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| . ‘ -A;bstract |

Cod remaln in Loch Torridon, a ‘fjord on the west coast of Scotland for' thc‘
first 3 -_ 4 years of . their.life.- During this tine they move Very llttle,”' j o
holding’ reutrlctedhomerangeu and feeding largely on.benthic 1nvertebrates,A As
rart of a wider study of the energy budpet of theése fish, their ‘rrowth rate has
been measured by tuwo. 1ndependent nethods. The first method was‘based on the |
determination of mean length ard weight of fish of different ares.f The second
involved the release and recapture of tagged flsh.
The meagured L,J:'outh ratcs woere in ~ood agreenent though those obtained with the
tag and recupture method were slightly higher.. The growth'rates are compared W1th
. these for older cod entcrlng the .cormercial-fishery,. and the'differences are’ -
"dlscuused in the llght of. the dlflerlnn behav1our ot the Juvenlle flsh. k a
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Résuné

Au cours de Juln et de Julllet 1979 on a attaché des énetteur acouthucu a dcux h
' saumons et & c:.nq grllses pour enrcgistrer leurs mouvements.: - Le -flux de’ la maree

aussi a été mcsuré directenent en:se servant d'acrcu flottantes dlrlgecu par le

courant. , . . T WU FEL RSP G RO ;.‘:);;‘=\' o

Au large, les mouvenents des poissons &taient compleves, déterminés:en grande partie

par les courants de la marée. Ia soustraction des vecteurs de la marée cependant

a montre que,la route:vraie de la nage ‘pour. chaque roiscon s'est orientée oo

conséquemnent dans ‘un, sens- partlculler, et 1ndencnaante dco courants dans 1 eau.w o

la v1tcuse nOJenne des nouvemcnts traveru 1 ean a cte etablle pour’ chaque

poigson qu'on a. suivi, pendant chaque phase de la marée. -Ces vitesses étaient

approx1mat1vcment érales 4 la vitesse dec nage ayant lc neilléur rendement, clest

A dire, la vitesse & laquelle la consommation d'énergic est la plus basse

pour chaque unité de distance parcourue. On dl cute ce reuultat par rapport au

temps qu'il faut aux saumons rentrer a8 la riviére natale des régions lointaines oun

ils vont pour s'alimenter.
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I Introductlon .
“Tagglnﬂ experlmento have shown that juvenile cod (Gadus morhua~L.) ‘remain in’
Loch Ibrrldon, a sea loch on the west coast of Scotland, for the first 3-4 years
of their life. During this time they hold small home ranges and feed largely

on benthic orpanisms. At 3 years old and some 35cm lons, the cod leave the

loch to join the adult stock, where they feed on more pelagic prey, perhaps
adopting a choollng hablt o s . o
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Most of the Juvcnlle fish in Locu Torridon fall beneath the minimum landing
size, and arc living in an inshore area where travling is forbidden. They
thus form part of the ced population whlch is rarely sampled in commercial
Catch\.uo

As part of a wider investipation of the ecologlcal energetics of the young
fish we have monitored thelr growth rates. In, thlu -paper.we present these
data for comparison with'the’ grouth rates ootalned from fish sampled from
commercial catches.

II Material and llethods RATERE I

All fish considered in. this study were caught with“baited: hooPs. "The”flsh'j‘f_w7“
were caught in.all.months of-the.year, isampling beins: conducted ‘betueen the™ ~
years 1974 and 1978. ;. There is-evidence from the analysis-of’ “length® dlutrl—;j""h‘
bution in, the . total catch that this. fishing method is sizZe selective and
that smaller fish ‘are under-represented but dlucu331on of thlo p01nt w1ll be
delayed, untll later.;;,¢~:y,.,,, RPN A R RS R
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From the captured fluh, two 1ndependcnt mcthods vere used to calculate growth = .

rate. A proportion, of. all fish!caught were tagged’ at random with respect ‘to jj";
size. . Thesec, fish. vere-returned to the loch’after. their'lengths had been notedon,,
Those individuals subsequently recaptured could be 1deat1f1ed bj ‘their numberod tags
and their ga;n in length deternined.-: Knowing. the number’ of’ days between’ captures,
the growth rate of individual fish could then be calculated. e e

