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MEHBIZ W T, IR O/NA T $50 FRITAKHRAT 2 260 L TR 217 - 72, 2
LORAOREEZ LT-E 24, KPUTHROBBE RIS Lo BT
FVBHAEITES polz, LanL, —RIGBIEET LV OMNT T, HERITE
ViR, HimE W, AABoHBL, BTl &, KPITIRRECHERE
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Abstract

This study aimed to examine the possibility of using underwater lamps in a coastal
squid jigging fishery. Fishing trials were carried out in the periods during 2009 to 2011
using coastal squid jigging boats (6.4-6.6 ton) equipped with an underwater lamp
apparatus with a shade to create high/low light intensity fields in the water column.
The catch amount of the squid jigging boat with the underwater lamp apparatus
(experimental boat) was compared with the catch of the control boat equipping with
conventional surface lamps, which simultaneously operated in the same water. The
catch amount of the experimental boat was significantly less than the catch of the
control boat (p < 0.05). However, catch amounts were expressed by squid abundance,
lunar phase, tide, presence of dolphins and wind direction, and the effect of using the
underwater lamp apparatus was insignificant in the generalized linear modeling
analysis. Thus, underwater lamps did not increase squid catch, but was considered
applicable in controlling the depth of squid aggregation by changing the depth of

underwater lamps.
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R IR CIx, M EICklE L T< 5 AL A A 71 Todarodes Pacificus, %7 > %A
77 Photololigo edulis 25 % &< N BIRFEDOA HEVLCEEMCHREL TRy, Y
BIEL A 90 LB EMITID RAKRICK T 2 FHREETH DL, £, HEHE

(FL LTAHH) X, ZHETHEERE LTS TERL 0N
OEWFNPCEE U D0, T4, TR OB LEEREZ e 2 EER &
LCHRMICER Sh T, 2

A A L, KEITHR EOBERIT 2R 52 & T D aERA L, HEE
Frae AW CERIRIICEET 5, EBRIT ORI, BEHZI B KIERMRIZ)
T TEAHATROT B F L kT8, 1950 AEREARE I IZM oE ik & & HICE
ERBDGDZEMARELE oo T LD ABMT ME DI, T TIIAET O
—FETHDLAZNNTA RINRZHINTWD, 25 LIEHIROEE & BT,
ERST O TRNT ETRIEFICA IR EE D, EENHENTHEEZ LN
TofE R, A AEI0 IR OB TE L, 1960 £ RICIE, o kw TH o7z
M2 T /713 1990 4EEHIZ 13 300 KW 2 2. 5 & TITHIKR L7z, VRIR IR CIXHILE,
GO, BRELZEEXXD EWVIBAENE, 5 M LLE30 b oKl O
FTO/NRIA D0 ISEEA TR L U, BRI OWMBRES, HEmER, WM
EEFIRLTWD, HIZ, 5 bURMOA 0 I LT, AR
DLMEREZ B RIC L o THBOBHI AR T b TS, Y 2ok 51
LRITOWEE O EREZRELTE, BUEDA I8 IZEORIITHE =13
RELTEL, SONFEDRIMERBICL > TRENSELL TS, F, HiEkiE
B LR RO R R T HEORE D IC L LARBFo RN —HBOFE L EE
T2 &, ALABRBHIN T 2IRIFE L NI 2 0NEMEIH L TEY, A= L¥—
Bl oBigs & W R IFEE R FEIC /e > T D, £ 2 CTHREPFOA T FLX—K
& LT, ¥4 14— (Light Emitting Diode, LM, LED &MES) Z MU=
HERITORRMEARBRBED SN TND, ™ LR, FxxL¥F—0f
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Ik, HIREAZNANT A RO D LED IZEE T 2720 Tl <, SIROFpE
(IS CTARDE BRI Z ENEE LW,

