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Fisheries-induced life history evolution

Yuu Karsukawa*" and Yoshiro WATANABE*

Most fisheries target large individuals, so that fisheries-induced mortality is highly size selective. Therefore, selective
pressures drive the evolution of life histories. Changes in life history traits, such as age and size at maturation, fecundity
and growth rate, have reported in heavily exploited and declining fish stocks. Decreasing age and size at maturation im-
pact on yields, population dynamics and productivity of fish population. Two non-exclusive hypotheses that may ac-
count for the maturity changes are (1) the compensatory response hypothesis and (2) the evolutionary response hypoth-
esis. Firstly, the compensatory response hypothesis predicts that reduced stock size resulting from exploitation leads to
faster growth and hence earlier maturity as a phenotypic plastic response to environmental change. Secondly, the evolu-
tionary response hypothesis predicts that intensive exploitation causes selection for early maturation, since few late-ma-
turing phenotypes survive until first spawning. Probabilistic maturation reaction norm (PMRN) has been developed as a
new statistical tool to disentangle plastic and genetic effects in the absence of genetic data. PMRN can be estimated
from time-series data for commercially fished stocks. Evolutionary response in life history traits can be expected to be
seen on a decadal time scale. The controlled experimental manipulation demonstrated that harvesting causes significant
maturation evolution within just a few generations. Theory predicts that selective harvest spoils the adaptive life history
and increases the temporal variability in population dynamics. Depletion of larger and older fish will restrain the evolu-
tionary and demographic changes that are evolutionally developed by each species or populations. The importance of
maternal effects to fisheries management is becoming recognized among fisheries scientists and managers. In order to
manage the fish stocks, we need comprehensive knowledge on their reproduction and continuous monitoring of their
status as well as their ambient environment.
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Figure 1. Genetics of sexual maturation. Data from Mckenzie

et al. (1983). The onset maturation of male platyfish
Xiphophorus maculatus is determined from the transforma-
tion of the analfin into a gonopodium. The locus P in platy-
fish is involved in control of the developmental program
leading to sexual maturity. Mckenzie et al. (1983) have
reared male platyfish of two genotype, P'P* and P'P*. The
ages and weights at anal fin transformation of fish of the two
genotypes are shown in this figure. P'P* fish of a given
weight initiated maturation later than P'P? fish. The size of
P'P* fish for initiation maturation is larger than P'P? fish.
Although phenotypic variation in the age and weight at matu-
rity is manifold, the two P genotypes are almost completely
separable in age-weight phenotype space except three P'P*
fish.

& (Hutchings, 2005), &5 —2ik, KFEZHR O KT Z &
WGEIRIE & L Cidan 28, BRNIEZIOEPESETT 5
fRAEIE 720 (Law, 2000) W5 ZEThH S, KT A1
ROFH N - NUEAELISER L T 254, BB
g% LIFs <M &FA 6N 5,

WENANBEIKE 2D S 2EEMEIZ DOV CIE ZhE Tl
i N T\ /22 (Handford et al., 1977) , EIHEHIZEH
WTCIRIKREETHAINTE 2, ZOHHELT, B
BOBZIEFICROEM A 22EeEL6hTERLD
&, WEICKRR LU 2O TH 5 2 & %R D H K
ThHho7eZlENBETFOoNE, RARKRD L - NI,
BRIISHID U 72 BRO 4 B 28 b & LT SR TR C
H 5. BUAEIC KO EARBCEE WA L, kL7200 OfF
EARIL SR, RERE ML 25, BATTEE R Y A
TR FE U Z{ffRIE, BRI CHREAT 5. 2D &5 (A
FHIZEOZNIT K S vy, BERIEN 2555 & fifE ML
(compensatory response) & M-8, #ifEMILEDLE, B
miE#, BEIZER»IZICICRS. ZThET, B THRE
DOFHh - INUE AR S5 N34, T hAHIE IS & D
ML E D2, ThE M BERL THh200H
BT & -7z, Heino et al. (2002a) 1, HEWlE D EH
RERAN T — 2 & OB R GEERE L, < Offd

123 U 7= (Heino and Dieckmann, 2008). & 512, 3&ERAY
WHEIZ K BIBEOMLA DT TR 5 Z L 2EEH
BRiZ X DB S 22 &7z (Conover and Munch, 2002;
Reznick and Ghalambor, 2005). ¥T4F, FLEEHIZE & 7 — X iR
MK 2RGEPHE > TRIELZZZ &2 6, ABERICH
THROPNEED, WRICHERINDI LD h-72. KK
TiE, EENZEL AT 5 /05, T OEHER, &
K OFRE R &8I L, BRI LB IHIC 52 2 A0
BIZOWTERET 5.

