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Tha Beverton I-Iolt model as modified by Holt (1962) is useful for a judicious

. -exploitetion . of many tropwal fish populations whose elemental rates of

. growth and mortelity are often difficult to estimate. Hence, in the light of
.. this modification the existing methods for estimating (a) the optimum size
limit and the maximum yield for a given fishing intensity, (b) the cor-
responding parameters for a fixed mesh size and (c) the potential yield have -

" 'been examined and- derived in the present paper. These derivations not
only include the usefulnéss of limited information-on some vital parameters

but are also epplicable to allometric growth conditions and overrule the

‘ graplucal methods of estnmat:on

' o ‘ INTRODUOTION ‘

"Recently Holt (1962) has written the Beverton-Holt yield equation in a
form. that does not directly contain the element of time and in this form the
model requires only the ratios of mortality to growth rates and the asymptotic
. Iength Even the parameters, XK and tp of the von Bertalanffy growth
curve, are replaced from the yield equation although they may be obtained
by the methods of Gulland and Holt (1959) and Diaz (1963) when age reading
is difficult. Holt has thus made it possible to apply the Beverton-Holt model
to many tropical fish populations where the estimates of growth and mortality
~ rates are often not available mainly because of the difficulties in age reading.
~ The tables of yield functions prepared by Beverton and Holt (1966) can be
- readily employed for drawing the eumetric fishing curve using only the ratios
- of mortality to growth rates. "Unfortunately this table is useful only if the
~exponent descrzbmg the length-weight (L/Wt) relation is either three or very
nearly three. Hence, in the present paper, some of the existing methods for
- ‘determining the conditions of optimum exploitation have been examined in
~"the light of Holt 5. substitutions so that they may also be applied to those

“populations where the individual estimates of the main parameters are lacking.

" In addition to the methods based on the Beverton-Holt model (see Beverton

-~ '1954; Beverton and Holt 1957; Holt 1958; Krishnan Kutty 1968a; Krishnan
. Kautty and Qasim 1968) those of Ricker (1945) and Allen (1953, 1954) have
- -also been consldered here A]l these methods are smtable for both condltlons

-
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Cof growth—lsometnc and a.llometno——but the ones. based on the Beverbon—HoIt‘»f_ et
'model are more precise. The presant study, however, is. limited . to sueh EE
populations which have constant morta.hty rates a.nd conform to.a von‘ O

Bertalanffy growth pattern.

Hom‘ S EQUATION TOR Esmvwrme 'mm YIELD

The equation derived by Holt (1962) from the ongmal Beverton-Holtf .
model (see Beverton -and Holt 1957) for ‘estimating the yield (YW), usmg o

only the ratios of mortality to growth rates, can be written as e
v g L% -Qn e \NMAnf o (Le—lp z4n] P
ry =5 Wor(i- ) Z,_M(l..Lw) [1 (== o
. M‘.‘._ Z " . <

where F' = %, M ==, 7 =% F, Mand Z are mstantaneous ﬁsh.mg, na,tuml-'_ 7

" and total mortality rates, K = rate of attaamng the asymptotic length in-

the von Bertalanffy growth equation, W, = asymptotic weight of the fish,
R = number of recruits, § = the size at which fish is fully 1ecru1ted to ther :
fishery, I, = the size at which fish becomes fully vulnerable to the gear, Iz = .
" size at which fish disappears from the fishery, L,, = asymptotic length and foR
takes successively the values of 1, —3, +3 and —1. The ratios, F' and M’,
can be calculated from estimates of Z’ for two different levels of fishing - .
intensity and Z’ is obtamed either from the relatlonshlp (Beverton and Holt 4
1956a) ,

K(Lw"‘l)
-1
where I = the. mean length of fish of size I, and above in the ﬁshery, or by
- using Allen’s (1967) method. When age reading is difficult, the asymptotic
length may be determined fairly acour&tely if it is poss:ble to apply the methods
of Gulland and Holt (1969) and Diaz (19683), otherwise the less precise methods
based on comparative studies of fish populations as suggested by Holt (1962)

Z , L @

may have to be employed. If growth is not isometric, the exponent in.the

equation describing the length-weight relation will not be exactly three, -
Krishnan Kutty (1968b) has pointed out that, when the L/Wt exponent is-
not a positive integer, the number of summation terms in the Beverton- -
Holt yield equation runs to infinity, but for all practical purposes, six ‘to ten
terms would be adequate for obtaining a reasonably accurate estimate of the
y1e1d The equivalent of this equa.tlon using only the ratios of mortahty -
- to growth rates is-

