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This chapter examines many of the applications of artificial Iial)it;its i n  vari- 
ous aquatic environments. The particular focus is on their I)iological irn- 
pacts with reference to fisheries and their actual or possi1)le role in fishery 
management. 

Grouping artificial liabitats b y  their primary users is a risetul wav to 
categorize the applications of these structures for analysis. Four principal 
categories recognized here include artisanal fisheries: sinall-scale commer- 
cial fisheries: recreational fisheries and diving; the replaceinent of 1iabit;it 
lost from shoreside development (mitigation): and enhanceinent of haliitat i n  
marine reserves. Examples of the uses and impacts of artificial 1ial)itats tor 
these categories are discussed i n  the first section of this chapter. 

The second section focuses on the biological impacts of artificial habitats. 
Their much debated role i n  aggregating production and creating new pro- 
duction is presented i n  a 1)roader context. I t  is proposed that artificial habi- 
tats may ( 1) redistribute excp1oital)le 1)iomass without increasing it or total 
stock size; (2) aggregate previously unexploited 1)iomass and increase exploit- 
able biomass: or (3)  increase totnl biomass. The discussion of each provides 
examples. Throughout the text. attention is given to identitying the eEectivc 
uses of artificial habitats i n  fishery manageinent. 
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I. Applications 

Some of the better documented fishery and environmental applications of 
artificial habitats are presented in this section. The intent is not to provide 
;in exhaustive global review, but rather to provide illustrative data for rep- 
resentative situations. This augments the description and synopsis provided 
i n  Chapters 1 and 2. 

.A. Artisanal Fisheries 

Artisanal fishermen have developed many artificial reef and fish- 
aggregating device (FAD) designs to create fishing grounds close to their 
villages. Such structures traditionally have heen constructed with materials 
of opportunity. for example, sticks, poles. bamboo. o r  bundles of brush. bu t  
are also frequently made from concrete and scrap tires. 

I n  the Philippines. a widely used artificial reef module is made from 
1)aniboo poles arranged in a tripod, weighted with stones, and covered with 
cwonut palm fronds (Fig. 5.1). The units are usually placed in calm, shallow 
coastal water. When such artificial habitats are used in deeper water, a FAD 
may 1)e attached to mark their location and to attract pelagic fishes. Large- 
scale deployments of reefs and FADS are used in regional development pro- 
grams (Fig. -5.2).  

Approximately 1O.OOO pyramid I)amboo modules in clusters of SO have 
Iwen set along 40 km of Philippines coastline in the central L‘isavan Islands. 
and o v e r  8000 I)aml)oo modules have been deployed in the Sainar Seu- 
Ticao Pass Project (Miclat, 1988). These artificial habitats are planned. con- 
structed. deployed. and maintained by the village fishermen (Miclat. 1988). 
The reefs are conveniently located, and the value of the catches during the 
first year of deployment can exceed the cost of the reefs and their installation 
(hliclat, 1988). Catches include caesionids, mullids. lutjanids. serranids, si- 
ganitls, lethrinids. haemulids, acanthurids. and apogonids (hliclat. 1988). 
The 1)nml)oo pyramids used in the Central Visavan Project had an estimated 
iustalled cost of U.S. $4.00/m,’ and annual harvests o f 8  kg/m.’: therefore. if 
it11 of the fish caught were sold. the installed cost of the reef would be re- 
couped i n  nine months (Bojos and Viinde \:usse. 1988). Hecently, artificial 
reefs made from concrete reinforced with bamboo have been used instead of 
1)atnl)oo. which only has a 4-yr life span (Bojos and Vmde Vusse. 1988). 

Although FADS are used by artisanal fisherinen il l  many countries. the 
situation in the Philippines is unique. The approximutely 3000 FADS owned 
and deployed by commercial tuna purse seiners are also used by iirtisaiial 
fishermen who handline around the FADS for large tunas (yellowfin. T h i n -  
tius cii/~ucurcs) swimming too deep to be caught in purse seine nets (Aprieto. 
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1988). Because they exploit different resources and appropriate accommo- 
dations exist behveen commercial and artisanal fishermen, fisheries conflicts 
hehveen these hvo user groups are rwe. 

In Cuba and Mexico artisanal fishermen use artificial reefs to attract 
lobster (Pmtrlirtts cirgus) and to facilitate their capture. In  Cuba, fiat lavers 
of mangrove Imnches are used to form shelters (about 2 in in length and 2 
in in  width) that are set in depths of4-6 m and raised aliout 10- 15 cm aliove 
the oceaii bottom bv cross Iwanches (Fig. 5.3). k’ishernir~n shake the shelters 
and net the escaping lolisters. I n  the Gulf of Batabano. Culia. cooperatives 
iise 120.000 lolister sheltcrs and harvest aliout 700O metric tons ( t )  of lobster 
(U. S. National Hesearch Council. 1988). 111 hlexico. similar shelters have 
been used since the late IY6Os; inany are now made from ferroconcrete and 
corrugated roofing material. 

Tliailandk Department of Fisheries has used old tires and concrete cubes 
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to construct artificial reefs for artisanal fishermen in the Gulf of Thailand. 
These reefs. placed on soft-bottom areas, provide hard substrata and vertical 
relief that attract valuable snappers (Lutjanidae) and groupers (Serranidiie) 
normally not found at soft-bottom sites. In one application. the reefs were 
seeded with green mussels (U.S. National Research Council. 1988). 

In another application. 280s concrete cylinders were deployed in the 
Gulf of Thailand over a 41 kmL area previously used by trawlers and village 
fishermen as a fishing ground for threadfin I Elctiteroneniris tctrtrtlact!/lriiti. 
limilv Polynemidae). This artificial reef had the etiect of closing the iirea to 
trawlers. thus allocating the resource to village fisherinen using gill nets troni 
small vessels (Sinanuwong, 1988). Before the deployment of this artificial 
habitat. village fishermen fished this resource for aliout 15 days in late No- 
vember and early December, before the schools were depleted I)y trawlers 
and push-netters. However, after deployment, trawlers mid push-netters 
were unable to operate in the area, and village fishermen were able to fish 
the schools for at least 6 months. The threadfin catch by  village fishermen 
was 1746 kp (average catch rate, 4.7 kgltrip) before deployment and 5562 kg 
(average catch rate, 8.3 kdtrip) after deployment (Sinanuwong, 1988). Un-  
fortunately, the substrata where the reefs were deployed were soft. and most 
of the reefs sank into the bottom sediment after about a year. 

