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Abstract

About 27 million tropical marine ornamental fishes are traded each year. Of these, 80% come from Indo-
nesia, the Philippines, the United States, and Sri Lanka. Over 80% go to North America, the European 
Economic Area, Switzerland and Japan. The trade depends on wild capture, but is becoming increasingly 
supplemented by aquaculture-produced ornamental species. The trade has impacts on three core areas: 
1) habitat integrity and biodiversity of tropical marine ecosystems (sustainability), including the genetic 
diversity within individual species; 2) development of coastal communities related to practice safety, eco-
nomic sustainability, food security, and trade fairness (equity); and 3) mortality, morbidity and husbandry 
of the fishes being cultivated and traded (welfare). There are numerous solutions to identified problems, 
but efforts to date have focused predominantly on voluntary certification or legislation. However, problems 
have not been adequately defined, and solutions have not been sufficiently explored to be confident about 
all policy recommendations or decisions. New analytical tools yet to be used include topic mapping and the 
DPSIR (driving forces, pressures, states, impacts and responses) framework. This review is an attempt to 
provide a comprehensive update on the trade and to suggest new ways forward, with an emphasis on the 
Pacific Ocean region for production, and the United Kingdom for consumption.

and “should be treated with caution.” She was sub-
sequently misquoted in an extensively cited chapter 
by Green (2003) who mistook her catch estimates of 
14–30 million fishes (incuding those dying before 
export) as her trade estimates. 

A Global Marine Aquarium Database (GMAD) 
launched in 2002 was designed to capture accurate 
trade data (Green 2003), but data entry stopped after 
one year. The United Nations Environment Pro-
gramme, using data for 1998–1999 from importers 
and data for 2000–2001 from exporters, estimated 
that 20–24 million fishes were traded annually (Wab-
nitz et al. 2003). The United Nations’ estimation 
method was unclear but required an extrapolation of 
data representing less than 0.5% of their lowest esti-
mate. However, the Ornamental Aquatic Trade Asso-
ciation (OATA1) states that GMAD data are “still 
probably the best available” (Keith Davenport, Chief 
Executive, Ornamental Aquatic Trade Association, 
pers. comm. 2009). The European Union (EU) com-
missioned a consultation on improving trade statis-
tics related to EU imports of tropical marine fishes 
(UNEP-WCMC 2008). There has been no outcome 
since the report’s submission. Plans are underway in 
the United States (USA) to improve their trade data 
(Cooper and Best 2009). 
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Introduction

Context

The ornamental tropical marine fish trade is set in 
the context of mainstream conservation (Balmford 
and Whitten 2003), natural resource management 
(Glaser et al. 2010), and the trades in ornamental 
freshwater fishes (Gerstner et al. 2006), ornamen-
tal invertebrates (Rhyne et al. 2009), marine curios 
(Grey et al. 2005), and live reef food fishes (Scales 
et al. 2007). Analogous labelling initiatives include 
the generic fair trade movement (FLO 2010), and 
for seafood, the Marine Stewardship Council (Gul-
brandsen 2009) and the Aquaculture Stewardship 
Council (Dickson 2010).

Scale of the trade

Using government statistics, published scien-
tific articles, grey literature and personal contacts, 
Wood (2001) estimated the global number of fishes 
exported to be 11–20 million and the number of 
fishes imported to be 25–40 million per year (differ-
ent datasets and a lack of tracking information led 
to differing estimates). While Wood is frequently 
cited, she notes that her estimates are “very rough” 



Combining prior estimates with up-to-date key 
informant knowledge, but without using the avail-
able data accessed by Smith et al. (2008), Zajicek et 
al. (2009) estimated that 20 million fishes are traded 
annually. Compounding the criticisms of earlier 
estimates (which Zajicek et al. rely on), is the fact 
that key informant data were not published, so their 
assumptions are unknown, and being anecdotal, 
the estimates cannot be statistically validated.

