
. RESTRICTED 

INTERHA TlON,..L COMMISSION FOR II THE NORTHWEST ATLANTIC FISHERIES 

Serial No. 2011 
{D.c.9} 

ICNAF Res. Doc. 68/83 

ANNUAL MEETING - JUNE 1 968 

Diurnal variation in availability of different 

sizes of redfish (Sebastes mentella) 

By E. J. Sandeman 

Fisheries Research Board of Canada 

Biological Station, St. John's, Newfoundland 

Introduction 

In recent yeurs attention has been increasinBly focussed on the 

different typos of bias which may effect the uso of catch per unit of 

effort in providiIiB efficient indices of abundance of different fish 

otockc. One of the aspects 11hich ma;r ccner."te such bias is concerned 

with chanees in thE' vulnerability of tho fich to the fishing gear. This 
vulnerability is a function of the fishing gear (in the broadest sense) 

and of the bohaviour of the specios of fish. The latter, which reveals 

itoelf both in the intrinsic behaviol~ pattern of the fish species in 
relation to the environment and in its behaviour tOI-TUrds the fishine 
gear, is likely to chanGe with respect to time, and these changes may 
give rise to cyclical clk~nGec in availability, and to changes in avail-
ability related to the physioloGY of the fish and particularly the ageing 
process. The latter may be manifested in different degrees of avail-
ability for different soxes and size croups. 

Cyclical chances in availn.bility of different fish stocks have 
been the subject of many investigations and correlations between fish 
abundance and different cyclically varying factors are numerous (Gulland, 

19~;5, provideo a general c1iscusGion and more recently the ICES synlposium 
on "The lleas~elllent of Abundance of Fish Stocks" h"s served to direct 
attention to SOllO of these). One of the most wide"pread of these 

cyclical changes in aV.1.ilability LS that associated 1.:ith the diurnal 
F2 

......... " .. 



'. 

1.:' ' 

"t- ! r(. r.,:r'·,' . ".,-" "." 

, 'r:' 

~',~'~;,~?:'i 
" ~ " 

chlmee bet\;ccn daylieht and darknesz. Although diurnal variations in 

catches have been reported for most' of the major marine commercial fish 

species D.S caught by man;, differont finhins gC:J.rs, data on diurnal 

variation of the different size croups makine up the catch is not GO 

frequentl:r documented. 

Diurnal variatiOJls in the ,cLttcheD of ;jebo.staG tire ;lell knm-/Il to 

eveI"J red:fish fisherman and these may on some occ:J.sions ".nc1 at some 

localities be so extreme as to necessitate a switch to anot:· ',' target 

species or even a com?lete ceosation. of fishing activities during the 

hours of darkness when the redfish arc eeneral.ly least available to the 

otter-trawl gear. 
.~". 

The phenomenon haG been documented for redfiRb by the :following 

anthors: Steele (:2.95'7), l\onllkntinov and Scherbino (195S), Templeman 

(1959), Von Seydlitz (1')62), [lnd Borunbh (1<;66). 

llat.C'rio.ls and l~ethC?ds 

The results proGented here could perhaps be regarded D,S part of 11 

:fortuitolls bonUD arising from tHO cruises of 'the research vessel 

",'l. T. Camp-ron" in .ilich the purpose )Ill;') to c01:1p'1re the selectiv:!;ty. of 

lIo. 1,1 otter trciwl manila nets having different mesh charactcristics. 

Thc main characteristics of the IT ncts used (B, C, D, & E) are summarized 

in Table I. 

DurinG these tt'10 cruises, three different eX;Jcriments were W1der-

to.lwn. In each experiment fishinc vas carried out o.t 0. single locution, 

and was continued Hith one set evcry three hours over a period of several 

do.ys. The position VelS mnintcdnp-d constn.nt by use of a .Dcccu Navigator 

l'rack Plotter to ensure th"t the shi!)s truck did not deviate from. the 

narrow corridor used durinc all t.hc sets of the experim.ent. 

The period of the 24 hour day '<IUS divided into 8, 3 hour time periods 

and care wan tn};en to (ll1nuro all "et:: (of ono hour duration) occurred 

within these time periods. It is con'lenient to label or code ea.ch time 

period and thi::: has becn clone acc.orc1in:; to the scheme below: 
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T irn '1 ... :2fl::.iod 

1 00.00 hI's to 02.59 brs 

2 03.00 hra to 05.59 hrs 

3 06.0(1 hr01 to oe.59 hrn 

4 0').00 h1'<:: to 11.59 brs 

5 12.00 hrs to 14.59 brs 

6 15.00 bra to 17.59 brs 

7 18.00 hrs to 2').::;') hrs 

8 21.00 brs to 23.59 h,.,., 

The plan of the experimont wus such thut in a block of 32 sets 

euch net should have been used once in each tillle period. Hhi1e this 

condition ;1!lS enforced during Experiment s I! and II!, in Experiment I 

occasional damaGe to the gear necessitated some modifications and tlus 

resul ted in each net beine tIDed tl/ico in eo.ell tirre period during the 64 

sets Hhich comprised the experimeni. 

