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1a Introductlon

i

The Worklng Group first met in Hamburg in Aprll 1972 and presented 1%8 :f
first report to the 60th Statutory Meeting of the Council. A revised version’
was submitted to the 61st Statutory Meeting and published in April 1974

(Cooperative Research Report No. 38, pp 1-22).

Although much.of what it

contained was of wider application in the field of comparative tishing, the
report had been wrltten w1th bottom trawllng speclflcally incmind. s

,!r‘

Accordingly, the Worklng Group was 1nv1ted to COntlnue 1ts study of the
standardisation of methods of comparing different fishing gears and in particular
to extend its discussions to gears other than bottom trawls. e

.Two further meetings were held.

The first, which took place in: Hamburg :

from 13-15 March 1974 dealt principally with methods of comparing two-boat

bottom trawls, mid-water trawls and purse-seines.

Dr H. Bohl, Convener

Mr H.B. Becker
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The second meeting, hLeld in Ostende, Belgium, on 23=-2L4: Aprll 1975, dealt
with passive gears. The participants at this meeting were.

My J.A, Pope, Convener
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Mr J.F. Foster, Guest
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Reports were presented at the 62nd and 63rd Statutory:Meetings of the Council.
These were subsequently revised and comblned by Dr H Bohl and Mr J.A, Pope to

produce the present report.

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
opinion. Thus active gears, which imply the movement of the catching device,
include trawls and seines while passive gears, which rely on the movement of
the animals to effect capture, include gill-nets, traps-and-static-hooked lines.

In addition to the neced for procedural advice on. the executlon ‘of

9

experiments involving different versions of the’ same g ary the Worklng Group
recognised the vital need for guidance on the comparison 6f ‘the catchmng
performances of different gears within categories (e.g. trawls versus “seines)



oand of gears in different categories (e.g. trawls versus,wnllmnetu) The
results of .such ,comparisons find their appllcatlon in, for example, modes of
allocating effort guotas in. ;any mult1~gear flshery regulatcu either natlonally
or.internaticnally in this: way. - However, although there was' some dlscuSSlon .
of . thisvimportant topic it,was necessarily. brlef as the Group 5 terms of
reférence specifically excluded it, . In the tlme avallable the Worklng Group _
could not dealradequately with a wide range of gear. types ‘and it was agreed o o
that discussion should be restricted to include only gears of importance in "
the ICES area. .

Guidance on the standardisation of procedures for carrying out comparative
fishing experiments requires the prior identification of factors:which may - play. .
a part 1n determlnlng the actual catches which will be observed. Many of these
._are common to a varlety of geers and’' methods of fishing and-have been: dlscuSSed
Very fully in“the first report (Coop. Rées. Rep. No. 38, Sections 4, 11).
vgeneral therefore, this' report- deals only with' those factors! which were con-
sidered to be’ épe01f1cally ‘Felevant to ‘the: gears and ‘méthods: discussed here.
A feathre of 51gn1flcant 1mportance 1n¥fish1ng w1th mid«water trawls and purSe-
selnes is’ the need’ for sKill in' manoeuvrlng the ‘gelak in three rather than in
two dlme ns. Thus, qualltles such ‘as human: skill which are-difficult or even
impossiblé'to “alter or control - are introduced:and: may: play & dominant: role°~,1;,-
Special consideration was paid to these distinctive features particularly.as;-
they affect the dc51gn of comparatmve flshlng studles.

. R LA N R A RN R
Also 1ncluded 1n this® report is dlscussien of: two 1mportant aspects of

comparatlve flshlng etperlments = namely design and aralysis. ' Whilst many
exPerlmental designg ‘have been ‘proposed ‘and successfully applied.to ia wide range
of expefiﬁental studies in many fields of investigdtion;:the use of complicated.;
designs in comparative fishing is not generally recommended because of ithe often
high risk of fallure to execute the plan due to uncontrollable factors such as
adverse’ weather condltlons, large changes in ‘fish:availability, etc. The:choice
of an approprlate ‘method of analyS1ng ‘the ‘results of an éxperiment is much more .
open to debateo ﬂmong other' things it will depend-on:the particular functions
_ to be’ estlmdted, the "éxisténce of previous rélevant:irformationy the: experlmental
'design usedy’the amount ‘of data and the statistical properties of the .. ...
observations. There exists a considerable volume of published materlal deallng
With statistical“nethods ‘of datsa analysis and the Working. Gioup realised that
it would be unwise, unneceesary and even 1mp0551ble to attempt to cover other oo
than’” a’ féw toplcs of” magor 1mportance° Ve e Ly ety e : Lae

a3 Two+Boat“Bottom Trawlﬁ

The vessels formlng the pa;r 1n a comparatlye flshlng experlment must be f
of the ‘same . type and power and, the 1engths of the vessels should be as nearly
equal as posslbleo; When comparlng catohes by dlfferent palrs he lengths of all
vessels should be similar. The vessels of a pair should’ hav 51m11ar tow1ngi
arrangements, either over the side or over the stern, and warp “loads tust be
equal on each side of tlhe trawl. A description of the tow1ng p01nts and the
method of gear handling (net drum, gallows) should be made.. IR PR Lt

Changes of churse durlng towing should be'avoided. . If course c¢hanges have
ito be made” the haul should be- ‘considered’ invalid. ~The distance between the two.
"shlpsmmuSt be kept constant- and this distance messured and recorded.: . Experiments
should’ not be carrled out 1n sea condltlohs that do- not allow accurate dlstance
keeplngo Bon b S R N S N Tl O R S SIEEUTE IS SRS

£ . -
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)Wlfh regard to the flshlng gear 1tself, the COnstructlon and materlal of
the' warps &nd the'length pald'out should be recorded; also thé magnitude and
placlng of“weiglits and’ the length, materidl, diameter and welght of the groundrope°
A constructional'drawing of the net should be supplied. .

