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Changes in the Specific Gravity of Pacific Cod Gadus macrocephalus,

During the Early Life Stages
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The Pacific cod Gadus macrocepahlus, lays demersal eggs and the hatching larvae rise toward the surface layer of
the ocean to feed. The change in the specific gravity of eggs and larvae was investigated to examine their vertical
distribution and movement in the water column. The specific gravities of fertilized eggs and various size classes of
larvae were measured using a density gradient apparatus. In total, the instantaneous specific gravity of 146 eggs and
225 larvae were measured. To prevent any disturbance in the gradient water column due to larval movement, 0.004%
MS222 was used for anesthesia. Due to their high specific gravity, eggs spawned were deposited over the sea-bed of
the spawning ground. The specific gravity of hatching larvae decreased abruptly. However, Pacific cod larvae still had
a comparatively high specific gravity at hatching (1.03655+0.00146 g/cm3, n=4, mean SL=3.62 mm) and their spe-
cific gravities tended to decrease as they grew. The specific gravity stabilized 6 days after hatching (1.02590+0.00212
g/cm3, n=15, mean SL=4.67 mm) and the cod larvae were eventually able to float in the water column.

Key words: Pacific cod, Walleye pollock, Specific gravity, Density gradient water column

M OE

S|+ EF=(tomcod Microgadus tomcod), "3El
(walleye pollock Gadus chalcogrammus), t)+-(Pacific cod G.
macrocephalus)®] AN %2 tj4-2K(Family Gadidae) 577} A
A5}, 71 % eof el A7k Boll A Alsh A 2l of
Fo= obolel Hnleicke] YR E tEAHe] F2 A4
??J'E]—(Hart, 1973; fishbase, http:/fishbase.org/). F o] 52 &
Bop AeAA oo AT 9T, B et Aeala 57
of w9 FARH|, S-eutel & ol 5 FHRAAlof| s
CTH(Kim, 1990). A7l whe} th27]= kAt A<t ol o
T RHARE] EE oF wlint 7 o] o] R AdwhE SR oA 7t

7he- L A 9] B o Algtstar, Wej= 2 Al 7] A
22 AR}, o] o2 Fflro] W Kt 2 H|FS 714
31 Q)7 w2, Abgh S EE| 2313t wj7hx] Atgks|| o of wpgo
%50%11} 5&17]4 o o2 ofeh HaAdS YERA AT &
o] vk

ﬂﬂl

AL AA H7 A o] ARAA S0l v

o4 302 WA EokBian et al, 2014). %] u}et
off B oollA] Salat of el i w2 5] AjA 44
S W3 A drH O 2 o] E3tt(Laurel et al., 2010). T-
o] o7} gre) efe) oS o] Hgali, njat tekasbt
9] shelikof straito] A= 4241 200 m Eo} Z1-& =40 =2 2
Z3}2]7H(Kendall and Kim, 1989), H|@ 3ol A= F5of B2
?'&E]-(I\Iishiyama etal., 1986). 3| %FolF L(egg)t Ao (yolked
larvae)7} F--3l= %2 71o]+= A=2] vl (specific grav-
iyt AEE B Aaze] Aolo] 7]Slgich, olfel o
3} Apoje] w2 15o] weehs S Fo A4 H o W
3}5hH (Kendall and Kim, 1989; Laurel et al., 2010), slj<~2] &
£ ermo} glite] sl ofsle] AlN7Zko = Seilct. v}
2h ool A AEAL] 4219121 AR u)5T o]
= Afolo] s AL 150 54 $IR/= vfS: oA
2 W31 Hth(Sundby, 1997; Coombs et al., 2004; Goarant et
al., 2007; Petereit et al., 2009; Sundby and Kristiansen, 2015).
FEY o) Ff= ax3pr| o] ehAs] W EA] gk A2 F
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sfst=t, o] Al7]el=
ol EHOE o) 5ol el UL, wto] FElwA
23V B3RS o g 7|Eheo] sl st A HlE
o] Z7Fsto] 212 44 0 & o]55li= = EltkMiller and
Kendall, 2009).

