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Abstract

Many aquariums today cite education, research and conservation as all or part of their “mission”, the reason they exist and do what they do. For a few, this stems from a founding mandate, but for many others, this focus is “new think”. Research and conservation activities are a natural outgrowth of the scientific efforts required in taking care of animals, and in recreating and presenting living habitats. More and more institutions are extending the natural research work they do in taking care of animals to specific research and conservation issues or questions, both in their aquariums, and in the wild. More than in zoos today, these issues and questions are often more localized in the area where the aquarium is located making them locally relevant. These activities are not only good for the institution’s image and positioning with a public ever more concerned with the environment and its health, but well run and well marketed research and conservation programs can also be good for revenues.

The scope of these activities is growing worldwide, and particularly in North America, and involves virtually all kinds of scientific activities ranging from more basic type organism oriented biology and physiology to new kinds of field science using new scientific technology. This paper reviews the status of research being done in North American aquariums, and by aquariums in the field, providing an overview, and compares that activity with selected examples from Japan and Europe.

Résumé

Aujourd’hui, de nombreux Aquariums citent l’éducation, la recherche et la protection de l’environnement comme tout ou partie de leur “mission”, la raison pour laquelle ils existent et font ce qu’ils font. Pour quelques-uns, il s’agit d’une vocation à part entière alors que pour beaucoup d’autres, cette orientation représente “quelque chose de nouveau”. La recherche et la protection de l’environnement sont des prolongements naturels des efforts scientifiques requis par la maintenance des animaux, et par la reconstitution et la présentation d’habitats vivants. De plus en plus d’institutions étendent leur travail de recherche nécessaire au maintien des animaux à des recherches spécifiques et des travaux de Conservation, aussi bien dans la Nature que dans leurs aquariums. Actuellement, plus que dans les zoos, ces aspects sont de plus en plus souvent localisés à proximité de l’Aquarium et en font des acteurs locaux. Ces activités sont non seulement bénéfiques pour l’image de l’institution et sa perception par un public encore plus concerné par l’environnement et sa protection, mais des programmes de recherche et de conservation bien négociés peuvent aussi être profitables financièrement.

L’étendue de ces activités grandit de part le monde, en particulier en Amérique du Nord, et implique toutes sortes de disciplines scientifiques, depuis la biologie et la physiologie des organismes les plus basiques à de nouvelles approches de la science sur le terrain, reposant sur des technologies innovantes. Cette communication présente un survol des recherches effectuées dans des Aquariums nord-américains et par des Aquariums sur le terrain et compare ces activités avec des exemples sélectionnés au Japon et en Europe.

Research in Aquariums today is a central activity essential to the efficient operation of the facility. It is also increasingly important to both the reputation and public positioning of the organization as well. The themes of the 5th International Aquarium Conference bear this out. The more progressive aquariums today often cite education, research and sometimes conservation activities as part of their public "mission" - the reason they exist. For some aquariums, this focus on research is not new and has been part of their mission for years.  For others, this is "new think". It is clear from my survey of research activities that there are far more aquariums actively involved in research than there were four years ago, and that the kinds of research undertaken by and in aquariums has expanded as well.

This report was prepared with information obtained using the world-wide web as the primary research tool.  In a few cases, where an aquarium was known to be conducting research, but none was described on their web site, the institution was contacted by the author. The presentation here is not a complete or exhaustive explanation of all research activity underway in each of the world's aquariums. Instead, it is an examination of the kinds of research being undertaken in various aquariums, illustrated with a few examples, and an exploration of why aquariums are doing so.

It seems that more and more aquariums are developing sound research and conservation programs to bolster their displays, to help achieve conservation missions, and to improve their image with the public and the media as well. The scope of these programs is amazing. Some of the research underway today is highly technical and utilizes sophisticated equipment and investigative research plans which would not have been found outside the human medical research field just a few years ago. However, a good deal of the research in aquariums still relies on the more traditional behavioral, nutritional and reproductive based techniques used in everyday husbandry care of the living collection. Several research programs have elements of quite basic biological inquiry, but most is of a more applied or openly exploratory nature. Increasingly, the research reported on here has a conservation-based question or problem at its core.

Research in aquariums runs in a continuum beginning with simple husbandry type research necessary to provide proper care for animals in a collection by the normal aquarium operating staff running through to dedicated research carried out by scientists working in collaborative programs. However, it helps to think of research activities by categories if only to provide a framework to understand the breadth and scope of research in aquariums today.