The dates and loeo.tions (all Eastern ed[;e of tll<3 Grand Bank) of 

the EX1Jeriments are sUJllJnarized helow. 

Expt !lo. of Depth 
1To. DatoG (196l) Gets lat. "~ Lon.n:. '1;-1 (fl". ) 

I 11 July to 21 July 64 460 39' 47° 21' 185-170 

II 30 JuJ.J' to 3 AU{;. 32 46 0 58' 47° 26' 170-180 

II! 4 Aug. to 8 Atlf:. 32 47° 11' 47° 25' 170-185 
to 

47° 08' 

For each set the catches of redfish 1-1ere separated and the q1W.ntity 

of fish taken measured in baskets. llhen catcbes were small the total catch 

was ;leighed in ooskets before heing measured. Large catches were sampJ.ed 

by a random process of selection Hith t.he sampled baskets bein::; \;eighed 

and measured and the sample wBight and frequency subsequently multiplied to 

the tot.al cat.ch. 

Itedfish measurements \{ero all of fork length (from the anterior tip 

of the lower jaw ,lith the mouth closed to the most distal portion of the 

median caudal rays) made to the nearest en, ho\fever, for most of the 

subsequent analysis these lonGths 1-1ore lat.er combined int.o 2 en eroups. All 

redfi~h were sexed by internal examimltion of the Gonads. Examination 
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durinG tIle 1!10a::nn'i!lG Ol'OJ"'ltion r()vl;.~o.18d only" l,- Un.J'lDl'~':' rodf i f,l, i.tt 1,h~ total 

of .Jl,Yj2 ri~h Tneasul'uc] durinc ~x[Jori""c.nt I, 7 out of 2/,,247 and 11 out of 

17,/,3H 1n Exp<"l':lntrmk: II 'tlill In reDpoct.ivGJ.;y. 

With fie-hine: continu1111: .'tL tll" one position for a protrccted period 

of tiJ'e a marked dccreQoe in Qvuiln.bi.lity of rndf1"h couc.d be ,"oV·d, frorc 

the Gt.o.rt to tlle end of each QXpnrinlcnt. AltltovCh corJ::;iderable vu.r .L,",~,j ·'"'n 

e:dsts ,,11,b t.lle dUfpr"nt nets 11:30(1 durin::; t.b,' c1 iffnre'1t t:iJro p'lriQdE: +.he 

trend ,inS clear :wd 1<1['6 suffie:Lent to 0.110tl est.ir,o.-Lcos of t.he in1 t.icl 

popula t.iN' to be ma(le bJ> Q "wc.hor'. "imiJn.r to t.h..'> t descri b·"l ." DeLury 

(1951) (::ct.hocl I). 

fThe r,loc1cl is of a ClODGc1 [l.~-' stom nncl it ir. aSSlll1€Kl tlw. t there is no 

exchD.ncc of fir,l! Hi th tl18 G.ren. outoide the f,~Tst..l:--r1 for the dnr:'.tion of the 

experirl8nt, and tll:J.t t,l-;.ore i.s no mort~.'1.1it:- ':l.ct.-t!'.~ :'1.p::trt from t.h:.:t. d.ue to 

thp. r'!Clovc.l of fiidl b~c tho fi:;kLrc; ceQI'. 

11 = Hwnber of fish l')reS'lnt iI, t.ho closed s"sk'm before o • 

the st."I't. of the e::pedJ"Hl't.. 

nt ITtIT:1ber of fis]~ rrwulininc ill the s:r:Jt<::~!", aff ·'r (t) sets 

Ct = l'JuJlbp.r of fish removed. (lt1.ring set t. 

IT = H 
t () 

t 
l: C 
1 t 

(1) 

'The otter t.rn",J. c.ni..~l Hr.."!J·(· '111 of one hOFt, ':.1',u':1.t.ion and tlu'3 nS112.1 

3Gr.:wnrtion in made th:':1.t t}l(": number of fi~3}\ c,'"J.uCht i.n \:. ,7,iVBll :Jet i~ 

proport.ionnl to t.ho nuc"hor of ri"h ;n'-:-::;0n'l. b"fol'3 t.he ctc.rt of thr,t set 

(\ = F r,lt._l (2 ) 

W~lr;:rc 1: i:3 tlv3 cf\n~.~t",tnt of proport "lnnnJ i. ty. Corlbinin[; the 3. bovf:.~ 

equation:: lJC lmvc'> 

C
t 

t.-I 
= ]]) -1: l: C

t o 1 
U) 
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-\ plot of Ct, f.r;ninnt, ~ 1)1, rJllouJ.<l th'H: be u. oLr:'i"ht lino and a 
1 

lo;.wt. squnrntl fit. Dhou]d nllo\! !"':JtimntcG of both 1\ and lJ. Tho value 
o 

of' 1( can bo conoj.derod as tho avorage proportion of' fish preoent taken 

during oach set. 'fhe actunl vulue of E in each set will i'luctuate quite 

widely dependine on the particular net in use and the time period when the 

set in question was made. 