The Thai government is considering plans to increase its artificial reets 
by  rising concrete cube modules (volumes of 1 and 2 111,’) to construct large 
artificial reefs with volumes of 25.000-50.000 in.’ and covering areas of 
50- 100 kin’ (Sungthong, 1988). These large reefs would close large areas to 
trawlinc and create fishing sites for artisanal fishermen. 

By 1988, the Malaysian Department of Fisheries artificial hal)itat pro- 
gram had deployed 65 artificial reefs made from over 505.000 scrap tires. 
seven reefs made from sunken ships, and four reefs made from pyramids of 
concrete pipes (Hung, 19881. The tire reefs consist of modules of  tires tied 
into pyramids with polyethylene rope. The number of tires per artificial reef 
site varied: most of the reefs (#I%) had fewer than 1000 tires. 1)rit ii few (5%) 
were composed of more than :3O,OOO tires (Hung, 1988). The objective is to 
enhance biological productivity and fishery resources in coastal waters. To 
prevent overfishing of resources aggregated at the artificial reefs. the Dc- 
partment of Fisheries prohibits fishing within 1.7 kin of the artificial wets 
(Hung. 1988). By 1990 the urtificial reets are expected to contain ;I total o f  
two million tires. 

U .  Small-Vessel Coinrnercial Fisheries 

Small-vessel commercial fishermen typically itse larger vessels with 
greater fishing power, hydraulics, depth finders, and inboard ciigines. than 
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do artisanal fishermen. In many developed countries. they operate at mar- 
ginal economic levels. and governments perceive programs of construction 
and deployment of artificial habitats as being beneficial to the financial op- 
erations of these fisheries. 

Japan has the most extensive system of artificial reefs to assist the small- 
vessel commercial fishermen of any nation. a s  described in detail in Chap- 
ter 2. Since 1976. the Japanese Eovernment has spent over U.S. $1 1)illion 
Ibr reefs with an enclosed volume exceeding 17 inillion m.’ ((;rove c>t ( i f . .  

1989). so that 9.3% of total nearshore seafloor to a depth of200 in is covered 
with artificial reefs (Yamane. 1989). (See numerous illustrations in Chapter 4.) 

The Japanese artificial reefs reportedly are popular with fishermen be- 
cause they increase catches for a wide range of both demersal iind pelagic 
fishes and decrease operating costs (Yamane. 1989). Whether the reefs ac- 
tually increase fishery catches has been addressed hy Polovina and Sakai 
(1989). who analyzed the 1945 to 1985 catch at a small hay in Hokkaido. 
Japan, where 50,000 m.3 of artificial reefs were deployed from 1960 to 1985. 
They found that although several resources were caught. an increase in land- 
ings for only one resource could be attributed to the artificial reefs: catches 
(2 octopus (Octopus dofleini) increased by an estimated 1.8 k g h ’  of artificial 
reef. Fiftv-three percent of the fishermen surveyed from this bay iisetl the 
artificial reefs regularly, 12% used them only when fishing elsewhere was 
poor. and 36% did not use them at all (Polovina and Sakai. 1989). Further. 
:33% of these fishermen thought the reefs had expanded the atnount of pro- 
cluctive habitat. 38% thought the reefs did not increase the productive 1ial)i- 
tat. and 30% were unable to decide about this question. 

In the Mediterranean Sea. Italy. France. and Spain liave modest artifi- 
cial reef and FAD development projects. The coastal environment in many 
parts of the Mediterranean Sea has a soft bottom. water with a high nutrient 
level that is not fully recycled by the ecosystem, and many nearshore fish- 
eries that are overfished. in part. because of illegal trawling. The objectives 
of the projects include (1) protection of nursery grounds from illegal trawl- 
ing, (2) attraction of pelagic and benthic species that use hard substrata. atid 
( 3 )  provision of substrata for shellfish farming and nutrient recycling in eu- 
trophic environments. Initially. \w-ious materials including car bodies and 
ships were used as artificial reefs. hut most recent and planned artificial reefs 
consist ofconcrete cubes or blocks (see Figs. 2 .2  and 2.3). 

I n  Italy. Bombace (1989) found that a concrete reef of4300 in.’ increased 
Iwth mussel and fish catches including striped mullet (,\I rrlltis />crrhrrtir,s). 
iiieagre (Arn!/rosotw regitis). sea bass (Diccntrarchtis ld>rcix), and tnus- 
sels ( A f y t i l u s  gufloprovincidis). The net proceeds for a fisherman operatinc 
within the reef were 2.5 times greater than those operating outside the reef. 
I n  eutrophic waters such a s  those of the Adriatic. the cost of the reefs wits 



recovered about three times in seven years (Bombace. 1989). Initiallv. traw- 
lers were opposed to the reefs I)ecause the area was closed to trawling, I)ut 
their attitude changed as their catches increased along the etlges of the rcyf 
zone ( Bombace. 1989). 

\.Vhen artificial reefs ;ire tleployed i n  Italy. the area coveretl I)v reets 
typically is designated as a murine zone. and activities and users in it ;ire 
regulated. I Iowever. the clelnands to harvest resources in these zones often 
cxceecl their productivit!: and administrators ;ire faced with the challenee 01' 
allocating resources among users ( I3ombace. 1989). (:otnmercial fisliertnc~n 
i n  Italy ;ire proinoting the development of inore marine zones protected l)y 
artificial reefs: France has less interest in developing new zones. and Spain is 
just Iwginning to evaluate artificial reets (Bombace. 1989). 