ERIT 2 RAT T 2 A DEI0 B O B 2 FE BN T ARRR BRI A+ 2 14
(X, SR B U ORI A~ E BB L, IRISHRJENZ i m IR 2 i ) 72
MR OMEDR L 7e DARMEIR TR T2 L WO EBANS & LY #@iES
NTWVD ARFE TS Z O A2 b &AL & € OBRLEDORE 21T > 72,
BAEA BT E LTHWSBNTWAD A ZNT A RITE, — R ETALIHEEL
TOHEEREZFF OO T, BT~ TEE GRS TS0 T <,

(IR 7 1A B S U708 b KIS A 3 BRI CHGEL + RN 5 @
T, MBI SIS ST Lk £ TE R, W05, KT o
TR DT LK TEESZ BT 5720, M BITICh~<% L, rbi
SBENTZALE ORI E TR EZ BT bRV b 00, MEIZ K2 O8E - K
W< 7220y, IIRED O @ REEE A S, TEME T T A I OSSRy
MDA MIFHE AN EL EBRMNERIT 2 Z LR TE D, 772
Db, WHDOA AFI0 BEKPIT 2L 5 2 LT, i E L O & REES A
INFETEY H/NSHREBEHTHOLINREL, BITKFITO—MBIZEEZ LT, KR
A S5 8I2kD, A WHVERITOEEIMLLIEFEFTE S, £ TR
WFFEIC VN TUE, K HAT ISR 5 )~ R 3 2 S & i LKA K0 Foo s
AR A2 D < VT HEDMINEE 2 7= (LI, KHAT & 4T B2 & bhd Tk
ITEPES) T 72D b, M BEENT-ALE AT 2 A Ik LT, LD IEHL,
i, WELR ERRET LS00, KPITLY btzES ETHITFLI LBT
XOMETERIAL, MOBEBICEE 7oA HITR LT, KEZ X248
BELS 72 <, TR 32 oD v HRBE Sk & JE IR IEL T ORI EE I A2 > < 0 3k T &2
MAGDE T EBRITREZER L,
ZOKFAT DA TEIO ~DBEADAREMEZ A I 5 2 & & HAIZKH AT
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DHMIZOWNWT I EBERR 21TV, o7 —4% % —RLEE T v
(Generalized Linear Models, GLM) Z# AW TN+ 5 2 & T, KPIEHOA

TR RIEIC G 2 DB e R,

MHRELUVAE

BEREB AL A D ARG L LRERR A Fig. 1 1077 RIGIRE AL
i, 200942 H 17 H~3 H 26 H (2009 #f#k), 2010 41 A 18 H~3 A 25
H (2010 #Bk), 201141 H 12 H~2 A 10 H (2011 3BR) @ 3 D OHIHIZAT
ST, BRI (LBETS 6B ET) 1, 2009 3BT 23 [, 2010 7
Bl 30 [A], 2011 RBRIL 22 RITH o 7=,

BRI, Table 1 (SR 3 BEABTEE W FAL G FTIR O A 850 fafh 2 %
MW7, L, KT (A2 T A R (MH) 6 kW £ 7213 F Rk LED 2 kW,
PRSI R, SRERECH7e 5, Table2) Ly BT (MH9~39kW % 7=
X MH 0~24 kW & 4 LED 5.4 kKW, FEARHIERASHR, RFETcRe s,
Table2) Z3fE L, & o 1EEFIEROM LT (MH4A5KW) 22D EEMEML
7o LABETIIOKHAT 2 2245 U 7o ifafih 2 38R ih, TEkRoMs RAT 2 L7z ifih %
REHRAR & MRS, g R TR & e FRAR S RIRF ISR ZE 21TV, TR & 2 LLik
U7c (EREREaBR) . 7ods, BN & BRI IE, 1 ¥ AR 7o IR e e B th
L7z,

KA, 2 >ONPRZH > Baz AL, TO—HL2HIEREOLETES =
L CURIE ST ~DN 2 W L7z (Fig. 2), 2 O/KHLT & A 890 fafin e o7
FEFKI 5 m ONEICHE: N L CAAT Lz (Fig. 3),

