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1. Introduction

This report has two main objectives. To develop multispecies
fishery theory to make it more appropriate to tropical fisheries; and
to apply this as far as possible to the demersal fisheries of the Gulf
of Thailand. The first two sections describe and develop the model
with particular attentlon being given to the use of trawl survey data
for assessment purposes. Various algorithms for managing fisheries
using this form of data are developed. The third and fourth sections
are concerned with assessment of the Gulf of Thailand trawl fisheries
based on the statistical analysis of the groundfish survey. This indi-
cates that considerable simplifications of the yield/effort relationship
may be made due to the considerable degree of correlation between the
biomasses of the variocus stocks. Preliminary analysis of diferring
catch rates in different areas and depth and by different gear and ves-
sel types are also made.

In addition, some consideration is given to the problems of exam-
ining economic yield and of using biclogical sampling data to improve
assessments. Recommendations for further work in the area are made.

2. Why multispecies fisheries present a problem for the management
of fisheries

The theory of fisheries management was large developed for use in
temperate and arctic regions. In these regions, it is common for com=
paratively few species to predominate in the catch., Consequently, the
theory largely developed to account for the reaction of one species to
fishing pressure. This simple approach may however be upset by three
problems:

(a) Technological interactions. This simply means that in fish-
ing for one species (Species A), a second species (Species B) is also
caught in appreciable amounts., Thus, it is not proper to consider the
problem of managing species A without considering the consequential
effects such management may have on species B.

(b) Interspecific interactions. This simply means that the
stock level of species A affects the stock level of species B. This
might be caused by predation or by competition, Cleaxrly, this is a
complicated subject since such interactions might take place at various
points in the life history of the two species. For example, species A
might eat the eggs of species B. Similarly, adults of species B might
eat adults of species A. 1If such interactions take place, they might
upset single species management.

(c) Data required for management. For single species management,
quite extensive data sets are required. The collection of these data is
a major problem for developed countries having concentrated fisheries



on comparatively few species. Tor developing countries in the tropical
area, the collection of suitable data (e.g. age/length keys) for more
than a few gpecies of fisgh is likely to prove almost impossible. This
would be due to the multitude of species forming the catch and the dif-
fuse nature of the landings of sustensnce fishermen. Consequently,
single species management is likely to prove unattainable in any general
gsense in the tropics even supposing it to be desirable.

Problemg (a) and (b) suggest the need for a theory of fisheries
which takes account of technological and interspecific interactions
while problem (e¢) virtually dictates that any theory that is o have
practical uses must be extremely simple and undemanding of data.

If as stated in the last paragraph the problems of data collection
largely prevent single species assesaments being made, then it is still
more true that these problems prevent multispecies assessments based
on detaziled knowledge of interactions between various species at vardous
ages, Clearly. the only models which have sny practical chance of use
will be the simplest wmodels requiring the minimum of data for their use.

The following subsections develop such a theory. This was devel-
oped more or less independently by several authors but to avoid over-
complications, it is presented as it occurred to the author without
citing the literature. The bibliography does, however, give some of
the more useful papers on the subject. In order to minimize the mathe-
matics in the development, the exposition given here is usually confined
to two speciles. This enables the theory to be presented graphically
for the benefit of von-mathematicians. It can, however, be generalized
to any number of species and this is dindicated in the text. Again the
bibliography should be consulted by anyone concerned with the more gene-
ral formulation of the theoxy.

2.1 The simplest approach to multispecies asgsessment

The simplest model of all is to assume that the overall yield
is governed by overall effort in such a way that Schaefer's yield model
holds. Thus the model is fitted by plotting total catch per effort
against fishing effort. Such a model requires as a minimum, the input
of a time series of catch per effort and of fishing effort. Catch per
effort is most often available from the results of research suvrveys.
This use of research vessel survey results underlines the value of such
investigations. Effort might be assessed directly in terms of the num-
bers of and fishing power of the boats fishing. Alternatively, it might
be taken as the total catch divided by the total catch per effort. The
Malacca Strait Workshop makes excellent use of this latter approach.

The overall Schaefer approach has been used in other areas.
For example, the North East Pacific by Hongskul, Georges Bank by Brown
et al. and Labrador-Northern Newfoundland by Pinhorn. In the main,
these methods give a smoother fit of the catch per effort data to the
effort data than a detailed knowledge of the component stocks would
have suggested. One explanation of this might be that by taking all
stocks together, the interactions between species are perhaps taken
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care of. Another possible explanation is that fishermen react to adverse
changes in one stock by switching fishing to other resources. Thus the
overall caitch rate might be smoothed to some extent. It might, therefore,
be argued that such total yield curves are more of an artifact of the
fishing pattern than a clear indication of the total yield that the system
could deliver.

In order itc investigate these problems, the theory shown in
sections 2.2 to 2.5 was developed. This indicates that in certain con-
ditions, the total yield/total effort model is a reasonable way of
managing a multispecies fishery.

To sum up, the simplest theory of multispecies fisheries
assumes that the overall yield (Y) in a steady sta.e is related to the
overall fishing effort (f) by the equation

Y = af - bf2 cwscccaacconecan e 2.1.1

where (a) and (b) are constants. In other words, it assumes that a
Schaefer model applies to all stocks combined. Alternatively

Y = Ap - Bp e e secenenneasoos 2.1.2

where (p) is the overall biomass or an estimator of it such as the overall
catch per hour of some research vessel survey. The formulation supposes
a steady state such that

A 4+ Bp = kf coaconocasnoscacoa 2.1.3

where (k) is the catchability coefficient and (A) and (B) are constants
as in 2.1,2. This form of the model is usually used to fit the parameters
using a linear regression of (P) on (f).

Figure 2.1 shows the forms of these three formulae., It is
apparent that the maximum yield occurs when £ = a/2b and when

P = A/28
it is also apparent that the maximum occurs when p = Y%p(o) where p(o) is
the value of (p) when there is no fishing. p(o) is sometimes called the
virgin stock biomass. A further useful result is that the maximum yield
is given by

Ymax = %Ap (o) hocsecoesaaacvaano 2.1.4

An alternative to the Schaefer model shown above is to sup-
pose that

A-B loge B P 2.1.5

Thus the yield is given by



Y = Ap ~ Bp 1oge P socoacocnsncssonn 2.1.6
and the maximum cccurs when
P =p(0)/e@ cecoscovoscooasocaacanco 2,1.7

Thus since e 2.718, this is at about one-third of the virgin
stock size. This form leads to an asymmeiric relatienship between fishing
effort and yield which may be more appropriaste in some circumstances. If,
however, there is little to choose between the two models, the former is
perhaps preferable both for its mathematical szimplicity and because it
leads to a more conservative form of management. Because of the simpli-
city of the Schaefer form of vield model, it will be used to develop the
theory further in the following sections.

2.2 Modelling technolopgical interactions

Let us consider the fishing effort or fishing mortality on two
or more gpeciegs. If technological interactions occur then fishing for
species p will produce a fishing mortality on species ¢. Similarly, fish-
ing for species ¢ may produce a fishing mortality on species p. This is
best described using diagrams. Fig. 2.2a shows a coordinate system of
the fishing mortality of p and q. Thus, any point on such a grid will
correspond to a pair of values of F(p), F(q). For example, point X is at
F(p) = 0.9 and F(q) = 0.5,

If in fishing for species p, species q were also caught with a
catchability coefficient of half that which applied to species p, then
the values of F(p), ¥(q) generated would have to be on the line OA in Fig.
2,2b. Similarly, if in fishing for species g, species p were also caught
with a catchability coefficient of half that which applied to species g,
then the values of F{p), F(q) would lie on the line 0B.

It is fairly obvious that any value of F(p), F(q) which lies
on or between the lines 0A, OB could be achieved by a suitable combina-
tion of directed fishing for species p and species q. For example, F(p) =
0.8, F(q) = 0.7 could be achieved by a directed fishery for species p of
0.6 and a directed fishery for species q of 0.4. Figure 2.2c shows how
this value would be obtained.

Equally obvious is the faect that values of F(p), F(q) which
lie outside of the lines 0OA, 0B could not be achieved except by using a
negative directed fishery for one or other species. For example, F(p) =
0.5, F(g) = 0.1 would require a directed fishery of 0.6 for stock p and
a directed fishery of -0.2 for stock g. Since negative fishevries (pre-
sumably rearing fish and releasing them at sea) are not practicable,
this combination of F(p), F(q) is not achievable with the two directed
fisheries shown. Clearly 1if there were some fishery which had less
technological interactiouns between species p and species ¢, then this
point might be achievable. For example, if a fishery for species p had
a catchability coefficient for species ¢ of one~fifth of that applied to
species p, then clearly this point (0.5, 0.1) could be achieved.



This explanation of how technological interactions affect the
level of fishing mortalities that can be simultaneously attained may be
over-gimple, It does, however, serve to point out that there are likely
o be some combinations of fishing mortality which in practice cannot be
attained. 1In the context of tropical demersal fisheries, it is quite
possible that the intrinsic technological interactions between species
are quite high and that, therefore, the lines 0A, OB might lie close
together (see Fig. 2.3a). Alternatively, the multiplicity of species in
such fisheries might well persuade the fishermen to have some objective
like maxdimizing his total catch of all species rather than his catch of
one or more preferred species. 1In this case, the lines O0A, OB might
become merged as a single nonspecific fishery (see Fig. 2.3b). Which-~
ever is the case, the fishing mortalities on the two stocks which may be
achieved will effectively be constrained to a narrow wedge of values
such as in the examples shown in Fig. 2.3a and 2.3b F(p)=2%:F(q). More
generally

F(p) . F(q)
=== © 0 00 000O0OOO0OOOO G 0O D O 2@20].
k(p) k(q)

where k(p), k(q) are the respective catchabilities.

If such a relationship as 2.2.1 is the case for a multi-
species fishery, then it has very definite implications for the yield
of the fishery. This will be considered in a later subsection.

Even if this relationship between the fishing mortalities of
the two species is generally true, it is possible that subsequent devel-
opments in gear design (e.g. higher headline) might change the ratio of
the catchability of the two species in the future. Any such modifications
in ratio of the catchability of the two species may give scope for
increasing the overall yield and thus will be well worth examining. The
effect such changes have on the overall yield will be taken up in sub-
section 2.4.

2.3 Multispecies Schaefer models

- In subsection 2.1, the total biomass was treated as though it
obeyed a Schaefer model. Let us now consider a two-species model where
the two couponent species each follow a separate Schaefer model.

For example, let us suppose ithat species p has a yield equa-
tion of

Y(p) = 200 F(p) (L = 0.5 F(P)) soves 2.3.1
where Y(p), F(p) are the yield and fishing mortality of stock p.

Clearly, stock p gives a maximum yield when



it

F(p) 1.0 and at that value

[

Y(p) 100 units
Similarly, let us suppose that species q has a yield curve

¥(q) = 100 F(q) (1 = F(Q)) +eneer  2.3.2

where Y(q), F(q) are the yield and fishing mortality of stock q. Clearly,
stock p gives a maximum yield when

F(q) = 0.5

and at this value

il

Y(p) 25 units

Figures 2.4a and 2.4b show these two yield curves.

Let us now consider the total yield of the system. We can do
this by adding Y(p) and Y(q) to get Y the total yield. Thus,

Y = 200 F(p) + 100°F(q) - 100" (F(p))* = 100 (F(q))> ... 2.3.3

as can be seen from Fig. 2.5. This gives a yield function that has a
maximum at F(p) = 1.0, F(q) = 0.5 where Y = 125. The contours of equal
yield form circles about this point. The circles of larger radius cor-
respond to lower levels of joint yield.

i

~ The circular contour lines of course break down if F(p) 2 2.0
or -if F(q) 1.,0. This is because at these levels of fishing mortality,
stock p and stock q respectively become zero and the parabolic relation-
ship between yield and fishing mortality breaks dowm.

The reason that the contours of equal yield are circles is
because the coefficients of (F(p))zkand (F(q))2 in equation 2.3.3 are
the same (equal 100). This of course is due to the choice of the para-
meters of the two yield curves (2.3.1, 2.3.2). In general, these
coefficients would not be the same so the contours of equal yield would
form concentric ellipses with their major and minor axes along the direc-
tions of the fishing mortality axis. In this case, however, we could
always scale F(p) or F(gq) to make the contours of equal yield into cir-
cles., Thus talking about circular contours is perfectly general.

2.4 Combining multispecies Schaefer models with technological
interactions

If we combine the ideas of subsections 2.2 and 2.3, we can
see how technological interactions may affect the level of yield avail-
able.
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Firstly, let us combine Fig. 2.2b with Fig. 2.5 as this is
shown in Fig. 2.6. We can see that the overall maximum yield lies just
within the sector AOB; thus, we can actually attain the F(p), F(q)
required to give the overall maximum yield. This point (1.0, 0.5) in
fact lies on the line OA. Hence, we would attain this by having a
divected fishery for stock p of 1.0 and no directed fishery for stock
q. 1f din fact there was only a directed fishery for stock q, then the
overall maximum yield would not be obtained since the highest value of
the total yield along OB is something between 75 and 100 units.

