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Abstract

Reef fishes are significant socially, nutritionally and economically, yet biologically they

are vulnerable to both over-exploitation and degradation of their habitat. Their

importance in the tropics for living conditions, human health, food security and

economic development is enormous, with millions of people and hundreds of

thousands of communities directly dependent, and many more indirectly so. Reef fish

fisheries are also critical safety valves in times of economic or social hardship or

disturbance, and are more efficient, less wasteful and support far more livelihoods per

tonne produced than industrial scale fisheries. Yet, relative to other fisheries globally,

those associated with coral reefs are under-managed, under-funded, under-monitored,

and as a consequence, poorly understood or little regarded by national governments.

Even among non-governmental organizations, which are increasingly active in

tropical marine issues, there is typically little focus on reef-associated resources, the

interest being more on biodiversity per se or protection of coral reef habitat. This essay

explores the background and history to this situation, examines fishery trends over the

last 30 years, and charts a possible way forward given the current realities of funding,

capacity, development patterns and scientific understanding of coral reef ecosystems.

The luxury live reef food-fish trade is used throughout as a case study because it

exemplifies many of the problems and challenges of attaining sustainable use of coral

reef-associated resources. The thesis developed is that sustaining reef fish fisheries and

conserving biodiversity can be complementary, rather than contradictory, in terms of

yield from reef systems. I identify changes in perspectives needed to move forward,

suggest that we must be cautious of ‘fashionable’ solutions or apparent ‘quick fixes’,

and argue that fundamental decisions must be made concerning the short and long-

term values of coral reef-associated resources, particularly fish, for food and cash and

regarding alternative sources of protein. Not to address the problems will inevitably

lead to growing poverty, hardship and social unrest in many areas.
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Introduction

Reef fish fisheries have long sustained coastal

communities throughout the tropics as an import-

ant, sometimes sole, source of protein and liveli-

hood. In the last few decades, with the development

of the economy, technological improvements in

fishing gear, growing coastal populations, globali-

zation of trade and rising life-style aspirations, these

fisheries have widely come under threat. Rapid

modernization has led to problems unimagined even

a generation ago.

Let’s take the islands of Fiji to illustrate some of

the major problems. James Hornell, based in Fiji in

the 1930s, could not have envisaged what would

happen once the desires (Hornell’s wording) of the

modern world were awakened, as can be seen from

his unmistakably industrialized-world lament: ‘‘So

few and so simple are their (those who by right of

heritage are native Fijians and own the sea) wants,

that a minimum of effort suffices to supply them.

Money of itself furnishes no incentive. Therefore,

until they come to value money as a means to the

attainment of wants at present not desired, we

cannot expect them to awaken from their present

apathy and indifference to the riches which the sea

offers to their grasp at the expense of regular and

sustained effort’’ (Hornell 1940).

Less than 50 years after Hornell’s publication,

fishing effort had become so sustained and focused

on material riches, cash needs for schools, com-

modities and the Church that what the sea can

provide has come under threat (A. Batibasaga, Fiji

Fisheries, personal communication). Had he had the

chance to rewrite his words, with hindsight, Hornell

might well have qualified them, in the recognition

that reef-associated resources are far from certain

means to unlimited wealth. It is to Hornell’s credit

that he also proposed the establishment of a fishery

division now struggling actively to deal with the

consequences of awakened desires.

In Fiji, reef fish catches are on the decline, with

far-reaching consequences for health, human com-

munities and target species, a pattern repeated in

much of the tropics. Fresh fish is increasingly

marketed for cash or exported, rather than going

to the dinner table, while cheaper, imported, canned

mackerel or inexpensive frozen fish are a regular

part of the diet (A. Batibasaga, personal communi-

cation). Aspirations within some communities are

frustrated because of declining catches and incomes,

and there are increasingly unwelcome incursions by

outside interests into areas of local Custom-

ary Marine Tenure (CMT) known as ‘qoliqolis’

(Y. Sadovy, unpublished data based on fisher

interviews conducted in Fiji in 2003). Fishers must

travel further than before, with less working time

within their communities, and possibly increasing

the workload on women who take up some of the

slack. In urban areas, or where there is extensive

coastal development, damage to reefs exacerbates

decline due to overfishing, while in remote commu-

nities there are few alternatives to gaining a living

from the sea. Formerly important or culturally

significant species in Fiji and elsewhere, have all but

disappeared, such as the bumphead parrotfish

(Bolbometopon muricatum, Scaridae) and humphead

wrasse (Cheilinus undulatus, Labridae) (Dulvy et al.

2003; Sadovy et al. 2003a). Yet there is little

incentive for government action because the value

of subsistence catches is typically not factored into

economic valuations of the resource. For example,
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in the mid-1990s commercial landings were esti-

mated at 6653 tonnes and subsistence at 16 600

tonnes, annually, yet only commercial landings

were assigned a monetary value and officially

considered an economically beneficial activity; else-

where in the Pacific the pattern is the same (Gillett

and Lightfoot 2001).

A situation similar to that in Fiji occur through-

out the tropics. There is growing recognition that

reef fish fisheries need substantially more attention

at local, national and international levels to

prevent further declines and to ensure that they

continue to play a critical role in providing coastal

communities with food (Whittingham et al. 2003;

Sadovy et al. 2003b; Bellwood et al. 2004). Easy

access to fishing is particularly important in times

of economic hardship where fishing may be one of

few remaining livelihood options, not just in

developing but also in developed areas. For exam-

ple, in Hong Kong during the SARS (severe acute

respiratory syndrome) crisis when unemployment

increased due to an economic downturn, fishing

remained an important option for food or income

(Y. Sadovy, personal observation). In the Pacific

island of Niue following cutbacks in government

sector jobs, in times of hardship in coastal

Mozambique, or in Indonesia following a decline

in clove prices, fishing as a source of income

became critically important for food and liveli-

hoods (Whittingham et al. 2003; I. Harkes and

I. Novaczek, unpublished data). Indeed, inmany cases

fisheries provide the ultimate alternative livelihood.