Some cod were sacrificed at various times of the year, their lensths, analn

being noted.  Age,was.determined-to-the last completediyear-of- growth by,
countinr the. annual .rings on-*he saccular otolith.:-This age vas then’ con—’ o .
verted to quarter years.and .days on.:the assunption that 211°fish were born’ o
on April the first of the appropriate year. From this data, the mean length = *=™"
at different ages could be calculated for thc popul&tlon, and .an avcra'e ﬂrowth o
rate determlned.w: i R i Tt R N U SUA DL SR LMt B S SRR
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Lenﬂth 'of the fluh was«meauured whlle the- anlmal was still alive,’ or freguly
killed. . Length was taken as the maiimum distance:from-thé: snout to the ‘tip of

the extended tail, and ‘rounded up to the nearest cn. GCutted weight vas also .. . .
recorded for most sacrificed.fish and‘'vas-talen as theo' frésh’ dead welght of e
the fish neaﬁurcd to the -nearest gram, ‘with the. entalls and gonadu rcmoved°
The ﬂonadu werc welrhed oenaratel T S IR A U S A SR




III Results
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The Relatlonsh;p Betwcen Uelght and Len@éh?n'

length. Reﬁre3310n eqaatlons vere Titted ocnaratcly for flsh captured in each
month, each year, and all years together giving 17, ueparate data sets (thcre
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was no information for December). SE ke B e g
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\!eight axln (lcnctﬂ) + b .oo.00..00.0-o.o.eo.e.COoOoton‘lo-a.‘ (1) .

ln (‘Jel llt) = a X ln (lenz"tll) + b ....."B'...‘..O‘."G.-OCOQICOOOOOQ. (2) o

Fron ‘the 17 data setS, equatlon (2) prQV1ded the be«*L flt’on 13 occaglons whWIe
equation” (1) prov1dcd the best" flt on the' other L, “A11" ‘best regrcsslono were'
highly significant and rangéd in’ F valué" from’ 204 to 17306, (ecritical value -
for F at p = 0,001 ranges from 7.6 to 14.0). Table 1 provides the statistics
for the best regressions on each data set.” . B et
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The condition factor gives an index of the pbyulcal condition of a fish by,
rexlectmnp ‘the relationship betucen weight and lengths It is calculcated as
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Condltlon Factor ; \@1ght/Length . .....;.;....a.;...... ......;.;.
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The pouer "to which lenﬂth is ralged reflectu the’ underlylng relatlonuhlp o
between:- welght ‘and leﬁcth under standa*d conditions.  Thus if it" could be uhown
that cod in Torrldon ﬂrow in a’ uay other than ﬂhow1n~ a‘cublng of welght w1th
increase in’ lcngth, the exponent 1n equatlon (3) would have to be altered s
accordlnglj. TN‘.. . x - B . ’a ; " i » o .’: 3 e - PRI " PRI
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The 17 sets of data uued in Table 1 were fitted with a type (2) cquation us 1ng
least squarcs regression.” 'The resrecsion coeifidient 'vas ‘then conpared to a""

value of 3.0 (Zar, 1974). The results are glven in Table 2. Only. 4 of the -
17 valueu arc ulgnlflcantlv dlfferent ;rom 3. O. 3 o; viich are: 1arg°r ‘and’ one

‘very rwuch'lower.  We have thereforé  employed equatlon (3) w1tnout correction l
uwhen calculating condition factor. “ v
The values for condition factor ranged from»0.0015ntoTbJO195'éthWéEELbonverﬁed,
for convenience,,ﬁo‘fallkbegueop 0 gnq‘i bY”thGngTEVIQ et
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Relatlve Condltlon Fector £ Observed CF = ‘Tovest
- “Highest CF = Iouest:

Tables 3 and 4 give the distribution of relative condition 1act0r with tine of
year and apre of fish respectively. "Figure 1 uag créated partly from Table '3,
and shous average reclative condition factor for flsh cauzht in each month .
superimposed upon‘the catch per unit effort and ‘mean vater tenperature at 10n-
for each month in Loch Torridon. The correlation between relative condition
factor-and catclt per unit effort is very ‘high'(r = O 913, df'='9, p €0.001),*
as is that between temperature and catch per unit effort (r = 0.801, df = 9,
p< 0.005).
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The catch per unit effort is calculated on the basis of the number'ef fish
caught by baited hook in any month and the nunber. of.'man hours' fluhed durlng
that month. It is thus an index of flsh act1v1ty and- w1111ngness to~take  bait-
at different.times of the year.. A pos ssible. ;functional relationship bctween.”~
temperature, catch and condltlon factor w111 be dlcusoed later.tfw‘,n ,-E:i;;
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Growth Rates o* thenlle Cod
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The two methods described for obtalnlng data on.the growth rates of cod require:
different nethods of analysis. ~The results Will thereford be treated separately.
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Tagring and Recapture of ‘Individual Cod S Sl o
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Two.. hundred juvenile cod were tagped and subsequently recaptured. They varled
in size’ from 12cn to 42cn on releaue and cre receptured after perlodu ranrln"
fron 1 to ?71 day From the data, two relatlonuhlpg were extracted I

srowth (én) T ey ~dayu absent _.,jj,i_‘, S
grouth per redian fish lengsth (em) v days absent’ -

The best fit to both sets of data proved to be an equation of fﬁé4fd}a¢°f>
; R S P S S S S S SR S SRR FEN RS PO ;

y :.“a 1“""‘.~_.b»;Q‘OCDIGAOOQ'.'.".OID?OOQ‘O00GOOIVO..o.u-o‘l.,0.0.}...GI‘O‘OOIOOOQIOQ'O‘-;:(S) T

Fitted by leaut ‘squares regre531on, the fit to both data sets proved highly ..
significant (F = 514,75, df =71 109, p<0.001 for growth’ per median fish

length (em);. F = M8.73, df = 1,199, p<0.001 for growth .(ecm)). = There is ..
Qlittle to chooge betueen expre 51ng the data as. lengtn increment or 1en"th .
1ncrenent per nedian  fish 1ength in terms of thc prodlctlve value of the Sy

resulting ‘equation. . To facilitate connerloon with _prowth rate cutlnated from -
length and age data, it was decided to simply relatc length 1ncremcnt to tlne.
This gives an equatlon for the crouth of cod in Ioch Torridon as '

Length 1ncrencnt (cm) O 0407 k elanued tlme (dayu) - O 108 cecesanss. (65 ftf

The 95% confldence llnltu for equatlod (6) are-* O.JOB uhen x. O, and thuu J*
the ¥ 1ntcrccpt of O. 108 is not olgnlflcantly dlf;er ent from the ezpected value
of ‘zero growtl after zero days.' T T i
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The Length of Individual .Cod with.Ape_«q o e e ey
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Between 1974 and 1978, some 1 2¢o cod ranﬂlng in length from 5 to 530m ‘Uere
caught -in Loch Torridon and. sacrificed..- Length of fish and age in days and -
quarter years werc ‘recorded for cach iluh on’ the a sumption that all fish
were bhora on Aprll 1st.

Least équefe revreu51on L,ave a bro.zth eouatlon OL;:; V,w\

length (Cm) =. O 029 afe (dayo) + 9.32 ....;lﬂ.‘.000;00...0.;-;;-.°Q0?(?)“...
for zt.he, k_da;ta_;, ,much_,1sg’l;igh1y.“sim_ifi¢qn_t AF ;.;é_26_2_.2+, ar = 1_,121}7, 2<.0.001).
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Differences betveen this growth rate and that. éstimated by the:previous method
were found to be significant (t = 5.77, df = 1 Ml p<0.001).  Relative
biaoeo'uould“thus*appcar fo’be at wor in the two mcthodu snch that tar»A%JtJ\
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Groutn Rate and Age o \5;.;3