‘ , Similarly, if the situation described in Fig. 2.3b occurred
and F(p) == TF(q), then the overall maximum yield would not be attained
since the highest value of the total yield along line 0C (Fig. 2.6) is
at about 110 units.

If we imagine different levels of fishing along lines such:
as AO, OB and 0C, then we can build up a yield curve for each case.
Figure 2.7 shows the yield curves that would result from fisheries
along these three lines. It can be seen that within the area of valild-
ity of the circular contours of yield, these form parabolas. The
maximum yields of these three curves are, however, different and so
are the levels of fishing mortality which would achieve them.

It is fairly obvious that any straight section through the
overall yield contours would result in a parabolic yield curve but, it
is also obvious that in general, the maximum of such a yield curve
would not be the overall maximum yield attainable. Neither would the
level of fishing effort which achieved the curve maximum necessarily
be the correct level of fishing effort to attain the overall maximum,

- This helps us to understand both why the overall Schaefer
analysis shown in subsection 2.1 might occur and also why it might pro-
bably not lead to the overall maximum being achieved.

Clearly, if the fishing effort is such as to cause the fish-
ing mortality on the various species to remain in the same ratios, then
the situation is as described for the line OC above. The resulting
yield curve has a maximum and appears to be a parabola but it will not
in general pass through the overall maximum of the system.

. One criticism levelled at the preceding theory was that .it
did not consider the possibility of interspecific interactions. Per-
haps they would result in the overall yield-curve approach being valid.
This question is considered in the next subsection. In both this sub-
section and in the next subsection, the multispecies model has been
presented for the case of two species. The conclusions can however
be generalized to any number of species.

2.5 Interspecific interactions

In section 2.3, we consider the two yield curves
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il

Y(p) = 200 F(p) - 100 (F(p))”

100 F(q) = 100 (F(q))2

1t

and Y{(q)

-We could write such curves more generally as:

2
Y(p) AIF(p) - Bl (F(p)) toseosesnscan 2.5.1

i

2
Y(q) AZF(p) - B, (F(Q))T vvieovocanoen 2.5.2

Alternatively, we could write the yield in terms of the two
populations as:

il

1) = ap - blpé econesnnnecasnencosen 205.3
I 2 _
7(q) = a,9q bzq wosoocosooosssscecoann. Bodol

The simplest fashion in which interspecific interactions can
be introduced is to include an extra term in each equation as follows:

2
Y(p) = alp - blp L B 2.5.5

2 ,
Y(q) = a,q = byq” = PG carrecnaeoneess 2.5.6
This gives equivalent steady state equations of:

2.5.7

i
o

a; - b1P - cd - F(p)

- - - = cooosnacecona he  2.5.8
a, b2q cyP F(q) 0 5

If we combine equations 2.5.5 and 2.5.6 to give total yield
Y, we have:

2 Z
Y = a;p + a,d - blp - bzq - (c1+ cz) Pq c.. 2.5.9

This equation represents contours of equal yield that form
concentric ellipses with their major and minor axes inclined to the
axes of either F(p), F(q) or p, q.

This situation is probably best explained using diagrams.
Let us consider the case when the equations given below describe the
yield of the two species:

i

Y(p) = .43p - 0.000143p> = 0.0000143pq ... 2.5.10

Y(q)

]

1.10q - ODOOIq2 - 0.00005pq covsece. 2.5.11

Then Fig. 2.8 shows the form of the contours of equal yield
when they are plotted against F(p), F(q). As it can be seen from the
diagram, the contours are concentric ellipses. Since the interaction
terms in equations 2.5.10 and 2.5.11 were smaller than the other terms,
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they do not have a great effect and the axes of the ellipses are nearly
parallel to the F(p), F(q) axes. The point of maximum yield is at the
centre of the ellipses and is equal to 576 units. The lines p = 0,

g = 0 are where one or other stock becomes zero. As before, therefore,
the elliptical contours break down when this happens.

Let us see what happens 1f we make the competition terms
greater, for example, consider the equation:

2
0.43p - 0.000143p - 0.000118pq eos 2.5.12

i

Y(p)

I

Y(q) 1.10q - 00001q2 - 0.000266pq soave 25,13

Clearly, these equations only differ from 2.5.10, 2.5.11 in the last
term. Fig., 2.9 shows the effect that this change has. The majoxr and
minor axes of the ellipse have rotated and the value of the maximum is
lower at 415, The position of the maximum is also changed from about
(0.24, 0.52) to (0,25, 0.48). The only obvious change is that the
region in which the elliptical yield curves are valid is sharply
reduced, This means that the chance of one or other stock being pushed
out is increased. Another possible situation is where the interaction
terms are of opposite sign, for example, modifying 2.5.12 to read:

Y(p) = 0.43p = 00000143;)2 + 0.000118pg ... 2.5.14

and with 2.5.13 remaining the same, we would have a description of prey-
predator system with stock p tending to increase when stock g is high
and to decrease when stock g is low. Fig., 2.10 shows what effect this
change has on the contours of equal yield. It is obvious that the maxi-
mum yield is higher than in the previous case and is at a still lower
value of F(q)-and still higher wvalue of F(p). This is not surprising

as we would expect to get more yield by fishing down the predator and
leaving the prey less affected by fishing. It is also noticeable that
the line p = 0 is altered and makes for a far larger area of elliptical
yield contours.

This then gives some idea of how interspecific interactions
affect the theory developed in the previous sections. It is clear that
whether interactions are present or not, the contours of equal yield
form ellipses centred on the maximum yield of the system. The chief
conclusion we may draw, therefore, is that as long as no stock becomes
zero, any fishery which develops with the fishing mortalities on its
various component stocks in equal proportion will have a parabolic yield
curve i.e. in terms of the figures, if fishing mortality moves along a
straight line through the origin, the yield curve is parabolic. This
can readily be shown by mathematical analysis to be true, however many
specles are present, provided that the multispecies Schaefer model holds
true. Consequently, the yield curve resulting from such a fishery will
have a parabolic form. However, unless the various fishing mortalities
are in the ratio which will take them through the joint maximum sustain-
able yield, the yield curve observed will underestimate the maximum
yield available. Furthermore, the level of fishing effort required to
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achieve this maximum on the observed curve will not in general be the
game as would be required to achieve the overall maximum yield.

It is worth bearing in mind that the equations developed in

this section form the simplest hypothesis which describes interspecific
interactions. It might be considered as a first approximation to what
actually occurs in the sea. While it may seem crude, it might well
explain the main consequences of fisheries in interactive fisheries.
It consequently would seem a useful theory to illuminate the management
of multispecies fisheries that occur in tropical areas. The problems
of applying this model to tropical fisheries is considered in the next
section.,

3. The application of the multigpecies theory to tropical mixed
fisheries

Problemg in applying the mixed fishery model of the previous sec-
tion to many actual fisheries arise from the large numbers of species
involved. This means that the model will potentially contain many para-
meters and these will be difficult or impossible to assess with our
current information. Because of these problems, we will need to seek
for ways in which the theory can assist us in management at the present
time given ocur present lack of knowledge of the fine detail of the para-
meters of the model. We must also consider how we might seek to improve
our knowledge.

3.1 Problems with estimating the model parameters

In the previous section, the multispecies fishery model was
described in terms of a twe-species problem. In this problem, we had
the 6 parameterss:

al, az, b19 b c

2% ©1° %2

and in general, we would also need to know the catchability of each
stock klg k,. ‘Thus we need to estimate 8 parameters even in this simple
case. If we had n stocks of fish, then we would have

giving n a's.
Also, we would have an array of b's and c's

b

c cesescenas = 4 C
1’ "12° ° ‘' n

3 ) 00ia 60000 o

5 ‘9 6000000000 -

C .9 = cobosbocon ¢ n=1, b
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giving n x n b's and c¢'s.

If we needed the k's,zthen they would be another n parameters.
Thus we would need to estimate n~ + 2n parameters or (o + 12 - 1.
Clearly, this becomes difficult if n is large. Table 3.1 shows the num-
ber of potential parameters at various levels of n. It is quite clear
from this table that as n increases so, the number of parameters in the
model becomes extremely high.

To emphasize how difficult we will find it to estimate the
parameters of such a model, we need only to consider the difficulties of
estimating the 6 or 8 parameters of the two-stock model. Let us simplify
this by assuming that we have directly estimated fishing mortality and
that we know the catchability of the fishing effort for the two stocks.
Thus, we have the two equations:

i

a, - b.p - ¢4 - F(p)

) 0 terrevnonnenens 2.5.7

8, = b,d = c,p = F(a) =0 .eeeieinionee. 2.5.8

in which we know p, ¢ and F(p), F(q) for each of a series of years and

need to estimate a5 3, bl” b29 Cy and Cye

We will probably seek to estimate these using multiple regres-
sions of:

F(p), p and ¢
and of
F(q), p and ¢
One problem arises because in all probability
F(p), F(a), ps q
will be highly correlated.

For example, if they were perfectly correlated so that the
following relationships hold:

P sF(p) + ¢ . T T |

q = uF(p) + v e socesasescasacoasecsaaavee Jekol

Where s, t, u, v are constants, then 2.5.7 becomes

a; - blsF(p) - b,t - cluF(p) - ¢, v = F(p) 3.1.3

1 1

Hence, the only constraints on a b, and ¢, are:

1° 1 1
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a, —b.t -cvs=20 G T
1 1 1

bls - cu = - csoosncososasccosscooos JoloD

Clearly, there are an infinite number of combinations of a,,
by, ¢y, which would satisfy these relations. If F(p), ¥(q), p, q are
closely but less than perfectly correlated, then there may be only one
combination of a, b, ¢ that exactly fits, but there will be a wide
range that fits so closely that they could not be distinguished .in
practice:. A close correlation must be expected if there is in reality
only one fishing effort which generates the fishing mortality on all
the various component stocks of the fishery in accordance with stock
specific catchability coefficients. This is the situation described in
subsection 2.2 in the discussion of Fig. 2.4b. Such a situation of one
basic fishing effort catching all species might be expected in a tropi-
cal multispecies fishery. This would be because the multiplicity of
species might make it impossible for fishing to concentrate economically
on any one individual species which by itself represents no more than a
minor proportion of the catch.

To conclude, therefore, the problems outlined in this sub-
section suggest that given the numbers of species involved and given
the likely pattern of development of fishing mortallty in a tropical
multispecies fishery, it is unlikely that we will be able to estimate
the model parameters with any confidence. The question, therefore,
must be asked: How can we set about managing such a system without a
knowledge of these parameters?

3.2 How should we maximize the yield if one effective fishing
effort is applied to all stocks?

The situation where there is only one effective fishing
effort for all of the stocks is an interesting case. As it was
explained in the previous subsection, such an effort would generate
fishing mortalities on each stock in accordance with catchability
coefficients (k's) which would stay in the same proportion through
time. We might expect to see such a fishing effort when fishermen
fished indiscriminately for many species.

It was explained in the previous subsection that such an
effort would cause considerable correlation between the fishing mortal-
ities of the various species and hence between the population sizes of
the various species. This situation makes the estimation of the model
parameters difficult or impossible. On the other hand, it allows us
to infer something from the general forms of the theory. First, since
such an effort would cause the fishing mortalities to develop in the
same ratio, it would cause the contours of equal yield to be cut in a
straight line (see subsections 2.4 and 2.5). Consequently, we know
that if the medel is true then:

(1) The relationship between overall yield along this line
is parabolic provided no stock becomes zero.
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(2) The maximum of this cuive is not unecessarily the over-
all maximum of the system.

(3) -Provided no stock becomeg zero, we may. expect to see
close correlations begween the stock blomasses of the
various species.

Thus, 1if we have one overall effort, then the yleld curve
obtained for all species will behave like a Schaefer-yield curve on one
specles. Since we are constrained to this line by the nature of the
fishing effort, then point (2) above may not unduly worry ug. Alterna-
tively, we might regard this maximum ag a filvst step to attaln iun
managing the system and then seek ways of changing the relative impact
of the effort on various specles to move closer to the overall maximum.
Point (3) above suggests that if the effort is applied indiscyiminaiely
o all stocks, then we should expect to see close correlatlons between
the various stocks. If such correlationsg occur, this will be a useful
indication as to the nature of the fishing effort and the applicability
of the overall Schaefer model (see subsection 2.1)., This begs the
question: What measure of overall population size should be used? One
way ©o ask thls question iz to ask: What measure of overall population
is at half itg virgin stock level when the yield ig at a maximum? The
answer 1s the function:

% esocservaesos  3.2.1
nwn

+ +

klpl kzpz k3P3 .
whgre'ki to kﬁ are tha ragpective catchabildiiiey of various stocks and
pl'to Py are the stock sizes. The proof of this is rather complicated
and is contained in the annex to this subsectilon.

Now, lyp; is the catch per effort of the i'th stock in the
fishery. Therefore, 3.2.1 is simply the sum of the catches per unit
effort for all species. As long as the k's are in the same ratio for
both the commercial fleet and a groundfish survey, the sum of the
groundfigh survey indices of abundance of the various stocks may be
used as a population estimate for the overall Schaefer curve. If there
are systematic differences in catchability between the groundfish sur=
vey and the commercial fleet, these could of course be allowed for
provided they are known.