T _--ZL (-ﬂl)”y(ﬂ) M+n ‘ Lc',—l[;'_z"f’?'
: YFP——FW;::, (1 Loo) A Z’+n ( Lw) .‘ 1— (Lw"-:'._lc)

n=
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L Where :v(,,) take.s succesmvely the va.lues of s
o . 1 Y (‘.V“-l) 7(7—1)(?-") (7‘*(‘1‘-2)

2t -"_"’ (d--l)! EERRRACIER L
= the exponent in ‘the equatlon descnbmg the’ length-welght rela,tlon and -

4= number of ‘terms Wlnch areé taken to be sufficient for -obtaining an L

" accurate. estimate of the yield: Equa.tlon (3) instead of (1) is used here to“

- g derive the method of estimating- the optimum size lmnt for a. glven F o

- that it can be used when glOW‘th is ezther isometric or allometric.

' BEST SIZE Iam'r mn A GIVhN P

o Rewntmg the popula.tmn pa.rameters in terms of ratios as suggested by
- Holt the details of which are given by Beverton and Holb (1966), the equation

" described by Krishnan Kutty (1968a) for estimating the optimum age of
‘- '_exp101tatxon for a given fishing intensity can be written as

(L _lc) z (—l 7‘”)(M’+”)*‘—é£‘“ = =F Z (’*l)"?(1;)——££f‘ .

Lw-_—l;_ Z'4n
: @

Equation (4) can be used to obtain directly the optimum size limit (} )
instead of the age of exploitation when the growth and mortality rates are
known or if their ratios are available. The optimum size limit (/, ) for a
given F’ can also be estimated from the equation obtained by differentiating
(8) with respect to 7, and equa.tmg to zero. In this case, therefore, the sub-
stitution is made pnor to dxﬁ'epentmtwn '.[‘he resulting  equation can be

‘etaated as o |
—lc M'+n Zc. n . Ly _ZL Z+n
o d- : '

z )u+1,,m)(1_ﬁ)_. e L)

- By the method of successive approxmatlon an estlmate of I, nax to the
desired accuracy can be obtained from (4) or (5). In eqn. (5), since the
factors containing the term I; are raised by =, Z’ or (Z'<-n), the change in the -

. value of the left-hand side (LHS) of (5) corresponding to a change in the

~ chosen value of . will not be proportional. In Fig.-1 the LHS values are

- plotted against the values of [, using the data of the North Sea plaice (Appendix

I) which shows that their relation is exponential. Lmear interpolation will

- ot be efficient, particularly when the- difference between the two chosen

. values of I, is'large. . “But from such a plot two close values of I, within the
: '{'ra,nge of- ~which the I, jax hes can be read, and by successive linear inter-
: pola.bzon between these valuee, lt s can be caleulated fairly accmately
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For the North Sea plawe b wax for F=0 73 ‘ag seen ﬁ:om FIg 1 hes betw oot

45 and 46 om and two successive hnear mterpolatlons between these two: =
values gave an estimate of 45-29 cm. This is fairly cloge to the actual value " "
as the length corresponding to the optimum age of explo1tatlon (Knshna,n S
Kutty 1968a), for F = 0-73 was found to be 45:27 cm (Appendix I)." The- - ."

!, max i8 nOW substituted in (3) to obtain an esnma,te of the maxxmum yleldr- |
(Y w max =) fOT any given F’ - _ '

-6'0

FE | 4 ¥ l 1 il

(o] "
40 42 44 46 ag 50 .

Fre. 1. Relation between the values of the left-hand side (LES) of eqn, (b) and different
values of I, for North Sea plaice, = The value of the right-hand side of the equation for equating
with LHS to find le max is — 0-46984,

Newton’s method of approximate solution of equations (Smail 1953) can
be used to reduce the number of successive interpolations required for obtaining
an acourate estimate of I 4,. For using this method two values of I, within
which 7, ., lies are determined from ‘the equs. (4) or (6) by substituting
trial values for ;. Of these, the one closer t0 [, mse may be chosen as-a first
approximate estimate of I, 4y, 8y Iy, and then the values of L., I, ete.,
are found out repeatedly until the desired level of accuracy is aclneved from
the relationship

flen-)