2. BIFE

Heino et al. (2002a) 1%, probabilistic maturation reaction norm
(PMRN) 2K 2¥IHEAFER L. ZHid, maturation
reaction norm (Stearns and Koella, 1986) % ¥k X &7 )ik
Td 5. 9 IZ maturation reaction norm & 7 0D [ 1
IZDWTHRR 725, PMRN & W72 IBI5 8k & 2 DRSS
DWTHHT S,

2.1. Maturation reaction norm

PRI, BIZ T2 B 545 (Fig. 1). L2 L, ¥
DB, BT LELZDOTNTHEIEERIZE->TRES
LV b TTiEan, EWiE, BEORERNZIIZB T
TRBI AWML X &5, ThaRBAREYE L »
5. HABENTIE, Kl 4 ZOERIPEDENS.
Stearns and Koella (1986) &, BRI 36T 5 o 2iln & o
4 ZOEEN ) IR DREER U 72 BRI RAT L 72k Bl g o
ERIZK-STHET D EE L. 2 LT, Bhbhilhmm L kv
4 OBk % Fig. 2a0 & S I2RK L7z, Thz Kok
(reaction norm) & MRS, SBHIMEL, BCRMENZL L
Tl XD L Y A A0ET 2T m L B AR T E
5.

RS & B A ZORIEHHEE T — & 2 5 it % ikl
W DOhdH B, EWET — 2 BFHTE 2HETIE, K
HUERD 7 — & & FOAF i O A RE Ko Attt (matu-
rity ogive) & PEUREY A XERKDB. L L, ZOF
WETREISH YT v INA T ABELC D, Al THELT
LD Y A4 Zi3hE <, Sl O BEERD Y A I3 K E
VL REER O HZ IR, RO KA fIE iR i TNV O
R \NB7255 B34 2T ) v 7 ERDHERMR, 2D
728, RO 4 I3 NMEE , EERO Y A X
HAHMEESND, LOSMHEHAN L EAPTISHFETS. &
7z, BTk B A 7 AT S, 22, 5
YA XL EOARIZ RO IIE 2 2 72354, BRI 253
W (TAabE R RS NS 20, BIRIZZAL
waETE, BT ORMFEmRmITE 55, 72, FEEH
DEEE, KBITHEAT 2 AROBIIEIIMICT§ 5. 5
CHREREEREDENIHTH > TE, FECRITH
A ZDOBRICEET S,

IR E TOREME AP E UL, & A4 ZDRIS
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Figure 2. Deterministic maturation reaction norm and proba-
bilistic maturation reaction norm. (a) Maturation occur once
growth trajectory reach the reaction norm for age and size at
maturation. (b) A probabilistic reaction norm for age and size
at maturation defined the probability that an immature indi-
vidual matures during a given time interval. PMRN describes
the probability of maturing as a function of age or size. The
width of PMRNSs is related to the degree to which uncon-
trolled factors cause apparently stochastic variation in matu-
ration tendency. PMRNs are estimated at the population
level. When the width of PMRNS is large, the genetic vari-
ability in the reaction norms of individuals is also large.

FHYEIZHE > TR & 4 Z1Z—FFICk £ 5 (Fig. 2a).
L2 L, [EREOFEHME YA X2 5 2T L = fikodizix,
B AR G W AUTREL L 2 MR S 7FAE S 5. PEREL
120, RO RERIRRER R L v DFEH & E NIV D IF
7, BRRPAKRZE ESMNERSERT S, 20X 512K
USHERN L HE TDH 5 H, BHAE & 4 O RIBH%E
(Stearns and Koella, 1986) 12 Z A& Z L,