2 Aol A= SbA At e o =1 Sl v
o] szolA] Alztaele] AAo|A REFITH FH(Hurst et al,
2009; Laurel et al., 2010; Bian et al., 2014) A& Hl&o2
Zlafgtol| A Abgtels o+t o) ddeAd = S o+t &
O] B|F} Abgkel o 9] sl Aol & ufotsto] 4kek £ QA
74A] Aol w5z sfebslaia} siick. Egt Sske Aol
w2 7] v]ZFo] ZHasto] deto] Q1= Aefoll A sieF E50ll A
A E th=(Hurst et al., 2009; Laurel et al., 2010)2] S-1E v}
GO U Ae]o) HFWBE AR Folel Baslel Al
3} o nietol| A Falgt Aol 7} sjFe] E5o =tk A7
= oo} ghetal At sRck. ol Ak dhre] 27148kt
A7) 52k shepol 4] 4]0l 5-& mofahis 7] 2422 A 5D
o Q1L ko] thE F 2.3 o] W &fol o HlFHske}
ulawsfo] o} 50} 2714414719 B} Xl A& Tolghe.

24, o) So] MRS §Fus A7I7HE 4 9 Aol

dRe 7HAAL ok 2719 2o A7

F Alglth. oF 143k o F 3

S AFg o] £SIGLI, H3} 5 Aol 2 ol 43t Alde] F

2RoE2 A5 Aol a4t 2 BHE|HA] o] B2} THA| Al
g7o)7] so] ALLRE O QI3 o] A WAISAT. o)
ol 2ol Aol FRiohe Al R AlSH 4B S vt
S 5] e SEHAAEE Ao 2ol WAl
WA 4= QI o]of|. ARs=2 0] =22 Seo et al. (2007)9] 4
2o mHE FaPd e AT AN E e M fakeo] &
S H6T)= FAISHAUTE F3h8 2] A7]= A5 40 cm,
0] 60 cm®] Y5 ARSI 73} 59U FH B = B o]
A& Rotifers vl A3 1417 2 o]l o] s3It

&} 2 o] 9] H] 52 H = hulj4=3=(density gradient water col-
umn, DGC; Martin Instrument Co. LTD, UK)S o]-§3}o] =
A3FHHCoombs, 1981). 2 A ofA| G- W= 32} 3
250l AF(PE, RedSea Co., USA)S &ajato] 2451901,
Hre(Um)o el 2 QB =A7](YSI 30-10 FT, YSI Inc.,
USA)E 0|85t} el W3 U ojn] gL
9= 927 SAAQR3T 712, 1.0210-1.0467 glem’)S =<
L7t o = AR Q=A] FelskaL, 7 59 0]
o §HJ Y= F o]§-sto] B A4S FHoto] Gt 2fol 9
52 AAFst et ti+t 4t 2o o] HjF-2 A4 517] ffste

AAeE deAlaa=5-0] AR = 20-80 PSU (&)} 20-60
PSU (Rlo])oat, 22 B4t 6297, Wi 1.0188-1.0580
g/lemo] it}

o g3t o= 2 FEo W] e HEA
HH Ao BE RS WS AL ARge] o] 27] tjie] AR
= AR A v A2 WA E AR sto] vlsE 545}
ek &) HF-E ok F HI(11, 224]), =4 5 84|27 (=%
T 12A1ZF S)HE RIAIZEA], ZF SHA A Atufaegol £
T 3053 A T ol S48 tht =2 Bl
A ke 25 (6-770)0 A4 2F 109 (Seo etal., 2007)-12Y (Lee et
al., 2007) $of Ra}stu g F S35 oF 2535 HE R 5l
sho]| 5= ® of 104, HE 10A]of) £ 81 ch. Akol= s15oll
Al §1(02, 10, 184]), F3} 2| ¢ 5E H3t 3 16 714], Sute] 4
Yol FYste] vlES SAHATE AFo|S5A ALt