Insular nations also have deployed artificial reets and FADs to ussist 
commercial fishermen. For example. 19 areas around Taiwan have Lirtificial 
reefs Iiuilt from concrete blocks deployed in 20-40 m depths on Hat. sandy. 
or pel)ble I)ottoms to improve fishing sites (Chang, 1985). In jamaica. artifi- 
cial reefs made from scrap tires weighted with rocks or concrete are used to 
create fishing grounds near fishing villages and to provide habitat in areas 
closed to fishing to protect spawning stock from overfishing (Haughton and 
Aiken. 1989). 

Most South Pacific island governments use FADs widely to enhance 
catches of otfshore pelagic fishes (Fig. 5.4). Evaluation of FADs i n  Ainerican 
Samoa showed that their use could significantly increase catch per unit cxlfort 
(CPUE) of olfshore pelagic fishes tor ;i troll fishery (13ucklcy ct d.. 19389). 
However. replacing lost FADS is a permanent task tor fishery departments 
since the life span of FADs anchored in unprotected ocean around Pacific 
islands is often only a few years. Further, FADs do not always increase 
catches significantly; a study in Puerto Hico found only a slight increase i n  
catches with FADs (Feigenbaum et (11.. 1989). 

Increased CPUE due to artificial reefs and FADs alone may not justify 
their use by commercial fishermen when they receive heavy and unregri- 
lated usage. Since artificial reefs and FADs are usuallv located i n  accessilde 
sites, they produce increases in fishing elfort. possil)ly increase the catch- 
ability of the gear. and hence increase fishing niortalitv. Concern has l)een 
expressed that even for pelagics. overfishing may occur as ii result of the 
increase in  fishing mortality (catch) arising from the use  of FADs (Floyd 
and Paulv. 1984). However. even  if artificial reefs and FADs do not have ;i 

tletriniental impact on the  exploited stocks. they still may not be henefi- 
cia1 economically. An economic study of commercial open-access fisheries 
around FADs i n  Hawaii found that even if high levels of fishing at FADs do 
not result in recruitment overfishing, and if fishing effort is unregulated. in- 
stallation of FAD networks will not generallv increase fishermenas aggregate 
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Figure 5.4 Representative FADS used in the Pacific Ocean (redrawn from U.S. Natioiiu\ I k -  
w i r d i  Coiiiicil. 1‘388). 

profit (Samples and Sproul. 198.5). Further, deployment of FADs could re- 
sult in decreases in emplovment, harvest levels. and sustained gross r e w -  
riues. Limiting the commercial fishing effort at FADS is seen as a ineans of 
preventing these detrimental impacts (Samples and Sproul, 198.5). 

C. Recreational Fishing and Diving 

Artificial reefs and FADs also are popular with recreational fisherinen 
m d  divers because they provide convenient sites with a concentration of’ 
fishes and other organisms. Although globally they are not as widespread 
:is artisanal and commercial fishing applications. where artificial habitats 
;ire employed recreationally, use can he extremely intensive. They often 
arc constructed and deployed by sport fishing and diving orqanizations aiid 
5tate fishery departments in freshwater and marine settings. The inost coin- 
inon inaterials used are ships. concrete. tires. and stone rubble (McCurrin 
ut d., 1989). 

The inost widespread recreational usage is in the United States. In the 
Gulf of Mexico, for example, -1000 petroleum structures function as artificial 
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reefs (McGurrin et af.. 1989). Even while these structures are producing gas 
and oil, they are heavilv used by recreational fishermen and SCUBA divers 
(Heggio, 1989). Louisiana has 3100 petroleum structures, which are the des- 
tinations of about 37% of all saltwater recreational trips. and over io% of all 
recreational trips more than three miles otrshore (Stanley and Wilson. 1989). 
h survey in southern Florida found that about 28% of the recreational fish- 
ermen and 14% of the sport divers regularly used artificial reef sites (hlilon. 
1989). Brush. timlwrs. tires. rocks. and concrete materials iirc r~sed i n  lakes 
and resenwirs to c h a n c e  fishing (D'Itri, 198.5). A large artificial reef cover- 
ing 9S00 in'  was constructed in Smith Rlountain Lake. \'irgiiiia, with '7000 
scrap tires and 400 Christmas trees (Prince ct af.. 1985). Sunfishes (Lcpc1trti.y 
spp.) and white catfish (fctufurus cutus) were more abundant at this artificial 
reef site after deployment of reef materials. Furthermore, fishes foraged 
on the artificial reefs and catfishes deposited eggs inside the artificial reef 
(Prince et uf. ,  1985). A more detailed review of U.S. sport fishing habitats is 
provided in Chapter 2. 

State government agencies in Australia also support artificial reefs for 
recreational fishing and diving. One structure is made of tires assembled in 
a tetrahedron to create fishing and diving sites. which are closed to profes- 
sional fishermen (Young, 1988). In one instance, 34.000 tires. at a cost of 
A $205,000. were deployed on the premise that the artificial hallitat would 
increase revenues i n  the local community through increased spending by 
sport fishing and diving interests (Young, 1988). 

The reefs and FADs concentrate I)oth fish and fishermen. Some con- 
cerns over the resource and the conflicts Iletween users have heen raised 
by Samples (1989) and others. Two forms of conflicts, i.e., competition over 
;i common stock and conflicts from user congestion. have heen olwrved 
(Samples, 1989). An example of the former occurs between commercial pole- 
and-line Iioats and recreational trollers around FADs i n  Hawaii. A pole-and- 
line vessel can capture all of the skipjack tuna (Kutstiwonus pelamis) around 
a FAD. leaving nothing for recreational trollers in  the short term. 

Also. conflicts due to user congestion occur when many users are con- 
centrated arorind a reef or  FAD. often with various types of gear. such 
;is purse seiners and trollers or handlining and diving gear. A number of 
approaches that restrict access. limit effort. or segregate users in space 
and time mav resolve these conflicts (Samples. 1989). Of course. carefilly 
planned artificial reefs and FADS also can serve to shift effort awav from 
heavily used natural sites. Broader aspects of fishery management are dis- 
cussed more fully in  Chapter 7. 

