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ABSTRACT

I. Tite

A comparative review of electivity indices on food organisms

II. Objectives and significance of the study

Predator's electivity on prey in a community is possible to unders tand
a part of feeding competition and coexistence of the predators.

The electivity is expressed by equation with the proportion of a particular
prey in the diet and in the environment, its equation is called the electivity
index.

By the way, many sorts of useful indices have been used until a recent
date, and their results have been able to appreciate differently in accordance
with the sorts of indices used as a measure of preference. For that reason,
this study was focused on determining the most reasonable index by clearing

 the points of difference among indices.

. Scope of the study

p—

. Conception of the electivity index

. Sorts of useful indices

N

3. Contents analysis by indices

4. Review of points of difference among indices



5. Points at issue by indices

6. Choice of the most reasonable index

V. Results

1. The degree of electivity was determined by comparing the proportion of
a particular prey species which was present in the environment(p) with the
proportion which was present in the stomach(r). The functional relations to the
p and r; were different from each other by indices.

Of these indices, to see the most reasonable index, I analyzed marginal
ranges, intensity of preference, change of the value of index in accordance with
the change in resource density and validation of confidence-interval expressions
of the value of index. As the result, the indices of Ivlev, Jacobs-II and Strauss
were suited for the reasonable use with the marginal ranges. In intensity of
preference, the indices of Ivlev and Jacobs-II were suited for the reasonable
use. The change in the value accoording with the change in resource density
was well reflected by shorygin’s index. The validity of confidence-interval expres-
sions was limited by Shorygin’s and Strauss’ indices.

As this, there was no index allowing for all conditions in relation to
the determination of the degree of electivity, the suitable index varied according
to the contents of conditions. However, of these indices, Ivlev's index and the
transformed index of Shorygin relatively satisfied various conditions. If the two
indices would be more realistically developed, the r; and p; were not simply
calculated as the proportion, but they should be calculated as average area or

searched volume by the predator, probability of capture of the prey once sight,



delay and handling time per capture of the prey.

2. Particulars expecting from the result of this study are as follows :

@

®

®

As standardizing of the index, apply to compare this result with the
other results

To understand an alleviating strategy of feeding competition of preda-
tors

Adjustment of disordered indices and cognition of the importance in choice
of index

possibility in a deVice of a new index

Guide on the choice of index

To provide an essential basis to establish an appropriate measure for

the feeding ecology of the predators in a community
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Table 1. Hypothetic data of the stomach contents and the environment organi-

sms
Stomach contents Environment organisms

Food it
fems No. % No. %
Species A 15 7.0 225 140
Species B 28 131 376 233
Species C 10 47 50 31
Species D 5 2.3 125 78
Species E 30 140 320 199
Species F 25 11.7 76 47
Species G 1 05 270 16.8
Species H 3 14 58 36
Species 1 42 196 50 31
Species ] 55 25.7 60 37
Total 214 100.0 1,610 100.0

2 Adds
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Table 2. Degree of electivity by the index of Shorygin

Food items Degree of electivity Remarks
Species A 0.500 Negative selection
Species B 0.562 Negative selection
Species C 1516 Positive selection
Species D 0.295 Negative selection
Species E 0.704 Negative selection
Species F 2489 Positive selection
- Species G 0.030 ' Negative selection
Species H 0.389 Negative selection
Species 1 6.323 Positive selection
Species ] 6.946 Positive selection
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Table 3. Degree of electivity by the index of Iviev

Food items Degree of electivity Remarks

Species A —0.333 Negative selection
Species B —0.280 Negative selection
Species C 0.205 l Positive selection
Species D —0.545 Negative selection
Species E —0.174 Negative selection
Species F 0427 Positive selection
Species G —0.942 Negative selection
Species H —0.440 Negative selection
Species 1 0.727 Positive selection
Species J 0.748 Positive selection
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Table 4. Degree of electivity by the index of Jacobs-|

Food items Degree of electivity Remarks

Species A 0.462 Negative selection
Species B 0.496 Negative selection
Species C 1.542 Positive selection
Species D 0.278 Negative selection
Species E 0.655 Negative selection
Species F 2.687 Positive selection
Species G 0.025 Negative selection
Species H 0.380 Negative selection
Species | 7.620 Positive selection
Species ] 9.003 Positive selection

flo
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AR A pAS e Zolok ukshA, Jacobse] A4 LD,

ri — Pi
D: =
ri + pi — 21:p;
2 oA 29
s — Tri pi —Pi + Ti Pi
Di -

i — Ty pi +DPi — i Pi

-

i (1—pi ) — pi (1—r13)
i (1—pi ) + ps (1""ri)