WSR2 35 1T 2 3B O EFUT OFLAA o % Table 2 1278 L7z, sBRAR O
SEAUTIE, 2009 5B & 2010 FRER CIIKHAT & AT 2 [FIRFIC AT L, 2011

Fig. 1

Table 1

Fig. 2

Fig. 3

Table 2
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B CIIA 890 BRI BT O R A ST U, B3 I (4 LED i |
ITEARFITZFIT LT, £, HRBRIZBWT, KPLTOPFITIE, A

MH, #%:2FkkE LED 21 L7z, MOV TIE, 2TOHREIZIBWT
it AT (MH 45 kW) A4 TrRdT L7z,

T— RN HEERERBRO 5 S OT— 2B LT, BB & i o
BERIT O RITRIFEDOENZ LD ANV AL IO R & OISEEIZITEN RN E N
7% % Wilcoxon signed-rank test |Z K 0 A B /K% 5% THia L7,

—F, A0 REITB T LTI, FBRITOHNIIROREAT T TIX
72, Bix OBRBERNEET L Z RO TS, 1D Z 2 Tkl
(BT D 2608 L KPAT O R 4 KB L CRMET 5 72912 GLM fif#fT 4
1Tolz, B ERRICK T 2 E () [ZIIREROEDE O bzl
B, BTN, EAROEL LTSI ES BHICIEE T 5 A0 IHSAR
BB Lo, 2T, IO IIRHE E (C) & 43Hk var (C) 1IZBA N (1,2)
ATRIND,

E(C) =u (1)
var(C) = u+u°/0 (2)

772, p (>0 XFEHE, 0 G0) IZaBERDDLNRNTA—FZTHDH,

9, MER CIE, A0 OWEBICEEE 525, GO A HBFRSH
HEERIC Lo T T 2 ER f LIS RE ZHVTKRD 3) ATkRshD
EARE LT,

C=fE 3)

ARBFGE I, IS5 BEE & B~ ORI (h) & Ui, A 890 oz
B2 B8R ok, EATRE (Boat) 2, #¥ELZHOAE (Lunar) 2,
% (Tide), JE\a (Wind), AR FHICET DA v O3 (Dolphin) & g0
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A OBAFRE (N) 2FE Lo, HxOREREIL, REOFEER LM AN
7PN R D log V > 7 B DOET VA AARGE LTz,
LnC = fo + piBoat + fLunar + psTide + pa(Lunar x Tide)
+ psDolphin + BsWind + p/N + offsetE + & 4

T, B, SAREBRICRWT, BT MH, #&AEI3E R LED KT
ZIAH LD T, TN ENORERIZIIT 2 KPAT DN R Z i+ 572, Boat

ZRBR T LB L OUKHIT ORI Z L 12 6 DIZ44E L7z (2009MH, 2009LED,
2010MH, 2010LED, 2011MH, 2011LED), F7-, xflni, T &I 5
sz L7272, Boat Z ik Z & (T 3 DIT43% L 7z (2009, 2010, 2011),
s (Lunar) O L LT, B ORHNZIE, A I X - TEREREDR S
KB T, BRITOMEDNETTL2Z2nBZ26ND, EFTABHERD
EHOHBT M EML, HERICYELHZDWREELEADNDD
T, Lunar %A (new), E[R¥:H (half1), WA (ful), F+¥A (half2)
DA LT, WY (Tide) 1%, Kl (fast), Hil (medium), /1Nl (slow)
DIDTHF LT, B, WY OLTITIIAMEmNZET L Z b, Hilnd
VOB TN TN HEMIZEZ DL LB, ZAMFEMLELTHERE L, R
iy & RTIRARIC K 50 v HE ¥R (Dolphin) &3¢ H O E[A (Wind) 13, AF
DEIALERMFIRIC IR T DA 0 T, A DV FEEPITA VIR HBL LY
BRMAMORD HIZIE, A H OWEPMELS 725 Z &2 WETDEMLTND
DT, ZNEN 2 >0 AT =Y 24 (Dolphin (presence, absence) , Wind (east, west) )
ELTREBEEE LI, 0k, AW HBRERT, BEDICANVDRHAL
YralZlE, MEDPA NI OB ZHERZEIEHL TR, HEAENL AL
A OHBLOFEAL R Lz, HBERDORMIZONWTIE, [ETRIFHFERRE
FINBLRIPTIC BT 2K T — 2 I L VEBRER ORZEM A KD, Jbdbi~rE)
M) Z east, PAFAPE~AtZ west & L7z, MDA DB FE (N) 1%, FFEOH
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TEIZAE DD EEEL, 72D 7 =Y (2009 Feb, 2009 Mar, 2010 Jan, 2010
Feb, 2010 Mar, 2011 Jan, 2011Feb) (Z/y#H L7z, IESS R (BE) 13, FHEIC
B OHERHTH L, 4 BIOREMERERIZ AWML, A 780 B O
MEHE TH T OT, BHEOEEE Lic, £, BERFMAEWVIT EHE
WEEINT 5L E 2, MEECHE LMIEREMRTHL Z L 2RT offset IHE LT
BT IMCHBANTZ, £, eld, BBEHTH D, fo~prid, KL DT
A—FHEMTH D,

