KEEMERITE 74 (BpdE75)  19-26, 2010

(RN AR 30D

Bull. Jpn. Soc. Fish. Oceanogr.

FIISMOZTESPMAZEICRITTHE
— Atlantic cod Gadus morhua % | —

KHIE R

Influence of variability in reproductive traits on recruitment:
the case of Atlantic cod Gadus morhua

Michio YONEDA

This review indicates the causes of variability in reproductive traits and the maternal effects on egg and larval growth
and survival based on Atlantic cod Gadus morhua. Reproductive traits of fish are directly and indirectly influenced by
environmental factors through the individual and population characteristics. Variations in the timing of onset of spawn-
ing, duration of spawning and the number of egg spawned at a season are due to not only the changes in water tempera-
ture and food availability, but also the influence of age and spawning experience. Spawning experience of a female af-
fects egg diameter and egg buoyancy, which significantly affect growth and survival of eggs and larvae. However,
male’s traits such as sperm density in milt have little effects on fertilization rate and larval growth. Simulation models
based on reproductive traits at different age composition of spawning stock show a significant consequence of egg and
larval production and viability. These observations show the importance of understanding the relationship between
adult (reproductive) and offspring traits in fish species examined based on both field survey and laboratory experiments.
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JLAF-, Ricker (1954) X° Beverton and Holt (1957) AMEmE L
RAEET L, [FEIHAR2SMAREZ TS| &
W EB IS L TE L ORISR AT o Tn B,
ZOMETIE [THOTERIZBOFmPEY 1 TI2k 5
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DR - BRI L CGHBE 8725632 L1245 (Trippel
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etal, 1997). X512, GUHEIZ X - TREINB O MR 2345
il BRI U 22 BIARTETId, SO O F AR D SHEE 28
BEICHRTHEIRL T LES BRI MRE SN TH D, BN

MWD U7z &S Hia R TIE A <, EINROARET
DEBRPKEL DD TVBE I EIRBIN TS
(Birkeland and Dayton, 2005; Hsieh et al., 2006) .

ARTIE, RO BRI RT3 ER & 7 OB
IZDWTHh X%, kIZ, Atlantic cod Gadus morhua %2 |
BORRFMEIC KAIZ 5 - SEEY A & maternal effect (BREVERD
B CES I - HFROKRE - BROEREBIT 5.

2. FHEBHOERIELC I ER

P TEHO AL YIR R 8 & X T & A 6 5 Bt
P& 2 OZEBEROBIR % Fig. 11SRd. ZOHT, #lnl
D W A X4, PEINRIGD 2 4 3 v 2 L N Ok
NI MR s A EETH 5. — 0, MEREE ORI
d, U (GEEINEO , PEHINOUNERE S, o
Gy & s BMERCINEMBEOGHERAEENF T o hb L L d
2, HETIERE R RBT8) ,, Bk o &K, B
WEORE L ENFToh5. Zho OBOREMIE, /B

19—



ENEERESS

Reproductive traits

Size and age at first maturation
Timing of onset of spawning
Duration of spawning

*Females
Fecundity
Egg diameter
Lipid and yolk content in egg
Egg buoyancy etc.

*Males
Volume of milt (sperm)
Sperm density in milt
Sperm motility etc.

T

Egg and larval traits

Fertilization rate
Success of first feeding
Tolerance of starvation
Larval growth

Figure 1.

Potential factors for the
influence of variability in
reproductive traits

+Individual level
Body size
Condition factor
Age
Spawning experience

+Population level
Spawning stock biomass

Age composition
Sex ratio
Mortality (fishing pressure)

Environmental factors

Food availability
Temperature etc.

Schematic representation of the possible sequence of factors influencing reproductive traits. Larval traits

will be influenced by both reproductive traits and environmental factors.

- SCMERIR E UTINDRNEHR, AF OB, ALk
T, Uk EREECHEBEEZRITTZEAMON TS
(Trippel and Neilson, 1992; Trippel 1998) .

BOHRFEEOZ B EIZIL, fER L ~oL &R ~ov

IZH 2B L AERREIC K2 EPET NS, kL
NUTIE, A X, W, R, PEONREER s & (K
FEL LTI, BUOE, FlnRER, MR, JECE (RESE
CE) &R ThThFFonsd. K&tz Loy
B AEWBREAR, TAREEL N LICE W TR E S5 A S
Ll oic, WIAETBO SRS & RO B & KT
LELOENS.

