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The review· of resource lnanagement, its objectives and implementation (Garrod 

Res. Doc 75/ ) ot:tlines the developments in =nagement in the ICNAF area which 

have prompted a re-evaluation of the maximum sustainable yield as the objective of 

~ana~ement. Contributions by Pope (Res. Doc 75/ ) and norwood (Res. Doc 75/ ) 

de::-.onstrate theoretical reasons why Schaefer models may not be an appropriate ::leans 

to i:!entEy the HSY of a conglomerate of fisi:eries in one area, or the level of 

fisr.ing associated with it. Scientific advice in re'gard to regulation of fishing 

"",rtality thus falls bet,;een tHO stools; stoc:: specific estimates of TACs set on an 

~ related to the ::SY ?<;R lli:CRUIT may uc"t:ually enable over-exploitation ,0 -::ake 
;:'lax 

,;l.:.ce because t!,e s'tocr..: specific data are !1ct :;et adequate to identify i:he level of 

:- :sscciatej Hit'1 1:::e t!"'ue :·:SY, yet overall :':'::-.itation of a total reso;.:rce coc:;:>lex 

',;il: !1aVe effects \:~~c~ cannot be predictec. a::::. may still enable over-ex;>loita'tion 

of ce:rtair. stocks. Some irr.provement Cdn be ;.:,,~e by adop,i"il more ~Iides;:>read use of 

~ .. a::a6ament to main-cai:l sPecified stock sizes =ollowing the concepts adop-ced. for 

:-:€:-ring, and this ccntritution d.escribes brie=ly the T.let:30d and its advc.:1ta~es. 

A review is t~erefore pertinent but it ::-.\.:.S: be note': tl~at scientiiic :'e-a?:;raisa: 

':2.:". c~ly take accc'J.r.1: of technical problecs. _""C cannOL: 3.nticipate l.lro.Dlecs in the 

i::-.;'::"ementation 0= a. I"'e~Qi..ation thouilh the ~cL":'.ission r.:ay introduce SOj.ie a:'jt:.s-cce:1t to 

~he scientific advice as a"matter of policy. 
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1. l;EGULA'l'IOl! OF STOCK SIZE AS All AL'ER.:1A::"·:; OBJECTIVE 

The theoretical deterministic £ormulatio~ p03tul~te1 initially an eq~ilibriurn 

=is;-~e!"y bavinB constar~t yielc., fishing. morta':':':ty and stock. That ideal };as :.a;·er 

!or-tended as be ins realistic because fisheries =-r'e never ir. short-term es.~i::l;ri~i:" .• 

;"'::e:l it becaMe necess~ry 1:0 regulate the a;co~,t of fishing in the" 19605 ::-'u-..:ght 

t~a.j briefly to 1:[~e not~on ot a constii.nt ?;.ysical yiclC: (ESY) from a va.:-i~le 

fis~ing ~ortali~y ane s~oc:~ and thence, ~hro~~h the r.eec to adjust catc~ quc~as and 

't1':e a"ttraction 0= a stable inc.ustry, to t:-:a :":.:o'tion of a variable catc!~ \:.~..;\. ?~!" 

!'ec::,uit) ,dth ii co:-.S1:ant iis"ing mortality (? ) fl'o::! a varial>le stoc~. !-: is cle~r 
;-".ax 

:".0"': 1:~at Jes.?itc i'ts theoret:ical ele~"nce ~;-.e :·:3Y conce?\: is no longe:' a::. ;.":'a;l.:.a~e 

objective for manaGement in all situations; :..--: is difficult to estima"te and i1: r.:oes 

nct en5ur<;: that 'the stoc~ Can1.1ot become cv(!r-\Jxp_loited because the level 0= 
~. • 1'" . '"-

~·;i:ich a fishery i::c.t:ced reGuction in recr .... i ::::;::I".t occurs is not definec. i,.-:-.:il ::-!t: 

scientific uncarta.inties dl"e resolved the i':?~;;': respcnsibility of Iilana~c:-:-.(;:n: is :1,} 

mai;lt~in a stock size that will ensure continuity of the resourc"e. That is, a 

variable catch and fishing mortality to rr~intain a constant stock. This is the 

primary purpose but it does not preclude other objectives "if they lie within (above) 

that constraint, be it the MSY, MSY per recruit or a level of stock that will enhance 

industrial efficiency or cushion administrative difficulties. 

Scientific~lly a regime based on minimum stock levels must: 

i. identify the level of stock associated with the 1-15Y, ie with a stock 

size already at a defined minimum that can generate recruitme~t at long-term 

average levels; 

ii. identify stocks which have been depleted below the minimum level, ie 

stocks which will not return to the specified minimum at Lhe existing level 

of fishing mortality through the normal variation in recruit"-ent; 

iii. s?ecify management strategies that will maintain stoc~s in the first 

categO!":l or allow those in the second to recover. 

