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Factors Influencing Hole-entering Behavior of a Goby. SHUx-IcHl UnsEezawa, Tal

MoOTOIKE AND HIROsHI Yaymaxaka (Department of Biology, Faculty of Science, Univer-
sity of Kochi, Kochi 780)

ABSTRACT Analysis of the hole-entering behavior of the secondary freshwater goby
(Tridentiger obscurusy was made with tubular objects, and the sensory factors influencing
behavioral events were investigated with regard to height and size of the object and
lightness and darkness. Orientation and approach to objects, which were usually fol-
lowed by subsequent entering, were found. The gobies preferred lower level objects and
their entering behavior into objects which were placed at a height greater than 8cm,
clearly decreased in frequency. They tended to enter larger objects rather than smaller
objects, depending on their body size. The relative size (width of the head of the
goby/diameter of the tubular objects) of the objects used in the experiments was esti-
mated to be about 0.2 at maximum and 0.5 at minimum. No difference in the effect of
lightness and darkness was found in the entering behavior to objects placed at the

same height from the bottom. (Zool. Mag. 88. 239-253, 197 9)

FFFREPETIIERCALRD ~ERO - ®
RKBTHBH, TOBHEONTIHT DL
Tlows (BHiza, 1976), LasL, F 5 7K
DREDTFTRRNOHCALTEH LB TEARTS D
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emx35cm EEX) i, TOEITI I F IF e
A k&, TEIXETHREREEG-X31ZL, 6
~ THEDOFF 7R AR TEEBE LT,

FEECHG e T ANUTIERE (—6.5cm) D
T2V MEORRIEHAERL hRE, TIKT 2
VI A4 FABEIIDIAALTIED, ToLREXEM
DRHBL T, —THEEL L, MEIRER 2.1
cm, 2.6cm, 3.6cm IS5 2cm, EINLTHh
b 12cm b oMY, ThEFhETAKa, b, c
BIOd EFHLi, 7, chborilgei-fx
DAE—vDOEREE ) — X E~7- (Table 1),

A~D v ) — AKX L 4B EFT AR
v, AKE (I5cmx30cmx25cem EX) i@
EFizzhrthe@RBELCLDTHS, VD >V
—ZIT 2o e T AN B, AKE E TR
BLALDOT, LBRORNOEIYELTH,, Fi
VS ) — XA AKEYH T, chices
AR eH1IBEBLLIOT, FoBx T2 TH
Wi, VD B X0 VS oy — iz F AR e
DNERIL 3.dem TH T, VS DRDAEW VD
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Table 1. Experimental series used in the present experiment. Each pattern consists
of various combinations of model holes (a, b, c and d)* in water tanks (A and B)**

Series A B C D
- - aa bb cC dd
Pattern aa bb cc dd
/ Series VD, VD; VD, VD, VS, VS, VS, VS, VS,
) c c
C c
Pattern*** ¢ ' ¢
c c
c c c c C
Series b1 B 53 5. Bs Be
Pattern abcd abdc achd acdb adbc adch
Series b1 Bs B B0 bu Bis
Pattern bacd badc bead bdac cabd cbad
Series HS HL
Pattern**** ce c c
Series ay ay as oy as ag
' ab ba ac ca ad da bc c¢b bd db cd de
cd cd bd bd bc be ad ad ac ac ab ab
Pattern
ab ba ac <ca ad da bc c¢b bd db cd dc
dc dc db db cb ¢b da da ca ca ba ba
~ Series Da, Da; Das Da, Das Dae
ab ba ac ca ad da bc c¢b bd db cd dc
cd cd bd bd bc bce ad ad ac ac ab ab
Pattern****
ab ba ac ca ad da bc c¢b bd db cd dc

dc dc db db ch ¢b da da ca ca ba ba

* Model holes (a, b, ¢ and d) used were made of cylindrical tubes of acrylic acid resin
12cm in length, with 2.1cm, 2.6cm, 3.6cm and 5.2cm diameters, respectively. The
diameter of model hole ¢ used in the series VD,, VD;, VD,, VD;, and VS, VS,, VS;, VS,,
VS; was 3.4 cm.

** Water tank A was made of boards of acrylic acid resin 15¢m in width, 30 cm in depth
and 25 cm in height; and tank B was 30 cm in width, 30 cm in depth and 25cm in height.
Tank A was used for series A~D, VDy~VD;, VS,~VS;, HS, a;~a; and Da;~Dag, and tank
B was used for series 5,~§5;; and HL.

*** The height of the lower margin of the cylindrical tube of the lower holes in series
VD,, VD;, VD, and VD;, and the hole in the VS, series was about 1.5¢m from the bottom,
and that of the upper holes in series VD,, VDs;, VD, and VD;, and of the holes in the
series VS;, VS;, VS, and VS; were 8cm, 12cm, 16cm, and 19c¢m, respectively.

**** The right side was darker than the left side in each pattern.
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VS, 5L VS, omofiEirFhFi VD, VD,
VD, BX O VD; oL R CicLic, Zhw
VS ) — X THRTHIEET AN CDTHED 5 X
1T VS CTIEXSLBIF Loem THH, VS,VS,,
VS, 85X VS, tixth ¥h, X% 8cm, 12
cm, 16cm I 19¢cm TH-7?, BV —XiL
BAHE (30cmx30cmx25cm FEX) # L, KX
XOBRN 74 BDOEFANEY TR | FhiciE
Licb DT, BSIDIERFCE » T Bi~pi D122 Y
—~ AT, COHBEEF AN a, b, c L
I ER L ORI TEOEINENSE LR
DF BT, HS ~ v — X3 AKE, HL vy —X
WBBAKER ThZhH, €715 & 2 BRI
BELLLOT, HEDONOMBEEN L (B
I%Z 3em) HS vV — X, B< Lz (kX %£16cm)
HL >V~ X%{Eb, XFEOMBLXOFRETS
LT, —HDrBEEL B X3 i LT H G, a v