Husbandry Related Research - There is a greater premium today on taking care of animals in our collections, and keeping them longer, as opposed to treating them as disposable, and collecting or purchasing more. Not only is this more economical in the long run, it is necessary with some of the rarer animals, which can be difficult to obtain on a predictable bases. Further, aquariums today are striving to reproduce as many of the species we display as possible, partly due to public pressure, and partly due to the more active and accomplished research programs. The cost of collecting and purchase is also a factor. As aquariums strive to become producers of animals, they have turned to research to provide better diets, living conditions, reproductive situations and better medical attention.

It is clear from the review of the aquarium web-sites reviewed that many aquariums are conducting either opportunistic or dedicated husbandry research as part of their normal operations. This kind of research has always been a part of operating an aquarium, but it appears to be growing rapidly. Over the last four years, a focus on hatching, rearing and displaying new species has become evident. Examples are numerous and include pioneering work on syngnathids, corals, fish species of many kinds, and marine mammals.

For some examples see the web-sites for:

The Waikiki Aquarium (United States) for work on Nautilus, the Hawaiian Seahorse, and corals 

The Long Beach Aquarium (United States) for work on seabirds 

The National Aquarium in Baltimore (United States) for work on fish, reptiles and a variety of husbandry/health related research 

The Enoshima Aquarium (Japan) for their work on Jellyfish.

More Basic Scientific Research - Because aquariums have improved their capabilities in transporting and caring for increasingly unusual, rare or difficult to keep animals, opportunities exist for more basic or exploratory research as well. Aquariums now provide research opportunities for the aquarium's own scientists, as well as collaborating scientists both within the facility, and in nearby research centers such as university or government laboratories. The kinds of research range from genetic descriptive work to basic biology and anatomy/morphology to more exotic studies on cell biology. It is clear from some of the research efforts underway that the work is sophisticated, and is often undertaken with partners from veterinary or human medicine. Some of the research equipment used is very costly, and would have been generally unthinkable to find it in use with aquarium subjects just a few short years ago.

For some examples, see the web-sites for:

Seaworld (United States) for marine mammal research

The Alaska Sealife Centre (United States) for work on mammals 

and fish genetics.

Research in Aquariums Combined with Field Research - The number of aquariums involved in joint institutional - field research is growing rapidly. Because some of the species displayed, and cared for in aquariums today now are being endangered in the wild, some of the research undertaken within aquariums has now developed a field component. Examples range from the work many aquariums are doing with corals and some of the problems such as bleaching now affecting natural coral populations, to marine mammal work on endangered species such as the Stellar Sea Lion and Sea Otter. There is research work on breeding endangered species of fish with a long-term objective of returning them to the wild via reintroduction programs in several institutions. In these cases, the basic research in the aquarium has been augmented with field studies that add to the basic understanding of biology and ecology. Most of this research work seems to be collaborative with university, government or non-governmental agency (NGO's) organizations.

For some examples, see the web-sites for:

The Vancouver Aquarium Marine Science Center (Canada) for their Marine Mammal Species at Risk Laboratory

The New England Aquarium (United States) for their work with Lake 

Victoria Cichlids and in the Amazon

The Tennessee Aquarium/University of Tennessee at Chattanooga 

(United States), and their site for their Southeast Aquatic Research Institute.

Field Research - Four years ago, few aquariums had field research programs except as the joint in-aquarium and field research combined efforts described above. Exceptions in North America were the New York Aquarium's programs in Mexico and Madagascar, and the New England Aquarium's program in Africa, and the Vancouver Aquarium's Killer Whale field program. Today, several aquariums have active field research, both as a single institution investigator, and through collaborative programs. Some have field research programs underway working on habitats or species, which the aquarium does not even display. Examples include the work Monterey Bay and the New England Aquarium are doing on Blue Fin Tuna, Sea World's work on endangered freshwater dolphins, and several of the programs underway at the Wildlife Conservation Society (New York Aquarium).

For good examples, see the web-sites for:

The Monterey Bay Aquarium (United States) for their work on Tuna

The Vancouver Aquarium Marine Science Center (Canada) (five different sites) for their field work on Killer Whale populations.

In addition to categorizing the kinds of research, it is useful to look at some trends.

Research Collaboration seem to be expanding rapidly. Finding collaborative research programs underway between aquarium and university or government laboratories is increasingly common today. Some of these programs are based on the capabilities of the aquarium to keep and care for specific animals. Other programs are based on the need to mix laboratory and field sciences to solve specific conservation based problems. Yet others seem to be occurring because grant based funding for collaborative research is increasingly attractive to grant-making foundations and government agencies. Examples include the University of British Columbia - Vancouver Aquarium Marine Science Center’s partnership Marine Mammal Species at Risk collaborative research laboratory and the Monterey Bay Aquarium for MBARI - the Monterey Bay Aquarium Research Institute.

