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Effects of Starvation and Delayed Feeding on Growth and Survival of Pacific Cod Gadus macrocephalus
Larvae by Min-Gyu Shin, So-Gwang Lee', Hae-Ryeon Jeon’, Jae-Hyeong Joo* and Woo-Seok Gwak>* (Aquaculture
Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea; 'Fisheries Resources and
Research Institute, Gyeongnam, Tongyeong 50411, Republic of Korea; *The Marine Bio-Education & Research Center, The
Institute of Marine Industry, Gyeongsang National University, Tongyeong 53064, Republic of Korea)

ABSTRACT The present study aimed to investigate the influence of starvation on growth, survival
and swimming ability of Pacific cod Gadus macrocephalus larvae. Notochord length, musculature
height, body depth, gut height and volume of yolk of reared larvae were measured to determine the
growth parameters. A significant difference was observed in all morphometric characteristics before
15 DAH (days after hatching). Body depth and volume of yolk of unfed larvae were significantly smaller
than those of fed larvae from 9 DAH (P <0.05). Almost all yolk in fed group was consumed at 11 DAH.
Survival and growth of larvae were observed to determine the effect of delayed initial feeding (2 DAH,
3 DAH, 4 DAH, unfed). All larvae in the unfed group died by 15 DAH and the larvae in other experimental
groups survived until the end of the experiment to 21 DAH. Survival rate was not significantly different
between the 2 DAH group (17.5+4.27%) and the 3 DAH group (20.5+1.5%) at 21 DAH (P> 0.05). How-
ever, there was a significant difference in survival rate between the 3 DAH group and the 4 DAH group
(11.7 £1.52%) (P <0.05). There was no significant difference in notochord length among the groups fed
from 2 DAH, 3 DAH and 4 DAH at 21 DAH (P>0.05). The swimming ability in fed group gradually incre-
ased in both cruising and burst swimming speeds, while those abilities in unfed group gradually de-
creased after reaching the peak at 6 DAH in both cruise (18.7 £6.56 mm/s) and burst swimming speed
(43.5+£12.65 mm/s).
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A 2 of wet ol FEH™ Ho|7t AL Xo= olFEHUS o 7]ort
U5 ETh(Yokota er al., 2016). 3] 7] 7]ot= 7|18
9 F958 A 55 Ut ZARY 34E 0T 5 ¢l
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717¢ A 1 me]l gat f2utetol= Fall, A, dall Aol
EA 5t Faf A F$ A rolA 11ERE A o=
Ao 2 & A QIth(Gwak and Nakayama, 2011).

SEuyet tf9) o] FEk2 1951 o] SR E WA= oF 7,000
tono| A HAL= oF 400 ton7}A] 2 Zo 2 Wslgon 19941
o= ek ZgHeE g Fafitoll A g A= o8 =R ¢
ATHMMAF, 2007). Z48t= ti+ 2+ 355 9]3f 1980
Q5 E S URE AFsIEen 20029 o|FRE WE &
BE Fol7] Y3l =85 2 ol WRIL Ik (Gyeong-
sangnamdo, 2008).

i S| Rifsts ALHL Aol HolQl =4 &
FAE dEFo] A F 7P Fof (Kang, 2008), ThHE A]7]
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AL g AY A5 olfiste dl 5a% 982 & Ao|tt.
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FAEAL SPSS 23.0 B4 23S AN e &
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BEL P<005 2=FoA Folstact Z+ 24 ¥ A
AE 3 3} F 2149 AEES LA EA (One-way
ANOVA testy& £3) BA31900] 0J3t Ho| S Lhehfgl e
o (P <0.05), Tukey’s honest significant difference (HSD) testS
o-§3t] ALFAA SFHUTHP<0.05). EF FEE A F
3} & 21471 AYEFE Apof o] Habgke] tiste] dAujA] 24
(One-way ANOVA test)Z} Tukey’s honest significant difference
(HSD) testE ©]-&3t] FA A2 stATHP<0.05). FE ¥l
£ 93] 53 T-AA (Independent sample t-test)= 53l HO|
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Fig. 1. Survival of Gadus macrocephalus larvae under different first
feeding time (® -2 DAH, A -3 DAH, ¢ -4 DAH, O -unfed). Differ-
ent lower case letters denote significant differences (P <0.05).
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Fig. 2. Changes in notochord length of Gadus macrocephalus larvae

at 21 DAH under various first feeding time. Different lower case let-
ters denote significant differences (P <0.05).