'fhio method of estimatine (N ) wa.s used in tho two smaller experi­
o 

ments ea.ch of which consisted of .32 sets. For the other e:l..'l'eriment (I) 

the procedure was modified (Bathod II). In this experiment., total of 64 

sets was made and each net wa.s used twice in each time peTio, Also, 

althouGh tho nets 1,/Ore not used either so each net wns used an equal number 

of times 0r so that euch time period was fiched an equal number of times 

within each period of 16 setlJ, this was nearly so. Thus variations due 

to ei thor the net or t.o the time period "ill 111eely be averaged out 1-1it,lrln 

each successive block cf 16 :3ets. If thia is so then for the block of 

first 16 sets the relutionship (2) above can be ,tritten 

t = 16 

EC
t 

t = 1 

= 

t = 15 
KLN

t 

t = 0 

an(l nimiJ.urily for thc necond and suboequent blocks using the requisite 

vCllues of (t) fo1' the block in qll estion. flO before (K) i:; a constant 

which represents the average proportion of fish callCht under aver:!ge 

conditions of availability to an averar;e net. 

Under these conditions when the summed catch of the sets in each 

block is proportional to the sUJ11;I'ed tot'll fish present. before cew;: set, 

it is evident tll11 t the inntantaneoll:J decrecwe of the population is 

proportiolJal to tho nlliilber present or 

}/hich yie] ds on inteGra t.:Lon 

(UI = -qN 
dt 

Nt = II e -qt 
o 

(4) 

l1here (1\) represent:, tit" number of fish remClinine Clfter (t) sets hav" 

'removed from the initial population of (11
0

) fim. Thus from eql.W.tions 

(1) and (4) we have 

1Ihenee 

t. 
N -EC = 

() 1 
N e -'It 

o 

t 
l:C = N (l_e-'lt.) 
1 0 
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by oubstHutine (t .. 1) ['or (t) in the above erluation and subtracting 

tho ronu) [,.tnf.~ o<Junl,:lon fro'" i.t, the, follmlin[; rnay be obtained (o.no.lazoUB 

to the l'onl-Halford tr'lnoformn.tion). 

t+1 
E C = 
1 t 

N (1-e-q ) 
o 

t 
+ LC e-q 

1 t 
(5 ) 

with (N ) and (q) constants a straight line ",ill be obtained from which 
o 

estimutos of these values may be obtained. As we have seon"he V'dlue 

of h) is not constant but varies accordinG to tho time of day and the 

net uooel, hOHever by usine blocks of 16 scte the variations can be 

nveraGed out or at least minimized. The equation (5) above becomes in 

this case 

R = 4 R = 3 
EC = N (1-e-q ) + EC e-q 

R 0 R 
R = 2 R = 1 

where t=16 t=32 t=48 t=64 
C

1 
= E C

t
, C

2 
= L Ct , C

3 
= L Ct , C4 = L Ct 

t=1 t=17 t=33 t=49 

and estimates of (q) and (No) determined from the least squaren fit to 

a throe point line. 

Both of the tHo methods described above yic}'l E'stimateo of the 

initial population of rodfish present within the assumed closed system 

prior to the start of eaoh experiment. With estim"ltes of the numl:"r of 

fish of different sizes present at the start of each eXl'eriment it is 

immediately possible to obtain estiT~tes of the proportion of the total 

fish prenont that were taken during each set and to compare the amountn 

of fish of different sj.zes caueht at different time periccls and by the 

different nets. 

llcsult::; 

For t11e purpose of this o.llalyai::; the redfish ,Jere grouped in two 

centimeter "roups and estinko.tl.'s of N obta i.ned for each of these l':,nf"th 
b 0 v 

Groups for each sex nnd oach OXC)Orilo"nt. A" 1111.; been state'.1 IJreviousl;r, 

tva metllOrls have been uoed to derive the, ,sti.mat~s of N and Fie. 1 sho,," 
o 

tho t,1O nr; thods as applied to thr, J{, "nd 37 em '100.1es from experiment I. 

N as comrutod here by J.eaf't sq1.nl'cG fits to each line using method I WD.3: 
o 

5550 fish; and b'J method II tJle value of 6060 fish waS obtained. 
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;jj:Lh a tot.al of l?fl rod,; in tho complet', series of experiments, ery.ch 

not wan 1'1,;11",1 tn eaC;l thie perl"cl four timer: .~.l1d t.hus four different values 

of the proportion of t.ho total .rish of erich 3i7.e group cauzht arc available 

for each combination of net and time period. It is convenient to label 

these proportions and they are c8.l1ed here availabiJi.ty factors. It was 

apparQnt fran even a cursory examination of these availability factors 

that the catchability of the redfish in these experiments varied ;;ith 

size and that ;;ro"ter proportions of t.he smaller redfish werG being caught 

than of tho larger. 

The size distribution of the estimated !'edfish popu.~.,,-t.ion before 

and after the~e experiments is sho',m in Fie. 2. This fieure ;lhile it 

does not ShOll rm;T clear difference in catchabiJ ity between larBe fish 

and small fish or behlCen the sexes, " does ShO;l the size distri'rution 

of the populahon being examined. 

