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An adaptive phenotypic plasticity in larvae of the salamander Hynobius
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[CRENLGRBREANLEVEDGEENHDH, Cn(E. REBEOREL (AFUE—
vay) EMEh, BERBRIVEGCHEEDLREOEIIZEMAMDLT. RESH
F-ARZEB-HIZHEZ % (Hall 1999; Gilbert 2003), 4FIZ. ENMDHEAFKLERE
DHREIETBEIZATTAXINTLSHIAZLY (Hall 1999), &2 A, AFUE
—oa v EFHEIC, BENICERORERRZ L OEGTFEIFET S, CDED
BEEFRIFBREOELEICH CTERORREZREBE I HENZLE. TheRE
RIa[28E L ES (West-Eberhard 2003),

RI[|ABAMBECOVTIE, FBESHTHSEEZ N DB (Smith-Gill 1983) £
MESNTIEWLDD., ELDHFTHESHTHSEEZLNTLS (Pigliucci 2001 ;
West-Eberhard 2003) , A%, BHEMGE AN O RFUAIEMEICT TO—F LI-#AR
ARAICESDTETEY ., TAIZHL, oI DBYBE TRERTEHOERAME
BENREINTER (FIYHII : Leips et al. 2000; R X% : Hjelmet al. 2001;
H4°8ry : Dahl and Peckarsky 2002; #<3E : Trussell and Nicklin 2002; 7
AAIIL : Laurila et al. 2002), ChoRBEABUHOEAREEL, REFERA
BHOELICOVWTEELBBEZREL TS (Pigliucei 2005), BT INT-RIE
DA BMOEAMEZRTECELOBERTHLIDN? FL T, RERAEMEIE
SHEAET 55, RELREAL LIFARAERAE LTE LR - REMSEH
o ? RERFABRZTNBEARN—DOBEL L TRROMRELDLD
N7 EFnEL, MOBEEMELEEES LTELETLZON? ThoDREEIC
ZERBHILIE. INHSORB[EMBHOMARICENT, RLEBSINDIZIREAA
HTHH5 (Pigliucci 2005),

AT, LEBEICERT ST IY 2 aw0Fd (Hynobius retardatus) DME
FrICRIRY DRI BMIRRE BB THoMHE ] (broad-headed morph) Zxt®R & L1-BFR
BlEBNT D, AIBNFERETHIETH>MEIEBERLANILTEHESINSMS,
CTOERDT—VIREARABEMOELTH SN 5. BETHONLUEBREDEKMH
MZERIER LTz, IS, BREI VY UL a0 0FNEDETHOMLRRERED
SHFEZEEMN L. RFHTEMDOBENE., ELFH. Thbhb. EDOKL S HAEREM -
RIEMEHNCORENBEZEICELSEIONZERMICHRET .
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EEToNBE] OFEERA

ITVYT a0 NEICTE, ARXKECERT SRS THU L aoIFED
DIRA T—HS5T 25— (Ambystoma tigrinum) $HHEER L, LRIHNSEED
WMRETHIFELERLEABORZELIZL>THFESIS THEVE] AHchTL
7= (Collins and Cheek1983 ; Lannoo and Bachmann 1984 ; Wakahara 1995), C®
HEWE (K1) JMEERELLBELTHEOBAUVAN>TEY ., HBWICHFRLGR
BETHDHEEZADNTET (Stephen1992), LML, TVYH UL IDIOANERT
HEBFEOMICIIRBONEZTTIEGL, EAFTVH UL avIF0EELGS
IVTHHII (Ranapirica) DAZRI v LHBATEY., TVYHII a3y
TONEFZIDFE2TOv I O EZHBLTULS (Ohdachi 1994), £2T. TVHY
DAVVADEERHD>TVRAEIDNY I ODOFHEN. TVH L avIFOHRE
WERIRBICESERT AN IANTHA=. TVH L30T HEOHBENERDHE
ARIIHT IR, AEOBEOHMRIVD. BBETEHITIVTHAAIILONER
EOHMRDESIAKREN (B2), 2FY,. TVH Y avvFOHRBRNVEZFET
BIZIFREOHELY LEBODAFZIIOVv I VOANNRAREN ENGM o1,
NODFERMNS, SETHRVWELEEZEZ ONTELBERK. HEVLD-ODH!
TIHEL, FYBHICKELGEEZRRD-OOME BBTHNLBE | EFEEINS L
51275 -7 (Michimae and Wakahara 2002),

