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1. Introduction 
\ "\ , " ' , , 

'Tl'leWorking Group first met in Hamburg in Apr'i119'72 ~nd pre~erited :i.'i;·E{<' . 
first report to the 60th Statutory Heeting of the Council. . A revised version. 
was submitted to the 61st Statutory Heeting and published in April 1974 
(Cooperati-ve Research Report '~Q. 38." pp 1-22)., Althoug~ ID'l;lch.of what it 
contained was of.wi<lerapplication in the field of comparative fishih'g~ the 
report had be;eri wrHt~n with' bottom trawling' speoific<i11y ili"mindo ";";: 

1< -. 

~ccordingly, the Working Group was invited to continue its study of the 
standardisation of methods of comparing different fishing gears and in particular 
to extend its discussions to gears other than bottom trawls. ! " 

"Two further meetings v/ere held. The first, which took plac:e in, Hamburg i 
from 13-15 March 1974 dealt principally with methods of comparing two-boat 
bottom trawls, mid-water trawls and purse-seines. The participants were,'!. 

Dr H. Bohl, Convener 
Mr HoB. Becker 
Dr U. Buerkle 
Mr J.J. Foster 
Mr S. Lens 

~ ;. , 
Mr C. Nedelec, Guest 
Mr J.A. Pope, Secretary 
Mr M. Portier 
Mr G. Vanden Broucke 
Mr J.G. de Wit 

F"R.G .. , 
Netherlands 
Canada 
UK . 
$~~:Uf\l': 
FAo . 
UK :"'. ,;. 

France 
Belgium 
Netherlands. , 

:.'t,~·, J~ " 

>., j 

",' 

",.,.1' 

. ;(J .', 

J 

The second meeting, held in Ostende, Belgium, on 23""a4,Ap:ril;1975, dealt 
with passive gears. The participants at this meeting 'were, i '. ,:. 

Mr J .A. Pope, Convener UK 
Mr HoB. Becker Netherlands 
Mr RoS.T. Ferro UK .,;. :!', ! 

Mr Ro Fontayne Bel,gi1.ll11 , 
Mr JoF. Foster, Guest VE: (WFA) -
Mr J.J. Foster 

'. 'UR: ,.;",. 
u 

Mr L. Karlsen 
Mr C. Nedelec, Guest 

Norw.;tY: 
FAO ':;\ 

Mr So Olsen No:r,w,p.;Y;r i; 
Mr J. Prado France' . '. 

Mr H. v. Seydlitz \, (;. ~1. ; ,'.t iF·;;R.G\~. 

Nr J o vari Hee .;.; .~' L ' -Belgium 111 : 
',.<1'" l 

Reports were presented at the 62nd and 63rd Sta.tutory·Meetingsof.the Council. 
These were subsequently revised and combined by Dr Ho Bohl and Mr J.A. Pope to 
produce the present report. . "~I' :, ;,:. :' ;, 

2. Terms of Reference 

The Working Group attempted no formal definition of active gears and passive' 
gears, assuming that the allocation of at least the more important gears in 
the ICES area to one or other of these categories would cause no conflict of 
op~n~on. Thus active gears, which imply the movement of the catching device, 
include trawls and seines while passive gears, which rely on the movement of 
thEi' animals to 'effect capture," 'include' gill-net,s,· traps andstatic~<hookedlines. 

l.' .' I. . ;' .,:". , ) 
In addition to the need for procedural advice on .. ~he execti~ionof ',' 

experiments involving different versions of the'sam~ g¥~,..the Worki:p.~Group 
recognised the vital need for guidance on the comparisoti 6fthe catchii:iet 
performances of different gears within categories (e.g. trawls versus,'~seines) 
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arid of 'gears ,in diff0Y'c'ut categories (e.g. traw19 ver,sus Gill-nets) a The 
results, of,-suoh ,comparisons find their Cl,p'plication,;in, fO,r ~~amp+!?~ mq4~soL" 
alloc,ating effort quotas j.,nenY multi-g~ar fishe:ryregulated ei yher natiortal+y 
or,intelmat:i;!:Dnally in t,his:w~y?,How~yeJ:;', al~401lgh;Jliere 'w~ssClme discussion,," 
of, thisiimp~;)J:'tq.nt topiq it",Was n~cesBari;Ly: J)ri~~_,asJheGr~up 'stermsof , ' 
referenqe specifically ,excluded it ~ : ,In the "time f3-vaiJ,qp;Le the 'WotK~ng Grqup 
could not deal "adequately witl1. a w~de,~M.ge, of ge~r, types al1d it '",as'agreed , 
that discussion should be restricted to include onJ_~' gears of importance in " 
the ICES area. 

',',' 

Guidance on the standardisation of procedures for carrying out compara.tive 
fishing experiments requires the prior identification 'of factors which may play,' 
Cl." part in, determining the actual catches which will be observed. 'Many of these 

, are ,common t'o' a, variety 'of gears' andlhethods 'of fishing' and have' been· discussed 
V~riy fully in'the first repof't (Coop> Res'. Rep~No. 38',Sections4,11) 0 ,I:n::: 
gen~J:ib:i', th~refore~: thiS'i' report 'deals only with'those fabtors: ,t.,rhichwere c;on~ 

, siderec{ to be"sl?~crfica11yrelevahtto 'the gears and methods; discussed here. 
A fea:t~ll.ie, .of'§igrii'ficant'ih1portaride in~ fishirigir~th m:i:d",\,'~:ber ti'Eiwls:',and purse .. , 
seiD:e'Sisthe need for' skill ire tnano1euvring thege:a.~, in three rathevthan, in I" ' 

two dimi:HMioils. Thu's, qualities such asihufrtan,'skill'i-Jhich are difficult or even 
impossibliitl'o'a,:tt~ror con'trolare1iritrodUce<rand' may play a dominantroLL.e'b " 
Special Consideration was paid to these distinctive features particularly ,af?)" 
they ~ffect :the design of comparative fishing studieso 

, . ," .,,',' <'.') '.~ :,,;l,i ;" " ,':;.i. "<.j" "f." ',:. . ,.'_"ij>'", ',":,1:: ,1 ~ ('; .i' ~ <-I ; ! 

"'·Al~lso.in:clu.dea intl'l.is :':rie~o'rt"is ,discus'sii6h of, two iinporta:ntaspects ,of"" 
comparati:Lv'~;',fLsh~rig' exp'eritnents' ... ham'~ly design 1 and a.rialy.siso "Whilst ,many,,;,)', ' 
eipt!rimen~a:l,designs 'ha.ve been pil6poE!ie'd, '!and successfully.. flPpl:\.ed.to,a<wide rang,El 
of ~*];le'tJ.h1e:dtaJ. studies in many :fiel'ds of investiga.t-ion,the:':use of,complicated' i 

designs in comparative fishing is not generally recommende'cl! because of ,!tha'.oft,en 
high rj,sk of failure to execute the plan due to uncontrollable factors such as 
ad:vle'r$eW~a:theri! c'audit ions, larg'e' changes 'in 'fish-availability:, et co ,.ThELchoi c e 
of an a~pr6priat~'method' of arlaly'sing'the ,iresults "o:f-'an experiment is Illuch-more, 
open to' debateo 'Amon€; other things it will depend'on<t'he particular functions' 

, t6 be'E:l:f-t~ma{'&dj the'existence 'of pre\tiou8"relevantdrlformation1 the eXPerimentf3-l 
'design used;"·the'amountiof data and the 'statisti:cal prpperttiies,:dfthe , , ,': 
qbservations. There exists a considerable volume of published material dealing 
tlffth statistf<:far:'methods,bf data Etl'lalysis'and the'W6rkirtg,Group 'r~alisedthat 
it w6uld"be'tirtwise,' unnacessary<'artd even impossible to att'empt to coveX!oth~p. ,,', 
than' af@wJctoPicS'of'inajor importance." " "",,' 

/, , , ' " " ": ,:;~,£:;C';'I'(;:'::\' j, "n", ".. !" ;' '" ~i':,d.:i,.,-,. '" '. ,!: , ,rl i; 

?~ "iTvlO .. ~oat(J}o:ttom.!l'rawJ;!? " :_,,', 

",I, 

',' 
i., 

" 
,t., "',; 

\ ~ - ! " .. 
,.~,,>.:, :'I:;l ',fl·j".~· .:) ')"1' :~:' ',','/:'/"'.; "I," "\ f,;"!"""" ~. 

,,~he ,vessel~. forming ~1f,~ pa~r in, "a;G<?Ill~~riit'~ye':rt'.i~~~4g' e~i?er~~!~nt, ,mu~t be 
of th,~: E3{:'i!l:le typean4 p<?wer and, t):le :Lene;~~~ ?f the vecjsels: ~h,9uld, be 'aa ~e'arlY , 
equal aE? pos~ibleo, .WJ+en comp~ring i~atqheE3.,by different' pf3-],r~'"tp.e.~engths ,0t:a1:I. 
vessels should be' similar. The vessels of a pair should"ha,ie i: s'iml1~r towing' 
arrangements, either over the side or over the stern, and vJarp'loads nlust be 
equal on each side of t~le trawl. A description of the towing points and the 
method of gear handling (net drum, gallows) should be made,~-'!. 

Cliang~s'of 66urse dUi:'iJig towing should, be/,avoided. ' If course chailges have 
, to be':' made" the haUl shollld :be"considered; ihvalid~ - The dist?llce' between ;the .two 
, ship~:iifuu:st'be" keptconstan.t and'this distanceimea.sttred' and recorded., Experiments 
shduld': hot be carried ciu:tinseacon:dit.iohs: that dd not' a.1ilcw'accurf3-te 'distance 
keeping~- -,'" , ' ' J. "','" ,:,' " ',' " i 

,), '", .. :,:" 

i 

"[Wfth"regarcl to the fishing geaXl itself, 'the construdtibnand,' 'materia:L ,of 
the' t.',arps and the':lei:J.gth 'paidf 6utshotildbe recorded; also jtheIllagnitude- and ' 
plabi'ng bf:'weights and the ,length, 'materiai, diameter and weight' of the grouhdrope. 
A constructional' drawing of the net shouldbesupplied..,;·",>, , 
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The' gear faqtors which al~e ei th~:t difficult to control or cannot he controlled 
independently axe' less cbmplicat'ed' rcif'bbttom pelir trawling than they.are for 
bottom ottertralfling •.. Diff~fences inthearl.gle of attack of the bd:dles 'may 
occur when the direction or'the cy.rrent at the bottom deviates 110tably'fl1om 1the' 
direct~on ,of th~?U:rI'ent.at the, sea ~ur:f.~cie~Vatiations' of the headline iheight, 
occur when th~ :wEdghts touch the bottofniheavily. This can happen at an upvJard 
sloping ;.bo:t;tom 'or wh~h the v~ssels fil.:r~t6wing 'against a. heavy s1JlelLc', 

,J ;,'; p".,: < ;";); . I • ':: ":: .. I':" ,: ,'-IL:-} 

4. "Aimed" Gears 
if': n. 