This paper explores key reasons as to why

management is so poorly developed for most

tropical reef fisheries, with a focus on fish species

because of their critical importance for suste-

nance, examines why it is so important to

address the issues from economic, social and

biological perspectives, and considers options for

change. It is argued that many reef fishes are by

their nature particularly susceptible to over-

exploitation and that important factors impeding

progress in their management are perceptions

of low economic value, a poor understanding of

their biology and response to fishing, a lack of

effective local, national or international manage-

ment measures, misdirected non-governmental

organization (NGO) initiatives, and the relatively

recent dual pressure on fisheries important both

for local consumption as well as for generating

cash in local and international markets. I do not

consider other important aspects of coral reefs,

such as their role in shoreline protection or bio-

geochemical services as these are well-covered

elsewhere, and further strengthen the case for

action (e.g. Moberg and Folke 1999). As a case

study, throughout, I refer to the luxury interna-

tional trade in live reef fish for food because it is

relatively well understood, epitomizes many of the

general problems and has cast a much-needed

spotlight on key issues.

Recent history and current condition of coral

reef-associated fisheries

Overview

Reef-associated fisheries officially make up about

10% of total world marine fishery landings,

according to the UN Food and Agriculture Organ-

isation (FAO) statistics. In the eyes of governments,

donors, aid agencies and the general public, this

misleadingly low figure all but obscures their true

significance. In so doing, it distracts much-needed

attention from their assessment, funding and

management. Reef fish fisheries provide food,

livelihoods and incomes for tens of millions of

people in the tropics and subtropics; 20–25% of all

reef fishes taken globally are caught in developing

countries (Cesar et al. 1997; Moberg and Folke

1999). In South-east Asia alone over 20 000 000

people are employed in fishery and related sectors

(Cesar et al. 1997; World Resources Institute

2005). In the Philippines, reef fishes are estimated

to comprise 15–30% of total national municipal

fisheries production from the small-scale sector

(Alino et al. 2004), while a study from the island

of Lombok, Indonesia, showed that >35% of the

catch from small-scale fishermen came from coral

reefs (Spalding et al. 2001). Many communities in

thousands of small islands depend almost exclu-

sively on the sea for livelihood. In Pacific island

nations, subsistence landings are up to 10 times

higher than commercial coastal landings (Gillett

and Lightfoot 2001), and overall about 80% of the

coastal fishery landings do not enter the economy

(FAO 1997). Finally, in a world that increasingly

has to be aware of efficiency and wastefulness, it is

important to recognize that small-scale fisheries are

more efficient, less wasteful and support far more

livelihoods per tonne produced than industrial

scale fisheries (Thompson 1989).

A major obstacle to assessing trends and volumes

in reef fish production in a way that reflects their
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true value, history and condition is the poor quality

(in terms of species resolution and coverage) of

official, country-level, data on landings and number

of fishers, year to year. At the international level,

this information is supplied to the FAO, of the

United Nations, and typically lumps different categ-

ories of small-scale fishers. These are combined into

one group as commercial and subsistence fishers in

marine, brackish and freshwaters who fish in non-

covered boats or have no boat, together with fish

culturists. Also combined into single categories are

landings that comprise a diverse mix of coastal

pelagic and reef species. Species or species groups

are either amalgamated at various taxonomic levels

or may not even appear in statistics for fisheries as

diverse as baitfish, aquarium fish or for fishes used

solely for subsistence or for local barter (Y. Sadovy,

personal observation). Therefore, it is difficult to

assess the national social and economic importance

of reef fish fisheries relative to other activities, the

trends in catch rates, the status of fished species, or

fisher numbers. Nonetheless, understanding such

trends and patterns is essential for pushing for

change, assigning conservation and management

priorities, obtaining funding, focusing development

and responding to changes in human demograph-

ics.

Despite the many and largely inevitable short-

comings in data collection from multispecies and

multigear fisheries in hundreds of thousands of

small fishing communities, judicious selection of

FAO data on small-scale fisheries can provide

some useful general indications of trends over

time, and across countries, especially if cross-

checked with independent local studies. To iden-

tify general trends, catch-per-unit effort (CPUE)

(tonnes per fisher per year) and productivity (or

yield) (tonnes per km2 reef per year) were

calculated. Information was collected from FAO

data on marine fish landings, numbers of ‘com-

mercial and subsistence’ fishers between 1970

and 2000 (constrained to 1970, 1980, 1990,

1995/96 and 2000 by data availability), and

estimates of coral reef areas (Spalding et al.

2001). Trends over time within countries were

made assuming no major changes in the way in

which data had been collected and reported, and

no major shifts in effort between fishing sectors,

for example between coastal pelagic and reef fish

sectors. Comparisons across countries were made

where appropriate.

Analysis

In an attempt to incorporate only those data sets

that largely reflect reef-associated fisheries, several

criteria were applied to country selection and all

countries meeting the criteria were included in the

analyses (see Table 1 footnotes). Data were obtained

from FAO fisheries statistics databases and personal

communications with FAO staff, and from the

World Resources Institute (2005) online database.

Sixteen countries met all the criteria applied

(Tables 1, 2).

Trends from 1970 to 2000 for 16 tropical

countries were examined for (i) number of fishers

over time, (ii) annual landings over time, (iii)

annual catch in tonnes per fisher over time (catch

rate), (iv) tonnes produced annually per km2 of

coral reef (i.e. productivity) against time, and (v)

productivity against number of fishers. Over the

30-year period, the most notable trends were:

1 within countries, the number of fishers increased,

especially in Indonesia, Jamaica and the Baha-

mas (Table 1);

2 within countries, annual landings increased

steadily in Indonesia, and the Bahamas and

decreased in Jamaica (Table 2);

3 within countries, annual catches in tonnes per

fisher (a crude measure of CPUE) increased in the

Maldives and St Lucia, and decreased in Fiji,

Jamaica, Aruba, Indonesia and in the Bahamas

(Fig. 1a,b);

4 across countries, productivity (yield per km2)

varied considerably (Figs 1c,d and 2);

5 annual catches in tonnes per fisher (CPUE)

showed an inverse curvilinear relationship; in

areas with high numbers of fishers, catch rates

are low (1–2 t fisher)1 year)1) irrespective of

natural levels of productivity; at low fisher

numbers, annual catch volumes per fisher are

highly variable reflecting natural differences in

productivity across countries included in the

analysis (Fig. 2).