3



The gear factors Wthh are elther difficult to control or cannot be controlled
independently are less c0mp11Cated for ‘bottom pair trawling than they ake for
bottom otter trawling. Dl:fefences in the angle of attack of the bridles may
occur when the direction of “the’ current at the bottom: deVlates notably: from‘bhe
direction of the current at the séa surface. Variations of the Headline height.
occur when the welghﬁs totch the bottom' heav1ly.» This can happen at an upward
sloplng bottom or wheh the vesSels are toW1ng agalnst a heavy swell° S00dort b

b, "Almed" Gears

P

-—-.————_m—nn

L, 1 General Con51deratlons

There are close 51m11ar1t1es between pelaglc (mld-water) trawllng and purse—
selnlng° ‘Both. methods of fisching rely largely on. the . detection of. su:tabie shoals
of fish and the ability! to. manoeuvre the geéar: effectlvely in three d;men51ons.

The acecuracy.and religbility of the. flsh detectlon equlpment carrled by the vessel
and the skill of:the wskipper  and his crew in interpretlng the 1nformat10n pro—
vided by suchrequipmentias well. as in operatlng the gear. 1tself may well outWelgh
any gear design factors.. Any comparatlve study. of. the catchlng perlormance of
different: versions:iof. such gears must, recagnlse and allow for these 1mportant
non-gear: Atemse: . svrond o0 g , o

Since the detection of dense shoals is of pfimekimportaﬁce'to'fhe‘successqof
this ‘type of: flshlng and as the exiistence of suitable shoals in.a glVeg area at
e specified ‘tine-is unlmkely to be within the control of tho experlmenter,,,‘v
comparatlve flshlng expermments of;mhls type may. take a con51aerably longer'tlme

g

can usually be more- readlly founda '
i .' . 1‘«‘.' PNLELL TRy iE Y'" Ll ; { . -

Whllst Comparatlveiflshlng w1th pelaglo trawls and purse-selnesfshould glve
less wariable results if conducted. at times. when the flsh are more ev nly -
lestrlbuted in/'space: and,therefore: may prov1de a p0551ble way of uh,ortenlng the
period of study it:must not be overlooked 'that such condlt;ons do-not. correspond
to those under Wthh theigear would usually be,expected to operate most efflclently°

£ CULe e et AT sl

Increas1ng thec length ‘ofr tlme requlred ‘for an experlment can ralse the costs
to such an-extent as. téimake it.prohibitive .for a study.to, be carrled out by '
research vessels and the use of commercial vessels may be: necessary ain. order to.
provide enough information. Increasing the duration of an experlment also
increases the possibility of major changes occurring in conditions many of which
cannot be controlied in any way by the experimenter. The need £3udolledt & large
amount of 1nformat10n on many factors known or suspected to influence catchlng
pericrmance becomes necessary in such s:Ltuat:Lons° This state of'affairsiis, of
course, not peculi fto comparatlve flshlng eXperlments and many ‘statigtical’
technlques have been proposed to as51st the analy51s and 1ﬁterpfetatlon of suchﬁ
observatlonal studlesq o S SR

,I, SMIe
DET RO FUt

k2 Mld—Water Trawls a;;iab‘

- e e mm wn e ow e e

With the above general:considerations very much; in mind.the Working:Group
revieweéd specific aspects of’ comparative, fishing. w1th mid-water trawlsj It o
~regarded -the approach by way: of studies,of the performances of. similar
vessels: using standard; and. experimental gears as being the one most llkely to
provide reliable conclusions. When working with commercial vessels it is verJ

desirable to have experiencad observers on board both the experimental and
standard (control) vessels to make accurate records:of: all: information:tosbe
collected. . If. enough observers are not available, 1t .is essential: that properly
. designed log books be issued to.the skippers of all, pavtlclpat;ng vessels w;th
clear and adequate instructions as to how records, are to be kept,,;,pp,o,‘(




- Items of,particular relevance to mid-water trewllng whici should be noted
are the. type. of _equipment used for locatlng shoals and the means ‘employed for
varying the levels of the net, Notes on fish locatlng equipment” Should include
the; method(of operatlon, manual, or. automatlc,,detalls of scale expander and’
whether: steering is automatlc durlng location. Durlng & tow' any changes in -
level,of fishing. achleved by changlng warp lenwth and/or propeller thrust
should. be. noted:and the tactlcs employed by the sklpper should be’ ‘observed.

The use of modern techniques of psychology to. study ‘thé behavioural tactics of
the sklpper in response t6 the information presented to him by his equlpment

is recommended as a valuable new area of research in this field. It is to be
expected that on commerc1al ‘vessels adaustments to the gear w1ll be' made durmng
the coursejqf,a tr;pa However, only changes necessary to permlt ‘the - o
appllcatlon of - the ‘best tactlcs in a given 51tuat10n should be' allowed.- Chahges
in the basig deslgn of thegnet and otter boards should ot bé" Wade at - any tlmee'
It is. absolutely essentlal to note any adaustmento made andrthem‘ effeét on Wfﬁ*
the geargfwﬁ.fy:_ AT , e ’

)J’

4 3 \gurse~Se1nes

MR A

The Workihg Group noted that developments ine purse-selnes had taken place
over the years and it was suggested that this was evidence that‘the f1$h1ng,m,hJ
industry had succeeded in carrying out at least some kind of comparative
fishing evaluation. Over recent years purse-seines had gradually become bigger,
both in length and depth, sinking rates had increased through changes in hanging
ratio and total lead line, welghting, and maximum flshlng depths had been con-
51derably ‘extended.” The Group recognmsed that it ‘could be argued that some of
these "improvements' were achieved not by comparatlve ‘evaludtion of ‘alternative’
approaches hut 31mply by recognising the direction in which changes for
improvement had to be made (eogom"the blg er ‘the net ‘the’ better" pr1n01p1e)

But some comparative evaluation must have besn’ made. at sdplé” sthages in theé
evolution of the purse-seine, even if only on a tr1a1 and error ba81s,
et EE AR S

Severaliwypgsaof purse~se1ne ‘exist” and each is operated in" rather

different ways. These types include R TS P STRN-N T T

_(a) shallow water purse-seines (e.g. those’ used for fishing sardlnes)‘ :

3.‘5’,9 )\J
(b) deep water purse~se1nes (e g- those used for herrlng)
s TR e Lot Do werdn Lo

(c) purse—selnes\used in: a58001at10n w1th flsh attractlon and eggregatloh J
procedures (e.g. those used in.conjunction.with light. attractants)o o

The latter proup is a special case in that it may not matter which. designof

gear is used provided: thé size:matchesithe aggregation! power 6f the light.

