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What insights can be gain from stomach contents ¢
—Essay on the feeding strategy of the Lizard fish from informations
gathered from the stomach contents —

Tomo’o HavasH1

Laboratory of Ecology, Faculty of Applied Biological Science, Hiroshima University, Fukuyama

(Figs. 23, Tables 3)
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HNAEWEH (Tab.2 —2) & LT, MAHOERE AE - &
Hhic, BAICHR L EEEGK, BlE LToES (W), il
ORI L BEE - RF GHEY, WM © ), HikE (VL)
DREAEITIE - 1eo WENE (amorphous ) ONERDREEL A
BHitA, BEESFESICIFEIEL/E Y (empty stomach ) &
E& LT Lize GEEDRDY, 2o H#mklAThid
O, BRRPESHTPROADL SO, FEOREK LD, Af
FZEE LT ) BHAS LTH (prey ) SRS/
BHEFPLLTROED, Thooflk (Py, Ay Ey ) f#H
i, 4 THITORRE L,

SHofikEoiiig, V.L (= oM carapace length)
EER (BL) « 2K (T.L), & SIMEHE & OEOBMBIR (B 4
B P) AHOT, VLMEE»S, K& (¢) &&E (W) ol
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HOBEEBOBRBE (w) LETHEE (W) &hd, R ED
B (d=w/w) B LT, 3. CHFoNRELx.
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Table 2-1: Materials:

Fig. 2-1: Area of sampling of Lizard

fishes.

H: Harima-nada Region.,
0: Osaka Bay Reg.,

K: Kill Channel Reg, &
P: Pacific Coast Reg.

No. of individuals**

Cruise no* Season No. of hauls ‘ Saurida elongate  S. undosquamis
(1) Late Jan. 36 1,466 674
(2) late March 18 889 259
(3) middle May 23 535 1,120
(4) early June 30 479 1,684
(5) June 26 520 811
(6) late July 38 221 1,801
(7) July 31 505 473
(8) late Aug. 35 1,413 1,840
(9) late Aug. 36 429 2,621
(10) late Sept. 37 667 1,292
(11) early Nov. 33 1,426 2,057
(12) late Dec. 28 931 1,014

*  Experimental 2-boats trawler cruises were carried out during § years, by Nansei Regional Fisher. Res. Lab.,

Hiroshima, Japan.

**  Occurrence of S. rumbil in these smaples was 0.7% of total no. of lizard fishes.
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Table 2-2. NOTATION & ABBRIVATIONS:

P : no. of stomachs with ingested prey
A : no. of stomachs with amorphous contents
E : no. of empty stomach

P%,A%,E% 1% of P, A, E, respectively; P%+A%+E% =100

5.C.W : weight of stomach contents (g} -

w : [body weight of predator] = [measured body weight] —{s.c.w] (g)

f : coefficient of s.c.w = S.C.W/W

L : body length of predator (mm)

N : no. of predators

n : no. of prey

V.L : average length of vertebral column of prey fish (mm)

1 : restored body length of prey, after regression between [V.L] and {1} *

w’ : weight of individual prey residual in a stomach (g)

w : restored body weight of prey, after regression between [w], [1], and/or [V.L]*
r : [food amounts restored] = [sum of restored individual prey weights (w) in a stomach]
r : ration size (r'/W)

Wrw : prey size, in weight

/L : prey size, in length

d : degree of digestion = w'/w

T : average ration in group (Z1/N)

Z(w/W)/P : average prey size in group
* Restoration of prey fishes were carried out after Z. TAKAHASHI, 19629 ; K. TATARA, Y.
YamacucH1 & T, Havasur, 19627,

LT, TTTRAYR (ration ) & LT, MKEHCHOKE M55 L 7 fliw’ (EEOEAHEL &
BEBEOGHE) OMHMELLT, =1 WERALT, BHowge Ly (3, 5).
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T 2~ 3 H B o4 i L 7o tfio Mrbbe fl v e,
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EMREPIOVWTOHEORES (W W) & LTI (W W)/P %5kbdTRIFICA W/ (5.),

HABBAERIN, e EERE 0,

—HEIE, HAXHE L O A A, YL, wWW, n/N ) BRGTESF A Lz,

T, 346008 - L BAOHIRZHS>HRATHBDT, ZNENOMHERDTE L THR~S,
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HTOBH, B (fleld) Kk f2MERESIBTO»N? TORRZENELROH? &0 RIS
BEEEAI DI,

v x vEns, BiArn, HETHEEL T AR (1) %, HOoKEIOULHETF b DIKHEEL
(83-1), &5k, BHATFEHOME (3-2) , HRCHER (3 ~3) ROVTHITERS I, M
ELTER, v oREMET (RE20—140m) OH & 2547 HEEERNICHIL, +hsy
Ty ONEEE(S) (X 61 — 180mr, & — ¥ 110mn, KEUEL(L )(181 —~320mm, 240mn), x> Bt (121
—220mm, 170mm) D3 S —THBHRAEE UTEA SRR L, Hicdd 285G HER A
72 8 BOWEH, LOKEOME (cruise no.8) A/,

3—1 A& (ration )

9, WRE B DS, HNAENE (f) osfms
fHD K& & (prey size ) WL TRDI-AYHE (r)
DNHi%kHD (Fig.3—1)

f YEOSBRECRLIA Y 7 F A7 A BET B
GBE, Wy o FA4A T VETMI LD r AHEEMKT B,
WEOBMNANYT ( stomach content analysis ) NS
30, BESAAHHTH I, r O, WO
B ERT, MASALRYR (r) 45, Bx OTLER
dh->TLOHHEE (BE) Kil-ThasLR6N5,

FrONEE-FI, Fas Ty KRB, v VB, b
a4y NBEONK, KELHILERTnD,

fligs 3 okEs (L) Lrofiyht (r) olHs:
Wl Ui Ric k5 &, 7 GFESE) HIREORE S
12k BAEIER Lov (W) EHARIAIC & - T3 ™
R 1 TEALICIL D b AT NERED T DS
(£—F 02) 2RTH, ZOEAEMN, 04LITFTHO,
G 3= = v ik, BEEHES RO T, fiks
LTofmit (r="W)ELT, ke 0.4 BSEBIT 51k
BLANNERBLENTEL D,

8. ELONGATA {8)

S ELONGATA (L)

8. UNDOSQUAMIS

N Fig.3-1: % frequency distribution of
“RATIONS” (r = /W), compared
3—2 MEMEL EERMRE with % frequency of “COEFFICI-
I L 3 BHC VW TR~ A & LCHIS 5 1 ENT OF STOMACH CONTENTS
) e I D =g.c.w/W).
~HEEOH 7 7 F4 7 LORREGIC v DIFEO PREIRE Rations were restored from ingest-
ABE (Fig.3-2), Fahyzy/NUETH 1 KDY %ﬁmwm& o black sot
. » _ ite column: total; black column:
GNEL, =xv, bAaX =Y RKEBEOBICEKTHZ O Anchovy, !
B AT 2, S. elongata (8); smaller size pre-
e dator 61 — 180 mm;
¢, HofEEOMENHIKES (WW)ELTEPR S. undosquamis: 121-220 mm;
+3& (Fig, 3-38), —HIEPERSNEEE, H¥ S. elongata L: largerGot%e 181320
: mm. in FORK LENGTH; (Sample
754D ELTRES (W/W) hE, used from Fig.3-1 to Fig. 3-5 cruise
HYYFATVRERGETSHY, SHOMAEE, W 8

AOKEE (fullness) DL, MEOHF 2 F AT VIC
MLTH, 2LOBKEHRTIHENE S,

i T—4, P,293 OWIALE ., B,
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8. ELONG~S)

RATION 81z (1)

Fig. 3-2: Frequency distribution of the ration
size (r) for ingested Anchovy.
Data is grouped separately by the no.
of Anchovies found in the stomach
of each individual predator.
Numbers in parenthesis indicate the
no. of prey (Anchovy) found in the
stomach.
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INDIVIDUAL PREY SIZE {w/W}

. Frequency distribution of prey size

(Anchovy),

Data grouped separately by the
no. of Anchovies found in the
stomach of each individual predator.
Numbers in parenthesis indicate
the no. of prey found in the stomach.
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Fig. 3-4: Feeding interval (dn—d(n-1)), separated
by no. of Anchovies in a stomach (no.)

dp: degree of digestion of succeeding prey
d(n-1): degree of digestion of preceeding

prey

A =

expected degree of digestion when

predator ingest prey in the same interval.
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B20~45mDh sy 254 7)) BERENERE OB, HROTHRASWZHENS I Lk b,
B, €5 U7z Hsryi iy is Bt ( a bout ) EROZNE QI hIfORM S S &L RN 2,
Tk SEWEENSHAER L, BBV TRRITHIAELEILONSEN, ChEldilic, MR

S BB L T BHEEE b b B,

Z T, [—E AN OEMR L N EPE TG, R AE A bR, BRTts

W, BEEL->TOBE [ & (ROBABHSTEONTH RSN F) &EMHLT

Bt (Fig.3-5)
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Fig, 3-5: Relationship between the relative weight of stomach contents just prior to last
ration (f') and the relative amounts of food ingested during last feeding bout(F)
Vertical and horizontal axis are the frequency of f* and F, respectively.
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B, BEOBAEY (a bout ) it ansc (F - il 200, FHKBELT
Wit ) EERBRLUE, ChLOMRBRROERDMSICAET, ZAZHET (F) HL<
B (f) LTH b, £ Mlilicin-C WMEOPESMHLRLTH 3,

DB (Fig.3~5) HHRDT ENVA B,

() : F&f OB G TRENIZAWIE (ration) (d, 3WOPT, b AHY TV KBBHE b
<, vz ehfiit, ~AS T /NERSELAESOEBESEONEY, FEAEE, S5 (BL10.2,
#04, W04~05) BIFTHS,

@ frEHFLTOEARR) BE0nd, IKERTIRFALRL, BP0 EROBARFRE
ViEHC B B £ LT, fOFRAED, HAE &AL, 502, #02)ETTH 5,

CCETORBEELDTHS L, iAFOWHALEAITING 25, HEOHSOOREN»S H
K3 B0, QLATOMBIEN RS 2 ENEERD, dAMLTE S E, ROBAEHIS Hh,
OEAR S, ZOMETOENRERNDOLEVEEL S VERNS 5, @F NERD, H3HEULETHLE
Hickk, HEoHEOHS->Th, BAKHEEI AR LIARShRYL, &E2 503,

DT &, Fig.3—19Fig.3-5 ORI TRONS 1 © L%, SEMs LI, Y ii
ERBE, ZOLARVDBRFEDL LVRBMICEBT 2MARKENS R EOS T EAEBRL TV S,

BHALEANE, ~xvEEd, HEOoRSEINLHEBEICS-Th, 3L~ Lofimiiog
B (food intake ) T A LHNBRBHMLEINT, B3 v~nicE#T3E TR, koffa s Sin
"B AR DSRHEL, COL~NVBITIRYE S ERRHTEEL L, BERMENIE EicE oy
RAEBEIEVA LS,