2. ESTIMATION OF FISHING MORTALITY TO MAINTAIN SPECIFIED STOCK LEVEL 

If a stock constraint is established for the age groups (j •• r) then the 

expected biomass of these age groups in year (x + 1) depends on the survival of fish 

from age groups (j-l, j ••• r-l) in year (x). Expressing the average weight of fish 

at age a as W (a) and, if the stock constraint involves mature fish only, expressing 

the proportion mature at age a as H (a), then the biomasa of the (spawning) stock 

(T (x + 1» at the beginning of year x + 1 i. given as: 
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!"'-l 
T (x + 1) = ~ 

• e.>1f 1(-) f( .. )+ '" ) 
W (a + l).M (a + l).N (a, x)/exp (S(a) F (x) + ~) ••••••••••• 1 

a = j-l 

where :~ (a, x) is the number of fish of age a at the beginning or year x, S (a) is 

the par1:ial recruitment factor a1: age·a and F (x) and 11 the usual ;}ortality coeffic::'e::.· 

The pa.:'tial recruitment ractor way vary over the age range but in cO:lsidering the, 

potential seock as a unit this cay be simplified by assuming that 

concerned are subject to an avera&e partial recruitment factor S. 

all aee groups 

Strictly the 

avera;;e partial recruitment ractor would be Keighted by the num!:ler of fish in each 

ero,-,;:> but a:o approximate val,-,e for S >lould be given by: 

r-l 
S = ~ S (a)/(r-j + 1) 

a = j-: 
Thus fran; l. 

r-l 
eX? (5.1' (:.;) + H) = 0: H (a + 1) M (a + 1) II (a,x»/T (x + 1) . . . . . . . . . . . . .. -

a ;; j-l 

and this can be solved for the value of F (x), Which would just satisry the stock 

constraint, as follows: 

r-l 
F (x) = - (H + In {T (x + l)/I: ,/ (a + l).M (a '+ 1) N (a, x»))/S .......... 3 

a = j-l 

£xprss51on 3 gives an approximate estimate or the fishing mortality to be 

applied to a ~tock to ensure chat a speciried stock s~vives in the following year 

and hence t:le catch that could be taken in the current year. Such an approach rema::'::.s 

subject to ~roblems of data lag currently being encountered b'-'t, depending on the 

a~e ran&e or the stock specified, it has the following advantages. 
, -. It addresses the real biological constraint on resource ~anaeement and can 

be defined in terms of rr.i~irr.un spawning stock, or, if necessa~y, some minim~ 

-;:hat :;ould meet catch ra-:,e (economic) Objectives. 

2. It overcomes what is c',lrrently a f.1ajor technical diffic~l ty in defining 

F::SY or FNAX in a fishery w:-.ere selection patterns may cr.,mge. 

G~veL an objective F set independent of the selection pa~tern the yield 

=rOTJ ;;.ar1:ially recrui"tei ac;e i!"oups can be manipulated in I'e~a::ian ta a mana..,:;e

:::en't 5-:!"'ate~ (see bela-'i). 
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~. 7he s~ecified stock can be established on the age bra ups for which th& 

stock estimates are the c.ost reliable and so release present advice on TACs 

(for many stocks) from crucial dependence on the strength of tost recent year

classes. That is, the yield £row th~se youngest age groups .ill be irrelevar.t 

to stock constraint for tte following year. They will remain important to sto~< 

size in future years but, it follows from 3 that the required level of fish.inS 

t",ortality can be projectec forward on known recruitment estir..ates and the TAC 

set to take into account anticipated stock trends in a meaninsful way. 

Table 1 illustrates application of the technique to data for ~he cod stock in 

Div 3:;0. This is not a reassessment of that stock but based on data presented to 

STAC?£S coupled with the constraint that the spawning stock should not fall below 

15 ?er cent of the estimates for the unexploited stock. Given the assumptions it 

:!.r.':'icates the need for a reduction in catches in 197& through 1973 .to maintain the . 
stock constraint. The catch iigures represent the upper limit of w[,at could be 

cau;:;ht but alternative strate.;ies to accept lower catches in the i::-.;-.ediate future 

:;ould be evaluated in the same Hay. 

It has to be noted that the approach outlined is obvio'.lsly only dpl'l icuble to 

stocks where analytical data aI''' available; it requires a stock c""straint, ,md tL~ 

use of trw ':'onstI'rlint l-lill Give r.~O$t adV,llll..1ge H'ill~l'e it applies to .a[;e (jJ:'lOUpS almcs-:: 

ft.:.lly rec!~L.i'te( to tlle fisL.cry. :£ the. constraint Here based on --:-' .... r:i,rtIJy'e fi~h ~ =- ~ 

stock which matures at a very early age then the numerical benefit of the method 

rr.ay be srr:all thou;:;h the advantages in management strateZ)' "ill remain if the argur.e:1ts 

put forward earlier are accepted. 

