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Introduction

In July, August and September 1977, the R/V Shirane Maru
was used for two trips which experimented with different gears in the
Japanese squid fishery in ICNAF subdivision 4VWWX. The vessel carried
out regular fishing operations except that the gear type was changed
periodically and fishing was concentrated in four predetermined areas.
The cbject of the experiment was to determine if there was some combination
of gear type and area that would allow adequate squid catches for a
commercidl operation and would also produce a minimal by-catch. The
differences in catch rates between day and night fishing were also
examined.

Equipment and Design

The three trawl gears used included two off-bottom gears and a
regular otter trawl. One off-hoitom gear had only dangler chains and will
be referred to as the "chain" trawl. The other had dangler chains and
large rollers or hobbins and will be referred to as the "bobbin" trawl.
Details of the gear shapes and sizes are given in Table 1 and Figures 1
and 2. The mesh sizes were determined using a standard ICNAF measuring
gauge.

During the two cruises, fishing was concentrated in 4 areas (Figs. 3&4).
Areas 1, 2, and 4 were used during the first cruise. Areas 1, 2, and 3
were used during the second cruise. On the first cruise, the otter trawl
gear was not used.

Results and experiences of the first cruise were used to help
design the second cruise in such a way that the data cbtained from it would
be readily handled by standard statistical techniques. It was the aim of
the second cruise to split the sets evenly between different gear types,
between the different areas and proporticnately between day and night.

In each area it would have been ideal to randomly select the gear for each
set but this was impossible due to the amount of time needed to change gear.
Instead a fairly regular gear rotation was instituted.

On each set data was collected on the catch. The weights
of squid and all by-catch species were measured or estimated. FPor each
species, a sample of approximately 250 was taken to obtain length, weight,
sex, maturity and ageing materxial.

Statistical Analysis

This analysis was only performed on the data from the
second cruise. Tables 2 & 3 show the cross tabulations of area, gear
and time in pairs. Area 0 is anything outside 1, 2 or 3. They show
a uniform enough division of sampling to allow a meaningful standard
analysis of variance to be run.

All data from the second cruise from areas 1, 2 and 3 was
run through the SPSS ANOVA program (see Appendix 1.). To make the
distributions more nearly normal 1n (catch +1) was used instead of the
raw catch data, A summary of the results is as follows:
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Table 1. Dimensions of three trawling gear types.

GEAR NAME CHAIN REGULAR (OTTER) BOBBIN
GEAR TYPE PELAGIC BOTTOM BOTTOM
FOOT ROPE LENGTH (M) 60 72 72

HEAD ROPE LENGTH (M) 60 54 54

HEAD ROPE HEIGHT (M) 8 7 7

WINGSPREAD (M) a5 28 28

LENGTH OF BRIDLES (M) 150 173 173

TYFPE OF DOORS PELAGIC BOTTOM BOTTOM
DOOR WEIGHT (KG) 2100 3064 3064

DOOR LENGTH (CM) 220 260 260

DOCR HEIGHT (CM) 450 369 369

MESH SIZE IN WINGS (MM) 3nl 141 140

MESH SIZE IN BODY (MM} 143 114 113

MESH SIZE IN CODEND 9l 92 93

LINER IN CODEND YES YES YES

MESH SIZE IN LINER (MM) 45 44 43

CHAFING GEAR FITTED YES YES YES

ROLLERS ON FOOTROPE KO YES YES

CENTRAL ROLLER DIAMETER (MM) 0 0 : 530

LATERAL ROLLER DIAMETER (MM) 1] 4] 530

1. squid. Only area is significant at the 5% level though

gear and time are significant at the 10% level. No
interactions are significant so the multiple classification
analysis is meaningful. (This shows the mean of all
observations and the deviations from the mean accounted
for by different values of the independent variable).

This shows that less squid was caught in area 3 and areas

1 and 2 are about equivalent. The otter trawl was most
efficient and the chain least. 75% of the variation in
catch is not accounted for by these variables.

