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DETERMINATION OF NATURAL AND FISHING MORTALITIES: 

ANALYSIS OF TAG RECORDS OFF WESTERN NOVA SCOTIA 

By J. E~ Paloheimo 

Fish eries Research Board of Canada 
Biological Station, St. Andrevls, '!'iT.B. 

Abstract 

. A tagg ing programme carried out by Dr. F.D 0 :McCracken 

h a s beer an a lysed.. The time .... distributicm of returns indicates that 

off. o:rt expended on the tagged population fluctuates consic1.E~TabJ.y. 

This c f..mY1 ot be .explained by the distribution of t0tal effort or catch. 

Hore r efl-ned analyses can be made by considering short time intervals 

d'l:i.rj-ng which fishing is asswned constant. Given an arbltraI'Y val').le 

for' corn'bin od. lnstantaneo'1Js natural and tagging mortality rat e t h e 

fishing mortal:tt y rate for each interval can be estimat ed from the. 

n umber of returns. Totalling the rates over all time i rlt.ervE:l.ls 

g :L'ves a total fishing mortality corresponding to the assl::med 1"l.8t11ral 

and tagging mortalities~ A range of all possible 'combinations of 

mortalities is obtained by considering all possible natural and 

tagg ing mortality rates. Consta"t values of the combined mortal it les ' 

givc::) a relation between the instantaneous mortality rates" For 

calculation. the exact formulae .are given with two approximations 

at different accuracy levels. The data are analysed by assuming 

constant values for · combined natural and tagging mortality ratef! and 

results are compared "lith, those from the methods of Ketchen and of 

Beverton and Holt. Both appear to over-estimate the natural and 

tagging morta1 i ty rate .. 

In trod:uctiQJl 

In the summer of 1953, 1,800 cod and 580 haddock "Jere . 
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tagged off "lestern Nova Scotia (off IJockeport). From those fish, about 

800 cod and 150 haddock 1iJere :'ecaptured in 1953 to 1956. The 

tagging program was planned by Dr~ F. D. McCracken and carried out 

under his supervision • 

. Four types . of tags .. hydrostatic, Peterson red _ and white 

disks, Peterson yellow disks, and strap tags e VJere used. In general, 

the disk types of tag gave almost the same percentage recoveries,while 

the percentage recoveries for hydrostatic aJld strap tag~ were 10\ver 

tha.n those of Peterson disks. The difference between hydrostatic 

and disk tags "las great enough to be significant for · cod but not 

n.ecessarily for haddock.. The percentage recoveries of strap tags 

were so low compareCi with the other tags that \<le have not used them 

in the analysis .. 

The tag returns provide us 'ItJith valuable information. about 

fishing and natural mortalities. From the study of the distribution 

of returns in time it is obvious that the effort expe ~lded on the 

population of tagged fish fluctuates considerably, being high in 

spring and summer and lmv in fall and winter. This fluctuation 

cannot be explained on the basis of the distribution of total effort 

or catcho For this reason nonE,'! of the staYldard methods previously 

used is strictly~pplicable. 

More refined analyses can be made by consideriTlg short 

t:tme lntervals during 'vhich the fishing can be assumed to be 

constant. If an arbitrary value is given for combined instantm1eous 

natural and tagging mortality rate, an estim.ate of the i'ishing 

mortality rate for each time interval Qan be calculated from the 

krlO't·'m number of return s. By totalling the instantaneous rates over 

all time intervals the total instantaneous fishing mortality rate 
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is obtained 'Which corresponds to the assumed natural and tagging 

morta11tiese If all possible values of instantaneous natural and 

tagg ij'!g morta1ity rates ar~ considered then a range of all possi·ble 

combinatiOl'J.s of mortalities is obtained o · A more usual whil\;.. less 

sati sfactory procedure is to assume that the combined ·natural and 

taggtl1g mortalities are constant or vary in a :k::n,own pattern 0 In this 

case a relationship (a curve) between the instantaneous fishing 

mortali ty rates and the combin_ed natural and taggJ_ng mortality rates 

is obtained c 

The I,ockeport tagging data are analysed by assuming constaTlt 

values for combined instantaneous natural a'!1d tagging mortality 

rates o This restriction to constant values has been primarily due to 

lack of time e 

The results of the analysis of haddocl{ data are then. 