Yet this 'could be the' one case wheni by controlling the densityi of: fish. avallable,
Cadirect’ compellson of the &ffectiveness of dlfferent gears 1n catchlng.the

knowh oncentratlon could be- madegiv R GO e R

‘It was agreed that & number- of alternatlve comparlsons should be con- .
sidered which cover the groups (a) and' (b) aboves.  In particular, attention .
should be given to iexploring comparisons of, fishing units (vessél, gear and
crew) 1n ai similar. way to that uSed by fishlng organlsatlonsofls ,

SR RGN CRRERIS SN O v o ALt o ’ PO ¢ T

Short term: comparlsons of ‘purse~seines were ooneldered to bexunfea51ble1 .
in general° Comparlson ‘'of 'the ‘catching efficiency of “different: purse-seines
in shalloW ‘wateron scattered, reasonably uniformly. distributed fish shoals
might be possible but in general circumstances long term:studieés would. be!
necessary. Two main categories under this heading were considered, namely
(1) comparisons:between gears: on similar vessels. when the. :catchper unit
fishing time is used as the measure of efficiency and (2) between fishing
units (vessel, gear and:crew) when economic profitability .over a fishing- season
or equivalent time is used as the measure.

3
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In comparlng dlfferent purse-selnes used. by 81m1Lar vessels ‘experlments
should be conducted bas1oally along the same lines as described for' mld-water'jv
trawllng and these ‘need not be repeated again here.’ It is' essential! that

throughout. the net Shootlng and hauling operatlonS'the Sinking’ speed ‘anld pur51ng
speed should be no: ed and’ also the fishing' depth,‘ Fsséntial’ environiientali«i
data to be. recorded are water turbldlty, surface’ temperature, occurrence and

depth of thermocllne, general weather condltlons, current strength ‘and dlrectlonf
and, for. shallow water  operati fdnly, the depth and type of the sea bed"”“3¢~’

When comparlng dlfferent purse-selnes uSed by dlfferent vessels, separate -
assessment of the, {pilueﬁce of%all ‘factors related To either ship or” ‘et ‘i’
not likely to be posS1ble A‘"g;obal" oomparlson could’ e, made oy’ taklng into -
account the economlc aspects of ‘the flshery, the results of*“each fléhlhé unlt '
being . yecorded ‘and, analysed in terms, of profltablllty (i.e. ‘Bales finus e

,,,,,

exp101tatlon and deprec1at10n costa).” A sufficient indicetidn 'of the dlfference
between gears may be given where several vessels of similar capital and rhnnlng‘
costs are operating on the same grounds. Although the value of such comparisons
for profitability analysis is not denied it was considered that.techno-~-economic :
studies of the extent required are beyond the scope of comparative fishing.

No ‘définite technical récommendations are glven, therefore, ifor: conducting:
comparlsons of thls ﬁype.\‘~*v N I TR PP Vi e e add e

(i) the hanglng ‘ratio (horlzontal and vertlcal) aéfined as"
E = length,of line/length of stretched netting

(ii) the material of the netting yarn CUBLLT ';wMﬁM.:fk'j‘¢HQ;513;

(iii) the; colour of the netting yarn
(iv) the flotation and welghtlngo

5“‘,‘ RERETY iyt ) . N ‘f ).‘:,'
Catches from comparatlve flshlng experlments w1th set nets and drlft nets
should-bé" reported in terms of numbers. and welght af fish per: cunit areasof (.
mounted net'and’ per unit.length: of mounted nets /o T o e

“Whien comparing the catching performance of:different versions of gill: nets;
it is recommended: that: either entire  fleets of the.net being compared‘should L
“be used ory’if. different nets .are used within. fleets,. the.lengths of the
different:sections:of:the fleets should not«be too: small, ' It .is -alse recommended
that the different nets be joined by ropes of sayy:2=3 fathoms length. rather
than tying them closely together. In this way possible interaction between nets
of different’ type>thch might affect the. experimental:results may.be .avoided
or at least minimized, :.An interactive effect might woccur, for 1nstance, due .,
to possible differences: in visibility of the nets belng,pﬂmpared,ln‘such,a wayw,
that fish might be Xed:into less visible nets. by the more visible nets acting - ..
like a barrier. In this situation the higher catch of the less visible nets
could partly be a result. 'of the presence of the more.visible nets,and thei:
A observéd~difference>in performance might be greatly. reduced. if, the more, visible
nets ‘were not: present.  If twine golour is: not a‘factor belng studled hhen: all
nets shouldﬂbe of:ithe same COlOUTo(»ugu C R o : :

xl‘;-f"._‘(x B [T i ey ,ni

{I o

Set nets:may be set in stralght or 21g—zag llnes and nets at the end of
a fleet 'may: be:setiin' a curve or.in'a spiral. : The:setting proceduresmshould i
therefore be ‘standardized for. all fleets: used in an: experlment. A

b L ELEA A
'
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In the case of drift netfing either the same or similar vessels should be
used since dlfferences in vessel ‘size; shape and superstructure could result ... ..
in important’ differenceés in the speed of drift of ‘the nets and: the tens1on on.
them in the water. SRR S

The direction of the setting in relation to currents and tide should be

carefully recorded. Observations should be made on the distribution of fish -
caught’both in the horizontal and vertical direction.

