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Introduction 
 
Wild marine organisms are used in the discovery and development of traditional and allopathic 
medical treatments.  This use has, arguably, grown larger with increasing economic prosperity, 
population growth, technological development, and through the agents of globalization such as 
migration, trade and communication.  Natural marine systems already face a combination of 
pressures including habitat loss, pollution, introduced species, climate change and 
overharvesting.  To meet conservation aims and maintain the health and economic benefits of 
those who rely on the exploitation of these species it is critical to ensure sustainable use.   
 

Traditional, Complementary and Alternative Medicine (TM/CAM) 
 
Traditional medicine, or complementary and alternative medicine (TM/CAM) is important to the 
health care of millions of people worldwide. (WHO, 2002).  TM/CAM comes in at least 125 
recognised forms, including the codified systems of traditional Chinese medicine (TCM), 
Ayurveda, Unani and the unwritten ‘folk’ medicines of the Americas, sub-Saharan Africa and the 
Asia-Pacific region (WHO, 2002).  The World Health Organization recognises TM/CAM as valid 
forms of health care, defined as the ‘diverse health practices, approaches, knowledge and beliefs 
incorporating plant, animal and/or mineral-based medicines, spiritual therapies, manual 
techniques and exercises, applied singularly or in combination to maintain well-being, as well as 
to treat, diagnose, or prevent illness’1. (WHO, 2002: pp 27)  Given their function as a cure and/or 
prevention, TM/CAM treatments can be found anywhere along the gradient of medicine to tonic to 
food.  Auspicious or luxury foods can often have medicinal value, such as sea cucumbers 
(Holorthuridae) and shark fin, but are consumed predominantly as food items (Clarke, 2002) and 
as such, will not be covered here.   
 
There is considerable uncertainty about the identity and number of marine species used in 
TM/CAM, particularly given that many of those listed in pharmacopoeia are used infrequently, if at 
all. As an index, however, Perry (2000) has estimated that approximately 394 species 
(representing 11 phyla) were being collected globally for their medicinal value (see Figure 1).  
The majority of these were consumed in Asia (see Figure 2), representing the practices of TCM, 
Hanyak, Kanpo, Ayurverda, Unani, Jamu and other folk medicines.  Perry saw this figure as an 
absolute global minimum and identified several areas absent from the analysis such as the 
Middle East and North Africa (Perry, 2000). A second study noted 628 marine species in a survey 
of Chinese material medica (Zeng, 1995), although a survey of prescription and pre-packaged 
medicine in Hong Kong (a global entrepôt for TCM materials) and Guangzhou identified a total of 
only 26 marine medicinal materials from about 48 species (.Kwan, unpublished data). Other 
research has reported nine marine medicinals used in the region containing Israel, Palestine and 
parts of Jordan, Syria and Lebanon (Lev, 2003), and approximately 20 marine species in Brazil 
(Begossi, 1992; Begossi et al., 1995; Costa-Neto, 1999), compared to a previous total of nine for 
all of South America (Perry, 2000). Even where data do exist, taxonomic resolution can be quite 
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coarse (e.g. Class or Phyla) and may represent multiple morphologically similar species, resulting 
in underestimates and/or misidentification.  For example ’seaweed’ is a commonly listed marine 
medicinal but up to 14 species of algae are used within Ayurvedic medicine in southern India 

(Lipton, 2000).  
 

 

Figure 1 & 2. 
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Relatively little is known about the status of many marine medicinal populations or indeed the size 
and biological significance of the TM/CAM component of mortality.  One study (Perry, 
unpublished data) identified 27 marine medicinals on the IUCN Red List of Threatened Species 
(three critically endangered, five endangered, 14 vulnerable, six lower risk, four data deficient) 
and 23 species that were listed on either Appendix I or II of the Convention of International Trade 
in Endangered Species (CITES).  The ‘higher’ vertebrates were well represented with six marine 
turtles, the dugong (Dugong dugon) and the sperm whale (Physeter macrocephalus).  At present, 
all 13 seahorse species (genus Hippocampus) identified in TM/CAM trade (Lourie, et al., 2004). 
are included on the IUCN Red List (six  vulnerable and seven data deficient) and CITES 
Appendix II.(IUCN, 2003; CITES, 2004).  In 1977, the Totuava (Totoaba macdonaldi), a large fish 
belonging to the croaker family Sciaenidae, was banned from international trade under Appendix I 
of CITES (IUCN, 2003) the stock was grossly depleted by a combination of a trade for their swim 
bladders (for use in a tonic soup) and later fishing for meat, as well as disruption to critical 
breeding habitat. (Cisneros-Mata, et al.,1995; CITES, 2004; www.bajadestinations.com; Sadovy 
& Cheung, 2003). The demand for swim bladders has apparently caused the virtual 
disappearance of another large croaker, the Chinese bahaba (Bahaba taipingensis) and in 1988, 
it was listed as a Grade II State Protected Species in the Peoples Republic of China 
(PRC)(Sadovy & Cheung, 2003).  These declines have occurred despite the high fecundity of 
both species, a trait considered by some to confer resilience to overexploitation and therefore 
useful ‘as [part of] a screening procedure to identify species at particular risk.’ (Powles et al., 
2000: pp 673) 
 