V- RFARELH, KEIDR - 4EHD =
TRk ETI2ET BB LS OTHD, Z0
56, FEBICTERIREETS = FARDEEE
b, 6BHEO YU -X (a1~as) PMELN, &
VU = XN EFRGERD A2 — A EDT 4
2—vhfEb i, Da v ) —Xita v 0 —X LA
BHCRELALOTHEH, HROETORMER
DERBORID SEEL LB X5 KD HFEYE %
BETH D,

EERT A KO SRR 4 [BoREY, 3
TeBAEOE & ITEBC 2 O KEEY B TiT
U, BKERC L BHEOFF TR AR, REFRETR
W& Tt 4 @k, #ETR 2@ oOWTEFRER
BREOFF 7OTEYBE L, 20%4, A
—BEIC DL T OhD Y — X AGTER L
72D T, A—DIEFC L EEROFEY »E Ui X
5yv-ElRE L7 (fE#E, 1962; Snedecor and Coch-
ran, 1967), ¥/, HBRIIFF ToLBRELYE
BLTFE 2B LIFE 7T CofMicfixy, 1
E1D EERIFRIZ A~D v ) — X2 X % FHEEBROK
Rinb, &E T ATAOMEABIFIIRMOREE L &
Lt T 50, HEFANHEEOEALDOES
R LB A —EBTHHZ LN b 1D T,
BEBMAPI00EE L, - B SEIBBERRE04
HExaEETIBEE L,

TEOBEERABYE~ LAERED L &L TRER
TG Y AL, BEKENS 2m ERoE
THEAVCEO/NEZB LTIk, 3, BEK
P ERRFI24BEM LT LK ERK Y Ak, BEOL

File b X 5 LTKER~NES Y% D, B85
FToHELELE, KERADKRY —ERED2ISICL
oo KEREBE L7 ANOFIHECH S ETHEH
DBMEAGH Y T RET ) BsoFF 72 A
N, B X C30DHEME LB~ B R
LTEeh, 557 offehy B8 L, F8iL
197643 L ONTTSED T hE R 7 B~12Aifiicus,
HBRREIFAESELG LR USEE 13~31°C Th b,
EBRE O LI BEKE OME Tk X BE
2001x THote, BEIKREMBEST (HXY,
TOPCON SPI-6A) %\ TAKEIZKD A » Tiie

CCRETHE Ui, KREROBRE (LR (1962),

Snedecor and Cochran (1967) 3 X OVG/E (1975)
iatrig - 71s

& 72
EFILRICHT 2 ZRTE

KT - [ (1968) i3+ V7 U DRBITEIAME ~
OEGRIGO#EFL L TR EXPLMT L
M, FFETEWTCLREYWEERIELEGRA
LR ATENIKRD 4 DORLHACMNT B 2 &5 T
X7,

% i R

FF FEUCEL <@ LT WIREES S0
[IE R 2 TRIIEL K FRT 5 X 5 EM L,
ZDEE, FFTHREEMLICLEDERbRS,

SRR

B D &, TV TROFAEEANT
PR T 5 BERIGY A bR, oL, KD X
hEn LB D D EEORICE, £ 0EEH L
M RIGAEZ B E $IRERIEARbhT,
F 7o, KISV FERONIZR LT EMRIG AR L
BELDH -1

HEARGEFHE

MERIGEE G GEARIEY A bR, #%F, B
WL AD, LG LTAROFTREEL, A
M DB X TDTEIE Lic, Bl
HHTITEELH L85G, AobH o~
HEATHEE DO, Fh, EALLRETHED
RBUWHHEE EEL5GLH 0, ThrkiEL LT
ARG EEBI LT,

ZDHDITE

TN I ERRICET TRERIG T
Sl WBE, TERIGIET THEARGIZE S g8
HFHLVIHATHL B A-TEE A BN,
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BERTRCEBEECT > TR ERLTEHTH
- T, BEEAEDOEGIIEOK EFVBEHEIFICEA
THY, EOPNIGEERIEML TS - THLL K
IBHAL AR T2 L7 { KEOREREEIZ S » DTy
LHENE L Kbt

EATHICERERETERA

EFILANOZEOEE :
EHIBEE—FEOL LT, AKHEIZA B, Cxx
UD >y - A& BTCiTie» 72 (Table 2) , Bz

Table 2.
Series  Variation 1 2 3 4 5
o U 0o 0 0 0 0
A N
L 0 0 2 3 0
7 U 0o 0 0 o0 3
B
L 1 1 1 0 3
. U 1 0 1 0 1
C
L 0 5 11 0 0
i U 0 1 12 1 0
D
L 1 0 5 9 0

* Student’s f-test

Table 3.

Series  Variation 1 9 3 4 5
U 0 0 0 2 2

VD,
L 3 2 13 3
U 0 2 3 0 1

VD,
L 4 9 7 3
U 0 0 3 ¢ 0

VD,
L 5 6 9 8 6
U 0 0 1 0 0

\/D5
L 4 9 10 13 2

* Student’s t-test

Fish

MER— AT - s

12EDFF+ 7z oW TEBLRALE v ) — X0
BIVTEDETFTAN~DOHEAREIIGTHE L
DNID S TFTERONCECEEN BRI, Zh
B DWTDELEDED tEEMS, Ak IUB
Y= XZBNThThEEEN R LA (F
hizh P<0.02 L8 P<O.0L), C%XUD >~
) — XA TREBEIRDBRIr 72 (P>0.1),
KiZ, 2D =FANcew ETFICBEL A VD,
~VD; v U —ZAxH, FBROROE I YT L2 TE
B fTis -7 (Table 3), #ABMEUIL >V — K2

Number of times each fish entered the upper (U) and the lower (L) holes
dufing a 30 min observation in series A, B, C and D (18-20°C).