-

-

i (1—pi)
i (1—‘.Ti)

i (1—pi)
i (1—ry)

|
o |l=|ols

o] B8, 74 r(1-p) / p(1—r)E Jacobss] A% (Q)S gouz

Qi — 1
D: = .
Qi +1

o] §7] HEolth o A%olA r=pst Ho] D, =00]F o] Fol tha) E2zpe
2949 HYEE YEIE, n > p7t Hel D7 03 Wiolel QA =
ZAAE o £ Hzste We AIFY HEEE vehye, r ( prt Fol
D7 —1% OAlolo] Fol® 23 HHEE Vet

W ot
Jacobse] A€z A4 N(DIE EAstd EHE v 2o
© "ol AE T vl EHAY AUEEAXNE FFH BFHA &3, @



AolAe o 2% AFHoz AAstn e AL

'y — pi

r« +p:i — 2r: p;

D: =

AM, >0 p—>1 o8&

lim lim ri — pPi
r: — 0 Di =r;: = 0
pi = 1 pi = 1 ri +pi —2r; p;

of =B, D= 19 ule EARL of o) wol 4B wise Haw
N84 dHeE dEdoz ®A g B AFHI NU4e Uehage
Relch.

@ ®ol A% F o) AAS 2PN TR JUSBANY BHA
Nz zgu %,

rsi —Ppi
ri +pi —2ri p;

D; =

oA, r, = po]®d

lim lim rs — pi
ri > p:Di =1 = ps =0
: rs +pi —2r; pi

°f HW, D=0 Sule ARt o B9 =o| 4BL PFHoz FehA
Hethed E & HetEd] s R glol, o £ "ol 4B BAA
MY AR 24 masA a0 ARA 4Aske FYH9 Ndss
dehile Rold,



® 9ol AE Z 7} TAAY MANGHE HAF BAHR Q= wud)
EAZL] JUEEAME o] FW #FY A F,

rs — pPi
rs +pi —2r;: pi

Di=

NA, > 1 p = 0™

lim lim i — Di
rn—-1D =1 - £ =1
pi =0 pi — ri +pi —2r: Di

(o]

of Hm, D=1 oE: TAXTF BANM ojz R o] WEBSL WA
JUSE GE FL UAWT o] iEW YFHoEZ Wit AL e

o f &
Table 19] AR ZMW Jacobs®] HE% R [[E ALl o] W2 4y

A AFzot A9 FEE Jehd Az Table 59 2tk



Table 5. Degree of electivity by the index of Jacobs-II

Food items Degree of electivity Remarks

Species A —0.368 Negative selection
Species B —0.337 Negative selection
Species C 0213 Positive selection
Species D —0.565 Negative selection
Species E —0.208 Negative selection
Species F 0458 Positive selection
Species G —0.951 Negative selection
Species H —0449 Negative selection
Species 1 0.768 Positive selection
Species ] 0.800 Positive selection

Table 58 F314 2 W o] 4B W HUx: N AFF A
Ao AFgAT I

5. Chesson2| X|$= (1)

7h B B

T /pi

r: /p;

M3

o] A AABTFNA E22}9} Ho] MEo] & Z$(encounter) T 3}

4% Hol A2 EHA} XYY HEFTE 13 ¢E FEEHY =Y



(stochastic model) & M F3}3F ZHo|t}H(Chesson, 1978).

W 5 #
Chessons] He= A+g 43t md ot 2o,
© Wol 4E F i} EAAY JUEBANE A8 BAHA gk wad)
FAANE o FW usht: A$ 3,

ri i
I = /p

n
S ri/ps
i =]

°ﬂk], n—>0 p—>1 o|H

lim lim .
ri N 0 Ii —_ ri—.) 0 ri /pl — 0
N . n
pi 1 pi— 1 b ri /p;
i=1

b =5, [ =09 Sule YA} o] Fo Hol 4B WS LYY SF%}
Ao Y =A@t 438 9FL Aske Rolth

@ "ol A& F i AMAF 2MIE AR AUREEANY B4

Nz 29w =

Ii = ik /pi

n
= ri/pi
i=]

0]]/(‘]’ L - pio‘lEﬂ



lim I: = 1lim
rs — Di rs — Pi

E "ol AEY F Fol wt gto]l 2EAM I el WHAE 03 1A}tld
Jeow, Hol HEL F £y Bow I[E 0 ML F U JoW 19
Hiss

@ 9ol AE F I AR AYAAME A BAHA Fe ¥
AUNEEAAE ©o F9 BFE B3¢ F

ANA, rn—>1 p —> 00]H

lim Ii= lim ri/pi =0
ri — 1 ri > 1 n
pi =0 pi"’OAZri/pi
i=1

o HM, [=w9 SuE TR HUVFE ANT 0 BHY A TR

Yol 4B ZoH o W YIHoz TN etk AL Eo
o243 o] Chesson A5 WHAE 0914 1Abolol U7l W] HFH
dYssl 233 MYz APEe kel Wy Ewsx g gol Ut

o. 6 &
Table 18] A8 2ZA Chesson®] A% AFE A3l =o] AyEe FE
AY=E Uehd Z3= Table 6% 2.