The form of 3.2.1 thus means that the practice of assessing
multispecies fisheries using overall yield curves of a Schaefer type
ig conslistent with the model developed im section 2. Also, it shows
that the use of raesearch vessel overall estimates of abundance in place
of estimates of overall population is a reasonable procedure. However,
these procedures are only reasonable so loug as:

(a) The catchabiliries arve in constant ratio between
species through time.

(b) The catchabilities ot the research trawler for
various specles are in the same proportion as the
catchabilities of the commercilal fleet.
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Mathematical Annex

The derivation of 3.2.1 is as follows. TFrom 2.5.7 and 2.5.8,
we have the steady state equations for an interactive two=stock model

[

a, - blp = cq - F(P) = 0 seeevooooocnoes 2.5.7

0.

and a, = b,q = ¢p - F(A) 2 0 weveoveosvvonos. 2.5.8

2

Thus the yield Y ‘is given by:
Y=-=ap-b>b p? - c + =b qz‘é ‘
1P 7 PP P4 T 84 = by €oPd

If the effort f is common to both stocks p and ¢ such that

F(p) = k,f

and F(q) =’k2f

then Fe) R eeeerveveaenenenee. 3.2.3
k) Ky

We may thus conclude from 2.5.7 and 2.5.8 that

(al - blp - clq)/k1 = (azin bzq - czp)kz 3.2.4
Thue p and q have a linear relationship. 1In these circum-

stances, there will be some value of F(p), F(q), p and q such that the

yield is maximized. We will designate this maximum by using a hat

symbol as follows:
F(p), F(q), f.s Ps 4d

The mathematics is simplified by writing the equations in
the form of general homogeneous coordinates. This means we include an.
extra variable r in our equations such that all terms are of the second
order. .We may think of r being always equal to 1 in the applications
that concern us. Thus 3.2.2 becomes:

0

2 2 2
=Yy alpr - blp - clpq + azqr - b2q - czpq

- f(p, g, ¥) P . Y

The tangent to the ellipse f£(p, q, ¥) .at p, q, ¥, is given
bys

(f(p, 9, x)) r  (3f(p, g3, ¥)) P
op

( sr )max ( Ymax.

(Af(p, 93, ¥)) q _
o =~E%ﬁ§iL——— 0  ceovevcecnnoonss 3.2.5

Ymax



Thus we have/ the following: equation:
w O¥EE 4 alﬁr +‘a2§t

ol x o o, - P . cm T -

toa rp, - 2b, pp- (Pl, £o04p.

+ a,rq = szqq o (cl + CZ) pg. = 0 seecenn  3.2.6

This may be rearranged as followlngs:
+ p {alr - blp - clq}
4 q {azr - bzq - czp}

+ p {alr - blp - clq}

>

4+ q {a,T ~ b,g =,c2§} 2 2YPT sescvsncone 30247

2 2

This line is tangentlal to the ellipse wEicthives flie greatest
yleld for the system subject to the constraint = = =40 conge~

. s . . [ 1 1(2 y
quently, it must be the same as the line 3.2.4. Thus in
particular, it must pass through the values of p, q, r where the ©
supergcript denotes the virgin-gtock gize. If we insert this polnt in
3.2.7, we obtaln:

~ [s] o] . o n » (o] - %}
p {a)® - b,B Lla} q {az% b,d = e,B)
# B {af = bip = c 8} + 8 {ayf = byd ~ c,p} = 2922 3.2.8

If we rewrilte 2.5.7 and 2.5.8 in homogeneous coordinates,
then we have:

alr - blp - clq = F(p)r coovsancscsconsess 3029

azr - bzq - C?P = F(q)r ceuaoboo0BO0C 600 3u2910

Thus the terms in brackets in 3.2.8 may be replaced by
F(p)r and F(g)r.

However, F(B) = F(q) = 0 thus

FE) L F@ | ¢
k. kz

Also, we know that Y?¥ = PF(P) + GF(§)
B (Pt} + § {F@)F} = 2 (PFR(P) + GF(GNE

Writing F(p and F(q) in terms of f thus gives:
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(K, £ qk, £) (pk, £ qk. )
1 1 1 2
P (== + ) = 2 ()

(¢ o fo ) (t £
Eliminating £ and recalling that ¥ = 1, we have
(9] [0} - ~ ,'\
pkl + qkz = Z(pk1 4 qkz)

Thus we have shown that pk; + qky has half the value at the
attainable maximum that it had in the virgin-stock state.

3.3 How should we seek to attain the overall maximum yield?
(Given groundfish survey data only.)

If we knew all the parameters of the model, then finding the
maximum yield would simply be a question of solving the following equa-
tions for the populations of the various stocks (Pi) (1=1_1),

The equations. arve:

—gzwzo,—gﬁwgo, ,,,,,, Kl S,
Py Py

These equations simply say that the rate of change of Y with
respect to any population size is zero. For example, the two-stock model
givess

¥ _ 3 _ -
3 ay Zblp (cl + cz) q 0 . 3.3.1
Y _ -
50 a, szq (c1 + c2) P 0 eose  3.3.2

These two equations are solved for the value of p and q which
will give the maximum,

This will be where:

a12b - a2(c1 + cz)

2
p = - i
éblb2 (c1 + cz)

© 0009060000060 090 30303

a,2b. - a,(c, + ¢,)
q = 2 1 11 2 soesossccsssne 303.4

2
4b1b2 - (cl + cz)

It 18 clear from this that the position of the maximum is very
much determined by the parameters a, b, c. Consequently, if we do not
know these parameters, we will be unable to say at what levels of the
various populations the maximum occurs. This will certainly be the case
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if the only data available come from groundfish surveys. What then
should we do? 1If we asgsume that the fishing effort does not constrain
us in the way described in the previous subsection, then potentially we
may be able to manage the fishery so as to achieve certain desired popu-
lation biomasses. If this is the case, then it will be interesting to
see the effect of reducing the biomass of each stock to half its virgin
biomass. Obviously, if there were no interactions, this would achieve
the overall maximum yield of the system. If there are interactions,
however, how would this affect the result? Would the yield at the half
virgin-stock size level be a substantial proportion of the overall maxi-
mun yield or would it be a small fraction? For the two-stock model,

the ratio of the yield when p and q are half their unexploited levels

to the overall yield is

(cl - 62)2
1= 5 ]l ceccccecsavesveoas  3.3.5
Ablb1 4c1c1

Obviously, if the interaction terms (cqs cg) are of the same
size, then the yield ratio will be 1l:i. Equally obviously, if the inter-
action terms cy, cyp are small with respect to by, by then the ratio of
the two yields will almost be 1:1.

The ratio will only be much smaller if c; and c) were of
opposite sign. This can be seen from the Fig. 3.1, 3.2 and 3.3. These
show the same yield contours as were discussed in subsection 2.5. The
point half-way along the line between F(p) = F(q) = 0 and p = q = 0 is
the value of F(p), F(q) which would give p = %p,, q = %q, where p,, qo
are the population sizes when there is no fishing.

Fig. 3.1 shows the case where interactlons are small. The
yield at %p,, %q, is virtually the same as the overall yield. Fig. 3.2
shows the interactions are larger but the yield at Yp,, *q, is still
close to the maximum 400 : 415. Only in Fig. 3.3 is there a substantial
penalty for adopting the Yp,, %q, position. In this case, the yield is
in a ratio at 400 5 523 to the overall maximum. This case is where the
interaction terms are of the same numerical size as for Fig. 3.2 but of
opposite sign. This is the case that the formula 3.3.5 predicted would
be worst. This case where the interaction signs are of opposite sign is
similar to the classical Lotka Volterra prey-predator model. Thus, if
we reduce the predator stock, we might expect to see an increase in the
prey species assuming we are not reducing it heavily. at the same time.
If we see such an increase, we may be wise to tend to reduce the pre-
dator rather beyond the half virgin-stock size and the prey species rather
less. This would only be done, however, on an experimental basis. In
any case, it would probably be better not to reduce the predator much
beyond half of the virgin-stock biomass.

Formula 3.3.5 gives the ratio for the two-stock model. More
generally, if we have n stocks then we may imagine a (1 x n) matrix of
the a's called A; an (n x n) matrix of b's called B and an (n x n) mat-
rix of the c's called C. This last matrix will have zero value-diagonal
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terms. The vatio of the yield when each species is at half its virgin
biomass to yield at the overall maximum is given by the ratio of the
two quadratic forms:

EWTE o s s Te e+ ¢+ oDy 33

As before, 1if the c's are. small compared to the b's or if
c=ct (equal interaction terms), then the half virgin biomass positiuvu
will give practically the global maximum yield.

In conclusion, therefore, it would seem that to try to
achieve biomasses for each species which are half the level of their
unexploited biomass is a reasonable first approximation to the maximum
yield. It, therefore, forms a very useful rule of thumb for managing
multiepecies fisheries where the parameter values are unkpown. It is
least satisfactory if there is a marked prey-predator type interaction.
Such a relationship might be suspected either from the increase in one
species consequent on the reduction of others or on general biological
grounds (e.g. whales eat krill). TIf this were the case, then the rule
might be modified to reduce the predator stock somewhat beyond the half
virgin-stock size level while reducing the prey stock by a lesser pro-
portion. This rule of thumb supposes an ability to achieve the half
virgin-stock size level for each separate species. Clearly, in a tro-
pical multispecies fishery, this may not be possible since the
management stratepgy needed to achieve this might be hopelessly complex.
Nevertheless, the rule of thumb would help in deciding which segments
of the commercial fleet to encourage and which to discourage. For
example, if the inshore fleet of sustenance fishermen catch propor-
tionally more of lightly exploited species and proportionally less of
heavily exploited species than an off-shore trawl fleet, they should
be encouraged to increase their share of the catch (if maximization of
physical yield is the objective).

A further good feature of this rule is that it makes biolo-
gical sense since it imposes fishing mortalities on the stocks in the
ratio of the stock specific a's. These terms in the equation could be
regarded as the intrinsic rates of growth of each stock. Thus the rule
tends to exploit fast growing stocks at a high rate while exploiting
slow growing stocks more gently.

Another interesting feature of this rule is that the yield
at the half virgin-stock biomass (Pi) position 1s given by the formula:
o 1LO o)

%plal o+ 3,8, +oaen ot %prar voessvsoscace 3a3.7

If we know the p's (from a groundfish survey and a knowledge
of the catchabilities) and if we know the a's then we can estimate the
yield when all stocks are at half their virgin biomass. While the a's
are not known as such, their values might be guessed either from known
examples of such species or on general biological grounds., The deriva-
tion of 3.3.7 is given in the mathematical annex.
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3.4 How should we seek to maximize vyield if we have a time
series of both groundfish survey data and data on the
the commercial catch of each species?

If both groundfish survey indices of abundance and total com=
mercial catches are available, then we have more information to guide us
toward the overall maximum of the system and hence, more possible ways
of tackling the yield maximization problem.

As a first step, we can divide each annual species catch by
its groundfish survey index of abundance. We will thus obtain an esti-
mate of fishing effort for each species each year. Our next step should
be to inspect the intercorrelation of the population biomasses of all
species groups. It would also be worth doing this for the various spe-
cies fishing efforts. Probably, the best way to do this is to use
principle component analysis as this will indicate whether or not there
is a strong general trend in the biomasses or in the fishing efforts of
the various species. It will also indicate any secondary trends. For
example, demersal fish might have a general trend in their abundance
while pelagic species caught in the groundfish survey might show a dif-
ferent general trend. 1f the principle component analysis revealed the
same general trends for all of the species, then we are very much in
the situation described in subsection 3.2. In this case, the maximum
yield given by a yield curve based on the total catch and the total
effort will be the maximum that can be attained. This will be the case
unless it is possible to disrupt the trend between the species. This
might be done by the introduction of fishing gears or regulations which
change the species mix of the commercial catch,

If the trends observed in the various species biomasses are
less apparent, then it may be possible to evaluate some of the model
parameters. We are most likely to be able to discover the parameters
of the model relating to species whose fishing effort is largely uncor-
related and it is, therefore, possible that we may be able to isolate
some of the more important interactions between species for which this
is the case. Where there is no correlation between the various species
biomasses, the proper approach is to apply the Schaefer model to each
species separately.

If as is probable we are unable to estimate satisfactorily
the model parameters to any marked degree, we will probably proceed by
trying to achlieve something like the half virgin-stock biomass position
explained in subsection 3.3. TIf our groundfish survey has estimates of
the virgin-stock biomass, then this value is already defined. TIf the
groundfish survey series starts after the fisherles developed, then
estimates of the virgin-stock biomass may still be achieved by plotting
the groundfish survey estimates of abundance of each species against the
species specific fishing effort estimates.