Trom a scatter .diagram .of .the .length .age data, {it:wvas obviousithat growth. .1
in the fish was not strictly lincar. The lengths of very young fish were

overestimated by ithe regréssion: llnc unlleathooe of older: fish were under- o:
eutlmated. LamelE0 e v i A oF
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The data for mcan - lengmh wlth agc (1n quar er: ycaro) wvas used: to 1nvest1gate'”
vhether gsrowth of cod in ILoch Torridon could be better:.explained if the-:d ov
congstraints of linearity were removed. Figure 2 shows the mean lengths with

95¢% confidence limits of fish of all ages caught in Ioch Torridon. . o... > .+ .1
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As can be seen, lengths of fish at @13 and Q14 differ markedly from.the- -
general trend in the data. Reasono for this will be discussed below, for
now:hovever .only fish up.to the-age of 012 will be- 1ncluded in the analy81u. i
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The von Bertalanffy equatlon is a prcdlctlon of lenﬂfh from age often used
in fisheries science (Ricler, 1975). It was fitted to the data on 'this il

occasion by Deverton's method outlined in Riclier (1975). For cod of agc

Q2 to Q12 the parameters of the fitted curve wercui. «won 'onn faii7)
Loi= }HJ"'ZCD S AP S CE I s S TS B RV AN T oamalh
{ = 0, 1?* . 1u;‘h'~tuu; CoE b sl ol 2L
= 1: il . *'5, .\c_'; Lot wed v e
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Lo is- the asymptotlc leagth touardu whlch thc fluh u1ll Crow leen 1nx1n1te
tine, K is a-constant’ deternining the.rate oI ‘decreasc of leng thllncrementu,'“
and t is the thothetlcal time at which fish leny h 1s Zero.

- 2 DR U TS S 1o LF SENED (o SRS aned o hogqviesol Plefos 0 e nsoonos [N
Table ) glves the expocted lengtho at age: calculated from the von Bertalanlfy
curve:above,  as well-as those. calculated.¢ron:rerrcos¢on equatlon (7)eyrwn o
Figure -3 shovs: the. mean: length at! age of . cod up to' the .age! of: Q12 withid wnaee
the lines corresponding to:eynatiot (7). and the..von Bertalanf fy. curve super-"u
inposed. The von Eertzlanffy curve clearly {ives a better .fit to the observed

data.
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The eflect of, addln" riean: 1engthu of lluh at 1(0 013 and 014 to the.data was
investirated by fitting’ the.von Bertalanify. curve' again.' . The. new parameters: &
ot the equatlon were

e T s R Lhmes st s oy o ey el G R
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Table 5 glveu the prcdlcted lengtﬂu at are calculated from thl »second,voni
Bertalanffy curve, The addition of these older figh changes the fitted
curve from a tolerably good fit, to one which is much worse than even
the straight line fitted by regression.
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Statistics on.the nmean! lcngth<at age (vears) of.cod landed at -portsion theu-
vest icoast- of Scotland-(Table 6) lwere-usecd-:to compare:with-the growth ofu: Fre
the Juvenlle phase calculated above. A utralght line fitted by regression

Yielded a relationship between age and length of Got SUn 2 dnd e
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Length (cn) = 8, 93 xiage (years) +: J6 93 ..........................:
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The flt to the: data \as: hlrhly ulﬂnlflcant (F. _4439 88 df = 1 6 p<:O OO1)
Figure I+ gives the observed data and the fitted regression llne. A von:
Bertelanffy curve was also fitted, and as can be scen from Figure L again

provided’better'agreement tlan thc straicht . 11ne. ‘1he parameters of this’ -

von Bertalanfly curve: vere . Sl LoD ol SRS L S Ve SRR LSRR < SR T
A B RN LI :~fm1: B A TS AR T ribe T
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K = 0.19 ’

t = —O 95'@22 AR ;;ﬂ"”*:ﬁ{'7;1 EP“*‘ L R
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Table: 6 glveg _the léngthis predicted by. Lhe curve,'- ”Fc se” lengths ‘far‘exceed '
those found for cod of corparable nge 1n Ioch Torrléon.
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Tempcrature, Catch and Conultlon Factor.