, 
, ,.','; 

4.1 : General Considerations 
» ~, 

~ - - - - - - - - - -
, , • , , 1,' ,"" ; \ ~ \ ' - , ~ I: ,'" • 

",There 'are :close : similarities betwee,n, p(~l,ag:!-c (mid-w~t ~r) tra~,li,~g! and purse­
seininE;. Both. methods of fishing rely large~y .,(m th~ ,detection of suit?b~~ s¥oa,ls 
of f:iJsh' and . the . abili t,y ,to. manoeuv'r,e:,th,egear: ,effecti ve;\.y, ;in three",<,i:i,ll\erts:i.p,p.s~ . 
The accuracy. and relia:bil,i:l;-y :of the~is~(:~etJlctiol'l equip~~n~ 9ru;ii~diby: thft vessel 
ru:d the skill.of;'~he(skipper, a.n.q"hiscr~;w, ~n. int~rp!~~~rg}l1einfortpa~ion'i~ro- .. 
v~ded bY'\suchfequ~pmentaswelJ" as in 9per~:j:;~ng,~nei gear ~ts~lf llf?:tY w,~1J., oU,twe~gh 
any 'gear ;design ,factors;,· Any, :compati~fLve"st·u4yof'·it.p.,e, ;~:;atc:hi~g perNf~~'~~,of , 
different. vers!i.ons;\.of s,uch gears n)ust'r'eQog!+;i,se, an~,~~~Pw for ~p.,e,~.e ,~rnp~,rhC!Jl~ i, 
non-gear:>~tems.: ::'I,i"i': . .l'," "":)i' "," ". .,:' 

) : )'1. ' '/,1" • ". f I', • ':)'!': ,'j' •• !",. ':,,:-: '.' it ' 

Since the detection of dense shoals is of prime importance to the succesS of 
thisitypeof.fishin'g (and as ,the e~:ii.si[~nce of,suii~ab.;L.e ~4()als, in,~. ,giY€;4~.ea at 
a specified :timeisunltL}{e.ly to be, w:\;:\;ib,intlle i:contr,olof' t4e, e:x:per:lme!:lj~;~r;,. " , 
comparatd;ve, fishing JeftPer-;i;IMnts '9£" ,this typ~;, I!1~Y. t*,e . a "qonsiR-,er.a.bly +~~g~p ,tillfe 
tGli~C0nduct than in',the; Ic~se,jO'f bottom. tl'l&lw+;ing' ,\>!h~re.;!3-n1ore eye,lt4~si~it)~8.~t·:t.?n " 
d'an usually be more ,r eadily, f oun,d Q , ' • ., '," 

'. ' ,,,, J,,' '." 

";" . 'i<"),' • '.;'C)'i.);:', . 1:(' '~·,1,!.( ';Ij,·):~.,:.. :..,', I.r ~.' ..;'n }::,!,; .. 
') ·',.Whill'st compa:t;'ative,;fishing.with,pel"agi,9.t.ra,w,ls;andi Plll?[)~cl?,eineI;J:is,M;ul,d"g~ve 
less ::.variabl.e results if Q,qnduct,ed at tirq(?,s, ,yl;he,n ·the f:i.s~"a:r;e mo:r;e . eve;qJ.y . .' 
dist'ributed in' spaoea,nd,,;the,r,efore,mayprovide apossi,'?J..f),\rl,lfy.of sliC;H'te~i~g th~ . 
peri:6dof·study it"must: ,not be everloeked 'tl;l.at ~uch .C,Olldit~onsdo not correSpOIlcl. 
to those under which; the.igear i would, usuallYlbeJexPec'):; ed tQoperatem9st ;E)fficie~tly 0 

, ",',' ,,' . ,1 !};,;' (.1.,::1 ,I, '. ! ;:!,;:"' ;", .' .,,: '. ;';,1 ,( . , ,I 

"'Increasing th,e:.lengiJhoftime l'equite~.$o:r, all exper~m<?Jn1;:,.can,r;~:i.seth(3 cql?~,S 
to such an:extent aEi,iJo:imakie it.prohibit:Lve ,fer astudy,.,tq, pe; ~arr,~fld:,8u~P'Y . 
research vessels and the use of cemmercial .. ve~sels ,may ,be, ne9~ss'!3-r,:y,~n,ql;'der.,tQ . 
provide enough information. Increasing the duration of an experiment also 
increases the possibility .of major changes occurring in,congitions ,many of which 
cannot be controlled in any "JaY by the experimenteroThen'eed' j;o'::He1Iects.'large 
amol,fni;: pi infor.l1li1t~on on'll!any factors known or /iluspected to. influence catching 
pert0rm~ce,'bec:6!11~~neC,~ssari in' ~ilbh s~~uatioil~'~" This statE! ofi af~a.irs'is, of 
cO\1.r~e, 'nof'l?ecull'~:r': to' compara,tive fishing experiments and many "statistical:' " 
tech;niqu?s haYr'O~?~' prOp?~ecl to' ass:ls't

d 

the .l:U1a1YsiS arid,' ih'te~pr~t~~±ori of such I 
observat=!-onal stud~es.1. . ,", ,.c' I,! ".; "" 

,'I' .. \(1' ';"~:,', : ,~i.1 I 1 ·~'.I .,\ ~\ 1 "';'\1 ··""I.I,~,:. l' ,Hil'" 

4.2 
.~ ,( ~ '. ~ f 

Mid-Water Trawls i1 .' 

. I. r;.l :-" ,1.'j 

\ '," '.', , / ,.I, :. I),:: J i '::r; 

,Wi1;:h the abG>vegeneralr::.90nI;Jideratio:ne very mucl;l: in; mind,theWorl<:iltg'l.group 
reviewed specific asp.eets ·of' comparative/fishing ,;wit1;l m;j.<,i~,water traw;t.s~:). ft.,,: '.:.1 

< regarde9, ,the approach !by: way of studiE?e,l.of., the,' per,fG>rlllanpe,s of, ,eimillitr.9,~!jlnwrcial 
vessels, using ,standard.; (an!i. exper,imental gel3,:rsasb~ing theon~rnost lil\t1+Y!, t9,,;c 
provide reliable conclusions. When working with commercial vessels it ic::ver,y.,' 
desirable tQ have experienced observers on bQard both the experimental and .. 
standard. (control)' vessel~ to mMe p.pC::'\lrq:te' recor;d,~;i9f: all, in,fqr~a~iQ~;·t~vbe 
collected.:. If. enough ,obserye,rs are nQt i.~va.ila.ble" i:ti:,isessentia.:!-'that .Rr9perly 

. des:Lgne<,ileg book~.be issueq to::t,ll.e sk:i,ppe,rs of all)pant;i.cipa:tiP-g, ;vess.els.\I\'lr.4~l:l; 
clear and adequate instruct.ions!3.s to :4q'o'l, reo()rds,a,re to, be kept,~ . " ,. . 
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, It.emsOf; particular relevance to mid-wCilt0,l' trawling whic~!! should be no~ed 
aret1;le, typ~, of, eqttipment , used' for,locating ,shoals 'and the,' means :employed, f,or 
varying ,i;h,e le,ye:).s, 9f, tlle net. 'No,te,s on fi~h locating. equi~~ent"s4ourd 'iriclu'de 
th~ wet1;lqd. "qf; ".o.p,~:ration,: ,manUa~, Ol;' al,{~omatlc", detail's of sca:j.eeXpMder. and 
whether';ste~~~~ng i~, au~oma.tio durtng':j.o~ati'on.' ,:QJiring- a.' f6\~' :~Y: ,chfu1g~:S in 
level.'19+ f'i~hing,achieY~~",by ,qfl~ging'wa.rp :'lehgt!l, ?nd/or'prope!ler thrust ' 
sho;U~(t b~ l"l;O,t~~,and the taqt~9s el!1ploye~ by ,the~k:i.pper shoul,d p,e"obse;,vedo 
The use of, mqd~rxi: t~obJ;liq,}les "Of ~'syqh91og;y' to 'st4dy;thebehaVi6ural t~ctics of'" 
the skipper in response tb" the inlorniation pres'eritea' to him by his lequipment ' 
isr~commendedas,a, valuable new area of research in this fieldo It is to be 

, "', ",.' ", •• ,' '. , ~ -' < ".' • ! .' ,. ' .. " . ',' .' " :., .' ".:,t' '( ':. '" \. , ", I, 1 '( I' ;, "' I 

expecte;d' t}?:~t< onc9I1ulter:c:i.:al V:,el;}sels adjtlstme71t sr' :'&6" ~he: ,g e~~:!~i,~l be: ,mad,e during 
the co,ur~,~,)Rf; s,;,tr;lpo "Epw~yer, ,~nly ch~ges n~ces~ary to, "pertnl.t'the ",," 
application, oh "the, pest, 'tactics iua given s'i tuation Shou'ld be," allowed." .Ch'ahges 
in theb/ll?iq',4es;lgl!-c of ,t~ei 'n'e,{ ~(:t,off~r ~,9ard6 s,tidit:td "fidt; b~"~ade 'at· any:time',,'" 
J;;;t.,;is .. a1>~olutely;~s~'~:ri;ti~:i to 'n9te~y adj'ustriiept's made. and''theii:' effe·~t.'bn ":' 
the.g,ear:" 'f ... "". " '",' ("",:',"~' ' ' "'j>;);.;:~;,UV,j~:;/ ,!", ,'i. ",:" 

:!::',.' J J'!.:~'j ,~ ,. , ,,' ~ \ ' '.i::\· ; ',', ,'~ , i .: ~,; .~ ': '1.: '). 

403 ';Pu.rse .. Se:rti~s:j:.:i: (';; ,i ~, . .' .. ' ' :" t.),,','! J. ,1,- ,:".,!\., I,' ,,-). 

- ~. :7: ")~"'.:- '-: Y.7: .;!' <"I ",;',: ,J ,,' .; :,; ',1.:-:' 

(a) shallow water purse-seines (e.go those":u'sed:for fisliing satdJ.~I~s){·· 

(::: .. , :1!~~!~::~::,::s::n:~::~!:i::O::t:B::l~:t::::t::~ :~~ '::::e~~tion' '., 
procedures (e.go those used injconjuncti(jn.w:itb'l.ight.,~ttr~ctants) .. :" ,. 

The latter 'l?;!'oup i'S, la speeia[ case in ,that it may not, mat t.er"llliyhde_~ign iof 
gear is: U-sed'provided' the size.,matbhes i,the' aggregation' ,pow,er'of, ,the :light.., ., 
Yet this 'could bathe' one case ,whenvrby controlling the ,densitYl of!:i'i$h. avaiJable, 

'adirect1,compa:rison of the ,effectiveness of ,different gears: ,in;,catching, ,the 
knowir'conceritratl.ort"could 'be" made;,' "J., ,,;,!;',: . ,'" 

,J ,.: £ :1",.<'-: .' ,". 
: ; {. " .' " !; '-; .• : \ \ , ~, f,: . . ': r I,' ~ 1 .!: ;-. ( , . 