6., Hooks and Lines

i [ O AT S YA

‘ The WOrking Groop consmdered the follow1ng types of llnes,,”

s e pd b nann

;‘blhand-llnes and pole—lmnes .
. .set lines:' .. . .. ..
drifting lines
trolling l:Lnes°

The p0551b111ty of concentratlng flSh in the area. flshed @ b
(eag. by 'chumming' or by llght) was noted, partloularly in, the case of hand-"bz,
lines and pole-lines. This operational aspect makes the comparlson ‘of these”
two, types of lines difficults; Disgussion was therefore malnly restrlcted to
balted long—llnes, bottom set or. drlftlngai‘wg_o

LR ERIE R 1< N SR Ve L (RN

6,7 Long—Llnes ‘j S I T R S B 710 B UEUA: & oS PRI FPINE ER A SIS ER

When reporting the results of cdmparatlve trlals of hooks and llnes, i
catches should be* related not only to the number of hooks but - als¢’ to the RIS
length of liney = ' SRS Sl LT S

The influence ‘on the éatch offthe type of bait, its'shape andisize were
considered to be particularly important. ‘The 'way'of ‘attaching the bait:to the =
hook, which can affect the holdlng of the balt on the hook, can also affect

Do R S LatTeE T IR P
The hook type and size were also 1temlsed as factors affectlng the catch°
The  ififTuence 6f the distance’ separatlng the: snoods, particularly in relation
to the denisity of fish on the fishing ground, was-recogniseds If it is"desired.
to modify the distance between hooks it is recommended that this be most easilyi
done by removing every 2nd or 3rd (etc) snood along the line.

The time of day when shooting and hauling the long-line takes place and’
the duration of the set are important factors which should be controlled 1n
any experiment. The hauling phase could have an influence on-the.catch; P
especially for the last part of the 1line (when hauling the anchor), poss1bly
resulting from’the: addltlonal twist of the'line produced by the increasing.
tension on:-the line as hauling: proceeds.!fCatches from:this part of the llne
might be dlscarded from the analy81s or. treated separatelyo e

In'order to reduce the 1nf1uenca of the movement ror drlftwng of the oAy
vessel it'is'recommended that-experiments be'carried out'using vessels of . ¢ v
the, same’or;similar’size and typed  Particular environmental:factors which may
influence catch rates 'include: tide, current, llght, moon phase and the nature "
of the sea bed.,. .. i2u. - YT PR cn e Blosonmh e

- e ww e s e e

PQSS1ble experlments Wthh mlght be conducted,W1th trolllnw llnes 1nclude
studiés of th, ‘influence of 'the’ line location on tle outrmgger or on the. vessel
stern, ohﬁassessments of the dlfferences in catch rates obtalned w1th llnes of



different types (shape and colour, for instance). = Specific environmental factors
which should be taken into account include pogition of sun in. relatlon to the
course, of ‘the vessel, state ofisky, direction of wind. The 51ze of the vessel
may also influence catches, : P

7o Traﬁs L }.;:3L_Q_¢f

B - I O Y S P SR A . O Y A T
The term traps covers various types of gear, such as pound-nets, pots and
fyke nets.

It was agreed to restrict the dlscu851on to ‘baited pots Wthh seemed to be
more amenable to comparatlve fishing.“"As'far’ ‘as’ “pound-nets and fyke nets are
concerned it was the opinion of the group that the influence of their location
(toPOgraphlcal factor) makes their comparison dTfficult ‘and’ time—consumn.ng;°
However, results may be obtainéd by fishing alternately with different nets in
the same location. dtraads ‘

There are o ways 6f settlng pots, “Bithéfr “in line' or separately.- In'llne5 
attention should be paid to any changes of “envirorment (depth, bottom nature; - -
etc) which could affect the distribution and behaviour of the fish. Because of
the influence of the current ('shadowing effect' on the zone of action of the |
bait) it is recommended that the lines of pots be set across the current. When
the pots are set separately, the different. fypes.should be located at random.

It was agreed that. fop-comparing different baits the pots. should.be similar, .
and for comparing different types of pots, the bait should be the same. - . :

As.,a specific factor.in the pot fishery the effect of 'parasites', :
(organlsms feeding on; bamt) should be takenﬂmntp,con51deratlono L e e

o .
I S i o HISTaE gt

If the flshlng ground is not unlform w1th regard to env1ronmental condltlons,
the experlments should be restricted in area and repllcatede

The behav1our Qfdfhe flsh or shellflsh;caﬁght in. the pot should be noted,,f;
part1Cularly when a p0551ble escape can,. take place after a certaln per;od,of
tlmeéu"" il L N . o e s vofeg HEETDR IS | i W

8. Observational Studmes Sl renbied B L0 e e, R

8.1 General Remarks ﬁ“,afé' B (Q'~¥.W S R AIAES :»'f, cw:?' ; aﬂ?' I

The Worklng Group devoted a good deal of 1t6rt1me to dlscu551ng the
possibility of beéing able. to.draw correct. conclusions;from data, gathered. from
"undesigned and uncontrolled'.experiments... The; approprlateness of the:r: .. ‘;H,m
statistical techniques given in the Working Group's first report to the '
analysis of .data from such.studies, was also-debated. -The main conclusions:
were that while care must. be exercised-in collecting; sanalysing and inter=
preting:data from observational studies, such studies.are:capable:of. prov1d1ng
a wealth of useful and meaningful information as:- evidenced: by.-their:. 1ncrea61ng
use in a wide range of research 1nvest1gatlons (e.g. medical research)ora~ st

.................. L Lot

An observational study is a survey of a ,process which seeks to explain the
respohse 6f & ‘varidble” quantlty in terms of one. or mote explanatory var;ables,, .
The” process cannot be interferead w1th by the observer nor can. any of the magor
explanatory variables 'be controlled or adausted as in a designed eXper:Lment°
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The flrst step 1n organlslng such an observational study is to . define :its
'objectlves and the verlables to ‘be measured. ‘At the outset it is advisable . to r.:
prepare a written’ statement Of “the ‘aims of the study. This ensures that.allc - .
participants have a precise formulatlon ‘of "the hypothesls tobe tested and: dlSO
ensures that, as the study progresses, ‘the objectives do not become alterefd ... ..«
and that dlfferent partlclpants do not develop confl:ctlng v1ews as-to. what 1s
to be done.,L"m; S » Lk s _ e : “”i“‘