2.2. Probabilistic maturation reaction norm

Heino et al. (2002a) 13, B & 4 4 X D2 % AR
o3 d 2 WK T 2R 2 W TR L7 (Fig. 2b).
B M DAL TE D BERIZET 2 Y 4 X &5 A 22 RS
PMRN CT& % . #IOIEAMERIL ) 25%, 50% I & UV 75% »°
K< fHibh b, PMRNI, BEhi (REHE) OFEEEKRN
TARREED B ARFME & PR T 2 5. PMRN B B L5
FEETMLL THEDT, HE TORERRLILLEHED
WEBAREL, B E 4 XOBREMBICE 5. BUE
LM ETPMRN A4 &, WiH 2 WK 5. BRI 52 b
B, BEPZN LERO R ERERLIECE I ZL L T
& PMRNIZAZTH 5 (Fig. 3b). WilZ, PMRN A F4E) L
T, BIRM A EC AT IENTES
(Fig. 3¢). %72, MiFOERKIZL D, PMRN HZ{L§ 53
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Figure 3. Probabilistic reaction norms for the age and size at
maturation. Modified from Heino and Dieckmann (2008).
The probabilistic maturation reaction norms (PMRNs) are as-
sumed the negative slope and linear reaction norm. PMRN
may be positive slope or non-linear. PMRN is defined as the
size the probability of maturing is 50% at different ages. The
growth trajectory is described by line intersecting at the ori-
gin. The upper left panel (a) shows the rule for age and size
at maturation for a baseline scenario, the earlier maturation
with fast growth and the late maturation with slow growth.
(b) If growth improve, the reaction norm become earlier age.
The position of reaction norm is not affected by the change in
the average growth rate. (c—d) The maturation reaction norms
are shifted downwards for genetic differentiation. The ob-
served midpoints (thick line) differ from the initial ones
(thick dotted line). In panel (d), the shift of reaction norm is
concomitant environmental change in growth rates.

A8 H5 (Fig 3d).

PMRN OHEFEIZFHW S 7 — 2 1%, HABIOFH, kb
KOS (WIEDRE D 5 0 EREE) TH S (Heino et
al., 2002a) . & % - O AR FWE (A& & )01k I R D 4 4
ZRAn 6 YA X s THIMKAT R 2Rk, vvz
T4 v 7 ISR RIT S,

p(s)

log = p(5) =¢aTCia
272U, o & o 0RO PIRIBGARER 2 50% &
£BHA X CEBMIMEAAR) —c /o, 215, KT
IZDOWTHEBYIDR AR EE TR T 5 Z & T, Fhepnl
Y A4 X OBk (=PMRN) %#5% . )01 E AR A 2 55
W 20ERD B0, WHTZRMMNRONS, 110
BREO Y r BHEIZIZE S 2 L g, EHEFEICb:
D BRI 5 FHHICOW T L W2 A5, plnlEEdiE kD
ol AR EE e AR, AR Ol - (kR - BRELL Tn
Z0ENOT = LITMA T, R RSN & AEREO
THEL L T B RO b3 % T PMRN % HEE$ 5 Fik

N
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MHAFE XT3 (Barot et al., 2004) . FEFAEKD 7 —
AN NGA, BEERD 3 4 X553 5 VPA & [alkk I
BAZIZEIR L, REPUEARD Y A4 X omEiiE$5 2 &
LUHETH % (Heino et al., 2002b). Z DA, KD 4DD
EWMBLEETH 51 (1) PIBEEEROFEERI A X754,
(2) -l O R AEAAROEIE (3) A A & B Tk
DAFEREDI, (4) ABRAFERORENX, & 2% W3R
R&., 722U, EUSH#EET 2 72013 &4Fin 100 L Lo
T AR TH S, FEFEOT — 42 5EHH T 5 BIKN
7 FNEIZ DTl Heino and Dieckmann (2008) 1ZFEL WY,
2.3 Probabilistic maturation reaction norm OEFER &
fR5%

PMRN T3 pEINHICINETZ B A & R 4 & DAk DR R
EEE AT L TV B 720, WINEEFRGREO KRR & b
AL TOEWEANRSH S (Wright, 2007) . PMRN Tl
RIS BREISFIB L T T2 L E A THER, R
SRIEIZEIAINC & TR S TN B, SEIRIIEAE S R = %
IR BUIAE S LTz & LT, PMRNIEHIHI 5
ZENTERN, KT FRE A T2 TRESNS S
DTIREN, ROEBGiY — X VISR 50 E 5 ik, K
REDEREDEEDOLILELDIFZS NEHEETHSL I L
(Morita and Fukuwaka, 2006) , J&ZLAF- i i3 fE Ak eIk RE
2B IFET 5 Z & (Grift et al, 2003) 2MERM STV 5,
L2 L, PMRN O HEIO % < 3RO KR & Flin7z 1 T
AR & 5 A4, AENAEREZEEL TOEW, 20
728, PMRN TIZHEAL IS 2 REISE 2 2R3 5 Z
LiFTELVEWVWS RME H S (Law, 2000; Marshall and
McAdams, 2007; Kuparinen and Merila, 2008). % 7=, fii& 4
A 2P OBER AP L T3 BARLT -4 0
BIHEE SR Z WIAIZIE, PMRNOIE (B4E#IZHT 5
PR SR 23 25% & T5% 12T B T h T hO¥ A4 XD
ZE) MK T 5.