"I-t:wasagreed th~t a number dt"alternativecomparisons .should be,.:con­
sider.ed: which; oover',the 'groups (a) and; (b) above;, " In particular" attention,'. 
should be "given :to 'eXp1oring'comparisonsof"fishing units -(vessel,gear.: and 
crew)~ in a';similar:,'wayto/:that used,hy fishinf:f o!!ganieations'~ . , , 

~.~.~; ,~~~,:; ::: i\: ,,1 .. 1 : ;' .,',- !'i \)'" ';! ;. ,I :-; ,. ':~'i f, 

Shdrt ternrcompa.risons 'of purse-seines :wereconsider'ed,tobeHUnfeasib1e,1 
in' 'Eien~raJ..: .. ', Coinpa'rison;:cif:thecatc:p.ing: effiCiency of 'different, purse'o.;seines 

:.' 

in shallJ:t51N :water::on scattered, reai3.onably:uniformly, distribut.edf;i.sh ,shoals '.' 
might be possible but in general circumstances long termstudtl.e's would he;' 
necessaryo Two main categories under this heading were considered, namely" 
(1) comparisons:,bet'ween'gears on similar vessels, when: the<ca:tch'per .unit': 
fishingtime';is used as: ithemeasure:of.efficiency. and .(2) between .;fisl:ling, 
units (vessel, gear and:crew) when economic profitabfli tu "over :a:fishing ,season 
or equivalent time is used as the measure. 
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,,: ,i, ." " 

In . cdmln~:rlng . differen t pur-se-seines used by' simila:r vessels i' experiments 
should ,be conducted basically along the . same lines as 'des'cl'ibed for. mid-wat'er 
tra\~iing' Mi('~P:es,~ n~ed nO'~' b~ .. re·peated. again here.' 'It. is es'sent'i'a~\.that. .,"" 
throtj.ghout·tp:e· ~e~. shooting ~d hau~ih'gopera:ti9ng thesinking"sp~'€3d',an:d):pursing 
speed sho,p:l~ he pp~~~, ~d a~so, t~e. f~shin~f a~~th,7::I::,~:~$brlti,a:r~n"irohihe!lba~~ " 
data tob,e.;,(:!qorqed a+~,~va~0r ~urb~dJ.ty, surface' temp:erature, occv.rrencel;U1d~ . 
dep"th Qf:~herm,ocJ,~~~.,-,g~n~}:a;t.-vJ.~9\~her condit~on~ ,;du~:t'ent strength ·'ahd di'reot:i;on 
and, J?r sp.~110,<¥at~r:()perp.~~9A·"6n~y, th~','de:rth ,and 'tyj;>~:r2>f'the' 'sealbea~: I c: 11'.: 

"~hen ,S'~,nip~j,~~·'"Sii'f£ ~ir~n t~Jr6e~seihes' ll~ed 'bY' I§.i~'; erertt' ;~~sselS ," .·~e~~~~t e 
asses~ment o:LFheJ A-:~t~Ji~~iJe; :.of. 'iU.1."£a9~'6rS're~a~ea::~'o 'e~tpershi;p' or' :li~,t ,'~~" '" 
no,tlJ.kely,-to p,e pqsf3J.b1.e~ .. fl;. ~':g~obal~',comparJ.sQncouldbe, ma~eby ,talnfl;gl.nto .'" 
aq.co,llnt,th,e:~~conqIT!~C aspects ,'p(.the f.ishe~y, th~ r~s'uit's of"each'fi'shing ~riit 
being .R~6,o'J;'.de~'~4:aP.aiys~4· 'in,j'tepms 6:t,ppof'itabili!ty\ (i.e,. 'saies"illirius' •.. ' , 
explo:(t"ation andd~preciatioii costs). iJ A" sUf'r'icient indids.tf6uIJf the' 'd1ff'erenc'e 
betwe$n gears may be given where several vessels of similar capital and rUnning:' 
costs are operating on the same grounds. Although the value of such comparisons 
for profi tabili ty analysis is not denied it was considered that" :tl;'php;Q~eco;nomic 
studies of the extent required are beyond the scope of comparativ'e 'fishing. 
Nodefi'ni te' 'technical' ,recommendatiorisru:,eJ gtv:en ;therE;lfor,e, ijfor' ?,G>pduct,ing::' 
comparisons:of":this:!.type. ,; ... '1, ".: j, ,;;, .:Li 

• ,i ;1"",.: \:' 
{, i! / :r'c1:' I ! . 5~' J'.diil Nets", 

,"i,',' ;!)r;r{ ".i':,:" I, .', ", c,., ", !"., , .. ,',""'."!",":' .. ,d .•• .: 

.' :t:G: ,;i..tl:/. ,disc,U;E:j~~dns tlVr ,Wqrkiriif G:r,OtlP d~9.· ~ot 'd~sting~~,sHpetween the ' , .. !, 

~,i 

d;i.+f~:re!ft. typeEj 6{,f?!2lk: p'et,s',,~nd dri;f'f ne~s~' ; ",,1, '.,' . :;' ',:'" .' 
,,- , • " , I ".'1. , - , .... ;"., '! . j ! ,)" • ,j i.,' , ' ,1 ',' l.' ,.," ~.1 t' "" ' \', :, "", :1' 

, ~ l'~\ ft )!.' ,i I ; ! j " , ., !, ,'" i ' J j ," j:', \'" f 

For bqtlt ~et'jnetf3, :and drift .r~etf? it l}'fa~ 19priside~'e~, thattne"ma~n fa?tors ' 
of im~ort~,R~ ,~J'l.-ide~el;'mining fishing :rer~ormance were, ,\ ' ,. ,'. 

(i) 

(ii) 

(Hi) 

(iv) 

, .~ , , J" , , • ",! , ',",!, (i , " ',' ',' r 

the h~~g{ng('r~ti~'J (ho:dzontal arid vetucEl.f) d'~:rihed 
E = J.~ngth"of,,+ine/length of s;t+~tch~d netting 

, • , " " ,- " .,.:" • .,' ." " , ' , i '.. '". • ,,', L ,',.' ~ 1.;' r, ': ,- ',' !" 

the material of the netting yarn '.1; 1.1 

as 

the:cplou:r;:.,of the:rl~tting yarn . 
( _I .. ",' :."'. f~"'~ ,~ .. ~' '.,!, '. ,1 ., '., ,,','~' .: ,:~1:' ,. ,': ~~ \ " 

the flotation and weighting~ 

"I,' !;,\,~~.,' ~j(\ 

J .J f .~.: " :., 

:: r,'!' :<;, 

:.: )',,;,,1) ~.Jl!_l.l ,-; ::; \J~:"'~J 

, 

(" :' 

Catches from comparative fishing experiments with set nets and drift nets 
should"be'i!iepo~t'edd~hterma of numbers and weight,. ,or",fish per:unit ar,e?'-:G>f 'I' 
mounted net i 'and: per' 'Unit ,!Length' of inount'ed net--;, !' ';;""'1' 

: Wh'eni:ieo'mparingthecatchingdperformance of; different ve~sions qf gil'l:,net~!-' 
it is racommended, .. that, either entire fleets of thee. netbeing,.comp~re~.,f?,hol,l.ld, I: 
be hsed ot.; :if',di\ff.e1Jeritnet~_,:are used wi~hip.,.,flee:ts;, t.4e, , 1.engths ,oif"the;: i!I." 
different:lse'cti'onst bf:·the fleets sh<:)l.i1.d :not".be too,small. 'It,is '~lElq ,recomm~nded 
that the different nets be joined by ropes of say.,:, 2,-3 ;:t:p,._thQml?"lengt~<r,~t,he.:r,. 
than tying them closely together. In this way possible interaction between nets 
of different type) wh:Lch;,might .. ,affect .the, .. et){.peIPiment!;).l( resJ-llt,pmaybe ,~yoi9,~d 
or at least min;i:mizedi~, :J.\.ninterao.tiveeffect 'might ,OCCUl', .fo:!:, , iJl,st;t;ll10e;:cll,le,; 
to possible differences, ,in, vil;lib±lity ,of . .'t)::te, nets being IQQmpared .ill.l?uch! a w.ay. 
that fish might be:ked, d.htol€)ss' v;i;sibl'e netS.lbYi the' ,mo:r:eyisibl:\9, jn~:ts ~cting '.', 
like a barrier. In this situation the higher catch of the less visible nets 
could:'partlY!ibe-i a result,'o.fthe ,pr.esenqe:of the morevisibleinets,i andth~f(!. 
observed"difference'lbi: 'performance, might .be g:r:'eatly., reduoed, :if;· the' mor,e,'visibl~ 
nets were· not<preseht.i, ·If 'twine ,colour,ts':not·a fact.or' beingAstudied ,~:n:~n"a:lli: 
nets sho:illd be Of"lthe· same coJ.oufr. -: ':Ii!;"1 :'.' "," ,iji'.:,' i, 

" : \, ) "~.l'" \ ~ '/ i i J ' \ \ ' ,,' 

Setinets:mttyi be set in strai'ght or zJ.g~zag lines.'and nets at.;the-.enp. of 
a fleet.!mayib'e !.set':in! acurv,e o;r.in" aspir.al.ij,The'isetting' procedtires,oShould 
thereforebestanda:r:diz;e'd .'for all fleets 'used ;in ari' experiment. ., 

,:;"\ ''',., '>L~I ' 
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In the case of drift netting either the samecr similar' vessels s,houldbe 
used since. d;i.fferences in vessel size', shape and superstructure could r'esult" '., 
in i'mpch·tarit differences in the speed bfdrift 'of,the nets andcthe tension on 
them in the water. :')'\',:1 

The direction of the setting in relation to currents and tide should be 
carefully recorded. Observations should be made on the distribution of f~sh 
caught both in the horizontal and vertical direction. 

" ,'. I ::., , 

6. Hooks and Lines 
" ~< .,> 

. .:' . ..,',,).L:.::',.. . '. \ \~'.~{ .. \ '< ~i.~ • ,.' . \'.'~ ,'.' .' ",;' 

T4e ,W,~;r'k~f:I.~·;Groupconsidered;the fO+,+owing:type,s '.~~ ±'~~~~i::' 
:,;. I ·iJj' 

halld-ii~e~a.n.d . pal ~"'l;i,~es. 
.set . lines', " ".' " ....... , 

.:' ~l'i 
,.\ ( . 