Artificial reefs for recreational uses have Iwen constructed and deployed 
bv fishing and diving clubs, which, unfortunately, may lack the resources or 
inclination to properly research the siting. design, mid materials. Experience 
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i n  Florida and other states indicates that the structures mav I)e ineffective 
and even damaging (Andree. 1988). Andree (1988) has recommended that 
;1 Florida artificial reef plan be developed to establish standards tor siting, 
design, and materials. and to establish central artificial reef permitting, 
maintenance. and monitoring systems. As other areas of the world initiate 
such programs. the experiences in active artificial habitat sites need to be 
consulted to avoid mistakes and necative environmental impacts. 

11. Environmental Mitigation and Enhancement 

Applications of artificial reefs (for uses other than increasing fishing suc- 
cess) include providing habitat to mitigate its loss due to coastal dcvelop- 
ment or pollution and to improve habitat in marine reserves. This is a rela- 
tively recent application ofthis field, and much of the experience is limited 
to the Pacific mainland coast of the United States. I n  southern California. for 
example, the San Onofre nuclear station has affected organisms in two ways: 
by  killing larval, juvenile, and adult fishes that are taken into the plant with 
the cooling water, and by producing a turbid plume that affects kelp, fishes, 
h d  invertebrates in the San Onofre kelp bed. A 120 ha artificial reef has 
1)een proposed as in-kind mitigation for impacts to the kelp-forest commu- 
nity trom the plume, and a 60 ha structure proposed as out-of-kind mitiga- 
tion for egg, larvae, and juvenile fish mortality from entrainment iAml)rose. 
1990). 

IASS of rocky habitat due to near shore filling was successfullv miti- 
gated with a 2.83 ha quarry rock artificial reef in Puget Sound. \Vashington 
(IIueckel et d., 1989). An important feature of this mitigation was that be- 
tore a site for the habitat was selected. ~i set of benthic species was iden- 
tified to predict colonization of the site by economically important fish 
species. 

On the Pacific coast of Costa Hica, 5000 scrap tires were used to con- 
struct new 1ial)itat to protect marine fauna rather than for fishing (Campos 
m d  Gamboa. 1989). The reef. used b y  juvenile and adult fishes. wiis not 
iiiarked, apparently to prevent fishermen from finding and fishing the iirea. 
Artificial reefs may have potential to protect or improve aquatic ecosystems. 
For example. in hfarylund's Chesapeake Bay artificial reefs have been pro- 
posed to provide hal)itat tor the American ovster (Crcissostrcw cirginicti) to 
restore ovster population levels. not for fishery harvest, but to filter exces- 
sive nutrient and particulate levels from the water (Mvatt and Mvatt, 1990). 

111 the c;ts;c of mitigation. it is important to I)e sure that the artificial rcefs 
are an appropriate hal~itat. are propcrlv sited to replace the lost habitat, and 
are not adversely impacting other species. For example. species that use Hat. 
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or low-relief habitat may be adversely impacted if high-profile materials are 
deployed. 

11. Biological Impacts 

.A considera1)le body of literature deals with the ecolocv at artificial haI)itat 
sites (see Chapter 3) .  whereas few studies address the I)iological impacts of 
artificial reefs and FA4Ds o n  fish populations (13ohnsack and Sritherland. 
1985: Bohnsack, 1989). The limited num1)er of studies of this lattcr aspect is 
certainlv not due to a lack of interest but  rather to the ditficulty in collecting 
the appropriate data. Data must be collected from large-scale applications of 
artificial habitat on an appropriate spatio-temporal scale to determine the 
possi1,le biological impacts of artificial habitat in the presence of variations 
in the environment, fishing strategies, and gear. The scale of most research 
or pilot applications of artificial habitat is too small to detect 1)ioIogical im- 
pacts on stocks, even at a local level. Thus. much of the current thinking on 
the biological impacts of artificial habitat tends to be speculative. (The reader 
may consult Chapter 6 for a review of ecological assessment methods.) 

Often discussions on the impacts of artificial reefs and FADS distinguish 
Iletween impacts clue to aggregation and those due to "new production'' 
(Bohnsack, 1989). Ilowever, from both a inanagement und 1)iological per- 
spective, it is important to make the distinction between aggregation that 
simply redistributes exploitable hiomass and aggregation that attracts 1)io- 
inass not previously exploited, while increasing the exploita1)le Iiiomass. I t  
is useful to consider the three types of impacts on the exploitable biomass 
and the total stock due to the artificial 1ial)itat: 

Artificial reefs and FADS can simply redistribute the exploitable bio- 

They can aggregate previously unexploited 1)iomass iuid increase the 

\Vhen stocks are limited b y  high-relief habitat. artificial reefs can in- 

mass without increasing it or total stock size; 

exploita1)le biomass but  not the total stock size: 

crease stock and hence. total stock size. 

These three types of impacts. tlierefore. distinguish Iwtween not only 
the two types of aggregation brit also total stock size and esp1oital)le 1)iomass. 
Because some of their biological aspects will differ, the three impacts are 
discussed separately in subsequent sections. However. all three may occur 
in varying degrees in any artificial ha1)itat application. They are illustrated 
in Fig. 5.5.  
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I;igure 3.3 Tlirer possil~le iiiipxts ot iirtificial habitat. (A) Total 1)ioinass. esploit.il)lr hiinass.  
fi\hiiic eHi)rt. mid yield tbr ;I resource prior to tlel)loyineiit 01 artificiul 1ial)it;its. Sot(. the. citcli 

r.ite cyield:eHi)rt) is 1.0. and the vield i h  ; h i l t  oiie third ol'the total I)ioiiiass. I U)  \Vlicw ;irtilici;II 
Ii;tl)itats just redistrilnite the exploit;il)le I)ioni;rss 1 - 1  tilake it easier to catch. the smie r.itch C'.III 

I i r  ol>tained with lower etliwt. ( C )  \\'htw iirtificial Ii.ll)itats iiicrease the exploit;hle 1)ioiit;iss l i t i t  

iiot the total biomass, an increase i n  ctitcli can be :ichieved with greater ettort without ;I rc.tluc- 
tion i l l  catch rate. iiwrninc! that recruittnent overfishing does iiot occur. (11) \L'IIVII ;u.tifici;iI 
Iiihitats inereuse the total 1)ioniass. the levels ofdl tlie varial)les i n  port (h) iiicrrnse. Note tll;it 

the only ditkreiice between ( C )  and (1)) is tlie increase iii total 1)ioiii;iss. 



