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Introduction

In recenf vears attention has been inereasingly focussed on the

" different types of bias which may effect the use of cateh per unit of
effort in providing efficient iﬁdices of abundance of different fish
stocko. One of the aspects which may generate such bias is concerned
with changes in the vulnerability of the fish to the fishing gear. This
vulnerability is a‘fﬁnction of the fishing gear (in the broadest sense)
and of the behaviour of the species of fish., The latter, which reveals
itself both in the intringic behaviour pattern of the fish species in
relation to the cnvironment and in its behaviour towards the fishing
gear, is likely to change with respect to time, and these changes may
give rise to cyelical changes in availability, and to changes in avail-
ability related to the physiology of the fish ang particularly the ageing
process. The latter may be manifested in different degrees of avail-
ability for different sexes and size oroups.

Cyelical changes in availability of different fish stocks have
been the subject of many investigations and correlations between fish
abundance and different cyelically varying facfurs are numerous (Gulland,
1955, provides a general dissussion and more recently the ICES symposium
on "The Neasurement of Abundance of Fish Stocks" s served fo direct
attention to some of these). One‘of the most widespread of these

cyclical changes in availability is that associated with the diurnal
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change between daylight ang darkness; MAlthough diurnal variations in’
catches have been reported for mosf'of the major marine commercial fiéh
species as caught by many different fishing gears, data on diurnal
variation of the different size groups making wp the cateh is not so
frequently documented.,

Diurnal variations in thelcutchéﬁlbf'géﬁggggﬁ.5%9 well known to
every redfish fisherman and these may on-ébme décisions and at some
localities be go extfcme 18 to necessitate a switch to anot}*} target
species or even a comnlete cessation of fishing activities during the
hours of darkness when the redfish are generally least available to the
otter-trawl gear. e

The phenomenon has becn documented for redfish by the following
anthors: OSteele (1957), Honstantinov and Scherbine (1958), Templeman

(1959), Von Seydlitz (1962), ond Beamish (1966).

Matorials and Uethods

The results presented here could perhaps be regarded as part of a
fortuitous bonus arising from.two cruises of the regearch vessel
“1.T. Cameron" in which the purpose was %o compare the seléétivity.of
Ro. 41 otter trdwl manila nets having different mesh ch&ractcristics.
The ﬁﬁin characteristics of the L nets used (B, G, D; & B) are sumarized
in Table I, | —
During these two cruises, three different experiments were under-
teken. In each experiment fishing was carried out at a single locétion,
and was continued with one set every three hours over o period of several
days. The position was mrintzined constant by use ofla.Dccca Havigator
Track Plotter to ensure thut the'ships track did not deviate from the
narrow corridor used during all the sets of the experiment.
The period of the 24 hour day wns divided into 8, 3 hour time periods
and care wis taken to ancure all zetc {of one hour duration) oceurred
within these time periods. It is convenient to label or code eacﬁ time

perlod and this has been done accordin: to the scheme below: g
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Time »neriod

1 00,00 hrs to 02.59 hrs

)

03,00 hrs to 05.59 hrs
06,00 hra to 08,59 brs
03,00 hrs to 11.59 hrs
12.00 hrs to l4.59 hrs
15.00 hrs to 17.59 hrs

14,00 hrs to 20.59 hrs

0 =1 o~ W P W

21.00 hrs to 23.59 hru

The plan of the experimont was such that in a block of 32 sets
ecch net should have been used once in each time period. Vhile this
condition was enforced during Experimerts II and III, in Experiment I
occasional damage to the pear necessitated some modifications and this
resulted in each net being used twice in ecch time period during the 64

sets vhich comprised the sxperiment,

The dates and locations (all Eastern edge of the Grand Bank) of

the Ixperiments are sumnarized helow.

