEE FollA= BTP 1914 Al & 7He] #2008t 2}o]
7} Q10T (p > 0.05). THPSF WP 27173} 7|0kt Ato]
o= G2l ZHol7} I et (p>0.05), Aol F
Ol 2fo]E Rt (p<0.05). AP, HP & BTP 2= Al 9]
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Of AfoloflA] §-oJ3t Aol &
L] S A 4
o 9 7]olt B A o3k ZfolE HYle
AMI} WM 27|73} 7] ok Tl A=
mgﬂr(p>o 05), °l&
HAH(p<0.05). B £7

Mol A= BTP 10] Al &

11 (p>0.05), BTD 2= X753} Aot Ate]of
sl (p>0.09),
gk 2}olE HAtH(p<0.05). AD, THD,
LA Foft Afol &
(p<0.03). RA=n] 7|14 2] 2] A At T F=
Z 7|73} 7okt Afolofl= fre
ol F w1} Aol Aol A=
5 EATH(p<0.05). AAST WAE 2714, *,301% ‘3—2 7
eI (p<0.05). 514
g A= THMO] 271+ A o]

5 2 ol Apolol=
7(ABT)E 2712, 4]
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™ (p<0.05),

Felg Aol ¢l

g 2}
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Table 4. Sectioned morphometric traits of Far Eastern catfish, Silurus asotus treated for 210 days in the starvation experiment*

Trait Initial group Fed group Starved group
Ls (mm) 182.2+774° 261.4+8.15° 0179.8+2.117
Body circumference at
pectoral fins (CIP) (mm) 89.9+1.60° 121.1+1.36° 88.3+1.91°
dorsal fin (CID) (mm) 70.6+0.73° 110.2+151° 68.1+1.03°
anal fin (CIA) (mm) 80.5+0.43° 98.4+1.24° 79.1+£0.94°
midpoint of anal fin (CIM) (mm) 62.5+0.34° 72.3+£0.91° 61.4+0.73°
Section at pectoral fins
area (AP) (mm?) 223.3+1.10° 465.7 +3.96° 214.6+0.83°
total height (THP) (mm) 274+0.42° 36.9+0.33° 26.9+057°
height (HP) (mm) 12.7+£0.11° 16.1+0.16° 11.240.07°
width (WP) (mm) 270+0.317 35.3+0.35° 25.7+1563°
belly thickness 1 (BTP 1) (mm) 1.4+0.10° 1.4+0.07° 1.3+0.43°
belly thickness 2 (BTP 2) (mm) 2.9+0.12° 3.6+0.14° 2.2+0.56
Section at dorsal fin
area (AD) (mm?) 188.1+1.13° 563.143.64° 173.7+0.66°
total height (THD) (mm) 245+0.33° 32.4+043° 22.9+0.81°
height (HD) (mm) 10.8+0.09° 15.7£0.24° 10.0+£0.23°
width (WD) (mm) 18.6+0.26° 30.1+0.15° 16.5+0.77°
belly thickness 1 (BTD 1) (mm) 1.5+0.13° 1.6+0.15° 1.4+0.32°
belly thickness 2 (BTD 2) (mm) 2.9+0.11° 2.9+0.10° 001.940.39°
Section at anal fin
area (AA) (mm?) 143.0+0.49° 608.1+2.27° 132.1+0.54°
total height (THA) (mm) 176+0.32° 32.5+1.03° 16.9+0.46°
width (WA) (mm) 10.7+0.23° 22.5+0.40° 9.2+0.22°
Section at midpoint of anal fin
area (AM) (mm?) 71.8+0.41° 280.1+5.34° 66.3+0.47°
total height (THM) (mm) 18.1£0.23° 30.5+0.83° 16.9+0.41°
width (WM) (mm) 6.3+1.19° 12.8+2.40° 5.7+1.14°
Average belly thickness
ABT (mm)* 2.0+0.15° 2.4+0.12° 1.7+£0.17°

*[s: standard length; ABT: average belly thickness, (BTP 1+ BTP 2+BTD 1+ BTD 2)/4. Each section is demonstrated in Fig. 2. The values are means+SD
(n=60) of triplicate groups. Means in rows with the same superscript letter are not significantly different (p>0.05).