-5. Fisheries Applications and Biological Impacts 165 

A. Impacts Due to a Redistribution 
of Exploitable Biomass 

For some resources, artificial habitat may primarily chance the clistri- 
bution of the exploitable biomass without increasing it or the total stock 
(Fig. 5.5 part B). For example, some of the resources exploitcd in the natural 
habitat move to the artificial habitat, or a highly mobile resource that moves 
between natural habitats may visit artificial habitats as well. 

This type of impact appears to be illustrated liy flatfishes ( Pleuronecti- 
dae) in the study by  Polovina and Sakai (1989) on the impacts ot'50.000 in 
of artificial reefs deployed in Shimamaki Bav otF Hokkaido. Japan. Despite 
the flatfishes representing an estimated 30% of the gill-net catches at the 
artificial reefs, no increase in flatfish landings could lie attributed to the reefs 
when landings from the entire bay were considered (Polovina and Sakai. 
1989). I n  sonic tagging experiments, flatfishes readily moved from natural 
habitat to artificial reefs, but they were not long-term residents at either 
site (Kakimoto, 1984). Polovina and Sakai (1989) concluded that the artifi- 
cial reefs redistributed the fiatfishes but did not change their exploitable 
biomass. 

Although the Shimamaki study did not identify any 1)iological impacts 
from the redistribution of exploitable Iiiomass. there are potential iiiJpacts 
caused by  artificial reefs that redistriliute exploitable Iiiomass. The greatest 
potential impact may \,e a reduction in exploitable biomass if fishing at the 
artificial habitat is not restricted. Siting of artificial habitats usually allows 
them to be more accessible to fishermen all year and often works to support 
ii higher density of fishes than a natural hh i t a t .  The higher density may 
increase catchability of the fishing gear. and the greater accessibility in- 
creases fishing efforts, which can result in higher fishing mortality. An in- 
crease in fishing mortality will decrease exploitable Iiiomass in the area. 
Whether this decrease results in lower catches or recruitment to the fishery. 
either locally or in an adjacent region. depends on the stock dynamics. I f  
the stock is migratory. then heavy fishing mortality in one region will result 
in lower levels of exploitable biomass in adjacent regions. I t  a strong rc- 
gional stock-recruitment relationship exists, then heavy local fishing inor- 
tality could reduce future recruitment. 

Similar to the situation in Shimamaki Bay. application of iutificial wets 
in the Gulf of Thailand also did not appear to increase the t~xploitable hio- 
inass for one resource. However, the allocation of the resource among user 
groups was altered (Sinanuwong, 1988). The reef site in the C;ulfofThailand 
was closed to trawlers and push-netters. and the threadfin resource was al- 
located to small-vessel, village fishermen using gill nets (Sinanuwong, 1988). 
Village fishermen had previously fished this resource for a short time until 
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the schools were depleted by trawlers and push-netters. After the reef de- 
ployment. they were able to fish the schools much longer and catch, as well 
;is catch rate, increased. 

The Thailand example illustrates an application of artificial hal)itat that 
likely resulted in a reduction in fishing mortality. because the increase in 
catches by the village fishermen was probably less than the catches previ- 
ously taken by the more efficient trawlers and push-netters. This example 
.ilso shows that artificial habitat can result in a clianee in the types of fishing 
<ear used. Such a change may impact the species caught. catcha1)ility. and 
fishing mortality. Since the species composition of the catches at the artificial 
habitat may differ from that at the natural habitat, fishing mortality may 
increase for some species but decrease for others as etfort shifts from natural 
to artificial habitat. 

U. Impacts Due to Increased Exploitable Biomass 
but Not to Total Stock Size 

- Aggregation may not only cause a resource to be redistributed but inay 
rilso increase the biomass of a resource exploited by  a fishery. (See Fig. 5.5 
part C.) If artificial habitat aggregates juveniles. thereby making them rnore 
accessible to capture, the exploitable biomass may increase as the size of the 
fish at entry to the fishery decreases. Conversely, aggregation may inake 
available to fishing gear a portion of the resource that has been distributctl 
at a low density and has not been previously exploited. An extreme case 
would be a resource that has not been fished because it is widely distributed 
at a low density at a natural habitat. Artificial habitat will aggregate the re- 
source at ;L density sufficient to support a fishery, and the resource can then 
be exploited. From a fisherman’s perspective. if a resource is not overex- 
ploited, it does not matter whether exploitable biomass is increased hy ag- 
gregating unexploited biomass to artificial habitat or from new production 
that increases stock size. I n  both cases, increased catches will he achievcd 
without increased effort. 

The impact of FADS on tuna in the Philippines appears to represent this 
type of aggregation. There. devices known as payaos (Fig. 5.22. togethcr 
with purse seines or riyg nets. were introduced to the tuna fishery i n  the 
early 1970s. As a result, skipjack tuna (Kutsuwonus pelainis) catches rose 
from less than 10,000 t in 1970 to 266,211 t in 1986, representing 20% of the 
national marine catch (Aprieto. 1988). Over 90% of the tuna caught at the 
FADS were less than one year old. and they were about one-half the length 
of a mature tuna (Aprieto. 1988). There was some concern that the heavy 
fishing mortality with sinall length at entry may result in growth overfishing 
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(i.e., lower catches than could be achieved with larger length at entrv o r  
lower fish mortalitv) and recruitment overfishing (i.e.. 11 decline in recruit- 
ment to the fishery) (Aprieto, 1988). 