Expt Ho, of Depth
o, Dates (1961) Setg Iat, °U Long, °d (fr,)
I 11 July to 21 July 64, 46° 39¢ 470 21t 185-170
II 30 July to 3 Aug. 32 462 588 470 26! 170-180
111  Aug. to 8 Aug. 32 47° 11t 4L7° 25! 170-185
| 4o o8

For each set the catches of redfish were separated and the quentity
of fish taken measured in baskets. When catches were small the total eatch
was weighed in baskets before being measured. Large catches were sampled
by a random process of selection with the sampled baskets beiny weighed
and measured and the sample weight and frequency subsequently multiplied to
the total eatch,

Redfish measurements were all of fork length (from the anterior tip
of the lower jaw with the mouth closed to the most distal portion of the
median caudal rays) made to the nearest cr1, however, for most of the
subsequent analysis these lengths were later combined into 2 cm groups. All

redfish were sexed by internal examination of the ponads. Examination
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during the moasuring operntion rovealed only /4 mwuwrlipn redfich in ihe total
ol 31,352 [ish mensurad Juring Gxperiment L, 7 oub of 24,247 and 11 out of
17,438 in Experimentg Il ~nd LIS recpectively,
With fighing contimuing al the one pozition for a protracted period
of tire a2 marked decrease in avuilnbility of redfish could be notzd fror
the start to the end of each eoxperiment. Although consideruable vuristisn

1

exists with the different nets used during the different time periecds, the
trend was clear and was sufficient to ollow estimstes of the initial
population to be made by a melhod gimilar to that decerib-? - Delury
(1951) (Method 1),

The model is of a closed syslem and it is assumed that there is no
exchanre of fisl with the aren outside the systom for the duration of the

experinent and tlat there is no mortality acting apart from thot due to

the renovul of Tish by the fishirs peor,

I = Humber of fish presont in the closed systi-m before
the stnrt of the expeirdment,
¥, = Thmber of fish remaining in the systew aft-r (1) sets

Ot = Hunber of fish removed during set t,

b
H =F - L G (1)
1

The otter trawl sots were 21l of one hovr duration and the usual
ascumption is made thnt the number of fish eaupght in 2 siven set is

proportional to the nmumber of Cish »nrecent before the ctart of that set

6, =L N (

e
~—

whore I iz the ernotant of nropertionality, Combining the above
equations we have

t-1 .
C. = I} -LIC (3)

t o t
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N cpninel ¥ GL should thme be o slraight line and &
1

laast squares fit should allow estimates of both 1D and No. The vzlue

A plot off €

of K can be considered as the average proportion of fish present taken
during each set. The actunl wvalue of K in each set will fluctuate quite
widely depending on the particvlar net in use and the time period when the
get in question was made,

This method of estimating (No) was used in the two smaller experi-
ments ench of which consisted of 32 sets. For the other experiment (I
the procedure was modified (Method II)., In ithis experiment a total of &/
sets was made and each net was used twice in each time pevio Also,
although the nets were not used either so each net wos used an equal number
of times or so that each time period was fiched an esqual number of times
within each period of 16 sete, this was nearly so, Thus variations due
to either the net or to the time period will likely be averaged out within
each successive block of 16 scts, If this i1s so then for the block of

first 16 sets the relationship (2) above can be vritten

and similarily for the second and subsequent blocks using the requisite
values of (%) for the block in mquestion, As before (L) is a constant
which represents the average proportion of fish caught under average
conditions of availability to an averare net.

Imder these conditions when the summed cateh of the sets in each
block is proportional to the sumred total fish present before each set,
it is evident that the instantaneous decresse of the population is

proportional to the nuaber present or

= —ql
dt
which yields on integration
t
Ny = e T4 (4)

where (Ht) represents the number of fish remaining after (i) sets have

‘removed from the initial population of (No) fish, Thus from equations

(1) and (4) we have

t
10 = n "4t
Q o
b -qt
vhence 50 = § (1-e"%%)
1 (8]



by substituting (4t + 1) for (t) in the above equation and subtracting
the remud Ling equatlon from it, the following muy be obtnined (analagous
to the Ford-Yalford transformation).

t+1 t
10 =N (1-e %) + 1. e™d (5)

1 t o 1 t

with (No) and (q) constants a straight line will be obtained from which
estimates of these values may be obtained., As we have seon, .he value
of (q) is not constant but varies according to the time of day and the
net used, houever by using blocks of 16 getc the variations can be

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

this cage
R =154 q R=3 g
ch =N (l-e” %) + che
R=2 R=1
where t=16 t=32 t=48 t=6L
c, = b ct, 02 = I ct, c3 = I ct, Ch =IC,
t=1 =17 t=33 +=49

and egtimates of (q) and (NO) determined from the least squares fit to
a three point line.