o] 9 7okt B A §-olokA] Zfolulth (p < 0.05). n %
Agat A AddHe] 74 US E= g A € A

Ay A A= Table 59F 2t BS 12 Aolt¥t 7] % 9 A7 e et WA ol R el thet A= A
oft Atolof| Al FoJgt 2ol E HoH (p<0.05), BS 2 A dH Z2 SFAE o7 Aol dHIE oldlshe Hl =
= Aol 7|okt Atolof| A= Felgh 2to) 7t Gl BHH 2-& Zt}h(Weatherley and Gill 1987; Park et al. 1998, 2001;
(p>0.05), °l52 27| IH= FoIgt Atol& Btk (p< Park 2004). 7HA] &5 @Y 2fol= AL 52
0.05). BS 3, SS 1-1. 8§ 1-2, SS 2-1, SS 3-1, SS 3-2, SS 3-3 & A RloIAY, 44 d 3 gRlo] FAlo A&
SS 4-1°1 4= 271+, Aol E 7]okt grell A F-ogk A} Sto] IS (Li et al. 1993), L A7ollA Hald A
o7} g1tk (p>0.05). Fig. 501419} o], Aol Zt A| A ol 7o) FEjd B2 FAdo] Boeng JUA
Ao A ZJoRtl} B &2 =o], ¥ B2 YH| 4 ¢ B 2o dojot T H s H aglo] F AAYS AALRE
g mze Byt T} (Ihssen et al. 1981; Currens et al. 1989). 7]oF= AW o]
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Table 5. Shape traits of Far Eastern catfish, Silurus asotus treated for 210 days in the starvation experiment*

Trait Initial group Fed group Starved group
Body shape (BS)
BS 1 38.7+1.14%® 422+2.01° 379+2.27°
BS 2 13.4+0.38° 12.4+0.44° 12.7+0.11°
BS 3 10.2+1.45° 11.5+1.22° 9.2+0.88°
Section shape (SS)
SS 1-1 98.5+11.27° 95.7+12.03° 95.5+749°
SS1-2 76.0+10.07° 92.8+16.67° 72.3+10.22°
SS 2-1 471+£4.18° 45.5+6.80° 43.8+3.85°
SS 3-1 75+0.95% 6.8+1.53° 6.6+0.76°
SS3-2 5.2+1.28° 4.1+1.04° 5.0+1.27°
SS3-3 10.9+1.35° 10.2+2.45° 8.8+1.12°
SS 4-1 120.6+14.97° 95.6+9.41° 105.6+15.15°

*BS 1: body shape 1, (CID/Ls) x 100; BS 2: body shape 2, (THD/Ls) x 100; BS 3: body shape 3, (WD/Ls) x 100; SS 1-1: section shape 1-1, (WP/THP) x 100; SS
1-2: section shape 1-2, (WD/THD) x 100; SS 2-1: section shape 2-1, (HP/WP) x 100; SS 3-1: section shape 3-1, (ABT/MWP) x 100; SS 3-2: section shape 3-2,
(BTP 1/WP) x 100; SS 3-3: section shape 3-3, (BTP 2/WP)x 100; and SS 4-1: section shape 4-1, [0.5(rx HP x 0.5 x WP)/AP] x 100. For abbreviations refer to
Table 4 and Fig. 2. The values are means + SD (n=60) of triplicate groups. Means in rows with the same superscript letter are not significantly different (p>0.05).

H| S5 o | 2] (A ol|A]) AHgo] B2 o], o]&
ola] AlA Ao HAA 14 U AR TES gt
1jf(Weatherley and Gill 1987; Hur et al. 2006a; Park et al.
2007). Love (1980)°]l 2JotH W2 ofF-2 2F<d AFefoll A
H717E] Z]otell e AE & QAeal /F Bf &2 A Ay o
7] (Silurus asotus)= 2104 7+2] Z|otol| e H| & &2 A
SHE| AR AE0] 7H5H3IT) 71okte] Aol Aot
ofuzt 27|tof Histo W2 ghe Bl v, 5943l 7]
ote] = A2 ARET opy2t A HEE oprlst
+ AYE A o A, o9 FAR At 125771
A X (Paralichthys olivaceus) 2] 7|oHd AN A| Ao 27|+
tiH] AdoltellA 136.2%=2 F7T Z1ottell A 92.1%= 7t
2% Ao 7 HIE O™ (Park 2006), 457H] FAME
] (Oncorhynchus mykiss) S 322 Rt 7]oF Al A&
ARt A7} H1E] %W(Sumpter etal 1991).

2 AT A, 7lot Al Feke wol e At AlE
& FEAA oIt AvE vehd B 7]oks T4 27
ot Aol A o] AR A|are} AlFe] w7] Algol A
T o g g nAe Aor AtrHh o]t A¥f=

|

¢

F'