The virgin-stock size is of course estimated by extrapolating
back to where fishing effort is zero. In general of course, we would
expect the catch rate to fall with increasing effort but it is possible
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that we would observe a rising or level irend for some specles. This is
entively consisient with the medel as i would dindicate that the reduc-
tion in the blomasses of sther species is relsasing the pressure of
competiiion ov predation on the specizs that is increasing. This is a
pariicularly interesting situaticn ag it indicates that there are sitrong
competition ov predation links between ihis species and some other. When
these links arve strong, the half virgin biomass solution is potentially
least satisfactory as an appreximaiion to the overall maximum yield. An
appropriaste managemeni strategy would probably be to attempt to bring
those species whose blomass had fallen with increasing effert to a situa-
tion where their biomass was half its virgin-stock level; meanwhile,
slowly increasing effort on the stocks whose biomass had risen. This a
trend which might ba expected to occur naturally as fishermen may be
expected to mod.ty their fishing practices to catch more of a specles
which hag an increased biomass while concentvating less en specieg with
biomagses ihat hsave markedly declined. Whether thesze . changes occuv
naturally or whether they are brought aboul as a result of deliberate
menagement. policies, the yields rhat result should be carefully monitored.
By doing this, those combinations of biomass and of fishing effort which
maximize the yield will be revealed. Those may indicate that extending
the change of bicmasszes to their half wirgin biomass position may be
counter. productive and may indicate a combination of fishing effort and
stock size which gives a better yield.

The strategy suggested in the previcus paragraph might also
be used . if only the total caich of all species were available. Iu this
case in moving toward the half vicgin-stock size position, we would moni-
tor the overall yield., Lf this appeared o decrease as we approach the
half virgin-stock sizes of most species, then we would conclude that we
would do better st some previously explored levels of stock size and try

to adjust the fishing tec achieve thess. The concept of managing a
fishery by what amcunts to a rule of thumb may not seem very .attractive
from a theoretrical standpoint, but in practice, it may be all we can do.
The situation of vrying to maxinize coverall yield when the model para-~
meters are unknown is analogous o trying to climb a hill in a mist
without a map. - We could do thie if we have zome form of position-finding
equipment. (Decca for exauple) and an altimeter. We might climb the hill
by moving at wandom. If we found we had moved higher, then we would
carry ony if we found we were lower, we would retrace our tracks back to
the highest known point and try again. Clearly we would eventually
reach the top provided there was only one peak, buit equally clearly it
would take & long time. If we climbed the hill in this way, then we
would be wise to make a contour map as we went along, as this might give
us some idea of fthe general shape of the hill aund thus the likely posi-
tion of the maximum. In this analegy, we might think of the altimeter
as being the total yield of the fishery and ihe position-finding gear as
the groundfish survey estimates of abundance.

In the absence c¢f other iafermation, we <ould uss a similav
strategy to maximize yield, We wouid expect this tc take a long time,
but we may be able to improve our movement teoward the overall magimunm
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yield by making use of other information. The model gives us some idea
of the possible general shape of the hill and we may also have some
biological information which will illuminate the theory. For example,
if we have a prey-predator system, we would expect to find the maximum
yield where the reduction in biomass of the predator was greater than
that of the prey species. If we have two species which seem to compete
strongly, then changes in the one specles may cause compensatory changes
in the other species. This points out that general biological knowledge
about the various species may be valuable even if it is unquantified.

Hill=climbing problems have been studied by mathematicians
at some length because they are used to evaluate the maxima and minima
of difficult funcirions. They have discovered various algorithms for
approaching the maximum., Many of these of course are inapplicable
because they require extra information which we do not have. In parti-
cular, they often use the gradient in the algorithm. There are, howaver,
some algorithme which do not require this knowledge and these might be
valuable. A book by L.C.W. Dixon (Nonlinear Optimisation) gives many of
the better algorithms, and in particular, the PARTAN techniques and
direct search techniques may be of some interest.

Regarding fisheries management with insufficient information
as a hill-climbing problem is a useful idea since the objectives of a
mathematical hill-climbing algorithm and of a fisheries manager are
rather similar. Both wish to get to the maximum of the system as quickly
as pogsible by the most direct path. Both wish to avoid undue back
tracking since to the computer programmer, this represents wasted time
while to the fisheries manager, it represents the need to cut back exist-
ing fishing effort. The need for such cut-backs will seldom be compatible
with an efficlent development of a fishery. An example of a modified
PARTAN method is shown in the mathematical appendix. In using a hill-
climbing approach to the management of fisheries, we must remember that
our hill is rather variable with time. The vield to be obtained at certain
stock biomasses and fishing mortalities will not always be the same. Tnparti-
cular, if we increase fishing mortality, then the yield in the next year
may be untypically high since it will be partly based on the higher stock
sizes which occurred at the previous lower mortality position. In our
analogy, the hill is made of jelly and we may have to stop at each point
to allow it te stop wobbling before we can decide whether or not we are
better off than we were previously. 1In a tropical mixed fishery, the
indications are that the system is rather less variable than has been
experienced in temperate regions. This coupled with the faster turnover
time of the stocks may help to reduce this problem of variability of
steady state yield with time.

Mathematical Annex

A modified PARTAN technique for maximizing the yield from a
multispecies fishery. The following discussion assumes that either
problems of accumulated biomass do not affect tropical fisheries to the
same extent as in temperate fisheries or that each of the effort levels
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is held for a number of years to allow the fishery to stabilize. Let us
suppose that we have a gwo-gtock fishery which in faci has contours of
equal yield as in Fig, 2.1, The configuration of the contours and the
on of the maximum is, however, wunknown to us. Figure 3.4 shows a
tegy we might adopt to reach the maximuvm, Initially, a demersal

L £ighery develops which produces fishing mortalities on the two

ks go that F(p) ¢ F(g) 4is approximately 2 : 1. After several years,

Ag can be geen at this point, the line 0A is tangential to the
pse of consgtant yield (400). The fishery so far has mainly concen-
d on stock p which is a demersal gpecies. It has had less effect
on ztock ¢ which ls found move in midwater. At this time, therefore, it
is decided to stabilize the trawl fishery at the level corresponding to
A, A midwater trawl fishery is set up and this tends to change F(p) and
Flq) in the vatio of about 1| : 4. Thus the midwater trawl fishery devel-
ops the fishing movtalities along the line AB. A yield curve based on
vields on the line AB is calculated and this indicates a maximum of 500
at B, The midwater trawl fishery is, therefore, sitabilized at B. Since
the biomass of stock p at this point is much reduced, it is decided to
reduce the demersal trawl fishing effort. This is done and the fishing
morivality on both stocks declines along the line BC. An analysis of the
yiald along the line BC indicates that the maximum 550 occurs at C. The
line BC iz thus tangential at C to the ellipse which gives a constant
yield of 550. Moreover, BC is parallel to OA and from the general pro-
perties of concentric ellipses, it is known that the maximum lies on the
line jeoining AC since these points are the points of contact of parallel
tangents, Hence the name of the technique (parallel tangents). The
management would thus proceed by moving along the extension of the line
AC until the maximum was found at D.

It can be seen that the parallel tangents technique has let
to a full development of the fishery with not too many twists and turns.
This has been degscribed for two species but a similar approach could be
used if more species were present. The idea is particularly interesting
in that even where a fishery has many species, there may still only be
two or three different types of fighing fleet (onshore/offshore) or fish-

ing gear (pelagic/demersal) that produce markedly different catch rates
for differvent species.
&, Applying the multigpecies fisheries model to the demersal

fisheries of the Gulf of Thailand and other regions in the
Souih China Sea

The Gulf c¢f Thailand fisheries have developed rapidly since about
1960 and form one of the better documented of the tropical multispecies
fisheries. Numerous authotrs have pointed out that fishing intensity has
exceeded the optimum level since about 1966-67. From the point of view
of the application of the multispecies fishery model, the most attrac=—
tive feature of this region is the research vessel survey conducted by
the Kingdom of Thailand. This was initiated in 1961 and 1963 and carried
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on continuously since 1966. Moreover, it has been carried out in a con-
sistent fashion through the entire series. Tiews (1967) gives an account
of the initial years of the survey and Ritragsa (1968, 1969, 1970) gives
detailed accounts of the survey results in 1966, 1967, 1968, An overview
of the survey results to 1972 may be seen in Ritragsa 1974. This survey
gives an excellent idea of the changes in the biomass of the various
gpecies groups reported on. The survey also yields considerable informa-
tion on the relative distribution of the various species groups and also
gsome information on length distribution.

Unfortunately, other information from the Gulf of Thailand is
in a less satilsfactory condition. In particular, the commercial catch
data from the area are doubtful for most years and in general are not
differentiated into useful species groups. Sample survey results are,
however, available for 1972 which break down the catch into useful spe-
cleg groupings. The annual total catch series is available but these
results are confused by having catches from other regilons being reported
as coming from the Gulf of Thailand. Estimates of total catch have been
made to try to correct this effect but essentially these are tied to the
expected relationship of catch per effort and catch. They are, therefore,
probably not exact.,

Because of the limitations of the catch data, it will not be
possible to apply all the methods of section 3 but it will be possible
to consider the nature of the Gulf of Thailand fisheries and indicate in
what directions management should seek to change the fisheries if maxi-~
mum yield 1is the objective. Indeed it is encouraging to see how far a
multispecies assessment can be extended with only research vessel survey
data and total catch data.

4.1 Considevation of the stock areas in the Gulf of Thailand

} The regions of the Gulf of Thailand covered by the groundfish
surveys are those areas of the Gulf adjacent to the coast of the Kingdom
of Thailand to a depth of about 50 m. There is, therefore, no particu-
lar reason to suppose that this area encloses a unit stock of fish of
each species. Indeed a study of the trends in total catch rate given in
Ritragsa (1974) shows that the various regions of the Gulf (Fig. 4.1)
into which groundfish survey results are stratified show differences in
their rate of decline. Fig. 4.2 shows the rate of decline of average
total catch per hour in a selection of these areas. It is apparent that
the decline has not occurred at the same rate in all regions. Similar
conclusions apply to the average total catch per hour in the various
depth strata of the survey (Fig. 4.3). These indicate a slower rate of
decline in the deepest strata. Fig. 4.4 and 4.5 indicate the catch rate
per hour of Carangidae and Leiognathidae for various regions from 1963
to 1972, These again indicate that changes in catch rate have differed
through the survey area. 1In the case of the Carangidae, there is some
indication that adjacent regions behave in a more similar fashion. Thus
in areas I to IV, this group of species declined rapidly from a high
level in 1963. 1In regions V to IX, the biomass showed a tendency to
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increase in the earlier years of the survey. This tendency for adjacent
areas to have a more similar trend is illustrated by the matrix of corre~
lation coefficients of the average catch rate of good fish in the areas
for 1963, 1966~72. This is shown in Table 4.1. It can be seen that in
general, adjacent areas are highly correlated while correlations with -
more distant areas tend to become lower (though still respectable). Area
5 ds the only serious exception to this rule. A similar correlation
coefficient matrix is shown for scrap fish in Table 4.2, The results of
this are more cryptic and the correlations are in general lower.

. It is difficult to decide from these resulis which areas might
form the best stock boundaries. The general indication from the results
is that the area of stocks are smaller than the total area of the survey.
Consequently, overall management of the entire region might allow local
stocks to be overfished when the average level of exploitation was at
about the optimal level. This might happen particularly in waters adja-
cent to the larger markets (particularly in the inner Gulf area). On

the other hand, a broadly similar trend has occurred throughout the
region and it might be argued that the natural tendency of fishermen to
seek the highest catch rates would counteract any tendency to local over=-
exploitation.

Bearing these points in mind, subsequent analyses have been
made most comprehensively for the whole region covered by the Gulf of
Thailand Groundfish Survey but some results are also shown for the area
Strata.

4.2 1s an overall yield model appropriate to the fisheries of
the Gulf of Thailand?

Any fisheries model can of course only be testad by comparing
the accuracy of the predictions it makes with those of other models.
Obviously, we do not yet have the information available which would enable
us to test the general applicability of the model to the Gulf of Thailand
fisheries. One test we could however make is of the assumptions required
if a simple total catch, total effort, yield curve approach is to be
valid. As was explained in subsection 3.2, these are:

(1) that the catch rate of the various species groups should
have a similar general trend;

(2) that no species group should become zero}

(3) that the trawl survey catches the various fish species
in the same proportion as the commercial fleet.

The validity of (1) and (2) above may be judged from the results
of the Groundfish Survey; (3) will require commercial species catch data
for its validity to be examined.

If (1) is true, then if we correlate the catch rates of the
various species through time either within areas or over the whole Gulf
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of Thailand, we might expect to f£ind high correlations. Tables 4.4 to
4.13 show the corvelation coefficients for the 16 species groups for
which data were available in each year of the survey. Table 4.3 shows
the key to these tables giving the Latin and common names of the species
groups included. It is apparent that a gemerally high level of correla-
tion exists between the overall catch rate of the various species both
overall and in each area of the Gulf of Thailand. The excepiions to
this rule are Priacanthus spp. (5), Lutjanidae (7), Scomberomorus spp.
(12) and the crabs (14). The latter group together with the squids (13)
are unusual in that they have negative correlations with the majority

of other species. Thus, tables 4.4 to 4.13 indicate a system where
catch rates of one species have the same general trend as catch rates of
ancther. This state of affairs could be brought about by a common fish-
ing effort and perhaps by the action of interspecific interactions. TFor
example, the rise in the catch rate of squld through time might well be
a result of one or more of its predators being reduced in number.

