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Cod rcmain ,in Loch Torridon,afjord on the \ICSt coast of Scot1and,for:thc
fir::>t 3, -~4 ,years cf, thcir life... Durin~this tirJe tliey'move ver~'!liH1e,
ho1din[';r~str.ictedhorne ranßes .and fecdinG 1aree1y' on, benthic' invertehrates.' As ' ,
part of"a: wider study of the enerC'J budGet of theGc fish, tneir lcro\"ith 'rat'e hits
becn P1easure'd' byhJO, independent: methods. Tbe first· J:lethod "IUS! baoed on' th'e"
determinaÜon of meall1encth and. ,.reicht of fish of different ac;eso': Tbe 'second
invo1ved the release and recapture of taCGed fish•

•' ~. 1,." >'. ' ~ j • ~ ~ .:~~. ',': •

Thc rJeasured 'GrO\'lth, rates \IOre in cood acreenent, ,thoußh 'those' oDtciined ,,,ith the
taG and recapture method ~lere. sliChtly hißher., Tbc c;ro\-rth'rates are 'compared \dth
thes"e' for oider cod 'entcrinc the ,coI11mercial·,·fishery,. arid the differences are' ,'~ .

.. discussed in the liGht, of. the', differinc: behaviour of, the' juvenile fish. ':.. .~.., . ~ .' ~

..•1 .
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1979 on a attach6 des er,1ettEmrS acoutiques a' dcux
enrcGistrer lcurs mouvements~' 'Le~flllX dc'la:marec
en,se servant d'acrcs'f1ottantes diricees'par 10

.... ', \

Au cours d~(juin 'et de I jui11et
saumons e,t. ä cinq' erilses pou.!.'
aussi a ~t~"niesur~ directement

,_,.I_

courant. , "
: ,"' ,.

.l,. '.

Au larce; 1es m~~~~nent~ des poi~sons'6taicllt comp1exes, d6termines'enGrarido'pa~tie
par les courants de 10. marOe. ,La soustraction des vecteurs da 1a maree cependant
a montr~ que,la, ~o~te :yraie de 1a naGe 'pourch<;que poisf'on s' est orientce, .'
consequenu:leritdansun.,sens·particulier, et independante dcs'courant"sdans l'eau~

(,_ • ':\~ ","-'. , .• :~, ....._. " ;' • ".; '~':"'.": \ ' ._' "I.

La vitcsse moycnne' des rnouvemcnts,a travers l'eau a etc'ctab1ie pour'chaque ,
poioson qu'on asuivi, pendant chaque,phase da 1a naree. 'Ces vitesses'ctaient
approximativement eca1es a 10. vitesse dc naGe ayant lc'oci11öur rendement; ,c'est
d dire, la vitessc a 1aque11e 1a conso~ili1ation d'enercie est 1a plus basse
pour chaque unite de distance parcourue. On discutc ce resultat par rapport au
temps qu'i1 faut aux saunons rentrer a la riviere nata1e des reGions lointaines ou
ils vont pour s'alimentcr.
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-:..~ . ,':. ',. \: I' ., • .:.. i. .'- --

..'fä:;Ginc;.:exp~t:i~:~~t~s .hä:ve sho1;m that juvenile cod (Gadus morliua.:"i:'·) -:r·c~a\i~ln'Y'.:.;·:
Loch Torridon, a sea loch on tllC \-lest coast of Scotlend, for the first 3-4 years
of their life. Durine this time they hold small horne rances and feed larcely
on benthic orcanisms. At 3 years old and some 35cm lon~, t~e cod leave the
loch to join the adult stock, 1;rhcre thcy feed on more pelagic l)rcy, perhaps
adoptinc; a schoolinC habit. ~--( ..,: ,~I~,:~.;~'i,· ' • ....;.'i.';> .'

- ~.• ,~ .~.-'-;.i;, ,~;.~ ~ ~ • :.1 .: .. '. .. :. ,.'.... ,,'. ", ,
Hoot of the juvenile fioh in Loch Torridon fall beneath the ninimur.l landing
size, and are livinc in a.."l inshore area "lhere tra\11inc; is forbidden. Thcy
thun' form part of the cod population \Thicl"!: is rarely nampled in cornmercial
catchcs. .

younC
thooe
from

Uaterial and Uethods11

An part of a wider investication.of. the ecolocical onorGetics of the
.-- ~. _ " ; .' f .' ~ r ., ... ,,.. . .•

finh \10 have monitorod thcir[;ro\lth rates.:. In "thisrpaper.\'1e present
data ror conparison \Ti th: the'~c;ro\lth ·ra.tes 0 btained from' iish sampled
commercial catches.

;';., ~

·~j~·f.$f;~;::.
... t. .•~"'r.,:. '1:.

i.l1t~J"'~' -:~'fo.,.. '"" ~"

'J~;~(t~~f';
·'1' :.~'.~':

All fioh .consideredin. thin study 'lere cauGht with':baited: hooks. ':The:fisl~ .~ .. ':"~;'
1;lCre cauGht, in :<111. months of· the ·.year,. ;aa':1plint;., beil1~ ;coriduetcd ~ b&t\!een ;'tne;' .' ~ .,
ycarn 1974' and::1978. : There isevidoncc Trol:1thc a~alYsio'of:l'cnGtli··'distri~.< '-'
bution in j:ho:tötal'c:'ltch ,that thin,'fishinc'methodis size selcctive 'and . " j: '.;:

that sm6.11cr::üsll·nre under-:rcpresontod but diocunSion ·'of'.' th10' point' vliil,bc·.' .'''' .
dolaycd~ün.ti~.lat.e~•.,. : ":-.' . .-:. ..'.: " ..".r.· •• , •. r ..; 'J, .. :.:.;. l.·::'iJ:·:.':~ ··~~:;.,·~c;'

"
From thc captured fish, hro independent mothods \IOre used to calculate crowth ,
rate. ,A. proportion, of; all ,finh:.cnuGht "lOro' tacc;cd at ran<1om' ',n.th re'spect"to ',:
sizc. 11''hene,·fi'o~. \·iere·roturned to thc'löch: after.·thei~'·limr;thshad been··l'ioted>. ,
lhose individualsnubseauently recaptured'could,be idcl1tified' by"thcir' ni.unberod· taGn
and thCir cain. in .1el1ßth, dctermined.·· Knovlil1[:,' tho' l1Um1:Jer~cf' days' bctucen: capturon,
thc c;rovth rate of individunl fish could thon be calculated. . ,.

I. ',,--,,'
...._ ..... 'N ....

•

: ~ .1. ",:. 0: .'