2, Silver Hake. Gear and area were very significant but

the two-way interactions between gear-area and area-time

are also of borderline significance at the 10% level. These
interaction terms indicate some bias in the maltiple
classification analysis and i® results must be treated
cantiously. Indications are that silver hake is caught
predominately in area 2, and that chain gear will catch

much less than the other two. Over half the variation

in catch is explained.

3. Cod, Haddock, Plaice and Redfish. All other catches were

small and the large nwmber of zero catches may have affected
the results since the distributions of ln (catch +1) aid
not closely approach normality. All ANOVA's showed
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significant interactions at the 1% level and thus the
maltiple classification analyses must be treated with some
skepticism.
the most and the chain caught almost none. For area, the
results are more variable. More haddock was caught in
area 3 where the least plaice and redfish were caught. For
cod, area was not significant.

However, on the whole the otter trawl caught

Table 2. Japanese squid data, Jan. 1978, cross tabulations of gear,
area and time.

GEAR

UTTER

CHATN

BOsBIN

GEAKR

OTTER

CrAl~

- 1R

AREA
COUNT 1
1
1
1 o I 1 1 2 1 31
wecccrea]anccavne][mserrnne]encecemw[marmmwea]
1 1 301 14 1 12 1 14 1
) I I 1 1
mlessmnree] mrercsmcn ] maer e e m -]
g 1 v ol 15 1 1e I 13 1
1 1 1 1 1
wlwesesace[wennvens [ annerece | cncenaa= 1
3 1 2 1 13 1 15 1 13 1
L I I 1 i
clecssmrenjmenrmmarensrretn [ cemsanaa]
COLUMY E) 4z 43 40
TOTaL 3.8 312.% 33.1 30.8
TIME
cuunr I
DAY NIGRT L]
I TOTAL
I 1 I 2 1
mememave] rnanscne ] scscnenn]
1 i i I 12 I 43
1 I I 33,1
wemrmmtrm [ mrm—rm=]
2 1 %3 1 11 I q4
I 1 I 33.8
vlerommtere ] e =]
301 e 1 1 I 43
I 1 I 33.1
mjemesmnce e =]
COLUMN 96 34 130
TOTAL 13.8 26.2 100.0

There was one major problem with the analysis,
were fished in the other 1, then 2, then 3,
differences may be due to date and not area,
and help resolve this problem.
area 1 because it was most heavily used on the first trip.

®On
TuTabL

43
13,1

44
33.8

43
13,1

130
106.0

The areas
Some of the inter-area
Two tests were used to try
The longest data series exists for
Regressions

were run of In (catch +1) vs. date and (date)? for all area 1 catches

and for bobbin and chain catches, each separately.

In all the runs

very little of the variation was explained, and for any coefficient of
date or (date)? that showed significance, zeroc was always in the 95%

confidence interval for that coefficient.
not cover the whole time of the second cruise.

However, this analysis did
The second test was to

run date as a covariate in the ANOVA's discussed above. The results

ware ambiguous.

the following table:

B4

There was no increase in amount of variance explained

but some of the significance of the area parameter was reduced. See
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Area listed according to positive affect on catch,

highest first

Squid

Silver Hake

Without date variable

After adjusting for date

1) about
2 ) equal
3
2
1
3

2) about
1) equal
3
2
3
1

For squid the effect is small, since area 1 and 2 do not differ

significantly.
effect of date

the effect due

For silver hake the difference is marked.

The true

must lie somewhere between these extremes but the data
does not allow a complete analysis since the effect is confounded with

to area.

The analysis shows that ~hain gear catches somewhat less

sgquid but catches much less by-catch.

It also shows that more squid

can be taken in areas 1 and 2 than in 3.

If date is significant, the

least is caught in area 1.

The difference is significant and if the

decision on which area produces least by-catch is used to determine where

to fish squid, it will significantly affect the squid catch.

However,

the way the data was collected does not permit an analysis that would

settle this question.