ﬂ—-zc”_; sy o 6)

where f(l,_,) and f'(lc,-,) are the values of the LHS of the eqns, (4) or (5)
on equating to zero and the corresponding derivative obtained by substxtutmg a2
- ley., for I,. The derivative of (4) can be written as :

, w—lo M z " e \#-1
f(lc)—(L _ZL) [ i _,+L Z(-l) mz, “(1—1;)__

»:1
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‘ andthatofeqn (5)1s Vo h e T T
Ry o A N (RN S e A

o rw=- -m_zc+(-1-, _IL)_ [ Lw_lc{l (=]

+Z( 1)"7(7;) + (1 Lno) {(l— Z:)(— Lco"‘lc)(Leo"‘"lc)

((>)((—)(—~—) -

\,_But from eqns (7) and (8) it can be seen that Newton’s method - of solving
- (4) for I, yor is less tedious than solving (5) and does not involve any additional
" labour than that required for the linear interpolation. If the difference
between the two chosen: values of [; is small, one or two approximations will

o .be adequate enough for obtammg an accurate estzmate of ‘the optimum size,

. ana,logous to (6) is

- Newton’s method may similarly ‘be ‘preferred over linear interpolation for
. finding the optimum age of exploitation (£ ma,) from the equation described
~ by Krishnan Kutty (1968a) and the reqmred denvative for using the equation

Cd=1 :

f (tp’) _ Z (_-_1)”4,1?(”)( w +nk)e-tpr(z+nkifuxto+zta )

n=0 .

- where t, = the age of first full explmtamon and f, = the age at. Whlch the
, ﬁsh dlsappears from the fishery.

- When the length-weight exponent dewa.tes from being three, the above
methods of estimating the optimum size limit for a particular F’ becomes
slightly tedious. Since the estimation of yield (¥ ) is now to be made from the
‘eqn. (3), reading the modal size from a yield-mesh curve as suggested by
- Beverton (1954) is also not easy and the optimum size read from this curve
will only be a close approximation. However, computational labour required
for drawing the yield curve can be reduced by dividing the post-exploitable
phase into sufficiently small time intervals (A¢) and summing up the yield

during each time period as discussed by Beverton so that -

YW_ZY,VN’VA, N § (1)

‘where Yy,, = the yield in number during the period between t,, and ty-,

years of a,ge and W A= the average weight of the individual fish during the

same time interval which can be obtained by taking the arithmetic mean or

- preferably the exponential average of the initial and final weights attained
during the period. The equatlon descnbed by Beverton and Holt (1957) for -
' YN A‘ 18 o

E ' YNA, —Re—MU"'")“: fz;(?n-f'-j‘p') [%,{I_C—Z(tﬂ—tn-l)}] . \(11) |
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where ty is the age of recrmtment Equatlon (11) usmg Holt’s subsmtutlon_'

“becomes

Lo—iy - - "Lao_lc') [ '{-._ Lco ltn-l) }] S
YNAt-R(L —lc) (L'—lt” J Lz 1 —-———L ltu I (12)

'Whele l,_, and k, denote the size of the ﬁsh ‘of age: t,, -1 and tn years respec-.v S

tively. 'The above equation enables the calculation of Yy At ‘in terms of the size
of the fish instead of its age. Hence, the total yield in weight (¥ ) can easdy'_r .
be obtained from eqn.. (10) usmg only the ratios of mortahty to growth '
rates, :

modxﬁcatxous, can also similarly be used for obtaining close approximations to

" The methods of Ricker (1945) and Allen (1953 1954), a.fter a,ppropmabe-.:" U

the optimum size limit when ageing is difficult, provided that. the average b

growth of the individuals conforms to the von Bertalanffy pattern. Ricker’s
original method is to read the optimum size corresponding to the mode in a

yield-mesh curve, assuming exponentla.l growth and morta»ht} Since- the - ‘

E growth in length over the fishable life span as a whole is seldom’ exponential,
" Ricker divides the exploitable phase into & number of smaller units thus =~
restricting the use of the exponential growth funetion only to short time
intervals. Ricker’s weight change factor for any period can be written as

RC N—M.—‘F)(‘n_t""l) = (Ei"___h_”;l)%'—-#’_# (13).

o=,

where @,, like M and F is an instantaneous rate on a yearly basis. The :
ratio, G at OF G pp is obtained from

& |
&y log (L_:K) = log (W‘” ) S e (14) |

1

where W;,_, and Wg,, are the welghts of the fish at ages tn-, and ¢, years
respectively. The weight change factor can thus be obtained for estimating the
biomass at the end of each time interval without any knowledge. of the latter’s
duration. Since only F’ is known Ricker's yield equation will now ‘give.