SR = A O Bk D B RRER PV, h A R BOWTE S L LT
NIcbDTH B, ERERITHE v« Hy4RINTSEORMBIERIIIT “HENEA"
BLEEREL Tnd, —F, RS diow i, BHERE E bk, HRBOH{bickBRDI3IE
BEX ¢ B B R AT 59,

CHhoRESETHNL, <V BOBARHMERICITEONA X OMBRET OB TH - T, B
KR B RECERNTIRRNAEZDT O TR, THhITB LTI, KO 4. TR 5,

4, BBICRUDAHEBEORS
— ZEE R SRS A OB AR E T 4 25 H —

T D LB Ay - BhltS, BB O L WEIBICR G A B0 A i m s WE A NRIETS 5
25, L AHRESEE TH - AL T ML HAOBAICH NI - 1o LA WES BB
WEBILDES,

COLIRPED S, BEHROVTOENL DAL TINBOEAEEHR (ALE) b, Bk
MAOESEMAHHE LTHLT LEBLTRIFE2RA L, BU LI, EMEB LTI OL S IH#HA
EE) BBEOBBICET B,

4—1 HARBILBEEBABIEHP -A-E

F9, I AHE D YR IR CEN BRI & 0 HEERR S LT BRI, W
LU ERIDIOIMS L | Tsb BB,

HAMEBIHTE R 7Y, w2, A Uy FRD0UTE, (Fig.4—1-1) ©KiE20~26C OPE G,
BEEIOFHEAEO RS ST 205, @FNBOPHEHSLZ 1 HIECBIEEHED, @20k,
BlChHEICERY, COBMTRBERE LRSI L, SATHORESLL 200, HAkEOEAE
MMEABRC DV TOEHELS, COLSIKBEHT L ENTE S,

2LV BOHABTICOWTHE, P HEYSHM L0, E i 5EeBobod, A AR S
NITOH, MEER (amorphous ) DNEREHRICHOTHICIEEL, BE OIS B RS IED &
DERIAHTE S,



28 #omk

(i3]

S.CW

Fig.4-1: (1) Schema of the temporal "relation between the
sequential change in the quality of stomach contents,
P+A—~E, and the change of s.c.w after prey ingestion,
(IIy The digestion curves by several authors.

B.W w.T.°C Authors
A,: Trachurus japonicus 8.2  24,8-25.2  HOTTA & NAKASHIMA, 1968 '®
Ay » 423 22.6-23.8 » »
Ay ” 98-147 (June, 22) AOYAMA, 1958
K : Seriola purpurascens 132 24.4-26.1  Totsut, 1981'7
M : Scomber japonicus  26-31 20 KARIYA &TAKAHASHI, 19699

ZhemT D, BREOHNBRBMEHABER (P A E) &4 FAMICHEX 4 TAK
(Fig.4-1, ). BIF, 5H~8HoMHEMH
505, HEOKEBL~NL (13~24TC) &FBHLT,
@ iF CHDIENE (B e LTk 8EED 3B NE
DBIFHBR T RD T 508, SERHIERE LTh
B, BRLELEME (P) Kd-T, @Dk, b
DISISEN DA R A BEA AT, OEA%R 1 H
B (BFE LTI THRamy BEE ~
£ LMET S,

oL RO &, HHABNEP I, M
B DS & /oA L 8 M LIAIC i A& & A S
HEnfo s, Al 8~2UBMOMIEADHEMN H
-t &, TLTER!L EJ&AJ:T}E&L'CW‘JL\C &,

18 %,

ORI MBIERTLEMBELT, 5H, 64, Figd2: PAE, composit . o
TH, 8H. GUEE. 6, 1), 6) OIHOKEE 5 Lo ooy e ot feld
O P-A-E#kE 3 HEHEANS (Fig.4-2), o: S.elongate e: S.undosquamis
Feg it DIEDECRIRICE DI > TV By 2O grc‘))lusp ;r;d;?:;c;t;:e composition of size

zEervB 2 MIIARRE LT, MEOBER
BAMEAETWAL EE3YE-> T,
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4—2 P-A-EWNREEAEHESNT? — HEHLVAVICRDIBP-AEEF L —

PeAE D, MRAFOEOBEOHRAMBORMTHEETEE, HEEHOP A-ENHEME
MiE->TH B0, & SIMEGBE L~ vOREER € 7 Ve TRIRE B 5 254 f, WSk
T BFME LT, £79°, HOEMMI—~BOBE (4-2-1) 2F L, DO TREENHOES (4-2
=2) BHET LT,

§—2—1 HEREMIBH—BROBE

HEDOHEHIE, HRESHOBE MRS 50, HEOEMIHICL > TOEATEMNEZLLNS,
UL, B2 9 B LT, HEH (food resources ) MZEMIC —BEIC (5 v 44) AL, WA
RO W DT SRS &% £ FEL, MER L~ VvoERIET e FLEE Rl

(Fig,4-3-A),

COEFVT, HAOKE (LAh  iEssiic
£ 5 W h OE0) S TH UL E%=100(e);
HADEANETE, PREABOMN 1:20H
& (8:(24-8)) TWAS (dOFiR) ; S5k
BARES Lo () ABABEEBRL LD,
L6 (b) TIaP % : A%=50 : 50 &7 0, LgLl
ECa) ktsdEP%= 100115,

Zh%, P-AE (Fig.4-3-B)icshse
5&, MARSLBLE (a) ORTEP%= 100
DR LITHRABENED LT &, $FPAY
LEa—b—->cOYEHi&, P-A-EHKREPY
W ->TABPMA BB DOME %=0, S5t
BEN, Log Tl ss, c—d—edliific
M-T, EXOHEIML, MAMICIBAKSE
T E%=100 (e)iitd 3,

D& ST, HEROBMIGENES v &L (—8)
ThH3GeE, BROBSE, HEME, SHE -
T, P-A-E[¥ (Fig.4-3~B) L, HAkse
e TFictsad, $FPAB LA a—>b—c i,
20T Lo BFkeis s s, c—>d—elicd, 200
AR EOBBAN C &icis 3, UL, B
5 P-A-BHIE (Fig. 4 ~2) &, OB Lk
53, (arcee) O3 ETHE N RBNCHAES

Ao, HOBEEME, DHHROEERS &,
BOWRS Yy LDMHOMWSE LTPAE MR % ¢
»THBE, TO7 oy Mi(accee )JHNICAS,

TNEDT &b, BB 2 GO 215
WS T V& n (—8 = 9%) Mi%E LThBEDS
FERPHOBENTRINC LKL b,

4—2—2 EHRFOEMABEHFHEOES

— HO 2N HEERELT —

@ b d 2z
a menenid vesd @ vy ne-r g
ENL:
A%% E% 8
P S~G &
& b [ 8
A2 10 08 06 04 02 O 1/h
8 10 12 16 24 48 oo h
P%
®
100 // . 5 el

A% 20 40 60 80 100E%

Fig. 4-3-A: Schematic model of feeding activities at
the group level, in which the composition
of P.AE is decided by the probability of
feeding (1/h).

h : Expected hours of feeding interval

Fig. 4-3-B : P.A.E composition based on the premise
that prey are distributed at random in
space.

Compositions a-b-c-d-e correspond to the
probability of feeding (1/h) in Fig. 4-3-A.

4-2-17T, HAROEMANRE LD EINREFEINELTOLEEIDLENH L &%
Mo leDT, TRESEZT, & b BIEEISE SR HREMAT 25 EFNWEEZ .
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Fig.44: P.A.E composition based on the more Fig.4-5: Schema of P.A.E informations.
realistic premise that prey distribute in a P% mean abundance of prey
more or less patchy way, after simulations resources; and ratio E%/(A%+
using the negative binominal distribution: E%) mean degree of patchness
(ap)™ of spatial distribution of prey.

{CASE 1]: m=8; [CASE 2}: m=40
(mean) m=kxp; (variance) o®=m+m/k?;
and Py=qK (0-term of negative binominal)
are used in simulation.

v xVROMEYOBEHC BT A EMNMG T 2 ESNER 64K, HEAE EoMELS - T, i
DHEMO BB SRG TH 27 & &N T BE D 2 WARHARE L, AD 2 W3 i (q—p) ¥
T, piddAEERMICHET AR, qRIHLAVHEERT, PEE m=kp, NYFT YR ol=m+
me LB, kK DEMPNE N ENY T Y REKE S TERISH ORGSR, Thid, 8%,
M hS o FIRICDHE LTOBEE (patchness) KL 5D EEZL GR35,

—~fic, b HEEMSICHBE T S OMARD 0, 1,2 nDEE Py , Py, oo Pn id, m&k &%
EEIELT, ROONEH, HATHE P 2EAE OB THELSO] KK, (1-Po) % [H
FhALRBE LT -7 [ (1-Po) OFERTHIZING, Py OMERTHEDMW] LT, 4
~2-1EOP~A~EEAEHTFLTHRLAOM &k BE5X THI L BROS B 24 (m=8,40)
2R LI (Fig.4-4).