USA import data for 2000–2005 show that the aver-
age annual import of ornamental fishes (marine and 
freshwater) for this period was 187 million, although 
the authors note “poor record keeping at ports” 
(Smith et al. 2008). Detailed 2005 data indicate that 
8% (nearly 15 million when back-calculated) were 

marine fishes. Combined with GMAD data (Green 
2003), and noting that 61.4% of tropical marine 
ornamental fishes were traded in North America, 
a rough recalculated global estimate increases to 
24.4 million (excluding the 4.3% shipped within but 
not “imported” from USA waters). Incidentally, the 
GMAD itself apparently excludes data from Japan. 
With suggestions that the Japanese market accounts 
for at least 10% of global imports (Wood 2001), a 
final roughly recalculated global estimate is 27 mil-
lion tropical marine ornamental reef fishes traded 
annually.

The relative scale of exports among countries (Wood 
2001) is shown in a density equalisation map3 (Gast-
ner and Newman 2004); in Figure 1, the darker 
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Figure 1.  Density equalisation map for exports of tropical marine ornamental fishes, by country 
(produced by the author using open source MapwindowTM GIS and ScapeToad software).

Figure 2.  Density equalisation map for imports of tropical marine ornamental fishes, by region 
(produced by the author using open source MapwindowTM GIS and ScapeToad software).

3 A density equalisation map adjusts the sizes of map areas (in this case the world’s countries or regions) to match some form of rela-
tive data — in this case their exports (and in Figure 2, their imports) — without changing their positions relative to each other.



the colouration, the greater the rate of export. The 
relative scale of imports across regions, from Green 
(2003) supplemented by Rhyne et al. (2009), has been 
similarly mapped in Figure 2, and assumes that an 
additional 10% goes to Japan. Recent unpublished 
data, not reflected on this map, suggest that China 
has now joined the USA, the European Economic 
Area and Japan in the top ranks of marine ornamen-
tal fish importers (Zajicek et al. 2009).

Scope of the trade

Capture

The main source of fishes is the capture of adults 
on coral reefs (Reksodihardjo-Lilley and Lilley 2007; 
McCollum 2007). Cyanide use — previously com-
mon across the Philippines and now increasing 
in Indonesia — can have a devastating impact on 
collected fishes (up to 75% may die in transit as a 
result), uncollected fishes, corals and other inver-
tebrates (McCollum 2007). More sustainable tech-
niques involve fine-mesh hand nets and mist nets. 
However, their use can significantly damage coral 
— mist nets when snagged, and either one when 
used in company with sticks or rocks to break coral 
refuges. So-called “non-destructive” techniques 
have also been criticised because excessive fishing 
pressure can significantly alter local population 
structures, at least in species with no pelagic disper-
sal mechanism (Kolm and Berglund 2003).

Culture

Most reef fishes produce pelagic larvae, only a 
minority of which can find a suitable reef before 
dying. The vast majority of larvae that reach a reef 
are eaten by predators prior to settling, and this 
high pre-settlement mortality makes pre-settlement 
harvest significantly less environmentally dam-
aging than the harvest of equivalent numbers of 
settled adults (Dufour 1997). Export resilience is 
highest in young adults; without local post-capture 
culture, juvenile harvest is almost worthless. Addi-
tionally, post-larval rearing enhances future accli-
matisation because fishes will then be accustomed 
to artificial food (Lecchini et al. 2006). However, Bell 
et al. (2009) note that while post-larval capture and 
culture can benefit smaller scale or artisanal enter-
prises near export hubs, its commercial viability is 
reduced by the huge and often unpredictable fluc-
tuations in available species and quantities within a 
given locale, leading to mismatches of supply and 
demand. There is also a risk to isolated island fish 
communities dependant on local replenishment 
rather than pelagic dispersal.

Hayes (2009) states that to date, less than 150 tropi-
cal marine ornamental fish species have been bred, 
while more than 1,300 species are currently traded 

but awaiting viable culture protocols. This is close 
to the estimate offered by Zajicek et al. (2009) of 
1,500 fish species in the marine ornamental trade. 
Koldeway and Zimmerman (2007) note, however, 
that nearly 300 of approximately 700 marine species 
bred have been bred over multiple generations. The 
Marine Ornamental Fish and Invertebrate Breed-
ers Association has Internet forums dedicated to 
21 different bony fish families, as well as notes on 
11 other families, alongside a dedicated forum dis-
cussing shark and ray breeding (MOFIB 2010). But 
apart from a core of highly popularly bred marine 
fishes (e.g. the anemonefish Amphiprion percula), the 
vast majority of individual fishes bought by hobby-
ists are wild-caught.