I-Ihen the percentaGe of fish caw:ht of the toto.l presont before the 

sta.rt of fishinG is examined fo!' each different lencth group (Fie. 3) 

it is at onco apparent that these !,ercent.nees ,'Gre gre:1ter for the small 

fish t.aken durinG these experments than they ;lOre for larGe fish. This 

is all the more ~;trikinc "hen one consiCinrs that included in these results 

I.lre tbe C::ttches of lar,;e meshed nr,>ts D nnd E, which can be e;;:pected to 

catch very fe\J of the sma11er fiDh in IlllJ' case. Indeerl, Hhen the pro­

portion of fbh cauC:lt in each size ';rc11;::> at each time periOD are examined 

for each net separately (lo'ic:. I,), it is cle1'.r that for the smaller meshed 

nets i3 and C the availr.bility fcectors of the sm3-Uer fish were considerably 

la.rgp.r thnn those of' the bi:.:r;er fish. In Fir;. J there are indicati.ons that 

the bGh:w:Lonr of the two sexes does not. differ very much, and anal;;sis of 

variance confirrnn there \.!ere no differences bet1ieen the availability factors 

of males and females of a .::hen size group (Table III). Thus it is valid 

to COMbine the sexes as has been done in li'iG. 4. 

In order to eX"l'nj.ne the rel1.tive illporb.nce of the different time 

periods and different nets in affectinG the availability, a series of 

analyses of variance ~rerc cO::1pnted. Tl,cse so-cr.11ed availability facto!'s 

are act.1.,ally ratios and this sUGGests that the rr,~uirerr.ents of homo.'i:6neity 

of variance and adc,itivit.y miGht better be met bj· applying a suitable 

transformation to the data. PreliJ.lino.ry '-U1alJ's8s in Hhich the inverse 

simtransformation \lG.S applied (tho availability ractors tr,msformed to 
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1".h0 nnrl C' \.;host') :.;,j.n~ ic: L~10 ~·~rpt.·n~(: ['oat of C::1Cl! r"1.ctor) indie:l.ted n more 

normal-lD:e frequency c1.ictrihutirm of tll,) <1" ta "ncll·,of\tc on p'lrt of the 

data reve[lled an improvement. in additivit.y (Tu1cf'~', lr:'/,9), and in th'3 main 

o.nalyses t11n.t followed th;) data. \lore alJ tr.'1nsforl!.ed usinG this transfor:rl3.tion. 

In tbe firot serici.l of analyses of variance the data for e·::c'l sex 

u:ld length group were p.xrunined ",ith respect to rliff"ronces bet"een n,,; , '" -1 

time perious. It \JGS evid",nt frorr. this o.nalynis (To.hl", II) tho.t interact ..•..• 

bet;leon the t.\w sources of variation was neGligible ,,-n," t.ha t, ,'.;:>art from 

the sinGle instance of the 20 o.nd ~~l em males Group, tlJP. ,iifJ ,'~rence bet\{een 

time l1CI'iOG8 \.;0.8 al~lo.ys hi.Sl1ly si3nificn.nt. ~..jith reGard to differences 

bet"men nets, bot.h for n;nl!}s "-11,' fenales 0. t th,,, length 3l'OtlP of 36 Gnd 37 cm 

and for she:; above thio, tllO nction of the nets could be considered similD.r 

nnd onl~' on sizes smaller than thio could differences between nets be 

considered real. 

In tlle seoond series of nn.'llysos of variance differences betl·men 

sexes an(l time periods ·..,rere e:c..':.mined for er.tch lr:'TIcth Group and net. 

FollOHin!"; the conclucion above th1.t intGrnct.ion wcos neGliGible, 1-'\18 

assumption lI::1S rode th:ct here also int(>raotion \-TanIr) likely be n'3"ligible 

:.tnd in thi::; saries of anD.l~rses (as alna jJ1 t}lQ ones th:::. t folJ.oH) f.11J3.n v::tluc3 

of the tr:.,nnformed o."t:'. w,ro liSeQ. It is evident (TabIe IIi) t.i,,,-t cUffr>rences 

betueen time periods nre s2C;nificunt. Hllile those b8tl:8cn sexes in gener"l ::I1'e 

not. In Bpi t.e of this and bcca',~:~c it is ct1ntom~lI-:/ to sepc.ra.ta tL; se~':en 

for biolo"ico.l reasons, tho S8xen were treated ne;:>arntely in the nerl stage 

of the nn.".lysis ,.,hen t.he proportion of fish e,f 8'lCn S8X and lenf,tl-- ,;roup 

c.':'.ul"':ht 11Y ana net "Jere o~·::w,j.P8{1 o.r;o..in:.1t th'1.t taken b~r e'3.ch oth(~r net ?t 

o'~ch tirl1c pCl~i(ld. 