Table 6. Degree of electivity by the index of Chesson

Food items Degree of electivity Remarks
Species A 0.025

Species B 0.028 As the value of index
Species C 0.077 varies from o to 1, the
Species D 0.015 distinction between
Species E 0.036 positive and negative
Species F 0.126 selection is in dispute
Species G 0.002

Species H 0.020

Species 0.320

Species J 0.352

Table 6014 Hol MEe] F3to]
e FF Ho

Bz B To

A

95 A%gke Ao2H 4z st
HEE THHY F YR o=

F9 wo 4gol AFF e 437 AgAel dFaesty FEE Asgkel

BAZE EFAT #AE I3}
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$A 2NE AFE

Z A Ivlev$} Shorygin® AFE FAGNA Hol HE



F i 4UA I AJREY AVl wet #HZE Aol ATk ol
A3l Jacobs(1974)= BAAES F=o 4%, MY BEY Ve A TS
WA g, EAR Hol YEY 29¥ FE, 29T Hol AES AL
AN &8 5& st N2 AFE ALk oo da] Strauss(1979)
€ Jacobs®] A4 ¥4 ¥ (nonlinear) AFo]7] W&o Agte] Ao djg
SAAY} TIGT AFsgon, ol WF uitezM UG o] St-
rauss®] A F(L)elth.

o] A%E o pE AQ MEFoRA AR HY=E JehiE A52A
% 3 (linear) o] .

b 2
Strauss®] HEE XF(L)E 43t E¥E g3 2ok

@ "ol AE F 7} YA GUEENNE B3 FRHX G W

FRNE o W dehle A% 3,
L, = i — Pi
oﬂ)\:ll ri—_)()y pi-_) 1 O]“ji
lim lim
ri >0Li=r, >0(r;—pi)=—1
pi — 1 p;i — 1

o] Hm, Li=-19 Yuje T} HAEFS & A o] F9 Hol HEL
dAst T 137t AdEx M HA g1 e Fo Ho| HEL
HiEte ook

@ 9ol = F i8] AASF =Au7E A UL B FAA
A2 Z2ogd F,



Li = ri —pi
ANAM, > pold¥

rili—>mpi Li = ril"i'fnll.;i (f‘—p‘)zo
7 99, Li=09) oule TR o] wol 4B Ews a4 HEviex]
gEdos WA gutEx X %3, 87 AN o 2o AL A
2% 9F mndomdAl HETE AL B
® Hol A2 % b TARY AYRIME R BFYA e ol
240 MG RAME o W BIY AL F

Li=r; —pi

AAM, > 1 p —> 009,

lim lim
r; —»1 ri
pi = 0 p —'O(r p)—-l

o g, L=1¢ ojule TR JNBEL T B FFNA o8 FRe
Ho] HEL WANYAE T F& U4 91 o] W AFHoET My

Hete A& TG

o gl &

Table 19] AEEZM Strauss®] AFE A3t o] HES FE AH9
Azo AgAel FEE vehd ZI= Table 7% 2.



Table 7. Degree of electivity by the index of Strauss

Food items Degree of electivity Remarks

Species A —0.070 Negative selection
Species B —0.102 Negative selection
Species C 0.016 Positive selection
Species D —0.055 Negative selection
Species E —0.059 Negative selection
Species F 0.070 Positive selection
Spepies G —0.163 Negative selection
Species H —0.022 Negative selection
Species 1 0.165 Positive selection
Species ] 0.220 Positive selection

Table 7& F3HA £ w Strauss A3 FAMAE Weve] Az
AMe Z2Eo= B3t Axgke] duixe & Aozt YAtk AE Eof,
Hol A& F Joll didf Ivleve) A4 0748010l w8l Strausse] X|5ghe
0220224 3w o] o7k ATk oG Fole =Hol HE F It F
Ao ALE dRd wet AFHoz JdYHe Foz FUEIXIPE HF9
ZE BRAE OE AHE =242 F AAD S, Mevel AF AgAloE
Hol AE F Jo AFFol 07482A 10e] JHr] wEe] o] F& wl$
AFHoz AYHE YBolgm BIY 5 Y& W, Strausd AF Ab
EAdle ¥ Jo Asate] 0220024 10EtE 0o 7M7) wEe] o] Fol
Aoz AYITTAAE 1 J=7} A ez AdE & o o
BA, AR FRel wEh dEel A=rh dE syse A & S
¢ F AT