Qlato] FaFe W @A, AL df7F A A L Al 717w
HF St A gt A EE AY ol SAskich Gk S5t
$552o] A7l o] 32 1= 0.004% MS222 3fj<=of| nf|3}o]
& SIS 4o A7) = AS & FYske ARA &
g8taL, Apof= Abspo Al AR & dnlAS o]8ste] 2
o] 5 Aot Al o2 HY 3 WreFHapFof] FYshlt

o 2 xjo o] HlE A 2Lkt selol A 1A 2 of

ot o] HE2 2012¢ 2¢¥ ASEH Asvk4e A
7.89+127C, @& Wi 33.52+0.3 psu, n=4)9] 4L E
1.02612+0.0002 g/cm’2} 20139 29 A-&H Asjvl+L 3
T 6.54+0.9C, FE Fat 33.94+0.4 psu, n=7)2] FFLE
1.02663 +0.0002 g/em® Rt =2 718 ¥ GIthFig. 1). &
o] g3t o] o]FolX HE FHFof|A DS =2
2 W 6.29640.149T (6.2-6.5C, n=25)0] it} it &
o] 2ol A =7 £ 270-300A17K(11.25-12.50%) 74 5}
steb=tl, Ae tit g2 S8 A2 4 & 124K o] %
SAIEZ7] $a1, o] wj 243t Lo W2 1.0471 +0.0005
glem’® (n=11) ek o] % 4] v FH F7ste] 74 180
AlZF 2] 1.0540£0.0008 g/cm® (n=5)% 713 =& 0|5 W
AL, FIFA o] FA| 7} e 912 H A (1.0459£0.0015 g/
em’, n=5) A& SAWE 49| vl Btk g Bolok A
HhA o= ko) ulF2 4 = 18041 BapAH7HA] A
AYAAL, 71 o]F 27 5264 ATF HSAI7HA] P A o'
E HISo] FAlst L, FapR Ao st lrh(Fig. 1). 4o
H]Z-o] ZrasHAY ST ek AR Adaglol, ti+t & vl
& Akt 2155 E Kol A7 A GA o R sl =
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Figure 1. Changes in specific gravity of Pacific cod Gadus macrocephalus eggs and larvae since artificial fertilization. Horizontal line rep-
resents seawater density at surface of Jinhae Bay in February 2012 (1.02612+0.0002 g/cm®). Black circle indicates specific gravity of eggs

and white circle indicates larvae.

=
-
Y
2
lo
=
ofN
rlo

o
4>

o} 7 5 oF 27041710] Bl AR
24 A4S 243 of 7 Aol o] 152 13655+0.0015

g/lem® (n=4)°] 11z, 73} 6dA (=74 390417t 5, = £33 120
A7k 3yl 1.023440.0014 glom? (n=4)744] W] F0] 7h4:3t o]

T AFFTEAR Ao 731 1997 upx]4f Z4712] 2fol 2]
H|Z2 v wd oA o7 e Tth(1.0250+0.0015 g/em’,
n=175; Fig. 1). 7] F3}x}o] 9] H]F-2 ¢49| vlF B} @
TR W Hrh= A S =], €9 vlFol 3
SR 7P A= AR F3 3 5UR (= 382417
-, B3} 112417 )= Yepstth(Fig. 1).

ot zpo] H3} o] 5 A4 ol whE |59 WD} S Aleta|
9] st ot Bl sHith(Fig. 2). F=Hs4=o] Wik} 2}
0]9] v]ZFo] F O Aol 52 s Aol HEA =L, U =R
o} Zpoj o n|Fo] YO Sj=EZ 0 & 1 e 2| Hr}. 2}o] 9
HIS-S YW O R W, 23L& A} ghadhe F o] vehd
o} 53} AY HiF °HE2 1.0365 £0.0015 glem® (n=4)°]$)
I, 644 == o] Wt ¥] 52 1.0255+0.0020 g/em’ (n=14)
B A5k Th(Fig. 2). o] Al7]HE] Zpo] o] HlF-2 A & 34
Bt 7h 9] 2340l sl A A| ok 3k 5 A5 ST
Z}o] 2] =7](standard length, SL)+= 3.62+0.16 mm (n=9)=
UFERSEL, Zpo] 9] BIS-S S8k AA| 7I7He 3t AEH o8
37sto] vlESA v I (3 2094 )0l = Aol o Hat =L
717} 5.30+0.15 mm (n=18)= Ureh} 18U St B4 A-&
< 0.093 mm/day= 374 =] lct. ti+t Ako] o H|G-S S75H=