. . ,
~ .' " ." "... - ~ ,""',f''~', . , , ,

Same cod \lere oacrificcd at various timen of the :rcar, thcir lcnr;tho a.r;ain
beines notcd.,Ar.;c .. \-m.s~ determincd' to" the lant complcted Year~· Of"G~Cl\1th"by··.. ,. !,~,
countins. the.nlmual .. rincs' oll·-I;he,: saccular. ot61ith~·,.·This ,ace' \-JaO then: con-', ':.. ~::' :'"
vertoa. to' quarter, ycarp.:and ,days on.:thc assunption thnt all·'fioh worc·'liorn' : .. '
on April the firöt of the appropriate year. Fron thio data, the mean lensth:"'~ '- ....
at different aGes could be calculatcd for thc population, and an averace Grol/th. ~ ".
rate determined.,: .- .... ','!' ", :', ~ .,'.', ::.~",-,~,:::":':'- :.~':-,';':-,~:,;: , .... '- ,', . '., ,
.' .. i ';':' I.>, _,(.'~;._,. :':'1~1;"4'::'.:",.~ ; ....:.~ ·i .. ,

.'" . ," ~. -, .. ;- ! ~ .t ...~: .r ~.! .".: ::' ~ ... ').~-_:': """ _ .:' .... ,••.• _'_ ',' ,"','_' '.

Len;::;th 'of thc finh ,-.ran \measured while thc: anmal'lJas st~.ll:"ali\TC ("cr: frcohly .... .....
li::ille~.: :LenCth' \'ia.s::~~cn asthe· ma:dmum distancc: from;the: 'nnout to:'the'tip 6f'':'' .., '
the extended tRil, nnd rounded up to the ncarcst co. Gutted vcicllt ,laS also".,. 'e'

recorded for. moot sacrificedfish end '\JaS' tal::en ao ·th'c·· frcsh' dead vloi'eht o·f···· ."
the fin11' meQsUrcd 'fo 'th'e: ncarent c;ram, .' with thc. entails .and Gonads' removcd.· .':.:'; ~' ,
The G"Onads 'lore \:ieicihcd.separatel~To,., :'.:.:' 0:: -,;;'.; .. :: :-- '. '. ,:',,' ..... ~'\'" : .

. ~ . :., .' . - ~ ...... . .":; ..:- ~.;I.:'~ :'. ,,: . ~ .l f ~~·t_:-rl
-~-','i;",; ~;..::p,.1.i.: J. ;"':" .:.:.• ", .' "'''::" :-~." ':.1". '. ,. .. ~. !).' .":'.L: '-; 'O~

.. •• \ t.' '") •• .: ....~.; " ,. ~~ ,",. .; ,~' :'" :. ,I .'
,,~~-·I·'l· '.:'i .,.... ~,.:.... t'f ",'" '"
" ., ~ '" ),
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III Results
. , ';'. ..... '. -~ ,. ..... ,.....

_.~. '.' '; ::'j :: ')

•

•• ; ".'~" ;"~,,/,,,;., '~ ,. ' "~",! .' "';', '. ,f··,·····' .. : '.•..... .'f,r•• \~"':-'.:.,l. ::("C:~·r L-;,1';',l~~ .•.• : -:~r'.~~.r':·:J

~he Re.~~~i~~shi~ ~,e_~'~:,cn,'lJei.ch: and'Len,st.h' ~~~";;;~;'." :; :;;,;::- '-31' ;", ,:,J<"J,i "}','.'

From' 'thc "~~t~Ü'ice'd['{loh:' ra~;:~li:ltio'n~i;i'p" {rci~ :soußht"':bctJ~~'rt; cutt'~d ";,~i~ht: i~nd '";
lencth. ReGress{on"'equü'tiö'ns 'Üerc 'fitted scparo.teiY': rar fish:cap'tured:' ih:'eacl{
month, eaeh year, and all years tOßcther givinC 17 ,separa.te data sets (there
",as no information for Deceobcr). .;~r:>:. .,~',~';;"~'?."~:.}:.. ,~~ :;.:.:_>.: .:..:.Y:-~:'

:.Tv~:·rcl~Ü.b~shi"··;:'''roiidcd G)o~a ~iü':-:to~ thd';'dht;a': ·,;';·':':".>:,;·;.'l, :~.:~,~ ..!), ,~!; ~,:' ..'
... ':.,1() ..;·.~··J...'(~: ...'::. ,i .• '••<i:.·.. · .. P: ~t ~\'"'~')f_'-.;··f:J '0', ••:.~•. ; :~.~J.:.~~.~) ..•.):,.\ ... ~;(".~".~'.'.'.. ~~) ~:', ... J.~.)~;.~. "':~'. ':...

"leicht = 0. X ln (lcneth) -I- b ••••••••••••••••• ~.•••••••••••••••••• (1),
ln (\'lcir;ht) = a x In (lcnr;th) + b ••••• ~:.:./.;!.~~.'.~,r:-!;~;;,\..~).~.~.~;.;.~::~~.:.; •• '~(~(2):·~-·:~:·

i,..~" .... /." • • •• ,'. "'~ •. ~ ,'. '., ., .... r I • ::" ' .. ' '....... ,... .. ... .,... r ~., '"j':' , ~.: r·I;~·• . I'~

Fron 'the·..·17 .data' sets;' ,equation : (2)'provided thc best fit) on 13 .occas10ns ,\lhHe
e'quD.Üon "(1) .providcd' the bent·, fi ·e on' ilie' other-;4~ .': (Ali best- rccrc s'sio'ns :wcre '~:

hi13hl:r sicni'ficanCand-ron'Gcdin~F VD.iu~' from::'20l~ to 17' 306;"(critical' value":­
for F at p = 0.001 ranGes fron .7.6 to 1l }.0). Table 1 provides the stD:tisties
for the best rec;rcosions on cach' data not. ' , ,",'. ..) ..... "

'J.' ...... :.', ":".: ..... , :.,t~;. I '~,::,,~:.1- (',. jif.:.L~" ::;:. ':"~.~i: ,,:~. ,.. :~

Condition Factor
•~ : I~ ':.

....
. ....t ..

•

The condition faetor c;ives an index of the physical condition of 0. fish by.,
reflect'inC ·thd 'relationship bdtuccn 'leicht andlerteth."" 'It' is 'cal'culcatea as \.
Condit:i.~n' Fac't()r' :::. Heicht/Lc;.{CÜ13.!••):';'•• '~ •••. ~'... ~,~1~ :~.~ .l~ .; ,..:,~,~ ~'~:~'••'. ~ .~'~.' '(3)'" "~: ',~

"..1- :'•• : . .'.~ ....... ·::.·~,l. 'ri" ':) "." ... -; ,",.'.~: ' .•' :':. {', '. !" j' ...'.':' i·'· ..· ~ ; '"~ ~ '~.) ,-,,:;..~::..~.1. ).,,~~:,j~ ....