v

Catch per unit effort can be thought of as a combination of two factors, ‘the. ’
probability of the fish encountering bait, and the probability that the
bait is then attacked. Given that the population in the loch does not ™
change significantly with time of year (and this proposition is strongly
supported by -tagging-data)-changes in.tlie catchr throughout :the: year may. be i .=
talien' as, angyinde:t of &cthltJ and thc e tent to: whlch fish are fced1n5.~ PR
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Differences in the rclatlve den51t1e of bait and preferred natural proy
through' .the: year would .cauge catch per unit. cffort.tovary;:-the bait and
prey coupeting:for:the attention: ofithe fishii-This hovever! is unlikelyito .
cause the patterns shown -in Figure 1, &s; the: time .of-ycariwhen the'.catch 1.7 7~
drops is.also:the time .when natural ¢00do nipht-.be, expected to_be ‘scarce:i’ '
and-competing less strongly with the-baitey o - o ~aTanlroioord a0 LB

The condition factor provides an indication of the levels of food reserves
in ;the animallt Taken together,. the' high level:ofl correlation between 'the .-
tvo: indices provides some:.picture:;of cod: feeding:through:. the Jear. Lala e s
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During the coldest months from larch to lay the condition fa0uor is

declininy and it seems likely that the Tish is not fceding actively. ! ‘
The rcserves in the animal are thus depleted by maintenance and cther?'-f
energetic costs. The increase in condition factor in June indicates ‘that -
feeding activity is on the increase and that the looscu in reserves
are bc1n -renlaced. ERREE A UYL SRt SR . SEEER R
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Changes.in energy reserves held by ‘the ‘cod may. . not be- wholly reflected by changeo
-’in. condltlon factor, astin many. fish’ the liver' acto as a high energy store. + 10
‘Dlrect welghlng ‘and - bomb : calorlmetry ‘of ‘this: organ ‘are: needed to' see how well -
Z.changes 'in‘'this. potentlal food utore!are synchronlued w1th act1v1ty patternuof3
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The low. catch rate in early part ‘of ‘year, -together w1th*the 1ow ‘Ccondition: factor,

suggests not only that they are not feeding but that thelr feeding action is suppres-

sed. Is there a functional explanation for the loss of feedlng° oo fleen oo T

* e effect of: temperature on‘'digestion and: metabollun prOV1des fa p0551b1e~factor.
:The 'rate at "which :food ‘can be dlgested and ‘the remains evacuated, falls with a &
‘oirdecrease’ in' temperature,  In March, ‘one of -the coldest ‘months in the sea; ‘the fish
o "may 'be severely limited 'in:the-energy intake avallable to 1t ulnply because 'food

can- only.be proceused very slowly.s: @ pyr cfo sl Tondoeeis vl ooy ched ool e

‘Vhen -feeding, ~the' fish has.energy costs above maintenance :inc¢luding the moverient

I associated.with:capturing and handllns prey,. and ‘the metabolic costs of digestion
. . and:food ‘assimilation.,:v'If prey are less available.in the mnter months,"energy

. costs of ‘searching may 1ncreaue ‘stills further.."'*T Sl noaninodad g son
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At decrea51ng temperatures, a’ p01nt may be reached where the costs over maintenance
incurred by foraging are greater than:the daily ‘energy . fain possible' atithe reduced
digeetion rate. At this point, the fish should adopt a strategy of greatly reduced
foraging activity,i allowing: prev1ouslj accurmulated - food. reserves to ‘satisfly ‘-

maintenance costs.:o With ‘the ‘summer. increaseé in- temperaturo, feedlng agaln becomeu

profitable and activity is resuned. B N RIS e O S F o B S AR e
Laboratory eXperJ.mentu are needed- to test: thlu‘hJPOthC ig, ctento cEw ool il
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The Calculatlon of:Crowth. Rates PLow ST ED NG aran s : : T
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The two - mathodu emnloyed for calculating’ growth rates’of: fish produced ™ : .
significantly different results. Growth rates from the tag and recapture method
were significantly higher than those calculated from the length ofrfish: at oo