Total

P
6 7 8 9 10 1 12

1T 0 0 0 0 0 0 1 <002
0 4 3 0 3 0 2 17

o 0 0 0 0 2 0 5 <001
0o 1 1 1 0 5 1 15

0 0 0 0 0 3 0 6 >01
2 0 1 1 0 3 0 23

00 0 2 0 2 6 24  S0.1
3 0 6

Number of times each fish entered the
during a 30 min observation in series VD,,

upper (U) and the lower (L) holes
VD;, VD, and VD; (18-20°C).

Fish Total P*

6 7 8 9 10 11 12

2 72 0 2 .0 2 7 0” ' 12 7 <07.7701

13 8 12 3 10 0 1 68

0 V :1 1 7 0 VO- 0 767 11 <. 065

17 6 2 3 7 1 1 69

0 0 3 1 o0 0 0 7 <000

14 3 8 13 2 0 i 75
0 0 3 0 0 0 0 4 <000

0

11
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0.05), #£-T, FF F7iEIE OrUzE < #EA

BWTLEBORIDITEDONKRELLEL, In
BIDOWTD -BREDEEMSL VD, VD;, VD,
BIC VD, v ) — X B TCTRTHEEE D
St (FhFh P<0.01, P<0.005 P<0.001
B IV P<0.00)), 72721, EEBONROFEmIAEL
VD, v ¥ — XOBFERKEIIMIZ BB LB 57,
O r3i, FEORAOHEALEIIITONOME
PMEWIZ E Sy, FTEONCH LT EED RS
Bz &b e ie->TWT, ETFORDMEALRED
EHIIEA YV~ A TRERRTH -7, ZhbLE
BIVOTEROROEALIZ>DHTEThLh Y Y —
AR O B % 2T BB S R AT X D F-RE
L7zt AFRLDO FER DTN, BEE
BELAEDLRIAD »7 (B P>0.25, TE P>
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FTEH, NOMEBERDDIEEIHILDETRHBOR
~DHEANPGITONRE Z EATREIND,

¥ T, FFITRBTEROEIOREXFHNS
Fodbiz, EFANRIMBEERCT, FhxBA053
BT VS ~VS; v ) — 2 X h EB T -7
(Table 4), R~OFEABMFIIELLEDOIUCE L,
BIFEgD VD, vV — XD LEEoREAUEILUE
DRIBICHD VSi~VS; v ) — X CIEELL AT
BT Ao tc, TOBELEGED VS )
—RrINnI b BB TSI D NET o VS~
VS; D hZhE O CEABEIZEEXADHD T
ENT-BRERC I DT BNIA, VS~VS; > ) —
ZOMIEBCABEEEZIAD R 572 (Table 4),

Table 4. Number of times each fish entered the hole during a 30 min observation
in series VS,, VS,, VS;, VS, and VS; (18-20°C).

Series Fish Total P*

1 2 3 4 5 6 7 8 9 10 11 12 VS, VS, VS, VS,

Vs, 14 4 5 1 1 8 8 0 0 14 10 6 71

VS, 0O 0 4 2 0 3 8 0 3 1 0 0 21 <0.05
VS, 3 0 8 0 0 1 5 0 3 O 0 0 2 <00 <09
VS, 1 0 4 0 0 5 5 0 7 0 0 0 22 <005 <09 =08
VS, o 0 ¢ 0O 0O 1 6 O O O 3 0 10 <001 <02 <04 <03

* Student’s t-test in each other

Tirbb, F7 BV ITILERIOEATE Y
RN, TS BEIL RIS E TR ANERIT
B EEZLDRND, “OEE, EBRCHICET L
e DOWNEN 3.dem THD, VS, U — XDX
ORBITAE L D 8.05cm OEFEITHAHDT, K
EELDbRXI%F 8cm DEINFF 7 DINADMALT
BriH T RETHL LB,

EFLRNOKEZIOHE

A,B,C 58X D vy —X¥BAERZE
TEEREBSIVTEONOEARIBFDEF LYY —X
A<B<C<KDD L ET ANRDBPKEITESED 5
72 (Table 2), = h b 1@ED >~ ¥ — AEO LB
PTEBMESMOECI D F-REXTE-TA S
LEEMTEEEMNE DL R (0.01<P<0.025),
T TH Y — AHEERCTESEDED t-REXTT
Hontel A, b EEENSDEBbLRID
1TA> Y —REDo Y -~ XOFELRE Licss (P
<0.05) #FTHy, v —-AHEMicsT5EF
AIRDKEIDENEL VB EIGEABRTOED I

bhicl Eilied,

Wi, BAEEZHAWTKEIDORE - 1@ E
FARBE—FIHERLTCE T2 Si~Pe ¥ U —X
X h, BE—E, =FANOTFTEOMEY KED
EALELWEIE AL END L L TEERYT
7t ntce EFAN @, b, ¢ kIO dOHEABREIL
Y~ Rz X h&VOREND DD, ETANARL
b L5/ nwRiedid, EF AR eBIT
d ks k&EV IS 7 (Table 5, 22T
5745 a, b, c IO dirxtToiEABMOES
2 3i~Fn v —REBCTE > TUANRE S
HRRLIdiT BERIT o7& 2 A (Table
6), HEEZRFDLRIch 72 (P>01), £ZT
Bi~Bi vV A DOWTBLhHREYI LD
L, =Fra, b c ki doBAREITENRE
R79, 100, 163 35 X 08 227 T 72, = DEED
B F 7AVRIWLINE D R ZWIGTEIRERCEA
Ltck E2 bRLEH EDCDOLTHE DD
iz, FFEIVEATAIVIRE SR IBARE
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Table 5. Number of times each fish entered the model holes (a, b, ¢ and d)
during a 30 min observation in series 8; to 8;» (28-31°C).