— AT T LV OWA & 3T A — X OHEEITIE, HEESTY 7 B R
ver.2.12.1, MASS /X r— @ gimanb Z =, 7 VO8I, null €5
IVDARTEN D IREITAL L AP L, ZNENDOET VITEIT S AIC
(Akaike’s information criterion) & H L, & b/hS 72 AIC DIEEZFFOET L%

AT,

s R

SBRREMNBROABELE 2000~2011 #HBRD 1 HY7- 0 OifEREIT, 2009
RER OB A 1~31 5 CE¥ 7.2 + 71.88SD), XFHRMIAY 2~73 4 (F¥ 13. 1
+ 337.63 SD), 2010 AREBRODORERAA 1~41 48 (E¥Y5.9 + 76.02 SD), xR
78 1~95 %8 (¥ 11.3 £ 301.14SD), 2011 skBRORERAN 1~74 56 (P
21.9 &= 411.61 SD), xfHEfiR2Y 1~98%4H (SF#J25.9 £ 629.90 SD) Th o7
(Fig. 4), 3 HIMIcH T 2 BAn O RIL, MM E Y bARICD 2R 2o
7= (Wilcoxon signed-rank test p < 0.05)

BREAHOHYREBEETILEIBER HREERBRO 76 o7 —2 2545 L
LT, ERITEMEDIEMAM, 8, AV OMBL, RMOEERELED,
iR BR O E 2 GLM fiffir L1z, ZOREE, AIC DEN /N E 72 >T7-F

Fig. 4
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T, A B OBUFREE A, A A momEL, EE, ALy oL EER%E
AR =7V 11 T, LRITRR O BRI & £ 720> 7= (Table 3),
FTV IR o TRl L7 & b R O R & i 92 &, EBR
DUSERE RS 60 58 & 0 DA WAL, BT VIS X D PRI, EEOES
X< FITE T2 (Fig. 5),

TFL 11 OBAEE ORI E Table 412, = ORK%E b LIS SR R
252 2% B% Fig.6 (R LTZ, 4 WOBGFEOEICE Y, BRI 2009 4
2 HITHAT 2009 423 H 2% 0. 27 1% (p < 0.05), 2010 4E 1 H 73 0. 54 1% (p < 0.05),
2010 4 2 H 728 0.31 4% (p < 0.05), 2010 4E 3 AA%0.31 £ (p < 0.05), 2011 4 1
H730.58 f%(p>0.05), 2011 42 A2 1. 10 % (p>0.05) 12442 LHEE S
Tz A EIY OIWEITIE, AROPENKE <, MAICHTH AN 5. 0115 (p
<0.05), EZ¥-HD3. 17{5(p<0.05), FEFHN2.23/%((p<0.05) L7025 &
HeE STz, ETANAPHBLRWGEEIZIE, A VAR HBL L& &2
T EIL 2,53 £%(p < 0.05), BEAIZEIL TiX, WHMOROEEIZIEL, HI7
[ DA H A~ TR 1. 62 fi% (p < 0.05), A&l oA ERICE L T,
i H o (IR : 13, 18 H) 12 1. 77 /% (p>0.05), Eig:H omE (IHE -
4-6, 12 H) 1T 1.47 %5 (p > 0.05), Fux¥HoHw (HE : 19-21, 27 H) I
1.22f%(p >0.05), FHAOHFE (IHE :3, 28 H) 120.441%(p <0.05) L7210,
INBDOERIIA BEY OB L 5 2 T\,