00. THE STOCK CONSTRAINT 

The estimation described above is applicable to any stock of specified age grouFs 

but, considering that the neec to adopt this approach has arisen because of uncerta~r.~J 

regardin& stock and recruitment relationships in order to meet the biological CO:1cer= 

of resource manaeement, it should be applied to the potential spa,ming stock. The 

possible form of the stock and recruitment relationship has been discussed very 

extensively in recent years and it suffices to say here that the optimum stock level 

has not yet been convincingly demonstrated in any set of data for marine fish reso~ces 

so far presented. Given the need for a limit this leaves only two options: 

3... to exa:nine the spaYr.1ing stocks of exploited resources to identify -the 

pro~'ortionate reduction in spawning stock from the unex;>loited stock condition 

\-:hicn is believed not t.o tave had a c!eleterious ei=act on recruitr..ent; 
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ii. to ideil'tify in [~i.sto!"ic ddta a spa~ming stock size }~:lOhn to have £eners:te= 

a~. ~_.a(~J.at.;: level of !"'e~!':"'l.tr.:ent • 

. ,',:' t;~ r'c:.:;ard. to the first: c?t:ion there are stocks which :laVe jeen depleted to 

:'2;~ o! t:-Ila une;{~loi:ted level ca 50 that: a lSro constraill't coulc be agreed bearing i:. 

:C,:':)C "t'cat :1e:)si"ty depencen"t i:ocrease i'n ,:;rOI-lth rate of t~.e exploited stock would i:::?':':, 

1:::.::;.'[ the real reduction i:1 s;a\-.ninE stock \1ould be less. ;-:oweve!'" it is doubtful 

~·~:-.e1:::e!" a:1 a?proxirnation of ::~is forn could claim wides?read support and it is o~e~ 

.0 challenge for many reso~ces where the density dependent conponent of mortality 

::'e,;ula1:ing yearclass size is vel'j' small. The most acceptable approach must be to 

adopt a demonstrably adequate spawning stock level or, if a constraint based on 

econo~ic criteria is intended, then a stock level which can be seen to be adequate 

for tCle pUl'pose defined. 

7his cont:ribution proposes an alterr:ative managema~t objective based on a s"t:c.:;"; 

cc;.[.t:::'~.i~.t:. This is seen as a!1 essential developraent ir.. the scientific advice in -:::-a 

s'::"n!...l~ s~'ecies context neeG.€~ to overcome the uncertaL1~~· s...:.rrounJiTi.C tile I s~oc~ 6-. .:i 

!'ccr'ui 't';jcr."'C I issue. It has a ;.;ider implication to the i -:.i?ler:lE:mtation of Iilunagelile:-.-:: 

~(,-'::'C:.t ::ecause, if adopted, ::01:..-.1 catch and fishing li1o!'"'Ca.l':"ty Hculd be exr-ectea "to ."-

? .i:?EREllCLS 

GARROD, D. J., 1975. Resource ~anagement. its objectives and implementation. 

ICl/!\F, Res. Doc. 

HORHOC:l, J., 1975. Interactive fisheries. A two species Schaefer mGsel.. IQNAF, 

Res. Doc. 

POPE, J. G., 1975a. The applica1:ion of mixed fishery theory to the cod and redfis:' 

s"tocks of sub-area 2 a:ld ili-vision 3K. ICNAF Res. Doc. b. The effect of 

biological interactions 0;:' 'the theory of mixed fisheries. IC;iAF, Res. Doc. 

POPE, J. G., j~RRIS, O. C., 1"~5. South African pilchard and anchovy stock complex. 

A:l exa;:;ple of the effects of biological interactions bet,,,een species on 

rr.a.nageu:ent strategy. ::X.':.? '-:orking Paper. 

06 



T
ab

le
 

i.
 

Il
lu

s
tr

a
ti

v
e
 C

a
lc

u
la

ti
o

n
 o

f 
P

o
ss

ib
le

 
C

at
ch

es
 

b
as

ed
 

on
 

S
to

ck
 C

o
n

st
ra

in
t 

B
as

ed
 

on
 

C
od

 
D

iv
. 

3N
O

, 
M

 =
 0

.2
 

(A
) 

P
A

R
A

M
E

T
E

R
 

1 
2 

1 
A

Be
 

V
 <

al
 

tt
a~
 

P
a
rt

ia
l 

'JJI
I 

WI~
:1:

+1 
'C

ne
:.p

lc
!.

 
S

to
ok

 

ne
al

 
S

sl
"D

ti
on

 
li

(a
l.