Fish Total

Series (pattern) Model hole 1 2 3 4 5 6 7 8
o a 0 5 0 0 0 1 0 0 6
5, b 1 0 0 0 0 4 0 0 5
(abcd) c 1 0 0 0 1 6 4 0 12
d 0 0 0 0 2 4 5 3 14
Total 37
a 0 0 0 1 0 0 0 0 1
3 b 0 2 0 2 0 0 1 0 5
(abdc) c 1 1 0 0 4 0 0 0 6
d 1 5 I 1 5 1 0 0 14
Total 26 N
a 0 0 0 0 2 0 0 1 3
33 b 0 0 1 0 1 0 1 1 4
(acbd) c 4 0 0 0 2 0 0 0 6
d 0 - 1 0 3 0 1 3 0 8
Total 21
a 0 1 0 0 1 0 0 7 0”. 2
Sy b 1 0 0 1 4 0 3 0 9
(acdb) c 0 1 1 1 1 0 2 0 6
d 0 1 7 4 4 0 6 0 22
Total 39
a 0 0 1 0 4 3 0 1 9
35 b 2 2 1 0 5 0 0 0 10
(adbc) c 1 0 0 0 3 0 0 0 4
d 4 3 6 0 6 3 0 0 22
Total N 45 o
’ a 0 1 0 0 3 6 0 2 12
S b 1 0 1 0 3 1 0 1 7
(adcb) c 5 0 2 1 7 1 0 2 18
d 5 2 2 1 9 4 0 1 24
Total 671 N
a 0 2 0 i 1 2 0 0 76
5, b 1 2 0 3 4 7 0 0 17
(bacd) c 1 3 0 2 3 4 4 0 17
d 0 0 0 6 3 4 4 0 17
Total 57
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Series (pattern) Model hole 1 2
a 1 1
Fs b 0 1
(badc) C 5 0
d 7 1

Total
a 0 4
Ss b 1 1
(bcad) c 0 2
d 0 3

Total
a 2 0
S1o b 0 1
(bdac) [ 3 1
0 1

Total
a O 0
Bu b 2 0
(cabd) c 0 5
d 7 3

Total
a 1 0
Sz b 1 0
(cbad) c 3 3
d 1 6

FF 7 OIN~DOHEALTE 245
Table 5. (continued}
Fish Total

3 4 5 6 7 8

0 0 2 3 0 1 8

2 0 3 4 0 2 12

5 2 5 1 1 0 19

3 2 5 4 0 3 25
64

2 2 3 1 0 0 12

1 0 2 0 0 0 5

2 2 6 1 2 0 15

6 0 4 4 0 2 19
51

0 4 1 1 2 0 10

0 0 1 2 4 0 8

1 0 8 2 4 0 19

4 1 1 4 5 7 23
60

0 2 1 2 0 0 5

2 1 2 0 2 0 g

2 3 0 3 0 8 21

2 1 2 0 7 0 22

i L - 5,7,7 ~

0 4 0 0 0 0 5

1 0 0 2 1 4 9

0 1 0 3 5 5 20

0 6 1 0 1 2 17
51

FBHLLHREERYTT P REXZ AR
(Table 7), TR, HOLMIFEERTIETS
T EMNTETOT (P<0.001), 5 7 O AIZND
FEXNBRLIVWRE I EANHENDD R, £,
FF ZINE I E D bR E UGB R ATT
AR LIt EL D2 ENTEDN AL,
LLiehih, ZOFBRTEIAEIDORLDLET
AU X B A FREREXH GO T, KEWAUL
PELRIDLEALRTLZENELZDLRD, £
T, EBicHWIETFANRDERZR (a=2.1cm, b
=2.6cm, c=3.6cm X d=5.2cm) iDL
TEFAN a,b,c B3IV d DEAEREYZTALTH

0.155, 0.193, 0.267 35 X 0°0.385 & EWD, Zhils
EHE L CEOMED L S IHEATE  fTlobh
T E amin oW TR T » TA = (Table
8, FOMR, TOREEHYIETDLIENTE
LT (P>0.5), ROBRIZ EZ DT EDLEA
FERO X S EATE bl biCiz b, 2
¥H, FFITORDEATENIETROAE ST
I ABRERFD DRIV LT, RHEAKEW
EEXTPRVEEFIDLEEA LD, DK
XFIUEFhRTFF T s - GEALR T o1
MHETHBLEHT EMTE LY,

COBE, NOKEZXLFFIOKEILOHN
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Table 6. Comparison of the twelve series (3, to 3;5) as to the hole-entering
rate in model holes a, b, ¢ and d from the data in Table 5, and the values of chi-
square obtained with thirty three degrees of freedom.

Series . N Model hole . 4 Total
3 6 (5.1) 5 (6.5 12 (10.6) 14 (14.8) 37
32 1 (3.6) 5 (4.6) 6 (7.4) 14 (10.4) 26
53 3 (2.9 4 (3.7) 6 (6.0) 8 (8.4 21
Sy 2 (5.4) 9 (6.9 6 (11.2) 22 (15.5) 39
35 9 (6.3) 10 (7.9 4 (12.9) 22 (17.9) 45
S5 12 (8.5) 7 (10.7) 18 (17.5) 24 (24.3) 61
6 (7.9 17 (10.0) 17 (16.3) 17 (22.8) 57
3s 8 (8.9 12 (11.3) 19 (18.3) 25 (25.5) 64
39 12 (7. 1) 5 (9.0 15 (14.6) 19 (20.3) 51
310 10 (8.3) 8 (10.6) 19 (17.2) 23 (23.9) 60
Sn 5 (7.9 9 (10.0) 21 (16.3) 22 (22.8) 57
312 5(7.1) 9 (9.0 20 (14.6) 17 (20.3) 51
Total 79 100 163 568

( ): expected numbers
72ca1=42.853(0. 1< P<0.2)

227

Table 7. Test of the null hypothesis that fishes entered each hole independently
of size, and the values of chi-square, (f-F)?/F, obtained from the sum of each result

of the series (5, to 5,2) in Table 6.