KEBYOHEBE-HEEHARRICEVLTIE, LEINSHEDILEYE BHIZE
HABEY) MEFOFEEMEIATOEELGFMINY ELTHONTE -, 4l
ELT, SOVAPTLVEIZEDHEBENORMBEINEZAAM ATV ZFENIMYICL
THBAEIIHT 2hERE (TEMNBE) ZRESELHEV O TS (Dadson
1989; Tollrian 1995), R#kIZ. CNETOVWK DIDEEE TR ONSRERT
BUEOEITHAEDZ (., HEE - HEENOBRESASAoMDIEEYEIZE S
TIEESNBDRHCEL>THFESNSEBZZ oNTE - (Kats and Dill 1998; Van
Buskirk 2001) A%, TDMEMNMFE SN TLSDIFTEHAGL, T, TVYH U3
DOAHNEFIRECIV T HATILOHEDAMZER L THETHONBRERREIET
WBDEBIN? BRIEFI VYO avoFPEN, OHENKS EEITEDL
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TEODEECRIGLTETH> NEREREIEDLILEEZ T,

INLEENDD-OICEFTHREBODEREMZHA-, TYH V3ot &
FRMICERT ATV T AAIILONEE ., 2L TV ELLLEVWT IV AYAA
TV (Xenopus laevis) MDMEZRBL T, EEEGRLELZVIML-EXZFERAL
THTONLEDOFEBRER (HRHEE) 2 N, TORBEI VSV avrHEn
BETONBEDFEICIF, 1) BICHARGKTIVAYAAIUNHETHLEMT,
2) RELELEZUML-BEXRZRAVSEETEEERMEVC ES/EMDONT=,
o DEBRRIEEVEICEDIFELY IHEDEOYEMGIRFNRERETH
5 EEERELTLS,

ZIT. BB XIS a0 NEICNENLGEBRIBZESZ THZ, X
TYEVTE—2—ITEFE L-RE#HICE—— )L T— T TER LI-BEREZRY 1
(FTTELLGIREIEL (1 0Hz) 25212 A, BECHONBREFETHLMNTE
2o TVH DL 30T PEFMOYEDENENS Z LICK>TRET HEE T,
ZOHFEEERML TSI EAHIBALT, CORRE, LKRIZERT HEMICE
SDTEHILEVELRRICHFOFEEZHS D ATEEEOHSFANY &Y
5%Z&%ERLTz (Michimae et al. 2005),

EEToABLE ] OKREMEER

Polyphenism & [FIRIBEICE > TEDRBFEAFERICEILT 2HEDAEM T,
FEZIEF IVDAOBERDZER (Kingsolver 1995; Brakefield 1996) %7
AFnIt4E (Bradford and Roff 1995; Roff and Bradford 2000) o & 5 (CIRIEIK
7 (COBEERE) T, LMrLBHARERICRAShAAEMRBFED 2R
(West-Eberhard 2003), C DEREICIL, Y30 FE/NY X DIIILE (EHRE) L&
Ht (ERE) PHEMERDOT—H—LELXEICROoND TREZE| HELD
FIAEI SN TLVS, Polyphenism (L, ZOHEORFDLHE. LA > TELE
DLHBOLZ S END, RRBATBMOELHARIZIEI >T2HTHS
(West-Eberhard 2003), COEFGERIZMZ T, HEBWEE (cannibalistic



polyphenism) TIHRABVWEDFEE (IRR) ZERDIEENBTHTHLSIEMD, &b
[ZBNh TS E LD TLVS (Elgar and Crespi 1992 ; Hoffman and Pfennig 1999)