. .. .""" 'l.., t . .....,,;.. • •......., " . ~ ',,,, :-- • ",' ,. •. ", 'I.',,' ..> • ;" '" ," I •.:'. • .. _ ;-

Thc pO\ler,to ,,,,hich lenGth is raised ',reflccts theunderlyinG'relationchip' ..':·,;
~ "'. ',.' '.... I .. ~ ~ ..... .• ,~ . ." ., .'. .• • , .~'. ' ..." . '1 • , ' '. j :' ~

betwcen:weic;ht'and lcncth:under standard'conditions.:· Thuo'if itcould'bc'shO\ffi
that co'd in Torridon '(76\~ in' ~\ßy'oth'er~than i;h6\dn~'a' eubii-ic; ~ C?,f vlticht' "rÜh< .
incr'caseiil":l'crlctl~;"the"'c~i)'onc'rit' in'e'quätiön' (3) ~iould liave to'be~ a.ltered ; .:.~ :!

c'cordinr:ly';~"'i;".' :"",:'.: ..., ......: -.,:,,~<,.; .:.:: "~<\.' .. '.'; ••. : j,C ,,;;:' ':'.;', ',",;' '-:.1';",'.
a .!'": r: ... ' ~ .'. :J:' ':':' ..\'i ::': ..... 1.. ••~ '.', .•1 :,..... -;,; ••~, \~ .:·,;,~!!)·.1 :-:t" '::l,....:,::~ .: ,",:

Tho 1.7 sets of datn used in Tablo 1 ,Hore fi ttcd ",it.h a type (2) cquation uEing
• \ , I " .. . . " ..... ,.~.' , -.... , ".... ,~'" • . , ' .-.' ,. I ..... ~ ... ", , , ,-,,. \

least squarcsrecresoien: 'The :r-ecrcssion eoeffiCient ,'ras 'then comparcd to' a' ,',
value of,3.0 (Zar, 197Lr).Thc rosults are c;ivel1 in"Table 2. Only.4 of, the,
17, välues are' sicu'ifi'eantly 'different frora3;O/;5' 61' .\!iiich.arc· iareGr"and "on'c:

"vcry' nuch 'io',jer~ . \Je':have t'1'ercforc :'cmploye'd equation (3) \Jithouf corre'ction:'
'Jhcn calculatinc condition factor. • :··..:i~\ ',;:~ :. ;; ...;':;-:.; ,; ..... ,; (J

_ " ,!,,': ;~.' "') r,..:· ~ ~ ;. -, .... ,:.'., r •. , '

The values for conditiol1 factor ral1ced i"rom.-0.OO15 .. to·'0.0195 ·and-\..rere.·converted,
for convenience, .to fall hctucon 0 and 1 b;r the ,.fQrnuln

,,#- - • ,'j.' (: '-..:. :;') .._" J;~; .'•.•. : .'Lr:"_~~ -~. ,;:;.~ ":,.' ') . t,; I·· ... : .. r :I',~'/l' r~,:.· ,;~<~,." .. ':'-~:'.t."~ :-,~~

Tables 3 and 4 cive the diGtribut~on of relative condition factor with tioe of
year and ace of fish rCGpectivclJ'" <Ficurc;'1' uao crcated :pnrtl~~"'fi:o!TI"Table'3;"
and chO\lS averaGe relative conditiol1 factor for fish cau[,.ht ,in ~aeh month "
ouperimpoocd upon 'the 'catch l')cr unH effort and -müan ,:;at'ei tcmperrittire' at 10m'.'
for cach month in Loch Torridon. The correlation bctween relative eondition
factor'nnd cat'c~i'per lüiit .eifert in "very'l~iGh'(r ; '0.913(df:·~'9·, p' <0.001) ~"":'

as is that between temperaturc and eateh per unit effort (r =0.801, df =9,
p< 0.005).
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'!'" .,.,
The catch per unH effort is ealeulatcd on the basis 01' the nutlber öf' 'fish
eaught by baited hook in any rJonth and th~, nuuber o~ ,'nan,. houro'; fiohed,durinc
that 1110nth. It is thus an inde:: 01' fish'activitY'arid'uillingness:to"t'ake':bait'
at different .times 01' .the year." ,A ,pomiible ;funetional relationship ,bct\lCen."
I'· ':- '-, . : '. - '.' '. ." , . . .'. '. .' . • \; '. •. . .:..., .; .•. ..' ....,.. ., .' '.,' ~. . ., '\.. . " {..f ~',' , .~ : i,,;

terJper?-turc" cateh .and eondJ.tion ,factorllJ.llbe dJ.cussed ,lnter•. ,,;', ,':, , "
~,J' . ' •. '.• '•.•••.• ' .,:' , .' ' .. l.~ ',. '. -... ~(•."l; ......\~ '.' ••' •.••. ; ~.J i.. .... '.'_ ','''~' '~'_~"~';"';' ;"., '''..... ':: ...... , .i~

':_.:V~:.,-' "~.'~'-':i·:v-:.~.":.,+- ~~;":;~'''~. ::~ . ~.'-. ,,'4'~-' . c'~'.'"

{ .

The tl,'Q methods dc:::;cribed for obtnininß da,ta; on; the ero\Jth,rates. 01': cod require'
different L1ethods 01' analysis•. ' Tl;,e resultsüill t11ereforc' be trcated separately.

" ~ "

.Tagr;il'ir, an'd Rceap'tür'e '0'1' 'Ind'fifdu1il' C'od :::: ': ': " r', '. '" -I.
.. .,-

, ,

Tuo ,liundred :juvenile, cod ware tam:.cdand suboequcntl;r reeaptured., They. varied'
in"i:;i~e':from 12<:0 ta'!+2el:1 on relenoe' 'und 'ücre 'recepturcd after. :pcl~io'dG.ranc;ÜJ.C
fr~~l ,n}~~:r?~l ·~a:is.,: ~~ori '~he,:do.ta·,' .,t,\.j~ 'I',cl,at,ion,ships,,~er~;ext'ro.·cte'ci '~,;,»', ; ;:

•.!.'':.~.

G~6,hh·'(6r.S ,.;, '. '" ", , ;~ ;' . 'J'daia '~b~ent ;' :"

Gro\·Ith per rJedian fioh leneth (en) v "days abscnt

Tl1e best fit to both sets 01' dnta proved to be an equation of tlie 'foro", ..- . ,

; :~:. i,
y =,0.>.. +,?

• ,,'" • ~ ~ • ~ \ .- • ~ •• ') • I" t ' ' ..... :. t p.,' '.:

o 0 ." • . 0 • ~ 0" 0 0 •• ~ ..~ • ~··o 0 0 • 0 0 .. 0 • ~ 0 •• ....... 0 • 0 0 °0 •••• ~ ~ ••• 0 ••' 0 .'; 0 • 0 0 0 • 0 • ; (5 )
, ;, J ..'~ • l.

.-.,";'

Fi tted by leaat square:::; reGression, the fit to both data sets proved hiChly ',", ,
siguifiean't' '(F ='51lt·.7:;,' 'cif'~ '1,199: p'< '00"001 for CrO\,Ith 'per mc'dian Hsh .
lcnGth (em); ,F,=).lt8.73, df;::1,199, p<00001 ;for cro,~th (em». ,Thera is "
,little to choose b'ebrccn 'cipr'essinc: ~the'd1itit as ,l'enßthillciremcnt or lcn[;th , ,':~',
incr'encnt'p'cr r,H:idian', fish leni;th int'ems. cf ,'thc'jlrcdictive'valuc ,ai'thc,", ,·.f

resuitincequation. :~ Tc facili tatc co'mpärison ~lith, cro\vth rate' cstimlted, fron'
lcneth and aCe' data,it '/0.0 decided' to'oimpl:r relatc'lencth 'irieremCl1.t to tine:,
This givcs an equation for the Cro\,Ith of eod in Loch Torridon as' " '"

iiki;'~il i~~r~:;cnt\c~Y"~ \::>~~Ol~~ JCI~~~ps~diici,e':(;d~ys)'~,0~10s':, ~ •• ~ ~'. :".' ~'~~6) :Y

The 959~ ,;6'on'fiden~c i'init~" 1'0; ~~~~tioi"(6)\:~re -:- ,0:508 ,llh~~ '::c, ='0, and, th':i~·.'<:,
thc' yintcrccpt of O~ 108 is 'not'sioiifiearitlY, dIfferent from tho ,e~:pcct~d'~a~,~e •
of'zero 'groütli'after zCl~odaJ~oo:: ' ",,~:, ' 'C'..!", i .,," , ,

.;, ['"... "
,_ 'I :j

:- , . ~ " ~'. ,.... ':;':,", (''j .-. .' '".' f, ; '- ',' ... ' .