Model hole

Series I

a 79

S1t0 i b 100

c 163

d 227

- Total 569

* observed numbers
** expected numbers: 569 x 0. 25
*** chi-square for 4-holes comparisons

HilefEr LTE b2tk b\ 0T, 22T
XFF 7 DIEDONORFTLEEGTHLLT
iz (Table 8), +/4dbb, 5745 a,b, ¢ B
CdesisHEEE RORROHITFRZ R 0.5],
0.41, 0.30 3 X0°0.2L TH ~te, THbb, F+
TOBREDOE L X 205 5 EOHEONITE T
RDOKE R GEATEIN TThhic s
kit A,

F**

142.25
142.25
142.25
142. 25

fF (f-F)Y/F  prer
—63.25 18. 48 - 7
42,25 12.55
+20.75 3.03
+84.75 50. 49
94. 10 <0.001
EFLAOHD = DPE

KBTI 2O E T AN ¢ (ZOBEITANDADD
AP L TRV R mAIL, Akl
ACTHEORDOREREENL L (3X% 3cm)
YY) —A HS 85IV B KAV TAOEEYE
(L7 (3% 16cm) vy —X HL iz X b, 7%
DABITETH 078 % 160~220 Ix, 5L 0%
150~190 Ix OFWHECE 2 THEBIZREEZY 52 €
Tle~t, TOF (Table 9), BEZ 10~40 Ix
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Table 8. Test of the null hypothesis that the entering probabilities of obtaining
the model holes a, b, ¢ and d are 0.155, 0.193, 0.267 and 0.385, respectively, and the
values of chi-square, (f-F)?/F, obtained from the sum of each result of the series
(B to S;;) in Table 6; and the average of the relative size of the model hole (width
of fish head/dlameter of the hole) obtained from the fish entermg these holes.

247

Serles Model hole F** f-F (f Fy? /F Relative size
79 88. 20 -9.20 0.96 0.51
51 to S b 100 109. 82 —9.82 0.88 0.41
c 163 151.92 +11.08 0.81 0.30
d 227 219. 06 +7.94 0.29 0.21
Total 569 2. 94r4x

* observ ed numbers

¥* expected numbers: a=569x0.155, b=569x0.193, ¢=569x0.267, d=>569x0.385

* % %

chi-square for 4-holes comparisons, P>0.5

Table 9. Number of times each fish entered the light (LT) and the dark (DK)
holes durmg a 30 min obser\ ation in series HS and HL (18 22° C)
leference in Fish Total P*
Series illumination Variation :
(Ix) 1 2 3 45 6 7 8 9101112 13 14 1516
10 LT 5 0 0 6 2 0 0 018 0 2 3—— — — 36 <0.6
DK 8§ 1 3003019 211 7———— 45
20 LT 8 1 302700 0 8 2 3 - — — — 34 <O 9
DK 11310060177 10— ——— 37
HS L N S
30 LT 116 30390013 1510———— 43 <0.7
DK 8§ 116190083 33— ——— 37
40 LT 251009901126 30— ——— 3 >09
DK 5 1 41800507 5———— 38
30 LT 1 06 7 6 00 2 3 60109100 40 <0.9
DK 1150015 00107 154016 43
HL - — e : S — S
40 LT 0 0 2313 9086 01 09 7 51 <08
DK 6 32 00 310 7 00009 10 3

44

* Student’s ?-test

DEAFIZ I TRO A O DOBRS L7 oo ARSIz
LAVEBLRRITE 2 ENH LM - (t-
BE, P>0.5), F7, =FANRD AQDIXEO
PASE Liciir o dtic/ L (E#E 3 mm) % 5T,

ROAD E R (RSO BE XIIE LT fol) 28
HLIREE S THWNRERCTER LTI - 7
BATHELTLROMRIIRRCE ARSI BZES

B2 leh ot (H8E, P>0.5),

EFILRDEEE S VOKRESOEE
EEIBE—FDOL & TAKIZE T AR, b, ¢
BICdu L BT B, B2 FEi2HE
BEBELLE ai~as vV — A0 X Tl ote Ko U
— R ENRTR A DRI ot E —~ VBB D
T (Table 1 28), “hbic 2T+ XT Eian
ey, FhboggEFiconTHlo iz X o F-
BREXTI T Thbb, YY) -k TE
FAGa, b, ¢l dind T A AR 4 DD
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Table 10. Number of times each fish entered the model holes (a, b, ¢, and d)
during a 30 min observation in series a; to ag (13-17°C).