oH(P>0.05) (Fig. 2).
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2. el wEat 7joF Al &

it Zpolo] Z]ob Al FEjA Aol StoRE Y]
= & A (Fig. 3), Bt AS 23 Fol7< 75
o]+ Atololi= Aol 7t f+9J3 P“’E}(Fig 4). 229 A% 9
2 Zpol7k 129 F-H, Al Lol M= T 9URE =[G
(P<0.05). ZxEol¢t Aol —E‘Ol%‘l} wolT ke Zpol 7}
3 & 159 FE AT (P <0.05). AS FE F o XM
710k Al 7B wizkst AL An Ak Haa 2o A
wolTet FEol 7t 194 AolE el HH,%OHLt s
oz F7IAA(P<0.05), FFolT+ 7|oFe &
g 238 gYFoR FAEATHP<0.05). ¥HH 23} T
15%0] Aaet Fgolofla] FolFet FFolF & o 7|0k
I FHSHA Aast AR, FFol 77t ol Bls) &
oH oz o 7ZAsATHP<0.05).

o) 2ol Q] —E‘—i} A% Yot ¢33 2= 0.239+£0.065 mm’
ok (Fig. 5). 2 & Fol7tet Fgo|7 BF el wat A
&2 0 2GR o7} FAastgeh 7.3} 8U7HA| Fol7e i
ol Abojofl {2 & 2po]7} WEHA] GFPARH(P>0.05), 3+
T 9dol= fFrelF Atol7h BAH ATH(P<0.05). FHFolTF=
3} 3 9o o] BF AuE G on, Fo|Fo| ¢ F35}
F 110 dRo] BF AnE

3. RS2 W Jjot Al T

B3} A Bh7E vel WA A3 seesion o

A S Fel 2 F9& st AT Algo] Aol mt
2 Fisdo] HE Theteks @] Eoledlen A
FHFIE A 902 B A FH A2 Behdof
= B 6912 FAAS. 1 F 53 F 1540 Fol7e= %
T 19812 2Ql W, FgolTolNs 3 & 6ol Bt
154625 23 AH& 2 7 73 5 15¢= B

l

A% Fol 7ol BE ZHUNH 10744 F 9~
10AARI7} £349€ sHe Aol WaEIgon 2ot F 152e

L1047 £ dsks Aol BT T8 ol
o 79 8k F 1590] B 274A o] BAH G T ol ol
A &gol5AYE Fak 5 62o) FFL A F AL g
shgon, Bt ¥ UL Aauc 4L AYE 87
At Fol T AAktel et g 9sEs} AaHos 3
7Sttt EFol 7o £RAASEE 002 B 4 B

AN7ZE a9 At 2ol B3 & 6¥47HA] FRAFHoZ F7t
g %}m}— 73 %ol UEbgTh(Table 1) (Fig. 6). X9 <
73S 5 AT R QA3 vk Afof9] = B3 T 1293 Al
95k —ELOHWP o B2 FFE Uit #3 $ 159 &

o|FLe] AL TAA7} v UEFHA T BFo] oA 17
Algro] ¥h-g-ste] 2 ztolE Uit 2389 olsAZ =

PFo| 79 A% WMo FH Rat ¥ U0 JHL
He F A% ARG On, FolTE YUAOR Fete]
3 5 0ARY 15U7HA] ol B BE ALE 0|55t
Sk #3 F 15900] FFolTE B 346mmE o|5t] F
o177} o 5o o ol ol5atE Aol BAE U} YL F
ol ek Rl T4 2 Hol7} AT (Table 1) (Fig. 6).
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T8l AT Aol7lo] WS B HAE A o
o] FFA719 &t B3t Tk (Lasker, 1962; Blaxter
and Hempel, 1963; Laurence, 1973). o] A& A= o+ =}
ool BEEE Eol7] N3 AV ARG A HA A7 shot
starzl sttt o] & Al tit &Aool Hol Fue =37
AEET A tﬂﬂf“ ST tit Aoj o] B3 £ 2]
AR FEEL F3t F 29 FolF(17.50£4.27%)¢ 39 Fol
(20,50 +1.50%)7}F B3t T 49 Fo|TL(11.67+1.52%)°] H]
o A gl Egom, HARE 23,49 FolT BF HA1}
A vebgch 23tz oz g 209 HELS Zo|7] YA
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Fig. 3. Developmental changes of Gadus macrocephalus larvae under fed (left) and unfed conditions (right) in days after hatching (DAH).