Thls statement should lead loglcally to the def1n1t10n of the response
variable to be measured and to hoW thé measurementd are to be taken and- what
comparisons are to be made. In comparative fishing studies the response. varlable
needs to be carefully selected so that all approprlate information can be
collected throughout the entlre ‘period &t studye Poss1ble response varlables
include (1) total catch in numbers per. haul, (2) catch in weight! per day 5
absence, (3) proportion of a given species’ which' is of a certain‘size! caught
per haul, (4) value of” all ‘catches’ per vessel over a’fishing season. There may
be many. more posslbllltles and the one or ones- chosen must be sta.ted° L

5 g N

In addltlon, all other varlables to be meaSured durlng the study must be '
decided. Such’ "explanatory" Variablés tiay be” truly téusal varidbles (e.g. the
number of weights on a purse seine) or simply classificatory variables (such. .
as time of day). Particularly for the latter type, binary variables may be
sufficient (e.g. 1 = day, O = nlght) - In other situsdtions a multi-pointed scale
may be requlredo. Also when a variable is difficult to measure it may be
sufficient %o record it as an ordered variable (e.g. none, few, average, many) .

If the study is likely to continue over a long period and particularly
if the effect onm the response variable is not expected to be observed qulckly
it will be necessary to include a large ‘number of explanatory variables in the
study.

When the explanatory variables (x1, Xoy <o) are measured on a continuous
scale a comparison of the response variable (y) for the group using the
standard gear can be made by first calculating the regressions of y on Xqs XDy ave
for each group and adjusting the mean responses to remove the effects of the
regression. When some variables are clas51flcatory the regre551on ana1y81s may
be extended to become an: analys1s of oovarlance°;~~~. ey g .

An extreme fonm of clas61f1cat10n 1s that known as matchlng 1n wh;ch palrs
of units with identical values of all explanatory variables are chosen, oné
being used 'as. a. control and:ithe: othereas -an jexpeyimental unit, .. Clearly the use
of sister.ships in' a study. should: be-an advantage but non—sh;p ’ctors may
Stlll dszer appre01ably even: ln such s1tuatlons. .

Taaeg Sk s TG
It will be useful to conduct a pllot study before the maln(exerclse 1s
undertaken. Such a pilot study will serve to 1dent1fj possible explanatory
variables on which information should.be:collected 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 experimental gear is introducéd:

e
sl

9. IExperimental Design

In its narrowest sense the term 'experimental design' means the
arrangement or order of the experimental units (e.g. hauls) to be used and the
method of assigning to these the different factors (e.g. gear variants) té be
studied. The elimination or mlnlmlzatlon of the effect of known, or suspected,
but’ uncontrollable varlatlon, ‘the’ provision: of unbiased estimates' of the ~
dlfferences between the effects of the’ experlmental factors with" the désared
degree of pre0151on for the least amount of’ experimentatlon and a procedur:
for calculating the' anount of urcontrolled variation are the maii’ advantages
of a good experimental design.




wilssentially the aim is to group the experimental units into sets which are
as allke as possible ‘and assign a different experlmental factor (or 'treatment')
to each unit within a set.  Thus, hauls- made by the same gear at the same” e
position are often more alike than hauls made at dlfferent posmtlono,A]A"“’
comparison .of catches made:by dlfferent ver51ons of a gean in which each o
version: has been used.at. a dmfferent Bite, from every othen‘may reveal’ B
differences which merely reflect changes in fish populatlon sbundance or
behaviour or differences in envirommental conditions rather than in the
catching.performances of the gears involved. K On the other hand, if comparisons
are made within sets. they are not. subaect to. sources of varlablllty whlch
affect the. sets dlfferently° e .

»As an- 1llustratlon, con51der an experlment to study the catchlng per- L
formance oftwo types of baited pot, (A and B, say) of which 48 6% each type
are availables ' Twelve. fleets each of, 8 pots hight be made up, all pots ina’" ‘
fleet being of,the same type. If 8ix, dlfferent flshlng 31tes were avallable ff"
it would clearly be sensible to. use all smtes and to arrange to have two <
fleets at each site, one of each pot type° In this 51tuat10n the' eXperlmental
units:’ arerfleets, .92-in all, and they are arranged in 6 sets of 2 units each
Results - mlght lpok as fpllows, the flgures belng (hypothetlca;) catches 1n
numbersa,« vl Vel v Taman e Lo e .

Total Catch of Fleet

site . Type d | Type B f’f

leferenCe A
S (BoR) O '
G AR 200 : 6
L 2 1?~j::§f,‘ Lol 5 I « ., "O ZI . , o = . 5 o ; .
L‘. 22 L et 20 ti R ..2.,, I
5 9 13 L
6 I PR 7. o s 25 P e L 8 .
i . = 4.2

[ ;Soeo =] i: 1038'

Note that the effect of dlfferenoes betwaen sites (due perhaps to real <0
differences in levels of abundance) is eliminated. Changing the observatlons
at any glven 61te by the Same amount leaves the results unchanged=

' This technlque may be extended to comparlsons df more than two pot types ol
in an obvVious way giving rise to: what are known as “randomized blocks', the:,
blocks being sites and the relative’ position of the:fleets of different.pot..
types at each site belng determined by some randomization procedure° A p0881ble
plan for comparlng 6 pot types mlght 1ook as folloWs Y ST

o Pos:.tlon (East to st ‘
Site. .oy 1; 2w e gl

1 A B D F c E

2 D c A B F E

3 B F A c E D

L'- C “A.ﬁﬁ" B F ’ E ' !D f 5 B i
6 len s D B E A S c F

At b of’ the sites (2, 3, 5;»,)4pot type D appears ‘at, an, out31de p051t10n whlle
types A, C and F,occupy such a position at only 1 site each. (1, b ana 6
respectlvely) If it vere con51dered that ‘the posmtlon of a fleet W1th1n a
set m1gh£ produce a systematlc effect on catches, a second. grouplng 1nto sets

