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Abstract

A simple method which uses the catch and effort statistics collected before and after the setting of an
artificial reef is proposed for calculating the effect capacity of the reef. Following differential equation on
the stock and fishing effort was assumed:

%‘;-—.kN(c—S)—y. —g’;=a—h0f+hy

where S = stock quantity existing on an artificial reef, f = fishing mortality coefficient, C = maximum
capacity of an artificial reef, N = stock size migrating to the fishing ground, y = quantity of fish caught, ¢
= hCf nax » and k and h denote coefficient.

When S and f are in equilibrium, 7‘ = ag/hC+ ¥ /Cisled. The exploitation rate f; and catch
quantity g, for time interval i give curve with continuous oscillation around an equilibrium.  Applying an
method of moving average, the following approximate expression can be formed:

fi=alhC+ §:/C.

If f; and y , during several years before and after the setting can be obtained, linear regression coefficient C
(maximum capacity of an artificial reef) will be found.

Key words: artificial reef, effect calculation, maximum capacity

The criteria for calculating the effect of an artificial reef can roughly be grouped into: (1) production effect
(catch effect); and (2) fish-attracting effect. The latter is calculated mainly by direct methods, such as visual
observation, use of echo sounders and experimental fishing, while the former is generally calculated by indirect
methods in which analyses are made of the information about sea areas where the artificial reef has been set,
such as catch and effort statistics, and fishing operation records, etc.

Brock® and Samples and Sproul® calculated the effect of an artificial reef by some methods. In the present
work, the authors will describe an attempt to calculate the effect by the use of the catch and effort statistics
collected before and after the setting of an artificial reef.
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Artificial Reef Effect and Expression of
Fishing Mortality Coefficient

It is difficult to define how far an artificial reef could exercise its effect on the stock. Assuming that the
principal part of the effect exists in artificial reef itself, however, there will inevitably be a certain limit to the
effect capacity of an artificial reef depending on fish species.

Let C be the maximum capacity of an artificial reef, and S the stock quantity currently existing on the reef.
Then the quantity of fish newly added to the existing stock can be expressed in the form of the product of the size
of the stock migrating to the fishing ground, N and the surplus capacity of the reef, (C — S). If the coefficient
of addition made by the individuals which have come across the reef is represented by %, and the fishing
mortality coefficient of the stock caught on this ground by f, then the 31§antity of fishing caught, ¥ can be
expressed by Equation y = f+ S, and the change of the stock quantity, i by Equation (1),

%‘?:/{.N(C—S)—-fszluN(C—S);y- (1)
d

The increasing or decreasing trend of the fishing mortality coefficient ( Vi ) may be expressed by the sum
of (1) what is always striven for to achieve maximum catch quite independently of the stock or catch quantities
and (2) what is dependent of catch quantity (4 - y; & denotes coefficient).  If f.x denotes the maximum fishing
mortality coefficient that can be assigned to a certain fish species in a certain fishing ground, (1) is expressed by
e Clfmax — F). HEh-C-fux=a, ais a constant which represents the trend of the maximum fishing
mortality coefficient and the following formula is led;

%:a—h-c-f—{—hy. (2)

Theoretical Development

The values of S and f in an equilibrium state can be obtained by the following Equations if the right side of
Egs. (1) and (2) is assumed 0

§=4lyt-NC- 3)
F=yic@+h- ) @

where ¥ indicates catch quantity when S and f are in equilibrium.  And from (3) X (4) is obtained hy* + ay
— k « NCa = ¢ and from this, y = élh- [—a+ Ja + 4k b NCal is obtained.
On the other hand, if