M
(a

) 
W

(a
+l

) 
M

(a
+1

) 
P B

 "
 1

06 

Se
a)

 
lI

(a
,v

) 

5 
.5

0 
.2

0 
.0

5 
10

0 
-

(a
) 

3
io

m
as

s 
o

f 
~
l
o
!
t
e
d
 s

to
c
k

 ~
J
=
 9

16
k 

to
n

 

4 
1.

07
 

.0
5 

.5
0 

.0
5 

.4
3 

82
 

C
on

st
ra

in
t 

1.:1
) It

 .
15
~v
,=
 1

35
1<

 

5 
1.

71
 

.2
5 

.7
0 

.4
3 

1.
48

 
67

 

6 
2.

97
 

.5
0 

1.
00

 
1.

41
1 

2.
81

 
55

 
(b

) 
>

'-
L

l-
'l 

1 
5.

75
 

.7
5 

1.
00

 
2.

81
 

5.
00

 
45

 
r-

l 
=

 1.2
5 

~
 

8 
5.

00
 

1.
00

 
1.

00
 

5.
00

 
6.

00
 

37
 

1:
 S

ea
) 

9 
6.

00
 

1.
00

 
1.

00
 

6.
00

 
6.

90
 

30
 

j";
1 

10
 

6.
90

 
1.

00
 

1.
00

 
6.

90
 

7.
80

 
l 

45
 

(D
) 

PR
O

JlO
O

TI
O

II 
. 

-

'9
73

' 
19

75
1 

19
75

 
19

76
 

19
76

 
'9

77
 

19
77

 
19

78
 

P
I!

 
F

 
P

I!
 

po 
P

ll 
'i!

 
F

.l
 

3 
11

8 
92

 
: 
..

. 
.1

4
 

(1
00

) 
.1

2 
(1

00
) 

.0
8 

(1
00

) 

4 
86

 
60

 
.3

5 
65

.5
 

.3
0 

(7
2.

6)
 

.2
1 

\7
;.

6
l 

5 
25

 
57

 
.5

0 
34

.6
 

.4
3 

39
.8

 
.2

9 
\4

8.
2 

6 
9 

34
 

.7
0 

28
.3

 
.6

0 
18

.4
 

.4
2 

24
.4

 

7 
2 

9 
.1

0 
13

.8
 ,

 
.£

0
 

12
.7

 
.4

2 
9.

9 

8 
2 

3.
3 

.7
0 

3.
7 

.6
0 

£.
2 

.4
2 

6
.8

 

9 
1 

.8
 

.7
8

 
1

.3
 

.6
0 

1
.7

 
.4

2 
1.

7 

10
 

1 
.8

 
.7

0 
.3

 
.6

0 
.6

 
.4

2 
.9

 

T
(,

,)
 

57
 

13
0 

12
7 

12
9 

1;
9 

>'
-1

 
E

 
W

(a
+l

)M
(a

+1
)B

(a
,x

) 
28

6.
9 

26
6.

4 
23

2.
7 

28
6.

5 
_

3
-1

 
. 

\ 
. 

cO
<:

:-"
'S 

~(
",
-

..
. 

" 
,i

 
. -.

55
 ,"

 
" 

• 
.4

8 
.3

4 
.5

5 
• .

 0'·-
.· ...

 
-"

 
, 

J'
(~
) 

~ 
. 

" 
\"

. 
" 

.6
9 

.6
0 

.4
2 

.6
9 

.-
..
:~
 

T
y(

to
D

a)
 

I
.
' 

70
k 

56
k 

41
k 

1 
'S

um
m

. 
D

oD
 7

5/
4 

• 
2 

P1
llh

O
rn

 A
. 

19
69

. 
F

is
h

s"
,.

 =
:1

 3
io

lo
g

y
 o

f 
A

tl
a
n

ti
c
 c

o
d

 (
G

ad
6" m

o
m

u
a)

 
o

ff
 t

h
e 

8D
llt

hv
es

t 
c
o

a
st

 o
f 

!I
sv

fo
=

d
la

n
d

. 

J.
F

is
h

. 
!!

es
. 

'B
rd

. 
C

al
Sd

a 
26

(1
2)

, 
;
1
3
~
;
1
 

4
. 

c .....
 

JI
B 

lI
ec

al
C

ll
le

ti
on

 o
f 

Yv
/R

 u
s
~
 p

a
rt

ia
l 

re
c:

ru
i t

m
en

t 
in

d
lo

.t
io

n
 F

 v
a
lu

e
. 

de
ri

ve
d 

he
re

 U
tI

 l
!!

! ,
th

an
 1

'F
.S

!' 

.!
 s 

19
78

 
po

 .1
4 

.3
5 

.5
0 

'" 
-

.7
0 

.7
0 

.7
0 

.7
0 

.7
0 

I , 

70
k 