Trachurus symmetricus, ayre (Clupea hatrngus), €1°1 (0. keta),
F278E0] & chinook salmon (O. tshawytscha)s EF ©1&
of|A] Ba1H HE}E 3-AYSHCH (Ehrlich et al. 1976; Theilacker
1978; Currens et al. 1989; Seong et al. 2012). o}-2-g o|g
& AR oje Zlofe] AaiolA L] st Aol

of oJgt Ao 2x MAry 7155t (Park 2006), Currens et
al. (1989)= Aol o 7oA &5 F9l= Aolet 7ot
Al A S22 E4 o] Zh st WSk Stoletal
AG2 HE QAT Lee et al. (1999)2 H&X] (Rhynchocypris
oxycephalus) ©l X 9753t 7|0} A| THE=FER|p7F A ZFA-gt
RS 71ES 4 Qe oJoFo] AHgto 2 B TskH Qlom
A7Vl (Acipencer transmontanus) 2F T2 7]E-0] o] A 7]o}
A B 2802 o]2o]zl iﬂ—i;}h B} 245} 7o)
FUPROE TS 470 A48 % ke §AR 23171 9
1:]'(Weatherley and Gill 1981; Hung et al. 1997)

Classical dimension¥} truss dimension< 2] 54-& X
Afste] o) 7] AYS A4S Ul ARSSte oA
(Park 2004; Park et al. 2004), classical dimension+> Hubbs
and Lagler (1947)7} ARSI o 2 2] R9jef we] K
5 71l = ofA|o] do], AaL Bl A Zof et A7
AL F2 Z8oh= WHO| A, truss dimensionS Hum-
phries et al. (1981)°] classical dimension< H.2Fsto] o4
94 &lgﬁq. _g_m-_o_ jﬂ.o]-ﬁ]- 2 01_1—_ /\11]-6:] ;]]ZH}EH OEH
P ke 2L 59l olAlel AZFY Aol A
BE AL Ut & Ao A= ol ASEE A+
HE A-gato] Zlote] oJjt H|7]of| A 9] o F e HBtE
WA= vl M, 55 B oA 7)ot mhE 63EH
Heto] it AyE e o g EET 4 QU 2
of| A ARE3E FAEL o729 7]otol whE FH| Wt g ﬂ

e

[‘_8.
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Fed Starved
group group

Fig. 5. Typical external morphology of a cross-sectional slice of
Far Eastern catfish, Silurus asotus at the conclusion of the starva-
tion experiment just anterior to the base of the pelvic fin (X=P),
just anterior to the base of the dorsal fin (X=D), just anterior to
the base of the anal fin (X=A), and just anterior to the midpoint
of the anal fin (X=M). Also, refer to Fig. 2.

[o

2 9o 485 BET 4 Uk APt e 4

il

710}?} | 712] 7:"'——1%;\%% =73t A}, A et A=
TAE gro] 2717l Hlste] F7tetAE v fARE A
T 7597 7]okgt HEX] A= Bi1H HE Qlr}(Park
2004). 1}, A&} P HWOP/Ls= Aol7} 7]
ofollA F-2lgt xfo]E Holz] il o] AL Ao
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DAUF/HL, DAUS/HL, IW/HL E—l DAUE/HL 2 7)okt
I} Aol 7k 2Rt Afol7t k] 2] ok-2 vl Iw, DAUF,
DAUS % DAUE®}F &2 o|2|3t 4S5 7|Hte = oF 2|3
O] ASH AL Holol g FFE T4 ga= HEUSL
o}, whetbA], o] gt AS P E-L v|7] T FHSH| Q1% &
FoHd] B 2A F8E 7 U3 AR Aot 2o
9 HEZ| oA o]ef 22 AR ASPHo] ERoH A%
2 -89 v} It (Currens et al. 1989; Park et al. 2001) )
9], 7]otel] whet f-o1gt §islr}t vk B e FE
W H e JEE2 "ol T A4 o] ot 2po] l 7]
¢Isf ¥-54dS Wk

Lee et al. (1999)= HEX] 7|o} A] b tho] Aok
91 METH= P, D, A°lA] & Weph EAYS AvE A=
A7 Be 7S en], S =en] 9 52| en
oA 7]ote] kS 7HY WA wrom, T thgo 2 JkER
Lejn|o] Ay HS7E TARtThal B TRt HE QITh Lee
et al. (1999) AFolA= 83 Mib= Aolet Ao s
¢I5f 131 S ﬁJJrQ}L A 0 &2 vl wsh= A2 ol

S

A

iy —’F— Uo= sk 7‘101] 317 e Ao
o T8, 2 Aol A Hl7]= Z]ok Aol A Atk 7
= HE ol ©J5] &l Hiep o] o7t Z]of AH A
A A7 H ol | A dg ARgshe A2z ofsfEm, o]e}
AR A= WER], E% (Oplegnathus fasciatus) 2 '8 4]
(Paralichthys olivaceus) ‘5o TR gt of2] 7]opa 7o
M W% vl QT (Park et al. 2001, 2015). E3H o9} 3+
A5 o AFSolA Adolio] ABTE 7]oktH T f2
SHAl =2 #ha Bl vl ol ofRf e A FAE w2 A

F4T At At ), off A A HFFE FHE
A AR 4= Qlow o] AL Z]okto] Aol Hls Y
A7 7HA17] wizel ]det adorE AMgE o
T} (Gjerde and Schaeffer 1989).