The question of whether FADs can cause growth overfishing has been 
examined by Floyd and Pauly (1984). Four factors are necessarv tor growth 
overfishing: (1) presence of small fish on the fishing ground: ( 2 )  use of gear 
capable of catching sinall fish: ( 3 )  a market tor sinall fish: a ~ i d  (4) hich exploi- 
tation rates. All four ot' these factors are present in the tuna fishery in the 
Philippines. Usine an exploitation rate of 0.7-0.8 tor skipjack tuna and vel- 
lowfin tuna (Thunnus ulbacures) with the Beverton and Holt (19%) yield 
equation, the yield per recruit declines by an estimated 50% when the size 
at entry drops from one-half to one-fourth the asymptotic length (Floyd and 
Pauly, 1984). The recent decline in landings from this fishery may be partlv 
due to growth overfishing (Floyd and Paulv, 1984). Further. analysis of stom- 
ach contents suggests that the predation on juvenile tunas hy  adult tunas is 
greater at FADs than in schools in the open ocean, suggesting that FADs 
can increase natural mortality as well (Aprieto. 1988). 

The biological impacts of this type of aggregation include all of the im- 
pacts associated with aggregation that simply redistributes exploitable \)io- 
inass. However, when aggregation increases the exploitable 1)iomass. other 
impacts depend on the dynamics between aggregated and unaggregated 
fish. Clark and Mancel (1979) developed a inotlel for tuna purse seining in 
which tunas move from subsurfice populations to surface schools that are 
fished. Applying this model to the tuna fishery with FADS shows that the 
potential impact of FADs on the stock depends primarilv on whether the 
rate of movement from the unaggregated population to the FADS, as well as 
the mortality of the unaggregated population, exceeds the intrinsic rate of 
population increase (Samples and Sproul. 1985). If the rate that tunas aggre- 
gate at FADs plus non-FAD mortality exceeds the population growth rate. 
then high fishing mortality at  the FADs alone can drive the fishalde popula- 
tion to zero. The relationship Iletween catches at a FAD and eff'ort M o w s  
the typical dome-shaped production curve. The biological impact is that ex- 
cessive fishing effort at FADs can result in recruitment overfishing. How- 
ever, when the growth of the population exceeds the non-FAD inortalitv and 
the rate of aggregation to the FADs. 110 iunount of fishing at the FADs can 
exhaust the total population (Samples and Sproul. 1985). I n  this case, catch 
increases with effort to an asymptotic vulue. and the 1)iological impact is that 
increasing fishing effort on aagregations cannot increase the fishing mortality 
beyond a certain level. While the Clark and ktangel (1979) model has been 
upplied specifically to the tuna fishery at FADs. the results also apply to 
demersal resources aggregated at artificial reefs. 
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C. Impacts Due to Increased Total Stock Size 

In  theory, providing additional habitat could increase the population 
size for some habitat-limited stocks (Fig. 5.5 part D). For example, the habi- 
tat provided by artificial reefs might result in substrata for additional food, 
shelter from predation, settlement habitat, and lower densities at natural 
reefs (Bohnsack. 1989). However. despite the large number of studies on 
artificial reefs. very little direct evidence indicates that artificial reefs can 
increase the population size ofa  fish stock (Bohnsack. 1989). 

One unplanned experiment in the United States that may merit further 
study is the biological impact from the oceanic petroleum platforms off Lou- 
isiana. A single petroleum platform in a depth of 40-60 m can provide about 
1 ha of hard substrate. and platforms are estimated to represent over 90% of 
all hard-bottom substrate off Louisiana (Scarborough-Bull, 1989). The eco- 
systems at these structures differ from the naturally occurring soft-bottom 
ecosystem and demonstrate that artificial reefs can result in the establish- 
ment of hard-substrate ecosystems, even when isolated from similar ecosys- 

-Terns (Scarborough-Bull, 1989). Since these platforms represent large-scale 
habitat alteration with apparent impacts on species composition and abun- 
dance, plus fishing areas and species targeted, a quantification of these im- 
pacts would greatly add to our understanding of the impacts of artificial 
habitats. 

In Japan, a relatively large-scale application of artificial reefs provides 
some evidence that artificial reefs can increase the total stock. A significant 
increase in landings and catch rates of Octopus dofleini was observed in a 
small bay near Shimamaki, Hokkaido, Japan after almost 50,000 m.’ of artifi- 
cial reefs were deployed (Polovina and Sakai, 1989). Additionally, availability 
of data from two adjacent regions in the same bay made it possible to com- 
pare relative changes in catches and catch rates as a function of artificial reef 
volume in each bay. While changes in environment or fishery economics 
could alter catches and catch rates in each region, the relative catches and 
catch rates should be unaltered by these factors and reflect only the impacts 
due to the artificial reefs. 

The magnitude of the increase in octopus catches attributed to the arti- 
ficial reefs was about 90 t or about 1.8 k4m3 of artificial reef per year. Polo- 
vina and Sakai (1989) concluded that the artificial reefs increased the ex- 
ploitable biomass of octopus. This increase may have come from either an 
aggregation of octopus from habitat not previously exploited or from new 
biomass Juc to the additional habitat. 

Unfortunately, no surveys of octopus abundance and their size structure 
(over the natural habitat and artificial reefs before and after the deployment) 
were conducted to complement the fishery data and determine whether the 
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reefs were aggregating the octopus or actually increasing the population size. 
However, Polovina and Sakai (1989) addressed this issue by examining the 
change in catches in the two adjacent regions. They hypothesized that. if 
artificial reefs aggregated octopus from the entire bay. then as the octopus 
moved to the region with the large reef volume. an increase in catches i n  
the region with the large volume of artificial reefs would be accompanied by 
a corresponding decline in catches in the adjacent region with the low vol- 
ume of artificial reefs. But if the artificial reefs increased the population of  
octopus. changes in catches i n  each region would I)e iiidcpendent of the 
artificial reef volume in the adjacent region and depend only on the volume 
within each region. The catch and effort data indicated that the catches in 
each region were independent of the artificial reef volume i n  the adjacent 
regions. consistent with the hypothesis that the artificial rcefs did indeed 
increase the population of octopus ( Polovina and Sakai. 19119). 