, '" l :.~). ~ ',\ 

drifting lines' 
trolling lines • 

'"I:i 

't 

': 

• I. , ,.' , :.; }cyv~ >.1,'.1 "·)~1. J '. ,.: , ,'.~:\ J ;"P.(j' '.j) 'J''';,'"' j,';:!; 
.. ' The.possibilltjlf"of conc~ntr;a~;;ng fisl} i~ ,the are?-. f:i.sh~4·Ry·,.j;h~'hoo,~s;, ,,' 

(e.g. by 'chumming' or by light) was noted, partic.ularly in:tili~o,ase of han<l-
". . '1';( ',13..;,1 ",' _, ," ...... ,';,' ,I 

lines and pole-lines. This operational aspect makes the comparison 'of these' 
two,.types of lines difficult 0 , Piscuasion was therefore mainly reSitricted to 

\' " r' '.' ..', .. i , i," ," I,' i. ',i ' J "1 i I ' ' 'I :'. ' , ) , ' , I 'i ~... ","', ' 

bait~cl,.+,ong-liIl.es'i bottC?~.set orA~~~ting •...... : , {. " :»)':>, .... 
,~ ~ ~ ! ;:5 I., ,I ,~".-, t, " ; ,;; ','\ (l;. l., '. : :~'" :,IJ 

6 ".'" .. '. ... .. " '" , 

" ~ . 

:: " 

~ '" . 
.1 Long ... L:tnes . ",) ".> J:},} , '. ' :):, t· :,: : ,. 

,,'.";-' - }r~~"'~!Wo!' ",; :', "I l;l'~f '/,':- \/ j \ ~Li.~~. 

WhEm reporting:,t'he 'rel3ultso:rd\'6mpa.ra:tiv~ trials of hooks and lines,. 'I :':.i.:! 

catches·'should.oe··telated'not only1to','the number ,of hookS ·but als6 ;to'the· :.:, ;; i 
length of lirie~' ; ,,", ' :,' 

The influencE! !oh the batchofrlthe 'type 'of'bait, Hs"shape and Size Were 
considered to be particula:l-ly important~The,:'waY"of:attacJ:iingthe bait to . the·" . 
hook, which can affect the holding of the bait on the hook, can also affect 
the J cateJ:ia' :'" 'in '" .J,'. 

>.1: ' )' : ~ ',j ,;, ,I 

. The hook type and size.were also itemised as factors affecting the catch. 
The I iiif1uence of the distance: separating the\'Shoods',' particularly in relation 
to the denSity of fish on thee fishing"ground, was recognised'.; If it iS"desired 
to modify the distance between hooks it is recommended that this be most easily i, ' 
done by removing every 2nd or 3rd (etc) snood along the line. 

The time of day when shooting and hauling the long-.l~ne t~es plac~ and) 
the duration of the set are important factors which should be controlled in 
any experiment.. The hauling phase could have an influence on the:catch" , 
especially for the last part of the line (when hauling the allclior) ~ possibly 
resulting from'·' the: 'additionaCl.·:, twist 'of the' line produced by ; the increasing' 
tens!i:on oil'thelLineas hauling<p:voceeds.:; : Catches ,from! this· part of" the line i,:;;;., 
might be discarded·:,from the'f1lir:U:ys±s:'ortreated separate1yo ,. '" ,', .,,' :.1' 

'I,:" :,1" '\ t',' !'.' t.,: ' l ' ,1 ;-" i,:~ 

Inr;'order tO'reduce the influence·of ·the moveri1entc'o.'l?·'df'ifting~f:tl1e, .,~.I:­
vessel it'is'recommended thatexper,iruents be'car:t'ied out·'using;vesselsof ";' .':,,',' 
the, Same! or: similar' size:·and;' typ~~ ParticUlar· environmenta'l:· factbrs which :may 
influence catch rates'ihclude, tide,' current, ~ light" .moonphase and the nature' 
of the sea,bedo i '. ) .;' . :j .. / " 

602 Trolling lines - - - - - - - -
'i. , :'! 

""'P9s~ible expe~im~nts w4i'cli:'m:Lght'b~' c.onduc#ed,;'ithtf61Hrig'ii~es include. , 
stud~es" o.f};hy,' i~tlu~nce of'··th~:ii.n:~ +??a~ioH ?xl." ~lie outrigg7:r 9r ~n tp; yet?~el".: 
stern, . or: assessments of the dJ..fferenc.es. J.n catch rates. ob'~aJ.ned wJ.th lJ.nes ,of,. " 

,'},._;·~.\I,\I·).!J;,;_:.':~\ ""1',-" ~".. ' 1'1 ~l!,j\,I, ' '., ",: •. 1 ,;<,~:: .ill ,": " ,", , '::,',1', .. , 
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different types (shape and Golpp,r, for ihstanc,eL Specific environmep.tqJ"factors 
which should be taken into acco1.mt incluq.€! p,opitionof sun in reJlati:oIf fs> the . \, 
course. of the vessel" stat.e of! :s~y, dj,rect,ion of wind,.;The size o~ the: vessel 
may also influence catches. ' .. '.. ""'~ .'; " . 

7. Traps .f. 
" 

J I i.: ';: ' ' . . )rl.',',' 

The term traps covers various types of gear, such as pound-nets, pots and 
fyke nets. 

It was agreed to ~estrict the d:i,sc'llssion:to,baited pots which seemed to be 
more amenable to corhp~rativ'efishing.!·"·'As, far":·cdspound-.rret's and: fykenets ax.e 
concerned it was the opinion of the group that the ,influence of their location 
(topographical factor) makes their comparison drff:tcu:lt'andtime-consurfling. 
However, results may be obtained by fishing alternately with differerit nets in 
the same location. d', l' I . I. i 'J .. .. - 'I '.,' .I. ',,; 

With. r~g~d to 9ait~d pots, the distance between the pots,~as considered 
to be afaC't'or Of\:t>~iirie importi:tnce due to possi1:)l~lifitsrabifon>'betweehthe'pots 
and b'et:weerttn~f'·va.ri·dui:i"baits"cisedo ;,'I( I.i,.... ",f f 

;.':"r :(~');::u .' '.:.''.".'d{,...'i " !(i.;":'t-:.', .) c .... , .. ;' • \i! ''; '\~'. 1 

Ther~:i&fe ;two ways 6f settirig pbts, ;'H th~r'ih lirie or 'separately~ Ifi' ;line( 
attention should be paid to any changes of environment (depth, bottom'n:a.ttire*, . 
etc) which could affect the distribution and behaviour of the fish. Because of 
the influence of the current ('shadowing effect' on the zone of act:i.on of the 
bai t ) it is recommended that the lines of pots be set across the current ~ Whim 
the pots. ar€!>set,sep?rately, the diff~r,ent,,;\;ypel3should beloc~F,~d;at r~d,om. 
It was agreed:that. fOPcoll}paring q,if;ferent b~;i;ts the .pots, should.:pe I?j,~;i,~ar, ;:! 
and for comparing different types of pots, the bait should be the same. 

As}a speqi;fic. ;f.aotor;in tbe, pot fishery. the e;ffec.t of 'par§s,it,es', . 
(orgMisms;fe~d:i.ng ()p.iPaitLshoul,d betakenii;i,utp,f\c.onsiderat.io~~ .;, ... 

", 

\ 

I"., 

'J;-,' .'" , , ~ i .. _~ 
J ". !' " I 

If the fishing ground is not uniform with regard to environmental qpIldit.io~~, 
the experiments should be restricted in area and replicatedo 

" i I ) ), ., ) • ,~ 'i ' . . .? • J; > \.) (' ; 1 t.~_., ;' , " (',:: t : 

; i'l'he.behaviour of, tlle. f;sh or sb.el;li!islli. paught if). ~he;pot sbou},d i ~e.JJ.ot ~d" i 

pc;rticularly when ,a possibl;eescape CaJl,. t$e;.p;Lace. af:t\er.a qertaip. ~er;t()d,of, "\:i 
tl.me~,';.·,,;;,,;,!.· if .,.',.','. .', '. "',' \. 'i' 

~ " ',-;-3,; , , '; '. ~ } : 

8. Observational:Stud;i.es .. .: 1 
, 
;,Ir:{') , i i ~ ,'i( I :-1; ~iJ\ 

'!,' i,: 'I:" ;)i";I'I, :' . . j','.UJ.:l 

8 .. 1 Gene:ral.Jtemarks. (,(,' 

:,-:" ~ ... ~ - .. - ~" ;.; .:~ C,l .... :··: .. -'; '-1:.\ ' .• " : ~ \ ': i.;.,),.;';"i:"";'j 

The,Working Group devoted .. a goo<i, deal pf i:t;s . .rtim.e, to <:,liscuss:i,.ng./tl).e"i:: j J ' 

",I,J 

possibili tl)T of being able' to .. ,q,raw Qorrect .. conolus.:l,.ons i from data,gatbe:re<i. fpoPl 
"undesigned and uncontrolledH,experimen'\;s 0 The; :apm1.opaJ'iat,Emess; of the r. ';'( 
statistical techniques given in the \rJorking Group's first report to the 
analysis of data ;from SP,C!}.lst.udies, wa.s, also,.debat·ed., The. main ,concl'usions \ 

.;1; 

were that while; care must be exercised., in.' Qollec.ting;,analysing and ,.inter~ 
prei;ingJd~t.a. from observat:i.o:oal studie,s:, such stu4;es;are;.capabJ..e, .of. providing,.' 
a wealth.of>useful a:ndi.mea:ningful.information as ~videnGed.:by their·.increaSing:: 
use in a wide range of research investigations (e.g. medical research) 0 ",;.. ' 

8.2 ~e!i~i!i~n~'_PEi~c~p!e~ and ~r~c~d~r~s_ .i',J.n' 
" 

"~ observati~~at " ~tudy ~s ~ ~~r~,~~ of a: :proqe~~ ~~ich see~s,}o ~1CpH~.in I the 
respohse ofa ·varJ.able'qua:ntl.ty in terrilf:j of oh'e. or more explart~tory_ yar~ableso " 
Thei}?r9CesEf G~6t be i~terferr~d ~ith ;p~:)th~ oblServ.er norcrul any' ot:th~' maJor"! 
explanatory variab'iee':bl1' c'ontrblied' orl

. ad.justed. ; as line. designe'd 'experJ:m~nt. 'J 
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" i .~he f~rElt 'step in or~an,l.sl.ngsuchan observational'sttl.dy is t,c{'defineits 
objectivys ,~d thE1 variabl~s 'to;p'e meastir,ed.' ,'At the 'outset· it is advisable..ito 
prepare a wrl.tten'statelllent ot'theaims'ofth~ study. This' ensures that 'all··, ',r,; 
participantEl hqve a preCise formura:tfon "of :the hypothes:Ls to'betested and' also 
~nsures thB.t,' as' 'the 'sttidy progresses, the obj actives, do not become altereii' I , , ), 

and that diffel'ent :particip~ts'do not 'developbonhicti'ng,'vi'ews as to ,wnatiS,ti 

to be done~''J,i.': ,',', 'j!. ",:.",,), ""'::\';"l;:""~"" ,j 

, ThisilS'tate~~litshould lead logicaXly' td the'defihiti6n of"the respon~e, i 
variable 'to be measured and to hot<ithe measurements are tabe"taken and 'what: ' ,,',( 
comparisons are to be made 0 In comparative fishing studi es the ,;responsevariable 
needs to.,be carefully~~lE!~ted so that all appropr~ate information can be 
collec.teq. throughout, the, erit,ire 'pe:r'i6(j.f.(!)f,study. ;",'P6ssible : response : variables 
incluq.e' (1) )'ota~catbli ib numbers per h~:Ul" C2) catch in weight:per:'day's"i'i, 
absence; (3LproportioJ.;l":o<£ a given spe6i'es"which' fs of, a:certainsize1caught: "';: 
per haul, (4)yalue o'f'all;'catches'per yesselover a Hshingseason ... There may 
be manymor~po8sibilitles~n:d tl:).~ 611e o'r 'ones chosen: must be stated~' 

,"",;. "i ,'" jl' .",;'J::'" .'.,,1 J:,t ')) J -;., : .•.. '." ",:'i,'" 

±~ ad,dit~~m, ,all othe:&va~~alJles to be measli1'~d during the study must be " 
decidect'Su6h' '11 explanatory" 'Varia.bie~ may~b~ trulyr bal1Sal variEibles :(eogo the 
number of weights on a purse seine) or simply classificatory variables (such, ,,: 
as time of day). Particularly for~he ;tatter type, binary variables may be 
sufficient (eogo 1 = day, 0 = night). In: either situa.tions a multi-pointed scale 
may be requir~di~ Also when a variable is ,difficult to measure it may be 
sufficient torec'ord it as an ordered variable (eog. none, few,average, many). 