BIANAZNTH S LA TI0E, WEEZ KR T 58
BFICENAEC 2 L2 L, ZAPEREIRTIE LS
WHRICK->TEC I L 2R T MENH D, PMRN 2 EEH)
L7zZ&id, LRI 5722 L OFEHICIZ A 5 5, L
U, SUEICHG - 2R H DL < OB TA S - RHW
R & B A4 X DAL, BB TEARTE
BIHTE 2D Tidsn, KM () (Efk % R
BT 5T LIk DRATFmE 4 THK T 328503, 71
M THE 3T S5 N5 8 (Law and Grey, 1989;
Heino, 1998; Ernande et al., 2004; Gardmark and Dieckmann,
2006) , Dieckmann and Heino (2007) &, ME{b i3k 2R
DAL EFHT 2 WREE 2 ik & SO IRETNOERK TH % &
RTINS,

3. EfINRE
PMRN % W= f#MTIE, £ < Offflik I O (AR 12

HEhTna, SUBIZX28ERD "0 e =2 -7 7~

N2 v PR LB ORA T, B L A DK
T2AME TN TS, PMRN & H W@ R 2 5, At-
lantic cod Gadus morhua, American plaice Hippoglossoides
platessoides, sole Solea sole¥ & UF North Sea plaice Pleu-
ronectes platessa M\ NOFHIZ T WT § F - NMIKITE
LWL E TH 5 &Rk X7z (Table 1 in Heino and Dieck-
mann, 2008) .

% < OBGA, RO A4 X & Ffmd A% P Ao i
ERE LB frbh T& 2z, La L, RERERLKE
BURAMICHELG 250 EME H 0 (Grift et al.
2003) , RERPILGGE & BAR L L@ 8 irbh s &
Il o7z, KEZFIERE LAt B &
A ZOMK MFRBIAIVEIC X 2207200 TIESM A TE
T, MR ETH S EE A 5N/ (Grift, 2007; Mollet et
al., 2007). North Sea plaice Tid, RETid7 < fhEH %M
AERELEESINRTD AT 4y VRO Y TEE D 2K
o 7zh, PMRN OW§IHEK L7z (Grift, 2007).

4. HIHFR

Atlantic silverside Menidia menidia TiZ, JEHIE O 3 E
RICHEVEIREIEZ 2010 5 b3 24118 44°) T
RT3 B el g 2K T L 72 (Conover and Munch,
2002). KA A ZHUNRIE U 22RO R U 72,
T/, KRR 22T T o  BRE, HHLREOFRO A
2 - RS K OCEGROINT 80 57z (Walsh et al.,
2006). ZD &5 BFBEOZEIL, VIR [EFOMIE
NEET 85, BIREEIC L 5803, MEHICE 5
THEHIFZE > TEAFRREHZ L THS. LaL, FRIC
W X N2 BECREEMIE EL WM& T H<, &L
A Td % (Hilborn, 2006). F-fii & 7z Xy a X LT
DFEEAERSZ D F FHIMEABRTHC Y TIEE 5 L3RS %
WY, Conover and Munch (2002) &, (LA ZhFxTE A
SNTERLD SFHORER (BHR) TlRZIBZ &%
7=.

Guppy Poecilia reticulate D ¥4 EIARFE 2 Fi > 72 B RH IR
THLHEABBIATEI 2 Z & /8 &7z (Reznick and
Ghalambor, 2005). HEIZ & 0 syl (b & 7z — D DEEREED
55, EOTHIZ ERED BHMEFLZ O OHEICLS
FEEHRD O, BT ROMAEEE %2 i FEfl Ui &t
ZARRANL 724K, M 7.54 (Reznick, 1990) , HEid 44
(Reznick and Bryga, 1987) THM & 4 X BRMIL 7=,
WD, LIRS E 2 EA LR, SFEROBRR
YA X EFEIIIE T L7 (Reznick, 1997). filifrHiE A
L BB R ORIMN L, EESE IR E & RIS Td
% L &7z (Reznick and Ghalambor, 2005) . g HE)
WZDGHCS 2R E L & 3 A4 BRI R 23 PO i - /N
ftE5I &I L2 &5 5, Reznick and Ghalambor (2005)
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FWETEABROMEIZEZ D 5 2 LHEEL T 5.