11



o
r>=
ro
=
=
B>
o
r
é’.':'
]
R
=>1:
gl
gic)
40
1%

a) 6.5+
( ) W Fed
[] Unfed

£

g

=l

0

f=1

2

=

3

=

Q

2

<}

Z

40 T T T T T T T T T T T 1
01 23 4 5 6 9121518 21
Days after hatching (Days)
(©) 20

Body depth (mm)

00 T T T T T T T T T T T )
0 1 2 3 4 5 6 9 1215 18 21
Days after hatching (Days)

(b) 05+

0.1+

Musculature height (mm)

0.0 T T T T T T T T T T T 1
01 2 3 4 5 6 9121518 21
Days after hatching (Days)

()

Gut height (mm)

0.0 T T T T T T T T T T T 1
01 2 3 4 5 6 9 1215 18 21
Days after hatching (Days)

Fig. 4. Morphometric changes of Gadus macrocephalus larvae under fed and unfed conditions. Different lower case letters denote significant dif-

ferences (P <0.05).
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Fig. 5. Changes in yolk sac volume of Gadus macrocephalus larvae
under fed and unfed conditions. Different lower case letters denote
significant differences (P <0.05).

£ HolE 3} 7 3ol Hol2 FFalof ek £Fol 7
g Aol Rt F 12~13Y Afolo] YEEO] 50%2 Fa
AL F3} F 15U M HALsETh FHH 7]ofof RIZHst
ot & A tiger grouper Epinephelus fuscoguttatus< 7|0} A]
Yol ™ = 13X7F Foll BEEC] 50%7HA] ZHAst 184
ZH = FRA7}F AFE3E T (Ching et al., 2012). Rock bream

ol

Oplegnathus fasciatus® 735 3} & 3d0] o] € & 9
o] dAE EE o 23} F 4~5% Abo]of HEE0] 50%7t
A gastglon 52t 5 7do] 2E A 7F AT (Shan
et al.,2008). Black sea bream Acanthopagrus schlegelii~= 7]}
Al 73L& 7~8Uof &L 50%0 =25ty 3t T 10€0]
% | Al (Fukuhara, 1987), Spanish mackerel Scomberomorus
niphonius= 18.5°COA 8~10¥o) AZEE& 50%°] =3
B3l & 109 A H|ASFETH(Shoji et al., 2002). European
flounder Platichthys flesus2] 73$- 53} & 6Uo] A A4S A
Zbsle 3 5 120 AEE 50%) EES H 1Y & 2F
H A TH(Yin and Blaxter, 1987a). B 7]oto]] WA o] 733}
ot B 118 walleye pollock Gadus chalcogrammus= 710} A
8°Co A AWEE 50%71A 9~10¥o] 2850 23} & 14
o m%: APLSHE I (Yokota et al., 2016), Atlantic cod Gadus
morfua= 3 T 54 A HAZ NS 14974 BEE
50% =2 F 16974 2E AAZE HAsAT o|H A2
£ X35t} tiqtm o7 Aol 7|of Al HEE0] 50%°
171714 28 5= AlZke] 71 Ao 2 Ueh=t o] RS A4
F23 i Aoj o] LFA Fol W E 2z gzEd &
" 2,3,4% Fo|Fo AEEo] 73t ¥ 11LA45H 543
a8hs Aol BHEEHS =, ol 3 3 11YA Y =
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Table 1. Swimming ability of Gadus macrocephalus larvae under fed and unfed conditions

Days after hatching 0 3 6

9 12 15 18 21

Feeding conditions - Fed Unfed Fed Unfed

Fed  Unfed Fed  Unfed Fed Unfed Fed Fed

Moving time for 90 second(s) 691 16.19 1349 22.12 1546

1694 1300 2442 959 1981 0.10 953 18.84

Cruise swimming

No. fish 10 10 5 10
Shifting distance 842  8.65 9.53 663 1297
Swimming speed (mm/s) 1212 1418 1517 14,61 18.70

9 9 10 10 10 2 10 10
643 907 1597 460 1045 383 1080 12.96
1530 1576 1852 1316 1923 1227 1753 17.75

Burst swimming

9 5 2 6 7 1 9 9
1263 791 1500 7.70 1604 346 11.00 1278
4045 3707 4225 3129 4275 2595 4097 37.77

0.95 0.97 0.94 0.95 092 099 095 095

No. fish 10 9 9 6
Shifting distance 11.07 1259 1139 873 1452
Swimming speed (mm/s) 3494 3759 3732 3453 4353
Straight rate 096 093 0.86 0.97 0.96
60
W Fed
504 [] Unfed
E 10
=1
b
Z 30
E 2 : H ; i i
£ 2] TN SO QU S SR
2 PP = S R i H 1
o= B i i "
104 ¢ - :
0 T T T T T
0 3 6 9 12 15 18 21

Days after hatching (Days)

Fig. 6. Swimming speed of Gadus macrocephalus larvae under fed
and unfed conditions. Solid line, burst swimming speed; dashed line,
cruise swimming speed.