compared 'With the values obtained by two previously established 

11lethods., One is described by Ketchenl ) and the other one is the 

metb_od of Beverton and Holt <> The method of Ketchen appears to glve 

a better estimate than then __ of Beverton and Holt vJhile both of them 

probably over=estimate the natural and tagging mortality rate'" 

~~'~T~~ __________ -=~ ____________________________ ~~ ____________ _ 

1) The 'W'ay Ketchen uses bis data is actually a modification of 

the method 'Nhich 'Was first 'described by Leslie and Davies (1939). 

The popularity of their method in fisheries studies is probably 

attributable to DG Eo Dr;)Lury who, working independentlY9 derived the 

. same equations in 1947. The reference to the work by Leslie and 

Davies ~.va:s obtained from W" Eo Ricker ~ personal communication 0 
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Let Nv d61"1ote the population size of tagged fish at the 

begiT''''i'r1g of the vth unit time interval (e.go a month9 a quarter) 

and let XV9 :B\-< and ¥lv be the number of returns ~ the. instantaneous 

±~ i~~hi'ng mortality, and the instanta'!1eous natur-al mortality, 

;<>e spectively, during the course of the vth time interval 0 The time 

ufl it is assum(?d to be small enough so that Fv and 1<11]' can be 

regarded as constants 0 We have 

(1) = 

8'1!0. the recursive equation for Nv is given .by 

(2) Nv - Nv _ 1 expo - (Fv - 1 + ¥'v - 1) 

If Nv and l~ are given (Nv follows from (2))- then (I) admits a 

solution of F.I]'~ HOvJever~ 1:1hen the equations (1) and (2) have to be 

used repeatedly the procedure tends to be slo"J. We will therefore 

g ive t wo 31 tertwtive approximations. 

If Fv and Mv are very small (e .. ge when the unit time 

i.nter~/al is short) then the equations (1) and (2) may be "Jritten 

:= 

It\-las found that the approximations (1) v and (2) ~"l€r,e sufficient 

(for t wo digit accuracy of Fv) when Fv and M" ~ ,,10 0 To study the 

~ccuracy in each individual case the exact formulas · (1) Cl.nd. (2) 

or the more refined estimates (1) ~ 9 and (2)' i., given belo1,.l, may 

be used .. 
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For the case 'when Fv and Mv are outside the range sui. table 

(1) u (2)U more accurate approximations can easily be given. 

P;Ol' th:1.s FlJrpos<':! \-J8 "ftJrite, on the basis of (1) 

x v 

F 
v + M 

v 

2 

~'his 9 ror all practical purposes, may be \'11ritten 
Xv 

+ Mv 
N v , F 

2 

) 

) 
j 

Nv is calculated rapidly from (2) by 'Using the table of expc)'nentJa.l 

funrctions ~ :1oe" 

(2) i D :::; (2) 

This aPPToximatior.! has bee\! found sufficient in all cases used 

BHcause the modification of the Leslie and Davies method by 

lCet cheYl 15 not so '¥lell l<:nown and has not been used to estimate tbE~ 

natura.l mortal ity '\>"8 will glve ' a short account of ito 

Leaving out the subscripts of Fv and Mv in (:1) and 

r eplacing Nv' by No and denoting the accumulated catch of tagged 

fi sh by Ct we get 

F 

F + 
N -M 0 

(C/F)t ._. ,-----...... ~ 

Ii' * M 

"lrJhel'€ (elfF') is the catch per unit of effort, i.,e. 