If the study is 
if the effect Oh the 
it will be necessary 
study_ 

likely to continue over a long period and particularly 
response variable, ,is not expected to be observed quickly 
to include a large: 'number of explanatory variables in the , 

When-t~,e . ,explanatory variables (x1' x2' ••• ) are 'measured on a continuous 
scale a comparison of the response variable (y) for the group using the 
standard gear' can be made b'rfirst calculating the regressions of y on x1' x2' Q 0 0 

for each group, anCl.'adjusting the mean responses to remove the effects of the 
regressiono When some variables are classificatory the regression analysis may 
be extended to beCOme anjanalysis,o;t: oovaricmqe .. , . : ,j'l! ' ./" :" 

; '1:, ::,) ,,' .,} .f' : i: :~ ~",(,::;,,~.. .,~;,1 ~.: - )'/ . .':, i -: 'If 

An extreme i 'foIlmof classificat.ion· .isth{lt, JmoWll: a!') m~tc~~ng ~n whiCfh llfl,irs, 
of units with identical values of ill explanatory variables are chosen, one 
being'\.ised'as' a, cOll,trol and; the:other i ,as' an; eJePel':;imental un~ t~,;t i ;Q;L~a,l:lY, ,th~ use 
of sister : ships ,in: a" stuayshould,beri~ e,dv/W.:t;,age,.but, non~f;lll~:B f~qto:t;~may " 
still·'differ ,appreciably. even:,.';in $uch ,~ituations. ,,, ',,:: ,'. ;,.,~,:. " .,'". 

" '.' 

• \.;:',"'. ,1,' iH{(;,h··,· I .I' '<"', \'-,." ..... ,'. ·l., !)"j i·. d t~, ",~')',!'( 

It will be useful to cQnducka pilot ~t~dY be~q:r-~ i the mlrlttt~~~rc~s.e, is , 
undertaken. Such a pilot study will serve to identify possible explanatory 
variables on which information· should:P,e' cqlle~t!eCl. in order to check the 
adequacy of log books and to provide a comparison between the vessels of the 
control and experimental groups before the e:h"Perimental gear is introduced~ 

9. Experimental Design 

In its narrowest sense the term 'experimental del3ign' means the 
arrangement or order of t~e experimental units (eogo hauls) to be used an~ the 
method of assigning to these the different factors (eog. gear 'Variants) t6 be 
studiedo . The elimination or minimization of the effect of known, or suspected, 
but u'ncon~r,oliable, vari'ati6n~; the' provision: 9f' Unb:i:ased estimates; of ,the'" . . 
differences between the effects' of'~~e:experihielital;factcirs":w±th the d~s~re(r 
degree, o:(precisionfor the' l'eastambuht' of'experiinfjntation' and a procedute':; 
forcalculatirtg the amount 6f uncdntrblled vtu-iati6n"are'the maiii'advaritages" 
of a good experimental design. 

9 



;:,'Essentially the aim is to group the experimental units intQ sets which ,are 
as ai1:j.ke as possible and ass~ gn a "differ~nt experiment~]; factor ''Cor ~ treatme.nt' ) 
to each' 'unit within a /;let ~. Thus" hauJ,s' made by the same gear ,at the same' 
positio~~ are often mo!',e alike i;haI].p,a.:u,l~ m"il,de .at different posfti,ons." 'A' 
comparison:of catches ,made' by q,i$fer'entversions, of'a gear, in which' each 
version'lhas, been used.a~,,;a.,d,i:t'f~i:~nt,site fr()~'ev~r:y, othe;f, ,may reveal 
differences which merely reflect changes in fish population abundance or 
behaviollr or differences in environmental conditions rather than in the 
catchingl'.PElrformances qf the,gearEj inv(jlvedo On the other 1:land, if co~parispns 
are made within sets they are ~ot., eubjec,(t() f30urces 0t.,xari~bi~ity whJ:ch. 
a.ffect"thes,ets )d.i;ff'erently. ,';: " , ',': ' " " , , 

.,' .... 

'I . ;' " -' ).} ' . . ,1., ) .' " . ,"i" r~ , , : • " , :' • -c • , , . ' 

: As an illustration, ~onsider an' experiment, to studY·'in.<? ca.,~qhingp~r:"; 
formance Oi', two, types of baited pot. (A ',M.d B" say) :9r'whi<¥4816t'~,a9h'type , 
are ava:i,.labLe<i .Twelve fleet,s ,each qf ,Spots might be made up, "a,ll 'pots ina l 

' 

fleet ,being of"tl:le, same type., ,If six, !iiffer'/fmt fishing sites' wer'e availabte" ;,,: 
it would clearly besensib;J .. e~(,Lus~ a.lf si t,e,I?,: and tQ arrange, t(rll~~e' ,'fwo ' " :' ',' , 
fleets at each Site, one of each pot type. In this sibiation the' eXper'imental 
units, ar,es,fl,eets; ,1,2 in alJ" ,c;md.,thEly ~e "i'U'~~~ed in ,~, sets, o,f 2 units each,.. 
Results :might<l,polt as ~p.llow?l,' tJ:le f~gurE1,sb,~i~g (hypo,thetice+,) ct?-t9h~s in; , 
numbers.c';"'';,!,.'" "I" ",l't 31:\ ;"". 'f ,', ", l. ·,1" ,:~ 

r,· 

'.' t) 

:, 

it·:' 

, " 

":'1., 

Si,te. 

1: 
2" )'. 

.3 
4 

~ " I , ~, ; 

.5 
,6 

! t: 

.1. 

, " 1,2 

.' •• ~ . .,' " ,.' '," ". f 

Total Ca.tch of Fleet, . 
., ' 1,., " 

Typ~ ,ft. '" 

,1~1 

'i~;'" " 
9 

" . :17, 

"T' .' ." .. :, 
,I ype B.... . 
... '" \" '.'-' 

20 
:.10 
1'2 

,1 

"1" ",'il \' 

ij' 

Differehce 
(B~A) '" 'I 

'6 
.5 
4 

" , 

-2' 
4 
8 

,,' 

20 
13 
2.5 . .;.. '.',,,, ' 

; 

Mel~li == 4;2' , 
, ;'", 

,'1, • ..', ,~~" ;80 e.,_:: ,1 +1.38" ' 
'; ; '~ : 

'" 
Note that the effect of differenoes/between sites ,(due , perhaps.to real, 

" 

! ," 

differences in levels of abundance) is eliminated. Changing the observations 
at "MfY given site by 'the same a:n16urlt leaves, the ::resulLts' unchanged. 

:. j • ~" I:' '. . i '.. ' :.: ,! \ ,0" ':: '\ \. . 

This ,tedhriique'may be extended';ltb comparisons.:ofJmorethan.two iPOt :typ~S 
in an obVious way giving rise to Aoih.at';are known as :';randomized, blocks-' , the :., . I,.' 
blockEl being sites and the relative;posi tionof the 'fleets; 'of difi'erent,pot.: " 
types at each sitebein~ determined by some randomization procedure. A possible 
plan fori: 6ompci:ring L6"pot·' typestnight; look, as follows.:, .! .: .. '. 

; .. 
I~; ~', j 

;=:,' ;,' .. ;(,',; , 

~i:t.e " '. \' .: "Li.1 : 

1 
2 
3 
4 

!5 
6 (:.:, ,i J 

A 
D 
B 
C 

. :i{ , 
D , 

"-'-1(:- '.' 
, ~ .:, j , ", 

::'! Position (East' tOliWest?.:" 
! 'r 3;~ , , " .5 "'!'-' '. '6': 1,2: 4" 

fl" " .. 
B D F C E 
C A B F E 
F A C E 'D 
.A F ,E D B 
C B A 'I t y . D'," 
B 

'" " 
E A F 

,i'i-

I' : '. .' '. i'· " . ,": '. ~ i .1, l ~ \; ,') :~ .; . ... • ll'" . , " 1 -: ..'.' • ,,' I 

At 4 of"th~ fli t,E;lS, (?, :3, 5,'~,~) :pot .~~p~; ])ap:p~C\x:s, a,~,an.ollt.~id~· posi tio~while, 
types A",C and:E;i RPcuPy~u9h .~ P9~nt;\;C?n ',at ,only 1 fP. ~~ ea,ch, (1 t, 4 i aJ;ld 6 
resp~q~ively) ~ "If i t "«1~'re:C:Rp.Fid.~red that 't~e posifLon of ,a fle,€lF: w~ thin l:l. , 
setrpight prod110e a sys'tema~:i,c, E!ffe~ton; .catqhefl, a. secondgrquping, into. setE;i', . 

•• \'. j .', I' ., • ...... • y' , " '" ." 'f "" ! i " \'.:,1, 

'. /1 . (,\ ' J. i. 
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corr~~ponc1i~g to t,he si'x different positions: 'could be introduced. ' This would 
give l~ise tc) a Lat'itn Square design in which each pot type appears ,not only,,; l, 

once at 'each site butaiso once at eacli position.' Such ail arrangement, is 
shown below. ,': !' 'j" ' 

Position (East to West) 

Site 1 2 3 4 

1 , !"j,,': 'ILl ~ ,,';' "'I~'" 
~i I, ''''!, c't" 

Cl" "',:D .. 
" 'F',' ""I, .. le" .. ,: ", 

, I,' B' i ::,' E 

4 D A E B 
5 E D 
6 FE ""t",;":",,,:, '~' 

1',1 ' 

5 
'E' 
D: 
k: 
F 
C 
B 

: ' rI,,: 

6 

F 
E 

:D 
C 
B 

',A." 