The data suggest that several countries among

the 16 examined have declining catch rates and

that many, such as the Bahamas, Jamaica, Indo-

nesia and the Philippines, may have reached or

exceeded maximum sustainable yields. These

trends, albeit based on a limited data set, are,

nonetheless, consistent with other studies over the

last 30 years, suggesting that small-scale fishing

effort and landings are increasing and that many
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fisheries have already reached or possibly exceeded

maximal sustainable yield (Pauly 1994, 1997;

Dalzell 1996; Barut et al. 1997; Hunt 2003).

Highest rates of small-scale landings reach

approximately 60 t km)2 year)1 in the Philippines

and Indonesia, the two countries for which total

small-scale landings include significant non-reef

coastal species. Assuming that 15–30 % of these

are reef fishes, this suggests a maximum of about

10–20 t km)2 year)1 for reef fish production. This

level is close to the maximum reef fish production

rates predicted by published models and theory

and strongly suggests that both countries may be

close to peak maximum long-term yields (Dalzell

1996; Polunin et al. 1996), with every prospect of

increased fishing pressure and declining landings,

in the near future.

Without interventions and a change in attitude

towards management, it appears inescapable that

important reef fish fisheries will continue to, or will

soon, yield less per fisher and less overall per km2 of

reef. This problem will intensify by continuing

degradation of reefs from natural and anthropogen-

ic factors, growing human populations, increasing

national and international pressure for exports,

technological improvements, and growing econo-

mic development in the developing world (Ruddle

1996; Spalding et al. 2001; Hunt 2003; Bellwood

et al. 2004). Further threats to vulnerable species

are inevitable (Sadovy et al. 2003a).

Table 1 Numbers of fishers (small-scale) from Food and Agriculture Organization fisheries statistics division and World

Resources database for 1970, 1980, 1990, mid-1990s (either 1995 or 1996 according to availability) and 2000. First

column shows reef areas (Spalding et al. 2001).

Country

Reef area

(km2) 1970 1980 1990 1995/96 2000

Aruba <50 360 360 410 610 884

Bahamas 3150 1750 585 4000 12 600 12 600

Barbados <100 2014 3000 3000 2995 2995

Fiji 10 020 2000 3000 4583 3826 16 059

Indonesia 51 020 841 627 2 190 352 3 146 645 4 062 500 5 129 215

Jamaica 1240 7000 10 400 16 900 8150 23 465

Maldives 8920 20 932 24 330 21 725 21 932 19 108

Martinique 240 1549 1200 806 2772 886

New Caledonia 5920 273 270 670 790 793

Papua New Guinea 13 840 500 2515 10 400 16 000 16 000

Philippines 25 060 1 047 441 781 500 898 000 990 872 990 872

Puerto Rico 480 2000 1447 1332 1758 1758

Samoa 490 6300 7860 6030 8272 13 904

Solomon Islands 5750 600 115 447 51 546 51 250 51 250

St Lucia 160 2600 2600 1802 1766 2046

Tonga 1500 1800 5950 5900 2501 3500

Criteria for selection of countries in analyses, and definitions:

(a) Small to large islands for which is was assumed that a significant proportion of the ‘marine’ landings recorded come from coral reef

areas in local waters (continental areas, on the other hand, often have a large non-reef component in reported marine small-scale

landings).

(b) Countries for which ‘subsistence and commercial’ fisher numbers are best reflected in the marine and non-aquaculture environment

(but see notes below on Indonesia).

(c) Selection was bounded by 30� latitude that generally defines the limits of coral reef growth.

(d) Independent cross-checks were made where possible with existing literature (e.g. landings data and fisher numbers from annual

fishery reports, wherever available).

(e) Landings data include significant quantities, or are entirely composed of, reef associated fish for all or part of the life cycle. For all

countries except the Philippines and Indonesia, landings are mainly of reef fishes. For Philippines and Indonesia, approximately 15–

35% of marine landings given in the table are likely to be reef species.

(f) ‘Fishers’ refers to ‘small-scale’ fishers as defined by FAO. However, in Indonesia during 1980 and later, ‘inland’ fishers were removed

from the small-scale fishers sector but ‘aquatic-life cultivators’ have not been removed as these include fishers that grow-out some wild

caught reef fish, use wild caught feed for culture activities, and sometimes fish. This subclass of small-scale fishers comprises

approximately 40% of the sub-class.
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Status and productivity of coral reef

ecosystems and fish species

Status and change

Heavy exploitation pressure has caused moderate to

severe declines in valuable tropical marine inverte-

brates and vertebrates, as well as ecosystem shifts.

We know most about species of high commercial,

structural or cultural value because of the greater

attention and interest they tend to attract; interest-

ingly, until recently these have tended to be non-fish

species. For example, in many places in the Pacific,

fishing has markedly reduced sea cucumber (beche-

de-mer or trepang), species of the family Holothuri-

dae, such as Holothuria nobilis, the black teatfish,

and trochus, or topshell, (Trochus niloticus,family

Trochidae), and extirpated the giant clam (Tridacna

gigas, family Tridachnidae) from several areas

(Villanoy et al. 1988; Foale 1998; J. Veitayaki

personal communication). Caribbean coastal eco-

systems were probably degraded centuries ago for

large vertebrates such as hawksbill turtle (Eretm-

ochelys imbricata, family Cheloniidae), and manatee

(Trichechus manatus manatus, family Trichechidae),

while the Caribbean monk seal (Monachus tropicalis,

family Phocidae) was largely decimated by about

1800, and is now extinct (Jackson 1997; Jackson

et al. 2001).

For reef fishes, severe declines began to attract

attention more recently, although changes in mean

size evidently occurred centuries ago. Archaeological

remains suggest that mean fish body lengths

declined markedly for several exploited and strongly

reef-associated food fish families in the Caribbean

500–2000 years ago (Mace and Hudson 1999;

Wing and Wing 2001). In the last 10–20 years,

increasing fishing pressure has resulted in marked

declines in several species, ranging from groupers in

the tropical western Atlantic, to the bumphead

parrotfish and humphead wrasse (Musick et al.