SExOEEME (Fig.4—3-B) © (a—c¢—e) ERE-LPHEERD SR, WFhOESES, kO
flimsAK&Eng, a—c—>e KIS, kKOMMHNELERE, ThEEHTEBNIPBES <. -7, k
DEDPIE Y, HEBEOEMSHO RESEESEWESIE, P-A-BHMEOY oy Mg, P—-ERICE
{185,

ZTC, THETORBMS, P-AEHIRSWE > T AHE KK (Fig 4 -5 ) IKE EDTHES,

1) : fEEIHOEE ( abundance : fHOHE) AHMHNCGE F UL, PR IRBVEICT 2 E8MNHD,

(@) : L DB (P%) OE—KER S - Th, BRPHOREHEUMNE N & (B B+AL)(=100-P%)
DR TOESOUE (E% /(E%+A%)) BHEL155, HEHOANGEA A H B v v 7R
ThHT ifa:&&m&@zni i BE OB Ny FIROFRE (patchness) i@k -~ C, [l UMEHaE
LR T E DA DOBENE D, HEFESEMRC  y FIREBL TRET S (koh& ) 134,
H&WOBSR—EET, HEXA Il LAZEBNA, Ktk (4-2-1 Ofil) %Rdics vy uas
THCGECHEEL, HEWOBREWIRIE—ET S (kHAREV) Hokid, EEHEHAVLEL, BAoK
EMENVETHABOYE (A% (EX+A%)]) BT EZI LD,

T XV BOLBEOEEHM(ABHE %=100—P%) BBV NV THEDOMTEHL T 3DT (Fig,
4-2), MAENEEHEIBEE, MAEDBYBIUCKEEBERIFL TV &0k aN 3,

PAEf#lO 55, ALERHHYOHIKO>WTOEBHENDD 2E5LZTLNROEROEFHRET
B30, WERORDF i Hipo Bt BERimd 3EMSHNE, SHMoB o EARES P &t
B, BESRNT 2088 LD BRSOl Sy, HARDEMA ( patchness) 1220 T &%t



BT HE RO 2 = BOBERBICSNTD 2 » 30 281

P RBEA TS MBS BH B EVAL S, #7571,
B FEA LS 3 SROBRMAEHOBE&,
LD IBHIETERLVCEBES TTHIRIN(T
“"2 )o

5, BIBICRUIBMERORE
— AR LOHSVOREX S oM
¥ ( handling ) I£2WT —

4T R T B ENAP « A« E ORI S B (5
A KRG BHRE (v v B, ~y FROE
KA L - TRAESIKHEALV I EbH-T,
BT Al B AL C AMEIRE L THW 3
ERTARVCEENTFEN S, AWk (ration)
DS NATIR, £OXSUHAEOEIMNLE
EE NS, HAMEBIC & - TETOMT 254
foo T, RYBAUREH AR - OHAEVORFRE
BT, IRICHS - AN A E PN B i -
TORM (handling ) B L @lric >0l
~5B,

5—1 AYERELEER

HEREAYE LTIAL Y - T, DS
WHHIBICR D AAERICE > THEERZ ETH
B EREHTH LM, HWLTH, HEHEE->TH
RULAHEEPOHNRER» 0B L, K
i, HEDOHSODRMES BSRYBA (r) &&
BT DI DVWTIRIE 2 S 5,

Y, MREHOKE GREET.LM) (BER
& (r=xM/W)/N) LicowTHBE (Fig.
5-1=A), T, 1.3~350EVIEHERIES
D, PAFTVESYTYELVEDTH S,
BAR L OMBRESINE Y, Th%d HEER
LTO2HRE (P) L&Y b o e (2 W)
/P)) & LTHBREREICORY 3 & (Fig.5~1-

+ ,1., LN o
o Te ey . °
e . v o ° o
4 gt °
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O e
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° @
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.
“ . ®
. “o. N
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L - R I e
t U ®°
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4
o
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loe
H2gae ©
e .
s Ly 2 .
W, el Ly A
LW wrfens Lo
p o 2 va . v
[ . . &\3 .
4
0 N
2% y .
1 2 3
X
Op

Fig. 5-1-A: Average ration size (F = £1/N) for size
grouped predators (L)
o: S.clongata, e: S, undosquamis

Fig. 5-1-B: Average prey size (S(w/W)/P) for size
grouped predators (L).

Fig. 5-1-C: Average prey size plotted against average
no. of prey occuring in the stomachs of
only those containing prey items
(£n/P).

Data from different locations and seasons
plotted separately.

B), COMDHMOITOHE Y » LTHSIRE B0 %72, Tl BROHBMMEFE (50, P) LOMF
(Fig. 5 ~1=-COERB &, BEMNEV (I P> 1.3) &, ERRIDE L (25~14) THbSL, 4
ahitid, SROMMPHEASNAES I, PIREWC Eiciis, BAHE LT, BiddndTh, k&
W AR TS LIk 2T, HBNE C OBRAMEWB S 5T EDTEBH, —FH, e LTOEA
HHMEL Thy NSO ZHEAL TOAEALHHE L (S0/P > 1.3 DM 25D 61%),

wie (4, HIcHEA LD o/ lE(EEA)) A5, BOBMRICEDLSKBUEL TV A0 %, BoE

B E'%B=E%+71 A%

L DROKHETHST 2 EHicxt LT, HBHNEVIEE KT 2 ABOES (1) @B (r
<1 BRTREDFig.4-1 DEFick-T, T=03&LT, B'%=E% +03A% &L

T%’i‘% Lf:o
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ART LE%* EOMBETAHSB (Fig.5-2-A),
E%&T &k, DI - &0 LAUfHERc S
3, WigHEHEE Lo, HHREoLa2vhD
Rt (B'%) KE->TERENTHWBEENLLD,

~F. EEEALTHAME (P) THEEHD
OEARTWW)/P) OMAERBOMEE &D
Bafk (Fig.5—-2-B) #R5 &, MERICIHMES
BERERLIWMBC LRTERY, 20T, MAHH
DOEBEEOHBSVCORMENEI>H-TH, iR
TELAEY O OBARICEIBEBFE5L TS L
FZ IS0,

PEnZ&idsbTHLE, HAFERLELTO
MAER (7) &, HEFNLOHMSVWORESIES
&t (Fig.5-2-A); fiazmhHaoBeicE

FNibD (P) 20 THSBE, Bbiin(En/P

< 1.3) AFOEEHERTENTBERME 08,
R, PELONSOEER-> THEATIRD
WOBPDOEMNE D (61%, Fig.5-1-~C),
§—2 MOEHE - K& S LAE ( handling )
MRS - o8, HERATH NI
BRY>TO—EDITH), & ICHE « $IE L 7o
LHPHCID BEDMH ( handling ) MBFRIC [l
HHHEAENHRE LT, oM. K&ss, ¥
A S RO, ( orientation ) 3% X 5,

300
TOTAL
200
ANCHOVY —_|_ B
JACK MACKEREL 1100
| CARDINAL FISH o
semn_|CHAMPSODON | 5
. .= |DRAGONET | 5
. [SANDIANCE | s
GOBIES 5
CODLETS 10
SQUIDS
SHRIMPS 5
01 1 10 100
w/W

Fig. 5-3: Size frequency of prey ingested (Cruise no.5)

ok

20{"° *
'3 o % %o eo
104 2 o
T RS LY
8 e 060 o
6 o % o
e ®
A o0 o
s 0%¢
o .
2,‘ o
o
14
i
0 50 6 160
E%
°
204 o ° e, © ° @
L. R s 2% o Co °
ee o o o 8
gw/Wiied = eqge o c0%s o
g4{°° % & o °
P U e °
61 o S 40 70
° o 0 ©
4
° ]
2 Il —
[¢] 50 z) 100
E%

Fig. §-2-A: Relation between average group ration
(f) and the % of empty stomachs (E'%).

Fig. 5-2-B: Relation between average grouped prey
size (£(w/W)/P) and E'%.

R AERSEL RO~ VB, ffokds
(VW) ELT, IO ( breadth of
diet) OHDEFEAL T3, HhMliclt—Fl (Fig.
5-3) #ERT B, #y7F 49D, 9L
(taxa) OHEYAEELA OKRE X THICHBILTY
T, WWIilllk 02~40%Ch 5, TOHFEOREE
ICELD &) (diet ) O (Fig.5~4—A) thic
HET 2 EESHOFE (taxa) E2EFD DT,
C ) Wi, BEBREEROMBRILS S5,

(1) #2944 % Cardinal Fish,

Apogonidae
............ (3+4)
@2 Adeq435F
Leiognatus rivulatus
............ (3+4)
(3) =7  Jack mackerel,
Trachurus japonicus
............ (1+2)

) 7 =¥ Gobies,
Gobiidae
............ (7 +6)
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5) v=#=x
Champsodon snyderii
(12« 10)
(6) %X v #4 Dragonets,
Callionymidae
(1-1)
(7Y 4 2547+ Anchovy,
Engraulis japonica
............ 40 + 51)
8 447+
Ammodytes personatas
(3-1)
9 v494 Codlets,
Bregmaceros japonicus

(7-2)

Sand lance,

10 € ofhofiig
Other fishes

............ (6 +10)
) 1 #4H
Squids
............ (3+5)
0 /B e
Shrimps
............ 13- 5)

MRS (L) Sl
MWW)OB%(Fig. 5—-4-C)
T, M EWIciEN T
b, EhooflifiK (Fig. 5-
4~B) %55 & UG HE)
HoBEWfi b7 >Tw3, 1
h, R oREOM, AR
L 7o Old ¥k (soft ray ) THIK
ENTOREHEBRTHY, K
THRLTHADEHE (spine)
G Xy BRI (6) fe 35 opercle
DRET) THbBo * X v ’%E
B, MEOEW RIS
e LT AHESA BN D,

T, HARKINEShIRE
DIRGL Corientation )%, B
ERZFIIE-THS (Fig. 5
~5), Bl IFRE TR UK
& (L), s, 8905
BAEFICHNICD S TS

(4} GOBIES /
(5} {(Champsodons anyde?/
{6) DRAGONETS

{10)Other fishes g \\
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(2) (Leiognathus rivalatus)— (DI (3)(2): Fiia
fa) JACK MACKEREL)/

NANN

{11)8quids /
{12)Shrimps /

Fig. 5-4: Main prey taxa.
A: Composition of diets of Lizard fishes, by no. and by
weight.
B: Profile of prey species, showing spinous fins (and
opercular spine*).,
Soft rays of fins are illustrated by broken lines.
C: Regression between length (1/L) and prey size in
weight (w/W)#*,
(1): Apogon lineatus,
(3): Trachurus japonicus,
(4): Gobiidae, (§): Champsodon synderi,
(6): Callionymidae*, (7): Engraulis japonica,
(8):  Bregmaceros japonicus, ©9): Ammodytes
personatus.
(1) Apogon Kiensis; (4): Chaeturichthys sciistius,
(4"): Rhinogobius pflaumi, (6): Callionymus virgis)
**After K.TATARA, et al, 1962.

(2): Lefognathus rivulatus,

-1
-6
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P () DA (D s )THREARD LTV 3, %

100

FYII T AR « Z Xy RO TS 5B A AT CARDINAL FISH()
KRE> T OB GRS B, e 7 F4A7 M (ny/sm)] W y”@@mmm
4053, 4404 OBOEULRESEME > o |
T B, 7 BnEHGREDEHF e AHEL S | NP
F(2), 7=FR(0B), =T IBLEXICEN, @ " S

X, FUCAETH, K& (L L) sskEviae, 01 W "
FE A & O A D U Bl hd 348, 75 2 F I S /},}EZZKMACKERBL ..............
A7 VRPBT, i Bl oA, ks | a0 mT T
AECRORADT Y vy 5 4 EPRE LORE iz -
DI U Iz 5 A o AFODTD 5, KEIAHIE < B 1 g
GIEFONS I FA TN, ARFIO), $4y WY Y e
(O HSRER A & B PICIND BN B BN B T & ) /:s\/ . .
5, CHSOHRH, WMEEOMEEITHT 2 Wbk = Tes oomans Myomovy
LB RIL , MREIC X A OME - $IE - 4 2 3 4 5 s
BERTHNIINE S (ingest) WEOMAEDEY /)
o TNALERENTESD . Fig. 5-5: The orie'ntation' of ingcstec% prey within

h o FATVIGH, FHOSTRULTN S Vertial axiss % of miideds of ey
B Ly A oA, Ah+T (7B &k taxa which were ingested head first in the
STHORESHAES (VL>05)u5e, ey e (L, erontl i
B (30 = 1~3%) REDSFRSATO (o) Py o pted n i 2, Gudin
BAS, LI, B Y 7 F 4 7 VB IRERTEE (school) lineatus, (1™): Synagrops japoicus.