Likewise, the use of Graduate Students in Aquarium Research appears to be growing in North America. Graduate students have been present in many aquariums for years. Taking advantage of aquarium's unique collections, and animal care abilities, graduate students have long utilized these attributes to conduct their research work. They have also served as sources of inexpensive research skills bolstering the Aquarium's own capabilities. Many aquariums are now recognizing that they can expand the scope of their research programs without having to hire expensive scientists through using graduate students by working in partnership with local university graduate programs. There seem to be more grant funds available in North America for graduate student research when it is conducted in collaborative partnership programs with aquariums. This trend may be one reason for the growing numbers of graduate students working in aquariums.

Research as a Reputation Building Activity - There has been a great deal of discussion in the months leading up to this conference concerning the mission of aquariums, what they do in and for society. There has also been discussion concerning the kinds of programs we should be operating, and the kinds of professional standards we hold ourselves to. The twin themes of education and research have emerged over and over.

What we are all discussing is how we would like our profession and our industry to be known. Each aquarium institution is surrounded by audience groups, or as we call them, communities of users. These include the public, schools, politicians, the media, and government. Some aquariums break them down into dozens of categories, others think of their audiences in larger groupings. More and more aquariums are paying attention to how they are perceived by these audiences.

In other words, we are becoming much more sensitive to our public position, our reputation, as seen by the different audiences we care about. Likewise, we all face the same issue collectively as "the aquarium industry".

It is clear that research plays a large part in our generally positive reputation with the public and the media. This seems to be true across the world, from Capetown, South Africa to Japan, from Hong Kong and Australia to Europe, colleagues are talking about positioning and reputation. That means they are increasingly talking about education and research.

It is obvious from my survey of the world-wide web in the period August - October, 2000, that many aquariums are wasting a prime opportunity to positively influence their standing and reputation with many audiences they should care about. While most of the aquariums in the world now have web-sites, less than 40% of the sites surveyed in the preparation of this report described the research going on in the particular aquarium. Given the degree to which the world-wide web is now a research tool in its own right, and the degree to which people who are likely to care that a particular aquarium has a research program use the web, these institutions are missing a vital marketing opportunity. Some aquariums have well developed sites describing in some detail the kinds of research being conducted in the aquarium, and by aquarium scientists and staff outside the institution. Three web-sites which describe research and are worth looking at as examples are the New England Aquarium in Boston (www.neaq.org/corner/res/bio.html), the Monterey Bay Aquarium (www.mbayaq,org/efc/efc_oc/oc_oci.asp), and The Alaska Sealife Center (www.alaskasealife.org/projects.html).  In all cases, you can go to the individual aquarium's home page and find research as a subject "button" you can select.

In Conclusion, research is increasing in importance for aquariums, both for operational reasons as well as those related to public positioning and reputation. The kinds and number of research programs has grown considerably in four years since the last IAC. The breadth of the programs is greater than it was four years ago, with research collaborations a prime growth area, at least in North America. However, many aquariums do not even mention their research activities on their web pages, and are missing a golden opportunity to positively influence those whose opinion they should value the most.

A Partial Listing of Some Aquariums and Their Websites - The following is a listing of some of the research programs uncovered by using web sites and other internet based queries:

· Alaska Sealife Centre – United States

www.alaskasealife.org

Husbandry and biological/physiological research on Stellar Sea Lions

Field studies on Stellar Sea Lions including direct linked field video

Biology and health issues in wild Harbor Seals

Field studies on Weddell Seals - foraging and energetic studies

Sea bird (Piegeon Guillemot) population restoration studies

· Aquarium of the Americas - United States

www.auduboninstitute.org/html/aa_aquarium.ain.html

Works directly with the Audubon Institute Centre for Research of endangered Species

Field and laboratory research on cryopreservation of frozen embryos

· Enoshima Aquarium - Japan 

www.enoshima-aquarium.ea.jp (in Japanese only)

Ongoing research on jellyfish propagation

· Florida Aquarium - United States 

www.sptimes.com/aquarium/default/html

· Fukuoka Marine World Aquarium- Japan

no website - personal communication

Biology, life history, and husbandry research on freshwater fish of Japan (with JAZGA) 

Detailed Megamouth necropsy and scientific report

· Hekinan Seaside Aquarium - Japan

www.city.hekinan.aichi.jp/aquarium


Life history and husbandry research on local species (primarily freshwater)

· Kamogawa Sea World - Japan

www.mitsuikanka.co.jp/kamogawaseaworld (in Japanese only)


Ongoing husbandry research on marine mammals (focus on cetaceans)