2000; Sadovy et al. 2003a; Aswani and Hamilton

2004). About 50 coral reef fishes are listed as

threatened, and these make up 60% of all marine

fish species assessed according to current IUCN

(World Conservation Union) criteria (IUCN 2004),

most the result of exploitation (Dulvy et al. 2003).

The humphead wrasse was listed in October 2004

in Appendix II of Convention on International Trade

in Endangered Species (CITES) because of declines

due to demand from the live reef food-fish trade.

Declining catches and the increasing distances of

source countries from demand centres (Fig. 3) are

symptomatic of growing fishing pressure on many

coral reef species (Sadovy et al. 2003b).

Many of the more desired and valuable reef fish

species also happen to be particularly vulnerable to

overfishing because of their biology, especially their

natural rarity, longevity compared with fish species

that have supported industrial scale fisheries in the

past, and associated suite of life-history character-

istics such as late sexual maturation (Jennings et al.

1998, 1999). Other biological attributes such as

complex mating systems, limited geographical

Table 2 Landings (in tonnes) from

Food and Agriculture Organization

fisheries statistics division and World

Resources database for 1970, 1980,

1990, mid-1990s (either 1995 or

1996 according to availability) and

2000.

Landings 1970 1980 1990 1995/96 2000

Aruba 400 770 420 140 163

Bahamas 2100 5026 7531 10 035 11 191

Barbados 2300 4255 3018 3581 3100

Fiji 3600 19 124 24 247 19 171 26 632

Indonesia 731 500 1 209 095 1 98 7421 2 724 923 3 316 355

Jamaica 8500 9600 7000 7300 4664

Maldives 37 273 38 624 84 220 118 811 132 427

Martinique 4000 4521 3372 5175 5200

New Caledonia 400 659 3383 2103 2729

Papua New Guinea 14 828 35 469 11 480 24 550 80 914

Philippines 851 300 1 042 371 1 497 816 1 521 937 1 613 621

Puerto Rico 1900 3074 1677 2146 2179

Samoa 900 1910 568 2489 11 152

Solomon Is 8000 33 932 40 663 61 795 24 853

St Lucia 1419 867 924 1161 1790

Tonga 400 1993 1639 2497 3572

See footnotes to Table 1.
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distribution, reliance on specific nursery areas or

the existence of spawning aggregations that are few

in number, concentrated or predictable in temporal

and spatial location, can make species particularly

susceptible to disturbance or exploitation (Vincent

and Sadovy 1998; Roberts and Hawkins 1999;

Reynolds et al. 2001; Mumby et al. 2004; Sadovy

and Domeier 2005). Examples include many larger

reef fishes marketed live and chilled for food, and

some marine ornamentals (Sadovy and Vincent

2002).

Although no marine fish is known to have gone

globally extinct from exploitation, there are many

pressures that threaten species that might be

susceptible to extirpation. Examples include grow-

ing pressure on vulnerable species, disruptions to

reef communities and damage to the reef habitat by

destructive fishing and land-based activities, that
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reduce biodiversity and compromise recovery from

natural and man-induced events (Jennings and

Lock 1996; Russ and Alcala 1999; Spalding et al.

2001; Dulvy et al. 2003). Globally, more than 40%

of coral reefs are degraded, many in areas where

fisheries are particularly crucial to coastal commu-

nities and have high species diversity. For example,

in Indonesia extensive Coral Reef Rehabilitation and

Management Programme (COREMAP) surveys con-

ducted since 1994 show that >60% of reefs have

<50% of living coral cover, and that in much of

Southeast Asia reefs are in poor condition (Bryant

et al. 1998; Spalding et al. 2001). Not only are reefs

essential habitat for most reef-associated fishes,

approximately two-thirds of all coastal species,

including many that live offshore as adults, also

depend for part of their life cycle on reefs habitats.

Such changes and impacts can have far-reaching

effects on both biodiversity and productivity in

fished populations.

Extracting species selectively and beyond their

regenerative capacity from coral reef communities

can have direct and indirect effects. While the direct

effects of fishing on certain high visibility species, or

damage to coral reefs by a range of factors, are often

obvious, indirect fish community or reef ecosystem

disruptions are much less well understood and can

have unexpected and far-reaching outcomes on

species diversity and fishery yields. Such effects are

likely to be highly variable depending on species

targeted and gears used (Jennings and Lock 1996).

Typically, over-fishing leads to the progressive loss of

larger individuals, shifts in dominant species and

declines in catch rates (Koslow et al. 1988; Birkeland

1997). For example, reduction and disappearance of

grazers can lead to shifts from coral to macro-algal

dominance and reductions in fish diversity. This is

because fish diversity is positively correlated with

hard coral and coralline algal cover and negatively

associated with algal turf and sea urchins (Hughes

1994; Jackson 1997; McClanahan and Arthur

2001). Degradation in coral condition and reduction

in coral cover can lower yields of reef fishes (Bryant

et al. 1998), especially in the case of obligate

corallivores (Sano 2004). In some cases, damage to

reefs has been associated with higher localized

incidence of ciguatoxic fishes, apparently because

damaged surfaces are particularly appropriate for

settlement of the causative dinoflagellate(s), posing a

serious problem for food supply and fish trade from

affected areas (Kohler and Kohler 1992; Lewis and

Holmes 1993; de Sylva 1994).
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Figure 3 The expansion of the live reef food-fish trade into both the Pacific and Indian oceans over the last three decades.

Note that Vietnam is an exception since trade did not begin until the 1990s. The increasing number of source countries

involved reflects declining stocks in South-east Asia, growing demand for live reef fish, the high prices paid for live fish

which enable expensive transport, and improvements in transport (boat and plane) capacity and routings. From Sadovy

et al. (2003b), with permission.
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When dominant species are lost from ecosystems,

the outcomes are far from predictable; much depends

on which species are lost and the functional

redundancy in the system. One might reasonably

predict, for example, that piscivores are the most

significant consumers of fish biomass and that their

removal, by fishing, might lead to ecological release

of an abundance of prey fish and increased catches

through species replacements. While such ‘compen-

satory’ type changes have been reported for non-reef

fishes, there is only limited evidence for this in reef

fishes (Lock 1986; Koslow et al. 1988; Dulvy et al.

