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Abstract

Conserving fishes and aquatic habitats is a new concept. Organised fish culture for food is known from ancient times and ornamental culture has origins in the far East. There were ornamental ponds in zoological gardens from mid-1700 and glass aquarium displays from c.1850, exhibiting wild rather than cultivated fishes. Conservation was not an issue - fish tanks were stocked with expectations of high mortality and replacement from nature. The assumption was that aquatic resources were infinite. Today, corals reefs and other habitats are polluted or obliterated, fisheries have collapsed and fish species are becoming extinct. The aquarium industry and public aquaria enjoy major commercial success, yet few financial resources are expended on conservation projects. To progress, conservation should be better supported and funded.

Résumé

La protection des poissons et des habitats aquatiques est un concept nouveau. L’aquaculture organisée de poissons pour l’alimentation est connue depuis les temps anciens, et la culture ornementale puise ses origines dans l’Est asiatique. Les bassins d’agrément n’apparaissent dans les Jardins Zoologiques qu’aux environs de 1750 et les Aquariums pourvus de vitres, pour exposer les poissons et non les cultiver, vers 1850. La Conservation n’est pas alors un but, les poissons exposés étant remplacés systématiquement pour compenser les mortalités importantes qui se produisaient dans de tels bassins. L’hypothèse était que les ressources aquatiques naturelles étaient de toute façon infinies. Aujourd’hui, les récifs coralliens et d’autres habitats sont pollués ou anéantis, les pêcheries s’effondrent et des espèces de poissons sont en train de s’éteindre. L’industrie des Aquariums et les Aquariums publics bénéficient d’un succès commercial manifeste, mais trop peu de ressources financières sont encore investies dans des projets de conservation. Pour progresser, la Conservation doit être mieux soutenue et financée.

The idea of fishes and aquatic habitats being worth conserving in their own right is rather new. Human societies have traditionally utilised fish and aquatic resources for mainly practical ends. The use and control of water supplies has always been an issue, and 10,000 or more years ago the ‘hunter-gatherers’ exploited wild fishes and shellfish (aquatic invertebrates) for food and other useful products. It may well be that these hunter-gatherers discovered glass by accident, a material which was eventually to become crucial to fish keeping and to the development of public aquaria. Today, for example, the artisanal West African fishermen migrate from sand island to island on the extensive Niger river system - and they make large campfires, the intensity of which may fuse sand into glass. Historically, some authorities attribute the first proper use of glass to Tubal-Cain in the Middle East, some 5,689 years ago (Sauzy, 1870).

Many ethnic groups have traditionally featured fish in artwork and cultural ceremonies, and in some societies fish were kept alive for ritual purposes. Organised fish keeping for food is known from ancient Roman through to medieval times. Ornamental fish culture probably had its origins about 2000 years ago in ancient Korea and China, and was further developed in Japan. Live fish were, for the first time, fully appreciated as objects of beauty rather than as simply something to eat. To enhance this beauty the process of artificial selection was employed by fish breeders. Many of the fishes so produced were very extreme in form (e.g. with ‘telescope’ eyes and ‘veil’ tails) and there was a fixation on forms that could be considered as freakish or grotesque. Glass not being readily available, these strange fishes were bred to be viewed from above in decorative glazed containers. This period of fish keeping might therefore be termed the ‘age of ceramics’.

While we owe a great cultural debt to the far East for early developments in fish breeding, the pursuit of aesthetic goals through artificial processes has perhaps led to a general preoccupation in contemporary society with exaggerated colours and shapes, and with nature not being ‘good enough’. Certainly, all of the plants and animals most closely associated with humans (including fishes) have been strongly modified through domestication; and so we may tend to place a lesser value on naturally selected wild populations and their conservation, i.e. the maintenance of natural biodiversity.