It. is Cl.lDtomQlJ~ vJl1(~tl C()f:l:X~ r·j n.r::; t.Jl'; select:ivit~r 0f r1iffer'?nt nets 

to comra r,:'" tl11) r(~r.:11.1 tn 0f GO:"" ~ \'1 r.·yt ivc finhi "'t~j l1Y sel,:,ct,ion oSi yes of the 

diff81'0nt n'?tc bpinG testl":lrJ. In cJoi.nc; thiB it j;c:~ lUJU211y rU3SllJ'~ec1 t.h:"t. tho 

f:~i!1...'1.11 Plosi18cJ n0t wnv:i.rle;: ". s"l.m·~·'l n r.of +1\11 tnt:,.] ~!or\ulQt.ion ::.J1rl t.h·) c:::·t.r~-(':::. 

of th::- J ::trc;c nesh~c, nct~; ~.l:r'C e~{"l'ref,H:.',ed :1G percof·,tr!.[;es of tid 8 r:rnc.J J 1118shed 

not at c0rrer:popcl ln::: 1 r;ns-i",lj ':r\'lJ~ Ifl. ~~Ti th e~1tim.'":. tP.0 Or! ht'nd ():f tho l.VCr2CC 

proportion of tutcl fi"h Ji1"'D,-,nt (:lv:,.ib.bili t.:,. f'lctors), it :ls possihle to 

cor.1pa.rc those pro!",ortinns i~ 'l Ji'·:r) manner .""I.no. i1 r:·ri ,r~~ s~lect.:;.0n oSi vGS 'l nO. 

the ot.her sto.tintJ.cs pr)rtainin;~ to t~H?Pl. 1.'1 18 11"::; bCG(l QO;1P in Fi~. 5 :-'..!"~d 
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lncludcd in ,tld;: fj r.~11.rc "u''1 tl'o r'-'~~l1.] t~i n f thf' '~ln~,l~r085 of Y'1.ri::tnce 

smnMari7,ec1 in '1'nble JV '.hich intl.i.cnto W}.01:''O <1i f f0r<:lnr~es 'oetve<:ln the n')ts may 

b3 con::;idE'rc~rl. :3i~;·nific'"!nt nr nnt ... 

ProbablJ' thG moot si,:nificnnt r03uJ.t from these experililents is to 

be fou]vl in tbe rr::G~llt-. obt::d.:v;~r1 l{'on '11J time .?Qriods are combinec1 3.nd 

the cV').ilt~biJ i ty f~ctor3 of t~e lcnc:th Cr011Pf) 8;'';:"lmined for e:tcr. net. 

The experiments werG de3icned to cO'llpen"".t.e for cliffer8nces between time 

periods just to :\lJo~r suc~ a combinntion of tirne ,eriods ; l' ,'~je!' to 

effect a conparison betuc0n the nets indepen(\ently of the variation due 

to diurnal movementn. Tbe rcsuJ tn of this <:.'.nalysis .'1~0 Ghol·m in FiZ. 6. 

The different proportions of floh c2.uGht h~' the different nets c::n ycry 

ev.sily be seen, -me} Fhere~lS for -lhc ]-<1.r~I·.'t' fish the f011r notz CQuGht t.~'n 

SD]"e proportion of fioh pr";)(ll1t (m[llcs about 2.0:~, :rnd fenales o.bont 3.0 
4.0%) o.t t'1e smaller lencths the fish 11'01'<] ;,moh tlOI", c.vuilo.ble to the nets 

~rhich could catch them Hith the small r.let,b net B (2.0 i'1C'18S mesh s,ize 

int':'rn~l, ,;ot u.ftcr llzo) cn.tcl:.in.:; C!.bol.rt", 7~ of ~.h9 3.v···ilo.bl'~ fish of 24-25 

C~ J'11 lcnrrtll "na' ne" C (J / l'ne'-, T<1",,<:,,'1 "l'no J'l"+"I'n"l ],'"'t "'ft~,.. \lcC) °b'il·t 
.11 •••.• ....,..... v .'t- JL- •• ,-,wJ.~.:..I •• ',. _"' . ...::;- ... ~ ••• _ ..... , __ ,-, 

5.5:: of the ".v.:.ilablc finh. 

Di i-(:usq:!-211 

The ropu:t,,') C:::lminc(! :.:.b8V~~' :.":.r!3 LJ.J. baseer. on 01':'8 inportant ~ssumpti()n 

mlfficl~' that the [:~riltG!!l HO.::; "'1. c10S8t1 0119 o.n(' that (\1)1'1n- the 8l8)eril'1~'1t the '-' ... 

onl;: r81".ovc.l of fich W'.3 b;- tl:e fishin~~ opcro.tlon Uself. In,ile j.t micht 

be f11.uto reQ~istic to ::.881!1!10 tJ~C:' l1o~.::l )r'Jco::~'_T of n.'1.tur:?l mort:.lit.~~ to 

be nec1ii,;ible duri.nc the rcl,.lt:l:vc\,' Ghort ~)G:rj.od of the c:':"lle!'iment, it. is 

rnUC!l Bore (liffJ.enlt to h:Jli2Y': t.h;y~, tl:ero '.'.'·:)u= ,_~ be' no lnir,r::.tifJll cf fi~h 

from tbc .:;.roa "11: ich l~ beint~ Dt L 'Pl' .,;t1 1,1:-.1 h~r J'C'.il~:':. ted Dots of the ot tor 

trl.~Hl. Fltrth0ri.10rC ey(~p. "l:h'J11,':1' t1~r .. f:L:J11 ;:l;J~. !"10t ::'..ct!\.:lJ.J~~ le.'.lv0 the- :'.rc:l, 

it 10 qUit2 concci'7~01c thnt tl ,.':' COll~.:~ hcco;.l.e l('~,21 av~il~ ... ble to the' !lCt 

hCCUllS0 they rmYJ.::tin0.(l ,';.1," .~' J'1:0 -1-11 bot. trJi:i :"!l id (~.ia !~IJt fo.c.:~~: to t}.",~ less 

attr::tctlvo c1isb.lI'bed arc,-",- cloc,J trJ UK' bottor:; i:'l t~li8 c:!Ge t 11e effQct 

HOlUd l)c tIlE. [::":.1.. ~;.;j lCQvir:.:; tb::- .201"'0·'1. 