2004). Other studies report little or no evidence for

such compensatory responses in a range of fisheries

(Jennings and Polunin 1995; Pauly et al. 2002;

Graham et al. 2005). Jennings and Polunin ex-

plained their finding by suggesting that increases in

prey populations among reef fish species are likely to

be less marked and less consistent than decreases in

predator populations in such complex systems.

Graham et al. (2005) found that, in areas under

different fishing pressure in Fiji, heavy fishing

resulted in declines in size spectra because of the

loss of larger fishes with no detectable increase

(compensation) in smaller fishes, despite a general

low functional redundancy in coastal fish assem-

blages (Bellwood et al. 2004; Micheli and Halpern

2005). As many gears are often in use in reef fish

fisheries targeting a wide range of species, life-

history stages and size classes, even if prey release

were to occur compensatory responses could be

difficult to detect. If areas are also nutrient limited or

reefs degraded, there may be no possibility of such

response (Polunin et al. 1996). Understanding the

direct and indirect effects of fishing and habitat

condition of fish yields, and the degree and nature of

functional redundancy, is a key part of managing for

sustainable fisheries and of recognizing the full

effects of fishing and habitat loss.

Productivity

From the above analyses of FAO data as well as

from existing literature (Dalzell 1996) there can be

a 100-fold difference in reef productivity between

areas, according to a range of biological and

zoogeographical conditions, as well as prevailing

fishing pressure and reef circumstances. Despite

such variability, several patterns relevant to both

management and conservation of reef fishes and

coral reef-associated resources are clear. These pat-

terns relate to the relationships between biological

diversity, productivity, and reef condition and area,

and help us understand what happens to commu-

nities and yields when species are removed, or

habitat is degraded. Understanding such interrela-

tionships allows for decisions and predictions to be

made regarding sustainable levels of catch, and

should assist in developing meaningful and practical

indicators of the effects of fishing and management

(Johannes 1998; Graham et al. 2005).

One particularly interesting study in the Pacific

shows a positive relationship between biodiversity,

measured as the number of fish species per transect

using underwater visual census, and fish biomass,

measured as g m)2, at different levels of fishing

pressure and ranging from high to very low. The

results of this, and other, work suggest that biodi-

versity and biomass can be positively and signifi-

cantly related and that an increase in fishing

pressure results in lower biomass per unit area for

the same species diversity (Koslow et al. 1988;

Kulbicki et al. 2004) (Fig. 4). As many studies also

suggest that increased fishing pressure is likely to

reduce biodiversity by removing, first, long-lived,

late maturing, vulnerable species, then increasing

fishing pressure is expected to reduce overall yield

both directly, and indirectly. Conversely, protecting

biomass and diversity in marine protected areas

(MPAs) can result in increase in biodiversity, fish

size and fish biomass (Roberts 1995; Russ 2002).

This does not mean that MPAs will necessarily

restore fisheries, as the effects of protection are

mainly demonstrated to occur within the protected

areas, conserving biodiversity unless MPAs are

large enough and well-managed. However, it does

point to the need for maintaining species diversity

and suggests that judicious spatial protection is one

important aspect of fishery management in areas

where their implementation is economically and

socially feasible (e.g. Sale et al. 2005).

An example of the implications of an unmanaged

high-value fishery on a few selected target fish

species unable to withstand heavy fishing pressure

is the live reef food fish. Major demand centres for

live fish are in Chinese communities for a luxury

high-end restaurant trade. Supplies of fish come

from South-east Asia, the western Pacific, and, for

Chinese communities in North America, from the

east coast of the USA (Summers 2001; Sadovy et al.

2003a). Most species involved are groupers that

tend to be vulnerable to overfishing because of their

biology; most are long-lived and many spawn in

aggregations that are targeted (Sadovy et al. 2003b;
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Sadovy and Domeier 2005). Profits are particularly

high at the retail end of the trade, while the fishers

themselves may not be demanding high enough

prices for their fish because they do not have good

market information (Sadovy et al. 2003b). Rapid

expansion of the fishery has occurred in some

places, and, where pressure has been particularly

high, a boom and bust pattern of exploitation on

target species has resulted, with serial resource

depletions. In some areas, new fishing practices,

such as the use of poisons and hookah (surface

supply of compressed air to diver), introduced for

the live fish trade, remained after this business had

moved on, causing further resource depletions

(Sadovy et al. 2003b). A typical pattern of fishing

operations involves removal of target species of

preferred market size and targeting of spawning

aggregations. As the fishery continues, subadult fish

are retained and grown-out (i.e. placed in net cages

and fattened up) in captivity to reach market size.

Ultimately this undermines the resource base

because both reproductive adults and subadults

are heavily targeted (Sadovy et al. 2003b). The

demand for live fish from key demand centres exerts

a massive ecological footprint on preferred species,

taking a substantial proportion of the estimated

sustainable yield available to the fishery (Warren-

Rhodes et al. 2003) (Fig. 5). This type of unnman-

aged fishery leads to loss of important resources and

Figure 4 (a) Biomass against number of species per

transect (i.e. fish species diversity) at different levels of

fishing effort in locations of the western and south Pacific;

(b) graphical representation of (a), the solid straight lines

being different levels of fishing effort and the dashed curved

line indicating the decline in yield over time as fishing

pressure increases, reducing biomass, and biodiversity

decreases due to the effects of fishing. Black diamond, high

fishing effort; black square, medium fishing effort; white

triangle, low fishing effort; white circle, very low fishing

effort. From Kulbicki et al. (2004), with permission.

Figure 5 Estimates of individual country or city coral reef

fishery biocapacities and marine ecological footprints

(MEF) in South-east Asia and the Indo-Pacific. Positions

above the line of MEF ¼ 1 indicate where coral reef

seafood consumption exceeds the local coral reef bioca-

pacity, while below the line there is self-sufficiency; (a) and

(b) represent different sets of countries showing a wide

range in demand and supply. The consumption indicated

in the y-axis refers to coral reef fish consumption. From

Warren-Rhodes et al. (2003), with permission.
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removal of important functional groups (Bellwood

et al. 2004). However, managed by controls on

effort, as this fishery is in Australia (Sadovy et al.