R S DR T
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correspondlnv to the six dlfferent pos1tlons ‘could be intréduced. ' This would
give rise to a La*ln Square design in ‘which' each pot typé appears not only-
once at each site but also once. at eaoh p081t10n. Suoh an arrangement. is r:i e

shown below. SRR R RN R

Position (Bast to West)

Site 1 2 3 4 3 - 6

',]' ! J" Y A ,“:B“x’ . C '-.. ; D B E . iy ;

2, B e p g dp o ow

3 o B YR Lo hdennp '
L D A E B F C %
5 E D A F C B

6 F B Lt VIR B vl

i
i

It may often happen that we wish to study the effect of several different
types of factors Thus we may: wish: to study:pois having three dlfferent sizes
of eye-opening S4, Sp and 82 (say) and also to study whether the fitting of a
particular type of non-escape device affects catches. - These factors may be
studied within the framework of a single 'factorial experiment' in which the
treatments applied are combinations of the various .'levels' of .the different
factors. In this hypothetical example there are two factors, size of opening
and non-escape device. The former has three levels corresponding to, the three
sizes ‘of ieye, the latter has two:levels. namely non-escape device, present (P)' ;
or absent (A). There are 2 x 3 = 6 possible combinations of factor levels,sgi;

o RRGHET

An’ experlment of'thls type 1s referred to as a 2% 3 factorlal experlmento.
The treatments may be applled in a’ randomlzed blocR """ haﬁln Square desmg;n° *s

'; If the effect on catch of flttlng a non—eséape dev1ce is- not ‘the same at
all sizes of eye-opening we say that there 1s an Yinteéradtion’ between the ' ¢
fitting of the device and size of eye—épenihg° ‘THE Sdvantage of using a
factorial experiment is that it allows a test for the existence of interaction
to be made and, if it .exists, allows its nature to be explored. The possible
existence of interaction may be revealed by constructing a two—way table of
total catches from each of. the smx sets of fleets of the S1x ‘pot types. This

might look as followsn

I
o

‘ 54{‘ ok Devn.ce . S,‘ 52 \ 33 e

RENEIRE Absent ?v © 96 nn 1500 ;;w:61_?oﬂ‘? L e f:
Rt M ‘Present i8h: o o302 0 102 P A oD o
. A leference ?ifjaf'*” 152f1:% L4 Jf,,\f‘,fy‘ “ruﬁu..‘; Cop

‘ “The above table suggests that the* flttlhg of & non-escape dévice is™ ,
advantageous at the intermediate eye size and possibly also at the largest sige
but not at the smallest. Standard errors for each of the above differences may
be calculated by established procedures.

_ Whlle the factorlal pr1n01ple may be extended to’ the study of ‘more ‘than two
factors,_each at’ severa] levels, the employment of eXperlments 1nvolv1hg a 1arge
number of factors 1s not generally recommended in comparatlve flshlng. e

doe ; ‘nﬁg“-

Statlstlcal Analvsrs M/~u : gﬂ

]

i LA ' : N Lo Ao .
Do 1Statlstlcal analy51s of thekresults from some 51mple experlmenis were Cot
given. in the previous report (Coop. ‘Res. Rep.; No.. 38,. section 8). - In this
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report some basic requirements for the validity of application of the analy51s

of variance are. presented and the method of carrylng out an analysis’ of - -
variance of a; two-factor exPerlment with interaction descrlbedu Famlllarlty n
with elementary statistical techniques is assumed. ‘ C

N

10,1 Preliminary Considerations_

The mathematical descrlptlons (models) used in the analysis of variance
are linear models. That is, the variable belng analysed, catch say, is
considered to be gapable of being represented in a mathenatlcal fashion 1n
the following way°

Catch = (a function of specific systemaiic factors)
plus
(& random element representing the combined effect. of
non-systematlc, unmeasured and uncontrolled factors)
lae"_ y = f (U, d"l B" Y’ °°°°):" e ' KR ' » }lu

IS PUEF T B

W

(U + 0+ ﬁ oy + eo) S 8 S v ERTACEIR " w0 s

where.u 1s a constant represent1ng the overall mean of the catches and s
o .8, i are constants referrlng to the effects of the different;. systematlc

factorso”' S / : e g . L S

For example, suppose catches taken by two versions of the same bottom
trawl fished from the same vessel are to be analysed. Suppose further that
the gears were fished sometimes from the port side of the vessel and sometimes
from the starboard side and that hauls weré made. during both dayllght and
darkness. Assumlng it were p0551ble to carry out 8 hails in each period ‘of -
2k hours a possible experimental design might be one in which 4 hauls were made
during the hours of daylight and L hauls during darkness hours° Thus the plan
for the. flrst three per1ods mlght look llke o D

ARy . X | . . . o : . : .
A O e i LN SRS : "

Perlod b Dayllght S ’%' TS Darkness o ,
4 BP .. BS A Be 0 mp "oas’ B
2 BS AP BP  AS  ag BS'C A,Pﬁ,i” BP
3 AS BS AP BP BS AP BP A8

where A and B refer to the two versions of the bottom trawl being used and

P and S refer to port side and starboard side respectively. DBecause the effect
on catch produced by fishing:from different sides of the .vessel and by changes
in light intensity may be considered 'to be systematic, this has been recognised
in the experimental design by arranglnw ‘that both gears are . fished from both
the port side and the starboard side in both’daylight and darkness. The
mathematical model for the, analys1s of the results of such an experlment would
be: . . .

SIN SV

R iy ,‘*+«o'_'.:+' S . - “: ,
yo=uhy, j Ake T

where y is. the catch (or possibly some function of the catch such as its
‘,logarlthm) u represents the overall mean level, y (1 =1,2) represents the
effect of gear i, o, (j =1, 2) the effect of 51de J and, l (k = 1,2) the o
effect of daylight Ar darkness, The terms to be included in the model are
determined by the nature of the experiment and its design. Terms which cannot
be estimated from the data should not appear in the model. - The. random term,. . -
£ , represents the combined effect of all those factors, known and unknown,
which have not been controlled and whose’ effect is known;. or has.been arranged
by randomlsatlon, to be unsystematic.’ There is a notuncommon misconception ..