!t is im~)Qrt'lnt to cxaJ:tinc 1rhctt effects 0]~igr.-:.tion !:liC1::.t ll...:.ve on 

tho results obto.incd (hU"'inr: th8:.~a O:':!1(n·jmo:nt~. If e!Tlizr:ltion t::l~~es pl~:ce 

FlO 
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co that a t:Oll~.~tU .. ltt ~)ro.po.['tl'wl (1") nf the tot.:~l fi~h [:r'3f.:ont bccor.:e 

pCl~n"nc"1: J;,' \m:'.vil:.ll)l:, to the.: ll'.:,t tl v; h:;.~ '1<:: EJ'1''.C. t1.011 (3) c.bovo cc:n be 

0.1 tered ,d tJ.l the> incorpor:1.t.~0n () [' o.n o.d.(_~i tio~G..l t.erM to o.ccou.n t .fc:~:· thi3 

steady rfJll!(_'v~::.l of fJ.:;'}·· h~" ~: J:~eQ:n0 0 tb8r tJ1Ul1 the fis hinG opcr~. tioo; .. ,:-' 8: ~ .. 

N = t 
N 

o 

t 
W

t 
1 

t-1 
- pENt 

o 

ancl cub~t.ituti.'1G ~ .. C bcf,')r'? cr.is rcd!.!CC8 to 

c = t 
KN 

o 

t-1 
- (K + p) E C

t 
1 

"hich of covr~e is simil.::,.r to th.; r~'.1l1~ \-'i('.:l l).s~d exeC' <,to that th'2 Cll')pe is 

incrc~'.spd hy the am01,1.nt p, :lnd h(dn::- l1n,'1.ble t.o ~cPGr":.te E c.nd P '.JC helve 

no me!J.ns of cctir'!3.tinG II • o 

An sX3Jnin~_tic'n '.Jf ths "l.::.laos ob-t:d.nec1 fc·r tll'J l:loDQ::; (l~ + -0) in t.he - . 
tHO exooriments ir. '.-,hieh tbin :r:wthod IT.::..s UG8C for cst,.j; .".tin r·• n chot-led tl!D.t • ~ 0 

tllCra "'::".5 110 obvious corrc:"':l.ti")n bct\.reoJ1 eitiv::-r tl'~c -::J ~ ~)8 ~~1C: thr~ .l.r:t:rcG~t 

or bct"JOf)n the") slol~'J ['.nd tllc lenztl , zrO:.l£)S in three of t!l8 f01_tr pO;]~3ihilit:~e~ 

oY...:lT"!"!.inod. (In t l,p 1"'1',",':' for 011e c-' .......... llri,ncI't ""!"1 -j .... 1 .. .,.n..,...'·.(-! c~r .. · .... l'ltJ.·n' ""C~ _ •• ,,-,~'- .. J _. 4~_""'i _ •• ~ .~~ __ ......... "-' ' ••. L __ • , _" I •• > 

evident betHcen the ::10pe :J.nd the .]r;nz1..fJ crouts). 1,!1 tl-J t'l$ ::,.,s~!11J:~:·ltion of 

no BJnigr~tion l·.re have con~i(l.ercd t.he S101)0 (1~ + p) ::: (I~) and if the valu,; . . 

of p is positive ctnd 8isnifico.ntly diffcT'C'nt f:rom zc!'r) "-,,re Eill. ob: tin 

c~timC1. La:::; of 11 ·trhlch arc t.oo sm':!.ll ~.'.nd hence the indi vidual esti>j1~:.tcG of 
Q 

the :J.V:?il:J.b:i.lity factor for each net c.,.:<1 ti,"" i"Jriod l·:ill he too l"r~e. To 

nOGo.te the rCfH.11tu nho\J!1 ht?r~, I"' ,.;01}:(1 h~l-VC to ho different for c~.'ch l!:Y':,·th 

:::rou~'\ b,,:5:.:[: eDl~3i..dcr<:,.hl:{ ,,:r0~.tcr .for "t,hry l~:r~er f.Lsh ~1.:1r3 not 30 r:rr;.o.t for 

tI,e omnllcr fiGh. 