Assessing the status of many of the marine medicinal species can be problematic. A large 
number of medicinal species are sourced from small-scale fisheries where there are few catch or 
fisheries independent data. Distribution and consumption is often local and not monitored.  Trade 
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and/or fisheries production data may, however, exist (e.g. national Customs databases, or FAO 
Yearbook Fisheries Statistics) for the more ‘significant’ medicinal species (with respect to volume 
and value), although this is often for the tonic foods such as sea cucumbers and shark fin.  It is 
therefore possible to identify the major source and consumer areas and the temporal trends in 
traded volume and value (see Figure 3). However, temporal patterns in trade data may not be 
driven by biological factors and can even obscure existing biological signals.  For example, the 
reduction of seahorse imports into Taiwan from 1992 to 1999 of nearly 50% (Figure 3) may be 
due in part to a reduction in demand following the regional economic collapse of that period.  
Conversely, the expansion into new fishing grounds can maintain overall supply to TM markets 
but mask the serial depletion of existing medicinal fisheries (Bruckner, et al., 2003).  The most 
useful data for assessing status is at a biologically meaningful resolution and will often require 
independent survey work.  Research carried out into numerous seahorse species identified 
qualitative and/or quantitative downward trends catch and trade per unit effort, which were 
instrumental in establishing these species in various categories on the IUCN Red List of 
Threatened Species (IUCN, 2003; Vincent, 1996) and CITES Appendix II.(CITES, 2004) In 1996, 
32 countries were reported to be involved in the trade of seahorses comprising 45 
tonnes.(Vincent, 1996).  More recent surveys and trade analysis have indicated that at least 77 
countries are now involved with global landings estimated conservatively at 54 tonnes (19 million 
individuals)(Vincent & Perry, unpublished data).  The major exporters identified were Thailand, 
Philippines, India and Vietnam.  Trade data have indicated that 22 tonnes of Pipefishes (e.g. 
Solegnathus spp) are imported annually into China and Singapore. (Vincent & Perry, unpublished 
data) 
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Effective assessment of the status and resilience of exploited populations should be made at the 
point of extraction, in the framework of international agreements.  Some countries do have the 
legislative framework and institutional capacity to assess the status of marine medicinals and if 
necessary, to regulate (or prohibit) extraction and implement recovery plans.  For many small-
scale fisheries, a lack of resources usually means that it is not possible to assess stocks in a 
conventional (and data-intensive) manner.  Instead, sustainable extraction may best be achieved 
by utilizing management strategies that are more suited to the data-poor and dispersed nature of 
these fisheries (Johannes, 1998; Parma et al., 2003). Dialogue and collaboration with user 
groups such as traditional medicine merchant associations, has sought to reduce pressure on 
threatened marine medicinal species through the use of alternatives and aquaculture where 
possible and appropriate.  At an international level, CITES is facilitating an increased co-
operation in regulating the trade of commercially important marine medicinal species (CITES, 
2004).  The convention allows for a ban on the trade of species threatened with extinction 
(Appendix I) and the monitored trade of Appendix II & III listed species, providing it is not 
detrimental to wild populations.  
 
The practice of TM/CAM around the world is expanding, and arguably, so is use of marine 
medicinals.  Populations in countries where TM/CAM is traditionally popular are increasing.  
Migration, trade and communication have aided the global spread of TM/CAM, from the influence 
of the Chinese diaspora throughout southern Asia (on practices such as Hanyak, Kanpo and 
Jamu) to the increased popularity of CAM in developed countries (WHO, 2002). Historical trade 
routes have expanded, providing access to new sources of supply (see Figure 4) and new 
technologies have allowed greater access to, and removal of, marine species.  Economic growth 
in major TM/CAM countries has increased disposable income and therefore the demand for 
medicinal items (Vincent et al., under review). 
  