7. Paloheimo2| X|%=

Paloheimo(1979)=  E4ze] AUEEANAN F 7t AXse ¥FL AN
Z4¥ 2N veldie RARY Ho] AEd tid EAxe] €M A)7H(searching
time), ¥4)H 24 (searched area), ¥2]3& (probability of capture) 5 23}
Uete Aol #elHolzt dtd tgd e =dF AANSdYY =,
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HEHoz EYsy) 98 2a8E FANLDL

2 JehjolAn, Takel 2AE Hol 4B Ty A 285 AL
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1Me
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i
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=X Axed, |

o143 ol Paoheimor XAt 4T Hol AT F 2 b AAFHE
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£8Fe AR A" Hol FES FotA EHIIIA AhQHE AR Tl
Hol AEQ FH W tE F Joermz o WHLES IHIY e
Te=A BrdstElE AR WEolth oE S, JUEENAM F a9 7
Ag 24870 ¢ 3 F b MASF 2PuE WS w1, 373 YEAN
Z a9 AMe WS¢ P31 F by A¥E d$ Eun AL oo Wi
THEYA ez B o, o] T JULEAN F a’t F bEY F
a& © Az wEe F bEU F a¥ ¢ Bol HYy HEY Hoe=
A4 = ok 2, e FWUORE o] EHAI F bRT F aE o
AEZAO] ol AMEE F aktt ¥ bE f AIded F bE 2L
HA FAY 4A LAHYSE £Y3r)7t oY F bE 2ol YA £,
T ac AzsA AT GA BAHL GA TAT £ des FHol AU
HEol F aF ®Wel WA HJSAE ZEdu 4T 5+ Ut

old A%, Hol BE F a bel U M9 Axrt M2 g=A HrE
A”AYol glemz, r@ts TIed FoE stedo ¥rki Paloheimo® F%
3t tH(Paloheimo, 1979). ©]ol we} Paloheimot o] AJZe] HEx x40
AHEEE rs pE UE AFMESR mIVINE 87 AEE £ ) AREE
MAF 282N JedE d Y8, rn3te o2 d7MEAE JULEdA
T b AR AAF 2AuEA JdedA g3 87 ABM F 9

PEUE, 94U, TYSE S nese JYedd 3,
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24 Yehliglen, ol & A77HEY AFd o83z AR HGard-
ner, 1981; Luecke and O'Brien, 1981).

dgy, ddFer B o 2AdA EAA GAAZL FAHE, Ho| AF9)
XY folx T FIUFE A3 oJEE Ho] oY==, Paloheimo? FHF&
AEAR d@AN77eE Be FE/t gagE ddd.
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7h ek |
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AE el Ak F,

C

U =9oBE F 7t 84 AEAA AAs= A5 =4ud Hl& 9
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. HEEH
Table 18] Ho] ME F Aol W3] Shorygin®l AFEHA T AFgke A
g7HFR.DS ot 2o F,

L = 0.07
p =014
Z =196(F24F = 0.05)

n. =214
n, = 1610
ol A
0.07/0.14 1.962 '
= 1 +1.96
FRe,x 1 +1.962/214 21 x 0.07
/1—0.14 1—0.07 1.96° ) 1
1610 X 0.14 * 214 X 0.07 4 214% X 0.07°
+ 4C1—-0.14) Y} = 0.554 + 0.255

214 X 1610 X 0.14

ol E3, §94FE 5% ol AE F Ad HE Shorygin®] HHYE
© R4(FR, = 0500)8] AZF7HE 0229(FR (0809 S & & UMUT-

2. Ivlev X2 Alg|72F =3

7). HEESGHE

Ivleve] &% AF(E)E Shorygin®] A€E AF(FRIETH F ©f 3737
B @A AMF ADMEA AT FAsE dAld oE PHoEH
224311 JH(Noether, 1957). =, SIHLED FAMES BE 77t FEI]



agd JOANN Z/n, 2/2% = (— + 4_"1 g 77 BRs Zanz 7

An #A7 191 7] WHT°ﬂ 0 A2HA B wed, AW e
2ol uehd & gtk

C=U(1xZJyV, +Vz)

B, Mev A9 ¥z BEEE Shorygin 59 Ex 2Rl gy ot
Bd BAFAAE Jehle Vil Ve T XS0 A2 2x) g B2
NevAl9] A7 FA glold BA B digd Ay B2a323x)
% Zo] T3] ALGEH(Strauss, 1979).
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1= (ri + pi)?
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Table 1¢] HolBE F Ao 3] Wleve X+2N F3 AFge AFF3(E.
V< ol Zh F,

r; = 007
p =014
Z =196(+r25F = 005)
n, = 214
n, = 1,610
ol A
Eon= (2 — ——o.§7x£bl.i4) X (1£1.96 X

2x214x0.14(1—0.14)(0.07+0.14)24+0.07C1—10.07)
214 x 1610 (0.07+ 0.14)?