(%'5) instead of Y;y. But as (XKLV) is proportional to YW,'the size: limit»_ cor-

I;EV) will be optimum, - The oorrespondmg maximum yleld

may be obtained by determxmng ‘the growth constant K, which requu-es a
knowledge of the duration of at least one time interval. Since, G ot ;s already

evaluated and L :
'1n( W, )
. W‘u—l -

(fn—tn_1) years °°

responding to (

G = o8 -
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a rehable estlmate of K is possxble by takmg the mean of a- number of estl- .

7 ) can also be obtemed o

o a,ther easﬂy when the L[Wt exponent is not three, by usmg the methiod of ' l .

approxmate mtegratlon suggested by K.r:shnan Kutty (19685). S ,
Allen’s method (1953, 1954) js .to find the optimum weight of the fish

e ’:usmg the relamon that the weight of the fish at the optimum size (W) S

R equals the product of the fraction, p of the fish reaching this size that are’ o
S ultlmetely caught and the mean ‘weight of the individual fish in the catch

| ,,) Thus assummg natura.l and fishing mortahty rates to be constant o

_ . CWax=pWy .. .. L (16)
Whele p 1; If the em’omg mesh size does not correspond to the optunum

size limit, then Wy, is to be obtalned by successive a.pprommatlon ie.,
- with each value of the size limit chosen, W, has to be estimated separately
- until Wy, equals pW,. The mean Welght in the catch (W) may be esti-

- mated m ‘different ways. The method described by Beverton and Holt

-(1957) becomes elaborate when the growth is not isometric, but it may easily .

- be .obtained by using. eqns. (10) and (12) since the mean weight of the -

individual fish in the catch is the total yield in weight divided by the total
* yield in number. Allen and Forrester (1966) have used an empmoally deter-
mined W, based on c&tch samples for estlmatmg the optimum size limit
 but the Ietter will now be subjected to. erTors arlsmg from semphng variations
~and ﬂuctuatxons in abundance, - -

' POTENTIAL YIELD AND .THE CORRESPONDING SizE Lrmrr

Potential yield can be realized by catching all the fish just when the
brood attains its greatest biomass (Ricker 1946; Allen 1964; Beverton and
Holt 1957; Holt 1958). Krishnan Kutby and Qasim (1968) have pointed out
that the equatlon for estuna;tmg the biomass (Py,) at time, ¢, in the absence of

ﬁshmg becomes :
| Py, = WoRe—M(~ t»)[l.-e—’f(t—‘a)]’ N ¢ 1))

and the optlmum age of explomatlon (ty) when the size of the brood is gr eatest;
can be obtained from the relatxonshlp

K(t—fo) Y‘K-*-M ’
M

(18)

Removing the element of time from these equations by means of Holt’s sub-
stitutions, the equatlon for estimating | the biomass (Pm,) at size I, for ell values
of the L/Wt exponent can be written as

PW, =RW '.-_) '.(L.'___.m“‘lc)w n (19)
Wie=EBWaip ) \2azp) - - 09
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| and the optlmum gize lumt (lcy) correspondmg to ty is obimned from
"%y L‘(l_dhfﬂf) 't- f;:;:", '}7 (%”

The equatlon for P, can: a,lso be derlved from (3) by puttmg F’ = 00 50"

, Pwvi‘,‘r: WQR( ) Z (= }) -y(m( )M’+ - .. 21)

n=0

that

By dlﬁ’erentla,tmg (21) w1th respecb to o and equatmg to 2ér0, an estuna,te of

l., can be obtained. Thus we get the relationship
d-1 ] . ; T
> (—1)n+1y(,.)(M'+n)(1—Zi) =0 .. .. .. @y
#=0 - @ . . o R

from which I, is calculated. ~Substituting 7, in (21), an estimate of the
greatest biomass which the brood can attain may be arrived at. ‘This is also
‘equal to the potential yield (¥ ) since all fish of this size have to be captured to:
obtain this yield. :
If the exponent, which descnbes the L/Wt 1e1atlon, is not. an integer, the
estimates of ¥ and I, from eqns. (21) and . (22) will only be close approxi-
mations and hence (19) and (20) are preferred over eqns. (21) and (22).
The solution of I, from (22) is by successive approximation as descmbed
earlier for I, mox. The derivative of (22) for applymg Newton’s method is