= exp. - (F + M) 

The equatic)'fj (3) can be "t..rritten 
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·By plotting the catch per unit of effort against accumulated 

cat er; 'l!:Hj get a straight line providing that the natural and taggJ.ng 

mortaJ3.ty (or rate of 5. !llrrdgration) is constant (in relation to 

fisl-'ir?i; effort ) Q . IfJ pra etice the 1i'l1e is fitted by the least squares 

1l1.€t hoiL :E'h<!-'J int€~es(~ctio:r' of the line 'wi th the axis of accumulated 

catc:hes g:i.''i.res the ezt:irnate of the total number of returns to be 

caught 0 then from (4) 

('"" :'J ) 1:1E F 
"'" 

No F + M 

l.llh('!I" t:t Ii' + M is Ul(-; slope of the fitted line 0 t~len N'o (the number of 

fi:sht:agged~ or the estimated number .of fish in the water at the 

bf'gh""-'lng of tbe st1.l.dy period) is known F can be calculated from 

Th1.s moethod has not been applied in the ease when the 

f:lsh:iDg a.nd natural or ta.gging mortalities are not constant 0 Rm,lever ~ 

there 1s no reason why it could not be modifiedo 

As th~; first ~rpplication of the type of the analysis proposed 

-we C01"'!f;ld.el" the cod taggt'ng in the summer of' 1953 off W 3stern 'r-Tova 

The percentage recoverles of cod were iu g<meral 

qu~l.te bi:?,'h 0 Tn Tabl~:l I the number of fish taggec . the numbers 

r8co',;"i:?;red i 7'1 1953" 1954~ 1955 and 195c?along "'lith the estimated 

rriJ.I.i1bers left in the ,"Jater On the 1st of ~J ovember 1953, are recorded 

for each type of tag 0 The last figures are olJtained by discarding 

the returns before 1\Tovember and assuming alternatively .05"') 016 and 

,,29 l.ns tantaneoTIs natural mortality rates. The monthly recoveries 

from '~Tovember 1953 to October 1954 are given in the fourth column of 
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Table II for disk tags 0 The !11..unber of returns reflects the effo:ct 

eXl)er(ied on the tagged populationQ The total effort o-ver t he 'Nhole 

area does not follO'\'J the same pattern. 

A month has been selected as a unit time interval 0 Using ' 

the forrrn .. 1.1ae OJ Y and (2) v successively 'rable II :l.sconstructed 

for disk tags a Corresponding to each hypothetical natural mortality 

rate the Table gives the estimated population size e.t the beginning 

of each m()'nth and the instantaneous fishing mortality rates dUTing 

eaeh month. The monthly instantaneous fishing mortality rate~ are 

then summarized to give the total instantaneous rate o Tbe results 

including tlle two additional relationships, the one repl"8senting 

the hydrostatic tags and the other representing disk and hydrostatic 

tags combined, a,re plotted in Figure 1. 

The tVI0 types of tags . give strikingly differEmt results G 

For :lnsta-n ce '1 at the total instantaneous mortality rate 060 the 

corresponding natural morta1ities for h;drostatic and dis]{ tags 

are .,32 and ~07 l'espectivelyo The higher estimated :natural mortal .- ty 

for hydrosta.tic: tags is probably attributable to the higher tagging 

mort.ali ty or direct loss of tags. The results of other cod taggings 

:tn 0111' vJatersexhibi t the same phenomenon" 

The total i 'nstantaneous mortality rat~') for th,e Lockeport cod 

populatJ,on is estimated to 'be about 060 (45'%) for the S'UIP.n1er seasons 0 

From Figure 1 v.1E~ get a value .07 for the instantaneous natural 

mortal i ty- rate for di~k tags (<> 24- for hydrostatic and disk tags 

combined) 0 The corresponding instantaneous fishing mortallty rate 

i "'3' So? e If the total mortality rate, on account of the possible 

tagg i:rlg mortalitY9 18 1 say 070, then the 'ValUe for combined. 

instantane(JUs Y1attlral and tagging mortality is .14~ true nat'G,ral 
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mortal'l.ty rate being GO'L1--. In general the existence of the tagging 

mortal1 ty implies a value for natural mortality evan 101.116r thai'). ~07. 