S=3§ 4 5% (5)
f=F+f* )
are assumed with respect to the property of the solutions in the neighborhood of the equilibrium and if these
Equations are substitutgg into Egs. (1) and (2), where minor terms of an order higher than those of S* and f *
B _— — Ed — —~
are omitted, then %2——= —~S*¥(k« N+ f)—f*S and %L=h- fS8*¥—h{(C—=8). f* are
obtained. The solutions of these Equations are usually obtained by assuming S* = A, ¢, f* = A, ¢", and
their general solutions are:
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S* = (By - costt+ By sintt) e (7}
f*: (BZI‘COSTt+Bzz‘SinTt) e‘” (8)
. ndicial ) 0—-|—(2+]C.N+f) - S R 1is

where 7° < (. From an indicial equation 0 = he 7 —Q+h-C—h-§
obtained as a conjugate complex number A = ¢ + 7, where ¢ and v are each expressed by:

__1[th-y+a* _arC

"‘“?[ ahC +h@‘+a] ()

2 1 k- ?7 F_@a 2_ B

2= {( ~Hef-G) - 7). 1o

In Eqs.(7) and (8), in the meantime, By, is a coefficient obtainable from A, and A,.

With respect to fishing mortality coefficient £, the monthly exploitation rate for month ¢, represented by f;,
is obtained from Equation (6) as f; = folf~ dt = j;l f - dt + j;lf* - dt, and fol ? - dt can be expressed
from Equation (4) in the form of a function of the monthly catch ¥ in the case of fand S being in equilibrium, as

follows:
. 1
Fi= [ Frat=g @+h- 59
=”‘lc(a+h'?7i)- an
On the other hand, f/* is expressed in the form of an integral of Equation (8) as follows:
1
L *
fr=[lrxea
=p[Busin (T + 6) — Bycos (F+80]-e7 ~ K, a2
1)* 1\2, T = = . —_ ~
where p = ( »?) + ( ?) ; 0= tan - 0 and T are values given by substituting ¥, for ¥ in Eqgs.

(9) and (10), respectively; and K ; indicates an initial value. Consequently, /* can be expressed in the form of a
function of ¥, and the same is true for S}, If 7 is given in this case by an increasing function for #; with
respect to exploitation rate f;, it may be said that f/* is a variation which stays in continuous amplitude around
Equation (11) and whose oscillation increases with increasing 7.

When applying an appropriate method of moving average to the variat;ion of exploitation rate f; which has the
characteristics described above, its oscillation part is smoothed out and f; = f; may be as assumed. Ify, =
(f; + 5 ( 5,+8 i) is assumed for catch quantity ¥; and minor terms of an order higher than that of f * and
S* are omitted, then y; is expressed by g = £, SF+ S, f* + 71 S/ = f,SF + Siff+ g, andify; =
yi+ gl is assumed, y¥ is expressed by f;, S, f* and S¥. After all, it may also be said by similar
reasoning described earlier that *, too, shows an oscillatory variation with respect to ;. Thus, ; PE= Y
may safely be assumed because the oscillation part of this parameter, like that of the former cne, can be
smoothed out by a method of moving average.

When exploitation rate f; corresponding to monthly catch quantity y, is arranged in descending order of y;,
and an appropriate moving average procedure is~ applied, then the moving average value for the two parameters
are roughly assumed to be f i = ¥ and 7; = 7 i, respectively. Using Equation (11), the following
approximate expression can be formed:

i 13

<«

Fisge@vhi)=7%+%
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though the approximation is not so good as in the case of f; and ¥, each of which individually corresponds to 7.
If 72 > (, f * and S* give smooth curves approaching lines which represent an equilibrium, indicating that the
equilibrium is stable.

Method of Effect Calculation

Linear regression coefficient C, i.e. the maximum capacity of an artificial reef, will be found from Equation
(13) if material can be obtained concerning monthly exploitation rate f; and monthly catch quantity ;.  (The unit
of time interval need not be limited to a single month alone but the most suitable one may be chosen, such as one
day, one week, ten days or two months.)

It is possible to calculate by following the change of C as obtained every year, in what way and to what
extent an artificial reef takes effect if sufficient material has been collected concerning the fishing operation during
several years before and after the setting of the reef. If f; is unknown, it should be added, relative capacity C’
can be obtained by finding, instead of f;, relative catch effort, e.g. frequenty of net hauling or number of boat put
into the fishing operation.
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