Bctucen 1971• and 1978, some 1 '2!}8 cod ranßinG in lCl1C'tll 'from 5 t6 53c6'1~rc
caucht ,in Loch Torridon and, saerificed." Lenßth of fish and aGe in days and ,~

qUD.rter yc'aro '\!erc're'eo~de-d 'for' cach" f,ü::l1 on·the 'a'ssUtlption' thnt all fish '
\lore born on April 1st. '.'" , '-" " ..

. '

, .'.~ . ;" '. , ..

fo~ ,tl~~' dat~;"'~Ji~i'~h .·i~ "h\i~hly,' ~iCriificant (F ='-226~. l;~ 'df~ ';1 ~ 1'21!7 ~'p'<:O.Ö01/.·:
• \ • ..{ '. • t ., .' - • •

,-', ... '/:} '':'.:(/. ~; ~!'~. ". ~ .-",' r· \,~ ', ..



•

Differencen betueen this Cro\'ith rate and that estimatedby'the!previous methou
\-lOre found to 1>e nienificant (t = 5.77, df ;;'1,l1:~~l~~" P·«).OÖ1Y.-·ReiäÜ7v~· .....
biases .'\JOuld,'thus' appcar ··to: 1>e at \~orl:'iri the tVJO. rlCthods·: such 'that tae i •.i:J ".: ,l
and recapture' data.producesa: sienificantly'hi611cr fcstimate::for~·groHth·rate~~I.!

[!,:';,'~:'~.,~:',.:'" -..; .\~~.)·~·i_ . :·;.\~.iI r.·.~' ,~\~. ~~. ,.I~;\·C-;.C- ;~,:~~'·._.~!':~J.~:·:'1 :'~::~':-.j :\~ ~·.~J,d~'{:;";~-~ 0).: :

Gro\·rth Rate and AGe .; \ .'.';.,'J .. ,;.~ :., .....: ,.., ",' ", .:.:t;::· .....~i:!f',',<:, ',"'.;;.:::',:.. <

From a'scatter .diar;rat1.of .the .leneth ,aGe datn, (it.llas obvious:.that GTo\::rth·!.I,:I
in the fish lJaS not strictly linear. The lencths of very ~TounC fish ,·,'ere
ovcrestimated by itho'rocresGion :line .1"hile ithose' cf, eIder' fish ,,,rero undel'';'; :, :~'

e ·~tJ.·mated... . .... ' ..".., .:., 'I. ,.,j." : ,'C',.,!.;.. I,·.:,;·!.,;,,,·c ".!.! :; ";; ..' ;'. ,,"::< .i·'.
_ ••.. ,,' •• '".~' .I. ,

•

. '
~ i:... ;:..:.: .;) :'::.;. _ .:. .,. ""'~;'

Thc data'for mcan :length. \'lithaGc .,(inquarter .ycnrs) \1as~uscd!to·.investigate~··:

\;hcthcr c;ro\;th of coc1 in Loch Torridon could bc better.' c::=plaincu if thc ":cJ ;0/

constraints of lincarity \10re rcmovcd. Fig'll.re 2 ShOHS thc rJean lenc;ths \'rith
95~~ confidence limits of fish of all aces caucht in loch Torridon. ::~).,<:-- ,,>~

i.

As CD.ll be seen, lcncths of fish at Q13 and Q14 differ narkedly from,.the'···
c;eneral trend in the data. Reasonn for this 1.',ill bc discusscd belou, for
nO\I!houeveronly fish up to thc ·aGe of '112 \1ill be ip.cluded:in the ·artalysis.~.·~

The von Bcrtalanff;r cquation is a prcdiction of len:·;th frol';} nce often used
in fishericn science (Rickcr, 1975). It \ias fitted to the data on:this .;: ','I
occasien by Devcrton' s method outlined in TIicl:cr (1975). Fer cod"of"acc- .. -
Q2 to Q12 thc parameters of the fittod curve \1ore;: i.' _ '.:;',! : ;,'; ;: ,:; '.\ 'Y :;!':>i.; ..,<;'.'"'''. ' ' ,.- _ .. '"' _.. " ._ ~, ,~, ,., ..4... . ., '.•. __ '.

. ; ' ..'. ';~~:".. :(~. -~~,;

L(~)::: ,41.42cn··,·;
Je :0.17-.:" ';.
t e = 0.71:, '.

r ~ . .." ~. ..:
,}

t,) ." .~-' •.~.

t.'-'f. "
\.4.-

,';- i-, .. "•. , r
.' : " ~.

•A' • ~

~'. ~ .~:

..' ' .~ :.~ .

." : ... ;.~.-.. "} ".' ::. . i ~\ -t ::•• ~~

•

L"" isthe.asynptotic ,1el1c;th··tollnrdn \I/hich thcfish·.\'1ill 'cro\1'civen 'ii'lfil1ite,~' ,,:
tiLle, K is aconntnnt' c1eternillinG the.rate 'o:"decroasc' of' len::;thJincremcnts,:"~

and t in the h~rpothetical time at t:hich finh len::;tll is zero.
0., ."._.~ tn~u):.. :,~'" :~J~J': .'-~ \'.,,::,.!.r::; ".) ".~.r.,'.~.'~ '..::., .~~t,·~.L:,,: ',:' ,!~. ::~:".~ •.• : ·I~!.

Tablc ~. r;ivcsthe expcctcd' lcnr;ths at' nCe·:calculated. frOn! .the' von' Bertalanffy .'
curve nbove,- as' \rlCll-asthosc cnlculate(l'fror:l' re[;rcGsion equation.·(7).;: (;) ',,:'.:.
FiGure ·3 nho\'ls, tl1e, mean~ lcncth· nt ace' of· cod ·up to:. the .ace: or. Q,12 \dth'i~~ ":::,;;',,
thc linescorr:;spondinr; .to· cl!uatio"l, (7), and thc":von Dertalanffy: curve' sul')er.:.··'i:·
ir,1poscd. Thc von Eertc.lanff;r curve clearly tivcd a betterfit.:to the observod
data.

" "

'.' .'

• } \ : .. ..:. l. :

~ t l: .: .. ".:

~ ... : ',,' ;: C.J ',>'

: .{.- ' ...

",. t,' i t .. ; ~ ',;

.l ........