One way of assessing the overall correlation between all the
species is to perform a principle component analysis. This technique
discovers the direction of the greatest variance of the data (main trend)
and then the orthogonal direction with the next most important component
of variance and so on. Thus the first principle component may be viewed
as the main trend of the data and its size (eigen value) is the measure
of how much variance it accounts for. Table 4.14 shows the percentage
of the variance accounted for by the fivrst and second principle compo-
nents of the yearly species caitch rate data derived from the Gulf of
Thailand Groundfish Survey. This table indicates that certainly for all
areas combined, there is a general trend amongst the majority of the
species invelved. This observation that a general trend is most pro-
nounced when all aveas are combined is most interesting in the light of
the discussion of stock areas in subsection 4.1. The result could sug-
gest that differences in the trends in different areas seen in subsection
4.1 are reflections of changes in behaviour of the fish from year to year
with the peaks of abundance occurring in different areas in different
years, TFor example, the different trends in the Carangidae in areas I~IV
to areas V-IX (see Fig. 4.4) might be caused by these fish aggregating
mainly in areas I-IV in the earlier years but tending to be found more in
areas V to I¥X in the latter years. 1LIf this were the explanation, then
we have observed a general trend between the overall catch rate of the
majority of spectes. 1In this case, condition (1) holds reasonably well
and it would seem satisfactory to calculate an overall yield curve. This
has been done by various authors (e.g. Isarankura, 1970) who are familiar
with the details of the Thailand catch statistics for the Gulf area.

The yield curve shown in Fig, 4.6 is that given in the Fishe-
ries of the Kingdom of Thailand, 1976. It indicates a maximum yield of
450 000 ¢ for the demersal resources of the Gulf of Thailand. It is
interesting to note that the shape of this yield curve is of the shape
resulting from the exponential form of the relationship between catch
per effort and effort. This could be due to this formulation being appro-
priate. Alternatively, it could be due to the species specific catchability
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having changed with time as is perhaps indicated by the existence of a
second principle component with a significant proportion of the variance.
The further interpretaition of the principle component analysis will be
made in subsection 4.3.

The conclusion from this subsection is that the yield curve
gshown in Tig. 4.6 is based on stock estimates which have a substantial
linear trend. It may thus be regarded as a reasonably straight section
of the multispecies yield isopleth ellipsoid and consequently, the maxi-
mum yield it indicates will be the maximum that can be obtained with the
current fishing practices. The maximum shown, however, might change if
the catchabilities the commercial fleet has for the various species
groups could be changed. This might be achieved in a variety of ways.
Some possibilities are discussed in subsection 4.4.

4,3 Further interpretation of the principle component analysis
of the Gulf of Thailand trawl survey data and an interpre-
tation of multispecies yield in the light of its results

The principle component analysis of the annual species catch
rates from the trawl survey reveals several important features of the
fishery system in the area. The first feature is that over the whole
area, the first and second components account for 83 percent of the
variance. This has been discussed briefly in the previous subsection.
The level of correlation indicated by this result is striking and it is
probable that much of the remaining 17 percent of variance results from
random effects. 1If this were so, then the differences in the results
from the various areas (Table 4.14) are roughly compatible with their
having more random effects because results for individual areas are based
on smaller samples than the overall result.

In fact, the first two principle components do explain nearly
all of the non-random processes in the catch data and they provide a very
valuable way of mapping the events occurring in the Gulf of Thailand.
This is because they enable us to draw these events in 2 dimensions
rather than being faced with changes in 16 separate variables,

Let us first consider what the two components represent. Table
4,15 shows what is called the first eigen vector of the analysis. This
is shown for all areas combined and for each separate area. The value
given for each species group is the extent that it contributes to the
first principle component. Table 4.16 shows the second eigen vector of
the analyses. Again, these are both for all areas combined and for each
area separately. The interpretation of the principle component analysis
can sometimes be difficult but in this instance, the results are remark-
ably clear., For most species, their contribution to the first component
of all areas is 0.27, 0.28 or 0.29; the exceptions to this being
Priacanthus (5), Lutjanidae (7) and Scomberomorus {(12) which have compo-
nents of 0.13, 0.15 and 0.04. Thus, Priacanthus and Lutjanidae have only
half the impact on the first principle component that other species do
while Scomberomorus has hardly any effect at all. The other exceptions
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are squid (13) and crabs (1l4) which have a negaitive component. This indi-
cates that, as other species become less abundant, these become more
abundant. This was of course recorded in the negative correlation coef-
ficlents shown in Table 4.4. The first eigen vectors for the areas taken
separately are rather similar to those of all areas combined. They are of
course more variable, as we would expect but, in the main, they are formed
in very much the same way. We may regard the first principle component as
being composed of all the finfish in fairly equal portions with the three
exceptions of Priacanthus, Lutjanidae and Scomberomorus. It also reflects
the opposite trend in the squids and the crabs.

The second principle component for all areas combined has large
contributions from Priacanthus (0.47), Lutjanidae (0.48) and Scomberomorus
(0.57). The contributicn of the other fish species is comparatcively slight.
The crabs make a negative contribution (~0.24) to this eigen vector. Look-
ing at the results for the second eigen vector for the separate areas, the
first impression is of a more confused situation. Lutjanidae figures pro-
minently however in most of them while Priacenthus and Scomberomorus
frequently have a considerable component. The situation is further clari-
fied by consulting the first eigen vector. In general, when a speciles
group has a low value in the first eigen vector, it has a higher value in
the second eigen vector. As an example of this, sharks (species 1) have
a low first eigen vector in area 3 (0.12) and a high second eigen vector
in area 3 (0.35).

Thus in general, the first and second eigen vectors or princi-
ple components reflect the changes in catch rate in most of the species
whether loocked at for all areas combined or for separate areas. The pre~
cise composition of the two components does, however, change between the
areas.

The composition of the first and second components are clari-
fied by the graphs of overall annual catch rates for the two species
shown on Fig. 4.7, 4.8 and 4.9. TFig. 4.7 shows the species groups which
occurred in the first eigen vector. For clarity, the graphs are drawn
on semi-logarithmic paper and the catch rates of the upper five graphs
are increased by an order of magnitude to avoid confusion. All these
species groups indicate a generally wnrelieved declime with time. The
species with negative components to the first eigen vector, squid and
crabs, are shown in Fig. 4.8. They show a fairly steady though undrama-
tic increase through time. This, of course, is the reverse of the species
groups in the previous graphs. Fig. 4.9 shows the three species which
predominate in the second principle component. These species have tended
to increase in the earlier years and decrease in the latter years of the
sequence.

We thus see that the first principle component reflects the
general decline of demersal biomass and the increase of squid and crabs.
This general decline presumably results from the application of general
and indiscriminate fishing effort in increasing amcunts. The increase
in the squid and crabs presumably results from a decrease in predation on
them. The second component reflects the change in those species which
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have not declined initially. These are predominantly the snappers and
Scomberomorus. That the latter, a pelagic species, should not follow

the decline of the demersal species is not perhaps surprising. The
second eigen vector also contains elements of the main species groups
though in lesser proportion than the snappers and Scomberomorus. It
seems probable that the second principle component reflects some change
in the catchabilities of the various species through time. Alternatively,
it might reflect the effect of some time lag in the system which might
prevent species reacting in a precisely linear fashion to increasing
fishing effort.

Figures 4.10 to 4.15 show the plots of the values first and
second principle components each year for all areas combined and for
areas I, III, V, VII and IX. All of these except area IX show an almost
unrelieved decrease in the value of the first principle component while
the value of the second principle component first increases and then
decreases. The differences observed in area IX almost certainly stem
from this area having a fishery which developed more slowly. All areas
show the same characteristic dog leg (V gshape) in the loci of the annual
first and second principle components.

Concentrating on Fig. 4.10, we see that these two components
condense almost everything shown in the graphs of the individual species.
Thus we may use this figure as a map of what has happened to catch rates
in the Gulf of Thailand in this time period. This is shown in Fig. 4.16
which shows the first and second principle compenents each year and the
total yield of the trawl fishery. Tentative contours of equal yield ,
have been sketched in and these seem to indicate that with the relation~
ships between the species so far observed, yield would be maximized by
values of the first principle component higher than its current value;
in other words, by a cutback in fishing to allow an increase in the bio-
mass of species figuring in that component. The other point shown is
the value of the two principle components would have, 1f all stecks were
at half their 1963 biomass. This is the point which the theory in section
3.3 suggests would tend to give a substantial proportion of the total
overall maximum yield. 1In practice, of course, this point would not lie
in the plane of the two principle components since it would require not
only the fish species to have half their virgin biomass (taking 1963
stock levels as the virgin stock) but also the squid and crabs. These
increase when the other components of the first principle component
decrease. Thus the half virgin biomass stock point (assuming 1963 stock
levels to be approximately the virgin stock) would not lie in the line
of either the first or second principle components. Fairly obviously,
the value of the second component has a smaller effect on yield because
it does not contain a great number of important species. Increasing
the value of the first principle component back to half iis 1963 level
will increase the yield, but the indications are that the increase would
not be large. If the pattern of fishing could be changed to alter the
catchabilities of the various stocks and thus get the stock levels out
of the plane of the first and second principle compoments, it is possible
that the yield could be further enhanced.
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In ovder to improve the catch rate with little change in

yield, the first move should be to decrease fishing effort to about a
half of its current value. This might best be done by an increase in
mesh size. There would geem to be perhaps some potential for increasing
fishing on squid. It would probably be best however not to decrease this
stock below the 1963 level until the resulting yield changes could be
assessed. Any other increases in yield would have to be looked for in
the pelagic species. It is possible that the decrease in the demersal
biomass may have caused consequential increases in the pelagic biomass.

Similar principle component results are found on the Indian
Ocean coast of Thailand, A principle component analysis was applied to
the six years and ten species recorded in the report of the Workshop on
the Fishery Resources of the Malacca Strait. The percentage of the
variance explained by the first principle component was 73 percent while
the percentage explalned by the first and second was 87 percent. Table
4,17 shows the resulting eigen vectors. Again the first eigen vector
has remarkably similar values for each species except the last two.
Priacanthus tayenus again has a trend different to that of the majority
of groundfish, Another similarity is that with the Gulf of Thailand
result. The second eigen vector has high values for those species.
(Trichiurus dorab in this case) which have low values in the first eigen
vector.

This result suggests that principle component analysis is a
useful way of condensing the information in tropical multispecies fishe-
ries at least in the phase where increases in fishing effort are causing
rapid changes in catch rates. It also seems to . suggest that tropical
multispecies fish stocks (at least those of the coast of Thailand) tend
to support fishing effort which does not discriminate very much which
fish it catches. Therefore, the tendency is for fishing mortality to
increase in fairly constant proportions on all species groups. The con-
ditions for overall yield curves (see section 3.2) are, therefore, broadly
satisfied. The fishermen do not seem to direct their fishing effort at
any particular species groups but whether this results from economic pres=-
sures or from the intrinsically mixed nature of the tropical demersal
fish species is not clear.

4.4 Can mortality be estimated from biological sampling in
tropical fisheries?

Since in the Gulf of Thailand commercial catch statistics for
each species are not available, it is not possible to estimate species
or species group fishing effort directly. This begs the question: Can
we circumvent this deficiency by estimation of fishing mortality from
the length or age structure of the fish? The only length data available
on an annual basis are the length measurements taken on the groundfish
survey, The only age data would be given by the Petersen Method that is
by observing the modes in the length distribution from these data.
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One problem with these data is ihat thelr colleciion in the
past has been rather a secondary consideration compared to the estima-
tion of weighi caught of each species in each haul. This order of
priority is of course entirely proper because the estimates of abundance
arve the most valuable output of the survey but it has tended to mean
that the length data may have been collected in a somewhat less system-
atic fashion. In some circumstances, this might lead to a biased result.
Table 4.18 shows information on the length distribution of Priacanthus
tayenus in area I for [972 for each haul for which it was measured. In
all, it was measured from 17 hauls and the welght sampled accounted for
30 percent of the total Priacanthus catch of this area. No samples
were taken in the shallower depth range and this might have been a poten-
tial source of bilas. This would be the case for example if fish in the
shallower water were the young of the species. The median length in the
samples doas show a slight tendency fov largey fish to be found in deeper
water.

This problem of possible blas is also pesed by the annually
accumulated catch data. Table 4,19, for example, shows the catch of
L. lineolatus in area I11. This was sampled in 1969 and 1972-74. The
fact that the mean and the mode of Lhe distributions of this species
decline with time is of course noiv surprising. This could be accounted
for by the decline in the numbers of older fish caused by higher levels
of fishing. It is, however, disturbing to find that the distribution
in 1974 is of sizes which are generally smaller than any seen in pre-
vious vears. This suggests that smaller fish previously not measured in
past years may have been measured in 1974. Of course if this is the case,
it would result in biased length distributions and cast doubts on any
estimates of mortality calculated from length distributions. A further
problem with the leungth distribuiions is that while they are made for
individual species, much of the catch welghts are recorded in species
groups,. Thus a knowledge of the relative mortality in Caranx leptolepis
for example will be difficule to interpret in termg of the general fish-
ing effort on Caranx species.