BT B & B LT, ol (v 7o
ZEROGTIREME) L4 2 L, AT LHLOMOTHETOROIS B EBFTELTHEEVALD,

X, —EIcRACEATS, AE S (L) psks 1 e, Bl o HARINE 2EMNE 30, &
EBSE L, BSOS LA T, HEOSNE A HMMBE L LEELIGHLES L, L
(handling) €4 - T, HH GBI BEAIICAL 6L NE, SELERATERVIHENSS 2 D TR LD L
BINDB, REEEALL, BEETHREROY Vv BEAEO b THE BRI S 5 BEHED /NIR
&G T MO T A LB A0, e LTHERE (WW) OB W & O3 MENC T
D0, WOV SDEEREMENE V- BB L5 TH B,

—75, R (EEM DOh o F 47 VB (school) HIKEFEEOM LR DHF AR T, —¥5649 (temporary)
TH-> THHENEMAFDHOMRELD, FEHIEBE Uy (diet) hds1 % (Bl 250 5< 2V ED
MBI * &2 5,

BHAHRK (Fig.5—4) 24TH, A& ie mETHE T SN 5 (-6 oMUk 0%LIT T,
/%HH:?&b\(7)—(9)755‘%(\350%’&émn\f%b%%l <o

5~ 1Cid, BRI 2HEEHY, HHFLOHGVORBS KL » THAREEGSH, %/, &
REOEWNSVHTORATIHROHEDH 5 C LAMEREN, 5 - 2 TEHHRRE He - ke d,
ORI « K& STk - THRIINGD 20 LBOMBNSH D, MAHESEAL VS I ( BENEFIT )
%D BEIL, HhRrhEE SO (COST) $h2 T LEYE-THEERLILD,

* 3 7 =R 60~ 200m O RERHREKMEN ETHBE S~z v EOEE, £ OBANBHBEO
33% (EE) =50, #50F40y Q3%) 2BAT, BMLTHETIM, 202 (BN
TOMEREEZF THRNEODT, RERESMNET 2 HOHEV, COHHITR, &Yk
BEhTOROADHAESBEARCBORMIKA- 7 =F 22 EA LD EEL LN, B
BRKBTOY = F2Ied 2IREE R - LBEVLDLEDN B,
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6. HBLCRIIWMAEBORMERE i
& < % COST - BENEFIT B DETECT}—{ APROAGH |-—{ HANDLING]
— B SBRET — ‘mxmﬁh.. ................... ,
b—1 BESHES e T
CLETOMRBIIENT, =y BORAITHE Schematic model of feeding behavior showing close

HEBHHAFRERSALLTCAS (Fig.6—1), linkage between [SEARCHING-HANDLING of prey]
sequences and |DIGESTION-APPETITE] sequences.
S5~ x v B —REic Ry (food Note: The circuit will be closed when s.c.w is or reduced

searching ) 2025 (detect ), BEEE under nearly half of physiological satiation (1).

X . . . The short-circuit will be closed when predator
B (reach) WTEHCIRUDANS L HICHiE L meets with prey succeedingly in the same case as
(approach ), fifitl « HlFE L CEANIINYD 5£00 before (2).

M (handling ) 2174 - C, A HERT 5, B
ENFAWEBANEEZO 50, b LENAD, H5/kHE (3-2) 2HA5 &, ROELFERBENTS,
B MEA RS THLIBBOMG, &2 KL TIRELICE » CTHABHRS H, BOBBEMNC Ok
BT RBIUE, ROWEEEDITHIKASZ, COLHic, FATHO-RNSERZ, [HEEY - 4
R OBARMLELY, MRARKESKD, BRMSRETEE, BHE~CEBMSHLS (Fig.6 —1 (1),
if:, BARHAHAEPERELBE L LBOTHEEARR TN, Hbicgl « QENLEKT 5 (Fig. 6
2,

1/21:03@&5 KEBRFTHDOHEIC, 20 HMOBMEEA L —HOBROEEEMET I LM TE S,

CO &S BPATHEBEHRE LT, D2¥D L 97 COST - BENEFIT ™ %Wmﬁﬂ%ﬁfmm

6—2 HBBICHRITBB/ATE O COST - BENEFIT EFILIC K BT

MRERL, WARM (M) R20ER () OHEHEZFA Cexploit ) 3284, BEFAD DM
75 COST &, €@ COST iestlis L CHEEIRD S35 BENBFIT & OMHERKRILL TER S,

COST 0EEMS & LT, MRBEBROHEF %% (searching.) T3 COST #4 (ts) &, HFRL,
A BPUCEGAS R B9 3 725 DM ( handling ) D COST 843 (tn) %% %, EROCOST(ts)

DOIREELT, MEEREHRROHSOBBL TV ERLNTH I EER (E'=E%+ 0.3A%)

5 (5-1828R, WHEOCOST (tn) DL LT, HOXEE (WW) SEAEGEY (n) @
WAEWB T & Lo

—7, BENBFIT (r) & LT, HASHORYRE (SWN) %L 5. WMAKKIIMHEHEONA
(AL gy) i, BEICHL CRENTSE-T, O FBMER &0% (R—1) AT 2 &9 5,

Ar/dt = @ (R = 1) sereemrremreneneeiconnns (1)
N,
r:R(l-—g“ath) ........................ {2)
Lho%ERLTaE (Fig.6-2),
(1) COST&BENBFITIE, (ts + tn) &r AHE

45 3O 2 TELS A, () Al 3O /4////
Ko < RBOHR EOHTHE 3, =LE

COST 0 BENEFIT (I (ts+tn)) 1 tand T& '
DENB, A0 LOHINTSE, HEE. 1}

e T . ol iy sy Fig 62t Model of [SEARCHING AND HANDL-
L % (ts +tn) B, BARICEL TR 2 ING COST] and [BENEFIT OF INGEST-

kBENEFIT#

COST s

H
[Fa——

TR Bo AR, tan 04T (HBOVAE ED FOOD] for a hypothetical predator.
HMAKTH 3B COST = tg (searching cost) + ty (handling
° cost)
tan @ = d0dtn= ¢ (R—r)=aR (1~LR) . BENEFIT = ry, (ingested food after ty)
............... @) r =R (let); or dr/dt = a(R-r)

~ Note: At the max of BENEFIT/COST,
T, MEDHAYE LEBROMRBICHRLT, dr/dty = tan@=R(l-r/R).
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tan 0 DSERFOMBEE T OBERBUCIS B & S Il g HY4E
B LT B34, COST %Y BENEFIT it
WTRBICRE T &t 3,

CO&HERAMEFAEMEL, REHEEL
T, RABEHET, B OMHOES MV HERMIc L
=T 10086 LOWMBERIRETELEEDS
b, HAEHIEAN S A~8 Bofkm#t (H) &
LR (KB 219EHOF -5 —2HOT,
RRAY I ab—Ya VBT - (Fig. 63

THLT, tan 0 r OB ICE S VR % F
BB MR, akkn s,

BohifR%E, Fig.6-4, Fig.6-5-A,
- B D3 ikRT,

FFRE DR L O (Fig. 6-4) TlE, RH/p
e URWEWEERT, £/, VR & ts (Fig.
6—5-A), Uh&a(Fig. 6—5-B)DMOBMGHI
Wb, tsb LI aDREVHETUYREBEWE
EiRT e

BAORDOHIZ, ROK /N ts DK,
< INCSHG LRI 2 AN T H %,

THhoDORMOTMT 2011, ROKEMEI VR
DNEKIC (Fig, 6—4); ts Dk&E/N (Fig, 6-
5-A) , a®dkEN (Fig. 6—5—B) @ YR @
KEMNT ; BAMETZL ETH B, BERERAS
&, HES (R) HHBE ; HHBOBRIGR] (ts) 45
ey g (e A=) JLEEIERT (tn) MEOL; &bk
R —ie, BEAME (OR) BEnT L
s T B,

BB P AR 7 -4 -2 A0 TN
IR ¥ AR o FEP T, TR OB
IR B AR EESH O TH AL O TH L, T0
BRI, (Do E SRR D vy F by
MEMGFICRETET, LB 3688 ( (1
DAEE) x BEAFKE) ) THELITHE
(Z OEMDEMHT 5 BEUS AL b HY), A LAY
ROFMAEEELEELT, ROEEHREES

a DK

QMR ARICE ~THEVREDEENMER

bhay, MAEFESUHESECEEZNTHEY
RRTTH, BHEBV-Th, HEKKHEEST
2, FRHREY, bLIEDWTRAHE RS

8 e-Saurida elongata
‘Q/J/ = y~S.undosquamis . -
| s}
. ¢
BR 5 _4‘_:;/_:(
ST
v Lt (TH)
: e

e al I

//

BENEFIT

CO8T COSsT

Fig. 6-3: Graphical simulation of the model applied
to actual field data.
e: S. olongata; u: S. undosquamis; (no.) :
cruise no: H: HARAMA-NADA REGION;
K: KII CHANNEL

20 VITiK) viiK)
Crasine{Arex)
]
/ Vi)
o o
Vi)
101 vauie) vifiy
ViK
il o .
virl)
vilrtsp B
i g,
. o )
/ i i
_____ al
20 40 60 80 100
/R (%)
Fig. 6-4: Interrelationships between R and 1/R.

* G ERREABEVS 2D COST #aE, 22Tl
WBo LOMBEOMIIERICEDT, TLT, HEOHEMHELE A v
KBS o1,

B, TN EERIE HEY

TR (t) 4 SOOI REICE-THDLT
fab-varvbiEai
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FIH S 5178 ¢r<‘: > T ZEH P9 QUEREIOZ

fbicsets LT &Ry e RH IS 5 (trade off )3 100 , 3
&.L\OfC@o)fﬁéjo . o. * N ° °
b e
1. ELHEMmE; HREORRER 50 |

w2 BOFHAEEHRERCT, #oh0oBlA

PO ORAZ TR, TOTHEOL MRS
POMERMSFERELEC T G TE0N, SEOH
WADREE LTI oDFRICHBHALROHEH
(BEDAMAOF NS>0, Blld 53R b
MATEEERL 5,

T—1 SEERECHKITS COST- BENEFT 100 -
23 OHNEHRIFTORAH S, <z BOEAFT Tee, -
BE (Fig. 6—1) MBSV L->Ta7z, Cosligy et
PARDS —>—D & B 3 7 — 5 —idrs s, & %O ’
R Ivlev (1955 ) OEBNIEMMTAT T [ . {%" !/ﬁz
b EEOEEFIRDT b, KMNERO KA & T 5
mfo B &5 10 % ST RE B Cﬁ’%bﬁﬂ&@rﬂ% ) " 5

Ve S RE O & AT ORI B BRI
BohTwidn, L THMLL KR e (Fxg,

6—2)FMELT, o F—~y —kkhb Tl i e & Fig.6-5A: Interrelationships between r/R and tg.
TR AL A, BRI O 3B LSy, 45

Fig. 6-5-B: Interrelationships between « and 1/R.
BRI R B O BN T OBRO R LB Large « correspond to short ty,.

