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Abstract

The over-harvesting of fishery resources has leaded to exhaustion of fishery stock
around the island. Moreover, the environmental pollution along the coastal line also
aggravated the environmental deterioration and consequent resource depletion. Past
empirical studies by experimental researches and practical programs find that the
artificial reefs (ARs) as a fishery habitat that can change the water flow to improve the
environment for fishery. In this case, the construction of ARs in the sea is an effective
way to restore the fishery stocks and improve fishermen’ s income. As most constructed
ARs in Taiwan were not taken care duly, the service life was much shorter then that in
developed countries.

In this paper, if fishery resources are seen as a private ownership, we attempt to
analyze the cost benefit of an ARs construction through the proposed artificial reefs
harvesting model to accomplish the optimal harvesting strategies. Since an ARsS
ecosystem has its characteristic existence, it will be buried and scoured later due to its
finite service life; and when the ARs is deemed to the private goods, it would be a
non-closed ecosystem because of its permeable boundary. For this reason, this study
incorporates with the population dispersal dynamics (Buechner, 1987; Stamps et al., 1987)
into the conventional open access fishery management model to conform to the
characteristic of practical application in ARs. An optimal number of fishing boats and the
timing to dispatch the boats (i.e., control variablesU andt ) at steady state are obtained
by using optimal control theory with the Most Rapid Approach Paths (MRAP). Then we

transform the optimal control problem into static optimization problem. Sensitivity



analyses on the effects of environmental parameters on optimal harvesting strategies are
andyzed.

The results reveal that the fishery firm will dispatch more fishing boats as early as
possible to achieve the maximization of profit in case of the following situations:
discount rate is increased, area of ARs is expanded, target species move less mobile, the
price per unit catch increases, and operation cost is decreased. This harvesting strategy is

also constrained by the rule that the profit rate (i.e.,1- b) must be greater than the ratio of

. o . I .
population loss rate to intrinsic growth rate (i.e., —). In brief, the effect of permeable
r‘0

boundary in ARs ecosystem has been considered and incorporated in our model presented
in this paper. The major contribution of this paper is our focus on open populations of
mobile, long-lived species, boundary type and geometrical configuration of an ARs
ecosystem that plays an increasingly crucial role in determining the potential equilibrium
populetion Sze.

Keywords: atificid reefs, fishery management, optima control, harvesting policy
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f
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f, = cpa’roK[(L- b)ro- 1] _ (66)
(— paKr, + pgkl + pg®KU +cr0)
g, =0 (67)
g, =- 20<0 (68)
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o dp
1- b> I_ d—t <0
r dp
1St d_U d_t
dc dc
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M PA
du - (fc_ gc) —_ fC+gC (70)
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(70) f. fu 9. Oy
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(Schonewald-Cox and Bayless, 1986)
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United States Code

o TITLE33- NAVIGATION AND NAVIGABLE WATERS

= CHAPTER 35- ARTIFHCIAL REEFS

U.S Code as of: 01/05/99

Section 2105. Definitions

(1) The term " '"artificial aooerestru mea
pl aced in wetderundeove hi shehpptpbopseor

fishery resources raemdr eammemnali afi ahdng

Section 2104. Permitsfor construction and management of artificial reefs

(a) Secretarial action on permits
I n isgua permit for artificialtheef i tmh:
section 1344 of this title, 48, sthbheiBacit
of the Army (hereinafter tiom ddhitshese'c'tSeoanr
shatl
(1) consuldterwitthhe avnide wsonosf appeopr eat

States, | ocal governmentparandspther i
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(2) ensure that the provinsoinointso rfionrg,s
managing the artificial rteheef carriet ecroinas ic
stdards established under this chapter

(3) ensure that the chapter mad etrhealar

unambi guous, and that respamdgi hihlei fy nfa
ability to assume | iabibreycfoeanbfusked®:s
and

(4) consider the plan devtilibpedanddec
the Secretary of Commer cef roofm atnhya tn epeldar
(b) Terms and conditions of permits
(1) Each permit issued btyo tthlei Seatltiaspe s
the design and | ocati on afrotri fciocnisatlr urcete fo

types and quantities bt matedrial sonkbat

artificial reef. slunc ha dpdeirtmian ,s headdh spe:
and icobindns €tonsthection, operation, mai
and manaaguisneg otfhet he artifici al reef as
complianceawpt hcable provisions of | aw

t o ensuprreottehcet i on of the enviet ynmendt pamd
(2) Before issuing a permit undeamys eccttiiovni
relating to the siting,opesaginoncomaim
monitoring, or managreegfoftae Admi hi ci a

EnviroameRrotectsbal Agenogult with the
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ensure that succohnspiesrtneintt iwsi t h any per mi
Secretary subpectiboo.this

(c) Liability of permittee

(1) A person to whom a per mi thsiud siescst u eodn
of this section and any inswotemeofl italbdt
damages caused by actiwnderetsakemguumdcdr |
and conditions of péremiptetreneti, sifntobempl |
terms and conditions.

(2) A person to whom a per mit siud siescs u eodn
of this section and any inder én abfl et, hat
extent determined undedamapgpds ctad | vehil ahw
(1) does not apply.

(3) TSeecretary may not i ssue a pemomiat peuls|
unl ess that person demonstrhanmasctalt e
to assume | iability foraralsle dwa mahg e se stphe
artificial reef anpde rfnoirtnawhel bcen |siuacbhl e .

(4) Any person who has transfecoerdttutte
materials to a person to whomoadpecmiw
subsection (a) of this sedtwiromasnaaglels ma
from the usatofi alushi m ameafrtiiffics@atc¢h m

meet applicabl e r equipruebnmei nsthse do fu ntdheer psle
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of this title and deétenbitvether wheetim

transferred.

(d) Liability of the United States
Not hi ng ihmpttheirs ccr eates any | i abiUnittye d1
States.
(e) Civil penalty
Any person who, after notice and fanu nodpp

to have violated any pr ovi saicocno rodfa nac ep ewint
subsection (a) othahlsbeethaebbprpi ted Stat
civil penalty, not teaekceedl 810 0m00 fTdre
ci vil penalty shhyl the &sesesstady by writ

deter mi ni ng tshuec ha npoeunnatl toyf, t he Seicnrteot aarcyc os

the natureumstances, extent, and gravity
Secremayycompromi se, modify, or remit wit
civil penalty which i s subject itroposmdsuar

this sectipynpersbnahai las stes spreyntamf a ci
after it has befemeeftanwl mayheefer the ma

Generatofbection.
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