Bearing these problems in mind, zome of the length distribu-
tions from the survey were examined in ovder to try to estimate
mortalities. Figures 4.17 to 4.21 show the available leungth distribu~
tions for various areas of the following species. These are Saurida
cancellatus, Caranx leptolepis, Nemipterus japonicus, Caranx rumenopthaluus
and Priacanthus tayenus. These are drawn on semi-logarithmic paper and
the results for each year are multiplied by suitable orders of magnitude
for clardity. The first three species all show what appears to be a catch-
curve structure with a fairly evenly declining vight~hand limb. If we
assume that recruitment is constant through time and that growth is linear,
then the slope of the line will indicate the level of mortality the stock
has been enduring. ' The right-hand limbs are drawn as straight lines by
eye. ‘The general impression is that there is little systematic change in
gslope with time. ' This is surprising when the considevable decline through
time in biomasses of the various species groups these gpecies belong to
is considered. Therefore, either increased fishing mortality has been
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matched by decreased natural mortality for these species or we must con-
clude that these catch curves do not measure mortality. It could be
that the slope of the right-hand limb is more a result of changes in
recruitment within the year.

The other two species show evidence of cohorts of fish but
whether these are annual cohorts is uncertain. Wetchagarun (1971) shows
that several batches of Priacanthus tayenus may occur within a year and
it, therefore, seems doubtful that the bumps represent annual cohorts.
Given such data for several periods of the year, it might be possible to
estimate mortality from the relative abundances of the various years.
Tentative splits of the length distribution were made and mortality was
estimated from these as shown in Table 4.20. While these mortalities
seem reasonable, it is uncertain whether or not they are annual mortali-
ties.

In conclusion, it seems that the estimation of mortality for
species is difficult and that the resulis obtained are ambiguous. At
present, such estimates camnot, therefore, be used tc estimate levels
of fishing. Consequently, it is not possible to make good the lack of
fishing effort estimates caused by the lack of commercial species group
catch data.

The collection of length and other biological material on the
survey should, however, be continued. It would be wise to do this in a
fashion which did not lead to bias, for example, by declding in advance
and at random which hauls in an area and depth strata would be sampled
for particular species. It would be ugeful if the length sampling could
be related to the catch rate of the species group. This would perhaps
be best achieved by taking length samples of all species present of a
particular species group at the preselected stations. This would be use-
ful as the weights of the various samples would enable the species group
catch rate to be split into species catch rates. It would also enable
the catch of a species group to be classified on a size basis which might
be valuable in considering mesh assessments.

4.5 TEconomic considerations

The model described in sections 2 and 3 is of course concerned
with the maximization of yield. It could, however, very easily be modi-
fied to consider economic yield provided that the value of fish remains
fairly constant and the cost of fishing effort is a linear or quadratic
function., In this case, the equations for yield would become

YE = Ylvl + szz - lel - szz

where Yp is the economic yield Yy, Y9 are the physical yields for species
p and q. C; and Cy are the costs of fishing effort on species p (£f;) and
species q (f9). The effect of these modifications would not change thebasic

structure of the problem since the contours of constant YE would still



- 32.2

remain ellipses. The effect of including the cost of fishing would be
to move the overall maximum yield nearer to the origin of the fishing
mortality axis.

In the Gulf of Thailand, the constant value of catch condition
would seem to apply reasonably well., Table 4.21 shows the values of
various types of fish given by the Thailand fish marketing ovrganization
as reported in the annual fishery statistics. It is apparent that there
has been comparatively little change in the value of fish through the
period despite the considerable changes in abundance observed in the
Gulf of Thailand. This could be because the market may have been stabi-
lized by landings from areas outside the Gulf of Thailand. Thus, the
model of sections 2 and 3 will hold for economic yieid provided that
the cost of a unit of fishing effo¥t is constant. This is quite proba-
ble and indeed, even if the cost of fishing were a quadratic funciion of
the fishing mortality, the parabolic form of the economic yield equation
would still hold. Thus, it should be possible to give estimates of maxi-
mum economic yield when it is possible to give estimates of physical
yield. The only extra information required is the cost of fishing.

5. The scope for changing the catchabilities ratios of species groups
in the Gulf of Thailand

If the close velatienship between catch rates.of the various demer-
sal fish shown in the previous section is maintained, then the maximum
yield given by an overall Schaefer curve defines the maximum yield that
can be cbtained. If the relationship between the catch rates can be
changed, then the overall yield characteristics of the system may be:
altered. It is worthwhile, therefore, to investigate what potential
there might be for changing the pattern of fishing. This can be exam-
ined in several ways. The most obvious of these being:

(1) Are there any sgystemaiic differences in the catch rates
of various species in various areas or depth?

(2) Are there any systematic differences between the relative
catch rates of various species caught by different gears
or vessel types?

These problems are examined in the following subsections. It is, however,
only possible with the data available to the consultant to suggest methods
of analysis.,

The way to proceed is by isolating possible ways in which different
proportions of the various demersal species could be caught. It may then
be possible to comment on the most satisfactory (from the point of maximi-
zation of yield) ways of altering the fishing effort in the region.
Consequently, this kind of information is a valuable background for manage-
ment. With the present status of stocks in the Gulf of Thailand, however,
such fine tuning of the catchabilities is far less important than obtain-
ing a general decrease in fishing mortality on the majority of speciest
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5.1 Differences in the catchabilities of the varlous specles
groups in various areas of the Gulf of Thailand

The groundfish survey data can be inspected for relationships
between the catch rates of the species groups in various areas. This
has been done comprehensively by Ritragsa for the surveys of 1966, 1967
and 1968. This work indicates that some species are found more fre-
quently in some depth and areas than others. Table 5.1 shows the catch
rates of varlous species groups in the various areas of the survey ave-
raged over all years. This does show some differences between the catch
composition of some areas. Consequently, there might be some possibility
of changing catchability coefficients by area regulation.,

For a comparatively small number of fish species groups, the
catch rate is readily avallable both by area and by depth for all years
of the survey. Table 5.2 shows the average catch in the two depth
ranges 20-30 m and 31-44 m in each of the areas and in each year from
1966 to 1975 for skates and rays. The averages are for fish in these
depths, areas and years, and so are somewhat different from the area
resulis in Table 5.1 which gives all areas and all lengths. As analysis
of varilance was performed to indicate which differences were significant.
This showed significant differences between areas, between depth and sig-
nificant depth x area, area x year interactions. The depth x area
interactions were a result of finding more skate and rays in the deeper
stratum in areas I, III, IV, "V, VI, IX but less in the deeper stratum
of areas II, VII and VIiE., Differences in area depth effects should be
interpreted with caution as the different areas are surveyed at different
times of year. Table 5.3 shows the times of year the survey was conducted
in the varilous aveas. Thus it is possible that the differences with area
are the result of a seasonal differences rather than an area difference.
This caution should be applied particularly to the area x depth inter-
action term,

Table 5.4 shows the significance levels of the analysis of
variance for the other species groups for which sultable data were avail-
able. The stars indicate the level of significance. The most interesting
differences were that Priacanthus, Sauvida, and Nemipterus all had signi-
ficantly greater catch rates in the greater than the lesser depth. The
ratio of the catch rate in 20-30 m to that in 31-44 m was for these three
species groups; 1 ¢ 2.05, 1 3 1.44 and 1 ¢ 1.72 respectively. Conversely,
Lollgo had significantly higher catch rates in the shallower depth
(1.08 2 1.0). All species showed significantly different catch rates in
the various areas and years, and all but Priacanthus and Loligo showed
significant depth area interactions. It consequently seems possible that
some modification of catchability might be achieved by encouraging fish-
ing in certain areas and depths, and discouraging it in others. In which
areas to encourage fishing would of course be best decided by local
scientists who will have the best Information on the bilological features
of the areas (e.g. spawning grounds). The choice might also critically
depend on policy decisions as to what sectors of the fleet the Government
of Thailand wish to encourage on socio—~economic grounds. In either case,
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the trawl survey data could be examined to suggest the most useful divi-
sions. Obviously, the most recenit year's resulis would be the most
approprilate to use for this study.

Another way we mighit look at the trawl data is to examine the
haul~by=haul data for a year to see what speciles are found together and
which are found separately. The easiest way to, do this is to calculate
the correlation matrix for all species groups and to see which species
hsve a significant correlation and which do not. If. a corvelation is
positive, it suggests that where ihe one species ig found in abundance,
the other species is. likely to be more abundant,

This was performed for all the aspecies groups of good fish on
the haul~by-haul data for 1967. The resulting table isg. too extengive
(39 % 39) to show conveniently bur, all but a few species pairs gave: low
correlations., In all, out of 741 possible correlation coefficients, only
57 (8%) were greater than 0.20. This is only a few more than the 57 we
might have expected to have seen by chance. Interestingly, only one cor=
relation in the 57 was negative, This was the correlation (~0.23)
between Scolopsis spp. and Sepia spp. Only 4 correlation coefficients
were greater than 0,50, These were Chirocentrus spp. with Cynoglossidae
(0.69) and crabs (0.92), Plectorhynchidae with Lethnnidae (0.69) and
Cynoglossidae with crabs (0.73). Thus for the majority of species groups,
it seems that there dis little or no correlation between species abundance
taking the Gulf of Thailand as a whole, Calculating a similar correla=-
tion matrix for some of the areas separately did yield rather higher
correlations, for example, in area VIII. There were 151 (20%) correla-
tions of more than 0.20. Of these, 32 were negative. Only 18 of the-
correlation coefficients were greater than 0.50 and of these, only 2 were
negative. These were Rastrelliger kanagurta with Bothidae (~0.50) and
Sepia spp. (~0.50). It would seem that, in the main, such correlations
as exist between the abundance of species are positive vather than nega-
tlve. For the majority of species groups, there would seem to be little
tendency for the abundance on one species o affect the abundance of
other species. Thug we might conclude ihat concentrating fishing on one
specles group would in general yield average or better than average catch
rates of the other species groups. Thus, such a concentration would not
in general change the relative catchabillity coefficlents of other species
groups very much, although it would presumably increase the relative
catchability of the south species.

These correlations might be criticized in that they include
the results of those hauls where neither species was caught in the corre-
lation coefficient. These points might enhance positive correlations
while helping to suppress negative correlations. Consequently, correla-
tions were made with these points omitted. Table 5.5 shows such a
correlation matrix for the 16 species groups examined in section 4. These
are again based on haul-by-haul data from 1967 for all areas covered in
the Gulf of Thailand trawl survey. The table shows that 29 (12%) of the
correlation coefficients are greater than 0.20 of which 2 ave negative.
Thus, leaving out hauls where neither: species 1s caught does not greatly
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affect our view of the likely aggregation of species. Table 5.6 shows
similar resulits for area I. Again, correlations are generally low bet-
ween species groups. Another way in which such data could be interpreted
is by drawing up a table of high, medium and low catch rates of pairs of
species. Table 5.7 shows such information for sharks and rays in area
IX. This indicates that the highs of these two stocks tend to occur
separately. Tables like this would indicate more clearly than correla-
tions where fishing effort might be applied differentially to separate
stocks. Whether such differences would allow fisheries management to
generate different catchabilities would depend on how such differences
occurred. If they were associated with distinctive bottom types or
broad depths or areas, then it might be possible to use closed areas to
generate changes in catchability. If they occurred more or less at ran-
dom, then the only way the differences in catch rate could be used to
generate different catchabilities for the species concerned would be to
make it profitable for the fishermen to catch those species groups for
which we might hope to increase the relative catchability and to make it
unprofitable to catch other species. This might be dome by a system of
species levies and species premiums, for example, by increasing the gene-
ral cost of fishing while paying a premium on landings of squid. Clearly
at present in the Gulf of Thailand, fine tuning of the catchability
coefficients is a less important problem than generally reducing fishing
effort.,

5.2 Differences in the catchabilities generated by different
fishing gears in the Gulf of Thailand

The most obvious method of changing the catchability is by the
use of different fishing gears. There has already been a shift toward
higher headline trawls to catch squid in the commercial fléet according
to the Thai Fisheries Department. This is the kind of change which might
be expected to generate changes in the relative catchability of squid to
other demersal species. Another obvious change in gear would be the
adoption of larger mesh sizes in the nets of commercial fleet. This
would tend to reduce all catchabilities but those of the smaller species
would probably be reduced most. The report of R. Jones (1976) is con-
cerned with this problem and should be referred to for further informa-
tion on the likely effects of mesh changes. In addition to these
specific changes in gear, the type of fishing vessel and in particular
its size may very well affect the catchabilities obtained for various
species. This suggests that comparisons of the catch rates of various
species for the various vessel sizes and types should be conducted.

This should be done in some detail and the report of and on the catches
of baby trawlers in Thai waters is an example of how this might be car-
ried out. ‘ '

Some information on these catch rates is obtained from the
sample survey result for the Marine Fishery Statistics 1972. Table 5.8
shows the catch rates of scrap fish expressed as a percentage of total
catch for various gears and vessel sizes, It also shows the catch rate
of each species group of good fish expressed as a percentage of the good
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fish total catch., It can be seen that there are systematic differences.
The most obvious difference 1s the far greater catch rate of crustacea
by the smaller vessels. The larger vessels catch a greater proportion
of fish such as Nemipterus spp., Saurida, Lutjanidae and Priacanthus.
Thus, the catchability ratios between these specles and the crustacea
and molluscs could be altered by encouraging particular sizes of vessels
at the expense of other sizes.