Table 3. Japanese squid data, Jan, 1978. cross tabulations of gear,
area and time.
TIME
COUNT I
IDAY NIGHT ROW
L TOTAL
1 1 1 2 1
AREA mrmserne ][ cacsarrn ] e o]
¢ 1 5 1 0 1 5
1 I 1 1.8
slmecamnnn]l aranece=]
1 1 32 1 10 1 42
1 I 1 32.3
weemreran e rnanw] '
g I 10 1| 13 1 43
I I I 33.1
wloerenson]ennmnnan]
3 I ey I 11 I 40
1 I 1 30.8
CFE LT L LR T |
coLumn 96 34 130
ToTaL 75.8 26.2 100.,0
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Fig. 3. Sampling locations for Phase I of the 1977 Canada-
Japan gear study.
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Fig. 4. Sampling locations for Phase II of the 1977 Canada-
Japan gear study.
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-7~ APPENDIX

JAPANESE SGULID DATA, JAw, 1978
ANALYSIS UF VARIANCEF SIXx SPECIES, CLASSICAL On LN ¢ 1
FILE NONAME (CREATIU~N DATE = 78/03/03,)

* & N & k x kx * % ® AN ALY SIS U F VARTI ANTC CE % % %« % % % % % % x
Saulo
sY GE4R
AXEA
TIYE
X %k k ® %k k¥ Kk %k % & Kk % Kk K KX * %k K ® &k %k Kk * & % H¥ * k k Kk &% %k * *k K« & Kk %k * %

Sum QF mE A SIGNIF
SOUKRCE OF varIATIUN SOUARES OF SHUARE F UF F
MAIN EFFECTS 213%.458 5 42.692 T.dts 001
GEAR 26.524 2 13.2562 2,320 .103
AREA 177.522 4 88,761 15,527 001
TIME 15.860 1 15.860 2,774 «099
2=aAY INTERACTIONS °%.975 A 5.247 «HoP 802
GEAR ARE & 18.564 4 4,hmul 812 .520
GEAR TIME 4,046 P 2.023% . 358 . 703
AREA TIME 1.13%2 2 1.1 . 099 906
=AY INTERACTIONS 2,997 4 LTUG .131 971
GEAR AREA Flve 2.997 a . 749 .131 971
ExPLAINED 242,450 17 14,261 ¢,.49h JHu2
RESIDUAL 611.677 107 5.717
TOTAL 854.107 124 b, BBE

* ok mutL T 1 PLE L LASSIFLCATION ALY B I1S L
SoJlv : .
BY GEAR
AREA
TI«E

*l‘*l’**i*!ii****t****i*********t***t***t*

GRAND MEAN = 6.11 ADJUSTED FOR
ADJULSTED Fux LTWDERPENDE TS

UNADJUSTED INDEPENLENTS + COvaxTaTES

VARLABLE + CATEGORY N DEV"nN ETA DEv"N HRETA DEV"! AETA
GEAK
1 OTTER 40 .37 A7
2 CHAIN a4 -.53 =41
3 BUBBIN a4t 20 .19
-18 «-18
AREA
1 42 .89 .87
e u% .72 77
3 40 -1,71 1,74
« 45 .46
TIME .
1 DAY g1 21 22
2 NIGHT 34 -.57 =.54
»13 -lu
MULTIPLE R SWUAREUL .%50
MULTIPLE R «500