~', .... ;, .,~

'.,'

= 39.12 ..r

= 0.05: ,::.:',
:1.35: .' :;:

. .. .',:";:"! ~;,L·.:~ .f:.; '.~ '.:,,': ,.:.:: "'.' ,\ ., .. ' ; . ,),. ~.:.:J:·:::,.i ,", J. ;'>:.. ":',,:' :-; .

Tho offcct.ef, addin~ neanc:1enr.;ths' of· fish' at, aee. Q13 and Q14.to the.data ''tvas 1';"

in'tenticated by' fitting:the. von 'Bcrtnlanffy:. curvc' R[;ain. :,'. Thc. nC\1param'ctcrs' ;:"
o~ thc equation were

'. ,'. t ('.':'--:• •,·:"'f ';.' ," (: ",'::', :' ;r~' ". ;. ,~l(.~.'~".) :." ..... t , "',,. ,.':..~~' ,';'

1"ablc 5 cives thc prcdicted lenGths at ac;e calculated fron this,second.von~

Bcrtalanffy curve. The addition of thc~c older fish chC'J'l(;es the fi ttcd
curvc from a tolerably eood fit, to one uhich is much \JOrse thnn cven
the straiGht line fitted by recression.
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•

Grovrth of·-Cod".Outside:I.oclhTörridon:L: ;;L~ " .:;' ; ~
, '.

~.~,./:~·.r.:l... "}:.~ oll j"C.'<~\LJ..; :"r!.t t.:·;'<"",lt ~ ~ .. _~.~ ,~:'\~"l< ..~ :~) .: ";.::>_'..:~'.~""~~..\:.".~ fj n,.~ :.t~'j _:) ...,~~:.r

StatisticD on,.th~·ncan:.lcnGth(at aGe (years) of. co"d .. landed at-ports'onthe,:" ..t.­
\rIest ;;coast· of Scotland':.(Table..6)':l1erc,uscd tocompare :uith -tlle' t;routh'ofTi fot':.
the juvenile phase calculated above. A straiGht line fitted by reßre~sion
yielded a relationship behreen ace und lenc;th of .':~'.., ':':~:~. :'.~F;J_ .: :<.~::, ...

"''', '" .

.'J'.f~·· d;).:~·l ;~~~'I''''''i' ... ,. ...;.·')v ,\.~ ".<-.:": ~)~;~ ,::.~/_.~ &>'~:';.':.~.~.i \."i.'~~'" ',.' ..;' r,': .... "'-'. ~~.~~:. ~.~.~

The fit;to thc'. data- '\la's: hiChly>siglificant (F.~=J,139·~88,'. df' =1;6 p <- 0~001) :\-n
Figure l~ gives the obscrved data and thc fitted rccrcssion line. A von:'·,!::i,·.'
Bertalanffy eurve \'JaS also fitted, and €loS can be seen from FiGure 4 acain
provided·bctteracreer.lOnt than ·tho .straicht >line. ,;·,'.i'ho ~paral'ieters of'this:
von Bertalanffy,cUrve:\Jcre.;·::;)( c.· : ..:~,f::; "c",.t·(~,·,' l:~)"\~:[i .. v,: '...• ,~>":,:.-.c ':r :;., ,.'

•J ~ \ '~I' : I • " .' ;" ~ .-: .
~ t •~-~.C,C " ",.~

, .,
'..

= 125.02 ,.:;,:::."::;(.~ ,
=0.19
= -O~95:,:,'{~ ".,-:. ~',"

Tablc :.6:.;·c;ivos . thc'len:±tlls :predictcd by',thc' eurve ~: Tllese" l'erißths ~ far (. ey.eced·:··
those found for eod of eonparuble nGc in Loeh Torridon.

:.;.-;~~-~~ :.!.:.<Y~.O .' ;;, :::~)';\ .;,: ::',:.1." .:.::~ .,_",:.; .~.~;~ ',:' .. :~ ;~.j. "~::'_~."i,,-t.~,~ :.~ .. ; '~.f:,"r·.-":;.-t: _:c' :<':.

IV Disctission..,., ','" ",::; -:;"yl ,T\',: :.:.:! Jj. .' (Si'li ·~·i:::·:: .:.' ;.:~'i;)":',' .',,;j,:... :;:. -,.i.

Tempcrn.tur.c, Cateh and Conclition·.Fu~ r ... ~, ..J.. .1 ..'

Cntch per unit effort can be thouGht of as a combinntion of tuo faCtors, ·the.,·l
probn.bility of the fish eneounterinc bait, und thc probability tllat thc· .,
bait is then attacl:cd. Givcn that the po]!ulation in the loch does not ,\ :
chanco sicnificantly \lith time of ycar (and this proposition is stronc;ly
supportedby ,taecin~·datnLchan~:esin ;tlie eateh'. throußhout ~tllc, ycar May. be ; ....
tal:cn'us. an,jindb:: 0.1' activity: and the, extent' tO:\lhich' fish' are':fecdinC.: '~'.'

(.

Diffcrences in the relative densities of buit and prcferred natural prcy
throuah:,thc: ycar; ,rould causc.cute!1. per unH', effort.. ,to·,!var;r,:·the'bait: 'und.: ;',~

prey cor.lpctinc;,för;lthc attention: of;'tl1e:fiDll.·· ..:·~his ,houevcr.·' iso unlikelyfto'"
euuse the patterns'nho~m,in' Fit;ure1, ~ v..Sj the' time'.oLycar~Vlhen·the·eatch:".· .; ­
drops iso also:;the .time·.\1hcn natural foods'·mic;ht'.be. e~~pecte'd·to.bc ·sca.l~ee.t; ;., ..
and.'competine:: less'stroncly uith the·.bait:~ ,... :::;; -,.~~.::;;: •..~" " ..', .. 1 •

, ,,~. ,' .. '.

The condition faetor 11roYides 'an indieation of thc levels o:f. food. reserves
in ,tLe aniI!1al~J ,Tal~en' tor,cther".thc' hith level; cf correlution' betucen·th·c-..~
b:'O: indices' provides' some:.pieture; of~·cod·fcedinG::throußh:.thcyC'ar~;;::.~ : ~::,~" ',--

,"" , c .-. ~••• ; i .; .r~., ,'j .: .... ;

Durine tbc coldest months from Harch to Hay the condition fuctor is .
dcclininc and it seems lilwl::r that the fish is not focdinc actively.';' ,,:(' :.:
The reserves in the animal are thus dcpletcd by uaintencmce allel other':: C'
cnercetic eosts. Tbc increasc in eondition faetor in June indicutcs 'that
fecdinc aetivity is on tlw inercase and tha.t the losses in reserves '. '.are bcinG·replaced~;..... ···:, .... '... ·.;.r,.·.:) .. ' ..• t: ', .. .'~,.:~. ..:!. ··.L:~···

~"";~ .~. ~, (.!. :..: >,,> :'1':.) "I .~ . ~ , .....-::. : ......' .~j«.:.~~ :_,~:'~~ ~~.~Il':,' ) .. (.... . -'.