X 1610 +0.14C1—0.14)

)—1
=—(0.333x0.110)

webA, feFE 5% A BHol AE F Adl i eve] AHE AF(Ea= —

0333)2] AlFF7He —0443 { En ( —0223°10S& & & Ao

3. Strauss X|F=2| 222 FH

7). HERETTER

Strauss®] A= AF@L)9 AL FHL HDE W3 T A2
AA FA3E & Uk &, A Vi+V, g2 tgH} Zo|l FIH(Strauss,
1979). &,
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o8 H@ol NPse] Strauss A5} AHTIHL) AL vehfo] nw

i (1—r13) i (1—pi)
Lc=(ri——pi)(1i2/r<n r'+p P )
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. HEES
Table 19 ‘3101 E F

Ad 3l Strauss®] AFEHN T3 Aeghe] A7
(L& olefist 2 F,

r, = 007
p=1014
Z = 196(F5F = 005
n. = 214
n, = 1610
oA

0.07(1—0.07)  0.14(1—0.14)
Lai =(0.07—0.14) (1+1.96 / 214 1610 )

=—(0.070= 0.003)

mEtA], FFE 5%0A Yol ME F Ad] e Strauss®] MEE A $Z:
(La= —007)9] AHFRL —

Ej =]

0073 < La { —0067°105< ¢ + UNTh
HE, A= AFge] HAFH HYxe} £33 MYxe FARZA Ae
A, o @l o AP FIAYS o AT saFpH Fghol
Mz g2 d949 99(FH3H
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dEe] Bl Edo] ob/lUA #e7t e Az Table 19 =ol4E GE
A2 FolA o] Fol U A%el FFE AF@e) WAL Tl wsd)
(Table 8).

3 A3, e Ade 2Y o= Ase ASE AT IR
A3ge] 97t Az de wRARE zdsA wsi

Table 8. Confidence limits for the three index of electivity with the species
G from Table 1

Index  Food item I)eelieiiit;f %% confidence
Shorygin(FR) Species G 0.030 0005 ¢ FR. < 0157
Ivlev(E) of Table 1 —0.942 —0946 { E. { —0939
Strauss(Ls) ' —0.163 —0166 L. { —0.160

£ 3E EEES H®

1. X=dke] SHAIYS diw

Aol FFE Adzte AUNE 2%kt Uehd Az Table 99 2tk
' Table 99149 Shorygin(FR) Jacobs- Q)8 A%@e 0914 wAtole] glom,
o] A&gkel 0914 Ltolo] e WE I ol BB el 23H HESE
JEE A5gtel 1904 wileld Y dE AIFY HdEg dehan,



Table 9. Marginal ranges of the index values by electivity indices

Index Marginal Range for pegative Range for .positive
range selection selection
Shorygin(FR) 0<{FR 0<{FR (1 1{FR {0
Ivlev(E) —-1<(E(1 —1<E<X0 0<(E(1
Jacobs 1(Q) 0(Q<(w 0<{Q<(1 1{(Q<w
Jacobs (D)) -1<{Di (1 -1<{Di<0 0{D <1
Chesson(I) 0<(L(1 - -
Strauss(L) -1<(L«(1 —1{(L<0 0<(L<1

Tebd, £54 AY=g dehlle A5 H9e 0914 11bel2 f3hA oy
A=A AY=E Ushle AFHY HE 194 o2 FFHoJoA A
gl BAZ #daA &L G itk

olel B3} Ivlev(E)9t Jacobs-I(D) Z2]il Strauss(L)S] A+t —13 +1
Apolell glem, o] F AFAF} HAFHA Y=g dehe 5@ ¥Hec
24zt —13} 0, 0% Afel2M & o f¥FH oz Agghe AAZ £93 ZHo]
Aot

Chesson A (DS] FAE 034 1Al glon, o] M9 F AT H33
AP dgshe AFgke H7t B33A gona, o XfgozrH
Ade] ZEE Bdrlde BEEE Fol Utk

kA, Aee] FA HAE JIEo=, Hol AEY Hddx HAdr)Fd
A4 A AAHe AL AFR 497t 4T Mev(E), Jacobs - I(D),
Strauss(L) 9] A|g=0]B], o]&L ©& AFEe] W Rt © FAFHA #de

N

We = A & F= A 2.