Lively (1986;1989) 4> Hazel et al. (2004) o M#E/LLETIVIZENIE. 1) ]
BIKENLG FL— FA OORERICEFEET S L. 2) FERBOHRFICIEIOX H
AEMNSZE. 3) BREOFMNYDEEEATSNIE. CO3D2OEHEHET
EE. BERICE o CHEEKRFHLERIZE Y, polyphenism (XE/LACHRFS
NBHEIENTEINTVDS, T, BRFHOEILIZEHEREDE LT, HEMOD
FHEHEEZELIEHIILELEFRALTVDS, COLSITUFIMNSELLETILZRAL
F-RIVEATEME, %5 polyphenism DERMHARSEATLRICE MDD BT, X
MG REFLAEEATLEVDONEETH D,

HAalE, Lively (1986) DELETILEABVWSHRERAKEEIAONOGI VY Y
DAV PEDETH>NBEEZAVWTHRIEZEHAT-, FLHIZ. EOI3IDORBE
EHEB/BZLTVDIONESINERARIZEIA, 1) TVH UL IVITHEDR
BRI, REERENG FL— R I0%FET S (Michimae and Wakahara 2002),
IVHIYIauoAPERE. ERTRELLVKEFYTEELTLE I ENEL,
COFHEI VS Y avIFNEDELLEZAY F AL (Michimae
unpublished data). RIFHIICAER L TV ARBLPIVT7ALNILDHERL. EER
BRI dEEALOND, LIz oT, MELGESEHIYIY L RBELEOREICE
FGBETONLRIFRERLYBISHTH S, LHL. REZEBENICHRT HEE
TONLEE RUMRZHELETIFEERIYVERENELIKRELRGY ., ZDOFE
. ZRIBENIEL LGS, LOILIDHE. CLAEBROY A X(TNEIET B,
MAEEOEREREORY A XL, TOROEGFROEETEICKELEEEE5R25C
ENREINTHEY (Scott 1994; Altwegg and Reyer 2002). T C CTHEL1=5ET
SN LREDERKEOERY 4 XE/MEE BCEDETEBLLEEZ NS, DUVT,
2) BETOMNLEDHRFICIEIR FAEN S EMNREMICEEASh TS

(Michimae and Wakahara 2002), Z#4L(&. BECTOoOMLEZHMTHEL., BB~
PR (4 F2EX) ICRT EWEDAFHIIZERALET I ENLHEISN
%, 3) WAEZBEDELLEFIZOFFEZRNICHEBMOEEGREERRT HEEAD
N5, HERPOERRE (PEFE) ZMNILTHAZEFIEETELFEN
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nYLiadEEZILND,

Z T, diigEsASEE, SR, TR, NNE. £85I BEH, 2R, 2R
WO B THAERE (REBEIVFTHAIILONEZRELEEE) OELS8D
DitzZBV, T THRELENENOBIELEHEDETH>NERHTEZ, 3
DOERBRYEZESH (REEFE. RESEE. E (TVYT7HHAILYE) 5
HE) THE L (Michimae 2006), ZMD#ER. RBRVEF TETH> N LR KRR
ARLEOTWAIEIIMA, WINDEBRUERTH, T LOPEFEDIET-
NERHBEADEIRFRBIEETH - (B3), BRFUHETOHEZEMNF L
NODHETIE, BTONBLEHBRENG LAY YEBENMELEL S DHES
Tk, BECToONBRBRENMEC LT, Thbhb. BATMWGREICHEG L-%
RAABEOEENBEEIN-DOTHS, COBERML, BEEOREDHETE
BETONBENESHTHY . FYPEEEITH L TRISEDEVATEHGERA~
DEELHER S NF= (Michimae 2006) ,

Y4 X ERBFAATEMEDOREHEE

BRICIEEREICHELRZCDORNA 2 VRV E RILEVHAEENTLS (Gilbert
2003) o IR A X(E B ICEAXRFEZRB L TEROBRLALGHREICEEE 5 Z % (Mousseau
and Fox 1998 ; Dufty Jr et al. 2002 ; Romero 2004), CDINH A Xk, FEHLH)
HTHNEHDIFEREREEEEZLH2LMENTULVS (Dufty Jr et al. 2002),
ITVH L aIIAPEDETHOMALERIE, BERELLGTORHRICEET S