Zof g Bold HMate] PO YZAEH o] fFMe
7H4 Rl A7t dasitha YZbE.

Apolo] FejA WakE SAsto 7|0t HEE Brkste o
£9] AP AF7F 1= Qlch(Ehrlich et al., 1976; Yifera et al.,
1993; Kailasam et al., 2007). | AN = Fe| ASS ©
8310 7loke] GTE HelsinA shgon), 1 A3t BE 5
R Bl 7]ob7} ATl wheh HAF A4 1F 3} vl el
S5 2ol7} BT U, Aabge] A9 Fo| 7o} BFo|7
Role] 4AHe 33t % 97k SABIO Y B F 1203
5 Aolt golsigon], 1 5 FolTe] HaL A% 57}
SRR Rol 7L 288 Fastdch maolTe] e
2 Qe o Aolzh 23 ¥ ool YRS BE svg
T % GUe WX 2ol AREL PAAIAR AFg ]

o2 B33 v It} (Lee and Hur, 1997). &&°|¢ B&
olo] A BFOIT BE AAZE A 23k F 152l
of 7jol7} SalElo] 7]o} Al SHlst7lol A gelint.

Aol ko] A9 FolFet Fgolgt Zolzh 7 e o
ZEo] 24T FE 5 7lotoll 7H Wtstith. ¥ herring
Clupea harengus$}; plaice Pleuronectes platessa X019 73-$
A 71ote] FFoll WstA 23S pectoral angle®] 2t
=7} 7]otell 7Ha wzksleka B 15kt (Ehrlich ef al., 1976).

A7l A QR A AR GEgEeT Ede
Atol9] 717k& oJm|8tm (Fhyn, 1989), R G4 RG4S
FAloll ]t 7|7tolt}. o] Ao Al djt &pole] B3t
21717+ 99 o }tt. vk olive flounder Paralichthys oliva-
ceus= 0~1¥ (Dou et al., 2005), gilthead sea bream Sparus
aurata 02 (Yifera et al., 1993), rock bream O. fasciatus 04 ©]
™ (Shan et al., 2008), striped bonito Sarda orientalis®] 34
4] 712E2 2940121 (Kaji er al., 2002), 15 ©|F H]IL A]
Y Aol Ml BRYAITe] 24Tt FH ABaT
A EHA 47170 71 AL R I A walleye pollock G. chal-
cogrammus+= 4~6% (Yokota et al., 2016), pufferfish Takifugu
rubripes= 8 (Jiang et al., 2002), Pacific sand lance Ammo-
dytes personatus+<= 10 (Yamashita and Aoyama, 1985)%, T
FE EFAA7I] 1 18 Soheh ol HE 1 EFAA
712k it A7t Zlotel] tigt AgkEo] Fe 4= Ud F
8 acleoz FAHY, 7 A3 SFAE WAt fle B
a2 olFste] A AAle Aot WRIFE o835t
o5 A4 7135 o] 8T = 7] ol Aoj7] el f1
g Ao}, =3 walleye pollock G. chalcogrammus= Ho| &
M5 R3S 1) 71 ZRHAI70] EAEFEE S0t o
3 HARg-o] SstE Tty B 1 EQlth(Yokota ef al., 2016). 3HH
Bol7t 4R 2 B Avlo] HIE 1Foj o1F-2 7]
ofof Hefsh dnty o g g d WEHA JAst=s 2714
ZAZS 71 Aoz &2 A lth(Hunter and Kimbrell, 1980;
Kaji et al., 1996; Park et al., 2015). t| 8] 9 Ho|7} A3
o Rag AL BHANA RusHetE JijFoz 1 &