A pre-requisite foundation for any scientific approach to conservation is the taxonomic classification of diversity. This was first established for fishes by the Englishman John Ray in his Synopsis of Animals and Reptiles (1693); and by the Swedish scientist Linneaus in Systema Naturae (1758). There were ornamental fish ponds in zoological gardens from the mid-1700's onwards: Schönbrunn Zoo, Vienna 1765; Jardin des Plantes, Paris 1797; London Zoo 1826 – 1829. These ponds featured domesticated rather than wild fishes. 

The idea of a ‘balanced aquarium’ (an idealised ecological microcosm) perhaps originated from the work of Joseph Priestley, who established in the 1770’s that gases from animals are used by plants. In the 1850’s Robert Warington the Chemist did pioneering work on fresh and seawater chemistry, and Philip Henry Gosse conducted early experiments with keeping marine life in glass containers or bell jars. This led to a controversy with Warington over who had primacy in this area of natural science. The development of glass aquarium displays for the public since the 1850's, and the exhibition of wild rather than cultivated fishes and invertebrates, fundamentally altered public perceptions of the underwater world throughout Europe. Conceptually, there had been a move from the ‘age of ceramics’ to the ‘age of glass’. 

In 1853 the London Zoo Aquarium was established and small home aquaria also became popular. The first fish photograph (of a pike, Esox lucius) taken at the London Zoo Aquarium by the Count of Montizon in 1853 was the forerunner of an immense global interest in underwater photography and previously hidden aquatic habitats. P.H. Gosse popularised the hobby and actually invented the word ‘aquarium’ (previously the term ‘aquavivarium’ was employed). He published his classic work The Aquarium an Unveiling of the Wonders of the Deep Sea (1854). This refocused attention on wild fishes and invertebrates. But conservation was not an issue at that time, and fish bowls or tanks were stocked with the expectation of high mortality rates and replacement from the wild, as some still are today.

The huge success of the London Zoo Aquarium led to numerous small public aquaria being established across Europe in the late 1850’s and the 1860’s. For the British Isles they were built in Surrey Gardens, Dublin, Belfast, Edinburgh, Liverpool, Scarborough and Yarmouth; for France in Boulogne and Le Havre; for Belgium in Brussels; for Germany in Berlin, Cologne, Hamburg and Hanover; for Austria in Vienna; and for the usa in Boston.

A continued high popularity resulted in far bigger public aquaria being established in Britain in the late 1860’s and the 1870’s and William Lloyd had a large influence in this: London (Crystal Palace), Manchester, Southport and in Brighton,1872 – the first 110,000 gallon tank. However, there were technical problems with the life support systems for these large aquaria. This led to low standards of animal welfare and high mortalities among the fishes and aquatic invertebrates. Above all, there was still no conservation ethos - lost stock being simply replaced from the wild. This boom in public aquaria was followed by a slump, when public interest subsided in the late nineteenth century; and there are perhaps modern lessons to be learned from this in relation to financial investment and marketing. For example, in Britain the Westminster Aquarium and Crystal Palace Aquaria were abandoned and the London Zoo Aquarium was closed in 1890. It was not until 1905 that London again had a public aquarium (at the Horniman Museum in Forest Hill); and not until 1924 that London Zoo opened a new, large aquarium under the Mappin Terraces. 

To study marine environments and the fisheries, major research aquaria were established from the 1870's to 1940's by marine biological stations or oceanographic institutes. In this sphere Anton Dohrn was the ‘founding father’: Naples 1874; Plymouth 1888 (uk Marine Biological Association); Millport 1888 (Scottish Marine Biological Association); Monaco 1910; Kiel, Germany 1935; and the Scripps Institute, California 1940. There was a gradual shift in research emphasis from the coast to open sea from the 1850’s onwards and there was the first recognition of life in the abyssal depths. Scientists started to study the seasonal occurrence of fishes, fluctuations in abundance, and abundance in relation to environment - these being precursors to contemporary studies in ecology. Significantly, this early work signalled an interest in natural systems, but not necessarily a concern for these systems in terms of ‘conservation’ as currently conceived.