SNAME (Fig, 6-4.5) BEMY L - Tz,

CLTHE, COXIUHERE, SSIKHEDOHNA
i e & QI OMBEBIML &, REabETEEL

TH B,

F9, 6-27THONI, R, LR, ts, adfiio
PRA A5 & (Fig. T-1), 21 0DHDRhD AL
(location) 5, 19DF —~% —+ky biE, A, B
Fleyw—¥ vy T&d, £27T, Tab.7~11c, C % g
DY N—E VP> TC, HREHOM (e @ My AN
Y, urwmy) s B @LIEES) - i (0 g 60 P
BBk, K PR &, ORI OBEO r, R,
YR, ts. a®fi, thic, WAKEOH SN w e, e
2 (P) 181K 0 ORAGE (3n,/P) &, MO R
MOWRELR LU 1, R, /R, ts, altBnT e -
FE NG » O MARI L3 h o s — & S o
Y7 LMD NEE LS R & OBFRICIET 3 &, 05 10 15 34
HHEBIC BT A AHOEBARKAS, &5k

BN > TL . BT, - v rorus
PR~ B, GO &R 70 k)

A RE 20 ~ 30mm o AU EIHEF A4 3 B3

DIRAARSERNICHE LT3 (5n/P=2.0)

Fig. 7-1: Location of [ts and ¢ ] and [1/R and R]
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Table 7-1: Summarized results.

Homk

A B E F
M1 G @G ® D &G o an apjad g 1S aelan s a9

PREDATOR(Saurida)* ¢ u. e €. u. . u. e. e. u, u, e, u. [ u. u. u, u. u.
Cruise No. BEITL (70 151 | 31 11 (0 181|091 191 (91 (41|40 s1 (51 (81|61 161 (8]
Area ** K. K. H. H K. K. H. H. H, H. K. H. H. K K. H. H. K. K.
H 29 117 42 49173 69 67 8635 33 46 3163 8 L1 72179 107 95
R 312 5 s 9 8 8 Wwis s 6 419 18 15 1013 20 20
R (%) 95 | 84 84 82 |8 8 8 86 |70 72 71 78 [ 75 6797 72 61 54 30
ts M |13 57T 45 132 21 40 23 132 35 30 28 |21 26 30 10 6 6 71
a 34106 08 0712 16 14 16105 06 08 09]09 63 06 0906 04 03
PREY ***(£n/P) 20|13 L1 12 (14 18 11 1314 13 15 14 |12 20 17 15112 1.6 13

Anchovy 0.5 LZ‘ 2;1 ,9,§ 03 22. 05 23 04 07 03 04 |01 .L.E L1 16108 12 11

Sand lance 0.1 6.1 ’2‘3’ 07

Larva #o%e 08 03

Codlets 06 04 + + 0T 0.1 02 =+ 02+

Gobies + + 0.1 01 61 03 62104 01 01 + 102 + 101 01

Leiognathus + 0.1 0.1 + *+ 0.1 {01

Cardinal fish + + + *

Dragonets 0.1 02101 +

Jack mackerel 0.1 j0l1 + * 05 063 01
) S;{‘R.‘Ih‘ﬂ;‘sn T igh.}:‘ (’)1 "0.! + 102 02 01 + |02 03 03 + + 01101 01 04

SQUIDS R S ERE I B 0.1

¢ ¢, = S. clongata; u. = §. undosquamis

¢ Area: H. = HARIMA-NADA region; K. = KI-CHANNEL region.
w4 PREY(En/P): Average no. of prey occuring in the stomachs of only those containing prey items. No. of total and major prey taxa.

*%% Inknown, TL, 20~30mm

co;i‘z‘;%%, ZLVHER (R=3) BT, €0 BENEFIT Z{EWVA5 (r= 29) Hfaokkis
Bl (a = 34 ) EiR a:ifﬂ‘f} CHHL TS (VR=085), WEI

F:m&ﬁﬁa/%47y#

DG,

BEa ﬁr A

, WEEOMBEERESE I HE LTHWS (>_n/P 1.2~ 1.6)

(R=13~20) B

REFTC, & DAL (ingest) IKEFENDPMLY (a=

0.3~0.6), 4% BENEFIT 2T T (r=19~107), ROMEHFICHE 520 RHImD
THO (ts=6~7), F7,

CHYGFAT VOB, AhF T, A YA, T, o O E ORI A

THEAE

CoBeE, ZLVHEEH (R=4~6) BHTFT, WHOMMEEZAREE 5 (VR=
0.7~0.8). BENEFIT (#EC (r=31~46), BRicd, BEEBLOHMBELOT (ts=28~
35)0

CHEITFATVES AR, AL, AR R, x eEBHBL, b OBE iﬁi@m

% (R=8~10) Z&EICHMALTEY (V'R+09), BENEFIT 6 3EBED D% 1
(r=67~86), —F, HERL—IELBLTERIILHS (te=21~40),

SRR LS ES (R=2~6), FIAEESE TS (/R=08), BENEFIT B EFod (r

= 1.7~4.9), BRICKERGNEILD (ts=45~1T3) ,
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COBICHTL B&, MBHEMS Brh T AMBREOE & RICHE L ARG HzBMLThs T &
M an s, £9, EERMT A0, MEE LB E, BRI SR RDT SRS B & (A
B+C), e - HEEIEAMEAMOTM LET L 5& L (VR 0.8) 5 K, SEHEE L~
BEh (B F), ROMGE~OBEESDLI O (F), HED wr'cm\ (E: ts=10~30) &, Ih
Lol (D9 7 F A9 YDy F) i IHEOYYIONE (du/dl) OBRGRER BT,
SR Tk (/7R < 0.8), ROMBAFEOBERICASL § Lo 7kBhic, MAFHEESS -,
HIRFEHW A L COB00OBRIEMH > THWATL & TH B,

mm®W%tmmu”mCawfm BOESEHRDMICIZE 2 DD, &R0 K< WO

, BHOTARS T 2 A EATEBL LIBVLITH S, —I, CTCTE, MR-
m R IC B0 A —SEORSAN LT, 2RIEUT, oREkEYTS COST kKia -7 (cost-
effective ) T 9 ~ VAR ->TOA LML TE &0,

£, W rFATVEOIRBUCIER T SHEHESELTHORA LB VIRRT (F& U3 * %K
CE) T, Zhicstd 2RIFEEMSE O, ZhPHBGIRET (C, D) T, BEREETOHN
Zhic, i’:&_/L, ENEFIT E7, %% (do/dt) ETLTHELUEEEFALET S, L7,
HATHOMA (7T-4) 2825, BANNS, 9RO, YHOEBBKEUEFHEE-THE S
DEHGND,

& B AT 2 - TRUA L Th 5oh# (di/d) ofg Fa, WRE SECEBICHET 34
N RO Y TR, < T8 (handlable ) A S, M<TED Y Chandful) 7088
NEBLEE, QBHRT AN 8 2 F AT THE, HOBROEIMTHENE 0B L0Hh SIREICE
DHEC 72 BB S »C, PHETROMEROERICA S, COLIILCLT6ICET ST FLOhTHE
LicdkHi, r& tn OO ISR SN FhicbAbhs L0 -kt bTa LS,

Ebdhih, vz RSN ELOHEN - ROEBEIKIECT, BRELT, B4 L3 COST Kb
® BENEFITIC B WTHRINTH 5 &)@Lb@nﬁmzwﬁﬁ@ﬁVﬁ&v?mééﬁwﬁéckﬂ

X2 HThb,

T—2 M8 BYREEHNSHGCREIBETHO TELR

v /il 7 v (Synodontidae ) OMDHE, Thxy « A+ v E L, BEL BEICH
W U788 D i CH AR B Csit & wait ) A2 &, HHiGHOHBASNE, RELhS
& B BT & DK EIERIC & » TS S T0 32, B I 7 ARSI 7 B At i GE

S BBNEMEROV L5, vy BOBAIENABIICH T » THIHHCT bR TR C Lt
MmTHuhH, ¥bic, %amm@uﬁs DEMIELHAAhE 5 &, BAFIE oW TR BRED
72U B &3, Wbl LB 0,

F%ﬁrrﬂ)ﬁexucmvag, H& (T—4) KEE-T, 9, 8, BMREREDEBEDRDHO NG
DOTERATHL D, =2 VEOHBIICE 3 HNED S - #E Lz aYi (Fig. 3—1, ©&) @
HIEDA» S, ww=04205, ZIZRKBOMEA SRS,

wk,ﬂﬁﬁ%@%%%mvmfi ZENH (4 - 2) »5, HHIFOBESEHAHSBML T
B, MOBAELE (d) LOoBABEEA5 &, HOKES (wW) Akdud, EalEsihsn
& i, HABEN, RWIERDTOYESL EFELTHEE, B25<, &ﬁﬁ%#ﬁ<ﬁﬁ(mwh)
PO Th, FRELGY, FHAHRA S &, EEMAAT RIBICL 8 &I N (3-2),

ST, fEoAPBIUCEL T, MAEHSOMEIcOOT, DEP, LR, &8 (body
plan Y™™ kie1™, MTHGE (maneuverability )™ &M & e Td & &£ B ICINA T, #
BEPIEEE ZRYPEREHY , R, Loy Cinput ) HEMLSHEE (output ) 3

«FE A NF T, RO hBATAIWEELE, Wy s F A0 YHROZ LR LHFIMIT
DWNIFT—INC 2 2/ B v ¥4, R X218 &0 FITHFMET ( benefitable ) S & 74 5,
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BIRIO® g Ebib B, HATE, 8RR (GH OS5 BB RET S S, B bR E o
& LTEAREAYINAERN LR T v o v ORI RTEN £ ¢, e KEAED - FIRsSHES
NTOLEH, BLALNLE—HODUNRDOHEEDEHETIENTES LORIBEBRNTHS, Fi,
AMHE R AR T A BEE O 3, MERATHEL @R 12E),. FEATEDEL(IY 2[H
~T TV 4E) TENHEShTNS,

i, B A WS BEOEA & S LT, R O RICo0T, BRAREBAR,
EEITHIC DO TOPR PP WS - T, <=V BOBREHICHIEREBO0ERNCE TV, <
AN HFMCEIER ( school formation ) LTHEY, HL~ATORBETHE, Be LTORMBN
Lovls, BIRRO 60 %< St d E, g CEARLL THAMIKEE R » TOfiEko 55, &
THRMEMAREBITIZ L3000, 0T, BEEILEHT, £EPEETHELS, L0IEET
EEERAEBTH S, .