Both of the two methods described above yield estimates of the
initial population of redfish present within the assumed closed system
prior to the start of each experiment., With estimates of the numt..r of
fish of different sizes present at the start of each experiment it is
immediately possible to oblain estimates of the proportion of the total
fish present that were token during eoch get and to compare the amountso
of fish of different sizes caught at different time pericds and by the

different nets,
Results

For ilie purpose of this analysis the redfish were grouped in two
centimeter groups and estimniles of No obtained for each of these longth
groups for each sex and each experiment. As hno: been stated previously,
two methods have been uged to derive the zotimates of No and Tig. 1 shein
the two methods as applied to the 36 and 37 em males {rom experiment I.
No ag computed here by least squarcs fits to each line using method I wos:

5550 fish; and by method 1I the value of 6060 fish was obtained.
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Jith n totnd of 128 sets in the complet: series of experiments, each
net wag tished in encit tine perind Lour tiwes ~nd time four different values
ol the proportion of the totnl fish of each size groun ecaught are available
for each combination of net and time period. It is convenient to label
these proportions and they are called here availability factors. It was
apparcnt from even a cursory examination of these availability factors
thot the cotchability of the redfish in these experiments varied with
size and that greater proportions of the smaller redfish wers being caught

than of the larger.

The size distribulicn of the estimated redfish population before
and after these experiments is shown in Fig., 2. This figure while it
does not show any clear difference in catéhabi]ity between large fish
and small fish or between ﬁhe sexes,‘lb Qoes show the gize distritution

of the population being examined.

When the percentase of fish caught of the totol nresent before the
start of fishing is exemined for each dilferent length group (Fic. 3)
it is at onec apparent that these nercentages were greater for the small
fish taken during these experiments than they were for large fish. This
is all the more striling when one considers that included in these results
are the catcbes of large meshed nets D and I, which can be expected to
ccteh very few.of the smaller fish in any ecase. Indeed, when the pro-
portion of fish caught in ench size grcup at each time peried are examined
for each net separately (Fig. 4), it is cleor that for the smaller meshed
nets B and G the availability factors of the smaller fish were considerably
larger vhan those of the birger fish, In Fi;. 3 there are indications that
the behaviour of the fwo sexes does not differ wvery much, and analysis of
variance confirmg there were no differences between the avallability factors
of males and females of a riven size group (Table ITI). Thus it is valia
to combine the sexes as has been done in iy, 4.

In order to examine the relative inmportance of.the gilferent time
periods and different nete in affecting the availability, a series of
analyses of variance werc computed., These so-called availability faetors
are actunlly ratios and this suggests that the requirerents of homogeneity
of variance and adcitivity wiglht better be met by applying a suilable
transformation to the data., Trelininary analyses in which the inverse

siretransformation was applied (the availability factors transformed to
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the anrle wvhose sine ic ihe square rool, of eoelr factor) indiented a more
Dormal~lile frequency distribution of iha dntn nnd tests on part of the

data revealed an improvement in additivity (Tukej, 1949), and in the main

analyses that followed tha data were all transforved using this transformation.

In the first series of analyses of variance the data for ece' sex
and length group were examined with respect to Aifferences between net 1 o: 4
time periods. It vas evident from thig analysis (Table II) that interact.. .
between the two sources of variantion was necligible an’ that, soart from
the single instonce of the 20 and 21 em males groun, the .ifl:nrence betweén
time periods was alwoys hichly significant. With regard to differences
between ncts, both for males and females at the lenglh zroup of 36 and 37 em
and for sizes above this, the anction of the nets could be‘considered similar
and only on sizes smaller than this could differences between nets be
considered real,

In the second series of analyses of variance differences betwesn
sexes and time periods wer: examined for each length aroup and net,
Following the conclucion above that interaction was nerligible, the
assumption was made that here alzo interaction wouls likelv be necligible

and in this sories of analises (as also in the ones thot follow) mean values

of the tronsformed dat: were nged, It is evident (Table TI:) tiat differences

between time perieds are sipnificant while those between sexes in genercl are
not. In spite of this and beeange it is customary to seperate tly sexes
for blological reagsons, the sexes were treated separately in the next stage

of the annlysis when the proportion of fish of each sex and lengthk :roup
caurht oy one net were ewxrmived pgainat that teken b each otlher net =%
erch time peoried.
Tt is customuy when comnorving bhae selectivit;r of differont nets

to compare the resulte of corpmrative fishine hy seleetion omives of the
different nets being tested, In doing this i1 is usually assumed thot the
small meshied net srovides o samnle »f +ha total norulation ~nd the ertirbeg
of the lurge neshed nets are ewrressed ns percertages of this smnll meshed
net at corresponding Tength rreumg,  With estimaten on hend of the averare
proportion of tutnl fish nroent (aveilability facters), it is possible to
compare these proportions in o 1ie manner and derive selectinn onlves md

the other statistiece pertaining to them, T11ls hrs been done in Pir, 5 nngd

F9
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included in this Tigure ara the remlts of the nmalyreses of variance
simmarized in Table TV which indicate whors diffesrennes Detween thé neots may
bz considerad zirmificant or nnt,