Learning about and harvesting from the sea was the utilitarian impulse that drove this research. However, technical advances in aquarium life support systems (used for experimental and commercial purposes) became a substantial bi-product in terms of improvements in animal welfare. Professional and amateur aquarists became well versed in the key principles for successful fish and aquatic invertebrate husbandry, including attention to critical factors in water quality, temperature, light, subtrate and space; and life support systems, including filtration, re-circulation and oxygenation. Among aquaculturists and aquarium hobbyists there arose, as a result, a far more systematic, scientifically-based approach to solving basic problems in husbandry. 

Today, it is sometimes said that zoos (which often incorporate aquaria) have contributed little to scientific knowledge of relevance to conservation (a viewpoint which in itself can be contested). However, it is undeniable that the marine biological research institutions and their associated ‘zoo’ aquaria have produced a very substantial proportion of our published knowledge, to date. This body of rigorous research, including physical and chemical data, constitutes the main scientific platform upon which contemporary animal husbandry and conservation practise is based. The pioneering work of Prince Albert I of Monaco must also be recognised in creating not simply an aquarium for research, but also one open to the public for educational purposes (Doumenge, 2000).

At the end of the nineteenth century the harvest from the sea was so bountiful it led Thomas Henry Huxley to state (1883) that ‘The cod, herring and mackerel fishery is inexhaustible’. Nevertheless, research work continued and the International Council for Exploration of the Sea (ices) was established in 1902. Subsequent research work (1902-1928) by European scientists such as Heinke, Garstang, and Patterson revealed that the great marine fisheries were not inexhaustible after all. A basic equation was developed by E.S. Russell (1931) as a model for the regulation (or ‘conservation’) of the fisheries:

P2 = P1 + G + R – M

This equation expressed the fact that the population in any one year (P2) is equal to the population in the preceding year (P1) plus growth and recruitment, but minus mortality (the mortality being partly natural and partly as a result of fisheries exploitation). From this, it was becoming clear that ‘over-fishing’ was a fact, and that fisheries that are unlimited become unprofitable and can collapse.

There has been a gradual progression in the published subject matter of fish biology from anatomy and systematics in the 1800’s, to physiology and genetics in the 1900’s. Since the 1950’s there has been a burgeoning of investigations into disease and mortality, reproduction, nutrition, ecology and behaviour (including ethology). However, it is only since about 1975 that there have been intensive studies in environment and biodiversity, which have related more and more closely to the conservation of fishes as an integral part of the wildlife heritage, rather than simply the utilitarian ‘conservation’ of fisheries for food. 

In the late 1950’s there was a recognition that freshwater as well as marine habitats needed to be protected, and the International Biological Programme (ibp) prepared a gazetteer of inland waters proposed for conservation (Luther and Rzóska, 1959). It became clear that global fish biodiversity was being generally threatened by factors such as damming, drought, over-fishing, illegal fishing (e.g. with small-meshed nets, pesticide, cyanide compounds and dynamite), pollution, the introduction of alien species, and through the negative impacts of deforestation and global warming. These factors often created a devastating impact either singly or in various combinations.

In 1900 the global fishery amounted to about 3 million tonnes, but by 1989 this had grown to 86 million tonnes (Food & Agriculture Organisation [fao] data). A United Nations global survey of 1990 found most fisheries to be ‘fully exploited’, ‘over-exploited’ or ‘depleted’. Alarmingly, the common cod (Gadus morhua) of European waters has since been placed on the iucn Red List. Also, according to fao data, in excess of 700,000 metric tonnes of sharks and rays (elasmobranchs) are captured every year in the world’s seas. This amounts to more than 100,000 fish for the shark fin soup trade alone; and a total global loss of over 100 million individual fishes per year. Clearly, this is not sustainable, considering the comparatively low fecundity of sharks and rays, their slow population growth and long maturation phase. Seahorses (Syngnathidae) are similarly oppressed, with an estimated 20 million being captured every year, mainly for the ‘pharmaceutical’ (aphrodisiac) trade in the Far East. Coral reefs which are ‘biodiversity hotspots’ for fishes and invertebrates are everywhere declining dramatically. 