3. Atlantic cod D9 & £ DHMIBHET R
Atlantic cod (3L 35° LIAED RVEHE 6 K O 2 O R332
349 % . Atlantic cod (Z7KARRCIE 7 70 & OWIFEBRIR IR L

T A E R & 5 728  (Brander, 1994; Rétz and
Lloret, 2003) , Z @73 A FaFHIZIRAIR A & VeI (~ K%
600 m), HIL7UHROFEAZ T HEER I — 1 v S5

mE» KR AduiE, 7V — 5 Y FIRZE TR, —,
Atlantic cod 12138 < DRBEVMFET B4, Rif (R T
W) NTLEIRMICELZ 2 HIBHEETL2ED SN
(Hutchinson et al., 2001) , FEGRHGRCHEREMMT 42 & 2@ U
T, ZOnESREN T3 (Heath et al,, 2008). ZHh
5D Z &%, Atlantic cod 23K ST 728 £ OYPRERIE I

U THERB AR ME 2 52 72 1 Ta <, fAfREEE LT
HUENBRNRAMTH B Z & 2#WEE-> T 5,

Atlantic cod T34 B BRIEICIE U 72 2E R E O MBIy 22 522
NdHdIZENHMENT NS, KROEOIEE (KEE) O
AT (BfE) KD EREA KL, K
FBEREE (R R, Fl) &7 (Marteinsdottir and Begg,
2002; Dutil and Brander, 2003; Rétz and Lloret, 2003). Z#1i3
BRI BREE 232278 7 D BT 7 (RS gk I Fo T, AR BUKIR
23 Atlantic cod O i R il AR IS 3 5 Z & (Bjérnsson
and Steinarsson, 2002; Dutil and Brander, 2003) , E\ VKEZR
PR LD FIHBIARIZ D8 5 Z & (Gode and Haug, 1999)
BEITHELTWREDLEZLNE., —J), Rhb4RE
BRI TR T BE 22 B 2E M O FERL R S BRI 12 28 L § 5 7=
B, ZOMEFEEDOLEIC L > TERRE S 2§52
ENHENT WA, /NL Y Y iEEE Atlantic cod IX AR &
LTH T 7 ¥y E Mallotus villosus \IZfRAF L TH D,
VY x BRFD L HIZ K - T Atlantic cod D AT VT 4
Vg v (I, FEEREE) LNk E AT
9% (Marshall et al., 1999; Yaragina and Marshall, 2000). %
72, N bETIE, =¥ R SE 25 (European sprat
Sprattus sprattus, Atlantic herring Clupea harengus) O ¥iE
J& 73 Atlantic cod DN FEDEENIZHE %5 2 % (Kraus et
al., 2002).
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Atlantic cod D ZF#EFEME & INA

4. Atlantic cod DRE: « FEEIRHR

Atlantic cod Tld, #2654, FHEAMIC K BHERIC K > TE
WAL D LG L, ISR R TR 2 T 5 5
(Hansen et al., 2001). PEUNIMEA 2 & &2, M
H ks CREIN A 4% 0 9. MEDOBEINOFKE T, IR DI
BRI A 25 7B T 125 (Fig. 2). IR O IIEE
FIGET AT ONTINELIER U, i & I L 7290 A 0P
TERE I 5 &, YT RCRT DAL 2 JITE 2> 5 357 L 72
E-F2PKT . BB GE S L, ZOINEZAIHD I
BED BHERO/NE LI (ONy F) BB ESh, Thik
FERE A AL THRIN S T <L PEYNHIE RS IR A
5N BINND AR N Z &2 5 | Atlantic cod (N
HDFIIC 2 DD RREINE % i T & % determinate fecun-
dity il &, & 27 F 4 9 Engraulis japonicus 75 E D
& 9 7z indeterminate fecundity D & £ 7 (JNEIZHCIN A3 e
IR, PRlE ha) LIXBl&h5, &5, Atlantic cod
MW 2> & Y & 4 B ORI BEDN A i 4a B 12 DT/
BHZENHONTOSEH, ZHEKERHELIFIZBEIRL
BNZEPRENTHS (Kjesbuetal, 1992).
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Figure 2. Pattern of oocyte development in Atlantic cod ovary.
Ev: early vitellogenesis, Lv: late vitellogenesis, Sp1: onset of
spawning, Sp2: end of spawning; ho: hydrated oocyte, ov:
ovulation.