Pomeroy et al. (2006) examined the option of small-
scale aquaculture in countries that normally only 
harvest adults. High investment costs limit this 
option’s likely viability. Large-scale breeding in 
wealthier countries (Wu 2009), with small-scale 
enterprises providing broodstock in the fishes’ 
native countries, is more viable economically.

Trade structure

Zajicek et al. (2009) have examined the marine orna-
mental trade pathway as it applies to Florida, but 
it remains a useful template for understanding the 
structure of the whole trade. Essentially, collectors 
and culturists supply exporters, often with at least 
one intermediate buyer or broker (Reksodihardjo-
Lilley and Lilley 2007). Importers then sell whole-
sale to retailers, who sell to consumers. Crucially, 
survival after final purchase depends on a fish’s 
health when bought. This is itself related to retail 
quarantine practices. The hobbyist’s skill plays a 
later, but important, role too (McCollum 2007). 

Analyses of power and resource distribution in 
live reef fish food chains in the Pacific offer analo-
gies that probably also apply to marine ornamen-
tal fishes. These include an inequitable balance of 
information, risk and investment, the conservatism 
of primary producers, and market fluctuations 
(Muldoon and Johnston 2006).

While wholesalers undoubtedly hold detailed data 
regarding sales to retail clients, such data are kept 
commercially confidential. When writing directly 
to 435 British aquarium retailers regarding marine 
ornamental polychaete worm sales, Murray (2010) 
obtained zero initial responses, and after 45 retailers 
were given a telephone follow-up, only two eventu-
ally provided any written data.

Very little research has directly involved hobbyists. 
Most recently, Murray (2010) received 314 responses 
from marine hobbyists to a self-selecting, United 
Kingdom (UK)-oriented, online survey. Of the six 
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pre-defined purchase factors (including “Compat-
ibility”, “Looks good”, “Easy”, “Price” and “Func-
tion”), “Local shop recommended” was most often 
the lowest priority.  Information from retailers about 
an animal’s source was desired by 91%, and 55% 
had heard of the Marine Aquarium Council (MAC). 
Furthermore, 97% would be prepared to buy a cul-
tured animal at a price premium. Notwithstanding 
a willingness to pay more for sustainably caught 
wild fishes, another study suggested that hobbyists 
who were aware of MAC “revealed a strong lack 
of credibility for the MAC program and a higher 
confidence in alternatives,” preferring either tank-
bred fishes or survival guarantees (Alencastro et al. 
2005).  But McCollum (2007) found that hobbyists in 
the USA were often ignorant of MAC. 

In the USA, Zajicek et al. (2009) quote data from 
the American Pet Products Manufacturers Asso-
ciation annual consumer survey of 2007–2008, 
estimating that 800,000 households keep a tropi-
cal marine aquarium, each with an average of 12 
fishes (around 10 million held at a time). However, 
Zajicek et al. note that around 9% of these fishes 
may have come from friends and relatives (some 
through home breeding). Assuming that: 1) 60% of 
the global trade reaches the USA, 2) all imported 
fishes are sold, 3) 20 million fishes are globally 
imported, and 4) commercial sales represent the 
remaining 91% of hobbyist fishes, the average 
turnover, and hence life expectancy, in hobbyist 
captivity would be around 8 months. 

Additionally the Natural Resource Management 
Ministerial Council (NRMMC) (2006) of Australia 
quotes unsourced data for the UK, suggesting that 
40% of fishes are kept by 7% of hobbyists. A power-
law distribution in keeping with the Paretto prin-
ciple and based on this figure would suggest that 
one-third of hobbyists keep two-thirds of fishes. 
It is not known whether turnover rates are similar 
among hobbyists.