JAPANESE SWUID DATA, JAN, 1978
ANALYSIS OF vaRIANCE; SIX SPECIES, CLASSICAL ON LN + 1

FILE NONAME (CHEATIUN DATE = 78/03/03,)
w % % % * w x % % % A N AL Y SIS nF V AR T ANCE ® * % % & % & & % &
SILHAKE
BY GEAN
ARLA
TIME

t*it**!*itii**********t*F**ti**i**i*****

Sum OF ME AN SIGNTIF
SUURCE OF VARIATION SGUARES DF SuUARE F OF F
MAIN EFFECTS 321.023 5 bu.205 33.m39 .01
GEAR 144,806 2 72.403 37.934 .01
AREA 182,893 4 91,447 47,912 LU0l
TIME ?.2h9 1 2.269 1.1RS .278
2=mAY INTERACTIONS 29,244 a 3.658% 1.91% b5
GEAR AREA 14,999 4 3,750 1.965 . 105
GEax TIME 4,401 2 2.201 1.153 . 320
AREA TIME 9,330 7 4,hb% 2,444 .N92
ZmniAY LwTERACTIONS 4,698 4 1.174 .515 . 5653
GEAR AHEA TIME 4,698 4 1.174 Lh15 653
EXPLAINEL 354,965 17 20,.RB0 1u.vwd0 L 001
RESIDUAL 204,224 107 1.%09
TOTAL 559.190 124 4,510

LI m UL T{PLE £ . 88 SIF ILCATTIGHN AN AL YSTIS * K *
SILHAKE
By GEAR
AREA
TIME
I E R I T N R TN T S A e B B x *

GHRAND “EAN = 2.681 ALJUSTED FOUK
ADJUSTED FOR INDEPENDENTS
UNADJUSTED INDEFENDENTS + COvarRIATES

VARIABLE + CATEGURY N DEV"N  ETA DEV™n AETA  DEV"N HETA
GEAR
1 JTTER 40 «71 .81
2 CHAIN ud wl,40 =1,456
3 30BBIN 41 .81 .T7
U9 .51
AREA
1 4z -.22 -Ilq
2 43 1,49 1.52
3 40 -1,37 -1.43
.56 «97
TIME
1 DAy 91 -.13 -.08
2 NIGHT 4 <35 22
.10 .06
MULTIPLE R SWUARED «oTH
MULTIPLE R . 758
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JAPANESE SQUID DATA,
ANALYSI3 OF VARIANCES

JAN, 1978

S1X SPECIES, CLASSICAL Unm LN ¢+ 1

FILE NONAME (CREATION DATE = 7R/03/03.)
* x k x kx x x & x» x & Y AL ¥ SIS 0 F V AR T A MCTE % * % % % & & » % %
cob
BY GEAR
AREA
TiwE
X X ® ¥ X K k k k & k A k kK K k %X *k w ok k * Kk k k & &k *x & %k % A Kk ¥ * *x A X x *
SUM OF ™ME &N SLisnlF
SOURCE OF vaARIaTIUN SWUARES DF SAUARE F UF F
MAIN EFFECTS 13.682 s 2.736 5,011 « 001
GEAR 11,805 2 5.902 10,809 001
AHEA 1.357 4 «H78 1.245% o293
TIME -2 20 1 ] Y 305
2=nAY INTERACTIONS 5.892 A 2URT 891 Ty
GEAR AREA 1.613 4 403 738 T-1]
GEAR TIME JURE 2 241 LHde »halu
AREA TIVE 2.020 2 1.010 1,849 L1562
S=pfY INTERACTIONS T.454 4 1.864 3,413 .11
GEaR AREA TIME TS 4q 1.864 3,413 11
EXPLAINED 25,029 17 1.472 £.69h L0001
RES[VLaL 58,428 1u7 DUk
TOTaL #3,4597 1724 673
*» «x MyLTIPLE CLA&ASSIFICATTION &~alysl§ *=xx
cov
RY GEAR
ARE A
TImME

® % kK kK % kh o %k Kk % w ok Kk & h % k * k w &k A Kk Kk & ¥ % &k K * & Kk * k & & K & * X