5. FRER

PR T FROH O RIS 2 FH 7 5 L S TR B
BOFEE5 2 5. L, WIMATEROFZETIKL,
UN% & AP0 & D TEEF SISO I IrECT 540G R
g% & 5> TWb EBHTE S (Gurney and Middleton, 1996;
Katsukawa et al., 2002). Z DY 2 27 75 ikBg i, MAZH)
DB EFENT 20K 035 5 (BN, 2005). F#IRKEE
12 & O ABHARTED -2 HAIER & A oD BE5il vl e AR B A3 A
95 &, BRIEAENHER U 7 AR @ IR < 4, EH
DAFFEMEAIRAD T 5. FEEE, H ) 7+ L= T RN O
B & AR EIROMIREZET 2 LR L 72 & 2 5, # IR
YAEZ K D R VEBGE MR A WD & 2RO s, Aok
& DA EBGEIIEL & R U AT L D & BIRAE)II KR E
-7z (Hsieh et al.,, 2006). Z OB IHAEB ORI, 2H)
THWEIERRA O RE A HERM L7228 DTIE XA
<, fEEHEEN AL ENN L2 12K 5 (Anderson et
al., 2008). A BB U THERG U 7 AR 05 SIS A $H 25 b
OISR, DF DARDOEMBERE LOLVIED A,
RN g oAt a5, 2005). 256102, #
A ZDKENMEHTE D ESOCINRAF 5T (Murawski et
al., 2001; Berkeley et al., 2004) Z &5 & KEUE Ml A %
B g A ptid R &,

KRR D ZEIRIVFEIEIC & > TRAFH & 4 ZIKT
T 5 HENENT 228, THUTARBIRE SO 5T dH
5. WHE SO A OZITAIREIR & ANABIROm T
OIERIZEZEDTHY, EB5DEENTRANZL ST
HEALDFFMEA P E 5 (Edeline et al., 2007). KA )
SRRBSITHEER DT, EB 5D HAICIEANENT 5D n
ETHITADIEES 5 Z Ty, ABBFRIZARDE
I &2 L X ¢ 5 DT, AKD ik 2 5 sh 7z A
WG FrNEb3T5Z L d b5, HAEERTTOMD
(Walsh et al., 2006) X ZD—FTH % 5. HERIHIZEIC &
&, BE- INUEDNAD E1ED 5121F, BIITREOHIEA
% Td % (Hilborn et al, 2008). LA L, FHAZEM AT
75 o PR RIS K0T U 2@ & - 4 X
FEILT 52, SRR ROFE BN LA, ke
FUSEE AR L2235 L e W I #RE 5 5
(de Roos et al., 2006) . % 7=, {RFEX DKE L K 4 L%
Himxgs EmlpBEEETLIETPHIL TV 5 (Baskett et
al., 2005) .

HROBPFEIL, ZhETOE (spawning stock bio-
mass) DAIZFED < EIFAEFEH» 5 5 &8 (maternal effects)
123D < BIRE PO A - 72, R Cid e <M
ROE=2) Y ZICKDEHEZW ATV, BEBETSZ
EIZEk S TEODIROBEHARMIEEEIND A5, £
D=L, BMOBRVEMAEEOMRLE T=2) V7 HAR

% KLY

AR ThB. LirL, BHERRAEMOMAL % LS PO f
MAIZESHD AL, SHOBEE LTI T3,
B & RPE - T 2880 225 LA, BRI ER
BLIE & Mg U TR IRO A R 2 58 4 I 2013
Tk, 5, 85~ — 7 — & 0O 7= fEEEO# 54
RO B LB FRERPEEHEZ RIS L - T,
HEIZX BBIZMHILDOEEN S 2 X h b L HfFch
3. ZHZ&-T, BIZMZHRMEEHMERT 2 (EKEEY 1 X,
BIZWEO D I RIE T ROPER L #7255 .
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