(Nishihara-Takahashi 1999), CDZ &h b, FAIFIRY A XERBFEAEHDIE
E GEToONBEREER) NEBETHOTIEHGELNEFELIZ (Michimae et al.
unpub | ished),

—RICREDOEENEL LMY A XDELLBERTHASZ LIFLLHOENTILNS

(Mousseau and Fox 1998), #FICHDREDLZVEIM T, SEHADERFEDLERF
F(IMEH 1 XIZIKFEL TS (Bernardo 1996; Sinervo and Doughty 1996; Fox et
al. 1997; Einum and Fleming 1999), Wb+ A XIZH A XTRE SN STz, #



DHODBFIS L H B A (Parichy and Kaplan 1995). #4EHADIBEAEL L LMF ETIA
RELLGHIENERTHSEEZLNTLVS (McGinley et al. 1987; Mousseau
and Fox 1998; Einum and Fleming 1999), KEWIVYH UL 3o OFHEIIKREL
B (REHEETITHHAIIYE) Z2ERNLHDIZFRTHSEEZEA DN, KEQ
BENEEICHAIRETEAREZLIVY UL aooAhE, THEHOERELGIMAFF
THEEFREND, BITEAR. RELELHFYV LV SBIRIETIK, KEL
REETOFIERTHY . NSWIHOALNERLZLEFRINE, TO5THIHDL.

ITVH a0 AORBEAE M LY X(EE CRRERICEE L TLHATEE
MNHD, D2FY. YEFENBVREOHETIE, JYATEMTHY A IDKRE
WMEENEIGHITHY . PEBFENMEVREOHETIE, K YITEMTHEVIIY A
AQINE WNMEERNBEIGHTHS EFREIN D,

ZCTHIIED 8 DDMMLIMEREL T, YA XE—EDOINKZEREICLEE L
fzo FOIT, YA XEMBD FL— FA TOBERERARLEC A, TOERIEEE
A cTEiELGnot (H4), REGMZETHRFIMBA DG, MNSBMEED
BTN Z N, RIS, WEBELWNY A XOBREMMLIZEI A, 2EHKITE
BlICEKBLTL: (B4), O A XOXBEHLGLE, WA XICEEEE5Z 5L
ZZAONBEREZZEELTOVEVD, BRAZFUHTOHEZELNY 4 XOKHME
EZ5IERITERERD—DOTHAZ EMNHIBALF- (Michimae et al.
unpublished), RELGHEFIHEZEDNDTVRETHATHY .. BREIVHTKE
BNZECONBISHTH S, BITHEFTENMEWVRETIE, BRIEIZHO/NSE
REED CEDNBRHILGEDTHS,

YA XEBETHONBROEBREEDEFRZERTZELRERICHRINE, H5
DES1T75 5, FIAFMESHEESFETTE, WYAXHNKRELLESHICTONT, B
TONLEDRERIEHDH, AEEFETY. AESZESHTTY. BEHKIC
YA RXNEKFELTHETHONLRORERLEE LD, CDLIIC, BTHONLE
DREREIEBRBEELITTHEL, YA XCHIREFELTWVS, 2FY., KEGHMH
SIFETH>MBENEPT ., NEVIINSEFETH>ABRIFHICCWNEWNS T E
AfEREIND, COEITE2HENMEELTLADIE, —DICEFFIZEFEN S5
MPOMENRETHLIDME LN, MAT, COBERENELLMICHFSN