12



transformed data° j‘y

that the valldlty of such models ‘demand - that there be a Normal - dlstrlbutlon of
the species in space so, that when the specmes are distributed in a'lighly -
aggregated fashlon, s many are, thls assumption falls and”brlngs down the j~4”
entlre model with 1t ’ L S ’ G

.~1;;"L'., Loy i wr} S U T B

The spatlal dlstrlbutlon of a specmes may be' ciassed convenlently'lnto one
or other of three groups, namély, “uniform, ‘random and aggregated A'uniform
distribution occurs when the fish are regularly spaced in a symmetrical square
lattice in two-dlmen31ons or. cubic lattice in three-dimensionss, The. densmty
per unit area or per unit volume would, in siich & situation, be constant at all
points. Probably no.fish species-is dlstrlbuted precisely-in this, way, although

somermay approximate to-this. ¢ v o L wabnoon e AR o

When fish are randomly distributéa‘iz{épac':é“théy‘“niéy"bé thought of as
exertlng no forte of repulsion-or ¢f.attraction:on each other. .The, number of
fish in :any volume-is neither: 1nfluenced by nor: 1tself 1nfluences the, number of

fish in any.other. volumes In such a: sltuation the number ;of fish in.the...

different unit volumes. into .which ‘the, total hebitat may. be. dlv1ded w;ll have a
frequency of ‘occurrence exactly predictable by a: stat;st;cal probability., i
dilstribution known as the Poisgon.distribution. This type.of.distribution.is.
unaffected. by the size of-volume:chosen as unit . although, of .course; . the; average
number ‘of animals i iper. unit rvolume  will. depend on. the size ofithe unit; volume,u(
When the 'mean number of  fish perxunlt volume 1is large the- frequenoy dism ) e
tribution..of 'the:number of individuals in different.volumes:will.be closely: .
approximated by:a Normal; distribution. . This is a mathematlcally verifiable.

. property ofthe Poisson idistributions - JFurther, catches from such;a- populatlon.

will have a Poisson, or for large numbers caught, a Normal distribution.
S pet Been L Fdedioo

When fish are aggregated 1nto shoals then the occurrence of 1nd1v1&uals in
any specific unit volume will increase the probability that individuals occur
in neighbouring volumes. The entire habitat will be charactefised by having a
number of volumes with no individuals present and others with a large number
present. The frequency of occurrence of different numbers of individuals iper’
unit volume will in this case not be given by the Poisson distribution law. but
will follow some bther statistidal''distribition such as the Negatlve B;nomlal
distribution. Catches by fishing at random on such a populatioh will also |
follow a Negative Binomial distribution, but, .if fishing is "aimed'':at schools
this will no longer be, true as zero catches w111 elther not occur at all or be
under-represented. . : . 3

It is theoretlcally posalble to flnd a mathematlcal transformatlon of the
random element whitch will have a Normal distrivution" and, “in" ‘practice, some
convenient transformation can usually be;derived which willibe, to.a sufficient
degree of approximation, Normally dlstrlbuted. The point of this is to allow
standard statistical tests of significance to be made where otherwise they
would be’ 1nva11d.‘ ‘The Normailty requlrément is & prerequlsite of the’ figures
actually used 'in’ “the" oomputatlons not’ of he ba51c orlglnal data° “If 'tests of "
significance’ ‘and’ confldence Iimits aré” noﬁ”fequxred it is’noét éESentlal to
demand Normallty of the stochaetlc termgor any transformation of 1t althbugh

CEy :g,.,; '.i TR u SLOAST L pRushil G e e

" Althoéugh the ‘gimplest’ response ‘function is'a linear one it is’ not’ unlversal
and if non-linear responses are known or thought to exist they should‘bé do "
specified. The form of the function (f) is a matter of judgment and will be
based on the experimenter's knowledge and’ ‘experiénce of the process under study.

et
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A wrongly specified model will lead to incorrect conclusions. Non~linear,
response functions may be handled by ordlnary least—squares proCedures although
the exlstence of non—l;nearlty may result in, mathematlcal complexlty., Thls\;"
may be avoided by seeking a linearizing transformation of the response functlon
suitable for analysis. As with the normalizing transformation this linéarizing
trensformatlon is introduced solely for mathematical simplicity. If enough
1nformatlon is avallable, both transformatlons may be ceduced from the data.

B LR N I i AR O N S F IR N

10 2_ Analys s‘of g ? g g ctpr Experlment W1th Interactlon

- . Sl dL I I
A ;)

The computatlons required to perform an analys1s of Variance of a two-
factor experiment, which includes a test for the presence ‘of ‘an tinteraction -
between factors, are given 1n thls sectlon.

. S PR TR B Y/ O (e y yirgn e LD y L AR 0 :

R Suppose the eXperlment relates bo long—llning and: the two factors are "hook
type ‘and"digtance between snoods.  If two-hook types:are to be tested at three
dlfferent spa01ngs between'snoods, & ‘minimum of:2 x°3 =-6.1lines .Will be -
requlred, ‘three’ composed of hook type A dnd/threerof: Hook:'type ‘B, ‘one of each:!
group of- three belng ‘at 'each of ‘the three éhood Spa01ngs to -be studleda
Howevér ‘oneset of cateh data for: each liné’would: not»yleld an estimateof: the
magnltude}of ‘tHe random: Varlablllty ‘which ‘isinecessary for:carrying.out 'tests: :
of 51gn1f1cance,“'Thus ‘it is'nedessary to-réplicate the experiment. . If this
were doné a minimim-of five times a’ Suff1c1ently ‘gecurate estimate: ofthe.
varlance of tHe- random*component should be obtainedi More replication 'would,
of course, “improve this- ‘edtimates With such a-/désign itsis possible to include
terms: repreeentlng the " preSence of 1nteractlon‘between hook type and snood spaclng°

ER RS IR RV ok B O . EAEEVRNE SO E RERI S B O S A Y

A sultable model for thls analy51s would be

\”J'fAWiftﬁ_yi3k\~ " +,a1,+ 8‘ + I i +“ekrffeij

JEIN SR S

ff;”§f5kﬁ 15 the Catch” per ‘hook from the k?h repllcaMZOnxof hook type FR
. wﬁwiﬁ at 5pa01ng 3 , S v

FR R TR TT o YT U TV B S-S Y!