5

el R ER OFRE R 5, BRERAL & xR O Bl 7 | o g Tix, R
BRI, MKV AR -7 (p<0.05),

A a1 D Heige g s TR I W o BT O, KT O b B 58

10

Table 3

Fig. 5

Table 4

Fig. 6
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LR L 0 BARSBE LT, il S 9%, i oo MH AT kT ) & i
DGR OBIRZ TR, AL A A B OEE D v — 27 O E 510nm O
SO FUH FREEIIALS 7 AT 90m B 72 8 T b KBTI I oINS
Twm< 2l LawmdE L, M AT ORI X 5RO RIT, il
DWW F DHNZHARTKFTOWEEI D 72\ 490~510nm DA K 0 WFEEPHIC
FTRS LR T D EBLEL TS, £ 2T 2010 3Bk & 2011 3BR T
KT OWRENRDIROVEDE O RFFITVE (B — 27 3K 470nm) & B+
HE L LED it BAT MZBML T, AVAAL D EIRGHNOFEL LD B2
7z (Table 2), & 512 2011 #BR T, HZEFTPEIIH O R E 2t BT OMAE
P (MH+Hf LED) TX Y IRHFHFHD ANV A A a2 ML, BEDHFIC
MH s EATZ2IEKT 95 2 &Ik - T, BRIEE ORI A XY e bEM LA
WAL T ZKRFAT T ORRETICHESE D Z 2B L CTRERRZT- 72,
Z ORER, 2009 FRER L 2010 AR 0O R 0D 45 I B 7S of iR 00 0.52~0.55
BRETHh-7-Z LTkt L, 2011 3ER OB O a8 & 13 AR 0.85
fhltEs T,

AR JE PGB ST A DT D KFIT DONRIZONWTELE T SH, A H
IV ITBIT HKRFUTOMFIL, T E TORITHIIE L D xt RFEOBER T C
BipoTWD, KT AT OBEI HETIX, KPELITET A T 03B
WK DIREECTEFL, S THZEICEST, THAIBRKFITNEDH D
BREOCHME TR L, KPITEERTHZ & THREBICH L TIEORR® D
ZEERMRLTND, BT B R O KANHERHT OWHRIC B 1T D A
WAL T 2R e LTEEM DA D E90 B TIE, #BEPIOKPAT 2 TICET
UCRIT LRGSR, AKRFUT LY BITHA LT e A 1 D3R T 7> kakE L CT8Y
ERBBA L, WITT 2 ERFIT LD TSl LT oA I 3 I 4R
L CEEREMAEM L 72, 020 &5 ITKHEBEICIB W TIE, KPaTR->< Y

11
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PRSI BA T L CHIRBITR TE A, oA EE L
72 GLM AT DOFE R B 1%, AKHAT & BAT 2 0F 1 U 72 sBrih O S FaLT 3 &
xt AR O ZERUAT R CHE BN A BICHEL 5 2 2 L I3 S n e d o7,