GRAND 9vtan = «33

ADJUSTED FOR

ADJUSBTED FUM
INDEFENDFNTS

UNADJUSTED INDEPENDENTS + COvaRTATES
VARIABLE + CATEGORY I DEV"N ETA DEV"w BETA DEy ™ nETA
GEAK
1 UTTER 40 A2 Y-
e CWAIN ‘-H-l -.33 -033
3 408N 41 .05 .06
1) <36
AREA
i 42 -, 10 -, 15
2 43 03 ' 06
3 40 11 .09
13 .13
TIME
1 oAy 91 =.04 =03
e WIGHT 34 .19 .07
+08 .05
MULTIPLE R SQUARED - 164
MULTIPLE R L4058
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JAPANESE SQUID DATA, JAn, 1978
ANALYSIS OF VARIANCE? SIX SPECIES, CLASSICAL ON LN + |
FILE NONAME (CREATEIUM DATE = 78/03/03.)

x W % & % % % &% *» » AN ALY STIS 0 F VvV AR I ANZCE * * % % % & % & % &
HADDOCK
BY GEAR
AREA
TIME
o ok K kK &k k R ok Kk ko % Kk k %k k k k k % & k k & ok k& * *k % R X Kk K Kk X A Kk K &k K* X

su~ OF MEAN SIGNIF
SOUKCE UF VARTATION SGUARES DF SGUARE F OF F
MAIN EFFECTS 78,503 5 15.701 11.637 .001
GEAR 3ua, T4l 2 17.371 17,875 001
AREA 41.709 2 20.85u4 15.457 001
TIME . 039 1 .N39 .0ee <865
2=naY INTERACTIONS 29,800 8 3,725 2,761 008
GEAR AREA 22.935 4 5.734 4,250 003
GEAR TIME «991 d L4895 3067 .Hh94
AREA TIME 5.342 2 2.671 1.980 .143
3=waY INTERACTIONS 37.031 4 9.258 h REP «00%
GEAR AREA . TIME 317.031 4 9.258 b.862 001
EXPLALNED 145,335 17 B.549 6.336 .001
RESLDUAL 144,364 107 1,349
TAOTAL 289,699 124 2.338

L MULTI®PLE CLass8IFICATION ANALYSIS LI
HADULOCK
BY GEAR
AREA
TIME
X & k % R R W X AN Kk k K K N Kk Kk Kk k W Kk * Kk Rk kK Nk kKK Kk kAN K

GRAND MEAN = .72 ADJUSTED FOR
ADJUSTED FOR INDEPENDESTS
UNADJUSTED INDEPENDENTS + COVARIATES

VARIABLE ¢+ CATEGORY N BEV"N  ETA DEV"N BETA DEV®*N PETA
GEAR
1 OTTER 49 +91 .50
2 LhAlw 44 -, 72 -,70
3 B0BBIw 41 .28 .26
36 .35
AREA
1 ue =71 “.71
2 43 -, 01 .02
3 40 - 75 o7
+39 «38
TIME
1 DAY 91 =.01 « 01
2 NIGhT 34 .04 -.03
02 + 01
MULTIPLE k SWUARED 271
MULTIPLE R 521
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JAPANESE SWUID DATA,
ANALYSIS UF VARIANCEZ

FILE AONAME
% k K * ok ok Kk &k & A
PLALCE
#Y BEAR
AREA
TIVE

JAN,

(CREATION DAYE =

- 11 -

1978
SIx SPECIES,
78/03/03.)

NA&ALYSIS 0 F

CLASSICAL ON LN + ]

VARIANTEGE®® % & % % & & % & %

A & %k *x % % * Kk k & W k Kk w k K % w %k * Kk ok k * ¥ % & %k % Kk W *k k * X K % & X %

SOURCE OF vARIATION

MAIN EFFECTS

GEAR
AREA
TIME
2=WAY INTERACTIONS
HEAR AREA
GEAR TIME
AKEA TIME
I=npY INTERACTIONS
GEAR 4REA
EXPLAINED
RESIDuaAL
TOTAL
* Kk * m LT 1IPL
PLAICE
BY GEAR
AREA
TIME

SuM OF
SOUARES DF
bh,123 5
55.456 2
10,413 2
1.503 1
12,694 B
9,346 4
3.175 Z
Y14 e
2.508 /)
1LME 2.608 )
81,426 17
70,068 107
151.494 124