As with the different area catch rates, the differences in
the catchabilities generated by various vessel types might be used to
alter the speciles balance in the fishery but such fine tuning of the
system is lessg important at present than the problem of reducing fishing
effort by a considerable amount.

6. General suggestions for research

The results of this report suggest that tropical multispecies. .
fisheries can be assessed given the following input data:

(1) A time series of research vessel surveys of the resources;

(2) Annual catch data by species group for each significant
section of the fishing fleet.

These two ingredients are both essential for a reasonable understanding
of the multispecies: fishery to be obtained. Consequently, national
administrators of countries in the South China Sea area would be well
advised to provide the infrastructure required to obtain these results.
Both activities require personnel trained in the identification of the
fish species found in the region. This training requires some time to
acquire and it would consequently be wise to ensure that such personnel
have sufficiently good pay and conditions to encourage them to remain in
the organizations for long periods. This is particularly important in
the case of trawl surveys where the continuity from year to year is very
important.

Countries contemplating setting up trawl surveys may well find it
advisable to seek assistance in the design and operation of the survey
in the first few years. FAO should certainly consider making consul-
tancies available for this purpose. In many cases, this expertise would
most likely be found within the Southeast Asia area. Estimation of the
annual catch of significant species groups by the main vessel types is
probably best done using a sample survey method. The approach set out
by Chakraborty (1976) for the Fishery Statistics of the Philippines is
an excellent example to follow.

6.1 Thailand
Thailand should continue the trawl survey as a routine part

of its assessment programme. Any changes in technique should only be
made if they allow adequate comparison of results with past years'
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results. The collection of commercial catch statistics should be improved
where possible. The collection of biological data during trawl surveys
is valuable and should be done in as systematic a fashion as possible.

In particular, length distribution data should be collected on a routine
basis. This might mean assigning priorities to certain species groups

or perhaps measuring all fish of particular species on predetermined sta-
tions. This would counteract any tendency to measure fish when a reason-
able sized sample occurred which in practice might be when mostly smaller
fish were caught.

Such systematic catch data could be very useful in considering
within species interactions and the effects of mesh changes.

6.2 Philippines

The chief need ig for the Philippines to set up routine moni-
toring surveys to obtain estimates of the biomags of significant species
groups on a year to year basis. This will require some improvements in
the infrastructure of the Bureau of Fisheries to enable staff of a suffi-
ciently high calibre to be recruited and retained. It will also require
suitable research vessels to be made available or the long-term chartering
of commercial vessels. These requirements will obviously be expensive but
the ability to assess the national fish resources should be the prime
objective of the Bureau. Such expenditure would be direcitly linked to
solving this problem. It would probably be helpful if a consultant were
hired to help in the design and running of such a survey for the first
few years.

7. Conclusions

The model set cut in section 2 is the simplest way of considering
yield changes in a multispecies fishery taking account of both technolo-
gical and interspecific dAnteractions. The simplicity of the model has
the attraction of making the action of these effects easy to appreciate.

An important conclusion from the model is that in such a multi-
species situation, any development of fishing effort which induces fishing
mortalities on the component stocks which bear a constant ratio to each
other will produce a parabolic yield curve. The local maximum of this
yield curve will not, however, necessarily be the maximum overall that
the system could produce if the ratios of fishing mortalities on dif-
ferent stocks are varied. Nor need the effort level which corresponds
to the leocal maximum necessarily correspond to that needed to produce the
overall maximum yield. One obvious problem with this model as with any
model trying to explain a complex system is the need for estimating a
considerable number of parameters. .In a real life situation, this may
not be possible with the available data, but the problems of managing
the resource will nevertheless remain. -The problem is thus to give
management advice from a slender data base. TFortunately, the model can
be used to examine the likely effects of various management algorithms
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(rules of thumb!). In particular, algorithms concerned with making use
of the biomass estimates of the various species for assessment purposes
are developed. These suggest that management rules based on trying to
attain the half virgin biomass value for each species (species group)
will form a sensible and robust basis for management. Another possibi-
lity is to use the species biomass series from a ground fish survey to
examine whether or not they have followed similar trends. If they do,
this suggests that trends in fishing effort have been similar through
time and that a Schaefer curve may be applied to all species.

The Gulf of Thailand fisheries are examined along lines suggested
by the model. Statistical analysis shows that the majority of species
groups in this area have shown a similar trend in biomass through the
period of the trawl survey. Thus as a first approximation, an overall
yield curve may be drawn. A closer examination of biomass trends iso-
lated a second orthogonal trend which together with the primary trend
explained the major part of the variance in biomass in the trawl survey
results. This enables a tentative two-dimensional yield isopleth dia-
gram to be constructed. It was concluded from this that little
opportunity of greatly increasing the yield existed under the current
fishery regime. Some increase, however, should be possible by reducing
fishing effort. More detailed analysis of these results is hampered
due to the lack of commercial statistics giving the total catch for
each species group from the area covered by the survey. It is sug-:
gested that priority is given to producing these statistics. Since
commercial fishery statistics are not available which would enable
estimates of mortality to be made, the possibility of estimating mor-
tality from length samples is examined. It is concluded that currently
this approach is unlikely to supply useful estimates of mortality for
the various species.

Apart from the physical yield of the Gulf of Thailand, 1t is pos-
sible for the economic yield to be examined by the model since the
esgential requirements - constant relative values for the various spe-
cies groups - seemed to be substantially true. Tor this analysis to be
made, cost of fishing will be required.

Since it appears that the yield of demersal species in the Gulf
of Thailand could not be substantially increased under the current fish-
ing regime, the possibilities of modifying the regime by altering the
effect of fishing mortalities on different species groups are considered.

In particular, the effects on the catch rate of various species
groups of changes in the pattern of fishing by depth and area, or in
gear and vessel type, were examined so far as possible with the data
available to the consultant. The detailed results of this examination
are shown in section. 5. These are, however, rather tentative and are
intended to illustrate what might be done with available data rather
than to present a full analysis. This would more appropriately be made
by local scientists who will have a greater knowledge of the factors
involved. Various suggestions for further work are made in the report.
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Perhaps the most important conclusion is that it is possible to
make some reasonable attempts at assessing tropical multispecies fishe-
ries if time series of commercial catch data (preferably by species
group) and indices of abundance (preferably from research vessel survey)
are available.
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Table 3.1 Number of potential parameters at various
levels of n

Number of stocks (n) 1 2 3 4 5 10 20 30

Potential number of
parameters in model 3 8 15 24 35 120 440 960

Table 4.1 Correlation coefficient matrix of catch per hour of
good fish in each area strata of the Gulf of Thailand
trawl survey - 1963, 196672, (Data from Ritragsa, 1974)

Areas

1 2 3 4 5 6 7 8 9

1 1.00 0.96 0.98 0.96 0.86 0.83 0.89 0.73 0.67
2 0.96 1.00 0.97 0.95 0.75 0.88 0.88 0.65 0.60
3 0.98 0.97 1.00 0.97 0.83 0.83 0.8 0.74 0.70
4 0.96 0.95 0.97 1.00 0.79 0.80 0.89 0.68 0.62
Areas
5 0.86 0.75 0.83 0.79 1.00 0.63 0.80 0.83 0.85
6 0.83 0.88 0.83 0.80 0.63 1.00 0.80 0.77 0.69
7 0.89 0.88 0.85 0.89 0.80 0,80 1.00 0.71 0,68
8 0.73 0.65 0.74 0.68 0.83 0.77 0.71 1.60 0.97

9 0.67 0.60 0.70 0.62 0.85 0.69 0.68 0.97 1.00
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Table 4.2 Correlation coefficient matrix of catch per hour

of scrap fish in each area strata of the Gulf of

Thailand trawl survey = 1963, 1966~72. (Data from

Ritragsa, 1974).

Areas
1 2 3 4 5 6 7 8 9

1 1.00 0.33 0.3 0.65 0.58 0.48 0.57 0.36 0.53
2 0.33 1.00 0.44 0.24 0.28 0.32 0.43 0.41 0.17
3 0.34 0.44 1,00 0.82 0.40 0.8 0.43 0.70 0.82
A 0.65 0.24 0.8 1.00 0.70 0.82 0.57 0.52 0.82
5 0.58 0.28 0.40 0.70 1.00 0.69 0.76 0.47 0.53
6 0.48 0.32 0.85 0.82 0.69 " 1.00 0.55 0.72 0.82
7 0.57 0.43 0.43 0.57 0.76 0.55 1.00 0.69 0.67
8 0.36 0.41 0.70 0.52 0.47 0.72 0.69 1.00 0.85
9 0.53 0.17 0.8 0.8 0.53 0.82 0.67 0.85 1.00




Table 4.3

Number

10
11
12
13
14
15

16
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Species Group

Sharks

Rays

Saurida spp.
Tachysuridae
Priacanthus spp.
Carangidae
Lutianidae

Nemipterus spp.

Gerridae + Leiognathidae

Scolopsis spp.

Mullidae

Scomberomorus spp.

Sepia + Loligo spp.

Crabs
Other good fish

Scrap fish

Key to Tables 4.4 to 4,13, 4.15, 4.16, 5.5 and 5.6

Common Name

Sharks

Rays

Lizard fish

Cat. fish

Big eye
Trevally
Snapper
Threadfin bream
Slipmouth
Monocle bream

Goat fish

Mackerel

Squid
Crabs
Other groundfish

Scrap fish
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Correlation coefficient matrix - All areas
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Table 4.5
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Table 4.8
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Table 4.9
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Table 4.12

16

15

14

13

12

11

10

1

1.

1.0

1.0

- 53 =

1.0
8

1.0

1

o

°

1.0

-.5 o

—00

1.0

Species
No.#*

10
11
12
13

14
15
16

See Table 4.3 for key to species numbers

*



Correlation matrix — Area 9

Table 4.13
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Table 4.14 Percentage of the variance explained by the lst
and 2nd principle components. Gulf of Thailand
groundfish survey = 1963, 1966-75

Area 1st 1st + 2nd

-component .component
All areas 707 83%
L 62% 76%
2 647 78%
3 63% 817
4 607% 75%
5 47% 61%
6 45% 647
7 35% 55%
8 56% 75%

9 497 14%




Table 4.15 Ist eigen vector of principle component analysis carried out on the catch
rates of 16 species groups reported by the Gulf of Thailand trawl survey -
1963, 1966-75.

All

Species* ireas 1 2 3 4 5 6 7 8 S
1 .27 .25 .23 .12 .32 .30 234 <24 .27 .24
2 .28 .30 .30 .31 .23 .20 .32 .39 .28 .17
3 .28 .31 .31 .25 .27 .28 .08 .05 .28 .21
4 .29 .28 .31 .30 .31 .29 .32 .35 .28 .15
5 .13 .20 .06 .30 .10 .27 -.14 -.17 .06 .13
6 .29 .31 .31 .31 .30 .11 .12 .22 .20 .31
7 .15 .12 -.02 .02 .22 .26 .06 <11 .28 .29
8 .28 .31 .31 .27 .31 .31 .05 .08 .32 .33
9 .28 .30 .31 .30 .28 .28 . 34 .35 .27 .15
10 .29 .29 .31 .31 .10 .28 .31 -.01 .G8 .34
L1 .29 .31 .31 .31 .29 .31 .30 .26 .27 .33
12 .04 .03 .05 -.11 -.08 -.03 .10 .03 .29 .09
13 -.21 ~-.14 -.14 .08 -.15 -.28 -.23 -.27 -.21 -.30
14 -.16 .18 .18 .00 -.22 -.23 -.21 -.27 -.22 -.28
15 .29 .30 .31 .30 .31 .28 .35 .37 .30 .30
16 .27 .09 .19 .30 .29 -.00 .31 .31 .22 .18

% See Table 4.3 for the species key

mggm



Table 4.16 2nd eigen vector of principle component analysis carried out on the catch
rates of 16 speciez groups reported by the Gulf of Thailand trawl survey -
1363, 1966-75
Species® Aiiis i 2 3 &4 5 & 7 8 S
i .04 -.16 .08 « 35 .03 ~.10 .12 .29 -. 11 -, Q01
2 -.14 .12 -.04 -.85 -. 42 ~. 14 -.24 -.15 -.24 41
3 .00 -.15 . 06 .11 .01 .16 .27 -.25 - 0% -. 1%
4 -. 14 .28 -.01 -.13 .13 ~.27 .12 .00 . Q€ hé
5 &7 .21 - 54 -.11 i7 08 .01 <15 &9 -.32
& .06 -.0% .05 .03 .15 .56 34 38 40 -.15
7 .48 .60 .46 42 - b4 .25 .49 .39 28 -.22
8 -.03 -.13 .06 .26 -.16 .09 <37 .36 -.09 - 14
g -. 16 ~.0% .02 -. 14 .30 ~.26 -.13 -.02 -.30 Ly
10 .03 .20 ~-.02 .05 -.59 .21 -. 06 .38 43 -.G5
i1 .05 -.17 -.02 -.12 .16 ~.C% <11 -.30 .22 -.13
12 .57 -.20 .36 .45 .09 .17 v 30 -.07 -.09
13 .17 -.38 .51 <37 -.07 .01 -.08 .08 .21 -. 1t
14 -.24 -.38 -.256 - 41 -.07 i8 .26 18 .13 -.13
15 -.08 -.12 .03 -.00 .19 .03 -.11 .39 .04 -. 14
16 -.20 .12 .08 .05 -.09% ~.54 -.1 -. 04 -.18 38
%