Probably the most simmifiecant result from these experiments is to
be found in the results obtained when 211 tine norieds are combined and
the availabildity factors of the lengtl croups exnmined for each net.
The experiments were desizned to compensate for differences hetween time
periods just to 21low suck a combination of time nerieds ir r~rder to
effect a comparison between the netg independently of the variation due

Yo dlurnal movements, The results of this enalysis are ghowm in Fig, 6,

The different proportiors of figh caught by the different nets can very
eusily be seen, and vherexg for Lhe Jarsor fish the four nets caught the
same proportion of fish present (males about 2.0%, and females about 3.0 -
4e0%) at the smaller lengths the fish werc »uch mors available to the nets
vhich could cateh them with the small mesh net B (2,0 inches mesh size
intcrnal, wet after use) catehing about 7% of 1he av-ilabla fish of 24-2
em in length and net C (3.4 inel mesh gize internal, vet after uce) aboug

5.55 of the avoilable Fish,

.

Digoussien

.
1

The repults emwumined abeve are 01l bused on cne importunt assumption

LAI.
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namely tlnt the synt and that dvrin: the experiment the

onl;- removal of fich was b the fiehing operation itself, Ihile it might

7]

be quite realistic to acmume the normel srocecace of natural mortzlity to
be neglicible durings the relativel; short neriod of the experiment, it is
much more 2ifficult to boliev: that tlore wanl bhe no migretion of figh
from the zrea which iz being stirr.d un by reponted sets of the otter

trovl,  Purtheriore even chonsb the Cial nan et netninlly leave the aren,
it is quite conceivavle that thor could beeoe leca availsble to the net

beezusr they remained air Fro . th- bolton and did not Torny to tlz less
7 »

atiractlve disturbed area closs to Lhe bottom; in this case the effoct
would be the sun. op leavins the ares,
It is important to examine vhat effects emigrotion might lLuve on

the results obtained durine these ecporiments,  If emdsration takes nloce

F 10



co thal a congtunt proportlon () of the total figh precent become
permunentl; wnavilable o thoe net the bogic equution (3) 2bove can be
altered with the incorporation of an additional term to accomnt for this

steady removal of fisk by o means other than the [lishing operntien liralf,

ey

t t-1
Nt = N0 - ZCt - pZNt
1 o)

and substituting sz befors this reduces bo

t-1
c, = KN - (K+p) LC

t 1 t

vhich of courre is similor fo the covaticn used oxceo~t that the slope is
increvsed by the amount p, and hoeing vnnble to zepsrote I and p we have
no necns of estimating HO.

An examination of the values obtrined fer tho slopes (K + p) in the
two experiments ir which this methed wze uged for estirnting No choved that
there wos no obvious correintisn betveon either the <l-pe and the intorcept
or betyeen the glone znd the lensth sroups in three of the four regsibilities
examined. (In the males for one experiment ap inverse corvalatie e
evident between the glope and the lengtlh groups Uith the asoumntion of
no emigration we have considercd the slone (K + p) = (E) and if the value
of p is positive and sirnificantly different from zern we will obiin

ectimotes of NQ which are too smnll =nd hence the individunl estivnites of

the aveilability factor fov each net and tlre poriod wwill be too lorce, To
negate the results shoun here, n would have to be different for ecch ler~th
croup boing congidernbly rrenter for the larger fish and not so groat for
the smaller fish,

The whole anolvsis would have been much simplifled had eoniy o air-le
net been usad in the course of the experiments. Yith one of the rovrces of
- variability rewoved there sheuld be much lass scatter of dote points nud
-
better cctimates of Ho should reoult. The method cppears to ba suitable
for ceneral application provided the condition of a closed systen or
controlled migration is antisfind and provided whe denzity of fish is gich

that econtinuous fiching will cnuse o mrhed diminution in tbe cutches,

Fll
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Mithin the limitations »f the medel, these experiments have yielded
two jeneral resulte, The first allows 507 selection longthe and selection
factors.to be cbtoined. Theose net seleoction porameters obtained using the

availability factors show satisfactorily cloge sgreement with those obtained
by the usucl methods (Table V), Furtheriore, as is ucual in redfich
selection experiments, the selection lengtls of the females were “izher

than those of the males for the same net.