TWADIE, 2BEDOVThHA, KELGE, DEYRBELIVT7THATILOHE
DHMEMGHBICEAFRLTE Y., RLERER (BAFUHTOHEERE) ITHEL
TWEEEZONENLTHD, LHL. CO2BE, YA XEBETH>ABLED
HIRBEORRIE, RRLUEMEZTTHACEAMTYED LGN o 1=, HEHEEIC
B3 HEILMARTE, EREFXARMEKCEELZDEZSESE T,
REMBEICEIRELBANB CENHDHEHMESNTLVS (Zeng 1988; Merila
and Bjorklund 1999 ; Steppan et al. 2002), F5< . AHAEDOHTE., AL &L
DIEERMBRYIDEFETES (Michimae et al. unpublished),

EHYIz

KRBV A BMEOARIZROGCHNENEREINSGDFTELHSH, T, ADMD
FERNCOMRFEZETTEHLINENT 5. ZLOFYITENT, £YH0 - 3
EYRIREEIEIEIR b L RIZE D (Nelson 2005) ., EMMIDSHEREMNLDR L RER
[CEbSnf=5Ha. RERTEH-TEAX-BIT (HPAGEH) DX b L ARTBRIERAELE
ftEh, REICKHEDRA FLAKRILEVENRAEBEINS LT, KRDEEENMR
f=rv% (Nelson 2005) , #afF, L<DEYHTREHAEMOEEMNERLE L T,
CDRNLAAGBRIGRAEREENTNS, HIT. A FLRABORDBIGEICS
WTHDMEEEIZR-IRETEHRILEY (T)LFa FAEUKEARILES CRH) .
S HIZCRHEBRARLCRHEEE 2 VXU L 8O -BEAATEBE S TS (Denver 1997;
Smagin et al. 2001; Seasholtz et al. 2002; Zorrilla et al. 2003; Huising et
al. 2004; Michimae and Denver unpublished) , Z< DEYW TR F L R[Z &K BCRH
DHBEDEILE, TBCEERMEDEILZFET LI EAMESNTEE

(Nelson2005) ., LML, CNOEDHARDKENETILEMTHY .. SEETZ<D
BMBEADOERLN. REEAEMOEAMEROHER, LV TEREBHERDEHR
[CTRETHEIEEZADND,
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FERICARGIERZ TS o-IH* - AREFEK, REFICOMSBHHELE
T, T, KK EZEESN-FHRHAKIZHALBLETFET,

51 Rk

Altwegg R, Reyer HU (2002) Patterns of natural selection on size at
metamorphosis in water frogs. Evolution 57:872-882

Bernardo J (1996) The particular maternal effect of propagule size, especially
egg size: patterns, models, quality of evidence and interpretations. Am Zool
36:216-236

Bradford MJ, Roff DA (1995) Genetic and phenotypic source of |ife history
variation along a cline in voltinism in the cricket A//onemobius socium
Oecologia 103:319-326

Brakefield PM (1996) Seasonal polyphenism in butterflies and natural selection.
Trends Ecol Evol 10:275-277

Collins JP, Cheek JE (1983) Effects of food and density on development of
typical and cannibalistic salamander larvae in Ambystoma tigrinum neburosum.
Am Zool 23:77-84

Dadson S| (1989) The ecological role of chemical stimuli for the zooplankton:
predator—-induced morphology in Daphnia. Oecologia 78:361-367

Dahl J, Peckarsky BL (2002) Induced morphological defenses in the wild:
predator effects on a mayfly, Drunell/a coloradensis. Ecology 83:1620-1634

Denver RJ (1997) Environmental stress as a developmental cue:
Corticotropin-releasing hormone is a proximate mediator of adaptive
phenotypic plasticity in amphibian metamorphosis. Horm Behav 31:169-179

Dufty Jr AM, Clobert J, Moller AP (2002) Hormones, developmental plasticity



and adaptation. Trends Ecol Evol 17:190-196

Einum S, Fleming JA (1999) Maternal effects of egg size in brown trout (Sa/mo
trutta) : norms of reaction to environmental quality. Proc R Soc Lond B
266:2095-2100

Elgar M A, Crespi B J (1992) Cannibalism: ecology and evolution among diverse
taxa. Oxford University Press, Oxford

Fox CW, Thakar MS, Mousseau TA (1997) Egg size plasticity in a seed beetle:
an adaptive maternal effect. Am Nat 149:149-163