B ERS 7 2R 3719 A= 3.43 mm AL (FEE ),
7H 2 A= 5.74 mmQTHESH 17Y 2. tf Ao 7} Hol
5 H7] ARFeE AL et 7Y SR ed), 2310 37t

| oFzre] o) ok gl AL Shelg 4 Ui,

N

|
]

ekt FafiollA gt it E o]-8g d(Seo et al.,
2007)0]l &b it &o] =7]= H 1.03 mm (1.01-1.09
mm) %L, FIA S it 2pole] 27]|= A% Bt 4.10 mm
(3.95-4.25 mm)©| gict. 2 Aol A ARE-SE Z | Tlol| ] o] &gt
o 2] =27 4 1.14£0.02 mm (1.11-1.16 mm, n=20),
B2 5 20] 9] 77]%= 3.62+0.16 mm (3.43-3.88 mm, n=9)
= Seo et al. (2007)2] Azt vlsf| &o] A7|= A1, Zfo]2)
Bt A7) 22 AR e o] AR thE Al 9
ghatold =% 9laL, ofu| o] FFdEl 9 AHF A7 wHE 2b
ol f5= it

= AT ARREshaL 2akgt Afol= 5o WA st
+= dAARS Hol&=t|(Chyung, 1977; Seo et al., 2007), & A3
of| A &3} Apof o] v F-S SAe At o] 3t AuE HHF
gIth. Bian et al. (2014)0]] &JshH Y2 £7to| = Abol A bt
S o)t A eke] B]E2 1.0316-1.0454 g/em® W99, o] &
2 AP RE R3] BE o) vhdthA| 7} sk vt
A AYPEER 22 g TS A= R[OS AE
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Figure 2. Changes in daily mean standard length (mm) and specific gravity of Pacific cod Gadus macrocephalus larvae since hatching.
Horizontal two lines represent seawater densities at surface of Jinhae Bay in February 2012 (dash, 1.02612+0.0002 g/cm?®) and 2013(solid,

1.02663+0.0002 g/cm’).

Y715 (ichthyoplankton survey) & 2+ 7t &8 A7k 4=
SLAThaL aFglck. & S Al glol ARg-E afgt o o] =4S
|52 9= 1.0459-1.0540 g/cm’= Bian et al. (2014)9] 2
TR 25 o 22 v YU o] HlS& S5k
R0 2po] = A R T2 B o i Al-S o] 85t At
Iz QUok. SEA|GE, it Ao B|F- Alet 2 e HokA |7t
2] 23| Ak Z=1 B 2012 24 1.02612 +0.0002
g/em® (n=4), 20134 29 1.02663 +0.0002 g/cm’® (n=7)].ch
A 7= o] tit G2 At 27 BRI 7ER] Ao
A HEA BE {58 4 9l

53l Ae ot Aol HjFe sfedmREh =okARt
(1.03655£0.0015 g/em?, n=4) 0|5 w27 7taste] 23}
104417} o= 29 |4l w9} v|Z=8t 1.0271+0.0016 g/
cm’o] L, 112417 Fojli= F1 sl e iof W vl
(1.02566 £0.0009 g/em?®, n=5)°] E| i}, 0] 3 tj= z}oi 2] 1
S i SA] vtk S71eF g AE skl o tiAl A o2
Sek 7 vl S HAITHE-S} 1I2A17HE 449417t %
7HA] 4t 8|S 1.02498 +0.00148 g/em?®, n=175). A}o1 2] H|S
o] wrE 7| 7FAsh= At A= Lietal. (2015)04 = Hi1%|
A, o= AolEo] AAR FAXA] Foh= 717t W
< Frsto] F9f vlFo] TP YA A o EHOR HeE
= Aes 44
A4 o2l Bl e t=A S5 a3l FRshe
U e AoR deA QekKim, 1987). $-2{utet
A A HEf o] g Zpol o Bl RS SAe
AREEEILAL SO, EluEtol A TE] de o] 81t

jusg)