,,,,,

”bié ‘the overall mean Catoh per hook

(((((((

u,

u
"o, is the effect of hook type i (i
A

It

is the effect of spa01ng J (j

: 1§he?terms a, 6, I and p are not alm of the same krnd.} The hook types aqd
spaclngs studled are probebly the only ones the, exPerlmenter is 1nterested in, .
i.e. they may constltute hlS total populatlon of hook types and spac1ngs and the
resulte,of the experlment are to be appl;ed only to these,; The' terms oy B and
I are, therefore, referred to as, fixed eifects,g The replloatlon terms, fon,
the other hand may be regarded as random quantltles, being a’ saMple from a .
larger population of replications that might have been carried out over a longer
‘period of time or over a much wider area.  Without any. loss of generality. we

ey then assume , AL T AEEE SRR A

Ty ",b.",h 1 Pk
We may also assume

o N(O,o; ), € sk " N(0, 0%)
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“ The énalysis of variance table for this model is given below. . .. -,

. f
Y S .
RN poee

Source of . . Degrees of Sy Fetest . i o
variation:: ffeedom (df) s%ggges Mean Square (MS) , Jf'ﬁféﬁ,_z;xgﬁ,
Hook type (A) a-l SA S) = /(d"l) tsA/SE
Dlstance (B) “ - b l : ;LSB:f;tfﬁg % S /(b—l) i:1;553/$ﬁ:;‘ \
Repllcatlon (set) rqiraﬂ“ ’ - R . R/(r—l) t;;}:;'f'su/g

Interactlon (AB) (a-l)(b 1)

EI‘I’OI' L :.' i ",’\"“"’, S (I"‘l) (ab-l)

Ugrhe v i e DT R

abr-1

: V““ﬁ%;q S T RO SRCIRRE BN TN DUU S S SEIPR R TR RO ORIt
_ The consequences of non—normallty ‘ot the 81”"8 ‘on"the s1gn1f1¢ance level

of the F-test are not too sericus. Only very skewed ‘distributions” would have '’ .
a marked effect on the significance level. The best way to correct”for lack of“
normality is to carry out a normallzlngwtransformatlon. The most common one is
the logarithmic transforfiation. Righ skewed frequency distributions are often
made more symmetrical by transformation to logarithmic scale. Othenr trans-
 formations which are frequently used are the square-root and the arcsine trans~m
formation. ‘A fortunate fact abdut transformations is that very often several"
departures from the assumptlons required by analysis of variance are
51multaneously cure; by the sameé tfansformatlon° Thus frequently, by maklng
the data homogeneous, we also make thém approximately Normal. When a trans-
formation is applled tests. of 51gn1flcance are performed on the transformed N
data. If none of the transformatlons can make the data meet the assumptaons of"
analysis of varlance, ‘non-parameétyic méthods may be applied. However, we should
point out that in cases where the assumpt;ons hold even approximately, the
analysis”6f ‘varisgnce is generally the more efficient statistical testi

11. Amount of Experimentation

A question frequently posed in the planning stage of an experiment is
'how meny hauls (sets, etc) will be required to provide a sufficiently accurate
answer to the questions being studied?'. This was dealt with in the Working
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.

15



Although an important' question it is not an easy one to ‘answer. 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 possible.  This, of course, is not an entlrely satisfactory answer. A full -
examination of the problem would, however, require a knowledge of de015lon
theory which is far beyond the scope of the present report. Instead some
1ntu1t1vely 31mple procedures may be suggested°

If the magnltude of the uampllng varlatlon to which the observatlons are
subject is not. known it will ‘either have to be guessed (always a dangerous. pro-
cedure) or estimated from a preliminary set ‘of results involving say rq
observations on each experlmental treatment, ' The standard error of. the
difference between two treatment means each based on n observations is /ér/ /ho
If it is de51red to -estinate the mean’ dlfference with a standard ‘error. of P %, ..
the necessary value of n may be obtained by’ solving the equation vV2s/ vn = P
or n = 28 /p where s 'is the standard’ dev1atlon estimated from the preliminary
experiment and is expressed as a percentage’ of the mean 1evel° The number of
observations still reqiiired is then n-= Ty e - s

sedgs E S

Alternatively the values of the mean dlfference at each successive stage
of the experiment may be plotted on a graph on which the curves + t v2s/ vn
have been drawn, t being an appropriate value of Student's. t correspondlng to a:
probability level of 0.05. If the successive mean dlfferences based on all
available data consistently fall outside the region lying betwaen the curves
+ t v28/ /n a decision to terminate the experiment may be takeno

These procedures are, however, simply rough (though useiul) guideiines,

. i a

12. Selected Reading List on Experimental Design o
The following is a short list of text books devoted to principles of
experimental .design and analysis.. It is by ;no means exhaustive nor is it
intended to be, but . ;t does contaln Some of the accepted authorltatlve accounts
of the. subaecto\de( : . a

e o

CgcbranQLWXGg‘an§ ¢Q;1?G°M;\iﬁ1§57ﬁfit“m”erlmental De51gns" ) éﬁd~ed;
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Cox, D.R. ' . gff‘"Planniﬁ*g’ of Experiménts;*“' " New Yérk: Wiley.

Davies,mQ?L.Q" | ;"The De51gn and Ana1¥51s of Industrlal
b ,Experlments" - Neir Iork Hafnero, -

ff,;(revo ed 1960) "Th' De51gn of - .

‘w_Ekperlments" Lcndon. Oliver and Boydo

U <A, ) 11 : b} v’ ".'*Vvv,,f j: :':,'H$ T [
Quenouille, M.H.. == . ) "The Deslgn and Analy81s of Experlmentto'i

- London Griffin. -
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