There are no confide cs limits available for the total 

ir-tsta:nt@neous morta l:1.t)T rate of .60. If we place them com1 lately 

al~bitrar1.1y at ,,1+3, .80 (35%, 55%) ~ '"Jhtch are quite high, then t,he 

corresponding values for :'Lnstantaneous natural mortal1,ty rates are 

0, .. 20 ( O~ , 18%). 

Using the estimate .07 for the hatural mortality rate, the 

fif;h1_'r'g mort ality rat(:3 (effort) can be obtained follo1tJlng the pattern 

of 'I'ablf:l II. 'The val-ues are plotted in Figure 3. The fisbing 

mortality is high durint:; the months of Hay-August and comparatively 

1 0vJ dnringthe r est of the ypar. Whlle the total catch is ratber 

s teady over the year, it indicates that the fishery must be concen t rated 

on at leas t t 'lrlO sern1.~discrete populrltions; 1,V'e may call them tbe summe:: 

and vd:nt f.~r populations 8 ' During the 'winter? fjsherme:n n1mtE' to dee'.(Jer 

'iil1ater \<111 ere the p op ula tion is only partly mixed 'ld}' th the population 

fish ed durir g the sumrneY'~ 

In the s 'econd and third yea:rs after th e t aggi ng (i 0 e. in 1955 

an d 1956) t he 1'1 -unber of recaptures drmTed consj.derably., By using 

the rate I-f =: 007 togetb.er ",1i th the known fj_shing mort a lity 9 thE1 

number of tags in tb.e i"'at er at the beginning of the y"srs 1954 an d. 

1°51:' - t· .... ..'1 I .n l Q/S'h,. aboult, 3q% of i' t" t 1 b " .- / :; can be es _,lma ,.,eu 0 _~ / C . :;ne es ,1.ma :ec Hum er 01 

d.isk t ags :i..n the \']ater at the oegim'ing of the year "(>Jere recovered, 

i rt 1.955 only 5% 117(~re recovered. This phenomenon is as socl.ated b ot:. l with 

. the almost complete absence of older cod (8 - 9 years old) in age 

freque'ncies arld 1;.<]i th the loss of tags due' to grm«tho 

.All haddock "\<Jere tagg ed in the vicinity of Lockeport. From 
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the total number of returns in 1954, about 54%, of the tags came from 

the inshore grounds close to the taggj_ng area ,42% came from the 

adjacent LaHave and Browns Baflks, and 2!'/0 from more remote grounds. 

In general, the movement took place in. an easterly direction along 

the shore or to the nearby offshore banks. 

In contrast to cod, haddock tag return? did not exhibit any 

unusua11y high percentage recoveries during and immediately after 

the tagging period. This may be attributable to the f8.ct that haddock 

move around more, mixing rapidly i~i th the rest of the population. 

Under those circumstarces the total effort might apply to the 

population of tagged fish and we might put 

(6) = 

itJhere F I 3nci N I are the fishing effort expended ~ and the average num.ber 

of ·tags in the first area, Xl the number of returns from the first 

area; F 2' 1112 atl.d X2 the corresponding figures for .the second area; 

etc., d11ring anyone seasono We would have to assume in (6) that the 

uni t gear has the same fishing efficiency in all areas. Hm-1ever, 

because of the seasonal pattern_ of the' fishery the proportions of 

tagged fish present at anyone bank can hardly be estimated. This 

imp,1ies again. that vJS do not· have any index of effort expended on 

the population of tagged fish, even if the total effort by areas 

is I,D (}\·m • 

In the absence of a better substitute we '\JJill assume that 

the natural morta.lity is the same copstal"lt for all areasQ Apart 

from the 1wrk jJ:yvolved in calculations this restriction to constal"lt 

val~es is ~ot essential. 