£ CLASSIFICATIUORN

MEAN
SQUARE

13,225
27,728
5.207
1.503

1.587
?.357
1,588

220

«652
«H52

4.790
«655

1.22¢2

SIGNIF

F OF F
20,185 001
42,548 . 001
7.951 .001
2.295% «133
2,423 019
1.568 . 009
2.425 .NG3
. 336 .7186

. 9986 L4133
996 “4l3
T.314 001

ANALY SIS k X x

ok ok ®m % X &k Kk ok Rk w Kk K ok Kk x K x F & Kk ¥ %k X N Kk K Kk k Kk & W &k X W K ¥ & * *

GRAND MEAN = -85

VARIABLE + CATEGORY

GEAR
1 OTTER
2 CHaIn
3 BUBBIN

ARE A

[P R P

TIME

—-

DAY
2 NIGHT

MULTIPLE R SQUARED
MULTIPLE R

UNADJUSTED
N DEV"N ETA
40 .73
44 - 84
ui .19
.60
42 .13
43 .22
4o -.37
.23
91 -.09
34 .23
.13

B12

ADJuUSTED FOUR
INDEPENDENTS

DEV"N BETA
« 75
=-.85
.19
+ 61
o l4
.25
-, b2
«26
.07
.18
10
36
sBb]

ADJUSTED Faw
INDEPENDENTS
+ COVARIATES
DEY™N BETa
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JAPANESE SUUID DATA, JAn,
SIx SPECIES,
(CREATION DATE =

ANALYSLS OF vARIAWCE;

FILE NONAME
* % ® k * Rk ¥ * Kk & f
REDF 1SH
BY GEAR
ARE A
TIME

*tt**i*i**tt!*i*iii***********ik*

SUYRCE OF vARTATLION

MAIN EFFECTS

GEAR
AHEA
TLME

2=ndY INTERALTLIONS
wEA&R AREA
GEan T IME
ARER TI4E

depAY INTEARACTIOND
GEAN AREA |

EXPLAINED
RES1DOuUAL

TUTAL

x &k % m 4L T I PLE

REDFISH
BY GEAR

AREA

TIME

* k % % Kk * & Rk % Kk x & & & &k x ® ¥ ¥

GHANL YEAN = 1.}

VARIABLE + CATEGORY

GEAR
1 OTTER
2 CHAInN
3 BUBBIN

AREA

[PV

TImE
1 DAY
2 NEGHT

MULTIPLE R SWUARED
MULTIPLE R

TIvtE

N & L Y SIS

C vt §s1

40
ud
41

4z
43
40

91
34
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CLASSICAL ON LN + 1
78/03/03.)

[V V AR T A WD CE ® ®& % & % % & & % %

SuM OF
SR IARES DF
28,201 5
4,780 2
19,6457 2
2.911 1
17.847 8
4,825 4
5,707 2
H,38% 2
9,268 4
9,268 ']
55.316 17
Tu,709 107
140,026 124

UNADJUSTED
DEVN  ETA
.02
-.24
.24
.19
-.28
1]
-.51
40
'111
.29
17
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«EB AN
SJUARE

S5.640
2.590
9.829
2.911

2.751

1.200 .

2.654
W, 193

2.317
2.%17

3.254
b98

1.049

ADJUSTED FOR

INDEPENDENTS
DEV"~N <ETA
.05
=.25
-22
.19
-.2h
.55
=-.3c
39
-.UQ
.29
«15
«217
Y]

X * n k K% k X

SIGNIF

F OF F
g.078  ,001
3,423 036

14,077 001

4,164 Uud
T.1%% L003
1.726 .la@
4,087 L0189
b.00b LG0N3
3.319 013
3.319 013

4,660 L001

F1C a&TT1IQN A wnw aly s IS * k *

*******i**!t*t*ttt*t*

ADJUSTFD FOR
INDEFEWDENTS
+ CLVARIATES
DEvMN HETA



