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ABSTRACT -

A two species fishing model is oonsidered and compared with the results
from a grouped Schaefer model, If fishing effort is proportional to the relative
pumber of each speoies then it is shown that the correspondence between the two
models diverges as the ratio of the two species diverges from unity. It is also
ghown that fishing each species in proportion to their relative numbers does not
necessarily take the fishery through its maximum sustainable yield,
INTRODUCTION

Schaefer (1954, 1957) developed a model to evaluate the equilibrium yields
from e fishery, This nodel agsumes that the rate of change of etoock bilomasa can

be represented as

ds/dt = A4S - Bs® - aFs where S ie the stock

biomass, A and B parameters of the stock populaiion growth and q and F the familiarx
parameters of oatchability and fishing. Gulland (1974) has pointed cut that the
Schaefor model is identioal with assuming that catoh pex unit of effort is linearly
related to effort. Among others, Pinhorn (1975) and Brander (1975) have fitted
Schaefer models to total fish biomass in an area and here the parameiers 4 and B
take on different meanings, A being the net rate of increase at low total biomass

levels and B representing the inter and intraspecifioc density dependent regulation,
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This study, through consideration of a two species model, helps to elucidate
the relationship between the two applications of the Schaefer model.
THE MODEL !

Let us assume a two stook fishery where the fishing effort on the individual
stocks is proportional to the relative numbers of fish in each stook. ToA avold

proliferation of the parameters the catchability is put at 1.0 and the preferability
of the two speoias to the fishermen Is considered to be the same. This situation

may then be expressed as

o dp/at = a, =bp =P p/(pe) (1)
1/r dr/at = 8, ~ br = F r/(p+T) T (2)
In the equilibrium state (r¥,p*) dp/dt = dr/dt = O and henoce
x* = a,p*/(a; - p*(b,~D,)) (3) '

and p* is given by solving the quadratic

2
P b, (b1"b2) + p{F(b1-b2) - 51_(b1—b2) -ab, ~ab [+ (a 8, +a

2
1721

-af)=0 (4
The equilibrium yield is given by (dropping asterisks)
F(p2 + rz)/(p+r). (5)
As will be appreciated from the form of equation (4), general solutions for r¥* and p*
are unwieldy but in all the numerical examples given only one positive pa:i.:l‘ of r* and
p* oxinte, thai is, for any value of F two positive equilibria do nol exiat.
May (1973) and Beddington (1974) bave shown how the atability of these valid
equilibria may be invesiigated.
If G, (p1r) = a.p - b1p2 - szf(pﬂ‘)
and G, (p,r) = a,r - b2r2 - Frz/(p+r) |
then the elements of the community matrix A are given by

241 = 3G1/ép .312 = 3G1/ar

8y = an/ap 8yp = an/ar
all evaluated a.'t(pif r*); the roots of the matrix are then given by det|A-)\ Il=0. For
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stability max (Real 1) < 0. If max (\) is complex,the system either deoreases by
oscillations to the stable part or esl.ae becomes unstable in an oscillatory mode. If 3 :
only imaginary, then the neutrally stable cyoles of the basio Lotka-Volterraequations
are §Goon.

Again it will be appreciated that general stability oriteris cannot be evaluated
due to the large number of parameters,but the stabiliiy of any speoific case can
easily be dealt with,and in general it must he noted that these are a very atable set

of equations and unatable equilibria would not be expeotied.

If equations 1 and 2 aro added together the relationship betwsen the two

gorte of Schaceffor models can bo soen

dr/dt+dp/dt = 8 p+a,T - b1p2 - b2r2 - F(p2+r2l/(D+r)

If prw w 8, then

da/dt = e pta,r - b1p2 - b2r2 - F(p2+r2)/S.
and if p e re S then

ds/dt = S(a1+a2)/? - sz(b1+b2)/4 - Is/2
which is identical with the Schaeffer model fit to the total fish biomass. However as
the ratio of p*:r* diverges from unity the two models diverge.

The simplest way of comparing the two models is to look at the yield per unit
of effort against effort curve. By definition the Schaefer model assumes a linear
relationship and the degree of departure from linearity represents the departure from
the Schaofer model. |

If we arbitarily select 8y = 0.35 and a8, = 0.45, then values of b1 and b2 can be

obtained if we set F = 0.2 and vary the ratio of pir but keep pir = 2000. This

gives
a) If ptxr ¢t ¢t 1 3 1 Then b, = 2.5 10~4 ana b, = 3.5 1074
) Ifpir ¢ s 113 Thenb, = 6.0 104 and b, = 2.0 107
6) If psr 2 : 1 : 19 Then b, = 3.4 10™2 and b, = 1,367 1074
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Henco we have three arbitary sets of values which, at F=0.2, have the ratios of pix

as given above, Equilibria values for p* and r* may be obtained from equations 3 and 4fox
values of
different/’F, and hence the equilibrium ydeld from equation 5. These are shown in

Figure 1 It will be noted that the characteristic parabolic yield ourve ioc lost as the
ratio of pir diverges from unity. This can be more easily seen in the graph of
equilibrium catch per unit of effort sgainst effort (Figure 2) as the departure from
linearity.
DISCUSSICON

Firstly, is the incorporation of fishing offort in this way valid? Obviously
catchability and economic welghting of one speoles relative to anofhef'will

complicate the real fishing strategy but this could only inorease the non~linear

nature of the rosults ond probably tho expression of fishing in this model is good
for a fishery where total effort is fairly oconatant.

Secondly, it is noticeable that there is no real difference betweaen the Schaeffer
nodel of total fish biomass and the oum of individual Schaefer models where the two
speolcs are in about the same proportions. This can be extehdod to n speoiea.
However as the ratio diverges from 1 the two give quite differont resulis. To fit a
yield parabola through the origen one needs two or more points., If these are taken
at P = 0.1 and 0.2, for p:r = 1:19, from Figure 1 the resulting parabola would reach
zero at apout F = 0.5. This can be appreciated better from Figure 2 whore a straight
liac would be fitted through the two points giving an intercept at F = 0.475.
Similaxly if the values at F = 0.6 to 0.8 are taken,a long low parabola would result
predioting a very low maximum sustainable yield. .

The maximum sustainable yields for the type of fishing desoribed here can be obt=
ained from Figure 2 but this is not necessarily the naximum susteinable yield that

could be achieved if fishing were disiributed differently. If the equilibrium
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populations of the two species are given by
. - * o -
aq b1 P :t‘,1 0 and

az-bzr*-f2 = 0'

hen the equilibrium yield is then given by

£,(a=ty)/ oy + £5(ay-15)/b,.

The yield isopleths are given inFigure3alongwith thelocus of equilibrium yields
for the original proportional fishing model and it will be noted that, in this
instance, the locus does not go through the maximum sustalnable yleld,

the two methods,

In conclusion two poinis are worth stiressing. Firet,tha@[grqpping fish species
and taking them as separaté species related only by fishing, do mnot lead to the
same results if the species are in differing proportions. This is not o say that on

ndhad & better than the other for the underlying assumptions of the Schaeffer model
are nebulous. Saecond, that in this simple, although rational model proportionate

fishing doea not necessarily take the fishery through the maximum sustainable yleld.
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Fig.1. Equtibrium yield and effort for the three sets of model values given

in the text.
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Fig.3. Sustainable yield isopleths with the locus of yields
obtainable with propertioncie fishing.
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