2003b), gives potential for a lucrative and sustain-

able fishery.

To summarize, the full effects of fishing and

management depend heavily on the temporal and

spatial scales, as well as the species and type of

fishery involved. However, our growing under-

standing of the complexity and species interrela-

tionships within coral reef ecosystems suggests four

important areas that merit wider discussion and

need to be considered when developing manage-

ment and conservation initiatives. The first is that

the positive relationship between biodiversity and

productivity means that conservation and manage-

ment for productive use can be complementary

rather than conflicting. However, high biodiversity

areas (commonly termed ‘hotspots’) do not neces-

sarily require the greatest protection as low biodi-

versity areas may have less functional redundancy

and be more vulnerable following species losses

(Bellwood et al. 2004). The second is that fishing a

multispecies fishery may be best practiced by

ensuring a balanced removal across species and

size ranges to ensure maintenance of biodiversity,

while avoiding loss of functional groups, rather

than focusing heavily on a few valuable species

(Jennings and Polunin 1996; Halpern 2003; Bell-

wood et al. 2004; Kulbicki et al. 2004). The third is

that protected areas should encompass important

life-history phases or bottlenecks such as nursery

and spawning sites in efforts to maintain species

diversity and productivity, but that protection alone

is likely to be insufficient. Effort reduction must be

an integral aspect of most management. In many

areas, MPAs are too small or unmanaged to be

effective and are often not a solution that is socially

or politically acceptable or feasible. Finally, high

value fisheries need special attention because of the

potential for boom and bust types of operations that

could undermine the resource base if uncontrolled.

Moving from inaction to action

The importance of perception

The impetus to act, or recognition of the need to do

so, either comes from identifying a problem and

being able, needing, or wanting to respond, or being

forced to do so; it also depends much on perceptions

and the time and spatial scales involved. Fisheries

associated with coral reefs, with few exceptions,

have little formal history of exploitation and its

consequences as few have been documented over

significant periods. For most economically import-

ant species there is often no biological information,

while catch data, if any, are typically sporadically

collected, available for only short time frames, or

sorted crudely by genus or family such that species-

level data are not distinguishable. Many major

fishing nations like China do not publish reef fish

data (even if collected it is considered to be sensitive

given the reef areas involved, Y. Sadovy, personal

observation), while it was only since the early

1980s that the USA separated important reef-

associated families into species. Even when data

are collected in a country such as Indonesia, where

reef-associated fisheries are so important, fisheries

officers may have problems integrating the infor-

mation into patterns of catch and effort at an

ecological spatial scale relevant to management

because of the wide area from which data are

gathered. Local fishers, on the other hand, cannot

perceive of an area larger than that of immediate

relevance to their own experience and, hence, have

no means of generalizing. If overly optimistic stock

assessments are then applied, the combined differ-

ences in perspectives and expectations create uncer-

tainties that paralyse action and defy understanding

(Dudley and Harris 1987; Pet-Soede 2000).

For fishers in many fishing communities, local

history and traditional knowledge may provide little

clue to the possibility, or likely consequences, of

overfishing. In the eyes of many, fish have always

been a mainstay, plentiful and readily available, an

apparently self-replenishing resource (personal

observation). Until recently, human population

levels in most places in the tropics where fishing

has long been a major activity, at least within living

memory, were typically too low to cause obvious or

serious declines in fish numbers. A wide range of

species was taken, fishing methods were often

selective for certain species and seasons, and there

was no ‘cash economy’ to focus intense interest on a

few valuable species. Exceptions to this were a few

invertebrate species (see above), but because these

were not taken for local sustenance, the oftentimes

boom and bust nature of their intensive fisheries

was of no direct consequence for food supply. Even if

declines in certain species did occur, natural year-

to-year variations, the diverse range of gears used

and the typical seasonality of many species easily

masked all but the most obvious or culturally
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significant, changes. Such variability over time and

across space combined with the subtle ‘shifting of

baselines’ across generations seriously undermines

incentives to change the status quo (Pauly 1995;

Bohnsack 2003).

The considerations discussed so far do not mean

that that there have never been controls on fishing

in tropical reef-associated fisheries. There are cases

when politics, social systems, colonialism or other

outside influences exerted controls. In parts of the

Pacific and South-east Asia, for example, CMT

systems gave considerable power to communities,

or community leaders, over marine resources

through control of access, and allocation of fishing

rights (Ruddle 1996). Topshell, sea cucumber or

similar highly valued ‘cash crops’ were often viewed

as a garden, or ‘farm’, with interspersed fallow and

harvest periods, or protected in specific areas where

controlled periodic harvesting for export or other

commercial use was regulated (Ruddle 1996; Foale

1998). Controls on certain culturally important

species confined their capture and consumption to

specified individuals (e.g. turtle, humphead wrasse)

(Ruddle 1996; Sadovy et al. 2003a). Some colonial

or CMT systems imposed heavy penalties to main-

tain control over local fisheries. For example, public

shaming, caning, confiscation of boat/gear/catch,

compensation/fines, even capital punishment were

strong disincentives for defying such authority

(Ruddle 1996).