GLM it Ci, sRfh & et i D& 1X, H 2 & O A I OBUFEIZINZ T,
Hisy & WY, ANH OB, HBEAORMTHA S, ZhbOEEEKO
55, HEICBIL T, BIRRFRIEEBDOLAFTD ANV AAL I —KHH 29, | T
WD VXA HERE DT, A NI OB L THARNG L R U (1L
FRFER) CHHPWOA HEEEDTHE S TS, £, W OREL A
HREL EBT DML ED Do DICER AT D BEFETIE, —EIcEm b
TWD, M MR 31T 283, BEERTE I IR K o TR U AR R
FHENCEFR L, BERLCHT TZOFABKET D Z LN TH s, L
MUY QRN EB L7256, BEERPEOR LY iRomE Nl s 2 L
D, AT OFFEEAT O NEEENCEOFEMERENE 220 Ho N T
RNWZEERIETA VEETICNTZ ERRNEICRY, BET 28087 1Lk
DIEEDATREM N B ED Z R EICE - T, RERED LZEEZBND,

ARIFFRNZ I T 2K AT Ly BATOOF I, xR O ek D AUAT AR &t~
T, WEZHMS T2 RITRBD oz, L, HIMETICHE L
A ABEOITEC AT 2 HIE T DS ICIIFIA CE RN S D, T72b b
Fo 0 PITo7mBREO AN AL B ExtGE LT T 72 KT OB Tl
KT 2 SUT 55 2 8 T, ANVAAL APIEST E~HEL TR Y, AR T
2T DRI TT [ DN 2 T U7 KR ATIE, RIS T OB 2 W 7 AT B
BE)S ST A L, FlAIXEEERETEHMROBIDDA T 3 O AT
DEEEZ T DT ERFE LW K D ARBUZIBNT, A I OFRE A % A
AR MS AT S D BB/ N S W T FNCHIE 5 Z & b HIfFC& 5, ZD®
IS AT & ARHIT O HIUIRRELSE, & 5 WIEARFZE TH B 26T L7 i | C 5
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52 5 BRET R O ZACIC KT DA O A I #EOATENC /541 DAL 2 iy £ T
B - ETELHILNEETHD, HETITHEARDA BED BRI R
Y= YT =B LT A 00 5H, T LIS ZMEH LN,
S DICHRELAUT O I PRDE 2 U CTA DD AATE A HIH 3 57200
MADERMPLEEND,

w

ARIFGE D $ 3 TR T 7 TE U T s ARHT I8 3 Fp [RE 53 OV [R] 6 o TR HEL 5
FTBOA 7810 3R, ARBFFECHER L7 EAITICRET 25 & &M 2 it
Tl To mARRIER A S A, RS AR, R R AR A S A e < Rt
LTS, £, KO IKEE - 72 2 4 OEGEH OJ 2 1IZI3A 7R T
e ZHEEWEEWE, TR LTHEEZRT D,

X ®|
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[ Figures caption]
Fig.1 Fishing grounds off Iki. Each point (e) represents the location where fishing was

carried out.

Fig.2 Underwater lamps used in this study.

Fig.3 Arrangement of the underwater lamps during fishing.

Fig.4 Comparisons of catch amount between the experimental and the control boats. *
designates significant difference at p < 0.05. The band in the box is the median
values and the bottom and top of the box are the lower and upper quartiles,
respectively. The ends of the whiskers represent the 1.5 interquartile range and

plots depicted as open circles designate the outliners.

Fig.5 Comparison of predicted catch (boxes) and observed catch (boxes). O;

experimental boats, X; control boats.

Fig.6 Changes in relative catch amount by factors taken in this study, estimated by the
optimal generalized linear model (11). Initial condition is 2009 Feb, Lunar full,
Dolphin, Wind east, new moon. Horizontal dotted line means the effect in the
initial condition. Vertical line indicates relative catch amount against the initial

condition.
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1

Table 1 Squid jigging boats used in the experiment

Experimental boat

Control boat

2009 experiment
17 Feb 2009 - 26 Mar 2009

2010 experiment
18 Jan 2010 - 25 Mar 2010

2011 experiment
12 Jan 2011 - 10 Feb 2011

6.6t

6.6t

6.4t

4.8t

6.6t

7.3t
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1  Table 2 Lighting condition and the number of operations in each year