See Table 4.3 for species key

.x../‘g.-,



Table 4.17 lst and 2nd eigen vectors obtained from a

- 58 =

principle component analysis of catch along

the Indian Ocean coast of Thailand from

1966-71

Leiognathidae

Mullidae

Sciaenidae

Tachysuridae

Caranx malabaricus

Nemipteridae

Sphyraenidae

Synodontidae

Priacanthus tayenus

Trichiurus dorab

.35

.36

.36

<37

.36

.25

.33

.32

.26

.08

Data from Malacca Strait workshop report.

o ].8

-.09

.09

.01

-, 04

-.13

“034

+25

-, 31

.81
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Table 4.18 Proportion of Priacanthus tayenus at various
depths in Area I, 1972

Dept Range (m)

B30-=34 - ‘ i K= - 55—~

of Stations 30-34 35-39 40~44 4549 50-54 55-~59
No. Stations 1 4 6 2 3 1
No. fish samples 98 241 425 125 247 25
No. fish £ 15 cm 38 78 122 29 61 2

% of fish < 15 cm 39% 32% 297% 23% 25%

8%
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Table 4.19 Length distribution of L. lineolatus in
Area TII
Length
LG 1969 1972 973 1974
8.0 8
8.5 21
2.0 52
9.5 1 33
10.0 2 12
10.5 1 5 3
11.0 6 39 1
11.5 4 51
12.0 37 64
12.5 59 61
13.0 104 85
13.5 2 132 70
14.0 10 141 43
14.5 8 87 34
15.0 17 47 24
15.5 19 35 14
16.0 10 17 14
16.5 10 12 7
17.0 5 4 5
17.5 0 4 3
18.0 1 1 3
18.5 1 0 2
19.0 0 1
19.5 0
20.0 1




Table 4.20

- 6] -

Estimation of total mortality from length distri-

butions of Priacanthus tavenus . in Area V. of the
Gulf of Thailand; assuming the modes seen on Fig.

4,21 represent distinct year classes

Number in length samples

Years

Length Range 66 67 68 69 70 73 74
A | 8.0 30 306 107 36 626 1120 806
B 8.5-13.0 139 411 468 283 227 89 2226
C 13.5-18.0 2291 702 573 479 1069 1329 216
D 18.5-21.0 943 682 266 285 85 51 32
E | 21.5 + 262 104 79 60 46 4 16
Numbers corrected by sampling intensity to number per haul

A £ 8.0 .84 19.12 17.36 2.79  48.59 36.73  45.78
B 8.5-13.0 3,90 25.68 47.78  21.94 17.62 2.92 126.40
C 13.5-18.0 64.24 43,86 58,50 37.13 82,98 43,58 12.27
D 18.5=21.0 26.44 42.80  27.16 22.09 6.60 1.67 1.82
E 21.5 + 7.35 6.50 8.07 4.65 3.57 .13 .91
Estimated total movtality assuming 1 yr lag for each length group

A £ 8.0

B 8.5-13.0 =3.4 -, 9 -.2 -1.8 -1.2
C 13.5-18.0 2.4 ~-.8 .3 =1.3 3104
D 18.5-21.0 b .5 1.0 1.7 3.2
E 21.5 + 1.4 1.7 1.8 1.8 .0
Average D and E .9 1.1 1.4 1.8 1.9
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Table 4.21 Average price of fresh sea fishes auctioned at
the fish marketing organisation of Thailand.

Species 66 67 71 72 73

Chub mackerel L ) ) 5.5 7.0 9.0
M ) 4,0 ) 4.0 4.0 5.0 5.0

s ) ) 2.5 4.5 3.0

Indian mackerel - - 4.0 4.5 4.5
Spanish mackerel 8.0 7.0 8.0 8.0 14.0
Bonito 3.5 2.5 2.5 3.0 4.0
Pampano (Caranx) 5.0 5.0 5.0 5.0 5.0
Pampano (Megalaspis) 3.0 2.5 2.0 3.5 3.0
Silvery Lacterid 12.0 10.5 20.0 22.0 18.0
Dorab 7.5 6.5 6.0 6.0 5.0
Hairtail 4.0 3.5 3.0 4.0 3.5
Barracuda 7.5 6.5 6.0 6.0 7.0
Yellowtail 11.0 10.0 9.0 8.0 0.0
Black Pomfret 7.0 7.5 9.0 11.0 2.0
Silver Pomfret 24,0 26.5 32.0 28.0 0.0
Sea Bass 13.0 14.5 18.0 20.0 20.0
Snapper 10.0 9.0 9.0 10.0 12.0
Threadfin Bream - - 3.0 3.0 3.5
Monocle Bream - - 1.0 1.5 1.5
Lizard fish 2.0 2.0 2.5
Trigger fish 1.0 1.0 1.0
Threadfin 12.0 12.0 15.0
Ray 1.0 1.5 1.5
Marine Catfish 3.0 3.0 3.0
Jew fish 3.5 4.0 5.0
Shark 2.5 2.5 2.5
Big eye 2.0 2.0 2.0

Squid and Cuttlefish 4 5 8




Table 5.1  Average catch rate of various species groups (1963, 1966-75)
A e
Species ALL
Areas 6

Sharks .91 .70 .87 .98 .99 .54 .37 1.01  1.07  1.35
Rays. 3.93 1.15  1.08  3.54  2.50  1.43  3.68 6.9  9.84  6.51
Sauridae 4.62  6.09  2.82  2.55  6.01  7.52  4.57  3.26  3.53  £.32
Tachysuridae 1.84 1.08 .80  0.21  1.26  0.78  0.97 1.46 4.0l  4.50
Priacanthus 4.98  6.03  4.11  4.14  5.81  7.25  2.52  3.51  5.08  7.02
Carangidae 7.49 7.16  5.07  8.98  9.93  S5.84  7.70  4.67  8.93  7.61
Lutjanidae 2.03 2,91 1.27  l.64  1.57 1.59  1.10  1.60  2.19  4.36
Nemipterus 8.43 6.71  3.87  5.24 10.93 13.64  9.22  5.43 10.81 9.4
Gerridae + Leiognathus 16.09  20.56  8.05  2.53  4.84 14.20 27.56 23.74 21.81 18.15
Scolopsis 2.79 2,40  2.70  3.78  2.77  0.59  0.24  0.54  3.82  6.88
Mullidae 5.20 5.19  1.83  2.98  2.96  7.74  3.30 4,58 10.52  8.72
Scomberomorus 0.54 0.41 0.46 0.29 0.64 0.93 0.47 0.90 C.44 0.27
Sepia + Loligo 12.20 7.02  .1.04 21.75 18.82 17.06  8.91  8.49  8.41  8.67
Crabs: 0.98  0.60 0.95 1.01  1.18  1.16  2.24  0.72  0.53  0.60
Other good fish. 11.66  10.84  6.65  7.93 11.42 11.82 17.33 14.18 14.92 12.68
Scrap fish 15,06 9.39  6.35  8.94 15.62 23.32 22.88 16.11 19.27  15.85

=€9=



Table 5.2 Averages by strata and an analysis of variance for Rays and Skates
caught in the Gulf of Thailaad survey.
Depths m. 20-30 3144
"2.47 2.25
Areas 1 2 4 6 & 9
.64 .61 2.06 2, .86 1.42 2.14 6.11 4.70
Years 66 67 69 71 72 73 74 75
8.07 4.27 2.20 1.30 .68 1.31 1.13 .92
Analysis of variance
Source of . g
Variation D.F S.Sq M.Sq Significance
Depths 1 2.13 3.12 - -
Areas 8 578.42 72.30 15.12 XXX
Years 9 817.99 90.89 19.01 XXX
Depth x Areas 8 130.61 16.33 3.41 XX
Depth x Years 9 77.26 g8.58 1.80 N.S.
Years x Areas 72 1030.29 14.31 2.99 XX
Residual 72 344,22 4.78 1.00 -

2?79.m



Table 5.3 Times of years the surveys were conducted in various areas of the Gulf of

Thailand
A v e a s
Year
I 1T 11 Iv v Vi VIL VIII X

1963

64

65

66 Dec Nov-Dec Nowv Jul-Aug Sep Jun-Sep Jun May Apr~May

67 Dec Nov-Dec Nov Aug~Sep Sep/ggz— Sep Jun May Apr-May

68 Dec Nov-Dec  Nov Jul-Aug  Sep Aug-Sep  Jun May-Jun  May

69 Dec Nov-Dec  Nov Jul-Aug Sep Aug Jun May-Jun  May

70 Dec Nov-Dec  Nov Aug Sep Sep May-Jun  May Apr—May

71 Dec Nov—Dec Oct—Nov Sep Aug-Sep Aug May-Jun  Apr—-May  Apz

72 Dec Nov-Dec Oct-Nov  Sep~Oct  Aug-Sep Aug May-Jun May Apr-May

73 (Jam,7§§b Dec—(gz? Nov=Dec Oct~Nov =~ Jul-Aug Jul May—-Jun May Apr—May

74 Dec Nov Oct-Nov Sep Jul~Sep Jul Jun May,Jun  May

75

76

mggm




Table 5.4 Results of analysis of variance on catch rate of various species by depth, areaz and year

Species

Cause Priacanthus Saurida spp Carangidae Nemiéterus %?li&g Lefognathus

. - Sepia SpP
Depths XXX XXX .N.S. XXX X N.S.
Areas XX XXX XXX XXX XXX XXX
Years XX XXX XXX XXX XXX XXX
Depth: x: Areas N.S X XX X N.S. X
Depth x Years N.S. X N.S. XXX N.S. N.S.
Years x Areas N.S. p:< XX XXX XXX XXX

Key: x significant P g 0.05

xx very significant £ 0.01

xxx extremely significant £ 0.001

mggm



Correlation matrix — All areas

Table 5.5
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Table 5.7 Correlation of high, medium and low catch
rates between Rays and Sharks in Area IX

Shark  Low Medium High

Catch < 10 Kg hr 10-14 RKg hr > 40 Kg hr
rate
Ray
Catch
Rate

LOwW 26 6 3
< 10 Kg hr

35

Medium 16 0 1
10-40 Kg hr

17

High 6 0 0
> 40 Kg hr




Table 5.8 Catch rates of scrap fish expressed as a percentage of total catch for
various gears and vessel sizes

Otter board trawl Pair trawl Beam
Species trawl
< lém 14-18m  18-25m < l4m 14-18m > 18m
Rastrelliger neglectus <39 .67 2.52 .03 3.98 1¢.58 -
Rastrelliger kamagurta .09 .15 .57 - .91 2.406 -
CARANGIDAE .88 1.14 2.93 43 3.42 2.42 - 17
POLYNEMIDAE - .26 .22 - .20 .16 -
Parastromaleus niger .31 .32 40 .07 40 .37 -
Pampus argentius <15 .17 .17 .16 .12 .31 -
Lactarius lactarius - .21 .08 - .10 .13 -
Sphyraena spp. <15 « 54 2.21 2.26 1.10 1.05 -
SCIAENIDAE 5.89 3.08 4.05 15.41 5.32 6.75 2,21
Nemipteru spp- 2.92 5.53 11.57 1.67 2.43 3.25 -
Scolopsis spp. .51 1.38 2.31 1.47 .75 .36 -
Saurida spp. .53 4.48 7.83 .36 2.90 5.42 -
Trichiurus haumela .08 .87 1.30 - Ny .89 1.12
LUTIANIDAE .29 .90 2.38 - .29 1.46 1.00
Priacanthus tayenus 1.85 4,86 7.75 - 2.86 4. 45 -
Sillago spp. .13 .15 - .82 .80 .17 C .14
TACHYSURIDAE . 84 1.28 2.45 5.37 1.67 4.06 1.64
TRYGONI 1.57 1.97 2.53 3.40 1.72 1.94 .59
SPHYRNIDAE, CARCHA, '
RHINIDAE ORECTOLOBIDAE .98 1.00 1.67 2.52 1.13 2.08 .81
Miscellaneous fish 19.17 19.41 23.61 19.54 15.18 26.55 12.62
Crustaceans 50.00 35.11 7.77 13.06 2.44 1.66 67.49
Molluscs 13.2% 16.52 15.68 33.44 51.79 24,27 12.1C

Trash fish as 7% of TOTAL catch 66.48 69.32 73.41 68.22 51.38¢9 49.83 28.566
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Contours of equal yield

Fig. 2.8
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regions of the Gulf of Thailand
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Fig. 4.6

Relationship between catch and effort in the Gulf
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