Series (pattern) Model hole 1-4

a 0 0
a b 0 2
(a b) C 7 1
cd d 9 13
Total
a 0 0
[1¢°] b 1 8
(a c c 1 5
bd d 5 15
Total
a 0
ag b 4
(a d c 10
b ¢ d 4
Total
a 0 2
ay b 1 0
(b c) c 1 0
ad d 9 8
Total
a 3 3
b d) C 3 2
ac d 4 0
Total
7 a 0 8
g b 4 0
(c d) C 1 0
ab d 3 1

Total

AE = VTR > TWBERE I HEIDICEZ
A, 2EAYEBENZEDLRIE 5T (P>0.05,
#2720, as v ¥~ ADEF AN Db OEE1L0.025>
P>0.0D), -7, £V —AD L1202 - T
BOoRERYELHTHER, 1D0AF —vE
LTy —ADKFE 2 — & L (Table 10),
TR, £V - XLEARFITCY - XX 5
THEENRL LRI 7o h (AR L B F-
g, P>0.05), & = 5 v suoxt 3 55 AR Bz o0
TRADHFHAME LK E S EOBRITRVTRL -
TWTEETHD, FRICOWTERBECHDEE L
THRCHDLEEOEABE Y HET S L, ThiTv

Fish Total

5-8 9-12 13-16 17-20 21-24 25-28 29-32

0 0 0 0 0 0 0
0 0 0 0 0 0 2
7 5 5 6 0 0 31
2 7 5 6 3 2 59
92

0 0 0 0 0 0

p 4 0 1 0 22

3 1 1 1 0 12

14 6 14 6 3 76

110

0 0 0 0 0 0 0
2 5 7 2 1 1 22
2 14 4 7 5 0 59
3 3 2 3 1 1 26
167

0 1 0 4 0 1 8
0 0 0 0 1 1 3
2 0 1 3 3 4 14
8 4 20 10 28 25 112
137

0 3 1 0 0 2 12
0 0 0 0 2 1 4
5 12 5 6 15 11 59
3 1 10 5 7 7 39
114

2 0 1 2 0 3 16
1 3 10 6 7 6 37
0 1 1 4 5 4 16
1 1 7 1 8 5 27
96

Thi EED NATE ORI b NT bieh o7
(Table11), ZoB4E, LEDORETEOF T
LEARFDOEERNETANIL » TR TS
HEIDEFNDDIT PEER T2 5,
ETFARNZL STELDZENBELMITAD (P
0.001), ThHLOHENTH LR IZHD E/NEE
FAak XU b TIREARESAEAL, KEWE
FARcE IV d e d) TirEshoEnTs s
LS borELLRD, Thbbh, RKOKE
XOMIZROEIDBERYELH, NOEWEEIIC
Khrhb &, DEIWWRTRFF 7 OHEAFTEONH
MNALRDLN, KEOLCATIIEAI AR EE
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Table 11. Comparison of the four model
holes (a, b, ¢ and d) as to the hole-entering
rate of the upper and the lower holes from
the data in Table 10, and the values of chi-
square obtained with three degrees of freedom.

Model No. of times of fishes entered

hole Upper hole Lower hole Total
a 007.9 36( 28.2) 36
b 9(19. 6) 81( 70.4) 90
c 42(41.6) 149(149. 4) 191
d 92(73.9) 247 (265. 1) 339
Total 143 513 656
Ratio 0.218 0.782 1. 000

( ) : expected numbers
7%ca1=23.059 (P < 0.001)

ZBHIENTELY,

DX 5 Bt Table 10 5Bz 20T, BE
kN THBANDOKE W ESHEATERYH T
P-BERTI > Th B L (Table 12), £y - X
ELTRDKE Zerhb b AR RICEFH <
FEIRAEATEOL BRI EDELDLRT, L
L, TOBEFHEIZCY - AL S TEBR->TWT,
FEREEBIVCTRIZAZZORLA ABEONRINED X
5 HEECRBINIMIICI - TEL T 5,
Lizh <, ROEATECB TR IR EREL,
FziE, YV —X ai, ap L ey T EEDIN
LS EDHEANRLLRT, TRORIZEGEAL
1o, ® E~OF 5 EH B EEONR T 5 A
HAGRETH D, PNEOAPRELMB LI &1
BARLTWA EEbha, ¥, fxE ¥V -—-X
as TP GIATEI, KEAD ERIZHB
P, TETCHNIVCRDEABBETHDDT, K
ORPMIDVIROFETLRHIPVEATEHLHEAL
THD I HEFELBRD, UL, TEIRKZWLIX
PPINRE ESEBEIREE (V) — Ras~
as), PE NI D HREFVIRADEASE L L
BB LT by,

EFALARNDES, RESHLIUVHBOEE

FEBRITWEROB S ADADOBREOEE L I
%72 Day~Das =~V — X, FTichbb, EFALR a,
b, ¢ xLd 1T oM, LEERITTEIZ
FThEh2EREL, GROROANDOYNZ S% K
oL I b BES LT T -7, BEZXT 30~

10X THA, MiFELRLERICE vV ~—~ZAD 420
Bl 57038 — VDT T RTERYIT -,
TORE, £V ) —ALETDH 40058 - VRIT
EFAN a, b, ¢ BIU d T EARBKE
BENLL o Sic (OEmE:, FEaE, P>
0.05), %»T, £V ) —AD4 DD %2~ TB
iR arF LdCFER LI (Table 13), ZZ
T, FBEOxFA5 a, b, ¢ X5 d st a
ABEOHRPNSHLEBE LB GEETERD
B EISIEFENRL LI - RER T THi
(Table 14), = DBE, =FAmaicxT5HEAR
HOMEEEIVNILOTEF AN D E—fFic LTH
Foote TORKE, F5 70N TLHEAREK
DEFRIISROEREC L » TEMC ENEDHBR (P
<0.05), THAVNZRTIE WAL LTI O GBS
WEEFREGEAL, KEWATRZORFRE
LEIDIWBLEFREHEALLZ EiITES
TWwWas EBbhs, L, TEIZEhRET A
N oa, b, ¢ BIU d i THEARBOEEKR D
T, FBOROBAGEE LIBEVCBARHIE LT
H 5L (Table 15), c OB TP I L5 RD
EABBCHBEERRD bR 12 (-85E, P
>0.3), {£-TC, Beh~THsLoiz, #5770
FUS T A EATHC BT AOBEOERIIE S
RREZOFERIZ I EE LTV EL OO
IrieELbRL,