The other significant consumer of imported 
marine tropical ornamental fishes is the pub-
lic aquarium sector, although Koldeway and 
Zimmerman (2007) at the London Zoo suggest 
that “compared to the hobbyist market, public 
aquariums are minute consumers”. Being regu-
lated under zoo legislation, and viewing healthy 
fishes being the reason the public attend, public 
aquarium fish welfare is closely monitored in the 
UK. It is not certain, however, how many public 
aquariums have gone as far as the London Zoo, 
which has a comprehensive Sustainable Acquisi-
tions Policy. This incorporates MAC standards as 
minimum expectations for wild-caught display 
organisms, but allows for species rescue-breeding 
and re-homing of Customs seizures. Additionally, 
cultured fish can be considered, with a preference 

for farms in fishes’ native countries. The authors 
note that, “There is a balance between the issues 
of welfare of fish handling and transport, and the 
capture impact sustainability.”

Lastly, USA authorities believe that organised 
crime is a significant threat arising from the marine 
aquarium trade (Cooper and Best 2009), with the 
potential to distort the structure and transparency 
of the trade. No data on the subject have been pub-
lished, however, so it is difficult to make an inde-
pendent judgement.

Impacts

Sustainability

Well documented examples of ornamental col-
lecting pressures threatening full species extinc-
tion are rare. The Convention on International 
Trade in Endangered Species of Wild Fauna and 
Flora (CITES) presently lists no such species, not 
even Indonesia’s Banggai cardinalfish, although 
at least one attempt has been made to list it (Vag-
elli 2008). However, local or regional vulnerabil-
ity is possible (Teitelbaum et al. 2010) and can be 
ascertained using a tool validated by Roelofs and 
Silcock (2008).

Cyanide is frequently used to assist with the cap-
ture of tropical marine aquarium fishes but it can 
kill or damage coral ex-situ in the doses regularly 
used (Jones 1997), with the attendant risk of irre-
versible habitat change at damaged reefs that 
comes from algal over-colonisation of dead coral. 
Initially used primarily in the Philippines, its use 
is widespread in Indonesia, with multiple nega-
tive impacts on ecosystems, fishes exported, and 
collector communities (McAllister et al. 1999). The 
situation is worsened when collectors use surface 
compressor piped air (“hookah”), which allows 
longer and deeper dives than free or scuba diving 
(Pet and Djohani 1998).

In importing countries with tropical or subtropi-
cal zones, such as Florida and Hawaii in the USA, 
significant social and political arguments exist to 
severely limit aspects of the trade relating to non-
indigenous, or exotic, fish species, although there 
are questions about its real economic and ecological 
impacts (Zajicek et al. 2009). The Indo-Pacific lion-
fish invasion of the Caribbean is the most quoted 
ecologically damaging example (Albins and Hixon 
2008). In Australia, Whittington and Chong (2007) 
have gone so far as to call for “the number of spe-
cies traded and the number of sources permitted ... 
to be dramatically reduced to facilitate hazard iden-
tification, risk assessment and import quarantine 
controls,” not least for fear of disease spreading to 
indigenous species.
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Equity

The livelihood value to artisanal communities of 
collecting for the marine ornamental fish trade, 
and community capacities to manage the natural 
resources that they control, have been catalogued 
in Indonesia (Reksodihardjo-Lilley and Lilley 2007; 
EC-PREP 2004), Fiji (Teitelbaum et al. 2010) and 
the Philippines (Vincent 2008). Where community-
based natural resource management mechanisms 
are controlled by external, dominant stakeholders, 
reef fish overexploitation can simply become locally 
sanctioned (Thorburn 2003), and collectors can 
become exploited and indebted to the buyers they 
depend on. The additional problems of death and 
injury related to poor diving technique and equip-
ment are carefully explained by McCollum (2007).

Welfare

Post-capture holding and transport are critical 
steps in the trade. Schmidt and Kunzmann (2005) 
estimated mortality rates at between 10% and 40% 
prior to export from a facility in Bali, Indonesia. 
This is far greater than MAC’s target of less than 
1% at each step in the trade. Much could be done to 
reduce export-related mortality from estimates that 
reach as high as 30% (Rubec and Cruz 2005): Tem-
perature maintenance and available oxygen could 
be improved; fish densities and light ambience 
could be lowered; and chemicals could be added 
to buffer pH, neutralise ammonia, inhibit bacteria, 
and sedate fishes. Even accessing timely transport 
can be a significant problem (Teitelbaum et al. 2010).