Gilbert SF (2003) Developmental biology, 7th ed. Sinauer Associates
Sunder land, Massachusetts

Hall KB (1999) Evolutionary developmental biology, 2nd ed. Chapman & Hall,
London

Hazel W, Smock R, Lively CM (2004) The ecological genetics of conditional
strategies. Am Nat 163:888-900

Hjelm J, Svanback R, Bystrom P, Persson L, Wahlstrom E (2001) Diet-dependent
body morphology and ontogenetic reaction norms in Eurasian perch. Oikos
95:311-323

Hoffman EA, Pfennig DW (1999) Proximate causes of cannibalistic polyphenism
in larval tiger salamanders. Ecology 80:1076-1080

Huising MO, Metz JR, van Schooten C, Taverne-Thiele AJ, Hermsen T, Verburg-van
Kemenade BML, Flik G (2004) Structural characterisation of a cyprinid
(Cyprinus carpiol.) CRH, CRH-BP and CRH-R1, and the role of these proteins
in the acute stress response. J Mol Endocrinol 32:627-648

Kats LB, Dill LM (1998) The scent of death: chemosensory assessment of predation
risk by prey animals. Ecoscience 5:361-394

Kingsolver JG (1995) Viability selection on seasonal polyphenism traits: wing
melanin pattern in western white butterflies. Evolution 49:932-941

Lannoo MI, Backmann MD (1984) Aspects of cannibalistic morphs in a population

of Ambystoma t. tigrinum larvae. Am Mid Nat 112:103-109



Laurila A, Karttunen S, Merila J (2002) Adaptive phenotypic plasticity and
genetics of larval life histories in two Kana temporaria populations
Evolution 56:617-627

Leips J, McManus MG, Travis J. (2000) Response of treefrog larvae to drying
ponds: comparing temporary and permanent pond breeders. Ecology
81:2997-3008

Lively CM (1986) Canalization versus developmental conversion in a spatially
variable environment. Am Nat 128:561-572

Lively CM (1999) Developmental strategies in spatially variable environments:
barnacle shell dimorphism and strategic models of selection. In: Tollrian
R, Harvell CD (eds) The ecology and evolution of inducible defenses
Princeton University Press, Princeton, pp 245-258

McGinley MA, Temme DH, Geber MA (1987) Parental investment in offspring in
variable environments: theoretical and empirical considerations. Am Nat
130:370-398

Merila, J Bjorklund M. 1999. Population divergence and morphometric
integration in the greenfinch (Carauel/is chloris) — evolution against the
trajectory of least resistance? J Evol Biol 12:103-112

Michimae H (2006) Differentiated phenotypic plasticity in larvae of the
cannibalistic salamander Aynobius retardatus. Behav Ecol Sociobiol 60:
205-211

Michimae H, Wakahara M (2002) A tadpole—induced polyphenism in the salamander
Hynobius retardatus. Evolution 56:2029-2038

Michimae H, Nishimura K, Wakahara M (2005) Mechanical vibrations from tadpoles’
flapping tails transform salamander’s carnivorous morphology. Biol Lett
1:75-717

Mousseau TA, Fox CW (1998) Maternal effects as adaptations. Oxford Univ Press,
New York

Nelson RJ (2005) An introduction to behavioral ecology and endocrinology, 3rd



ed. Sinauer Associates, Sunderland, Massachusetts

Nishihara—-Takahashi A (1999) Faster growth of head size of pre-feeding larvae
in a cannibalistic population of the salamander Hynobius retardatus. Zool
Sci 16:303-307

Ohdachi S (1994) Growth, metamorphosis, and gape-|imited cannibalism and
predation on tadpoles in larvae of salamanders, Hynobius retardatus. Zool
Sci 11:127-131

Parichy DM, Kaplan RH (1995). Maternal investment and developmental
plasticity: functional consequences for locomotor performance on hatchling
frog larvae. Func Ecol 9:606-617