estimated ages. NP

Ve have no evidence on the ~ffect of tagring on subsequent fish growth, but~wou1d
expect: these to-be adverse'rather than beneficial.!sHowever, fish are ‘captured . more
+ cormonly:in .the warmer months. (June:to’ November) wvhen feeding rates are ‘higher:
(Figure 1),iand growth rates measured.by this method'may thus be expected 'toibe'
slightly higher. Tagged fish whose growth was only monitored over these months
may:thus.bei found to. have:a: hlgher growth:rate than a’ ulmllar sacrificed fish whose
growth- ratc is'ansintegrationiof  growthrin-all’ seasons:up to the day of’capture.

R O N O S SRUIPR Sl BT B S APTAN I PARTCIIPUE § I SRS SRR RN & A B TH SN
~The" ﬂetbod of:fishicaptlire:chosen in;selective tovords the 1arber repreuentatlves
of younger age classes. The average growth rate between younp (ep Q2) and older
fish (eg Q5) will thus be undereutlmuted by the mean length at age method, the
uelectlve effects being: 1ess on: the older age classe.™ 77 .8 Faabror »wﬂx‘i
L e T R S YO LIS I B RIS TP SIS Sl T P e S &
If: 1ength ratker than age . nrov1deu the otlmulus for flsh to leave. Loch Tbrrldon
and Jjoin the adult stock, larger animals in later are classes will:beiless: i
available for capture than smaller ones. The mean lenpgth at age estimate of
growth rate will again therefore underestinate the average growth rate of fish in

the population.
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- Thus-the tagging.of: 1nd1V1duals appears-to. yield estimates.of growth rate lesso
open to_ bias-than that calculated-from the mean length of fish -at different.-ages.
The: latter nethod doeo ‘however give an insight into ;the growth.of cod ‘unavailable
from. .tagging data... Mean: length .at- dlfferent ageufof :fish outllnea the pattern:of
growth as it changes with.the age of the fish (Figure 2), which allows .the .
J-ausunptlon of Jlinear. growth throuwhout the, 3uven11e phase to be,relaxed..wﬂ ol

The Growth o? Juvenlle Cod ;vqf ‘ﬁf‘

The .cod shows a; decrea51ng growth, rate .with. itime over. the first:three years of 'its
life in Ioch+Torridon :(Figure 2)°f\1h19 pattern 'con -be .more: -accurately: described

- by a curve 11Lerthe -von-Bertalanffy equation than,the straight:line of a:regression

iequation..; At ;the .age of 3 however, the.growth pattern appears . to_change and-growth
rate 1ncreaoes over the last half year, when scrme :cod-are- utlllﬂfoupd in_the loch.

This -late..change of. pattern -is based,upon only- 16 fish cauvht over the .four :year
~study, period and, -fjiven: that: it :reflects a -genuine itrend, points: o sone ‘change: in

the . ecology -of: the .cod .as they, arc about:.to’ leave, the nursery area.:::The .specific .

changes in behav1our which result in. a-sudden increasc .in-growth rate can;only-be

gpeculated upon, but vhat is clear is that a simple change in area of occurrence

~is not. sufficient,explanation. . All -the larger fish were: caugbt in areas of the

- loch where: smaller; flsh were: aluo caucht 1n'abundqnce.,f, v oy sy n

oot e T S u"

"\ N [

Cod out51de(the loch aluo uhow a: decreaulne 5rowth rate vith- tlme;. Predlcted
. lengths from a fitted.von: Bertalanf;y curve: kowever -Tar exceed: thoue found-.in . ~¢