Studies on the ecology of 0. tfofleini have found that the animals are 
almost always associated with dens. with one animal per den. So in areas 
without a sufficient number of dens, habitat could be limited (Hartwick et 
u l . ,  1978). 

When the exploitable hiomass in a region is heavily fished. the density 
of the resource above the size at entry to the fishery is very low relative to 

above the size at entry to the fishery, and artificial reefs that provide more 
habitat for this portion o f  the population ;ire iiot likely to increase IW'W 

production. 
If artificial reefs are to increase new production of this resource. they 

might provide habitat to improve larval settlement, juvenile growth. a i d  a 
reduction in juvenile natural mortality. Thus. biological iinpacts of artificial 
reefs that increase total stock size are likely to include one or more of the 
following: an increase in postlarval settlement. juvenile growth. and juvenile 
survival. However, just as with the impacts froin aggregation. an increase in 
fishing effort. and hence, fishing mortality may also occur ;is the fishery re- 
sponds to inore accessible habitat and higher catches. 

the preexploitation density. Thus. habitat is not likely to limit the popul il t '  Ion 

1. Estimation of Biomass Increase 
In the absence of studies that quantify an increase in stock size due to 

artificial reefs, two simple apI~r"a'lies-oiie I~ased on yield from iiatriral 
habitat and the other based on the standing stock estimates at artificial reefs. 
together with an estimate of yield to hiomass--can provide useful estimates 
of the maximum potential enhancement due to artificial rcets. 

For the first approach, yield per area of artificial reefs is simply csti- 
mated froin fishery yield per area of corresponding natural habitat; the re- 
sulting figure is adjusted upwards for the observed higher catches between 
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artificial reefs and natural habitat. For example, to estimate potential fishery 
catches from artificial reefs in the tropics, the range of fishery production 
from coral reefs must first be considered. Annual fishery production per area 
of coral reef habitat ranges from < 1 t/kml to 18 t/kmz, with values clustering 
around 5 t/kmL (Marten and Polovina, 1982). Biomass on artificial reefs in 
several tropical and subtropical studies is. on average, seven times greater 
than on natural habitat (Stone et d., 19793. If. for example. artificial reefs 
can support 10 times the exploitable biomass of natural coral reefs. then an 
average annual value for the fishery catches from an artificial reef in the 
tropics is 50 t/kmz or 10 times those from a coral reef’. This value is equivalent 
to a yield of0.05 kg/mZ. If, as an upper bound, this yield is assumed to come 
from only 1 m of vertical relief, then the yield per artificial reef volume 
is 0.05 kgjm.3. 

The second approach to estimating the new production of an artificial 
habitat uses the biomass estimated from local artificial reefs and then esti- 
mates the potential fishery yield as a fraction of that biomass. The Beverton 
and Holt (1966) yield equation can be used to determine the fraction of the 
biomass at the reefs that can be harvested on a sustainable basis, if estimates 
of a number of population parameters are available (Beddington and Cooke. 
1983). However, in the absence of estimates of population parameters, an 
upper bound for sustainable catch can be taken as one-half the product of 
natural mortality and unexploited exploitable biomass (0.5 * 31 B o ) ,  where 
.\f is the natural mortality and B,, is the unexploited exploitable 1)iomass 
(Beddington and Cooke, 1983). 

For example, the range of biomass estimates observed for tropical and 
subtropical artificial reefs is 26-698 g/mz (Stone et d., 1979). More recently, 
a value of 1266 g/m2 was documented (Brock and Norris, 1989). Taking an 
average value for this range of 650 g/mz as an average estimate of the unex- 
ploited exploitable biomass, the fishery catches can be estimated by multi- 
plying this value by an estimate of 0.5 * M .  For a tropical, fast-growing, 
short-lived species, ,if equaling 0.7 might be appropriate. A biomass of 
650 g/mz at the artificial reefs would then support a maximum annual fishery 
production of about :3S% of the unexploited exploitable biomass, or 228 g/m2. 
Again. if yield per square meter is assumed to be due to just 1 m of vertical 
relief. then i n  this example. 0.2 kg/m.’ is the upper bound for the potential 
fishery yield from artificial reefs. 

Once an estimate of the fishery production due to new production froin 
the artificial reefs is available for a specific application, this estimate can be 
compared with the actual catches from the reefs to determine to what extent 
they are functioning as fish aggregators. Total catches at artificial reefs have 
been documented at 8 k g h 3  of artificial reef from the Philippines and 5- 
20 kdm,’  from Japan (Sato. 1985; Bojos and Van de Vusse, 1988). Of course 
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these catches include fishes aggregrated by the reefs as well as any new 
production due to the reefs. If the range of catches of5-20 kg/mJ of artificial 
reef represents a range for tropical applications. then based on the example 
previously considered, estimates of new production due to artificial reefs are 
on the order 0.05-0.2 kg/m.’, indicating that the catches are primarily fishes 
aggregated by the reefs and greatly exceed the maximum that could be ex-  
pected from new production. 

This discussion is primarily meant to illustrate two approaches that can 
be used to estimate the relative magnitude of new and aggregated produc- 
tion attributable to artificial habitats. in  order to determine how the struc- 
tures are functioning and their role in fishery management. Each application 
needs to be evaluated based on the biological and fishery information spe- 
cific to that application. For example, the growth of oysters and mussels on 
reefs in eutrophic waters may result in substantial new shellfish production 
(Fabi et al. ,  1989). Chapter 3 presents a discussion on the potential of artifi- 
cial habitats to provide new production as a function of the ecological char- 
acteristics of species at the habitat. Also see Chapter 3 tor more comparisons 
of catches and biomasses between natural and artificial reefs. 