9, £33 HHgxs 33 Jdzd g Fdr|E Z+ FAYAS} A=
HEHA A, Akl FAEAE &-3A @ Shorygin(FR)F Jacobs -
Q9 Aol dis(logarithm)E FH3dt 253 de9wet 253 Hexo
e ddriEe Z FARNAE M2 dSHA AU, §AESE Ed o
TAHeZ HAZ + Ao
5, FRS Q &9 W7t 424 09X wAteldl AW, 7] F&uis
log2 FHsld Arge WA oo oAlo]2 uiRA "k 7N, £5F
Aedolv A5 Aol Ad7IEL 08 7IELE 31, FRolY Q9
ol —ooollA 0Atolell A HE £FHA AY=E YEhlaL, 004 wAfo]d
A HAE A AYEE Yehga fudt. a2y, 4% W99 FA%}
Mz Fadzhe HoAM 2T, HFHote #Ad T Y FxE
F o TAHLez Agstrlde FESFA XE Mol A3 dob JUth

Shorygin®] HEx= Z|F(FR)Y Z8H+E FHstd log FRE HIANAUS 9
ol &9 AFHTZ (og FR)E

In

(log FR).=log FR + log(upper FR.)

24 78 4 Jh(Strauss, 1979).

aJ)

Table 19] WAE ARE BEgjz A58 A4zl e Hd9xe Ao
A#R= Table 103} 2t}

Table 18] AEEH ANE LGS 5o ERel me ARy gE L
GEAgAT £9 Eo wHo] 4B wg Aol AT MY
rzHel Mgl e BAAHRE 5o ER DAYl Be As



Table 10. Comparison of the degree of electivity among electivity indices. FR
= Shorygin’s index, E =Ivlev's index, Q: = Jacobs’ index |, D: = Jacobs’

index [l, I, = Chesson's index, L:= Strauss’ index

Food items FR; E; Q Di 8 L:

Species A 0500(N)**  —0.333(N) 0.462(N) -0368(N) 0.025 —0.070(N)
Species B 0562(N) —0280(N)  049%6(N)  —0337(N) 0028 —0.702(N)
Species C 1516(P) ** 0.205(P) 1542(P) 0213(P) 0077 0016(P)
Species D 0295(N) —-0545(N)  0278(N)  —0565(N) 0015 ~0.055(N)
Species E 0.704(N) —0.174(N) 0.655(N) —0.208(N) 0.036 —0.059(N)
Species F 2489(P) 0427(P) 2687(P) 0458(P) 0.126 0070(P)
Species G 0.030(N) —-0942(N)  0025(N)  —0951(N) 0002 ~0.163(N)
Species H  0389(N) —0440(N)  0380(N)  —0449(N) 0.020 0.022(N)
Species I 6323(P) 0.727(P) 7620(P) 0.768(P) 0320 0.165(P)
Species ] 6.946(P) 0.748(P)  9.003(P) 0.800(P) 0352 0220(P)

* 1. N Negative selection
* 2. P . Positive selection

JERTh mebd, 9N 208 ole) A$F o= ASE AgstE 4
94e 72 BAARE o4 Y& Aoz BUHUT

a2y, A2 Ho] ABe] W HUE AF2RE 54 Fo o] Aol
e dddel 234 mE A3Aocduy waed 28 Ao ohw,
4234 BE AFRolddn AAE o=AE 234 = AFHALE Uo}
2 "ast gom, o8 PANE Asgel Sk Feele] ASge Aol
BHL 7HAE @ Aolth 3, o= @ TR ®o 4gd s HFHY
HYEE Ushie ASge @AM97H $U® ASSS AHgse] olse

F%e Wmstd W 2 ol4E ¢ 4 9 Rt A48 Fol, F ie

X



Hol Bl U@ HEE A%zl UM Wevel %ol 09, Strausse)
A% gkl 010194THA o Fol WE AUEE & o AFHA MYEE spucn
g 4 slou, AT ZEe Mz on B 4 Aok s, 0lgel
Agshe AFe) ZERY 09zl APsHe AZe FEsh W Agn B
S Q7] Rl mehd, HdE ArzH Ade ZFEE ks gHAE
MU Asgto] ke 99 Asge] WS udstdo} v o)
skl A5gkel ol B ArBrE Asge] FRN2H Ade] FEe
@] ot A4yl BANS F WASEE AW g

A, Aege FAYA7E —194 +14kolo) e AFE vmetd B
(Fig. 1, Ivlev, Jacobs-1II, Strauss®] X4 F Ivlev®t Jacobs-IIS} A3k TY
29 o] ABo] UH MZ FAE RS BAFUET M Straussd) A5Fe
Ivievi} Jacobs-118] A4@tel #a] W Hch of ol #al Table 1994 o]
NE G2 oz Bol WU AEsd B AR F G AAE 24w
874 ABN FAHE MR 168%0QEw 8 JNLENN sk
MRS 05%2H PALY WEE Aol ue Ttk o HE BAA
NASE wol 4E F F GY Fo] BLA}E o] YB2AS o] 877}
¥z QoIAUR EARE o F Gol hal e AFH HEAS dehacka
2 5 Qemz Mux xigel —1d st & Aolth I, Mevh
Jacobs -8 A& Zr7 —09429F —095124 E o —1d ZFEsHeH
Ma Strauss®] AF@HE —01630.2H —18Th 0] e Aol WA
o] 3278 %% Stauss® AFHTH Men} Jacobs-Ie) X457t BURE
9 % wgaty 2 & Uit