Torridon for cod of corregpondlng age. Ll ol ovdividor une ol el ooy

Such a bias may occur if young fish are rejected before:landing as_too 'small,ior
indeed if the fishins gear is size selective.. In thic case, only excessively

large fish in the first few years of life would be included 'in-the: analys1o.;\Tb
test for this, a von Bertalanf{fy curve was fltted to the len ath dota for cod from
3 to 8 Jearu old.i The. resultlnu paraneters vere .- «u*
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e Thls curve predlctu lengthulof 38 3 and. 55 5 cn. for cod: aged 1.and' 2, Jearu e
reupectlvely.x—The curve; is;thus little:different: from:that:obtained from’all-: dhta
(Table 6),)suggeut1ng that- the effects of!selection 1n flphlnP arexmlnlmal. Dt
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LIf f1uh attenpt. to attaln a.piven mlﬁlmum length: before leav1ng a; nuruery area,.
fast: growing-fish will more.raplaly.oe:lout;from thenursery:length data:and: =
become available for landing catch statistics. In this way, growth rate and
predlcted 1enbth at.a given.age: may be 1ncreaoed in: the Jatter: aohcompared to. the
forner. ik v nu AR A
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Tinally, condltlong in the sea: may be:such’ that cod arciable. to- support: a’ hlghcr
rate of growth than in nursery areas. Vhether 'this is due to changes in the
behaviour ofitheicod,rorichanges 1n4the avallablllty, denultJ or: quallty of- the

prey is:not;clear. o voepaees” o oo
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TABLE 1 Statistics of the lines of best fit as determined by least squares
regression of gutted weight on length for cod taken from Loch Torridon
1974-1978. All regressions are significant at p ¢ 0.00%.

Period over

:2i°2°:;::ted 3§°§q§§§?on ﬁ:f;:;:;:ﬁt ;i;ercept‘ af "
January 2 2.81 -4.06 1,171 4333
February 2 3.25 -5.58 1,100 5191
March 2 2.98 <475 1,65 1994
April 2 3.31 ~5.87 1,18 - 1230
May 2 3.18 -5.40 1,9 2246
June 2 2.60 -3.46 1,48 339
July 1 0.1 2.15 1,172 2327
August 2 3.16 -5¢31 1,136 4069
September 2 3.01 -5.00 1,67 3825
October 2 3.08 -5.01 1,107 2398
Nevember R 0.11 2.29 1,316 4369
1974 2 3.15 =5.21 1,139 11659
1975 2 3.13 ~5415 1,393 17306
1976 1 0.11 2.18 1,481 Lg39
1977 ) 2 2.98 -4;71 1,93 L84
1978 2 2.89 ~k4. 45 | 1,46 204
All data '

1974=1978 1 0,12 ‘ 1.96 1,166 11645



TABLE 2 The test for isometric growth in the cod in Loch Terridon. Tae
regression coefficients in ln {weight) v. 1n (length) plots are
compared to an expected value of 3.0.

Period over which Regressicn *Significance
data was collected coefficient df LA level
January 2.81 172 1.89

February 3.25 101 2.0 p < 0.05
March _ 2.98 66 0.1k

April 3.31 19 3.81 p £0.001
May : 3.18 9 2.40 p ¢0.05
June 2.60 b3 1.94

July 2.97 173 0.19

Avgust \ 3.16 137 0.94

September 3.01 68 0.72

October 3.08 108  0.47

November 1.94 313 2,98 p £ 0.005
1974 3.15 140  1.88

1375 3.13 394 1.06

1976 2.35 482 1.88

1977 2.98 o g4 0.10

1978 2.87 47 0.45

A1l Data

1974-1978 2.64 1167  1.25

* All sigonificance levels left blank show no significant difference
between regression coefficient and 3.C.




TABLE 3 Distribution of Relative Conditic» Factor of cod in

percentage of the total pumber of individuals sampled.

Relative condition

factor Jan
©.00
0.06
0.1

- 0.17
0.22
0.28 32.33
0.33 12.22
0.39 43.33
O. bk 34,44
0.50 5.56
0.56 1.1
0.61
0.67
0472
0.78
0.83
0.89
0.94
1.00

- Total No
fish sampled 90
Average relative
condition factor 0.4

1 S.D. +0.052

Feb

0.97
0.97
9.71
36.89
41.75
5.83

2.91
0.97

103

Mar

400%,\‘%02”\}
'QN’\)gN#

68

Apr

9.52
61.90
23.81

4.76

21

May

11

Month
June

1.96

3.92
35.29
43,14

5.80

3.92

1.96

51

0.37

+0.071

Loch Torridon with time of the year.