5. ENORILE - MGEOEHER

YIBIZ O HEAT FE A\ IS D PEYIBR RGN S fe B e RUE
9. Atlantic cod TIZINFTZRDMEITIZAKRITIKATT S Z &
DS &5 Twa (Fig. 3; Kjesbu, 1994) . JHEINOYN
& AKERDBIRAA 5, IIFE 300 um D G T B HTHAN A3
Y% 700 um O IV EZ R % HIZE T 5 HEE, KioeCc T
RIH &I s, 7o, IEEHIHLIRIZ BT 5K
i 2°C DO MIPEIIRAG & 16-21 HIESE 5.

—77, Atlantic cod O EEIIHINIZ, KAFUZ EARPEINE A
WZ570RMUETE2ZERMENTED (Kjesbu et al.,
1996) , S SIZHFMMPMRMIc k- TEHEEZI LI Ln
RENTW % (Hutchings and Myers, 1993). 51k, #
A D Atlantic cod FEARIZDWT |, IRAKIIRAEIR DA 12

BTE D “PEUN (spawning)” &, AEFIRAVGELT L T
5 PEIRET (spent)” IZXHIL, FYuty P EFIIZE
DAEREEZ & D 50% R H & #E%E L 72 (Hutchings and
Myers, 1993). Spawning {3 EEIIBHAA H OFRFEE LT, spent
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Figure 3. Simulated effects of variations in environmental tem-
perature on the time period to start of spawning in relation to

initial oocyte diameter of the most advanced oocytes (G1) in
the Atlantic cod ovary (Kjesbu, 1994).
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S — 0 - - - R
1007 1007
T T T T T T T T
5 9 13 17 5 9 13 17
Age (year)

Figure 4. Estimated relationship between age and the day of
year at which 50% of female Atlantic cod enter into spawn-
ing and spent maturation. Spawning duration can be defined
as the difference in times of spawning initiation (spawning)
and spawning cessation (spent). 30, 3Ps: NAFO divisions off
Newfoundland, Canada (Modified from Hutchings and
Myers, 1993).
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BRI TIROFIEE LT ZEh T AL T I LA TE, |
BCUH & 72 RIS A S A E FE O BE NI 2 7R (Fig. 4).
ZORR, MEREE 212, MESE > TREINHB A R L %5 5
L3I, FUMOFRFmft Tid, HETMEX D & REIR
DENZEPHL MLk,

6. EEBTEEDCETEER

Atlantic cod MEFLD 229N 35 K OREINBUS TSR IC & » T&
L9 %A, wlnlpEgNfE & REpEN e (AR 1Bl o gy
EAREBR L Z2fR) TRZDOIESRL D (Kjesbu et al.,
1991; Kjesbu and Holm, 1994). PEUNBAAARTD EHGHFIZ L D
RORFBIRRED & < 25 > 7RI UL, 1 - (KIS X DK
WREIREEDOMAR L D &, K02 < OMINEINEAREL
ZINS & XD EN (KEW) HETHRIRRICELS &I
K0, G KOOI ORI XM X &% (Kjesbu et
al, 1991). LA L, BEAHRICE DRIy 71> g vall
o TR pEINTIE, SBRITINO MBIEIG 2 LA L, AR
& U TN EINE O 28 < . —F, YIRIEN@O
FONBUIAGIH LI C K BB AR T BV ARSI TV
% (Kjesbu and Holm, 1994) .