e, A4kl @AW 000H wAlold] e AFE] wmstel mw
(Fig. 2), o A%zke] Wslol AFsH= 2L Shorygin® Jacobs-19 A5,
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Fig. 1. Comparison of the indices with the marginal ranges of the index values

are from —1 to 1.
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Fig. 2. Comparison of the indices with the marginal ranges of the index values

are from O to .



Y4 F Yol A& W o] F Azl Ak Aole A @gten,
M2 FAR 3d 23E 2o FUoh 3, o F AFEEH HFFHAY
Adegtn 9@ 5 e AFF] HUATF ool7] Wi HAF AEE
@Hoz dysirlde B9E3 Hol UdTh

ol ol AW B uld o3d AfFoZREH FF T AT A
BEE TFAHeR o8t ST Strauss(L), Shorygin(FR), Jacobs-1(Q) 2
AsHthe ev(E)Y Jacobs-I(D)9 A7t o HAARE & + Uk

i)

3. Ho| M=o Lol mME Xt ®s} v|m

Hol A& HEx AFgE ZA3E s pe FH HAdE Hol AE9
X 9z Jd¥E oo 2(OBrien and Vinyard, 1974), o] A& W%
W3t mE HEx AFghe] WsE dotry] 93t A FRER Apghe
WskE A Bgich(Table 11).

AR, A2 Fo Ho| MEF FAANAM AHse Hol Y& FE AAF
ZAHE MZ FUEA, JUHEEAA AR AT 28 FEE M2
S 7(Table 119] Case 1), Shorygin® XF(FRIE AHEENA F3t9
MAF 2407 Holve ¥ T FH AFghe] X7t AN, viev(E)
9t Jacobs-1I9) A<D} F3F A ANEEAAN T ARAF =AM
olvte ¥Rt o FHe o7t AN, Strauss(L)S} Jacobs-19] A(Q) 9
I AFES ANEEAA FR AASF 24wV RAojue HMERT o
& Zol7k YA Chesson®] AFF (IS ARG T8 MAs 2409
FYY e Y

€4, Table 119] Case 18] ZZlX &3] Ho] FE FE EIXUES



Table 11. Estimated values by electivity indices. r = proportion of prey i in the
diet, pi= proportion of prey i in the environment. The codes of FR,
& Q, D, I, L are the same as Table 10

Food items R o P FR. Ei Q, Dg Ii L.

Case 1
Species A 0.100 0.330 0.303 —0.535 0226 —0631 0.100 -0230
Species B 0.300 0.330 0.909 —0.048 0870 —0070 0300 —0.030
Species C 0.600 0.330 1818 0.290 3045 0506  0.600 0.270
Case 2 | _
Species A 0.100 0.600 0167 —0714 0074 —0862 0.027 —0.500
Species B 0.300 0.300 1.000 0.000 1.000 0.000  0.000 0.000
Species C 0.600 0.100 6.000 0714 13500 0862 0973 0.500
Case 3 . _
Species A 0.330 0.600 0.550 —0.290 0328 —0506 0111 —0.270
Species B 0.300 0.300 1.100 0.048 1149 0069 0222 0.030
Species C 0.330 0.100 3.300 0535 4433 0632  0.666 0230

Zt7] 2E39S 7% (Table 112} Case 2), Shorygin®] X 4~(FR)L #7 ANE9)
ZY ¥¥ 2z WsEtrE gmied HE g AFE9 e 93
Aol gflo] gATh

A A, Table 118] Case 13} WiEE ZHA2ZN JUEEdAN 23 AAHS
ZAuE AR 2L d vE 3 AEY FE NAF 2H¥e AR 9E
735-(Table 11¢] Case 3), Table 119] Case 29} ©}X7}A)3L Shorygin®] A 43k
(FR)% o] AEe] £¥Ux9] HIET 2 HEZ WP, O XFEL
A48 FRel @l Hol AEe E¥XUxe WIERD IA T A W
3.