So, although controls on reef-associated fisheries

have been implemented under certain circum-

stances, increasing market and population pres-

sures make controls much harder to introduce

today. A key impediment to progress with coral

reef resource management is the serious underes-

timation of overall economic and social worth of

reef-associated fisheries. Few economic analyses

have been conducted and these typically do not

incorporate a monetary value for livelihood

importance, or assign market value to subsistence

catches. In one of the few economic projections of

the value of coral reefs and reef-associated

resources under different fishing scenarios, Cesar

et al. (1997) estimated that the social costs far

outweigh the short-term private gains over the 25-

year time scale of the analysis. Cesar et al. (1997)

considered fishing with and without the use of

destructive methods, such as blast and cyanide,

overfishing, sedimentation and coral mining. In the

Pacific, the inshore fishery contribution to the GDP

of most countries is greatly underestimated

because of reliance on dated surveys and weak

indicators and methods (Gillett and Lightfoot

2001). These authors identify the need for better

liaison between fisheries and statistics agencies to

improve estimates of small-scale fisheries produc-

tion. In the case of exports, the underestimation of

coral reef derived ‘products’ is probably worse than

for any other trade sector in the Pacific (Gillett and

Lightfoot 2001), and source fishing communities

often do not benefit substantially from high-value,

luxury, fisheries in the long term; indeed, the

opposite may be true (Sadovy et al. 2003b). The

association of short-term financial gains with long-

term losses in intensive high-value fisheries is often

not appreciated by key decision-makers and

government officials who seldom understand the

current condition or capacity of their fisheries.

M. Connell (unpublished data) captured an import-

ant element of impediment to sustainable fishery

development when commenting: ‘‘It is not neces-

sary for everyone to fully appreciate the signifi-

cance of any activity in the economy. However,

when the lack of appreciation extends to policy-

makers, planners and development agencies, it can

mean that fisheries development receives lower

priority than it deserves’’. And, unlike in many

more developed countries, there are few ‘champi-

ons’ to push the issues forward in the communities

or with government (Gillett and Lightfoot 2001).

A framework for action

Even where problems are identified and clearly

need addressing, there is often little political will,

community resolve, institutional capacity, under-

standing of the resource, funding or enforcement

capacity to act effectively. In many places, fisheries

departments were not in place until the latter half

of the 20th century and then were more often

associated with agriculture than with fisheries. In

the Pacific, where coastal fisheries are so important

for coastal communities, an extensive study

revealed that only 25% of fisheries agency staff

spent time on coastal management matters; in the

10 years preceding the study, only 40% of villages

surveyed had been visited by officials to discuss

coastal resource management (World Bank 2000).

In a series of hundreds of interviews in South-east

Asia and the western Pacific, which involved visits

to local fishery departments and nearby communi-

ties, there were clearly large disparities between the

perceived and actual state of local fisheries between
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government officials and community members;

moreover, there was little government support for

local-level management efforts (Society for the

Conservation of Reef Fish Aggregations 2005).

Few coral reef fish fisheries fall under the purview

of regional fisheries management authorities,

national laws are often outdated, corruption is

common, and the judiciary tends not to take

fisheries violations seriously, further undermining

enforcement attempts. Even for major commercial

species biological understanding is poor. Readily

available literature on coral reef fisheries is scant

compared with what is available on the large

industrial-scale fisheries of temperate regions

(Pauly 1994).

A range of approaches is now being explored,

advocated, promoted or imposed as alternatives or

complements to conventional forms of manage-

ment; alternative livelihoods, mariculture, artificial

reefs (ARs), restocking and MPAs. Most promise

more than they currently deliver and considerably

more focused research and development are needed

before they become viable options for reducing

pressure on wild resources. Irrespective of future

successes, considerably more focus is needed on the

control of fishing effort.

Large sums of money are spent on developing

alternative livelihoods to remove pressure from

natural resources, or initiatives introduced to add

value to resources formally little regarded. Such

potentially important activities need careful plan-

ning and long-term commitment to improve chan-

ces of success. One example is ecotourism. Although

the introduction of ecotourism initiatives can poten-

tially offer a means of alternative or additional

income, there are few examples in developing

countries of tourist operations where significant

benefits have gone directly back to affected com-

munities. Such initiatives often benefit outside

developers with little advantage to those displaced

from fishing areas. Gaining a higher value for a

given resource is another alternative that should be

incentive for better management and control of

effort. However experience to date has shown that,

without careful management, intense activity asso-

ciated with luxury markets can lead to long-term

resource degradation and a range of social and

environmental abuses. These include community

disputes, poaching, corruption and destructive fish-

ing. The use of cyanide and hookah to increase

catches in the live reef food-fish trade, for example,

introduces gears into an area which can damage

reefs, make accessible new (deeper) fishing areas to

intensive fishing and can incur considerable social

costs through paralysis from diving accidents

(Johannes and Reipen 1995; Sadovy and Vincent

2002; Sadovy et al. 2003b).

Mariculture, the aquaculture of marine species, is

widely proposed as a significant alternative to wild

capture, and, according to FAO figures the growth

rate of the aquaculture sector is rapidly increasing.

In tropical reef environments, South-east Asia has a

very active aquaculture sector, and the Pacific can

claim a long heritage of mariculture initiatives.

From the Pacific, mariculture projects over the past

30 years have largely been disappointing with the

possible exception of seaweed culture (R. Gillett,

unpublished data). In South-east Asia, some forms

of mariculture with extensive hatchery production

of young, such as for milkfish, Chanos chanos

(Chanidae), have successfully provided livelihoods

and a cheap source of protein for millions of people.

Others, such as the culture of ‘luxury market’

grouper species, however, have placed further

pressure on wild populations and do not address

basic food needs (Sadovy and Vincent 2002).

Although some groupers are hatchery produced, a

significant proportion of the culture of such species

relies on juveniles taken from in the wild and

fattened up to market size in captivity (Sadovy and

Lau 2002). Practiced in this way, such activities do

not take pressure off wild populations and can cause

conflicts among users who target different life-

history stages.

Artificial reefs are widely assumed to ‘enhance’

fisheries and/or restore damaged habitats and have

been extensively deployed in South-east Asia in

response to declining fish landings. Millions of

dollars have been spent on such programmes, yet

there are few follow-up studies, long-term monitor-

ing is rare, and they are often fished after deploy-

ment. At best, there is little understanding of the

relevance or significance of ARs for reef fish

restoration; at worse, ARs exacerbate overfishing.

This is particularly likely for reef fishes which are

considered to be largely recruitment-(rather than

habitat-)-limited especially where overfishing has

severely reduced adult spawning stock. The few

success stories with ARs, such as enhanced surviv-

orship in lobster and octopus, were the result of

detailed studies and require quite specific AR form

and configuration (Polovina and Sakai 1989;

Eggleston et al. 1992). ARs are an unfortunate

example of so-called ‘enhancement’ activities
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being spurred by technological advances without

demonstration of success and it has yet to be

determined whether they attract or improve fisher-

ies, especially as they are often not managed for

fishing effort (e.g. Bohnsack 1996; Pickering and

Whitmarsh 1997).