Yoneda and Wright (2005a, 2005b) (%, EEINHTDEREE 3 #)
WIEIN O MERHE D BB T AEPEIC RITTHEEFANRDL 128,
Kid & HSRF DR 2 4D DMK 5%, F 320N &
RO 22908 (2908 thd) % @72 (Fig. 5a). Z D
R, EAWRX O EAGET &G ET oW TN s K O
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Figure 5. Gamete production of female (a) and male (b) At-
lantic cod at the first spawning season. PF: potential fecun-
dity, RF: relative fecundity, BW: body weight, RF=PF/BW,
TW: testicular weight, GSI: gonadosomatic index, GSI=
TW-100 /BW (Modified from Yoneda and Wright, 2005a, b)

PN & B ICH BT ED 5 Lk b > 72 (HT/HF vs
HT/LF). %7z, EfGEEMEICHB W T, 22008 & M 2200
BOKRIZB T 2 F R EII AL Nk > 72 (LT/HF vs
AT/HF vs HT/HF). Zh 6D Z &, ¥ CHEIT % At-
lantic cod M Tl PEINET D BREEIZUNAE I 528 4 T & 2
ZEERELTNS,

RIS, WINPEIE oY (Fkd) (EkiCi ) 26
BiEE B K ORISR (GSE; GSI=100x fiH.EE
(R - Ki¥ER)) #AMXE TR (Fig. 5b). %
OFER, BHRERL X UOGSHIIBHERICL->THRED, B
X D 2 0 S IHMCEETX & D & HRIZE A > 72 (HT/HF
vs HT/LF). U» U, @6 0 THRRERIC 31
2 i E R & GSHI AP X B THEZENA S Nish -
7z (LT/HF vs AT/HF vs HI/HF). $/&bb, HCidylnlE
YIC & EINHRT O B EREE ARG 1 DB FE RIS B2 5 A 5 Z
EAHIB L 72, —J5, [ UBEED T CHIE & h=Eikic v
T, KO A8 + 2 )y M, NIPHIC X 2 ZRHRR
W=k, wIOpEYRfa AR I J6 1) 2 A RZEDED
ENENZ ERHS N TS (Trippel and Neilson, 1992;
Fig. 6). %7z, Rudolfsen et al. (2005) %, Atlantic cod /&
DNET B ORETMEVIGHE D L FE T EFRITRE L 7
MoleZ LB NTIRKGICK 2 FE B THLE LTS, Z
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Figure 6. Associations between body length (spawning experi-
ence) of male Atlantic cod and spermatocrit, percent egg fer-
tilization rates at semen:seawater dilutions 1:250 (circles),
1:500 (squares) and 1:1000 (triangles), and egg hatching
rates for eggs fertilized at a semen:sewater dilution of 1:100
(Trippel et al., 1992).
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N5DZ &L, Atlantic cod HEFDEHTOERL =AY, M
DENL LR LT (KESH), I - (FaoRERCA ik
ICEEAERHERELTOAENWIEERBL TS,

7. BEREDT - FRAICRIEFTZE

7.1. BEWEE

B D A3 pE HIN D IEfs K OMF R OPIHR E - E5%
IR L T 5B Z LIRS Ty 5. Marteinsdottir and
Steinarsson (1998) &, 74 Z F ¥ Fifd Atlantic cod KA
Bz T, FREME» SINEMNIZHIN ST 201 %

R L, NLRR S22, Aot @7z,

Z OFER, MEFOREE (MR ZEARE 2R &<
BBIZONT, EH SN 200N E KANC 25 Z & 3
BIL 7= (Fig. 7a). & 512, IpfEE KA (>1.5mm), Al
(1.5-1.35mm) , /MY (<135mm) OX5F L, Wbk,
SR TORGBH K L HFRORR AT, KO
P 6 AL U 7470 5 H 81213 & TR 2 % BAA
L, WiEAVNE K 5120 TZDOREH & Eh 2 @i
B o, ZORBIRERIZERM SN, MLi%sH
HURE, HEDRGE 512D TRBINE K & AU H sk
DIFFIZE T 2RS4 ZOZEERH S 2L %557 (Fig

a
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Figure 7. Relationship between mean egg size and female con-
dition for Atlantic cod (+: early spawning, l: middle spawn-
ing, O: late spawning, *: end of spawning, a) and mean ob-
served size at age of larvae from eggs of three size classes
(large=>1.5 mm, middle=1.35-1.5mm, small=<1.35mm,
b) (Modified from Marteinsdottir and Steinarsson, 1998)