In Table III the number of fish tagged by type of tag, the 

number of hyclrostattc and disk tags recovered, and the estim~ted 
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number of hydrostatic and, disl{ tags left in the '\later on the 1st of 

November 1953, are given. In estj_mating the numbers left in the ~Jater 

.20, .30 ~ .If-O and 050, combined instantaneous natural and tagging 

mortality rates are assumed. Table IV, the sixth column, gives 

the number of recoveries of, hydrostatic and dish: tags combined, by 

seasons. In constructing Table IV \lIe have used the more refined 

approximations (1) t t and (2) t t. It gives the instantan eous fishing 

mortality rates ,for both season and year, and the average 

instantaneous 'fishing mortality rates corresponding to four diff~rent 

instantaneous n.atural mortality rates. Table IV is suw.mar:l.zed in 

Figure 2. 

~:here have been no big changes in the total fishing effort 

from 1953-56. HovJever, if \·Ieassume the in~tantaneous natural and 

t 'agging mortality rate, M = ' .30, then the fishing mortality rate 

decreases from F = .20 in 1954 to F = .. 16 in 195'6; at the rate 

M = .40 it increases from F = .23 to F = .31 .. Providing that there 

has been no increase in the tagging or natural mortality and 

providing that the effort has been' constant, the combined 

instanta'f']eoDs natural mortality rate is apparet'ltly betvJeen M.;::: .30 

and M;::: .!to, the instantaneous average fish ing mortaljcty being between 

F ;::: .20 and F = .29. The total mortality is around .40 (from age 

frequeY\cies) and from the above estimates of fishing mortaltty "le get 

th.e range from .11 to .20 for tnstantaneous natural mortality rate. 

From Figure 2, assvming the total instantaneous mortality 

rate .1+0, we get a range of possible values from the natural mortality 

, ,rate. The maximum natural mortality is realized Y·lhen there is no 

~agging mortality, 'which implies that , the total mortality of tagged 

and uJ'1tagged fist is equal. Corresponding to the value .40 of total 
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mortality, "Je get a value of .24 for the instantaneous natural 

Tl10rtali ty rate. This is the very maximum, providing.40 is the true 

. total mortality rate, 'which, on the basis of previous consideration, 

is quite likely too high. 

By combining all the returns during three seasons beginning 

with the last season of 1953, irle can smooth out some of the season.al 

'.1'ariations 0 AS~l1ming the effort to be constant we can calculate 

F + Nand F by the Beverton arlO. Bolt method 0 This gives the "ITall;tes 

F + M :::; .76 and F = .25, a't1d consequently M = .51. On the basis Qf 

Tab1e IV this value of 111 = .51 appeaIlS to be unreasonably high. 

Almost the same results are obtained \·]ba.tever gl~ouping of seasori.$ is 

used. 

By using the meth od of :':etchen VIe get the values F + M =r .60 

and F = .20, and consequently M = .1;.0. From Table IV the average 

fishing mortality correspoDCiing to H = .40 is F :::; .29. Presumably 

the value Ii' ;;;; .. 20 is therefore too 10'1."-'7 and consequently M:::: .40 

too h:igh. F~om Figu.re 2~ corresponding to F' + M:::: .60 91ile get 

F ::: .25 and M::: 035 c This gives the value .15 for the in.stantaneous 

t 1 .... 1 0
' t .,. na ura mor~a .lty ra e a~one. 
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Type of 
Tag · 

Hydrostatic 

Disk 

Strap 

Hydrostatic 

Disk 

Strap 

Type of 
Tag 

Hydrostatic 

Disk 

Strap 

Hydrostatic 

Disk 

l'T o. 
Tagged 

932 

605 

263 

Table I 

G.,od Tags 

No. of returns in 
l253 19S4 19tJ5 195'6 

206 

229 

148 

91 

12 

4 

No. left in th~ w~ter 

8 

1 

'No. of returns 
from - ~0vember 1, ~953-

October 30 , 1954 . 