!l') \.,.,'

~ ,"., .
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Cho.nGes,i~ energy reserves 'held'by:thc-'cod r.tay.'not' be,~wh611y rcflectcd by'cho.nces
. 'in, condition: factor ,:, 'as tinr.tany, fish' the liver'o.cti' as' -0. hign enera "storeo ."',,:(:
",bi:r"ect ;wciCl1.ing :and, bor.tb· calorimctry'of .this :orcan .are '·needed to' see' ho\~ ;'well' ::'~
'l.chnnges 'in' this, potential" food store Iare'synchron'ised :with'· activity' pa.ttcrns~:<·

~;l;: ~·.~ ..lC~,·J(:\ ~·.:·)i:;\.f ~(~:; ''':'.: ~) ·~·;.~~l·~l:'·· ."~',,) "".'r>."'),:.: :.>, ~;: ;~.' ~~i·:::: ~~~ .. '.*./.:.:'
The 10\'1catch':rate' iri- carly po.rt'of:year, ,'toGethcr'-'t,rith1the'low:condition'factor,
sug~ests not only tho.t they are not feedinß but that their feedine action is suppres­
sedo 10 there a functionnl explanation for the loso of."fee'ding?::.:.~~_.!t::.:.:;.:;.'::"~'.

,::" Tho effectof:temperature on 'diGestionand metab'olinnprovides:o. 'possible (faetoro
.The' rate at "/hieh ~'food cean' be digest-e-d' and 'the r'emains ;evacuated~"J,falls'",ith -a: L

. ,-:.'i.:deerease in' tcrnp'"eratureo':~ In'Narch, :one' of· thc -eold~ot 'inonths' in thc sen; :the .fish
':. .; .. may :be severely-'limite~ .in:. the .. enerGY -intake nvailable to' i t" sinply 'bccause 'food

i~'CD.n· only~.bö··proccs-se·dvery ~slo\·!ly~'· ;'-.::'" ,i!', ': .r ~~ ',: .'.:-: ':..1" .. ;::",~ .: ....;.: :"~ __<;;;w ."~ )~:;: ':. ,"(

•
.\--'hen ·feedins, '.thc' fish':hns ,enerdY' costsabovc :maint'enanc·c· ;including·the inover:ient

1,;; associated·.•ri th :capturirig. and .handline prey" 'nnd ;thc' metabolie costs 'o'f digest'ion
:. and:food 'assinilntiono:Tlfprey'are-less 'available:in the .·!inter months;l 'energy'
.: eosts' of 'senrehinr; may 'increase"still';furthero ~·.c!f:·'~ "";:.::' . 'nf::,·.>.~J '!i. :;~~:>:." :.

:~::·'·~·::'·~I:'~l:.'~'" .',:': ~-:y;·.J t~i: .~, "',,'--; ':: ~..r..·.. ·t:'_ .t~ ' ..... :: .. , .~.:: •..~·»E:. ~"~. i~.,.:: ..1.~.": ~;:i..\·.~·t !·~:,':.~I· .. ~". fi'~:,

At' dciereasing .temperatures;' a' point'may' be rcached \lhere the coots o'ver maintenunec
incurrcd by foraGine are groater"than:thc daily~cnerCY'Gain"poss'ible' at~'thc reduced
dißtction rateo At thio point, the fish should adopt a strategy of ereatly reduccd
foracing activity',; allollin3'previously;aecummulated·:food..rcservcs'to 'natisfy .: ..:;r,

maintcnnnee eostso':~: Nith ·the 'summer: increaso ·in'.tempe'raturo;",fo·eding acain bceonen
profitable and activi ty is rcsUr.1ed. .~..:;. ';"'--:'.~. ':;(''j ':c' ; ';;'} ,;:;': ,,~., ·.·.:··.i.

Laboratory: experiments: are' needed·to:test: thio, hypothesis'o .:.::,,',) ~,~,:: .';~ '.-: .: ';··kt.
,~.t'.~ :-~:'~ ..,<;',: _0 ." 10 1'.)~=::~:.: 4-,.:•.• j 'e: '.',.:j~~"",;':'#~'..•;;~ ...; ;:~ "\.''''::~~, ~: ::.~:.>:.~'j '~"rL~ ';' i :....... :l,l~.

". " .,~.....• '.' i- ...- ..~ .'...';..' ,.' ~ .. ', ... - ..
:"'-'/; '."e,} ',,:'~. ".i ./.: ;.~~ _,~/>~. ~-',; " ,j;. ·...)l~~·. ("'~',: ~~ .~, ~~; ..": ': ..... , .., ;!. '0',; .. ; i~:;,:1 ";:f_':..,'I'I';·!'

The bro methods employed for cnleulatinr;'L'TOuth rates' of~ fish produccd"" :~ L'.t:
sicnificantly different resultso Gro~~h rates from the tag and recapture nethod
\'lere significantly hieher than those calculnted from the leneth of:'fish: at:· ,.:~

estimated aßeso ~~.0
':': ~ ~~- c"

\O!e have no cvidence on the '>ffcet of tageine on subsequent Hsh [;rowth, but ''1Ould
expect· these to' be- ndverse' ratherthan benefiCinL? () IIowever ~ .fish are 'captured :more

.l'; cOr.lmonlylin .the warmer'months (June' to' NovcI71bcr)' 'Thon' fcedinE: rätes are hieher".
(Figure 1) ,1 and erowth' rates measurcd. by' this'mothod' may' thus' be· expected 'ta) be',
slichtly hiehcro Taeeod firnl whose erowth wao only monitored over these months
may; thus. be I found to .. have .. a: hichcr ßrc)\olth ~ rate than 0. '. sUnilar sacri ficed fish.vhosc
ero\olth 'rnte: is: an, intcgrntion: cf Growth~in' alF'seasonf:;' up to'·the' day Jof' eapture'~

, ::', tt~~, "l,:~ ::;,.' ~ •.~/~~'! ';"" I.; ,,-};".':;. j J~,._~;:: .:)']') . ~ .. i:~j .:-..;: ".1..": ., ·;.~r!:·,I, .... ~. ';:''-1" '

"The 'method;of) fioh' captiire; chosen' in; selective' tO\:o.rds· the larc;cr' repre'oentiitivcs
of younecr ace classeso Tne averaGe ero~~h rate betwecn young (o~ Q2) and~older

fish (?f,; Q,.5) ,·!ill th';l0 bc underestinatcd by the mean lensth. at age. ~ethod, r ~he."
seleet~ve) effects be~nb 'less on· thc older nee elass.' .!: ,'.l -::,,':', -,;':;-()~ ,',: .. ;:'_. L

•

',·:'r " ,.' ,'" :~.·, •.I .1·... · ,'. ~ '.. :~ .J ".:'..