fio)= Z( L (l!i+) C e a @

" where # = (1 - %‘—-) Once the value of z to the desired level of accuracy is

«©

obtained, I, can easily be found. If'y is & positive integer, an exact solution of -
(22) for I, is possible and this can be made much sunpler by substl’outmg x

for ( lc) and fact-onzmg (22). It has been found that (z—1) is & factor

1—~ %
521

when ¥ = 2, but oceurs repeatedly (v—1) times when y is 3 or a Ingher integer:
~ Since (z—1)is a factor, one value of I, which will sa,hsfy the eqn. (22), is
zero. Since the main interest is to find the I when the biomass is. greatest,
it becomes necessary to find the ‘other. possuble values of x. Thus, factorizing. -
(22) we get the relationship =~ S ’ L

~ | M dy)omI =0 o o @)
for all mteger values of ¥ except that the terms (M '+'y)a, and M’ in (24) a.lter- :
nate their signs if y is an even number Solutlon of (24) is dnrect and does not .
require any mterpolatlon. S _ v
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-

Appendlx 1 gwes the values of the potentlal y1e1d and the correspond- o

mg le, for the North Sea, plaice obtained from the .eqns, (21) and (24)

'.'f“n,.f-‘respecblvely along with one-of the estlm&tes based ‘on the methods given by -
- Krishnan: Kutty and Qasim - (1968) It can be seen that both the methods :

: glve almost 1dent1ca1 results -

MAXIMUM YIELD WH::N THE MESH SIzE CA.‘NNOT BE REGULATED

, The methods discussed above are applicable to the ﬁshery where the
':selectlvxty of the gear can be contro]led If, for any reason, the mesh size
- cannot be regulated the maximum. yield can be obtained only by adjusting I
: —(Gu]la,nd—pnva,te communication), ‘although, according to the principles of

ewmetric fishing (Beverton and Holt 1956b, 1957), this yield can be obtained
at a lower fishing intensity. if it is possible to adjust the mesh. - Hence, regu-
E lahory measures based on the eumetric fishing curve permit maximum utili-
zation of the fishing effort. Neveltheless the estimation of the maximum
' vyleld and the corresponding ﬁshmg intensity for & fixed mesh sizo may at
times be useful in setting a practical limit on the fishing effort. The F’
maximizing the yield at a ﬁxed mesh size is. estimated by any of the methods
‘of successive apprommatmn suggested earlier ‘using the relatlonshlp demved
: from (3), » . : :

o ) : ‘rd-1 7 L 7 ,‘
: Lm_lL . iyme1 lc f y ol Lm_lL Z 40
,[ln (Lm—_lc)] [’ZO (‘ .l)nr Y(n')(l—.f;‘) (Z"*‘fn) (Lco""lc) ] .

-1 - - o |
T _le\ry Mtn Lo =1\ 24 )
+ 2, (-0 o1 ) (m){l-(z;-—z) , }— 0 @
The a.bove'equé,tign can be used to find the optimum F* or Fm when the
recruits are either fully vulnerable to the gear (I = I;) or exploited only
after they grow to & larger size (I < /). It should be mentioned, however,

~ that since the regulation of F' involves changes in fishing effort an accurate

estimate of F.. which can be obtained from the above method is more
. desirable. than that read from the yield-intensity curve. Hence, sqn. (25)
may be solved by using Newton’s method for which the requu‘ed derivative is

f(F')- [ln (L )] z (—1,)“1?‘“)(1“1%)» (lein) (ﬁ::;ﬁ)z“

uO

i
L.,, Lo—IL R M 4n\ (Lo—I 2’%
2 —1)n#1 -2 (== L ‘
+ ln L _zc } z ( 1)” y(ﬂ)( Lm) ((Za_*_n)Z) (Lm—lc)
i ' -

Nn=qQ"

d—-

o ',,' (La=l\74) [ 1o \n 200 4n) 6
,+Z ._ﬂy‘"’{ —lf) }(I_T)"(z—ﬂ?l )

n=0
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: To obtain the maximum yleld (¥ w,,,,,lo) the esmmatfad F is substltuted m;i'

' ‘eqns, (3) or (28) dependmg on whether lc is greater than'or equa.l to Iy, s
"~ Once the F._ is. caloulated, the correspondmg ﬁshmg intensity. ( fmax '

should also be known for regula,tmg B ﬁshery Thxs is possuble by estlma.tmgf :_

k from the relatlonsh.lp

using known values of F and the correspondmg ﬁshmg mtenmty (f) f.':