I7h HEske] 19859 49 vl YepA7oE 2] 312283 (the
Shelikof Strait, Gulf of Alaska, USA)o| A H-1U|E 2 233t
Hef A} 2ol & o] 83t HFSHATE AFESEo] Zpofof =
A o) & A kS v|wagIthTable 1). W) &) H]F-2 K3}z
ol Zrastar F3kst 3ol 9] Hl5-2- 1.02567+0.00169
g/lem?® (B 27] 3.65 mm SL)C.& ZA =] ¢tH(Kim, 1987).
o] % g7etel wheh el Aol o BT WA THHAAA A
o] 27|77 4.0-4.5 mm (B++ 4.27 mm SL), 4.5-5.0 mm (3
2+ 4.83 mm SL), 18] 5.0-6.0 mm SL (4 5.27 mm SL)
o] &3} =olo] H|ES 1.02561£0.00106 g/em® (n=17),
1.02539+0.00086 g/em® (n=21), L& 1.02525+0.00103
glem?® (n=38) =2 S| It} 121l Bo|H o & n|dsIiA R
ok WEAbe] (<3 mm SL)9 H]F-2: AdA o' Faleh o
spajo] o] ujF KTk WHA(1.02512 +0.00049 g/em?, n=31) =4
| AchKim, 1987). o] e Apol7} EAet= 4 1985
| 2ol & AT A de] 3z sfolA] S 23t i
O ARt sl o v S uf, 2k 35k Teatol(H
9t 3.65 mm SL)= 4] 147 mm2] sl =0} & o] F3]
i1, 535139 & W F37] 427 mm SL Aol 52 5241 119 me)
Sfeu= o), ejal 53} 5Y 5 gt =7] 4.83 mm SL Aol &
2 A 4m 9 et HES o] F= AR AT
(Kim, 1987).

2 A oA S74% g Aol 2] =279} H]Fo] Kim (1987)
of| U el #pof o] vlFa} vl st e 22 WS o] 85}
of that Zpojo] =2 YA E FH5HH, <] 4kekafel %l
SUES AT A o= RS Al(oF 45 m)2] s HolebA A=H
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Table 1. Summary of the specific gravity experiments for walleye pollock Gadus chalcogrammus and Pacific cod G. macrocephalus larvae

Larval rearing

Hatching mean

Speci Sampling  Sampling . Et?gt period Laryal Lar\_/al Totafllnumber size K
pecies incubation rearing  rearing of larvae i . remar
area Date / Gear . (Days after . . (Specific gravity
period hatching) temperature salinity experimented mean+SD, g/cm?)
Shelikof
walleye Straitof ~ April 1985/ 5 3.65 mm Kim
pollock  the Gulfof Bongo net '+-21days 10 About5C Unknown 114 4 4o567.0.00169  (1987)
Alaska
Pacific Southern  Jan. 2015/ 362 mm
cod coast of Artificial 12 days 19 6.1-6.5C 34 225 1.03655+0.00146 This study