BTP 13} BTD 1-> 4]0l 7]okatof| 4] 2ol 7k UA] ¢k
< W, BTP 2& 7|0kt 2713l vlsf W2 gkt Ao
2 Z27)7ol Hlsf| & = K310, BTD 2+ Aol
i + ZFo)7t gl WA, 7okt o] F
off Blsfl W2 g2 EHel Hf, o] Z]ot A| B4 Ao zR
E19] oz ¢l Zofl 71919 Ao R AtrHTh o]ef T2
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B} FA= Ao (O. masou)g} 20] (Plecoglossus altive is)
oA 3uRAIZ} 2ufA o ]Sl AFk7] 3ujA] ZHA o] EU O
2 Q5] 742 Z1& HQl vt Itk (Ueno et al. 1986; Park
and Zhang 1994). 7R#| 9] Z¥EAQ1 B3} FAE Uetd+=
B B T ol P4 A % 2R FURE AS
T3 g9lomr (Gjerde and Schaeffer 1989), 7ot @10]
off Blsl ¥ Bt 54 FAE Holal 3lof, AFEe 52
THolA a2 Al o Y2 FETHAE UrE’r”*‘:}(Park and
Zhang 1994).

BS1,BS2 % BS 32
o] 7]otstofl Hlsf| Aolte] SA=n] 714 o A A
o] Zel7t A vehdta, SA=n] 714 of A 4
A7 gol ® SRR 1A o A A FHojlA Z)
Zpol7} glea ArfRtthd, w7] 7)ok Al A Mek=
£ FAHED ko] ATt WSS AAShE AlR Alm
e} BTP 29 #to] 7]okkol Hlsf Adolwtoll A &4 et
o ubd, A @82 s 3-3001 M= Aol Zlokto] &
OfRt 2ol 7k A UEbE T o] 8 219142 Aol
710kt AME HAsto] 18 Al 7]ots 44 FE Fd
FHIOl FA% Hshs pHlsHA] ofE oz AtrE SS
1-1,SS SS 1-2, SS 2-1, SS 3-1, SS 3-2, SS 3-3 & §S 4-19] 1L
< Al AdelA m7] 7]t ot 2o, = F3
St FHf Hoh= Hol] ot 2 A2 H7] 7ok Al £
A A oA YeRd of 2 FESS ot o729 7]
of A+ Al A-GHHH, 7ot Al oj7E ] FEFH 54
ol P stefe o QS AolH, o] F A stetd £4
FEE 1 Y o7l AEACNA S FFTH oot
et ARRE EgE o glode Alrd

& Al Ak w71€] 710k AdEel Higt 2%

l

AP Y] FEEE, ol IE
]

=
o
o
Z

N =

=i/

)
o,

2 o 3 3
A Ao @] g ARE A o] w7l i
slo] o] tieh WS BT, YA Lhehls
CRESEER N R EP EERE T
QA AL EAL B4 S B o] FA] 28 A L
goF gehell ek YRS solshe o §-850 B4E 5
oke Aoz ARt

7] (Silurus asotus)E HAFLZ 21047 710t Al A=
979 9 7 9N 9L 24ekel 1 Jlof AU 2
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Arsteieh. A9 F=A Aoldo] AEES 92.24£0.47%
o, 7|ottol A 74.4+2.59%2] AES-S HAL
Ls, DALPO/Ls, DADOP/Ls, ED/Ls, CH/Ls, BDAA/Ls,
BDMA/Ls ¥ BWAA/Ls2] 87]f 350l A FoJgt 2pol & |

o™ (p<0.05), T+ 167F &= DALAD/Ls, DPDPL/
Ls, HPLAA/Ls, HALAV/Ls, HALOP/Ls, DAUPO/Ls,
DADAV/Ls, DADAA/Ls, Max BL/Ls, Man BL/Ls, LD/Ls,
HWOP/Ls, DAUF/HL, DAUS/HL, IW/HL ¥ DAUE/HL
ol e 2713, Holwt H 7]okte] Al T1F 1t o’ At
o7k Gl (p>0.05). Aol 2+ A AdHoA Z]of
Hr} o & A4 Ho](THX), B We yul(wx) 2 o
We wA (AX)S HIrk & A3E H7]2] 7)o} Aefo
gt 918 9 A ddd Fdof izt JEE AFRlct o
+ |7]o] tiet Hol o] tigt WS HE

AbAE

2 =l 4 A Aol EREE =Ee T4
B AR IAER Y. o= =] A9 Al
SR s grista AR SE et o] A
A% AERYT & A7 250 d7ee] ZE
S AR A (e EH Alisx) 3 AE2okE A9
AesEol At HE(HE Al601%) 7152 =501
o, ob&2 et gishal A& S E5otis U
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