 
Figure 4.  Countries participating in seahorse trade 

(Source: Vincent et al., under review) 
 
Allopathic Medicine 
 
Marine organisms are collected for the discovery and development of pharmaceutical drugs used 
in allopathic medicine (a.k.a. western medicine, evidence-based medicine, biomedicine).  
Extracts from collected organisms are tested for their effectiveness against particular disease 
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targets in a series of automated screens (Cordell, 2000).   If ‘active’, the compound responsible is 
isolated and its molecular structure determined.  Secondary testing is done on efficacy before the 
decision is made to subject the compound to preclinical and possibly clinical trials.  Very few 
compounds succeed in becoming commercial products, the process can take 10 – 15 yrs (or 
longer) and can cost hundreds of millions of dollars (Kuhlmann, 1997; Munro et al., 1999) (see 
Figure 5).  Whilst tens (if not hundreds) of thousands of marine species have likely been sampled 
only about 20 marine compounds are currently in clinical trials.  Removals of marine organisms to 
supply this process can be broken into two types: primary collections and secondary or re-
collections.  Primary collections are typically broad and speculative in order to maximise the 
possibility of discovering bioactive compounds during screening (Cragg, 1998; Munro et al., 
1999), whereas secondary re-collections are focused on supplying a particular ‘bioactive’ species 
of interest to later tests during drug development.  
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The Process of drug discovery and development 
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Figure 6. 
Taxa collected by marine bioprospectors (units are number of species) 

 
Secondary collections can be larger than primary collections and may be more of a conservation 
concern for the taxa targeted (Benkendorff, 2002; Garson, 1997).   The size of re-collections can 
vary for a number of reasons, such as the natural concentration of the compound to organism 
mass (~10-4 to 10-6 but can be as low as 10-9), the type and scope of tests/trials, the dosage 
required, and the availability of alternatives.  If synthesis of these often complex molecules is not 
economically viable, then it is possible that bulk supply for further development may have to come 
from wild harvests.(Munro et al., 1999; Pomponi, 1999).  In 1988, 13 metric tonnes of the 
bryozoan Bugula neritina were collected in southern California by the pharmaceutical company 
Bristol-Myers Squibb and Program Resources Inc, yielding 18g of Bryostatin 1 for use in 
preclinical and clinical trials (Cragg, 1998).  Arizona State University have made similar ‘large’ 
collections of B. neritina weighing 500kg, 1000kg and 1000kg, in 1980, 1981 (Pettit et al., 1987) 
and 1986 (Pettit et al., 1996) respectively.  Others include 166kg (Pettit et al., 1988) and 450kg 
re-collections of the marine worm Cephalodiscus gilchristi and 1 tonne of the sea hare, Dolabella 
auricularia in 1982 (Garson, 1997).  Sponges have also been targeted: 350 kg of Cribrichalina 
spp. (Pettit et al., 2000) and 400kg of Spongia spp. were collected from the Maldives in the late 
1980’s (Pettit et al., 1993) and 500kg of Hyrtios erecta (Pettit, et al., 1994) in 1994.  A 480kg 
collection of the Palaun sponge Axinella spp. (Pettit et al., 1994) was made in 1985.  
Conservation concerns have been raised about the effects of these bioprospecting collections on 
marine organisms (Benkendorff, 2002; Chivian, et al., 2003; Garson, 1997). The most common is 
that large collection may significantly reduce local populations, decrease genetic diversity and 
cause genetic drift (Benkendorff, 2002).  In terrestrial systems bioprospecting has directly caused 
the decline of plant species, such as the Brazilian Pilocarpus spp, used to produce pilocarpine 
(Pinheiro, 1997).   Impacts are likely to be more pronounced if the organism is rare, has a 
restricted distribution (Chivian,et al,, 2003) or the collection is focused on a particular population.  
Collections may be geographically narrow due for logistical reasons or because of the possible 
variation in bioactivity across a species’ distribution ( Mendola, 2003; Munro et al., 1999).     
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Figure 7.   

Global distribution novel marine compounds 
 
It is difficult to assess the extent and level of threat posed by bioprospecting.  To an independent 
observer these too, are data-poor fisheries.  The protection of intellectual property is considered 
key to the development of pharmaceuticals and we found collection data often inaccessible 
because of commercial confidentiality.  Extensive collecting has taken place; for example, the 
Spanish pharmaceutical company PharmaMar has a library containing approximately 39,000 
samples of marine macroorganisms (Rouhi, 2003) and US National Cancer Institute (NCI) has 
processed 18,000 marine extracts between 1975 and 1982  (NCI, 2004) and collected 10,000 
samples of marine invertebrates and algae since 1986.(NCI, 2004a) It has been claimed that the 
historically larger secondary collections are ‘technologically less likely’ in current times.(Hooper et 
al., 1998).  We were unable to verify (or falsify) this when examining for temporal trends in the 
problematic and sparse collection data reported in the natural products’ literature.  A recent 
workshop reported that there was no evidence to suggest that bioprospecting was any more 
damaging to the marine environment than other scientific collections (Green, 2003).  The lack of 
data makes it impossible to assert that bioprospecting is sustainable; however, it may be 
instructive to compare it to other forms of marine extraction, such as demersal trawling.  A 
conservative estimate of bioprospecting collections in Australia over the last 30 years would be 
approximately 20,000 samples (Green, 2003, Hooper et al., 1998; Quinn et al., 2002) of 
macroorganisms, which might correspond to ~40 metric tonnes of predominantly primary samples 
(with fairly limited re-collecting).  During a trawling experiment in the Great Barrier Reef inter-
reefal lagoon, 38 tonnes of similar soft-bodied benthic organisms were removed from just 12 
trawls (of 2.7 x 1.2 km)(Pitcher, et al., 2000).   Results of the experiment estimated that 
commercial trawling may have depleted fauna susceptible to trawl removal (e.g. sponges) by 
~55% over the entire area open to trawling, potentially changing the composition of communities 
and shifting them toward less vulnerable taxa. 
 