Korea fertilization

o|H A9 HE =Fo] NEA AU ASR ittt £ AF
o] ARE-3F20121d 3} 2013 2of| 4 H A sfnte] =23}
oz A s4dEs 1.02612+0.0002 glem® (n=4)2}
1.02663+0.0002 g/em’® (n=7)0|}1, B|5UE K} zfo]<]
H]Zo] Wolz|= H3} 5YU SHE R34S el o5
g Zo& 7pgdsh 4= Qlrk 9hA g Kim (1987)0f] Lrefet
e Atol= BtA7] 4.27mm SL A E-2 119 m 5=4lof v
E07F A9 2Rte] Ht27] 4.83 mmE 7Skl s
of B& vhE ASdhe AL & 4 Qltk gl Aol = Rk
O v 53| A5k A S UEPATHA tf+ Aol= 23]
e 53159 A 71R] s 4] vl A wEThrt H3t 6 U S5
B 53 ol AA8] Adsste] 5ol g 2 Ao & oite
T}, o] Hurst et al. (2009)2] Lol A= vreht=], A4 3
FolAl SR AHE it Apole] 2715 EAREY 44
1-4 m AFo]of| A dBHS 714 4.9+ 0.1 mm SLO] /HAH|So] A7
Qi 2H T S A s AAE WolE o] & =9l
=719] Aol Eo] YA rH6.9-15.3 mm SL). & AF A}
of| oJahH o zpoi o] H]Fo] FH |4 Wi B} WolA| = A|
Ao 23l 6 THE(YH 7] 4.56+0.16 mm SL, n=15)
FOoHE o] fRE HFOR 5S AAste] AAR HolF
Aolstal HelE o] 8ot 448 2 Hsk= o] A4 w7t
A 7o v F= 208 7P 4= Qlrk. YubH o ' ti = H
7} gl A 425 Qbol|A] = Zlo]E 2 EBHA| T, 7] Ao
A719] AR EE Aok 8o R R Bt 425
of ot Hef 2 o] JefH ri= fo] 54| 9] H|Fof o5l A7
He= o2 g Qlal(Saborido-Rey et al., 2003; Woolley
and Qin, 2013), & AF A3}t GA| 7H A= Afo] 2] HlFo]
A4 0 & dgato]o] =2] A5 AA k= 82lo] He= A
o= )
o= ZpolE ASBHHA B S At Hol &

e o] % Apojo] w2 A 7|djElE = gl o)t
ot 2pol o] Hol 2= 2 E| T RotiferS Folstgled], & A+
of| ARg3E FFo] AR Eoll & H-§5HA] Ksto] HolPER
# 0] AES o} 51A] Froko] 2pol o] Ato] dekebA] EH A
o= ghetEch 2 AY Aol ofshH it poi7t H3k 10

7R 8-S Tt A 4t 3.62 mm oA Hat 5.10 mm 7t
2| /37t vHd, 2PAs] Adofoflnt of&qt £3} 1R 19Y
Atolofl= et 5.10 mm oA 5.30 mm7HA] 0.2mm /375131
7] oo,

o F2] &} Ao A7]= AFYEC] ofF &2T, o] Al7|E
oF S5l Jsfo] 2l Aolsh HFA0 2 A (spawning
ground)of| A A& (nursery ground) 2.2 o] FE+= A7} 7
PTES 2o BE A=t g3 A7 M= 4
of whet sfiofl o3t o] F A X7t thEA e e 7 gt
Aol w2 &0 vFHEHE solshe A2 AEo] sl Al
ARt= 4, A B g oASste Lo A8A17]=d
83 247 Hck. 2 Ak i Gt Zof 7 defRke] 4
SollAl o= qAJof] Eazsh=A] F4sk=d] o]&d oL, =
7] RZAL A7 Abeb et A7 oA A Sk SRt
ZAHS7L 7ol nAls G wotete 7| 2A R R S8

° 5 9he Aol

Oy

Al AL

= Ro AHEE APARE ATHTA HAg A 4
AATAE ] FAFEYU

References

Bian X, Zhang X, Sakurai Y, Jin X, Gao T, Wan R and Yamamo-
to J. 2014. Envelope surface ultrastructure and specific grav-
ity of artificially fertilized Pacific cod Gadus macrocepha-
lus eggs. J Fish Biol 84, 403-421. https://doi.org/10.1111/
jfb.12292.

Chyung MK. 1977. The fishes of Korea. Il Ji Sa Publishing Co.,
Seoul, Korea,

Coombs SH. 1981. A density-gradient column for determining
the specific gravity of fish eggs, with particular reference to
eggs of the mackerel Scomber scombrus. Mar Biol 63,101—
106. https://doi.org/10.1007/BF00394667.

Coombs SH, Boyra G, Rueda LD, Uriarte A, Santos M, Con-
way DVP and Halliday NC. 2004. Buoyancy measurements



it 271824} v S} 337

and vertical distribution of eggs of sardine (Sardina pilchar-
dus) and anchovy (Engraulis encrasicolus). Mar Biol 145,
959-970. https://doi.org/10.1007/500227-004-1389-4.

Goarant A, Petitgas P and Bourriau P. 2007. Anchovy (Engrau-
lis encrasicolus) egg density measurements in the Bay of
Biscay: evidence for the spatial variation in egg density
with sea surface salinity. Mar Biol 151, 1907. https://doi.
org/10.1007/500227-007-0624-1.