'llhe ',.Thole Q.no.l:rsis ~.'ot:'.ld :l~:"lU b~C~1 mt'.ell Glm:Jlir.l.~-:.d h':1(l '.)nJ.:r r!. ::-:i~~,-'J.8 

l1C?t been usac1 in th~ C01JI'SC' of t]lIJ cx~cr:i.m~?:1t~. :Jith ::~nc of the f'2l:'_'!:'ceG of 

variilbilit~r rr~r,:oved there GhOl1~L1 be mucl1 1';88 ~c~tter of (~2.t'J. p~i~t:3 u.:~(:i. 
, , 
better CCtiHl3.t(~S of Ii ~hould rc::n:lt. The !,lethoc.1 O.~),J"3:.lrG t·:' bc s1:.it::.h18 o . • 

for :.;:encr:J.l application provided t~'1'"] ecndit.ion of ~ cl~~ec_ :J:_-::;t07;~ o!" 

controlled mizration is 3:~ti:Jfi0r.1 [llxl l')l'ovidc(~ ':~.) IS' ;'lSllSi t;:.r of fi.sL i~ f.":ch 

that continuolls fichi::r; 'o .. iJ.l e~1J~ie r~ I'n1"'l:ecl di:.linution in tl'(> Co.tc~eS. 

Fll 

~ 

~ 
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'.Ii thin tlle 11mitatiun3 '1f the model, these c:r.pcriments. have yielded 

t"JO ::enere.l rC:3ultc.. 'i'he first ~tlloHs 50;',: S1;-)lcctiOl1 JonGtbs ::tnd selection 

factor~ to be obtai:1&':. Thece net selection ;)~.rar!letcrs obtained usini; the 

~ 

availability factors shaH s"tbfclCtoril:y clope aGreement with those oht:1ined 

by the usual methods (To.bl" V). Furthori'lOre, as is usual in rodfi:;h 

selection e:cperimontn, the seJ.ection lrmctls of the females Here 'i::her 

than those of th" males for the s~~e net. 

TllC ~ccond and far more signifieD-nt result is the very ereo.t 

diffcr~!1cc in D.vnilabl.lit:- of the smal} o.nc1 lr..rcC' rec1.fisl:. to the net. 

The princitllc that small fish ,:'.r€ more easily' caUGht than larGer fish 

(provided the mesh size i8 Inl"Cc enol'gh to retain ther.1) ic CG,""~'1on and 

c;.:pcctcd. &'l\!over, thrtt a n0t can catch the smaller cOJJl'nercial sized fish 

between tuo and throe times moro effecti vel;! than the sa'lle ne' or 

./ indeed larGer meGhed net:;, can catch the larger fish creates a situation 

in ",hich a differential fishinG morb.litj- rate >lith size might present 

an additional complicatinG factor in our att.empts at lIk1.nar;ing the fishe~-

and. [tsse:3sinG t]18 li1-:e1:.r effcctn of menh size re[jU~n.tlon • 

. "cl~ lOHledrJ1lcnts 
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Table II. TIeGnJts of :maJ.yses of variance: differences bet"een nets and 

time periods :lrf' h'3r(~ examinfld for each length group (sexos S0~G.r3.te). 

t~~l!es F0JTl['.lcG 

10ngth ilet"/een "iJetHoon Intor- c:ctHeen net" '~~·.\n Intor-
Group Time net!:1 ,wtion ':lim:J Bett' action 
(cnL l'criods 

~ ---- 0ri.9~ ---,. -- -.--
20 J. 21 n .... ... eW • ·:t ;~ !J.J. 

22 c' 23 . :, ::. '; ~} E.S. ;;. ~:- ::. ~;~ I; • S • 

24 Be 25 ~~ .} ~c- * 'I 0 
I ... _' • " " " * lJ.S. 

26 « 27 ~( ,~. ;" ~ ll .. i'j .. >< * * ~t :':.5. 

28 & 29 ~:- * ~. * 'T '-' t'. • ,) • ;;. * * " IT.S" 

30 & 31 If * " " lI.,S. ':i' * ~} * lI.S, 

32 I} 33 ~t * i~ * '-l r, 
1'..0 .. '~i *' 1t '* H.S. 

34 co 35 " * .;:- * H.0 e .: * ~:- * . "':;" 

36 &, 37 . ;:. * ~r .. s • t~ .. :3 .. " " F .. :] .. -. " 
~ I .. ..; .. 

3$ [, 39 * ,. l'f,J. H .~:. * * 'T ,', 
l • .. ) .. 

.~ ,..,. .0. 

1,0 :' 41 '{ ~l- n .. 'J. " . ..., 
.. j'j. 

1,2 &- 43 " .. " H.S, II,S. 

i} imlic:.ttcs Gi~:nifje'\flt diff()l·"lIce at 0.01 probability L-v81 

.;} indicat.es ni:;nHic[lnt difference "t 0.05 probabilit;? lev,l 

JT .. :·3. il1l1icrtt"JS no :1i:;nificnnt dlffr.;>r':mce 

indico.te~5 c1n.t.'1 not :tn:!.l~rzec1 bocCtuae of lac!-:- or 

pI'!. llCity of ch ta. 

Gl 
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Table Ill. 1\esult~ of analyse)s of v3.rim>.ce: diffprences betHeen sexes 

Leno;th 
Group 
(cn) 

20 8< 21 

22 e: 23 

24 & 25 

26 & 27 

28 t, 29 

30 (:31 

32 t: 33 

31, ,7, 35 

36 & 37 

38 & 39 

40 '" 1,1 

IV- &: 43 

2nd time periodS examined for 8.1.c11 len'3th croup and net. 