7b). sk, NADI» S L 2P RITER 1S H TN
TOMEIPIE L7, ZThoDZ &k, MO @O
2 EEFNATRIE, IEREOROIEDFR LD &, KE
RN RIFTH B Z L AREL TS,

7.2. FHR, EIEER

2T, MEHAOERY 4 XBEIER—TH % & 05 &Mt
IZBWT, YIRS &R PRI (4 EC 2 H o FEIN)
IR W TSR SN BRIRHE OBV 241519 5 (Trippel,
1998) . FEARIZ 12D AR X, FEkiZ K 5
AN % 1T - 72 %%, PEINHART £ CRBD &4 v 7 DT —
FEICEIE &7z (F—BRBESM) . 2 ORER, PInlpEg
ERRPEINF D Z DR 7 OPEINIAM R BRI H $U3IEIE
FRIL T2y, RREEINE, 2R, UNEE, M TF Rk

Table 1. Spawning duration, egg production, fertilization rate,
egg diameter and larval production for first-time and second-
time pairs of Atlantic cod in captivity. First-time spawner
(Male: 66 cm FL, 3.2 kg BW, Female: 66 cm FL, 3.7 kg BW),
second-time spawner (Male: 71 cm FL, 3.9kg BW, Female:
62cm FL, 3.6 kg BW). (Modified from Trippel, 1998).

Second-time
spawner

Biological First-time
traits spawner

Date span of spawning March 5-April 10 February 26—April 8

Number of days
on Gy 36 41
spawning
Total egg production 750,255 1,583,716
Percent fertilized eggs 42.8 94.0
Egg diameter (mm) 1.42 1.54
Number of larvae per
P 55 255
gram of female
300 [ Age 2 yr (first spawning)
200
100
—~ 0
) 1 5 10 15 20 120 @ first
& 300 Age 3 yr (second spawning) 110 _+++ O second
g g +++ + third
200 glor oogag
g g 20oo® es0t0e,
£ 100 3 jz‘.o.. '.o.. o+,
é 0 2 ol
5 1 5 10 15 20 o
z 50

300 F Age 4 yr (third spawning) 15 10 15 | 20
Batch number

1 5 10 15 20
Batch number

Figure 8. Relationship between batch size (left), egg dry weight
(right) and batch number of a female (fish 4) at first, second
and third spawning time (Modified from Kjesbu et al., 1996).
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MALAT OB A BEINRTOMEFB O KE THI %) TIXIHAE
BRGEDED G/ (Table 1). $abb, RENHT
DZ NS FHEEZYIRPEIN G L D & K<, MxHFEL T
MEDRIZR S OB ERAS Nz, ZTho DFERIT,
BROBRIAR T v v v L2, HEROEKSF A LD &, PEIN
BERIZRKEZSBL TR LW Z LA WEE-> TV 5,
—F, AR TIZED LS BELRHEDTH A5 H.
Atlantic cod ME{EfADRIMIFEIN 2 5 301 H £ TORMEEINE &
PEINIARE , Z U CRE N Oz = D %L % Fig. 81T
(Kjesbu et al., 1996). AN CITARINE A 2 <, BTN
B G END 212, ERIIOER RN LRI AT
5. L2, PEINRRER & D I DN TREEINE B L |
PEUHAR 2 R< 25 2 &12A, oEESES KH I L
B Sk o7z, ThoDT EIXFEMMCPEINRER % B

-
»
T
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[ ]
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Figure 9. Change in egg diameter (a) and egg specific gravity
(b) during the first (O) and second (@) spawning periods.
Egg specific gravity vs. egg diameter is shown (c) (Modified
from Kjesbu et al., 1992).