Hart JL and Clemens WA. 1973. Pacific fishes of Canada (Bul-
letin 180). Fisheries Research Board of Canada, Ottawa.
Canada.

Hurst TP, DW Cooper, JS Scheingross, EM Seale, BJ Laurel
and ML Spencer. 2009. Effects of ontogeny, temperature,
and light on vertical movements of larval Pacific cod (Ga-
dus macrocephalus). Fish Oceanogr 18, 301-311. https://
doi.org/10.1111/.1365-2419.2009.00512 x.

Kendall A and S Kim. 1989. Buoyancy of walleye pollock
(Theragra chalcogramma) eggs in relation to water proper-
ties and movement in Shelikof Strait, Gulf of Alaska, Can J
Fish Aquat Sci Spec Pub 108, 169-180.

Kim S. 1987. Spawning behavior and early life history of wall-
eye Pollock, Theragra chalcogramma, in Shelikof Strait,
Gulf of Alaska, in relation to oceanographic factors. Ph.
D. Dissertation, University of Washington, Seattle, U.S.A.,
221.

Kim S. 1990. Status of fishery and science of Bering Sea wall-
eye pollock: (I) History and importance of fisheries. Ocean
Res 12,117-128.

Kim S and A Kendall. 1989. Distribution and transport walleye
pollock larvae in Shelikof Strait, Gulf of Alaska, in relation
to water movement. Rapp P-v Cons int Explor Mer 191,
127-136.

Laurel BJ, LA Copeman, TP Hurst and CC Parrish. 2010. The
ecological significance of lipid/fatty acid synthesis in devel-
oping eggs and newly hatched larvae of Pacific cod (Ga-
dus microcephalus). Mar Biol 157, 1713-1724. https://doi.
org/10.1007/s00227-010-1445-1.

Lee JY, CS Lee, WK Kim, SU Park and BH Min. 2007. Ef-
fects of water temperature on egg developments, hatching
and larval growth of the Pacific cod Gadus macrocephalus.
J Aquaculture 20, 260-264.

Li Z, J Yamamoto and Y Sakurai. 2015. Vertical position, spe-
cific gravity and swimming ability of Pacific cod Gadus
macrocephalus yolk-sac larvae reared at four temperatures.
Fish Sci 81, 883-889. https://doi.org/10.1007/s12562-015-
0911-6.

Miller B and Kendall AW. 2009. Early life history of marine
fishes. University of California Press, Berkeley, U.S.A.

Nishiyama, T, Hirano K and Haryu T. 1986, The early life his-
tory and feeding habits of larval walleye pollock Theragra
chalcogramma (Pallas) in the southeast Bering Sea. INPFC
Bull 45,177-277.

Petereit C, Hinrichsen HH, Voss R, Kraus G, Freese M and
Clemmesen C. 2009. The influence of different salinity
conditions on egg buoyancy and development and yolk sac
larval survival and morphometric traits of Baltic Sea sprat
(Sprattus sprattus balticus Schneider). Sci Mar 73, 59-72.
https://doi.org/10.3989/scimar.2009.73s1059.

Saborido-Rey F, OS Kjesbu and A Thorsen. 2003. Buoyancy of
Atlantic cod larvae in relation to developmental stage and
maternal influences. J Plank Res 25, 291-307. https://doi.
org/10.1093/plankt/25.3.291.

Seo YS, Park ME, Kim JG and Lee U. 2007. Egg development
and juvenile growth of the Pacific cod Gadus macrocepha-
lus (Korean East Sea population). Korean J Fish Aquat Sci
40, 380-386. https://dio.org/ 10.5657/kfas.2007.40.6.380.

Sundby S. 1997. Turbulence and ichthyoplankton: influence on
vertical distributions and encounter rates. Sci Mar 61: 159-
176.

Woolley LD and JG Qin. 2013. Ontogeny of body density
and the swimbladder in yellowtail kingfish Seriola lalandi
larvae. J Fish Bio 82, 658-670. https://doi.org/10.1111/
j1b.12020.