If:lenGth.rath~r.than:aGe,provides·the.stimulus for fish~to,leave,LochTorridon:
and join the adult stock, lare;er anir.J.als in lnter n[;c claoses will'- be: 'leso: .... ­
availablc for capture than smaller oneso TllEl mean leneth at age estimate of
erO\/th rate uill ar;ain therefore underestinate the average c;ro\t,th rate of fish in
the populationo .
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:,:Thus·.the tam;ins:of dndividuals ;o.ppears:.to.;yield:eGtimates ~of. Gr0\1th rate less.)
open,to.tbiaG ·.than that: ealculated-.frorJ thc mean length ,of.. fish at;different. aees.
The' latter r.1cthod does·ho\-leverA~ive ßninsight, into i.the ,er0\1th ·of. eod :unavailable
from .tam~ing,data.::,;llean,l'cngth :atdifferent.,ac;es jof.,Sish outlines. tIle,pattern:of
ero\o'th as it 'chanceG "rith. the age ofthe fish (FiGure 2), ",hieh' 0.110\'/5 .the:
assunption ~of.~linear.srowth',throughout ,the .juvcnile~phase to be Ir.elaxed. '.":'':;' ".i,:·

•

:~al;;·_·l.<:~t ,-~~::. :~'i-;. \";;~; .j~~?<5- ,tI:<o .t()·~ :.:~j I,

... (;~~. ~M: Y;:".: .~::!~.:·c,.'~.::.~ \.. ··.. I;·~; ~ --:; ;)J,'#,",>-t'.:••G ~/~~)!~,.~. :","";4

.. ;:,'

.Thceodsho\'1S a ;decreasins; cro1rlth. rnte:\dth.~tirne. ovcr. the .'firG.t:thr.ecycars of 'itG
life in loch ':Torridon, (Figure 2). '); Thispattern:cml 'be ;I'lore;'accurately; described

:~"by a',curve lil~eIthe.von.Ber.talanffy.. equa.tionthan,the straieht::line of.a.·regression
iequation.,,),At Jthe :.ac;e, of, 3,ho1r:ever, thc :crouth ,patternappears .itO" ,chance and 'O'o\'lth
rc.te increases over the last half year, uhen' sc~o:eod'are'still,:foU!ldin,the loch.

This 'late.:ch~nbe of:pattern,isbased,upononly ,16 ,fish 'eau[;ht. ovcr ~the.,four:yea.r
Nlstudy, period and, ·ci'lTen·.that itreflects. a 'CEmuine Jtrend,:'points ;tc" some .change' in

theecoloßY ·.cf: th,e :coc1as they,arc~.about;.to:leavc.th~"nurscry area.:~,~'I'he .specific •
chanGes in behiwiour \'lhieh result .in, 0. 'sudden increase ,in 'cro"lth .rate, can, only,.be
speculated upon, but \nlat is clear is tha.t a simple chanGe in area cf occurrence

.'... ··is not, sufficientJ:explanation.' \ All·thc larserfish tiere: cn.ur,h:t in ,areas .of'the:
. ('.:.:: loch _,"here, srnallpr.;,fish·1rlerC aIDe., caushtf.in'. ab~dru1ce.:. ~,':; '>!l:>- .;;'.~ 'i,',,: .. ····;':.·:,1;-

r)-, ... :).:~.~. ~ '/..~"-f;·.-),::> "ir)' t_.~.):...: •. ::.~ ."':. ',; =~~! ';','" -; '.'>-:~:~ ',) .• ~' ,~~'t~.~ ...... ,~.:- :::: ..~.:~:' .t.!~ ~ .. )~·~'t;'f. j~.r::J:.;.~~ :')
Cod ,<?utside (the: loch also; sho"r..a· dccreasinG :Crowth rate 'l'lith' time'.'; Predicted ,,~

,lengths ·from, a ;fitted.. von··Bertalanffy, eurve hO\1TCVCr "far exceed ~thoDe ·found:.in'.c·(
Torridon 'for eod ofcorrespondinG ace. . '.':':.';:~:':' ,:.i. ·::;-.h·.~ j .,:' i;;'." ,'L ,.... ; .... ,-,'i.'~

". y.

Such a bias L'lay oeeur if young·.fish' arcrejccted:before.dandinß_astoo .Dinall',i 01'

indeed if thc fiDhinc coar is size selectivc., In thic case, only cxcessively
largo fish in thc first fe"l years cf life \'Jould be,included"in"the'analysis~ .~ Tc
test for this, a von Bertalanffy curve was fitted"'to'- ·Üi.c··i'enc;til.'·-do.ti--:tör· cod'fröm
3 to 8 yea.rs. old•• ,The. resultinc paraneters .\:ere .,:'.. .~:):i. ~~ . O_i. , "." :;.!;',)i$ <", '."n" i:,.. . .... .
:_'!:.~:f.<~ ~·,-t,;~~i:f~·)~··.·~ '''C:--: .~ ..:~~' ';: ~ .. ::.~~:q_~ _~,;'.~r~·-;'.) ~J::.r)..r,,:~v·!. .j~L~.·f~)l"(lh -:~-:.[~'.:';':-': ..~'~::~:'~,:'.

Leo =,11a~8'~ cm",.~ ~," ;. ".~, ~',,' .:: .~:)..;~,~:' ..~:'~"'''', ..,.,.,j' ; : l .." ·~"d:--.',jJI ..(,.lj·:~' ..-~,t·) -~r.-·,.;.'
K = 0.24 ,'," ..:'; ;.. ),~": :!,~r,

t o =-0.62
.:J ":.;I~ ..>·.~rJ ,:~: :1)',"; :~ ... ~ ~l. ••, ~:~ :.c~'"_~ ~.~) r·· .f"~" .~~:") ::;'! :;:, ...-! • 'J '':i\ Jr.\.~.''!''-~' :)' I,l,':i ~r •

l~,;This:.curve predicts lenctlisi of. 38.-3' and·,55.5-: em·for: eod' aGed -1, and' 2,'yea.rs ." ,;
rcspcctively •.;~ The curvei iG;,thus.-little;, different) from~ tha.t).obtaincdfrom~all,dn.ta
(TabIo .6):, i sucr:estinc;: that thc' effects~of! selcctionin' fishinGarefrninimal. ','" .,!
-~:·~-:n:>r., <~I''''''':\{'~ '':~';''C ';---:'"J.0:;~"J":·! \:..: 1--'1 :_' .•'.' <,'~~ :,":'~:.'j ~'~~:C _.1 i' ~:'.;. _~ "l~~~";}~' ,~,~' ''''''~ ~ ,.~:.,

. ~:.:)If .fiDh attcmp'!;, to attain;a',r,iven minir.1Um:lencth;before,leaving,u:nursery.area,';
fast· [';ro\1inG~fiDh; will more~rapidlyrbC;:lost from the1nurserYllenr;th' data' and.' ~;'!.'

become availablc for landinG catch statistics. In this ~~y, cro\rth rate and
" pr,edicted) lcngth,at:?- Given .aße,::r.lay .. be:. increased. in ·:the:'latter :as~ compared. to. thc

former.o:>:.:·. t~i)~~i.) >.:"__~~O'~ '":'> .,,,~.'~"I ' •• .'.'" <J.. ':/;,:: ,-'~"""':J'*"'~ ~.',; ".::'.~''''<;" ..) .f": '-. '::'i.:'.: '·t'!