, " 

, 1;< 

.; .,'): 

It may o£t~n; happen that we wish to' istudy: tl1eeffect ,o,:e-,sevElral different 
types of factor.', ,Thus we may' wish to' ,study,:;pots having :thr~~ A~fferent sizes 
of eye-opening S1, S2 and S3 (say) and also to study whether the fitting of a 
particular type of non-escape device affects catch,eso, ' T,h~s,e" factors may be , 
studied within the framework of a single 'factorial expe'riment'l in which the ' ~, 
treatments applied are, combinations of the,variO,:us:'levels' oftl'l.e, different 
factors.. In this hypothetical example there are two factors, size of opening 
and non-escape device. ,The formel' ,hasthr,ee le;v:els correspop,dillg tQ, the tl'}.:t;'~e, 
sizes 'of "eye,' the latter has two', levels: nameJ,.y nqn-esqap,e ~~;Vic'Yi,presen~ (pr'" 
or absent (A). There are 2 x 3 = 6 possible combinations of factor levels" ,', 

, ",), 

B'A, 
",I ,I,: 1,.:, 

.;.' ~'.' \.... i', , 

S I, 

2i(· S3fL 'Sl ! , B'2"? B P 
"3, 

Ai{' , exper1.men't "of tA~'s' ty~'e":is,'te~err'~d tdas a 2:'~'3fa:6torial experiment. 
The tr,e'f\t~en:t's'mil.Y i?~~'~plied in a"randomi':ted'btO'ck br"Latin Square design .. ' 

• t\. ........ ( " It' ' . 'j':,!' '" 

" " r'f'''i~he' efiect :'6n':datch()f fitting' a,n()ii-E(s~a:pe' device' i~'riot 'the' 'satneat 
aii sizes of eye-opEmi'ng 'we Say that th~ff'fs~ 'i:ritet~Ctfoh t between'the 
fitting of the device and size of eye,,;QpettrHg.,', Tli'e i3:dvantage of using a 
factorial experiment is that it allows a test for the existen,ce of interaction 
to be made and, if it ,exists, allows its nature to be ~xp+ored. The pos,?,ible 
existence of interaction m?-y be r,Etyealed by constructing a two-way table of 
total catche~ from each of the six sets of fle~ts of the six pot typeso This 
might look as' follo~ISD ::" " 

,~ . i, _ 

~ I' l·l ',Device " ,': S 
: ",,:, 1 . \ :' . ..:~).\ 

~3'; '&2' , 
:.\", ,;, 

", '.', r ,'>; ";:,Absent: ,96 ",);, 1:50" 61 "1;',1' 

:":); j ""!Present),:84',,, , .. ,302102 j .r .' \ ' 

,;,:~,:;j I' ,,' Di:fterence,I:~12' ,i \52';': 41) 
•• • , i' . I", ",", ' ".,', ' f~ -1.. '1 .}" 

, J " 

~ •. ,r. 'H'~; 

,', -Th'~ above' t;"bl~ ~ti~gest~' that th~"'fi't'tihg of a: non-escap~'device' is" 
advantageous at the intermediate eye size and possibly also at the largest size 
but not at the smallest. Standard errors ,:for each o;fthe above differences may 
be calculated by established procedures.' ,I" ! 

,Whi~e the' facto'ria:l principlei may' be e:xiended to: the study of 'inore .'than'two 
fac'tors,','each" at, s'eyer-a]. 'l~veis,: th~ er:ripJ;<>ylnent cif experiments ;involv'ihg a 'large 
,number of: factors ,'is not g,enerally recoriim~rided' in comparative :fishing • 

.l: • \ L . !.t ~ .. • ,~ , t. , ~. i 

:;\ , i ~ '; <, 
10., ,Statistical,:An,alysiis' 

t :.,' i ',' , ~ . -.' / :. i " "'1. , ,I (" 

,,' ::,'\ St'atisticaLanalysis,of theJresults,'.from some s:i.mplee:x;pex::i.ments W8:rEl 
gi ven, 1+1 the previous report (CoopolteS:. RepoI,No., 38 1:, section 8). In : t,hi~" " 

I 
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report some basic requirements for the validity ofapplicatiolf o:f the analysis 
of variance arepresente.d and the method ;of carrying out an ana1.yciis' of ' , 
variance of a, two-factor experiment with ~nteract:L,on desb~ibed. Fand:li8!ity i, 

with elementary statistical techniques is assumedo '" , ;) 
','.il 

10 0 1 Preliminary Considerations - - - - - - - - - - - - - -
The mathematical descriptions (models) used in the analysis of variance 

are linear modelso That is, the variable being analysed, catch say, is 
considered to beqapable of being r'epresented in a mathematicai fashion in 
the following wayo ' 

ioeo 

Catch = Ca function of specific systematic factors) 

plus 

(a 'random element representing the combined ef:t,ect"of, 
n,on-systematic, unmeasur,ed' and uncontrolled factors), ',) 

;." 

y : f (11, Cl., B; y, .. 0'; 0 ) +E 
, 'n 

': (11' '+ Cl. + ff +y+ '10).', + E , : >.1 
1',\ :, ' 't', .... 

: 

where.:11is a 'cortstant'represeriting the' overall, mean of, the catches, and, ;' 
Cl. , B : ,y' are 'constants referring' t'o the eff'eC't's of the diffe:r'ent;, systematic 
factors. ' , : ' • " . i", 

For example, suppose cat,ches taken by hlo ,versions of the same bottom 
trawl fished from the same vessel are to be analysed. Suppose further that 

\ ," 

the gel3.rs were ,fished Elometimes,from the port side, of the vesEiel and sometimes 
from the starbo~:rd, sid~:and the;\f h~uis ,)flere made.' during,both qaylight ~d': , 
darkness 0 Assuming it were possible to carry out 8 hauls in each pe:riod :of 
24 hours a posf.>ible e~p~rimel'l;tal de~i\Sn,mi,ght,be one ,in~hi.ch Lf hauls ",{erE'! made 
during the hours of gaylight and'4hatflsdu:riJ;lg 4~rkriessh6urso Thus the plan 
for the "first, three, perioa,~ might lQQ~,;,like:' ,,", " ' , : 

," • . • " • ~ , " 1 ; j 

; , .. ~ j',., '" j ,', .: ",(,l ,,'.' I 

Period' Daylight , ,Darkness ! )),!" I,: 

, 1 i AP BP B.S 'AS, "BP' AP 'AS' 13S 
2 'BS AP BP As' ')'AS :SS :'" lAP !" BP 
3 AS BS AP BP BS AP BP ,',: AS 

where A and B refer to the t,WQ versipns of the bottom trawl being used and 
P and S refer to port side and starboard side respectivelyo Because the effect 
on catch produced by fishing from d:i>fferent sides of the:ITessel and by changes 
in light intensity may be COPS~9.er.ecl,\tQ .. q~syl$tematic't,:,t.hishas been recognised 
in the experimental design by arranging that, both g,ears a,re, fished from both 
the port side and the starboard side'in both'daylight'ahd darknesso The 
~:thema,tical m~del for t~~ analy,Eli:~ ?f ,~he, re~ults ?f S~?? ar ,experiroen~, ~ould 

, i I • "". . "( ~.' '.1 ~:' ", , ,/. '.~ .' I ; . j , , ' 

"Y :::: 11+ Y. 1-'cr "I + Ak'+ e: 
J. J '" " 

where y is ,the cat,cll (0:1:' possibly s.ome function of tl1e patch such ,as its 
leg~rithm:)"v'r7presents the pver,4t.,mean level~ Yi;:.:<i ;:'1,2)repre.s~p.ts' the 
effect of e;ear,J., cr. Cj,'f: 1,2) the :~f~~9t 0f~ide Jlil,~d;!Akq(::: ,1'?I!th,~ : ;1 

effect of daylight ar darknesso The terms to be included in the model are ' 
determined by the nature .of the experiment and its designo Terms which cannot 
be estimated from the data should not appear in the m04e:Lo~';" The~_ randomL term" \ 
£ , represents the combined effect of all those facters, known and unknown, 
which' have- not been controlled and whose effect is 'known;" or has been arranged 
by rand6misationj to be unsystematic., , There is a not ;'uncommon misconception 
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tl1at the validity of such, modEilsderriandthat 'tl:),ere be a Normal -'distributionbf 
the species in ,space sQthatwh~n the spabies' are distribut'ed: ilia :n:Lghly ',' 
aggregated'fash,ion\~s many are!,: '~hiB e:ds~ptiori fail's,la#d'brings down: 'the" , 
entire'modei with it~ ,',' ,: '" li; ,," ";;"""1:,' 
• '\"1 ~., ;':' ,';T·i. ... LJ,,~ ;:' j:; !~ ::,'.' <J:' C'\' _~: .:,\.~.l., 

The spatial ,':disttibut'icn ' of'ai:0sPeciesma,ybe 'bi'aB'S'~4~c'6tiveriiently:iinto' b:n~ 
or other of' th:ree groups~' nam~iy', :'uniform, "random and aggregated. A 'uhifofln: i, 
distribution occurs when the fish are regularly spaced in a symmetrical square 
lattioe in two-dimensions, iO,1'" c'\lbic ,l~ttigein ,:three·~dimen.s:i,ol;ls~, The\(lensit~ ,,: .. ;' 
per unit area or per unit volume "w6'ul'd,' in "such a sitilati'on, be const:antat all 
points 0, Prbbablyno: fish spe.ci esis~di,str:i,b4t ed precisdy, in rth:i;~ ,W,ay, al;t,hough 
somermay appXioximate .to ,tni.so i ,:, ",' ';,i",'":,,.::; i, ,1,'.,.1,: ,.; 1':" . "" ,,:',<; ·c .. :;,,)."" 

, I ,', ,: t i ,: :~.:- 1,,'/ I' '. :', '. . , '.; ),i,:C; \ !;". 

When fish are randomly distributed in space they may be thought of as 
exerting no 'force of r,epulsionor ,of,:;attr<3.~tion"Qn each:9~her~,~e:n.Wl!~~r. of 
fish in :any,volume.-:is ',neither' ,inf.l.uence<;l by nor, i 1;se.l.f .:influenc~~"t:t\e (n-wn~er :,Q$ 
fish in any<,other volume.' In 's'uQb p,:A;ritua.tiolJ..tl).~n.umber; :q~ f:;j.,~l;l,i~l,t~~/,~,· 
different unit I v;ol1.l:mes .. ,:i.nto\whioh.'th~!:.totalhabitat m~y.,be,qiv:i;ded, Wil+have.,.l:I, 
frequency ofocc,urrenoe i~xa,otly pre$l:i;ctaple py a. ~st~tj,6tiqal,P~gba,pil~ ty,) l"" " 

df!stribution known a~!Lthe:eoisson:distribution. This :l;ype:,of()dis~rip\.lti9n,::i,~ : 
unaffeot ed\,byt~e . sizeof\:vplume"ohQsen as lll'l;it.a4. though,;; o~,cou~~e, ,jtn.e;ave1'a.ge 
number of animals iper unit :volume:"(1lI.depend,on,,the sizeqfjth~,tW;lt ryolul1leo'rc 
When the, 'mean ,:riumber of. fish per Luni t yollime is larget4e, fre.que.nO,y $lis~,.:~ 'i,. 

tribution,of 'the,: .number: of indiLvidu~ls ,in' differe.lJ:~:;yplumefii'MilLbe. '9:J.oS~;J,y" ',' 
approximated by;ai'iormal; di~t;ribut,iQno : This is ,.8" ,matheml:\.ticallY ~el1if:i,a9Je~, ',:.' 

