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Intrnduction

Biological reference levels of fishing intensity are important to determine
management longterm objectives for the exploitation of a fish stoci,

The most common reference fishing levels are designated by Fmax (Baverton
and Holt,1957) and Fo.l (Gulland and Boerema, 1973).

The definition of those levels can be based on the absolute fnstantaneous
rates of change of the longterm total yield,Y, with the fighing level.F,
+hat ig ,the derivative dY/dF.

This rate decreases as F increases, being 1ts highest value when F=0 ,i.e.,
when there is no explottation.

To analyse the possible relationships among the different reference levels
it i vseful 1o axpress the absolure instantaneous rate,dY/dF, at tha level
F, as a fracticn ,r, of its highest value. Thus
(3V/dF ) e
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The non negative values of the fraction r vary from the value 1, when F=0,
to the value za2ro, when F=Fmax (by definition of Fmax dY¥/dF=0).

The negative vaiues of r correspond to values of F bigger than Fmax and,
therazfora, they have iittle interest for reference points for management
rurDosas.

Fram the relarion, Y=7. B, whare B i{s the longterm annuval average of thas
sxplcitabie olomass by tbe fishing gears. one can derive tha expression
dY/dF = B+ F.AB/dF e i (3]

Note that ¢(dY¥/dF>- .., = Bo, that {s, the non-exploited biomass. Thus the

lavel at wbich r=0.1 can be taken as dafinition of Fo.l.

The fraction r can be expressed also as

B dB/dF
.......................... N & 3

This expression is useful to obtain the relations between biological
reference points for the general production models used im fish stock
longterm assesssents.

The gaperal production madels

The general production models more commonly used in fish stock assessmeats
are the Schaefer model (1954), the exponential or Fox model (1970) and the
Pella and Tomlinson GENPROD model (1989).

Those models could be characterizad by a lipear relationship between a
function of the biomass and the fishing level,or

f(B) = & - b.F

where a and b are constants, F is the fishing {ntensity level sud f(B) is
a function of the biomass, B, function to be defined for 2ach type of model.

Alternatively one can characterize the models by the expression
B = Bla-b. B e e s 4)
where now the function B(a-b.) is the imverse function of f(B).

The three types of models mentioned above will be treated separately.
SCHARF ai

The Schaefer model wiil be ‘defined by the linear function
B2 a = B.F e i e (52

To obtain the fraction r of the sxpressicn (3) one needs to calculate B/Bo
and (dB/dF)/Bo.

It is easy to get from ths basic expression (5) of this wodel,
Bo = a and dB/dF = -b
therafora

B/Bo = 1-(b/a).F and



dB/dF

Bo

= - b/a

Substituting these values in equation (3) the fraction r will become

r o= 1 = (2b/a).F e s (6

For F=Fmax ,r will be zero, and

2b/a = 1/Fmax

Thus the expression (6) can be written as

r=1-F/Fmwax or

E/Fmax = 1 -~ r R )

[n the particular case of r=0.1, it will be F=Fo.l, and equation (7) gives
Fo.l/Fmax = 0.90

Relations between other biological characteristics at F=Fo.l! and F=Fmax can
also be obtained.

For instance, the relation hetween biomasses at those fishirng levels ,i.a.,
Bg. 1/3mav can be derivad rewriting tha baslic relation af rha model,
aquation 3), as

3= 2. (1 - 2b/a). F/2

and, as seen before 2b/a {5 aqual to 1/Fmax, Thus B can be 2xpressed as
B = a. (1 - 1/2. (F/Fmax))

For F=Fmax ,B will be Bmax and from the anterior expressicn results
Bmax=a/2

Dividing the two last expressions one gets

B/Bmax=2-F/Fuax

and from aquation (7) iy will bte

B/BIMAX = 1L + ' e e e s 3)

For the particular case of r=0.1, at which correspords B=Bo.l, the
expression (8) will zive

Bo. 1/3max =1.10

. 1/Fmax

‘1
Q

The relation between Yo.l and YXAX can be oobrained multiplying
by Bo.l/Bmax.

5

In general terms it would be

Y/YMAX = (F/Fmax). (B/Bmwax) = (1 - r)(1 + r), .. oviiiiiiiiinnns. 9)
In particular case of r=0:1 it will be

Yo.1/YHAX = .99

These results show that for the Schaefer model the relations Fo.l/Fmax,
Bo.1/Bmax and Yo.1/YMAX ara constants.

A pratical conclusion is that the value of Fo.1l,as well as the values of
the other characteristics at Fo.l, can be calculated from the values of
Fmax ,Bmax and YXAX.