176 

148 

48 

November 1, 1953, assnmi,-,g dtfferent 

No. 
-Tagged 

276 

185 

119 

natural mortalitl rates 
M = .05 M = .1J M = .29 

765 748 712 

434 

240 

411 

237 

Table III 

Haddock Tags 

396 

230 

No. of returns in 
.l2..21 l25!± 1ili t 956 

13 30 16 6 

14 26 9 

1\To. left in the water Wov.l, 1953,_as~1Jming .. 
qiff e,r..?D t n a tnT a 1 qnd_ teggi1JJ;. mort a1 it y rgt e 
N = .20 M = .,30 M == • -0 M = .50 J.~;::: • 0 

248 241 

158 

233 

152 

234 

148 

214 

144 



Table II 

Cod - Disk Tags 

No. of Estimated fish1ng 
tq.gged fish mortality for 3 

for 3 different No. of Loss fot diff~rent 
natural mortalities returns natural mortality natural morta.lities 

M = .05 = .16 = .29 M = .05 = .16 =,29 M =.05 =.16 =.29 
1953 

434 Y·16 396 24 8 .058· .061 'Nov. 2 5 .055 

vec. 408 387 364 14 2 5 7 .034 .036 '1 038 
1954 

368 343 Jan'. 392 7 2 5 7 .018 .019 .020 

Feb. 383 356 329 7 2 4 7 .018 .020 .021 

March 374 345 315 6 2 4 6 .016 .017 .Ol9 

April 366 335 303 9 2 4 6 .025 .027 ,030 

May 355 322 288 36 1 4 6 .101 .112 .12, 

June 319 282 246 35 1 3 r:; .110 .124 .142 ,/ 

July 283 234 206 20 1 3 4 .071 .08, .097 

Aug. 262 211 182 9 1 3 4 .034 .Ol~3 .049 

Sept. 252 199 169 9 1 2 3 .036 .045 .053 

Oct. 242 188 157 0 1 2 ... 0 0 0 .... 
-' 

Dec. 241 186 154 Total instantaneous fishing 

mortality rate = .518 .586 .6" 



Table IV 

Haddock - combined hydrostatic and disk tags 

Estimated fishing 

of tagged f i sh for4di.fferent 
mortality for 4 

SeaSQDl) 
No. No. of different 

Dstu:a1 mor~9lit~es returns ?'\atura1 mott~ilti,tH2 
M = .20 M - .30 h = • 0 M ;,. .50 

' 9r::-- .Jj 
1.j·l1 IV ~qa 385 372 14 .04 '.04 .04 .04 --' , / 

195'+ 
I 375 347 324 302 26 .07 .08 .09 .10 

II 3-29 290 259 254 13 .04 .05 .0, .06 

III 300 249 208 208 11 .04 .05 .06 .06 

IV 274 214 172 ' 160 5 .02 .02 .03 .03 
1955 

! ' 255 190 146 131 21 809 .12 .16 .19 

II 221 152 109 91 8 .ol.~ .06 .08 .10 

III 202 130 88 69 3 .01 .02 .04 .0, 

IV 190 115 74 55 4 .02 .04 .06 .08 

1956 
61 43 6 .04 .06 .16 I 177 100 .11 

II 162 85 1+8 31 11 .01 .01 .02 .04-

III 152 76 41 25 4 .03 .06 .11 .19 

IV 140 65 32 17 2 .01 .03 .07 .14 

195'7 
26 I 132 57 

'1 ' I " February'} Narch April; II . May? June, J·uly .,. j .. • 

III .. August, September, Oct.ober; IV .. November, December, January. • . 



Table IV (cont.) 

• 

Fishing mortalities by year 

M ::: .20 M ::: .30 M ::: .'+0 M = .50 

1954 F = .17 F = .20 F ::: .23 F = .25 

1955 F = .16 F = .24 F ::: ')4 • .:> F ::: .l.t·2 

1956 F ::: .09 F = .16 F = .31 F = .53 

Average instantaneous fishing mortality rate 

F = .14 F ::: .20 F == .29 F = .40 

• 
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Figure 1 
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Figure 2 

TOTAL INSTANTA1'TEOUS MORTALITY RATE 

Haddock - Relati.on between instantan.eous combined natural and. 

tagg:tng, and total mortality rates based on 1953 
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• Figure..3, 
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Cod - The distribution of effort exrended on the summer 

populatjon~ as estimated from tag returns. 
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