BELHL, =Y« v A OFERCE, BT EETE (8RTE) &85, LM LABAE L
TEMLENTED, BYHRIRL _VvIGET, BigE» SRBRURASITONE DL Bbh 3,

R (B CThrwy oy, BN (B Thavxvpeds, BRFHTET, Sk S
MEF2S L0 ERBEERMT R, W50 F Ay -HN=-T ) ~hvit - udkdk, Fily
> THHIERE LT, Sy FRICHT ¢ BERHAEHE L CRRMT 2 8RB, wPfhb—Zoay
ARENEBALF b FRHEPEE - TS, v V@b, KEBINAEN 2> FENEAB-TED,
FHEEEHTHEH I 7 FA7VOBRLEOHEVRBOTEPIR VSN Y, TOLHEEEYE
TH NI ERRFREBIC T2 HBETEOTH A S,

i, #%2F4 7 VEEOHABONEARERBEGR, < VRBOSERTH - EMAE U TERE, B
SNTH D, ZRHERETIHRY, TLABERE VA S LD TIRS » T, HEIERIGEY R
HYR AR LRI e &Ko TOA LHRE NS, HBRENOMNE LToT7va ofPs
., COMTHIEET AL S ->TH 5,

fifrg s LTo<x VR, WEEHIOREVWERRZ, HIMNTREMEAALNEE. 53HTHIE
MV AR E WL, WSNEEBAERAA N - TWAE VALY, /- “HERENMA" OAH=xX
ATDWT, v VROERIKALN DL S5 COST - BENEFIT B (7 —-1) »HOERETC & &~
L&D,

7—38 MOKEE (prey size ) « BN ( breadth of diet ) &#EE# ( mode of feeding )

7 Xy RO O N EHEPOHRO b0, - 4 AFRED D, BEHOH 5 2 F 4
Ty e T UMBY, HER (taxa) O LTHOEOEHTEHS &kic, BATIMOAEE (WW)
BOTOPEDDOK PMDMBHY, hvXF (Perh=wR e PhATR) FOEKEHD, ~NEL
DIRINSHOMEEB® (Fig. T—2—A)s  Ivlev (1955 )13, B—FIOMTK « 7D bD A% fok
MEBIC LD Ivlev OBRIEEREH VA RBRSREHRTEY (Pig.7-2-B), Werner (1977)%
i, K UM, /b (Daphnia) O - fcflAEYEHNT, KENTEE ( pursuit ) « LB (handling)
DRBIEEITIE - T, 81 g %#B5HET 5P E VD ( BENEFIT/COST D) $hahinsg s
Tws (Fig. 7-2—-C), $Hh2#Hi3, MURB DY, B TOESR (searching ) OMEAKRINTL
BLipng, 3k Be, B FEMERE HRT, HRROEOKRE SICKHT 305 3 8IRMET
H-o0 DT 5, SEGER Lo faiic, SEEo -, B S 5hisEoh, My
ELTofES (B-C), BUBKRGIEE (A) BRLTOBACERT 248855,

—7#, Northern Anchovy Engraulis mordaz V&, BgHE", KEARR P29 N,
FRld 3 (filtering ), KBIOMICIITRE DS (biting) &0 9 £ B BARNE BT S, = L
THB B0 s BAEY EHE L, HHEONH, By FOURSWIIE CTHOS T THIED A HEH L
TV B EHEEEEN B, Nemoto(1970*)1d, CiFEil 1B OB AR OB <, skimming, swallowing
EHHFEOMAEE VI 3 o0 MH D, skimming (3F) &, LBWRETI TS vy by ety T
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[ A) SHARP TOOTH;

LIZARD FISH

1
BARRACUDA 5wy

ELECTIVITY INDEX  OCCURRENCE IN STOMACH

Fig. 7-2: Prey size in weight (w/W) for several

typical predator fishes, [A] OCCURR-
ENCE IN STOMACH (after T.HAYASHI
& Y. YAMAGUCH], 1960) in the field;
{B]: ELECTIVITY INDEX (after B.
IVLEV, 1955%*%) in aquarium experi-
ments:
{C] COST CURVES (after EWERENER,
1977%%) expressed by sec’s needed to
ingest 1 gr. prey, constructed by total
time for pursuit and handling to ingest
any prey size.

(1)
\ AR

|
BLUEGIL / / /

COST (s/gm)

;i
I} orgensunmsH
0o 00 00s Ol 0L 0% 08 2
PREY SIZE (w/W)

g
-
2
g
)
S
&

i TPMT AEAIC. swallowing (6 88) 1, A+ 7 PP S 7o/ NRD IS R O
WA (heavy) »¥y FICHHR > KBA R T IHXTH D, VIR OPTHERLERDI TV U5
Las U5, MEEECRTTERY S LEBNTVS, Cofikd, HUBTEShoBANNE
MDA & &, SO FEIERE M AN NN TN 1 Jo o THENAIT ZHFNEE L, HiRE S LTk
bOTHIZITH B, TR, DFE OKFHAETEIRAYLEMEEL B &tk > THEDOHBIEA
B B HAMIAITEbI I VP &%, KRR b5, BUT, BEEOMENHEEE
HIBERE D M A AR H50, BEOBICEW TR, Tk 388k R 4R L, 20BTE
W JERHATEHEE O &, DR BN AHONBE KD TH B,

-y BOBEARKR (mode of feeding ™) DWW, HHREMOBEOBELH 25, 85 o> L
Chandling ) (5=2)ItB0TC, A5 2F40 VIR LTHE, HOMERE-bomiach (BRSO
#), zvEoflonic, B, KEELZHEL D 0RE, LTRHET 5 &0 » ol o 5
EGEAGDEDL, vz VBN, HHEREEDPOCLEEER->TORLREIM. 0 F 17 id4
B a4 0FDL K, MEOCERET, FREBERLOEAIIRIE » TO3ATEINL TH 555,
fots, REBLD (VL) BE, FREMRED SINE 3 EMSE - T, —iie, KEVSOE, M
s SUE AHIEDHMT LV I EB &N TS S,

WrHe B RTE R 24T S RO TN AP TR T A MEE /A T EMBLVENLSY, w2V g
DAy o F A9 VEENRE L TEARITHHNERTME, EhbohTHnnn, 227, BRiCE
B oL SHEERA B, BHE (approach ) S8R (ingest )  TOMCHkIT L 5 &4 204
28R L ( pursuit ), MEHL-7 230N SOHHOHb - kS ROITbE GHR) HiEms
HIE (subdue ) LA, HRICDBICY>T, FEDHEPAES (VL) it k-l Lo
Chandful ) BEEHEMAEYHEEED S A & DERNIKND HFEIILBDTHA S, ChIcHLTCEkT 2 H 4
9 F 47 vOE&IE, B (school ) OMAMOMY SR EBR LTHA, T&LTREMSEN
D B, HE 0 FATmRED (VL) EREORRE MO OB O N BE LT &
T, B#H SRS THREICRY LI BaMSE B I0TREOD, & —GoR%E L TE &0, B
it B L ABE ORI, HUOMBESL S C LATE ZPNWODD | gp B VEi#dd
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CENh R B, OSSR e B A & 4 B EHED sculpins (0 Y ARD ., "BBRET ik
% "searching 17H)" #iR &dkic "BUHD " £k LTS " approach (HF) " FHHR LB LEET
WT P BB,

< LV BOBEFHIC T, (W, HEOoHSLoBRET ALY, BEAETEIEDH
W L BN AHEBE, b "HRY ICKE ( COST ) Mhhd8licid0E (BENEFIT) OZ
LAWRIRTE, sculpin OBESRBRETEEERE THTFHRRNEL T, ETOTHEL D, 30T
FISi A & »Cr 2 ¥ —HRBOTHERICE > TERYD @ /ckok, Bhii g FIROM IR
SIS ICEE A &, “HEET b EERT kb, iaovF—&E S, BENEFIT % B3 8%
EB, OhndddE, “HAEMER" HEE, COLIWRRTCRONBZ EICHD, &by MR
bl Bhh b,

BUT, B0 L 2MOKRES (prey size ) LAMOM (breadth of diet )® , ¥ SIKIEA
o Ovg ~v) b, BcEOMBE (8 - 8 2RAL TER 5 08 LB 0T, R - 1§
IFPEDIE & &%, COST - BENEFIT Ofilfi% b » L BIRASBETH 5 5, Bic, W ORETCOST
ERB -6k 3 &, BENSOHBED v @i, 8 (BENEFIT) % L 3/Hicin
H#% COST OEMEBOBEF M AT 2 (Fig, 6—4), —F, TR NFELORETHINE, HAHEH,
HHRET Lol A —KHODEY EAFHART 2EHT S CLTHMELLL, ERD
i o TR EBPLMITE o7, THWVode "E™ AL HFHROFAREESN S,

7T—4 EEEEIHAZORE—® (" persisting with * ) &85 ( " shifting from~ )

vy B, BEdERE b ToEkiify QAkeS) Th0, FHMNChiLh OB - bl
(migration ) %771 5T 5%,

~J, EEMELTE, #52F49y (=7 Y) 2B0E, BBEOZ L OERENUREDITEE T
HBo WEIFATVELML, vV BOEMERE B~H) Kh OB OY (BN REEL
Hi, fOHKE, KR, ESHED KRB0 3EA (main food)?P W 23,

Bric, s Tas L die, vz VR, KEO~TOmLTORMERBTIE, BFOAYIF
A9 U e S BRASTERSL &, K0 EWNRHETH 2 I AW st 3 2R EH T,
WMo hs o540 vaEBATEL, BIHS 7 F4 7 VEEOHENN, LIS  Widhd 3 IR0
<&, BT 2ERFELED 2 LD EEbN S,

RSO BEMEICE L WEEY R TR E LCARD 25 5vx v ik, BENEFITIR ESH T, #
BREHO LS5 COST Hilyy 4 7OBARNEEH LT, MEhESHy 20%E 0, Kill, —k
e &, IFBYS ( benefitable ) S (B9 o9 FA4 9 ¥« A Hh 5 3) 2FH LB 2RNICHEE UL
25, LOBBRMAIIBEE & BLRERES S D LA L D, BEOEHAORKNSE AT K
DOTHBERSNTHROERWA, HAYOWRDALD LTy s F 49 v OERYE (5-2, 7-3)