Pigliucci M (2001) Phenotypic plasticity: beyond nature and nurture. Johns
Hopkins Univ Press, Baltimore and London

Pigliucci M (2005) Evolution of phenotypic plasticity: where are we going now?
Trends Ecol Evol 20:481-486

Romero LM (2004) Physiological stress in ecology: lessons from biomedical
research. Trends Ecol Evol 19:249-255

Roff DA, Bradford MJ (2000) A quantitative genetic analysis of phenotypic
plasticity of diapause induction in the cricket A//onemobius socius.
Heredity 84:193-200

Scott DE (1994) The effect of larval density on adult demographic traits in
Ambystoma opacum Ecology 75:1383-1396

Seasholtz AF, Valverde RA, Denver RJ (2002) Corticotropin-releasing
hormone-binding protein: biochemistry and function from fishes to mammals.
J Endocrinol 175:89-97

Smagin GN, Heinrichs SC, Dunn AJ (2001) The role of CRH in behavioral responses
to stress. Peptides 22:713-724

Smith-Gill SJ (1983) Developmental plasticity: developmental conversion
versus phenotypic modulation. Am Zool 23:47-55

Sinervo B, Doughty P (1996) Interactive effects of offspring size and timing



of reproduction on offspring reproduction: experimental, maternal, and
quantitative genetic aspects. Evolution 50:1314-1327

Stephen MR, George VL, James PC (1992) Performance consequences of a trophic
polymorphism: feeding behavior in typical and cannibal phenotypes of
Ambystoma tigrinum GCopeia 1992:672-679

Steppan SJ, Phillips PC, Houle D (2002) Comparative quantitative genetics:
evolution of the G matrix. Trends Ecol Evol 17:320-327

Tollrian, R. 1995. Predator—induced morphological defenses: costs, |ife
history shifts, and maternal effects in Daphnia pul/ex. Ecology 76:1691-1705

Trussell GG, Nicklin MO (2002) Cue sensitivity, inducible defense, and
trade-offs in a marine snail. Ecology 83:1635-1647

Van Buskirk J (2001) The costs of an inducible defense in anuran larvae. Ecology
81:2813-2821

Wakahara M (1995) Cannibalism and resulting dimorphism in larvae of a
salamander Hynobius retardatus, inhabited in Hokkaido, Japan. Zool Sci
12:467-473

West-Eberhard MJ (2003) Developmental plasticity and evolution. Oxford
University Press, Oxford

ZorrillaEP, Tache Y, Koob GF (2003) Nibbling at CRF receptor control of feeding
and gastrocolonic motility. Trends Pharmacol Sci 24:421-427

Zeng, Z.-B.1988. Long-term correlated response, interpopulation covariation,

and interspecific allometry. Evolution 42:363-374



Rl

2006 £ 7 A 29 B34+, 2006 &£ 12 A 27 B
BRIFESE

b8 K2 S i £ an B 2 R b

T060-0810 #LiRHILXAL 10%EFE8 TH

e-mail: hirofumi@sci.hokudai. ac. jp



X o E5EA
1. TVHLa00FDETHO NEE () LEFER (), BETH>MAGELE
IHICEENKRECRY, TORRETNREICKESHEET D,

2. TVY L3O PEDETHONBRRERICELEITIVTHAIILOY
AZEDHRE Michimae 2006 & V), RERMERX & LT, REEEE. RESEE.

thiESEEDIEERAE Lz, BBTONBEFELER (means*SEs) DUMEREIL.

FREEZEELRESEE (F0.0054), FAEEZELMESEE (/A0.0001), FRE
ERELMESEE (K0.0001), 2TIZEVWTHETH D, TVYHU L avoLty
SNEEELFR2EVETHHATILONEREE LITHAN, BToOMLEFEEHE
BNEFED. COLILERNS, COBBEIHEVDOHTEHELS, XEDOELH
MWBRTH-OOBETHD LEERINT,

M3. £XBLER (REEEE: a. RESEE: b, thiESZEE: o) KT
IVH Y IaVIAPEDETHOABLEERICELEITERMDYEFTEZDOHR
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