111. Discussion 

Artificial habitats clearly play a role in fishine systems worldwide. and iire 
increasingly employed by fishery and environmental managers in natural 
resources conservation and planning. Aspects of that role for artisanal fish- 
eries, and fisheries in general. are presented in the following section. 

A. Artisanal Fishing 

Artificial habitats have proven particularly etfective for artisanal appli- 
cations where fishing effort is relatively low. However. since such structures 
serve to change the distribution of fishing etfort and fishes. they must be 
viewed within an overall fishery management plan. Their impacts should be 
considered in a broad socioeconomic context. rather than just in biological 
terms or changes in CPUE. 

Artificial habitats can substantially reduce travel and search time tor ar- 
tisanal fishermen and improve the catchability of their gear. As long as the 
total fishing etfort in the resource is not great enough to result in overfishing, 
the effects of these structures on the  resource are beneficial. Gear competi- 
tion between fishermen at the artificial reefs and FADS is a potential prob- 
lem if etfort is not regulated, but these structures could also serve to redis- 
tribute fishing etfort to resolve competition. 
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Artificial habitats may be useful in closing areas to trawling, to protect 
juveniles in shallow nursery grounds, and to provide fishing sites for arti- 
sand fishermen using gear that captures mature fish. The deployment of 
artificial reefs and FADs ideally should be a community project and fisher- 
men should be involved in their planning, construction, and maintenance. 

Artificial reefs and FADs built with local materials of opportunitv have 
certain appeal. but care should be taken to avoid depleting local forests 

and mangroves, or polluting the environment with inappropriate materials. 
Longer lasting structures built from properly ballasted scrap tires and con- 
crete may ultimately prove more economical. 

B. Fisheries Management and Other Applications 

In the presence of heavv fishing effort. artificial reefs and FADs 11 one 
may not be economically beneficial. Measures that regulate gear and the 
fishing effort at artificial reefs and FADs may be required to avoid resource 
overfishing, user conflicts, and to improve fishery economics. While the lit- 
erature documents many studies on the ecology at artificial structures, stud- 
ies on the broader fishery management and socioeconomic impacts of these 
structures are lacking (see Chapter 7). For progress to be made in under- 
standing the applications of artificial reefs and FADS. scientists and nian- 
‘igers must deploy these structures within an overall fishery management 
plan consistent with the limitations of the particular artificial habitat. Finally. 
it is useful to view the application of artificial habitats as a decision to allocate 
space (the site of the habitat) and marine resources to certain user groups. 
This allocation and the impacts on all user groups should be understood and 
consistent with the objective of the artificial he ‘1 1 )Itat. . 

The following list gives some examples of potential applications of arti- 
ficial habitats that address specific management needs and that take advnn- 
tage of the way artificial habitats can change the distribution of resources a d  
fishermen. alter gear, and influence size and species harvested. 

When fishery managers wish to reduce fishing etfort. artificial hal)itats 
may serve as a ‘hrgaining chip” i n  negotiation. Artificial hahtats c;in 
create fishing grounds close to port. Such proximity c;in improve the 
economics of fishermen by reducing expenses and increasing catch- 
ability, perhaps making it easier for fishermen to accept reductions i l t  

overall catch. 
When heavy trawling of near-shore nursery areas results in high mor- 
tality of juveniles, artificial reefs can be used to close ;in area to trawl- 
ers by creating unsuitable conditions for trawling. 
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When one resource is overexploited, artificial habitats can serve to 
shift fishing effort to another resource. If soft-bottom resources are 
heavily fished. artificial habitats may I)e used to shift some fishing et- 
tbrt to coastal pelagic or hard-bottom resources. 
When coinpetition hetween resource users is a problem. artificial 
habitats can be used to separate them. In cases of competition be- 
tween artisanal fishermen and trawlers. artificial reek can I)e used to 
create areas unsuital~le tor trawling. but  suita1)le tiir artisanal usage. 
Sport divers might avoid competition with other types of fishermen 
ti)r sites by identifying an area unused tor fishing. regulating a prohi- 
bition of fishing at the site. and then deploying artificial reefs there to 
create a desirable dive site. 

From a biological perspective, artificial habitat may function in one or all of 
the following ways: (1) to redistribute exploitable biomass, (2) increase ex- 
ploitable biomass by aggregating previously unexploited biomass. and (3) im- 
prove aspects of survival and growth, thereby providing new production. In 
all three functions, artificial habitats have the potential to alter fishing effort. 
gear. size of fish at entry to the fishery, species targeted, and catch. The 
impact of change in fishing mortality on the stock depends on the relative 
level of exploitation and the rate of movement of the resource to the artificial 
habitat. 

In artificial reef applications. it is possible to estimate the maximum 
catches froin new exploitable biomass due to the artificial reef. and compare 
this with the actual catches to determine the extent to which the artificial 
reef is serving as a benthic aggregating device. 

More rigorous experimental designs are needed to document the bio- 
logical impacts of artificial habitat. These designs need to use large numbers 
of habitat structures to ensure that sufficient statistical power exists to detect 
impacts in the presence of considerable natural variation typical of many 
ecosystems. Also, they may require a control site without artificial habitat. 
Data of a time series should be collected at the treatment and control sites 
hefore and after the deployment of the artificial habitat. Fishery-dependent 
and fishery-independent data should be collected on an appropriate spatial 
scale and resolution to detect impacts at the artificial and natural habitats. 
(See Chapter 6.) 

Since artificial habitat changes the spatial distribution and density of re- 
sources and the fishing effort, standard fishery models, which do not explic- 
itly treat this spatial dimension adequately. may not represent the data fairly. 
For example, application of the Clark and Mangel (1979) model has proven 
highly useful for understanding processes at FADS. Further application 
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of this model. along with habitat and diffusion models, should result in more 
realistic models to evaluate potential impacts of artificial habitat (Mullen.  
1989; hlacCal1. 1990). 
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