PPV B AE FBS BY 5 Uk



oo o] 20| 27|AYEAL 2 AFY U1 7]ofe}l H x4 uf
o] (Yin and Blaxter, 1987b), 0] & 7}A] 847} o3t A
3285 steAof g8 RAHE A2 Z}%J% HE 04]3 o 2

o] Fasith ol AtolA Folo £FHIAY ENFF &
L *e]%ﬁc}fﬂl = s R RS ~7}o}°ﬂ11‘3i Fo HL94 «
FLAT S99 £29 A9 7oprt A& Ho| wet Bl &

o & } 7 Zastt o] BT o) B
£ 9] QFAFS Atlantic cod G. morhua, European flounder P.
ﬂesus, herring C. harengus 91F A= EXFoH =2 oy
A FA H-go= Bt 7]oF A ST WS /A
= AEAZS 71t R 15 1th(Yin and Blaxter, 1987b).
SR A &2 Q1 7]ofol| gt FHLEY Hae ZARRR
B =y fFo] FFE vIAA Zlok A Y B AT &E
o] Folbd 4= Qlt}. o]l A thF Rpo] EFE 7|0} A] £33}
T 6ol golFEt £2 FIEEE 7o H, 7]oF B Al
Foll B2 oAUAE AHESte] B4 FA5ts AT
74 Aoz AyzrEct
ol Ato A Z]ob Al WEFZ Wste] gt FFE Pof
7] 93 M AL Ak AASE Aol thaf Aol st
dott Ao s =gHEAE U, #95E71 ofF
B2t Zoj7} AR E Fol2thd EZAAHe FA L 1
e 4= gtk ol AF A tj+ Aol 7ot A& ETHIGE
212-&0 & W3krt ¢t Atlantic cod G. morhua, European
flounder P. flesus, herring C. harengus A1) 79~ 710} A] A
A |53 At fol ALURE FRAWA QA
9] A= H+ 1cm ©]Ao] 1 Th(Yin and Blaxter, 1987b). =
710} Al B+ 2mm X}o]7} U Atlantic cod G. morhua, Euro-
pean flounder P. flesus, herring C. harengus Y3} ©] 2402
E7He Aol ERIE T ey o A oA di Apoi=
710b7F A &E ol wet o] At AR H o= Fasigit £
3 & 1599 Fol+tE B 16.0mmE 222l v Fgo|+#
= B 35mmE S3 o HAGET o ZA o]Fs . o
ZhA ti97 & ANES 7HE 4 UE A 7)otz Qs
H 2 olFAYE olFst W A S T8 WY
517] o2 fl7] WjE o2 gztETh
i 2ol o] A &{ETHS
S A3 0% F 2525 HX
| E B4 99 U Al =20 9 3
Zrasto] B3l & 1590 90 £ 0127 S& Atk Black
sea bream A. schlegelu——] AL 53l & 7d9) 602 = 60%
93142 ™ (Fukuhara, 1987), snailfish Liparis tanakae2} spotty

3t 529, H3

m]o do

belly greenling Hexagrammos agrammus+
ABo 90 & 90% -F93F¢TH(Shin e al., 2018). AFS AF
A HFE $2 W BAS gek Z8 thdon o) Ak
olF Ao F2 {FYstAT. i+ Aole & oiF=°l vls)

Azl Hglom, o] 2 QI3 HolE

g 5 e t\':uq-H 7} Zolx| 1 19] ulg} HolE ubd 4= Q)
£ 380 Word £ g AR F3unt ARHoR i
Atoi7h A A4 A

382 o7l AL AYT BYAE o)
ol

o Hl8) ©& a5

(o]
=

0]

= 7t (Gadus macrocephalus) o1 2] A 2] A
S 3Folsly] Y3 AW ARS Adste] A A=,

DU PR E s A8 A, 2

o], & ASsHth O 21 BE FEA
dof] Zpo]7} ool em, A i, Gt F
Ui £217 4907} BYRSHP<0 e
% 114 o] %9 aHEGT =2 A Hol 379
JFE ﬂ}—}o}ﬂ Qe o2 Hol 39 /\]Z_P(Z .39, 49, BF
oo W Apol&] AEH 4L WEsAT. FFol+tY
& 23 5 150 AF wHAs e Uz AT A9
TE AR AESHT Ado] TrE 73 ¥ 219 2¥
Ol (17.50+4.27%)2}F 3Y F°]7-(20.50 £ 1.50%) Alo]o] =}
o|7} froJ8tA] FRXL L (P>0.05), 38T 4L Hol]F(11.67+
1.52%) Atololl= 193t 2ol 7} 1= Aith(P<0.05). £33} &
2194 29,39 293 4 FolFtoll AolA HaP] 19974
Ztol7k JIATHP>0.05). 79 58 W3S WEAT 21} Fol
TE eFHISEY SAFIEE BF HdXF ez F718H3
o Bgolqts B3 % 6Yo «FFIE5E(18.7£6.56 mm/
99 ENGALE 43541265 mm)s) BE HT £To] T
& 5 W paskt
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