WEIIh 5 F AT CHRICHES SRIRTT * BENEFIT/COST (COST ¥ 0 @ BENEFIT ) k&
VOB R AR A DOBHCIRIES T MR L > TV B ENERE NS, HHTRHB, Bikddh
2y F4 7 vERBETIEE, HEME LTOBENRE, HRVWOBSPHEINIEE, vz VBOFF
Widh v o F 47 VORTHIERE LTEGSNAAMERKE R0, AR OBH - Elictk- T
WEEORE « HEsHEEIh S0 IMRNEL 65,

MEPNHEIREIRIC B 0T, BBATEERIEN & 2 F 47 SBEDS, £HGES B L TREcE:R L,
HERNEIRERSMHOIE0 SHEHIT, REWMY = 5 REMSKEERDL SN, ho o F
A7 vEERE LSS GHEMT E AVAS BiH Do ML idwxy LOBREMY (neritic) TH D, 515
bFNPS 508, HEREBHELGRNBRA-T, #9754 7 032 FRICEEFEDHBRATHO, b
DHBICEROSNTOAMPFEERFR Y LB LrRIT N,

Nl e 2V R bsculpins OOW EFTHMRNEZMUT, Hyat®id (18T, 0elsy 4 70H
@ “handling™ 1 & (BB B vy FRICHHT B, i - C/PNUEHO “searching * ) OHEEHES
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MIAEH IS (trade offs) & 4ERNRTH S,

V&4, AXFREOHAEEEHAEG, BorOSATREIMT 2EEERY, ML, BFax
F (oA D) B, UBSHHCTY, K- KICABOER GomLE) ks, 2hihRERES S
DDED—~MREBICMHAT 5. < &4 LEE, RISHRICLIMERROEROMb-T2ONE - B
Baa o B0 KT AP ERENT, BlH 5 0 EBEYOBREALRS,

Baly (1937)% @&, =44 ORMFRUCIFEE S h3BBLANCEE T2 F0Th, SO THIE,
&&i%%@%hi@i%am“%J&kﬁ%ib%mmum THED T EalTH B, RN
4, 2 » BBV T ¥ AFRMHEL, HEEE LThM- 2RI LS GERE™), Bt
GEIC & D IHBOSEEI U, 1085 & OBIARED, MRICIboEE b & BRI L 2 (1977, M/z&rﬂ““
COBAREY (diet ) SAPMOTFIRIGEL benefitable TRWWNUDII® A & - T, KELE - THEY
REDOHPEFH B, ~H, BESN~FL AL EOD  EFCRBET 20, &0 - Rl RiRER
DISIPThH, COUH « Bl » O« LD KL DERSERSATHB L, BHFROHEED 2L
BHBEDPRGHL SN TS, BILEHEEETHE Toh S+ ¥ A HERPodic b, BT 5/ e
Mt Dhic &,  ARLEE 3 28 2RO, RRIEH 2D, RROHBEFHRARMLTEBRsb0n
BT BB N RONE, LD, —/, HRE LA, B0 E & 00RO, R
HHEOMBAMA T, h oRAERRED, B mBeRine s U, S Emm o Wk 56 L
TORERE RATREABEATH AL EFTREE TSRV L S BDLNAL, Bt chll gy
B3 EETERVE, EHEEORLPEAD S bic, HEMEMABORKNLHET S4BT, 240
5 OS5 &S U < B E BB Bl 2 %0 045K 0 O b ORI, BAREGIATHS
E N SE R ITICAL - e GRR S LB DEN T L O,

Ebhh, v BOBEAWE (7 - 1), 2 LOHEETIR MLV S COST” BhrTh
ﬁ@t@@m$W$~ﬁm“%m%Taﬁﬁ TR %, &7 Q) BB, Wt T BRI
(BENEFIT ) &0 a88% &0, B1& bic kv BENEFIT/COST (cost performance ) ** ’3:?35:0)‘1:55
BAAH=RLhHb C&m$wK%Uml&mz&va

1—5 WEBBROFE

v LY BIRDVWTHARBRER T, ZOBEARKECAVANED SRS RBEMZ /.
MoV BOBEITHEREHL MCT 26D THHL ERGEAA (HVIHEMHAEORR
HEARENICSRELBE O TH 0T, FRC, BoN@B% i, MoRHOBANT Lk
oW Th, BBEMRBEMAT, &0 BN RARNE W00 L 2 A A A RA T EH - T
COMMEDM LT, BT OB OEBEO M THAEIEES fbie, +OFEGOLE - L1
BB o b, TR T2 OBORIICIE U BRIET/ Y & — v BRIV S T B ek AR

*3E Fig.3—-2,-3,~4,=5, WRONB/NU A =B, = VB RBI A5 2 V8T, Ivlev
ORPUSEE MW OERICL 5 &, VI/M@WWKi%i@%bﬂﬁwﬁ%%A%%%T
BLTWD, TOBA (Cruise (8)) O 8 HOMFANETIRA S 7 F4 9 VEREMLOYEE
HY,(Table 71 (8, 16 )}) M, FNTHHT 5 SPFHUEHPL T3, HFE, P I‘?‘J’J"
Ty BO> v vE>AM A vHONT, SUOSDIEE, HEWI/AEOMERE &
T, A ERERREE LS E LTS (Fig.3-1, 2, 3),

#x 3 CHARNOV (1976)™ 4%, [ A  BIICHBE L TO A HFUCIRE (investment ) &5 TR H 3
SO fitness), & (B 1§ LOHEBO "BE” i 5 ORI L TOBHEH» SEATTHS L
BE%O fitness } E 2L, A>BOMiC, W8 (stay ) , A< BOBICHKD) ( emigrate )
4% &S “marginal value theory » mza 24808 |, Parker and STUART (1976 )13, * 7
VNZOREMSE (mate ) HERT DU TEhERBEILL TS, B,
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BE N, BEARANE —HORATTHER AN S 2kE LCOFHRMEH" &b, faso
HH O OIS OBRABWBEO P « KHWBAHTHAS D, HE, EAMWKHE L ThLOBEENRL LN,
MAFHOERBAPR PP L, WIFNORBELOTH 548, BIBIKRG 3E80 OBREDHRIFD
fodbic i, —iOEETHIERE 2 MY 5 BRBMC O W TOTFRIC k% 59, B D TOHR
DRBIRTCH A Do WA, HiC (7T~ 2) BT = o BRI HOM A & BT & O MO E MG
HE, C02 DOFTEHEREYML NERS Y TRBESNY, gt edke LTHABBEREICE->T
B THEE TS, BHEOMMEER T "FR" BREMATICLEBRETvOTHSEIO k%
LCHHEN BN SBETHES D, 51, ThETHBRNTELL I, BaEbd 2 mm
EEIL CHEMGTN S — v ARLTO AL S ICRA S AOB AN IR, BEesd 2
RO D OEBM - 286 ~ OB ASRENTVS, TS DHODIE & MAFTHEROMELH 5
UM EREAREEDERA & Do

BiRic, BUBORATEHIOMIA B UM O IS AT O S S, 2 0B
BRI TH BT EAWHTHMLTEE LV, "HEHRL " OBgcid, BEEBUEA & & R

5 A X m

1) R U3hH o4 BEE &, mREAR 545 pp(1977),
2) LE CREN et al, edit : The functioning of freshwater ecosystems,, 588 pp., Cambridge Univ. Press,
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30 TEM B AU MRE, W ody T LR, EAEKSER), 311 - 364 (1977,
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(1960,
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200 SUYEHIRO, Y. : A Study on the digestive system and feeding habits of fish. Jap. J.Zool 10(1)
115-119(1942)
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SUMMARY

1) Introduction: Stomach contents are a first hand clue to the feeding activities of
fishes. However, due to the complexity of biotic phenomena it is very difficult to reach
a clear understanding of their relationship to feeding strategies. Here, some trails were
made using various perspectives based on the stomach contents of the Lizard fish.

2) Material and Method: Prey are often found in varying degrees of digestion within
the stomach. In order to estimate the food intake of the fish, it is thus necessary to
reconstruct to the original the weight of each prey item. Thus, ration size(r), the
summation of the weights of individual prey found in the stomach, restored to their
original size based on length/weight and/or vertebral column segment size/body length
relationships®)”), was deemed a more accurate indicater of feeding than the unaltered
stomach content weight, (f). The Lizard fish (Saurida elongata and S.undosquamis) were
selected for analysis from 12 systematic experimental trawls conducted throughout the
eastern Seto Inland Sea of Japan, Tab.2—1. See Notation & Abbr.,Tab. 2—2.

3) On Ration, Prey Size and Satiation in the Field: For the predator, the most
favorable circumstances naturally occur when prey resources are abundant during a
feeding period (Cruise 8).  The quantity of prey ingested by the Lizard fishes ranged
widely though composed mainly of one to several Anchovies, Fig. 3—2, while the
number of prey ingested varied according to the size of individual prey. That is, an
inverse relationship existed between the number of prey ingested and prey size with
fewer prey being ingested when prey were larger, Fig.3—3. Also, the interval between
feedings for predators grouped according to the number of prey items found in the
stomach indicates that the feeding intervals varied with prey number, Fig.3—4. In
addition Fig.3—5 the size of the last ration was estimated from the relative stomach
contents just prior to (f) and the amounts of food ingested during the last feeding bout
(F). Combined with data on the physiological maximum of these species, it was found
that the Lizard fish, while posessing the capacity to feed at levels up to 40% of its body
weight, does not normally do so in the field, Fig.3—1, and once satiated, subsequent prey
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were not ingested until the stomach contents are reduced by digestion to roughly half of
the satiation level. Thus, there appears to be a cessation of feeding by fishes in the
field when ecological satiation is achieved.

4) On the Probability of Prey Ingestion in the Natural Environment: In the course of
time after the ingestion of a prey item the stomach contents change in the following
E (Empty
stomach), Fig. 4—1. From this, one schematical model of feeding activities at the group

manner: P (Ingested prey identifable) —— A (Amorphous contents)

level, using P, A and E as criteria, was devised, Fig. 4—3A. From intital analysis based on
the premise that prey are distributed at random in space, possible compositions of P, A
and E were found located on the lines defined by the points a-b-¢c-d-e, Fig. 4-3B. These
points correspond to those of Fig.4—3A. Looking at the data from serveral cruises, one
can see that this assumption is very seldom supported by actual field data, Fig.4-2.
Subsequently, the more probable assumption that prey distribute in patches in spaces
implies a negitive binomimal distribution:

(a-p)-*

After simulations using variable parameters of m and P, smaller k values, which imply
that prey are distributed with increasing patchiness, are located nearer to E between the
A—E axis for any level of P. The level of P in turn, implies the abundance of prey
resoures, Fig.4—4, Fig.4—5. Thus, we can read from the informations concerning P, A
and E that the chances of ingestion of prey by any group of predators in the field comes
not only from the abundance of prey resources but also from the usually patchy spatial
distribution of the prey.