The global recognition of the need for general collective action in terms of the conservation of biodiversity began in 1948 with the establishment of the International Union for the Conservation of Nature and Natural Resources (iucn, now the World Conservation Union). iucn publishes the Red Data Lists of Threatened Species including for fishes (now available on the world wide web: www.redlist.org). The World Conservation Union has become increasingly concerned over the threats to freshwater biodiversity, noting that 41% of recognised fish species occur in freshwaters which comprise less than 1% of the world’s water (iucn, 1998). Non-governmental organisations such as Conservation International and the World Wide Fund for Nature (wwf) have also begun to assess freshwater and coastal biodiversity through the use of geographical information systems (gis); and they have provided regional recommendations for conservation (Olson et al., 1997; Abell et al., 2000).

Independent of this - and capitalising on the sound technological base and public popularity established by the earlier research aquaria - there has been contemporary boom in very large scale public aquaria aimed at a recreational market. This global phenomenon, which started in the 1960’s, is particularly well developed in the usa, Japan and Europe. Major new Aquaria established in the usa alone are: New England, Boston (1969); Baltimore (1981); Monterey Bay (1984); New Orleans (1990); Florida (1995); and Long Beach, California (1998). These developments have, since about 1984, been associated with new kinds of ‘immersion exhibitry’ utilising acrylic. This material gives better light transmission than glass, is more flexible and a better insulator. This creates the opportunity for entirely new visitor experiences, such as travelling underwater in a transparent acrylic tube surrounded by fishes and invertebrate life. Many Aquaria have, in fact, moved from the ‘age of glass’ to the ‘age of acrylic’.

The level of capital investment in the new generation of Aquaria is massive, amounting to far more than US$ 700 million of investment in the usa alone. The combined annual operating budget of these new Aquaria is well in excess of US$ 100 million, and they receive more than 10 million visitors. These Aquaria have also fostered innovative interactive educational exhibits, often with a strong environmental or conservational theme. In 1999 there was the 1st International Meeting of Aquariums, Museums and Science Centres to promote a new behaviour towards the world’s oceans, supported by nausicaa and the International Oceanographic Commission of the United Nations Educational, Scientific and Cultural Organisation (unesco). This has placed a strong emphasis on public education for conservation. Nevertheless, active aquarium conservation programmes involving breeding and outreach are only just beginning, notably with the formation of Taxon Advisory Groups for fish and aquatic invertebrates since 1990 in the usa, Britain and continental Europe. This has come about through the support of the American Association for Zoos and Aquaria (aza); the European Association of Zoos and Aquaria (eaza); and the European Union of Aquarium Curators (euac). We have seen the publication of Aquarium Sciences and Conservation, the first ever peer-reviewed scientific journal of professional aquarium keeping. Aquarists have also become increasingly well informed and active in sustainability issues affecting the hobby: hence the formation of the International Aquatic Conservation Network – aquarists dedicated to the preservation of aquatic life. This includes the underwater environment, water plants, fish biodiversity, and vital matters of conservation in the field. The aquarium trade itself (which supplies hobbyists and public Aquaria) has become more environmentally responsible, notably through the activities of the Marine Aquarium Council (mac). The role of the ornamental fish industry in poverty alleviation in the developing world has also been recognised (Watson, 2000).

Nevertheless, it is a curious paradox that while the aquarium industry and modern public Aquaria enjoy major commercial success, only small financial resources are directly expended by them on conservation projects. The cost of a single acrylic panel in a modern aquarium could equally well comfortably support an ex situ breeding programme or fund a major conservation initiative in the field. Encouragingly, the concept of conservation has arrived in modern public Aquaria, but it still remains to be fully supported, developed and funded.
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