2719 WE&S FHst B o 73600 Hol MES E¥UTIL WY AL
H3td 9x9 FZE 7P FAsA wAddlFE ASE Shoryging X491
Aoz HAHEEHAG

4. MEIT X|Fo| ALBA| SILHIEESDR HAME Mol YoM Folg H

7). BABY ik
D APz

Aoz ¥Aze] e &2 224 (herbivores), 44 (carnivores),
244 (omnivores) 2 AHM, |59 8% ZF HAVFL U d&Hoz
A&=E Aol oli o= 5 AzMYdA FFHez dojueA BEolt
(Godin, 1981; Vesin, Leggett and Able, 1981). wa}x], LB A1
g dole 2 EAAY H4 ABRE dopstd 1 Azhgel MY RO
ZHE ULES Es dolop Fh o]F YsME T Azt
SAARNEE 59, W AA)eE YA o] ©Y AR Frz o
ARGt Azte] wWstel OE JUEE T UFWH(diurnal variation) S
AEFG. 2 FAF, JULE FFo) Fvtste AU oW o Zrhe
ol JES Yoz dojye Ao B £ Jomz o ANYS HABE
Nzrgtn FEsd "o

Tefoll, HAFE AZI7F obd Bl Aol M APY BEY JULET
A AZMOA AHE B2 TSRS NIENGE Y Fo FRojFE
I ARt A2 9E Aotk ukshd, B4 AR ME 28t PEHoz
dojupr] HEe] o= & UEE FNME BRSO Hast e JPHE
Ho] FEL 43N] o=Ax AW BE FRU W FolN Bos
W27 R 1 Fo] BAHA Pt BAZ J2RH HANA Fe o)

tlo
)
rlo

A

_.64._



AEE 2388 F71 Q7 wEelth od A, K7 wEd Hol A
3 dExe] ddeo] IaRHA HrkE APl Joemz B3
dtejol & Aot

2) AP=7

ANEE ZAFE A%t EARE AR A A A= FYH
Al FEE § Qe =77 Foh 28R 4E 7Y F¢E BEo] o7
F A BN FF QA Hol, 2 Bt AsAgoR A ofF 737
A AN Yol HEY IR7F FolX Boz wME=HI, FEA Hol MEY
AL ofFel Hd 1RE HAANA ol jnz T} FEHoE
Hol AES HA3A Rda F5HA EFHl & F A Hol uBAH
AN E&ES 71XA "oh

o] WAZAY ANEEEAN 1 AES THo| AEF FAE &S Y
s7lele AEAY Ar7t 24E7] fE AREE FAo] YN AAET
ARLE AFE 7I8oF 3tk &80, AFE AIY Al WA, F4, ds
T AYY oTEAM AAHI, AW, AYF, ATF T FYHA %=
ol7Z Az

i
2

N
lo
i

g BEADS

Hol 4ES HYE A5 Agol loid 84 AL APse 2L 9
WeE BAARY F ZANNE HE BHS @A BEal: o 3o
Hol 4% F TR Asse A MEsA gt Ho 4B o= 3
A7bE otmr) S elo,

874 A4S AP gANE $AHez I Al Ase AR
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Jem, @7 A8 AAANE ZARS HEE AIANG LA seicl
dur optale, B4 Ao FURE UEsl ¥ URSA %1 Avle] we
ME 5 ) WEC 87 BED AUSEY AN Az geAE 87
Mol BE WEsh ANEE AUH 84 4R AYNEL g 47
gomz SUSETH 87 BT WIBAL HYHA Rl sz
78 AYE Ase e Qust ¢yl WEelth



B4R 7 W

2 a7 giaeldd oAl HEE Age AFFe AUEEFH &7
AEAA F i9 AAE 2AWE JeEE ot pol g3 ZARHAJSH,
pol W FBAE Ay FFA w2 @yt

A8 7HA AFF P gEAQ AFLE Gotry] fstd Ay FFRE A
Fgol A, AsAe AE, BHEAE] Lxwstd mE AFype W,
Agzre] AT FA MsA L vn BN B Zd, AFEe A
W9lo] glojME Ivlev(E), Jacobs-1I(D), Strauss(Ly®l AF7} A3, A
349 7T Z2AFAAE vev(E)S Jacobs-T(DYY A&7t AdstAth. 873
NEeo] dAxwstd wE AFge W3l Shorygin(FRYS AF7t 7H3 2
Hhdstg s, AFgke] A7 FRo] 7Hsd AL Shorygin(FR), Mev(E),
Strauss(L) ¢} AT tt.

o] A, A™xe W] FAHE oY 7IA 2PEE BEF TFA)
A¢E gAoH, gd 219 Ugd ue FFT Age 47 eyt AW
o] ZoA iy ZASL A Bo] BHEAFE AFE Meve] A59 Shory-
gingl WY AFUog FRIY Aoz gt o F 7/i8 AFE FH @
ARoz WAANIHY, r@ts @A JHEEANAN F vt AAFe AT =
Aulz2x Uepd 2ol olal, Paloheimo’t FAF RAXFE =o] AE i
F2Azte] gAwA, ¥IFE, EFF AAII7HAY 28N §& 13
Fae o] odAHY Zolga dddnh
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