Little appears to have been published regard-
ing distributor or retailer husbandry outcomes, 
although OATA has published guidelines for mem-
bers (OATA 2000) and offers training to retailers and 
local authority pet shop inspectors in the UK. Even 
less appears to have been published about hobbyist 
husbandry outcomes, although specific supportive 
resources have been published (Wood and Dakin 
2003; Fenner 2008).

Responses

Certification

MAC was established to certify services for all 
parts of the tropical marine aquarium retail trade. 
Intended to have a comprehensive impact, Core 
Standards were developed for: 1) Ecosystem and 
Fisheries Management; 2) Collection, Fishing and 
Holding; and 3) Handling, Husbandry and Trans-
port (Alencastro et al. 2005; Shuman et al. 2004). 

Reksodihardjo-Lilley and Lilley (2007) describe 
some of the benefits of MAC-certified links for fish-
ermen collecting in Indonesia. However, significant 
criticisms of ornamental fish certification initiatives 
from as early as 2006 regarding poor cost–benefit 
ratios, industry resistance, and lack of consumer 
demand have been the subject of very public asser-
tions (Tlusty et al. 2006).

Criticisms of MAC programme strategy, and 
public revelations of major partnership chal-
lenges, have both emanated from a major donor 
evaluation: “Overall, the strategy of transform-
ing the industry through the MAC certification 
of the entire chain of custody is not working...
The partnership between the three organizations 
(MAC, RCF4 and CCIF5) is dysfunctional” (Bel-
lamy and Winsby 2008). Anticipating this review, 
MAC‘s leadership changed in 2007 (Mainenti 
2007), and four major developments resulted. The 
first has been an increasingly proactive stance 
by the USA government. Second is the initiation 
of a new European organisation: the Sustainable 
Aquarium Industry Association (SAIA), formally 
registered in late 2009, which hopes to provide 
monitored certification for retailers (Hayes 2008). 
The third development is that MAC has instituted 
changes, leading to a new, more accessible initia-
tive for retailers — the Licensed Retailer Program 
(Mainenti 2009). It is worth noting that the UK has 
had only one MAC-accredited retailer, and it no 
longer operates. UK hobbyists now have great dif-
ficulty identifying the provenance of fishes in the 
average shop (Hayes 2008). The fourth develop-
ment is the proposal, emerging from a workshop 
in Noumea, New Caledonia in December 2008, to 
develop a specific “Pacific Eco-Certification” pro-
gramme (Teitelbaum et al. 2010).

Despite early promise, freshwater tropical fish certi-
fication initiatives have never made much progress 
(Chao and Prang 1997; Bicknell 2004). At present, 
the freshwater tropical fish sector looks to breeding 
for much of its sustainability, and to MAC for les-
sons in self-certification, although it has been sug-
gested that the Forest Stewardship Council (FSC) 
might be more appropriate (Tlusty et al. 2006). As 
such, the marine tropical ornamental trade can 
learn little from certification efforts in the tropical 
freshwater domain.

It is worth noting the range of criticisms aimed 
at MAC’s analogue — MSC — which has been 
accused of: 1) certifying fisheries that are not really 
sustainable (Dickson 2010); 2) not providing a suffi-
cient financial incentive to fishermen; 3) remaining 
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out of touch with consumers (Goyert et al. 2010); 
4) being insufficient to halt declines in fish stocks 
(Gulbrandsen 2009); and 5) marginalising small-
scale producers (Ponte 2008). This is despite the 
initially assessed environmental benefits of MSC 
(Agnew et al. 2006). The whole certification initia-
tive has, from the beginning, also been relegated in 
the eyes of some in the mainstream conservation 
world to a welcome, but insignificant, role (Balm-
ford and Whitten 2003).