July

0.57

1.1
4,00
20.57
35.43
24 .59
G.14
2.24
1.1k

1.1%

5

0.%0

Sept

70

0.39

i00065

Oct
0:91

0.91

110

0.37

29.052

Figures are given es &

Nov

0.63

1.26
10.69
3742
33.96
13.84 -

0.9%

0.5%

0.31



,.w
>

TABLE 4 Digtribution of Relstive Cozndition Fuster with sge of cod:in Lech Torriden.
Figures are givea as a percentsge cf the tolsl nuumber of individuals sampled.

Eelative condition ‘ Age

factor ) i 2 3
0.00 ‘ 0.12

0.06 012

0.11 0.50

0.17 1.82 0.37

0.22 %.55 0.37 7.4
0.23 19,09 .35 0.54

0.33 38.13 23.79 16.76

0.39 27.27 39.90 42.16 28.57
0.k ' 2.27 22.568 L 30.81 57.14
0.50 0.91 7.06 7.57 7.4
0;56 0.91 1.12 0.54

0.6 0.36 1.08

0.67 0.12 0.5

0.72

.78

0.83

0,89 \

0.5

1.00 _ 0.12

Total No

fish sampled | 110 gc7 185 44
Average relative

condition fector 0.34 + 0,065 0.39 + 0,061 0.41 + 0.063 0.356 + 0.057

+ 5D




PABLE 5 Mean lergth at age of cod in Loch
by a regression equaticn and two

equation.

Age
(Quarter years)
2
V.
Qh
Qs
Q6
Q7
Q3
QW9
Q10
Q11
Q12
Q13
QLk

Mean length
caught
(cm)

T 9.50

15417
19.19
22.28
2k.01
26,58
28.64
33,01
33.72
35.26
35.83
39.80

L5, 45

Predicted léﬁgéh

at

13.29
15,94
18.58
21.23
23.87
26.52
29.16
31,81
3h.b5
37.10
29.74
42.39
45.03

b#

.8;12

13.30°

17.67
21.36
2k b7
27.03
29.30
31,17
32.75
34.08

35.2C

Torridon and the values predictied
formulations of the von Berialenffy

2.29
5.69
8.96

12,11

15043

18.03

20.81

23.47

26.07

28.5%

30.91

33.20

35.39

a* regression equation (7) fitted to fish of age Q2 - Qb

b* von Bertalanffy equation fitted to fish of age Q2 ~ Q12

¢* von Bertalanffy equation [itted to fish of age Q2 ~ Qik



TABLE § Mean length at sge. of cod landed on the West Coast of Scotland,
and the predicted lengths using a fitted von Bertalanffy curve.

%%:ars) z::ghéength . ' Predicted lengths
(cm) (cm)
1 39.8 38.7
P 5.3 53.6
3 67.1 66.0
4 78.7 - 76.2
5 84.0 84.6
6 90.6 91.6
7 - 99.h4 97.4
8. 101.8 102.2



FIGURE * Condition factor (bars), and catch per unit affort {broken line)
of juvenile cod in loch Torridon through the year and temperature
at 10 m depth in the loch (eclid line).
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FICURE 2

The mesn length, and 95% confidence limits, of juvenile cod in Ioch
Torridon aged to the nearest querter year. :
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FIGURE 3
Meen length of juvenile cod in lech Torridon up to the age of 3 yearse.

The broken line is equation (7) in the text, fitted tc the data by
regression. Tha solid line is the fitted von Bertalanffy curve.
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FIGURE &

The mean length of cod landed &t ports in the west coast of Scotland snd
their estimated ages. The broken line is equation (8) in the text, fitted
to the data by regressicn. The solid line is the fitted von Bertalaaffy curve.
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