Underwater Surface Number of
lamps lamps operations
2009 experiment
17 Feb 2009 - 18 Mar 2009 MHs 6kW MHs 9-39kW 19
19 Mar 2009 - 25 Mar 2009 LEDs 2kW MHs 33-39kW 4
2010 experiment
18 Jan 2010 - 9 Feb 2010 MHs 6kW MHs 0-15kW , LEDs 5.4kW 15
17 Feb 2010 - 24 Mar 2010 LEDs 2kW MHs 15kW , LEDs 5.4kW 15
2011 experiment
12 Jan 2011 - 27 Jan 2011 MHs 6kW MHs 12-24kW , LEDs 5.4kW 11
28 Jan 2011 - 10 Feb 2011 LEDs 2kW MHs 18-24kW , LEDs 5.4kW 11
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Table 3 The formulae and values of statistics from GLMs analysis

Null Null Residual Residual
Formula deviance d.f. deviance d.f. AIC 0(s.e)
0 C-~1 166.85 149 166.85 149  1093.3 0.82(0.090)
1 C-~offsetE 163.16 149 163.16 149  1079.6 0.87(0.096)
2 C~offset E + Boat 222.46 149 155.47 141 1039.0 1.23(0.148)
3 C~offsetE + Lunar 207.34 149 157.39 146 1041.7 1.14(0.134)
4  C~offsetE + Tide 170.09 149 162.24 147 1075.9 0.91(0.102)
5 C ~offset E + Dolphin 181.69 149 160.40 148 1061.5 0.98(0.111)
6 C ~offsetE + Wind 181.62 149 160.71 148 1061.9 0.98(0.112)
7 C~offsetE+N 271.79 149 154.36 143 1003.9 1.55(0.199)
8 C ~offset E + Lunar + Lunar x Tide 232.12 149 155.38 142 10304 1.29(0.157)
9 C~offsetE+ N+ Lunar + Lunar x Tide 355.87 149 152.22 136 977.4 2.14(0.302)
10 C ~offset E + N + Lunar + Lunar x Tide + Dolphin 412.90 149 153.18 135 960.1 2.58(0.390)
11 C ~offset E + N + Lunar + Lunar x Tide + Dolphin + Wind 434.62 149 152.86 134 954.9*  2.75(0.422)
12 C ~offset E + N + Lunar + Lunar x Tide + Dolphin + Wind + Boat 455.37 149 147.85 128 955.7 2.92(0.454)

*Lowest AIC value.
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1 Table 4 Parameter estimates, standard errors (s.e.), Wald’s statistics (W), and their

2 p-value in the optimal generalized linear model (11) fitted to the experiment

Parameter Estimate (s.e.) W p-value

Intercept -2.40 (0.32) -7.53 <0.001*
N

2009 Mar -1.31 (0.25) -5.26 <0.001*

2010 Jan -0.61 (0.30) -2.03 0.04*

2010 Feb -1.17 (0.26) -4.47 <0.001*

2010 Mar -1.17 (0.29) -4.02 <0.001*

2011 Jan -0.54 (0.29) -1.90 0.06

2011 Feb 0.10 (0.26) 0.38 0.71
Lunar

half 1 1.15 (0.24) 4.83 <0.001*

half 2 0.80 (0.26) 3.10 0.002*

new 1.61 (0.29) 5.55 <0.001*
Dolphin

absence 0.93 (0.20) 4.59 <0.001*
Wind

west 0.48 (0.16) 2.97 0.003*
Lunar x Tide

full : medium 0.57 (0.46) 1.25 0.21

halfl : medium 0.38 (0.20) 1.89 0.06

half2 : medium 0.20 (0.23) 0.86 0.39

new : medium -0.86 (0.29) -2.91 0.004*

*Statistically significant (p < 0.05). Estimate of intercept includes effects of the basis of incorporated

factors as categorical variables (N : 2009 Feb , Lunar : full , Dolphin : presence , Wind : east ).
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