J=F 3:;. ' S L (27)' "

there are two or more mdependent estlma.tee of F’, a betﬁer est1maffe of k is

possible by fitting (27) to the data. -

If the recruits are exploited as soon as they enter the ﬁsh.mg ground the . |

eqn. (1) for yxeld becomes (Gull&nd—-pnvate commumcatlon)

)w...FW R z 7T (1'15 ) [1 (‘Z“’_iﬁ) ] (28){_
d-1 . . |

By changing the summatibn‘terms to. z and the .Q,. term to (— 1)";’(,,, as is

. . %=0 .
done in the eqn. (3), (28) also can be adjusted for» all values of the
L/Wt exponent. If the fishery is dependent on the recrnits alone, as for
instance, when the older age groups are scarce in the fishery due to the peculiar
distribution ‘and behaviour pattern of the population, the maximum yield -
under steady state conditions is obtained only by catchmg all the recruits.
This yield (Y masp) is estimated from the equation '

vYWmaxR-= Wak Z(-—l)”y(,,,(l—zl-:;—)” ' .. .o (29)
.- n=20 .

" which also gives the biomass of the recruits. A better éstimate‘ of ¥y ma'-xR’

when growth is not 1sometnc, can be obtamed by putting I = I, in eqn; (19)
so that : S

. ¥ . SRR
YWmuR—RW,(L) e (30)

Similerly, if the fishery depends only on & population of & pa,rtlcular SIZe, -
I, which is greater than [, then the maximum yield is obtamed from (19) or
(21),

Since the eqn. (25) is derived from Holt’s version of the Beverton- -
- Holt model it can be applied equally well to cases where the individual esti- -

mates of the growth and mortality rates are available. However, the fishing |

mortality (F n,;) needed to produce the maximum yield for a fixed mesh
size can also be estimated from the relation - ‘ -
d-1 - L

-1 ~—nk(ty —tp) |- AF —(zmm Mtuk o~ (Z+nIN :
2, (=1 e [z——ﬂk P g k)g(l W] =0- @
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Tt :-fwhere A= (ta—-tp) years Equatlon (31) 1s derlved from the ongmal Beverton- ,
. _;_',"Holt model : S Tl
2 o , : DISOUSSION , ' T
The methods dxscussed ahove are deveIoped under the assumptzon that .
‘the populatmn is'in a steady state having constant growth, mortahty and
recrmtment Hence these methods are useful for the regulation of such'
- exP101bed fish populations with constant pa.ra.meters and a stable recruitment
- or When the ﬁuetuatlons in the popula’olon biomass are purely random. How-’
. éver, Beverton and Holt - (1956b) have indicated that the stock dens1ty s
‘relatlvely ‘stable over a.wide rangé of fishing intensity and hence over this -
- range the density dependant effect on the population is at a minimum. It
" may therefore be possible to apply regul_atory measures based on the sunple
- 'model to many fish populations. If the density dependant effects are signi-
" fioant then these should also be considered for adopting the necessary manage-
ment pohcxes Beverton and Holt (1957) Ricker (1958) and Larkin and

" -Ricker (1964) have disoussed the effects of random variation on the population

- and their results indicate that the best long-term average yield can be obtained
~ from deterministic models even when the population fluctuates randomly.

-~ When the population is in a steady state, but with age-specific natural
~mortality, the .exact methods based on the simple Beverton-Holt model
discussed above cannot be used for estimating the optimum conditions of
exploitation. ~This is because the original Beverton-Holt yleld equatloal is &
‘ 'contmuous time model with consta,nt parameters
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ApPENDIX 1

Comparison of the optimum size limit and the maximum yield for North Sea plaice. The
values in parentheses refer to the lengths caloulated from the corresponding optimum ages of
exploitation taken from the sources cited. The data (Beverton 1954} are:

M = 01, t;, = 3-72 years, &1 = 15 years, tp = —0-815 yoars, K = 0-005, W,, = 2867 g, L, = 69
cm, y = 3, Iy = 24.15228 om and [; = 53:64129 cm.

. Krishnan Kutty
Source Present paper Krishnan Kutty and Qasim
. 1968a
1968
F =073
{emax 45-2883 cm {45-2726 cm)
Y max F’ 414:33808 g 414-42 g
ley 51-0779 cm ‘ (61-0346 om)

Y 442.8697 g 44284 g