5) On the Cost of Prey Ingestion in the Field

5-1) Quantity of ingested prey and the occurrence of empty stomachs: The quantity of
prey ingested by predator groups fluctuated widely, Fig.5—1A, while there was a clearer
correlation between average prey size and predator size, Fig.5—1B. Also, for predator
groups, there was an inverse relationship between the size and number of prey ingested,
Fig.5—1C. No significant change in the average prey size in relation to the per cent of
predators with empty or near empty stomaches (%E’) was found, Fig.5—2B. However, a
clear inverse relationship exists between the quantity of ingested prey and %E’, Fig.5—2A.
As the occurrence of empty stomachs indicates the failure of predators to ingest prey,
at least within the previous 24hrs., these results indicate that the chance of encounting
prey strongly influences the amount of food ingested by predators at the group level,
i.e. the gains. Thus, the predator must often expend some period of time before it
encounters any prey item.

5-2) Cost of handling prey by taxa and size: Lizard fish prey ordinarily on several prey
taxa over a wide range of prey sizes(w/W), as shown in Fig.5-3 (for instance Cruise 5).
The main prey taxa found year round in the diet of Lizard fish differ by number and
weight, Fig.5--4A; in profile, Fig.5-~4B; and in relative size, 1/L, w/W, Fig.5-4C
Although short-stout prey Fig.5~4B(1)~(6) appear more beneficial by weight, they
actually occupy less than 30% of the diet (Fig.5—~4A). On the contrary, slender prey,
including anchovies which were dominate, oceupy almost 50% of the diet.
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The posture in the stomach of ingested prey, i.e. the per cent of prey ingested from
the head, differed in relation to the size (1/L) of the prey, Fig.5—~5. These results may
suggest that shortstout prey with spines and larger prey require more of less greater
“handling” efforts on the part of the predator. Exceptions would include Dragnets

Fig.5~4B (6) which, having a distinct projection on the opercle, would be a more
difficult prey to handle. The posture of the anchovy in the stomach, in relation to size,
differed from other prey taxa, suggesting a difference in the “approaching” and
“handling” of the pelagic school-forming prey as compared with other demersal prey taxa.
6) On the Cost-Benefit Relationships of Food Intake for Predators in the Field: from
“searching” to “ingestion”

6-1) The feeding behavior circuit: The feeding behavior of the Lizard fish is described by
the following sequence: Searching ——— Handling —— Digestion —— Appetite — Search-
ing, Fig.6—1. This circuit would close when the volume of ingested food is reduced to,
or below, the ecological satiation level (1). Within this behavioral scheme, an abbreviated
circuit becomes manifested when a hungry predator successively encounters small prey
at a rate at which searching time becomes inconsequential (2).
6-2) Cost-Benefit Model — Its application to field data:

The following model of the Cost/Benefit relationships is proposed, Fig.6—2.
Cost = ts + tn where t; = time spent searching, expressed by E’% = (E% + 7 A%), and
tn = handling expressed by the product of (prey size) and (no. of prey ingested).
Benefit = r (the quantity of ingested prey). r values follow the curve defined by the
equation, r.= R (1 — ¢**), having an upper asymptot at R. The efficiency of Benefit/Cost
tan § =r/(t + tn) increases to a maximum, as shown by the tangent line in Fig.6—2, and
then decreases as r approaches R.2¥

Simulations of the model were carried out graphically using data of cruises from May
to August, Fig.6--3. Various sets of the parameters R, r/R, t and «, derived from the
simulations, are shown, R and r, Fig.6—~4; /R and t;,Fig.6~5A and 1/R and «, Fig.6—5B.

As shown schematically in these three figures, r/R values are rather low when R (prey
abundance) is high, Fig.6—4, and when t; (searching cost) andfor «(l/e = the easy of
handling of the prey) are small, Fig. 6~5A and Fig.6—5B, respectively. These results
indicate that when prey resources are generally abundant, predators halt exploitation of
a food resource at a relatively low level to begin searching for a new patch, as there is a
great probability of finding one after a short search time. In contrast, under ordinary
circumstances, i.e. daily conditions, Lizard fish behave as efficienct predators based on
energy savings, though for such a sit-and-wait predator “searching costs (ts)”’ may be
considerable by time scale.

7) DISCUSION: ON THE FEEDING STRATEGIES OF PREDATORS

7-1) Cost-Benefit strategy in variable food resoures environments: Results from the
analysis of Costs (searching and handling), Benefits (ingested food) and prey occurrence
(total number of individuals for each prey taxa found in the stomachs of predators) are
shown in Tab.7-1. The data have been grouped (A-F) by the parameters R, r/R, ts,
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«, Fig.7—1. For instant, general features withinsome of these groups include; Group A:
These predators ingested many prey individuals(£a/P=2.0), dominated by unknows lar-
val fish(T.L. =20~ 30mm). These predators received low benefit (r), after relatively higher
exploitation of a poor food resources environment (R = 3). In contrast, Group F
predators ingested medium numbers of prey (£n/P = 1.2 — 1.6), dominated by anchovies.
Benefit was good (r = 8—11) after relatively lower exploitation (r/R = 30 — 60%) of a
plentiful food resources environment (R = 13 —20). Further more, Group D predators
ingested a medium number of prey (Zn/P = 1.3 — 1.5), composed of many species of
demersal fishes, such as gobies, codlets, sand launce, dragnets, and shrimps, etc. with a
relatively lower occurrence of anchovies. Benefit was poor (r = 4-6), after relatively
medium exploitation (r/R=70 — 78%) of a poor resources environment. The alternation
of feeding behavior in response to changes in the prey environment infers that Lizard fish
can behave as if efficient Cost-Benefit decision makers’!), that is, adopting the most
cost-effective feeding behavior in response to its immediate prey environment. This
adaptability, in turn, naturally assumes the ability to control its feeding behavior accord-
ing to its surroundings.

7-2) Satiation, physiological food storage capacity and discontinuous feeding in the field;
Among fishes, the storage capacity of the digestive systems ranges widely, as for example,
from continuously feeding stomachless fishes, e.g. Goldfish, to voracious sit-and-wait
feeders, e.g. Goose fish.®®”)  Discontinous feeding behavior is often associated with the
morphology and physiology of the digestive system,??) and in addition, with the ability
to ingest a wide range of prey sizes and types. Furthermore, there is a relationship
between feeding strategies and prey resources, that is, in terms of the abundance and
spatial distribution of the prey. In general, predators which eat large but less abundant
prey often have large stomachs and vice versa. Thus, taken together, there appears to
be an interrelationship among the morphology of the digestive system, feeding strategies
and prey resources.??)?3)

Feeding schools of Mackerels and Skipjack migrate over a wide area and, after search-
ing, encounter prey patches at intervals. However, in general, they do not satiate to their
physiological capacity but reform into schools and renew searching behavior after some
sub-maximal degree of satiation. Thus, a trade-off between two separate behaviors, i.e.
feeding and schooling, appears to be opperating.'?'3 In this regard, changes in behavior
within the feeding sequence of the pelagic, migratory predators can be analysed as if
based on efficiency criteria.

Generally speaking, fusiform shaped fishes, e.g. Anchovies, Mackerels, Skipjacks,
Tuna, etc., including such divergent sit-and-wait fishes, such as Lizard fish and Goose fish,
feed on large, beneficial prey whenever possible. However, when prey resources are poor,
these fishes will also feed on small, less profitable prey. For Lizard fish, there is
similarly, a change in the feeding behavior between sit-and-wait feeding on benthic prey
and mobile searching behavior for pelagic prey based upon the prey resource environment.
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7-3) Prey size, breadth of diet and feeding modes: The relative size of the prey ingested
(w/W) ranges widely in the field and this has also been confirmed for fishes held in aquaria,
Fig.7~—2.7‘4)25) In addition, the range of prey taxa exploited in the field by any predator
is, in general, also wide, except for those true specialist such as Plecoglossus altivelis. A
further phenomenon found in nature is the alteration of the feeding mode of the
predator, as is the case for the anchovy, whose feeding behavior changes from continuous
filter feeding within minute plankton swarms to biting when some profitably exploitable
quantity of large but ingestable prey is encountered. #2343} Similarly, behavioral
diversity related to feeding is not as uncommon as generally conceived,4)45)46)47) even

48)50)

for such apparently specialized chichlids as Peterotilapia. Discontinuous feeding

type predators, in general, have a substantial breadth of diet®), that is, they have develop-
ed the abilities to exploit a more or less wide range of prey taxa and prey size. This
phenomenon is reflexed in the diversity of feeding modes exhibted by these predators
depending on the characteristics of the prey. In this regard, choice of a suitable prey
itemn by taxa or size, connected with the choice of feeding mode, if necessary, can be
viewed as if based on Cost-Benefit feeding principles.
7-4) “Persisting with” or “Shifting from” the prey environment: The short-term retain-
ment of information pertaining to the prey environment can be expected to have some
influence on whether a predatory fish decides to ‘persist with’ or ‘shift from* a particular
prey patch or location, i. e. “habitat”. In the situation where the main prey items are
spatially well-dispersed demersal prey, and thus searching costs become a sizeable
component of total costs,the predator would naturally avoid lengthy migrations and try
to exploit this poor prey environment as thoroughly as possible; intially attacking nearby/
easily handled prey and progressively increase searching time and/or attach less easily
handled prey. Thus, the efficiency of feeding activities in such a situation would
gradually decrease. On the contrary, where patches of super-abundant pelagic prey
oceur, a predator would be expected to exploit at first weaker, smaller and/or easily
captured prey around the periphery of the patch. Over time, the efficiency of feeding
at a given patch would gradually decrease as these preferred prey items diminish. At
some point, the predator would begin searching for a new prey patch as the super-
abundance of prey in the overall environment would influence the expectations of
encountering such a patch within a relatively short time. As a consequence, prey
resources which move and/or migrate would eventually be expected to induce similiar
behavioral responses in the predator, in the latter case. Theoretically, a predator ‘should
persist with a given resource until the gain rate in that resource is reduced to become
equal to the maximum mean rate obtainable from the total environment’.?¥""

In conclusion, the feeding behavior of the Lizard fish can be visualized as a set of
decisions based on Cost-Benefit principles, i.e. persisting at or shifting to a new habitat
in search of prey, depending on the prey environment.
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7-5) Notes: In short, each predator has its own specific features concerning feeding.
These include morphological and physiological adaptations, as well as, behavioral
abilities to adapt to variable ecological circumstances. Both of these aspects are
simultaneously critical to its survival. Thus, a study of feeding strategy, which means to
clarify the basic principles of feeding behavior, should be designed to embrace both of
these aspects concurrently. For an investigation of this type, well designed experiments
in aquaira and/or field observations will be powerful weapons, if suggested by the
previous analysis of actual field data. In particular, careful attention should be paid to
the difficulties of designing such experiments which aim to clarify the processes envolved
in *“searching” for a discontinuous feeder and also, to those studies based on stomach
content analysis.