" '. prope:i:1ty ofthePoissonl{distribut;i.qn.. ,Further;; ca't{911es frqm ~:rt1qbr,a,':~:~o1?ulat;ioll' 
will have a Poisson, or for large numbers caught, a Normal distributiono 

',"'. ',' I,' ., ,., ' •• 'ro J ',!' ,1 !'!'.i,'\,\',) ' '.' 

When fish are aggregated into shoals then the occurrence of individuals in 
any specific unit volume will inorease the probabilit~ that individuals occur 
in neighbouring volumes. The entire 'habitat will be characterised by having a 
number of volumes with no individuals present and others with a large number 
present 0 The frequency of occurrence of different numbers of individuals \per: I 

~it volu~f?,wiJ,:L,~n thf~ :q~~~ ,n~t ~e..!gi~en,by t~e, Poisf.3onciistr~bu~~on.la~',. but 
w~ll follow some other' statJ.stical' 'distribUtion such' as the l'iegati ye B;L:U9mlal 
distribution. Catches by fishing at random on such a populiitiohw:t:n also \ 
follow a Negative Binomia,l distribution, but, ,if fishing is "aimed" : at sqh09ls 
this will no longer be true as zero catches will either not occur at all or be 
under-representedo (,: . ,:, ,: ' ,,' : ,'",,' .,.",; '", j":,)' ,I 

< ::~ r j" \., " .'~; I, ;" ' I " :> . ,j 

It istheor~tica1ly possible to.find a.mathematical tr~sformationlof the 
random eiement'wh:i:bh'will h~v~artNorrbat: <3.istribUti6n ·and~'~':i.n·"pra<::ti6e, ~orhe 
convenient transformation. 9al;l.:0,l:lsual~y 'ReJ,deri ve<t whiq4 wi:).:I,; pe., to".Gl- sufficient 
degree of approximation, Normally distributed. The point of this is to'a1low 
standardstatistiqal tests of signif~cB.lJ.qe to be made where qtherwise they 
w6uld be·inv~id~'."·The Normalityrequ±r~rhent is'a' preh~quisite' of,the' figures 
8,ctually usedi'in'thecoinputat~ofll3' nof'dfthe basic "origiriJU'. ~atao '):tf't~stsot:' 
significand~;'and!'b$nfidence limits' at~;.:not'\r.equiredit l.s·Jn6t eflsential·td " . 
demand Normality ~f thfjl;stbc4~stic·tstrltJor "'any transf9tmatio!i'of it! aithbugh i

:,; 

for other" rui~l~tJ.c~if:r,e~sons: tlie',st~tisF~cian' may' pref~r:~~o, wor~,:with"I.fl;:·-' .,' 
transformed data~\ .},.I •. ,','" :,." , ,'" '. .. , " 

./j ", ,l t. i ... ,.:. ~.~: •• ") Jl."" ~.l ',';.,j'\,i. . . '" ;,::::( Ih.';]' ',,:,' ,'!\' 

, , .' .': ' 4:..~ " ,,' : . • r' • " i· 1 ' • : . ' '''; . • . • ' " .- , ' " " ., " . ' , " :. 

Although thesiritplest response function'iS'a. linear one·it· is' not· universal 
and if non-linear responses are kno\<ln or thought to exist they sli8tiid'.'beS6

i

,:': 

specifiedo The form of the funct:l.on (f) is a matter of judgmen.t and will be 
based on the experimenter' s knowl~dge ,and ,expetiEmce of the process under study. 

':1 .. '., ~'. (; ;:' ~ 
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A;wrqngly., ~pecif;i.ed,. model will lead "i,;a incorrect. :c9nclusiol1s. Non-J,inea,r: . 
respon~ej'4!l,cti9n,s ;Jllay pe handled by,;oF~irJ,ary; leaElt-.s.~ua1i'es pro,t:edures although 
the eX~f?.tel1pe qfn,o~:-,~;i.~e<fXity mliY rEls:u1t in,~athemati9a,1 comp;texity.Tl1is . 
may be avoided by seeking a linearizing transformation' of the' r'esponse fUncti.on' 
suitable for analysis. As with the normalizing transformation thislinearizing 
t*<?JlsJorma,tio,nis, . ,introduced .. solely fqrma,tb,elj1aticalsi,rnpl;i.Qi ty •.. Ifenqug.h 

, ',. ''''.,,'', '." • :. • j 0,1" '", . \ " <.'\{ ','" 'I \ " , . 

info~l)1atipn is ~:vai.l~ble, 'bo~h tr~sformati'9,ll:S rna,y b~ de(,l~c.e'd f±:~JIl the data. 
,> . '. \. ". " . ~, t:, ., ,,' ~ , !': I ' .' , 

',' fj, <.' , ~,\,. J it. 

10.2 Ariaiysi'S of 'a Two.:..'F&ctor Experiment with Interacti:ori:' 
• ~"~'I ·"!·!,-.-.'·',~':,7:·\i~ ~'i- "'J·:-:.~i~::J~;~~~' 7.: ~,\0'[.',-;::.1. -"~~I{-:-'!,\'-:7, '~'.I~ :'~.-;-

"j • 

I. ~The computtit'i6ns\.required to'perfdrm:'arl,'analysis of variance of'a two­
factor experiment, whioh includes a test for the presericeof.an'tinteracilion 
betwe~n ~ac~o.rs, are given in this section. 

<~h " !.; .} i1~ l,' l,' j" ".;;) _~. ,~.> '" f::: t.', 

.'~ Sti:pp'ose ,·the experiment relates :t6' IlongJ lii1'ling iiand':tl1e two' 'factors ar.ehook 
typ~ilna.lfd:i!Eitance between' snoods.· ,If,two;)ho0k'types::are;to ~be tested. at three 
differenthspac:i!ngs between:lsnoo'ds ,aminimum dfi2 x3 =,6' lines will· be '::" ' 
requite'd; -' tHri3e > composed "of hook :typeA 'and, i1:lhr,ee i1of'"hoOk:.'typEiB, ,one of each;: 
group of·:l tl1re'Ei,)be±ng'at each dfthe tnreesnood spacings 'tabe stUdied" . 
liowever~·o:d~lset 'ofcateli dlita for'. eachlinehwouilld:ndt'yield an es'timateofthe 
magni tudS:)of tlie :t1andom ::<.rariabili ty· 'which . is i 'fieces:§a.ry , f ~V:'; Carrying ,:out ...• tests' . 
of s:lgnificance.."iIThu.s:i.t ,is:neCessary to'·r~plicate·thEvexperiIr\ent •. If·.this 11) 

were done' cl minitrtUril'0f'fivetimeS ia'sufficiently:)a,cduts.te 'estimate of·' the· 
variarlce·'6f tHe, raridbm fi 'c6trtponent should be: bbtairi.i:Jdi i More 'repl:i:cation :would, .. 
of cburs~l":tinprovethisef3timate..; Wi tll such, a1design, 'i t!ispossible to.incll.],de 
terms;'f~:presentihg the i:preserici3 of :Lilteraction'between,hook.type and'snood spacing. 

i I ( ) ,:~ i./!,'{, ,.: j . '( " " ~... '.1', '\': . ' \1 

A suitable model for this analysis would be 
"J.! ,,i \/,~. L "':. , <' • ~ . .l.t :'1...- "., :';'1')' 

,.) ,t 1 .i~ 

'. " '~'1 .'. 

wher~ 
.I,', 

. ' .. \ ~ ", 

. . - , I .' ",', +' .0·. I " p ... ,. ",. , Yi'k'-'''''+ "'< •. j.);. +., + '+'~'. ~ 
J, .'. '\ '.i ,1. ,.~ . J.J,;k :;,1Jk, 

,,' 

, " ,. , .! '. 

,; ... , 

,. 

.1 

" " 

(,rc: rY~:~k' S:·'·1.~'::the . ~atci(p~r ',hook. f~om, ~h~':'kt.~ ,t~pl,~~at;j,~n:o:t:).06k ty:p.e ,'i 
" ..J.:\j .-~ ." _ ...• " • ,"! .1.' It.:,> 1 .' ,',j .. , ,":'~ r. .:.\;, . I,_.l. !_".~ • I., ,".~ \ 1 ',. , 

'.~t s:g~91n~ ,~", ') ";'1)1»1.:." ; .. ! \',; 

;. ! . '.' '11 "isftheovel'a:).:l mean Gatch,pevhodkr.!.c' ' '. t ,1 

., d ""CI,. 

1 
is theeff~gt:6rhook;type t'(i =(l,<2,':ooo~<'~) 

13, 
" .;,J ,. " 

,t:x:) 

is the effect of spacing j (j = 1,2, ••• , b) 

.( :i~., .thr'~t'Nck of' irit~~~~tio~ ~e.t~i~~n::hPor;~',;typ~\.\~d "spricing j 
. " \. j .,', t· . ! l : " , ~ ,; I, ... ... '" ,)' ,l '} ...•. I . " •. ", l \,'. .J..! . '. ".' .. ', . ". 

':,'.::,.ek~ is the \ Eif:t:e6t clf' replicat ion·;'R ~:kJt:I:' 11~i2·,".'. ~ ... r )'" ',. ' 
"' .,: .::' :\-\j.,i; I: f" C l .. : .f ~ ;:i, I 

,1,-: 

, 

. . ! mt~, t~~ms:i CI,~ 'e" :', f·~< p~~e",l}O~: ,a~~/';9~ )the ',.~~~ .~~nd., . The: h09lt, typ~s .1ffi~ 
SP~cil}g~studiedar::e probe.bly the,only o~e6the::E:'xp~l?im~n~er .. is, inter~sted in,. 

. ,I t .H. '.". <', .' " • " • • • J • " '. • • ',.' • \ ~ , 'I " , ' •• ', '. .'. . " !'" , '; .",.' ' '(_1, . 

Le. ~heymay .,90:qs~;i.~ute nis tota,J. population.Qf . .'h90~ tYPlilsMd.~papings and."the 
, ". ',.1' . >.' , ,.q. ! .', , , ' , .: , ; . " 't', -'. '\, '.'" ~ ", .' " .I,,, ," . .' , 

resHJ,k~,of,the ~xper.im~nt .. are to b~ appl,i.~!i o:q~y to these p.; 'l'heterm~ q." B ~rid 
! 'I.l-':'; ,.1 ,( '.' .,.' v' '. ,~, . , ! .. ) .",-" " . I. . ."" <. J, ,! '. ,', ' •• .' J.' 