Also worth noting is the position of the 24 exist-
ing Fairtrade Labelling Organisations (FLOs) on 
certification. In their own words, “FLO is the only 
certification scheme that sets out to tackle poverty 
and empower producers in developing countries. 
Other schemes have as their focus ‘protecting the 
environment’ or ‘enabling companies to trace their 
coffee’. They don’t claim, or set out, to help produc-
ers improve the quality of their lives and take more 
control over their futures” (FLO 2010). While FLO 
operates with generic trade and producer stand-
ards, they have yet to develop any product stand-
ards specific to live animals. There have also been a 
number of criticisms levelled at Fairtrade in recent 
years, almost all of which are economic. Four key 
criticisms, rebutted by the Fairtrade Foundation 
(2008), are that: 1) member producers benefit at 
the expense of non-members; 2) less needy farmers 
have preference over more needy ones; 3) Fairtrade 
perpetuates a cash-crop farming poverty trap by 
reducing diversification; and 4) there are preferable 
ethical approaches to trade.

Legislation

The USA government is less sure now about the 
hopes for effective voluntary controls than it was 
at the start of this millennium when its Coral Reef 
Task Force suggested that, “after working with 
stakeholders over a specified time period, the 
U.S. should prohibit the import or export of any 
coral reef species unless accompanied by certifi-
cation that the products were not taken through 
the use of destructive fishing practices” (quoted 
by Lieberman and Field 2001). While recognising 
the need to educate consumers more effectively, 
they now note: “Previous attempts to redefine 
the trade without legislative intervention have 
stumbled partially due to a lack of a clear under-
standing of the nature and scope of the industry 
as well as the behavior of players in the market”. 
Indeed, they are prepared to state that, “a large 
percentage of the trade is currently in violation of 
existing laws...in the U.S. governing illegally har-
vested imports” (Cooper and Best 2009). While 
also alleging “the continued failure of CITES,” a 

recent USAID6-organised workshop proposed that 
USA laws need reforming (incorporating import, 
wholesale and retail licensing elements), and USA 
enforcement needs improving (Tissot et al. 2010). 
The USA dominates the marine ornamental export 
market, so significant changes to its import regime 
would have similar effects on other markets.

In the UK and Europe, a number of proposals have 
been made or implemented regarding regulating 
the marine ornamental trade, including one call 
for all imports to be certified (Taber 2008). The 
Swiss now appear to have the strongest welfare 
laws to cover fishes kept by hobbyists (Swiss Con-
federation 2008), with interpretations indicating 
that certain fishes are now required to be kept in 
social groups, and aquariums must have at least 
one opaque side (Pancevski 2008). UK animal wel-
fare law makes no direct reference to hobbyist fish 
keeping but, as vertebrates, fishes are clearly pro-
tected from unnecessary suffering and an owner 
has a duty to “take such steps as are reasonable in 
all the circumstances to ensure that the needs of an 
animal for which he is responsible are met to the 
extent required by good practice”, and mention is 
specifically made of “any need it has to be housed 
with, or apart from, other animals” (United King-
dom Parliament 2006). Research by Saxby et al. 
(2010) implies that even in the UK, there might 
already be a duty for hobbyists to keep social 
fishes in shoals.

Public aquariums are covered by specific zoo leg-
islation (United Kingdom Parliament 1981), as are 
pet shops (United Kingdom Parliament 1983), and 
international fish transport is covered by the Inter-
national Air Transport Association’s Live Animal 
Regulations (IATA 2010), while EU Wildlife Trade 
Regulations stipulate other reporting and licensing 
requirements, including those for CITES (TRAFFIC 
Europe 2009).

Management

Rhyne et al. (2009) have called historical fisheries 
management “inexact and reactionary... often tak-
ing action only after a critical stock suffers over-
fishing or collapse.” They note the need to switch 
from reactive to adaptive control. Notably, adap-
tive approaches for marine aquarium collecting 
have been the legislated norm in Hawaii for 20 
years (Tissot 1999), and commercial practise in 
Fiji for longer (Teitelbaum et al. 2010). Kingsford 
et al. (2009) go further, recommending that orna-
mental fish exports should all require licences 
and only involve bred or sustainably managed 
natural stocks. 
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While ecosystem-based management has been pro-
moted for the supply side of the trade (Tissot et al. 
2010), the interaction of official marine manage-
ment systems such as marine protected areas and 
locally derived natural resource management can 
have counter-intuitive outcomes and care should be 
taken to fully understand proposed management 
areas and outcomes (Glaser et al. 2010).