:: ; ~ ~ ,: t": t: <~ "',' t ~: f~ f '. .::'; i::'·.;·: J -C . I • ';.'" .:. i j "/.f r ~ .:': • " •• : -.. <;. -~", ••: .. ~ ~ . ~ ..- ::" ,~, ~.~ f.. r i .".. ((.'; . ..: ;.
Finally, conditions in thc sea.:may be 'Dueh .tImt' cod arc'::ablc, to' t>upnorba~hiehcr
rate of Cro"lth than in nurscry areaG. h'hether ·this i:3' due to Cha.nG~D in the
behaviour ·of;).thc i cod;,r.or.; chances 'in:- thC;'availability~: density 01', quali ty. of,' the'
prey is:not .. clea:t'. ;:,'.-;'.:.';<:' ~,.' ... ..;;.:: ,:-': ~~.:~.:o' : 'r"~":''':'' ,:f-..".;;. " ,.:" ·:.,·i: ,'__;r,~;' i ;.;.,

.' ....
; ; .... .:. ~ ..... "':" .. ~! : ,"~. ,', .. ~ : '"'; '. ~ ~.. ~

.,
.;.. ". ". . '. ,~, ,



•

•

V References

Ricker, H.E.

Zar, J.H.

1975

1974

Compilation and Interpretation of Biological
Statistics of Fish Population. Bull. J. Fish.
Res. Bd Can. No 191.

Biostatistical Analysis. Englewood Cliffs:
Prentice Hall 620 pp•

9



..

.
TABLE.1 Statistics of the lines of best fit aB determined b1 least squares

regression of gutted weight on length far eod taken from Loch Torriäon
1974-1918. All regressions are significant at p< 0.001.

Period over Best form Regression 'Y'whieh data
was collected of eq,uation coefticient intercept df 'li

Januuy 2 2.81 -4.06 1,171 4333

February 2 '.25 -5.5~ 1.100 5191

March 2 2.98 -4.1.5 1.65 1994

April 2 '.31 -5.87 1.18 12.30

Ha1 2 }.18 -5.40 1.9 2246

June 2 2.60 -,.46 1,48 "9
e July 1 0.11 2.15 1,172 2}2?

August 2 ;.16 -5.'1 1.136 ~9

September 2 3••1 -5.00 1,67 }825

Oet ober 2 3.08 -5.01 '.'07 2398

Nevember 1 0.11 2.29 1.316 4369

1974 2 '.15 -5.21 1.'39 11659

1975 2 ;.13 -5.15 1.393 17306

1976 1 0.11 2.18 1.481 4939

1977 2 2.98 -4.71 1.9} 484

• 1978 2 2.89 -4.45 1,46 204

All data 1 0.12 1.. 96 '.1166 11645
1974-1978



TABLE .2 The test tor isometrie growth in tue cod in Loch Tcrridon. T'ae
regression coefficients in ln (weight) v. ln (length) plots are
compared to an expected value of 3.0.

Period over which .Regression ·Significance
data was collected coefficient d! 'tl level

January 2.81 172 1.89

Februar,. 3.25 101 2.10 P <. 0.05

March 2.98 66 0.14

April 3.31 19 3.81 p ( 0.001

Me.y 3.18 9 2.40 P ,( 0.05

June 2.60 49 1.9'"

July 2.97 173 0 .. 19

Au..gust 3.16 137 0.94

September 3.01 68 0.72

October 3.08 ,08 0.47

Novembe:r 1.94 313 2~98 p ( 0.005

1974 3. 15 140 1.88

197.5 3.13 394 1.06

1976 2·35 482 1.88

• 1977 2.98 94 0.10

19'18 2.87 47 0.4,5

All Data

1974';'1978 2.64 1167 1.25

• All significance levels left blank show no significant difference
between regression coeffieient and 3.0.
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TAIlLE 4 Dillitritft...tion oE Rela.tiV'Et Condition I'uctor with a,~e or cod, in Lech To:z:ridcn.
Fis.ures are gi~en es a percentage cf th~ total nuniber cf inQividuala a,~pled~

~elative condition
factor

0.00

0.06

0.17

0.22

0.28

• 0.33

0.39

0.44

0.;0

0.56

0.61

0.67

0 ..72

0.78

0.83

• o~89

0.94

1.00

Total No

fish sampled

Average relat1.ve

o

19.. 09

38.18

27.27

7.27

0 .. 91

0.91

110

AgC3
1

0.12

o 12

0.50

0.37

0«37

3.35

23.79

39.90

22.68

7.06

1.12

0.36

0.12

0.12

3

7.14

O.;j1.+

16.76

42 .. 16 28•.57

}O.81 .57.14

7.57 7.. 14

0.54

1.08

0.5t~

condition factor 0.39 :t 0.061 0.41 ~ 0.063 0.36 ! 0.0.57



TABU: 5 Mean lersth at age of cod in Loch Torridon ~d ~he values predictsd
by a regression equation and two formulations cf the von Bertslenffy
equation.

"

Age Kean iezlgth Predicted l~~~h

(Quarter years) caught
(cm) .." b lt c·

Q2 9.50 13.29 8.. 12 2 ..29

Q3 15.17 15.94 1}.30 .5 .. 69

Q4 19.19 18.58 17.67 8.96

CL? 22.28 21.2.3 21.36 12.. 11

Q6 24 ..01 23.87 24.41 15.. 13

• Q? 26..58 26.52 27.°9 18.03

Q8 28.9'+ 29.16 29.}o 20.81

Q9 3:~ .. O'l 31.8'1 31.11 23 .. 47

Q10 33.72 34..45 32..75 26.07

Q11 35 .. 26 37.10 34.08 28 ..54

"112 35.83 39.74- 35.20 }o.. 91

Q13 39.80 42.. 39 33.20

Q14 45. L.5 45.03 35.39

•
a* regression equation (7) fitted to fish of a~e Q2 - Q14

b* von Bertalanffy equation fitted to fish of 8g~ Q2 - Q12

c" von BertaJ.anffy equaticn fitted to fish of age ,2 - Q14



TABLE 6 Mean length at ~e,of cod landed on the West Coaat of Scotland.
and the predicted lengths using a fitted von Bertalanffy curve.

Ase Mean length of
(Yeus) catch ?redicted lengths

(cm) (CD!)

1 39.8 38.,

2 51.3 53.6

3 67.1 66.0

e 4 78.7 76.2

5 8400 84 .. 6

6 90.6 91 ..6

? 99.4 97.4

8 101.8 102.. 2

•
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FIGORE 1 Condition factor (bars), and c:atch per unit e:f'fort (broken line)
of juvenile cod in Inch Torridon th..-rouCh tha yeer and tcmper~ture

at 10 m dgpth in thc loch (solid linc).
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FlGtmE 2

The mean length t and 9.5% confidence limits, cf j~~venile cod in Loch
Torridon aged to the nearest q,i.1.arter yeax-...
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FIG'URE ,

Mean length of juvenile cod in loch Torridon up to the age 01 3 ,oeva.
~e broken line i8 equation (7) in the text, f'itted to the data. by
regression. ~e solid line is the fitted von Bertalanffy c~eo
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FIGtTRE 4

The mean length of eod landed at ports in the west eoast of Scotland and
their estimated ages~ The brokcn lL~e i8 equation (8) in the text, fitted
to the data by regression. The solid line i8 the fitted von Bertalanffy eurve.
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