Differences betlwen Diffe!"ences bet'"''. .. '1 

B 

B.S. 

~'i (~ 
! ....... 

P.s. 

H.S. 

B.S. 

U,.:3. 

1·,> ,~ 
, •• J. 

r . ,"). 

* 

* ~} 

" 
1'i ry . '" 

sexes 

c 

l'l.s. 

~. ~t 

N.S. 

P.3. 

IT.G. 

'r (. 
t~ • I~' • 

H .:3. 

H.~; • 

~( * 

D 

H .:'j. 

r1.S. 

i'J.,3. 

H .:..~. 

H. ~~. 

]',,~ .' . 
P ~1 
J.i • , 

~J • :.; • 

" 

E 

u.s. 

II .:3. 

JT (~ . ,-' . 
~T ~, 

t,. '. 

B.C.:. 

He'; • 

H,. ":--. 

I! • ;.:; • 

~~ 

Time periods 

B c D 

* * ~. * ~~ *' 
:} ~~ ~~. '* ~~ * 

,:. * l~ .* * * 
l} * ~~ * ;:. ~t-

;} i;· ;~ ~~ 

~~ .:~ '~ )~ " 

~( )( -)1- ::. it-

11 •. '. ;~ ~; .::-

H. [;. 1i • -.:.' • " 

incUcc\tes difference at 0.01 probabilIty levd 

indicotes difference 'It 0.05 probc:bility level 

indicntaEi no sir,nificont difference 

i!Hlic~lt0:': (b:L;:~ not n.nc.lyzed becauze of lo.cl-: or 

pauci t:; of cb,to.. 

G2 

E 

.. , 
J", • ..,. 

i:· ~~ 

If 

* 
.'~ * 

If 

~} * 

" 
ii.'=:>. 
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Tnblo IV. H('l1u) -L:l of' nn;.Ll:;:wr; of ""rio.l1ce between pairs of nets. 

() ... (j' --/ 

Nets Nets 

lancth 
Group Hets C D E C D E 

B 1:.S. ,; " .;:. * " 
.. ~ 
~~ " ·:i * 

22 C -:<- :} * * " .. -!;. * 
D ~( .::: " 

B ~t 'it ·it ~f * .;:. * It il- l} * 
2/+ C .~ ~. ';} * l~ .:f ·:t *" 

D " H.S. 

II N.::>. " * * .~ " :t i~ :: * 
26 C 11' * \(. * 1} * 'f * 

D -* " " 

B N.S. * " " " !l.S. .... * '* --.-/ 

28 C " " * * " .. .. * 
D :~ i:· " 

B N.S. * " * N .,:. * '* .~ ;, 

30 C * 1;- it' " " l> * 
D * .:to * 

13 N.S. H .~!. -:f if P.S. r.s. 'f * 
32 C Ii .3, .;~ it " i:- .* 

D * -Il- l:- * 

JJ N.S. H. ~~. " ',~ :T.,~3. il.3. :- ~;. 

34 c . ~ -~ n ;~ J: .~; • * :t t', .,1 • 

D N. ~J. ';~ ~ 

II 1:i.:3. u.o. * i:J.3. ' }{. S. "' n 1' .• ~. 

36 c ~~ r 

" H.3. " , .. : .. .:.. . 
-~ 

D H.S. n c:: 
~ ....... 

B H.S. l! • ~~ • n. ~~. n. ~~. 1·:.8. g. f':'. 

38 c r:.:~i. 1i r: n.:: • N.S. ......... 
D 1! .;; • H.3. 

[1 H.S. i.],~, • H.;], 
40 c ;1.3. N,S. 

D N.3. 

B H.S. ,. ,", 
lJ • ..:.' • N. :.~ • 

42 C }!.;-~. H.,:]. 
D H.J. 

-../ 

*. Ci[3nificnnt difforonco (p < 0.01) 

" SiGnificant. difforol1ce (0.05 > p > 0.01) 

N.S. No significant differ once (p < 0.05) 

G3 
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Table V. Compa.rison 'Of net selection parameters obtained by the 

usual method and from availability factors. 

----
llet 

,Sta!l('I.ard method. Froet c.vc.i1nbility fccctors 

and 50;:, point Selection .faetor 50~', point Selection rc.ctor 
;3 ex (cm) (em) 

i'!et D u' 30.0 2.8S 2'].7 2.86 

Net D ~ 30.6 2.94 30.1 2.89 

lIet E d' 33.4 2.93 . 33.0 2.93 

lJet E c: 33.7 2.96 31,.6 3.03 

~ 
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(]I:' aml 37 em malea) 

A. Het-hod T. l'lot oj' ntll'1bers of UGh cauGht in each set aCClinst 

cumulCltive catch in numbers bcf'ol.'c it. 

D. }:ethod II. l'lot, of Cumulati.ve catch in nuwbers aGainst time 

(Get nUlflber).. 'llLe inset 8110"'8 tl!9 catch in nWllberr; obte.ined in a 

block of 16 oct~, plot,ted ,'lcainst tllat obtained in the previous block 

of l() sets. 
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