Opportunities

Ontology

The internationally standardised topic mapping 
method (ISO 2003) allows all issues within a domain 
to be mapped, using the dimensions of topic and 
association (Pepper 2002). Initially, an ontology 
must be developed for the domain in question 
(Garshol 2007). A topic map can then be built and 
used for indexing instances of opinions, themselves 
sought through interviews, journal articles, and 
Internet-based opinion mining (Pang and Lee 2008). 
A topic map allows various features of issues to be 
consistently explored, including the polarity, extent, 
strength and necessity of opinions, alongside 
asserted or actual trends. However, there does not 
appear to be an ontology of the ornamental tropi-
cal marine fish trade domain, which could enable a 
clear and simple topic map of the issues to be built. 
Research is needed to lay the foundation for com-
prehensive opinion analyses, by defining the layout 
of a comprehensive, domain-specific topic map, 
allowing priorities, opportunities, and resistances 
to be more transparently and comprehensively fac-
tored into, or excluded from, policy-making.

Model

A “web of causality” has been used to explore enti-
ties, actions and consequences within the domain 
(McCollum 2007). This is apparently the only 
attempt to model the trade. While helpful, it is lim-
ited to a simple diagnosis of the underlying causes 
(hobbyist demand), and problem resolution focused 
solely on non-government organisation influences 
on knowledge and practises. 

When analysing environmental indicators and con-
structing policy options, the DPSIR is used. This 
proposes that “drivers” lead to “pressures”, which 
affect the “state” of a system. Changes in “states” 
then have “impacts” and, consequently, a number 
of “responses” can be derived in order to tackle 
the problem at any of its links (Kristensen 2004). 
Human development needs can also be considered 
alongside environmental conservation opportuni-
ties (Svarstad et al. 2008). A comprehensive DPSIR 
framework covering the domain could be a useful 
contribution to policy-making and practice.

Analysis

Despite detailed analyses of some small subsections 
of the domain such as Indonesia (Reksodihardjo-Lil-
ley and Lilley 2007) and post-capture culture (Bell et 
al. 2009), recent analyses of the whole domain have 
either focused on single strategies such as consumer 
advocacy (Livengood and Chapman 2010), or have 
been restricted to a minimalist expert consensus 
position (Tissot et al. 2010). This review is intended 
as a comprehensive, yet succinct, review of the 
domain, in the expectation that a comprehensive 
ontology and DPSIR framework will allow for bet-
ter recommendations to emerge.

Conclusions

Little comprehensive or recent data are available 
on the scale of the tropical marine fish trade, with 
large-scale reviews relying on estimates. More has 
been described about the trade’s negative attributes 
than its positive ones. The trade’s structure and 
impacts are broadly known but not usefully col-
lated. A number of solutions of varying utility have 
been attempted or proposed. The trade also has a 
number of helpful analogies from which lessons 
can be learned. But even without the questionable 
outcomes of MAC’s history, it is possible to imagine 
that it and the recently launched Aquaculture Stew-
ardship Council share analogous vulnerabilities 
to MSC. These are related to their similar origins, 
structures and methodologies, if not to a common 
conceptual weakness associated with the wider eco-
certification movement. The potential for these or 
other certification initiatives to benefit tropical reef 
sustainability, reef-using human communities, and 
reef fish welfare is by no means assured. 

It is time to consolidate what is known in the field, 
and to analyse it with new methods, before making 
more policy decisions. With increasingly strongly 
contested assertions, potentially divergent objec-
tives to the mainstream fair trade movement, and 
an uncertain future regarding the public perception 
of fish welfare (in the context of potentially under-
utilised laws in the UK), the time is ripe, now that 
new tools are available.
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