Restocking is an approach used in some areas in

South-east Asia as an attempt to restore over-

exploited reef fish and invertebrate populations.

Mostly these initiatives involve the release of

hatchery produced or small wild-caught fish, with

little follow-up work; tropical marine reef-associated

species include grouper (Serranidae), rockfish (Scor-

paenidae) and snapper (Lutjanidae). However, the

effectiveness of restocking in restoration is largely

unknown (e.g. Bohnsack 1996; Liao 1997; Molony

et al. 2003). Effective restocking will require careful

research and studies to determine appropriate

species, timing and location of release and follow-

up monitoring. Currently, restocking operations in

the tropics are most effective as public relations

exercises and are not a proven stock restoration or

species protection methods.

Marine protected areas are widely advocated as

a particularly appropriate fishery management tool

for coral reef-associated fisheries (Gell and Roberts

2003). While showing promise, there is still much

to learn about effective MPA design and placement

and MPA suitability for more mobile species, which

include some of the more valuable and vulnerable

fishes. At present, MPA spatial scales of implemen-

tation best address biodiversity conservation and

habitat protection; much less is known of their

roles in fishery enhancement and spillover (Hilborn

et al. 2004; Sale et al. 2005). Moreover, the

introduction of large no-take areas is not socially

or politically acceptable in many areas where

fishing pressure is high and there are no alterna-

tives. Nonetheless, at a small scale MPAs can be

important for protecting important life-history

bottlenecks of commercial species, such as spawn-

ing and nursery areas, but would usually be used

together with other measures such as fishing effort

reduction.

While governments and intergovernmental

organizations have a key role to play in fishery

management, NGOs could play a much larger part

in funding, education and capacity building. Very

few NGOs, however, yet address a fisheries agenda.

In the tropics, the major NGO focus tends to be on

coral reef habitat protection or biodiversity conser-

vation (Table 3). To be effective, programmes or

initiatives could be developed with target country

needs in mind rather than primarily to address

conservation agendas, and should incorporate

strong educational components. Donors need to

oversee project progress and outcomes in the short

and long terms, and ensure that key issues are being

effectively addressed. As just one example, a pro-

gramme developed to reduce cyanide fishing by

introducing alternative gears to catch fish in the

Philippines in the 1990s did not address the

primary problem, initially unrecognized, of over-

fishing (Y. Sadovy personal observation).

Concluding comments

Fisheries associated with coral reefs have supported,

support and must continue to support millions of

people. This can only be achieved by tackling the

many and increasing pressures on reef-associated

resources that come from growth in human popu-

lations, transmigration, export markets, cash econ-

omies and economic development, as well as the

impacts of land-based activities that affect reef

habitat, from pollution to global warming. Given

that reef ecosystems and many reef-associated

species cannot withstand high levels of fishing

pressure, the challenge of recent changes cannot

be met simply by increasing catches or improving

technology. An altogether different approach is

needed, and not one that relies on unproven

‘solutions’ to overfishing, such as restocking, ARs,

mariculture or tourism, unless clear evidence dem-

onstrates their effectiveness. The consequences of

failing will lead to massive negative social, biological

and economic consequences, given the connections

between ecological systems and human health,

economy, social justice and national security

(Lubchenco 1998).

A more holistic approach would embrace a range

of issues, including educational programmes, mar-

ket information and economic analyses, monitoring

programmes, long-term planning, and international

instruments and efforts that promote sustainable

resource use. Educational programmes are needed

at all levels from governments, to communities,

schools and other groups, while NGOs who work on

marine issues in the tropics are well-placed to

facilitate outreach initiatives. Without an appreci-

ation and understanding of the issues, the public

will not support changes and governments will not

legislate for management. Traditional ecological

knowledge can be useful as long as every attempt
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is made to validate the information (Foale 1998;

Aswani and Hamilton 2004). Economic analyses

would be useful to demonstrate the short and

long-term advantages of well-managed fisheries,

and market price information would enable fishing

communities to obtain a better value for their fish.

The formation of cooperatives could help and would

better position communities to deal with the fickle-

ness of luxury markets and to demand better prices

for their fish.

Fisheries development and management needs to

be based on clear objectives that address both food

production and ecosystem maintenance aspects.

Balanced species removals by multispecies cropping

across all trophic levels could reduce the risk of

ecosystem shifts brought about by extremely select-

ive removals (Adams 1996; Dalzell et al. 1996).

Innovative low-intensity data collection methods

are needed to assess fisheries, while ongoing mon-

itoring is an integral part of effective and adaptive

management. Management systems in some coun-

tries could complement and strengthen existing

customary marine tenure, although government

assistance is needed to ensure enforcement and

foster management over a larger spatial scale than

most CMT systems operate (Foale and Macintyre

2000; Johannes 2002). The resulting management

unit is likely to be more ecologically meaningful if

not based only on socially determined boundaries.

International organizations such as CITES can assist

in moving towards the sustainable use of partic-

ularly vulnerable and internationally traded species,

and regional management authorities could be

created to oversee and promote regional level

initiatives in management and production.

Although lagging badly behind industrial-scale

fisheries in recognizing the need to acknowledge

natural limits to yields, there is finally a growing

recognition that we must work within these limits

for reef fish fisheries. An appreciation of the serious

consequences of not doing so is beginning to

emerge, as we see in Jamaica, the Philippines and

Indonesia. While there is still a long way to go, we

have at least moved past the paradigm of ‘it is not

possible to overexploit natural marine resources’ to

‘it is not acceptable to overexploit natural marine

resources’ (Mace 2001). As human populations

grow and pressures on the sea increase, small-

scale, multispecies fisheries become so much more

appealing as more efficient and less wasteful

producers of protein. We will certainly need to

become more adept at feeding ourselves from the

sea, particularly in regions where the sea is one of

the only options available, and be more creative

about seeking sources on land.
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