21250 TC, RO DA AL, RABICHZ > TR
BOMERLEDSL LIS L EREL TS,

51T, FEMINOTFINC G EEIRRERIC K 2 Aabh
% (Kjesbu et al., 1992). #IEIEEYNIZ 2 [0l H DO EEYIIZ LN
FEA/NE < (Fig. 9a), HHEH 2 EDLNILTEDZE
WEEIT L AL 5 (Fig. 9b). — 7, 2MIHOEIITIE,
YIENPIRIE D & K2 VWOITH A, BUREFENZ 212, UfE
MFEFC L& TE, EIAEERDICONTINDOFINE
LU, PEINHIREO AR TIRZREINOIZ 1T K & A2 i
NHBHZEMPHL 7 (Fig. 9c). Atlantic cod D g HIIIZ
WERA 2728, FHORBIIINEDIE X | T I /%
SHRE % L &2 OISR, £ UTKS 25 L DR IbICE
LTWBZENREINTWSA (Thorsen et al., 1996) ,
PEYNAEER P 5 pEHIN O P I O FFMIZM S 2 Tl 2
W, L2 L, RREEINECT & PEINET O BTEREE VD o F- K
T, ZOXS LEHINOFNOKRE LARIAL LN
Z&n5 (Kjesbuetal, 1992), UNODPFES) & BHERIRD—D
ThbdLnz k.

8. WMEIAEFEHOEYIFHICEBEIEFMI RIFTHE

ZNE THI L 72l L X)L iZ 31T 5 Atlantic cod O i
KTV v LBMAIZRIETHELA P L2200 FET L
RO T 5.

Salinity Egg distribution
o232 340 345 recryit repeat
(@) A
50 &« Salinity
100| -
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150 : : :
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8 100_
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Figure 10. Simulation of the vertical distribution of Arcto-Nor-
wegian cod eggs at the main spawning area in Lofoten. (a)
Extremely heavy fraction; (b) average eggs; (c) extremely
light fraction. Estimated distribution patterns of eggs pro-
duced by recruit (first-time) and repeat spawners are also in-
dicated (Modified from Kjesbu et al., 1992).
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Atlantic cod DZFHFENE & A

(a) Young Fish
pre\ AN
L v
! \
I’ \‘
warm ! “
year ~— cold

(b) Old Fish

Production

80 90 100 110 120 130 140 150 160 170
Calendar day

Figure 11. Schematic representation of the temporal production
of first-feeding Atlantic cod larvae by (a) a young first-time
spawner and (b) an old repeat spawner, and of their dominant
prey in Lofoten, Norway. Two scenarios are represented: a
cold year, coastal water 2.1°C and a warm year, 4.1°C.
Events are based on empirical data: the y-axis scale is arbi-
trary; wavy lines in nauplii curves indicate that their produc-
tion relative to larvae is far greater than shown (Kjesbu et al.,
1996).

Fig. 10a—ci¥ / Vo = —JLT5 I8 IZ %6 1) % Atlantic cod PE
BHEA D K G B IR D25t & Atlantic cod PEHIND L
EHHNCHEE S N7ZZWDOBHET L TH S (Kjesbu et al.,
1992). WIRIEINFOINE, FHNRFH b L1282
DEBWER LN &S, & BFREEDOKEIZ L2 RN
AL THEWEELZ NS (72& Z1EFig 10b). —7,
REEINFBOIOFINIIEFICKE LA ZDE*FHOZ &h
5, PEHYNTER (Fig. 10a) 25 kg (Fig. 10b, ¢) %
THRIAL AL TWBEFEZO6NS. DK & pEIREER
202 RO AR O E N, B FAROEEm E DK D
Abt, BREIHEL, (FROKRE - ARICe s h
5LEIO6NS,

RIZ, BT 7w = — LW 5517 % Atlantic cod i
UFROEEMTHZ T TV 0+ VORERD XA I VY
& Atlantic cod[FREDORAED & 4 I V212 BHEKI &
BB % | FRBEANICR L7z €T LA Fig. 11 Tdh
% . Atlantic codld, FEINAZER B IZONTIERLINEEN
NE L 5 BEE A D (Kjesbu et al., 1992, 1996; Figs. 8 and
9). ZD7%, FEIAOFE TIEAOI LA RAEL
PEUNI D83 & & & 12U v Nk 35 & B2 60
5. BBEKHTIZ, 7792 b YD TI— 3V T A Atlantic

cod DPFEYNH K 0 S IS Z 52728, FinlcBfRa <, K
RIOPAUATFRUT Z NS AR L TR ISR LTl
EELZOoND. FEE, ZOWHRIZ I TEBUEERE R R
T30, WA THEZ L0568 ZORBUTEYT
brrFEIOoND. —J, mAKMTREIIV o DT
JL— 3 V7% Atlantic cod D/NRF RO FEA R L 2
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