The sustainable use of marine resources by bioprospectors can be achieved with self-regulation 
by industry and the development of effective institutions and legislation to govern access to 
marine genetic resources.  Environmental best practice by collectors would involve adopting 
collection protocols or guidelines, making timely and precautionary assessments of economic and 
ecological viability and the development of alternative supply strategies.  At present, synthesis is 
the most viable form of alternative supply.  Indeed, a study of all new small molecule entities 
produced between 1981 and 2001 found that 61% were related to or derived from natural 
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products (terrestrial and marine) but only 6% relied upon natural product for supply (Newman et 
al., 2003) and that many of these are from cultured sources, not wild harvest.  With respect to 
management by source nations, it has been suggested that a tiered system may be the best 
approach to regulating bioprospecting collections (Voumard, 2000).   Given the lack on 
information available for many marine taxa and the speculative nature of primary collections it is 
virtually impossible to assess a priori the potential impacts on, or conservation status of, all 
species that may be collected.  As small samples are generally collected it was proposed that 
mandatory collection protocols would provide an appropriate and sufficient form of management 
(Voumard, 2000).   These could include restrictions on allowable collection methods, areas, taxa, 
maximum sample weights/numbers and on the qualifications of collectors. For larger, species-
specific secondary collections, there should be the possibility of a formal environmental impact 
assessment.  Given the variability in re-collection sizes and biological understanding of marine 
taxa, the need for EIAs should be assessed on a case-by-case basis. 
 
Marine biotechnology has been growing rapidly for the last fifty years (Munro et al., 1999).  
Advances in technology (e.g. SCUBA) and natural products chemistry have allowed researchers 
to access more marine species and study their chemical composition (Munro et al.,1999).  From 
the isolation of the antiviral Acyclovir (Ara-A) and anticancer Cytarabine (Ara-C) from the 
Caribbean sponge, Cryptotehya cryta in the 1950’s, the number of novel marine compounds has 
risen to over 14,000 (Proksch et al., 2003).   However during the 1990’s some pharmaceuticals 
de-emphasized their natural products research in favour of new methods for generating novel 
compounds for screening (Rouhi, 2003) such as combinatorial chemistry. This may have been 
enhanced by the perceived growing difficulty (and expense) of gaining access to the genetic 
resources of other nations and securing adequate intellectual property rights. (FAO, 2003).  There 
has been suggestion of a revival in marine pharmacology as complex natural compounds 
increasingly serve as a platform to be ‘optimized’ by combinatorial techniques (Rouhi, 2003).   
Various national and international initiatives have been proposed to develop marine 
biotechnology research and its commercial applications, as many believe the industry has yet to 
achieve its full potential (Anon., 2001; Ministry of Economic Development, 2002; Anon.,2002; 
Zilinskas & Lundin, 1993) 
 
 
Conclusion 
There is an increasing recognition by policy makers around the world that if we are to manage 
marine resources effectively, we need to take into account all removals from the ecosystems that 
support them  (FAO, 2003; Pikitch et al., 2004).  An awareness exists of the need to address 
problems of illegal and unreported fishing (Bray, 2000), discarding and destructive gears,( FAO, 
1996; FAO, 1997)  and there is also a growing scrutiny of the non-food use of the marine 
environment, such as the collection for souvenirs (Bruckner, 2001; Grey & Vincent, under review), 
the aquarium trade (Wabnitz et al., 2003) and medicines.  Fisheries for medicinal species are 
characterized (to a degree) by a lack of biological and fisheries data, yet have been shown to 
threaten some wild populations (Vincent, 1996) and are important to the health and livelihood of 
many people.  To attain sustainable use it is important that we develop our understanding in order 
to achieve more appropriate and effective management.   
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