The second and far more significant result ie the very great

differsnce in avallabilit; of the small and larce redfish to the net.
The principle that small fish are more eusily caught than 7 - larger fish

(provided the mesh size is larpe enoveh to retain them) iz common and
expected, However, thnt a net can cateh the smoller comaercial sized fish
between two and three tiﬁes.more effectively than the same ne ar
indeed larjer meshed netu, con catch the larger fish creates a situation
in which a differential fishing mortality rate with size might present

an additional complicating fuetor in our attempts at manzging the fishery

and assessing the lizelr effcets of mesh size regulation,

selnowledrmontg

mn 3 e rQ - . I}
Tie data used herein was collecled oné kindly made availuble by
AJdL Hay and VM, Hodder., AW, lay hes kindly read the manuscript.
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Table II. DResudts of anglyses of variance: differences between nets and

time periodg are here exanined for each length group (sexos soenarate).
p T3 o il &

lideg Fomoleg

ILength Retween ietweon  Inter- “etveen  Betuoen Inter-
Group Time Hets action Time Tete action
[ Periods . Dericds . .

20 & 21 .3, o H.o. - - -

22 & 23 kO G IT_S. % o I'.'.S.
24 & 25 o I HIN #* 3% # O H.8.
26 & 27 % S 1.5, it ¥ E 3 .5,
26 & 29 R ®oE .5, *oR L 1.3,
30 & 31 ® o * R N.5. * o * & .3,
32 & 33 %3 3 H.E. LI # 1.8,
34 & 35 ® o o RN v R o Tale
36 & 37 * o Mo, .5, # o 1. I
38 & 39 & M3, e ®ow .3, L3,

A0 A - - - ® o IHREN LS.

42 & L3 - - - Bow Hea a5

¥ dndicates siynificant differcnee at 0,01 probability level

¥ dindieates significant difference nt 0.05 nrobability level
.3, indicatzs no nipnificant differaence

~ indicotes data not annlyzed because of lack or

peueity of dota.
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Table I1I,

Lenzth
Group

{em)

Aesults of annlyses of variance: differences between seXegs

and time pericds sxamined for each len~ltii proup and net.

Differences between Differences betirn n
sexes Time oeriods

20

L2

& 21

& 23

& 27

[

» 29
31
& 33
& 35

& 39
&f 4.1

& 43

o8, NuS.  H.. Ul ® ow Boa £ R e
N.8, @ o H.8. M3, %% %% % o
M,3. V.3, W3, 1.8, o ) * % 3
.8,  IM.A5, Moa, 1.5 *# %% #* %
.5, m.G, Weills 11,4, ¢ P ¢ T
1.3, NS, 1S (e * % R * %
e N.3, T, .. H] L H %3
a3, M. 3. el iLa, 1.3, ¢ 3
# o * # H.3. 6.3, # .5,

® % dndicates difference at 0.01 probability level

* indieates difference at 0.05 probobility level
M.5. indicates no signiificant difference
- indieantes dotz nol anclyzed becuause of lack or

paucity of data.
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Table IV,

Length

Group

22

2

26

28

30

32

34

36

38

40

Hots

[l R vs |

[wie Bav

jw Mo Ryl

Uaw

o

[ s Rvs|

o Qw

- 16 -.

Hets

Wt
3t %3
33
H.5, * &
3t
N.S. w %
I #

N.s. ®

N.S. I,

M.3,
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Table V. Comparison of ret selection parameters obloined by the

usual method and from aveilability factors,

Mot Standnrd method From‘availability foctors
and 506 point Selection factor 507 point Selection foctor
sex (em) (em)

et D ¢ 30.0 2.38 22,7 - 2,86

Net D Q 30,6 2.9/ 30,1 . 2.89

Net B & 3344 2.93 . .33.0 2.93

Het B (: . 3347 2-96 31’;-6 e 3.03
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