Note that adding equations (7) and (8) will be
F/Fmax + B/Bmax = 2 ...... e TR 10)

This relation shows that, in the Schaefer model, any change of the fishing
level, F, relative to Fmax, will be “compensated“ by the corresponding
longterm change of the biomass,B. For exampiz, a reduction of 20% of the
fishing level,F, relative to Fmax, will cause an increase of 20% of the
biomass, B, relative to the Bmax.
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To obtain the fraction r given by the expression (3) one needs, as have
been done for the case of the Schaefer modzl, to calculate B/Bo and

db/s/dF

----- . From equation (ily {t will ba
Bao

Boz=a~

dB/dF= -b.B

Therefore

B/Bo =a~®. "
and
iB/dR

————— = -, g"-"

" Bo



Substituting these values in the equation (3), the fraction r will becowes GENPROD X¥odei
r = e . (1-b.F) R Ceeeeee A2 . The basic equilibrium equation of the GENPROD model can be written as

For F=Fmax , r will be equal to zero, and

B = (a~ b.FY'ammie L e P & 129}
b = 1/Fmax

where m is a constant bigger than 1.

Thus the expression (12) can be written as For w=2 the GENPROD is equivalent to the Schaefer model and FOX 119?) has
shown that the limit of the GENPROD model when m tends to 1 is the Fox
r = e Twen (1-F/Fuag) ... o e e N § ¥ 3 nodal. .
For a given value of r this equation can be solvad for F/Fmax, by iterative Following a procedure similar to the one used for the other two modeis,
methods, for instance. . that i3, <alculating from equation (16> B/Bo and (¢db/dF)/Ba and
substituting in 2quation (3} one obtains:
To obtain Bo.!/Bmax one can start by substituting the value of b by l/Fmex
in equation (11) and get BsBo=(1 - b/a.Fr -/ m-@
Rz oge - Mo dB/dF b/a
_____ 2 e e ((=D/a, FY AT S Cm e
For s equation gives Ba (-1)
Bmax = a- ' and the exprassion of r
Thus b. m
r = tl-psra. 7y S S iatiaid FY oL e L1
BZBmAZ = @' UM e (14) a. (m-1)
)
This exprassion allows one to calculate 0. 1/Bmax once tha value of r=0) rhic axprassion gives
Fo. l/Fmax was obtained.

Alternatively, one sould see that both factors of the aquarion (13) can oe
axpressed in Terms of B/Bmax and get the equation

R/Bmax. 1n(R/Bmag) = 2.7  «........e. e e (15>

Given tha valu2 of r, one can solve this equation for the unknown, 2/8max. it is possible to <al
any value adopred for

ysad to solva ths equation.

For the particular case of r=0.1 the relations are

ba obtained 35 fn vh2 casz3s

Fo.1/Fmax of T/YMAX could
Rg. 1/8may
Yo. 1/ YHAX

As an examnla 3/3max can be obtaived from the equatian
. 1/Bmax = 2.025704

BiBmaxw = (m - twmeli FORmax ! Tt b L e S
As for the Scasater model, rthe results show fthat the relatvions fg.1/Fmax,
i
1

Bo. 1/3max and ¥n.1/Y¥AX are constants.

However, 3 raduction in F relative to Fmax, ia this model, is not e2qual to

the corraspond increase in B relative to 2max. For the particular case The table | presants a summary of the resulrs.
of r=0.1 2 2 in the biomass ratio 2.57% highar than the

correspondir ion in F ratio.
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Tabla
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.781521 1.244182 0.972355 0.3678795 0.4857709
. 819995 1.163441 0.978616 0.4018776 0.479617
. 848355 1.158613 ¢.982915 0.4312012 0.499595
. 869888 1.133469 0.685%91 0.4568778 0.517857
. 886657 1.114599 0.088268 0.4796334 0.534599
. 900000 1.100000 0.990000 0.5000001 0.550000
910816 1.088420 0.991350 0.5183794 0.564215
. 918724 1.079045 0.992424 0.5350822 0.577378
.927165 1.071323 0.933293 0.5503%534 0.589606
. 933457 1.064867 0.964008 0.564382% 0.6801000
. 938835 1.059401 0.984602 0.5773503 0.6511646
. 943476 1.084721 0.095104 0.5893678 0.621619
. Q47516 1.050674 0.295531 0.6005513  0.630984
L 951098 1.047146 0.995898 0.56109948 0.639801
L 054188 1.044045 0,098216 0.62077383 0.6H48118
. PE/GGG L.041202 0.396494 0.62Q9608 0,.635979

1/Fmnx Bo. 1l/Bmax Yo.l/THAX Bmax/Bo Bo.1/Bo  Fo.l/Fmax+Bo.1/B

Values of some biological characteristics for different
¢For m=1, Fox model for m=2 Schaefer model)

et SR SR S SRS S

. 025704
. 013438
. 006968

003357

. 001257
. 0006000
. 299236
. 998770
. 998488
. 998324
. 998236
L 958197
. 968191
. 298205
.298234
.998271

values
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