£ 2

FF AN OTFTHRIKONE L O LR Iciiho
L WIEIRAERLTWED, LTIinidkhE
SEhENDHY, H oI BFEY R E ST
Awlind - Thbh, AO T <otch, B
Witk - = BORh THIZS » 2o, Find 58
& D ERORO R R RFRCRIECEID LTk
2hLTuwb, NEDIhDREINTELZOTD
SHEZOFZF F7RRMTHRLND I DD D,
KEWIFAZR AEVBEFE 22 X5 Bbh
Be Fio, EHuH (1976) W X B & EIRERCTIIE
THKED AL EDTFIRER (EIE) 22K b
FZWWIEDODTHAD, TOXRH@Ee EIfr >
ZoF D, TOLHSICADOTFRIERILFF IO
Binl o TonBhWBITHYH, F¥F 7DEER
LTkl hBofTiikrT o & S EECBIGRY
A5 LoicBbhb,

AR TIEFF TRREASLRBAD TR IFER
AT AEATENICRWT, BEERLLTEZD

NI | -El ectronic Library Service



The Zool ogi cal Society of Japan

250 WrEse— - AF - L

Table 12. Test of the null hypothesis that the entering probabilities of obtaining
the model holes a, b, ¢ and d are 0.155, 0.193, 0.267 and 0.385, respectively, in each
series, and the values of chi-square, (f— F)%/F, obtained from the data in Table 10.

(PSﬁetrtleel‘Sn) Z\ﬁ%‘]i:l f* Fxx f-F (f-F)/F pPH*E

. a 0 14. 26 —14.26 14.26

) b 2 17.76 _15.76 13.99

ab c 3] 24. 56 + 6,44 1. 69

(2%) d 59 35, 42 +23.58 15. 70
Total 92 45. 64 <0.001

a 0 17.05 _17.05 17. 05

- b 22 21,23 +0.77 0.03

(2¢ p 12 29. 37 17,37 10, 27

bd d 76 42,35 +33. 65 26. 74
Total 110 54. 09 <0.001

/ a 0 16.59 —16.59 16.59

a b 22 20. 65 L 135 0. 09

(29) c 59 28,57 +30.43 32,41

b c d 2% 41,20 5. 20 5.61
Total 107 54.70 <0.001

a 8 21. 24 _13.24 8.25

« b 3 2. 44 — 2344 20.78

¢ © ) c 14 36,58 _ 9258 13. 94

ad d 112 52.75 +59.25 66. 55
Total 137 109. 52 <0.001

a 12 17. 67 — 5.67 1.82

- b 4 22. 00 18,00 14.73

(b 9) ¢ 59 30, 44 + 98,56 26, 80

ac d 39 43. 89 _"4.89 0. 54
Total 114 43,89 <0.001

a 16 14.88 L2 0.08

e b 37 18,53 +18.47 18, 41

(c4) c 16 25. 63 ~9.63 3. 62

ab d 27 36. 96 _ 9.96 2. 68
Total 96 24.79 <0. 001

* observed numbers
** expected numbers: a=23/x0.155, b=37x0.193, ¢c=23/x0.267, d=2/x0.385
*** chi-square for 4-holes comparison
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Table 13. Number of times each fish entered the model holes (a, b, ¢ and d)
during a 30 min observation in series Da, to Dag (25-28°C).

Series Model Fish Total
(pattern) hole 1-4 5-8 9-12  13-16 17-20 21-24 25-28 29-32
a 0 0 0 0 0 0 0 0 0
Dea, b 0 1] 2 0 0 0 0 0 2
(a b) c 1 2 2 4 1 2 3 1 16
cd d 2 2 9 4 1 3 2 4 27
Total 45
a 0 0 0 0 0 0 1 0 1
Da, b 3 5 4 1 1 2 3 0 19
(a c c 0 (1] 3 0 0 0 2 0 5
bd d 6 4 5 6 1 2 5 1 30
Total 55
a 0 0 1 0 0 0 0 1 2
Da, b 4 2 2 2 0 1 3 1 15
(a d v 4 5 2 2 3 5 11 7 39
b ¢ 3 4 5 1 0 1 5 2 21
Total 77
a 0 0 7 0 0 0 2 0 9
Da, b 0 0 0 1 2 3 0 0 6
(b c c 4 1 2 2 1 3 1 2 16
ad d 9 6 8 3 3 9 8 3 49
Total 80
a 0 0 4 0 0 3 0 3 10
Des b 4 0 0 0 0 1 1 0 6
(b d c 2 1 3 6 2 2 4 2 22
ac d 2 3 3 2 4 1 7 0 22
Total 60
a 0 0 0 0 0 1 1 0 2
Das b 2 2 5 2 1 1 2 1 16
(c d c 0 1 1 0 1 0 0 1 4
ab d 3 2 4 2 2 1 2 2 18
Total 40
Table 14. Comparison between the light and the dark holes as to hole-
entering rate in the model holes (a+b, c and d), placed in the upper position,
from the data in Tables 10 and 13, respectively, and the values of chi-square
obtained with two degrees of freedom,
P No. of times of fishes entered the upper holes
Variation atb c 4 Total
Light 9(15. 1) 42(39.0) 92(88.9) 143
Dark 17(10.9) 25(28. 0) 61(64. 1) 103
Total 26 67 153 246
Ratio 0. 106 0.272 0.622 1. 000

( ) : expected numbers
¥2ca1=6. 683 (P <0. 05)
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Table 15. Comparison between the light and the dark holes as to hole-
entering rate in the mode! holes (a, b, ¢ and d), placed in the lower posi-
tion, from the data in Tables 10 and 13, respectively, and the values of
chi-square obtained with three degrees of freedom.