I are, tller.C;:lfQre, referr€jd,to ,as. fixed.~~~eqtB. ,'l'he"r.eplic?,tio1;l tE1rms, p on '. 
the other hand may 'beregatded as random quantities,' being'a 'sampr~ from 'a .'., 
larger population of replications that might have been carried out over a longer 

.period..of,time or over. q. m:U9h wiCi.er ~reao, Wi~J:J.P't~ My~ol3~ of generqlitywe 
may then~~~~",;""'; , .' ... , " ,....... .... ' . 

;'\:.0 . ··l:Ct.:"~;·t0,"=)'r'., = 't;'l:: ;:0." 
<: ..'~ . J . l. l.J' J ' . J:J . " I.' ;',' \:",: . l ~ ~ , .' j < ~, 

We may also assume 

0. ..;. NCO 0'2 ) 
'K ' P , e:

ijk 
- N(O, 0'2) 
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The/analysis of variance table .fo.rth:i,s mode,lis, given, be~9w .. ':,t,;..' ~; , 

, " 

Sohlsce of 
variation' 

',1 : ,-~ ,:. 

'Pegrees' ,of 
fr,eedom;(df) 

, i 

Hook type CA) a-l 
,:1 C ,': 

Distance, (B) . ";\ :b-1 
, " 

RePfication'(set )i r""l:,:,' 
~J .t. " i " I' J • \ " I 

Int~raction::,CAB) ';[, (a-,l,)(b-l) , 
•• 1,(\1 ,-.. '_., 

Ertdr ,l";:,{l:'-l)(ab"iJ;) 

Sum of' ' 
'/ ,l.' 

\:~.' ,'i:: \; J I , Squares ' 
(SS) 

"'Mean SqUar,e (MS) 
I" .. '" 

, 
',,' :) 

SA SA = sj(a.-1) 
's"" "\'/ " l~ i," .," 

" 13:' "s13 = 9B!Cb-:I.> 

F-te'st' 
\ i.J 

" 
L~. 

, r 
"i\MA)S~ 

'i ' Is' 
,sB E 

SR f3 R ~,' s'R/(p~:i;) " 'sR/S~ 

"I, 

\J 

, : t~).i: '.:. '\:~' ,; ; _. ; I ." j " 1,.1 I', lit,; " 

SAs' 'i.::;~ AB;:: ~ AB/(a-1J(b:"1) '~Al3I'~E' ) 
,', ",/ !)()/jJ',,, .' ::: \'"\,-'(,' ;' 

SE ' ;slir:;: i$Jjj(lr -J,.)(abri1 ) 
",,',' 

L. 

, j: ~-r ,: J' , r;, .. } 1" ',", [:I.\~ t ~ ~ ,i :' 

1 ,':;.] 

Total abr-l ~T 
~ , " 

; .' ~! t, ,-1,,' . 
\ , 

", \ '\:'J ,·,.t , ' 
J.', 

, , .:,:1. ,I oL ( ; '-'..; " ~( 
S T 

::~,~ " ':;:: Er.r.,'x;, l"'br 
.' • .. .. l.JR' l.Jk .,.." , \ "'1 

" 
• ,1' ,I', 

, •. U~:·"J: \, ,. ,:'. ~, " : P, .; .:-
" 

" 

SA 
, " "'Ht' ~ '", '/ b 

- 'fXi~.'<3 JR~':Ljk ,~:':l;' . )' (: \ ~: ;. : :o' . j ~ t. ') ',: 

SB 

SAB 

SE 

- r:{"'!. ' " , 
= x, =. k' x. 'k / aJ.' .' ~ J. , l. , ;J,.J 
= "f 'k"\~"'~i \~":k' / ab 

•• l.J l.J 

::= x., ::= I: x. 'k / r l.J. k l.J 
" .'\ '\"r ( " ,,\ 

I." " 

,::.!' 

':' , 

",\ , ,,.:,1<,.1 

;,1 I,J'1 J 

',; .)( 

.:!l: .' ':!I, :"; I 

'~I, (l .t r ,;: ,J "1,' , !"l 

., i ?h~ .~on~e9.ue~c~~ '}~¥on~~()r~al~tf.)o£,'~~~ €:i;jk' s ,6~'th~, ~i~nifi~anbe level 
of the F-test are not too serl.Ous.. Only very skewed d~str1but10ns would have ' 
a marked effect on the significance level. The best way to correct:· for lack o:f" 
normality i~, to'i.carry"o,ut~ norrn~liz~n.r$<~;ransfRr~~tion,~. ,The. most"cC')!lIlllpn onfi) .is 
the logarithmic ''transfbrmation. :' "~igli~:;;':~kewed frequency diStributio}:\s are oft'en 
made more symmetrical by transform~t:L6n"to logarithmic scale.. Other' trans-
formatiqns which p,re frequently used are, the squR-fe-root and the arcsine trans-, , 

" "'fbrmati~i1~'A 'fortiliitit'e;' fact 'ab6ut"tl:'M~formatibhs is that very often, several' ' 
departures from the aSf;>umptions required,by analysis of variance are 

. ' .. ~ I I : ! t I " . I' ('\ (I ','~' ~ , . ' - " '" I • . I, " , t'" , I 1 ' , 

simultaneously cured ,by the same. transformation;," Thus frequently, by making' " 
the data hoIh6geii~0~s;' we' 'also meike\~hem approximately Normal. When a trans­
formation is ~pP:J.ied,,;j;,ests of, ,significange ar~,;PE?rformed on the tranl(lfqrmed, " 
datao., If non~ o~ r ,~h~:' transforlnati6~s' can' make'· 'the data meet the assuinptions:) 'cj{J 
analysis ofvaribce;'non-parameti-id'methodS may be applied. However, we should 
point o~t{ tl}~t in 9r-se~,1rfllere the aS9um~t,~ons ho~R. even approximately, tne 
analysis,l, of" variance is' '!generally the more efficient statistical test ~':, 

" ,. ' <"l 

11. Amount of Experimentation 

A question frequently posed in the planning stage of an experiment is 
'how many hauls (sets, etc) will be required to provide a sufficiently accurate 
answer to the questions being studied?'o This was dealt with in the WQrking 
Group's first report. A similar question is 'how is it possible during the 
experiment to decide whether further work need be done or not?'. The' 
motivation for the second question is obvious.. Once an effect has been 
clearly established the unnecessary expenditure of further resources is wasteful 0 
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Although an important' quest'ibn it 'is hbt an' easy, one '.toanswer? There. seems 
to be very few instances when too much unnecessary experimentation has been 
done and the simplest answer would seem to .be,to continue testing for as long 
as possibl€lQ .This, of course, is not an ,enti~ely satisfactory answer. A full 
examination of the problem'wouid, 'however~ require a knowledge of decision, 
theory which is far beyond the scope of the present report. Instead some 
intuitively simple procedures may be suggested • 

. ' . >!, 
',' I, " 

If the magnitude of the sampling' variation to which the observati~ii~ are 
subject is.nOt, known it will'either have to be guessed (always a dangeroUf3!prq~ 
cedure) or e~timated from a preliminary set'of results involving say r1 
observations' 'on each experimental treatment.:' The standard error of: the ':':' 
difference between two treatment means each'based on n observations is 128/ In" 
If it is d~sired toest!rrlate\:he me~diffi?rEmce with 'a 'standard':erro;rof),p,9b, 
the necessary value of n may be obtained by'solving the equation 12s/ In = p 
or n = 282/p2 where s 'istihe stahdard! devia~ion eetimat'ed from the preliminl;l.ry; 
experiment and is expressed as a percentage'of the mean level" The n~mber of 
observations still required is then n' -r1'. 

..' ~ j ,I : 

Alternatively the values of the mean difference at each successive stage 
of the experiment may be plotted on a graph on which the curves.:!:. t 12s/ In 
have been drawn, t being an appropriate value of Studen!t IS;; t'cqi;':t;'esponding to a," 
probability level of 0.05. If the successive mean differencesb'asedori all 
available data consistently fall outside the region lying betwe<d:t;l the cuives 
.i t 12s/ In a decision to terminate the experiment may be taken.~l 

" ' 

These procedures are, however, simply rough (though uBEif'ul) guidelines. 

:' . .' I, 

12. Selected Reading List on Experimental Design 
" .,," 

1-! • I 

The following is a short list of text books devoted to principles of 
experimental,<;lesi{?;n ,anq, ,al1~ly'sis~" I~ isb;y.j~o, mean~ exh~~stiYe n?r is .it", 
inte:q.siEjd, to be ,but it does, contain some of "the accepted authoritative accounts 
ofthesubjecto' .' ':" '., '" .,'.:,", 

~ .' " " I \ ... : • I " I.) ') 

Cochran" "W'~'G'o and Cox" "G.M~ " ,1'~57'; 
" " , ! " ,.,' 'I, !.)'. I •• 

"~erim~rital D~s~gn~lI~ 
New.¥o~ldWiley. ',' , 

2nd ed.~ ':,,; 'I 

• 'i ""J,:,.' 

"t'. " i::!J',., I 'I I,", i, . c' ,( 

Cox';D~Ro: ~. ! ' 19,~8 '" ',I1PJ,.~~:q.~ng.c?~ Experimertsi'. ',New Y6rkt' W!:Leyo 
',' ', ••. \ '.' .. ' 11. !" ,,',J ," ',' ",' '. , ", , ' ••• '" ,I 

)" . 

i' 

", i,,'195~' ,; \~Th~'',l)~s:i.gn_cm.d ~n~~i~~i:1 q[~nq.~strial, 
, , .. , i" I 'f:,J 'Exper:iments". Ne\-.r,~~r\f:rt~fr1ef.;~': "':' .... 

';'" -) 1'.'". ".,.1; , '. :i.1 " ;t .".l .. , 

Davies, Oo.L. 
" . , 

:l~)!. 1935) (re:V~':. ed. '1960) 0 . i'TheD,ei;3igri cif ' 
, , , ',EX]?e,riinelJ.ts",,,,Lcnd<?n:i91iyer:,and' Boy(i!o 

. '"., , ~, ' 1/'\ , " )' 1.,.' ' <"j ~ '. '".-" " ) ,. f(':"'-:, ,',' 

F~she,:r~i 11·~~~!;';:1 ,:u 

" f 

. ("" f" J i i" \ . ;'! . " : I ,~, i .' ", 

Quenouille,.,MoH.:, . .1952 
f ! I). l! ,} it :., 1 " 

, I~~~~ ])~~ign'~d, ~alys~~ of ~er1:lhen~'" ~' 
London: 'Griffin~ , " . . !. '.', -,' 

.\ ," 

i'l 
',~)L": 

~ '.,l : 1 ,).- i .. , ' 

{,';! 'If ... I:,, ,',\ , 
: i' '/ t i 'f. 1. ,.1 f, : .\ r I, _ :'!~ i, 

", j.: ',';, " 
~ ,I ' 

~~ " ; ! \. ' .:l,i ·f! , .' ~ t" 
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