No. of times of fishes entered the lower holes

Variation a b c d Total
Light 36(38. 0) 81(87.7)  149(151.3)  247(236.0) 513
Dark 21(18.8) 50(43.4)  77(74.9)  106(116.8) 254
Total 57 131 226 353 767
Ratio 0.074 0.171 0. 295 0. 460 1. 000

() : expected numbers
2ica1=23.481(0. 3< P<0.5)

NDHRDEX, XXX B IVBEOEE O\ TH
NT Lz, NOEH I DOLTIL, EBvWiedT 28
EIEATEY Abh, ROMB & DETH
MNERIZ I D Z LD ST -, ZDBA,
2EORY L TFTEBLTHF+ 7Tk ERI 2T
A5 L, EBRONAOHEATHOMEH» HHEIT
BZ2h, OMEI D ILIEEL LTE oM
R LA e X 5 i Bt (Table 3), #&
T, "R IERACTE2DORICERE L CRNTAH
BHE, MBCRDOMEN DRI D EEARK
PEMTAHZ LD o7z (Table 4), #5717, &
FIRA LD HETROFILFRMLT B4 D
LHEbIhLH, FToFHMMIPLEN TR, 1, &
OEBROEAAN TILF F 7 OHEATERYINHT 25
EMBI L 8em THBHLEEZLHI ENTEIL S,

TOZ L, KEFXOZELWIEONEHAWT,
EBEETBRIZEhZ R 2 HONRYRE L Tz 72
ERER»DLLEMTENS (Table 2), T7cbb,
FAWTcrrph&nb & (ABIUBY Y —X) L&
OREXT HHEAOHFA L Stz h, RO EL
LE (CRIUDYY X)) wiiThrhiabhich
i, THRHDHE, BB LTHD I dice7 A
FUE—EDOKE EDEFHBOEDOARIZAZ L hi
WTHE-THDBDT, LT hE W3 & EED
ROBE (ROTEHD ZE) HELS &),
A,B,C BXU DY) —XizkFs EBEDROT
FOMEBIZKE XY Thrh 87cm, 8.45¢cm,
7.99cm LI 7.15cm TH o512,

Wi F F 7OEATENCRITTROKEXIDESE
WO, KEZIOR A BOE AV, F
NODROTEDOMEXZ L EIIZLT, i
HERTITEOMRL LTEZTARD L, —RiZE

ABELID XU in {, REVIUZE LRSS
Bkt (Table 6 XX T, tE-T, FF 7k
PEIRE D DR EGCTUSERINGEATEIZ R L
7oEEZBILLTEXIS, LiL, ZOBAITK
EXDORIN & 12ROV T ERMLEREY V720
T, WOKEILL - TEATERSLRLD, LE
FUTPZ LRI D GHEALRT W EAELLRD,
FIT, KEWLIUDPIGR I Y LEATERIEF
ERBHDTHRDE, FF TILNADEAIZITARD
KEIOBERXHIT T2 Lt b, Rk E
FAREDILRI D AEFLRETEALRLTL, *
DFEFE AL EBMT 5 (Table 8), Z0H4,

WOKESHEFF7ORKEILOBHIZHTHR
BicE b, RORBRENTEFF 7OHEIED LT
B LTHDHE (Table 8), Lxv iz 0.2, X
Vi 0.5 X B, BE- T, Al LT O
DR EZ5E1DL 2 fEOREOABEHEOTUT B
THIRDOK Z J B R EATE TR, A
KEFHEKECLETHEALLTCZ LT b,

FF T DNADEAT DO TNDBERBEOEELYH
Nk o A, BEE 150 1x~220 Ix OFIPRIZ BT,
ER2Mouz 10Ix~401x oEBEES 5 2 T
ANOANDOHBELEATERCIZ L A RGO C
& hvbhin o 7c (Table 9),

ROBEE, KEIBIVHABLIRTAFRN B
DERELTEETLZ LR LALKEL, £<D
BETHhLYESL AT 0L Ebhs, &
F 7 DRDEATIICOVLTROFI L K& IO
BEFXTRDLE, BLBO S A~DMEALHITE
WHEBONRA~ADZh I D 7L, FhonbmE
DRI THEANBOREN RO K EFZITL 5T
Eir- Ttz (Table 1), FTicdob, @
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BizdH b &, NZGRTIRFF 7 O5E AFTEOINH
NEBRDH, KREVLCATIZTREETENH S
L DTHD, LaL, ZOBEOTBOMEBED
HEIPANE L > TELL e T (HE, &
WFBEDNZ RO TEDOEIAAEZLRDERE
DHE), ZTDZED EROFERY AL LT
LZOHHNI A 5T, ROXNEZ XD ITRD
EEANFF 7T OEATECEREINIERH LT 53
DEBbnd, ¥/, ThHROEFEILAEIDIR
IO D XOEFE LML T, I5iEM gt
4 % TH (Tables 13~15), BROZE T LA
Ex bR 51,

BED X 5ica5 7 DROEATEZES T, 5%
DEFINRDE, DOTROKEF SINFEY 52
L0y RO xHE D BEE LV EAHHEN
Wich, ThboRELAEE L TDOFFTDHRDTR
RISEZAD CUTBHEEORbRLtH B LV 2 X
9,

E [
ABFRHIch, HHORECHBINT I hes

R FBRL AR N 2 & AR EO#E I FEHT
b L bic, EREROHFHBREI OV THE
ISEIBNE w IR TR TR E R B RS
BEicRHOEEET 5,
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