· Kushimota Aquarium- Japan

no website - personal communication


live coral propagation


comparison studies with living natural reef

· Monterey Bay Aquarium - United States

www.mbayaq.org

Combined field and husbandry research program - the Sea Otter Research and Conservation Program

Established Tuna Research and Conservation Center

Field Tag a Giant tuna tagging and monitoring program - focus Blue Fin tuna, Atlantic Ocean

Monterey Bay Aquarium Research Institute with multiple programs including research vessel, development of ROV and other exploration technology, and field research in the deep ocean environment

· National Aquarium Baltimore - United States

www.aqua.org

Husbandry research on reproductive biology of the Southern Stingray and other elasmobranchs

Husbandry and field research on amphibians (frogs and toads)

Laboratory studies on Coral cell culture and establishment of a coral cell line

Field studies on Florida Manatee seriology - co-operative with Sea World and Florida Department of Environmental Protection

· New England Aquarium - United States

www.neaq.org

Field research on acoustic deterrents (pingers) to reduce cetacean entanglement in fishing nets

Husbandry and field research with Blue Fin Tuna

Field research on Lake Victoria Cichlid biodiversity including an Africa field station

Lobster Rearing and Research Program and Facility

Field studies on North Atlantic Right Whales including natural history, distribution, migration, reproduction and registry

Field studies on Eel Grasses in Boston Harbor

· Mystic Aquarium - United States

www.mysticaquarium.org

Husbandry research on a variety of species

Field studies on establishment of the Ballard Institute for Exploration for open ocean and deep sea research

· Musée océanographique - Monaco

www.musee-oceano.mc

Husbandry and culture work with a wide variety of corals

Husbandry and culture research on fish and cephalopods

Field research via remotely mounted underwater video cameras

· Ocean Park - Hong Kong

www.oceanpark.com.hk

Shark husbandry and propagation program - Black tip Reef Sharks and Pygmy Swellshark

Marine mammal research on propagation including artificial insemination

· Okinawa Aquarium - Japan

www.seasea.net/leisure/okinawa/aquarium.html

Shark research including captive propagation

· Oregon Coast Aquarium - United States

www.aquarium.org

Ongoing research on elasmobranch husbandry

Seabird husbandry and reproduction

· Port of Nagoya Public Aquarium – Japan

www.port-authority.minato.nagoya.jp/garden/roles.html

Captive breeding program for Loggerhead and Hawksbill Sea Turtles

Chelonian Institute for the study of Sea Turtles - all aspects including a DNA/RNA Laboratory

Field program of sea turtle research including studies on reintroduction

Husbandry research on Penguins 

· Sea World Park (four) - United States

www.seaworld.org

Hubbs Sea World Research Institute - www.hswri.org 

Marine mammal husbandry, medicine, and basic biological research

· Shedd Aquarium- United States

www.shedd.org

New conservation biology program

· Steinhart Aquarium - United States

www.calacademy.org/aquarium

Field research on endangered winter run Chinook Salmon

· Stephen Birch Aquarium (Scripps Institution) United States

www.aquarium.ucsd.edu

Tied directly to Scripps Institution of Oceanography - multiple worldwide programs

· Tennessee Aquarium - United States

www.tennesseeaquarium.org

Southeast Aquatic Research Institute - established 1996 www.sari.org

Field studies on local fish natural history, habitats, fish

Pilot propagation program for Lake Sturgeon

· Tokai University Marine Science Museum - Japan

www.scc.u-tokai.ac.jp/sectu/kaihaku (in Japanese only)

Life history research on local and tropical fish

· Toba Aquarium - Japan

www.infoweb.ne.jp/toba-aq 

Marine mammal husbandry and physiology

· Two Oceans Aquarium - South Africa

www.aquarium.co.za

· Vancouver Aquarium Marine Science Centre - Canada

www.vanaqua.org (6 sites all linked)

Changed name in 1998 to denote scientific and research functions

Established Vancouver Aquarium Research and Conservation Foundation to fund conservation oriented research activities - 1999

Ongoing physiology and other research on captive cetaceans

Established the Canadian Marine Mammal Species At Risk Laboratory at the Aquarium with the University of British Columbia. Focus is Stellar Sea Lions, Sea Otters and other species in the future

Field studies in killer whale natural history, census and genealogy of killer whales, PCB levels in wild killer whales, BC Humpback Whale Registry

Marine Species Culture Laboratory for hatching and rearing local species

Aquaculture Development Laboratory

Development of scientific techniques and process for assessing and monitoring Marine Protected Areas

Research on use of digital imaging combined with sonar for underwater mapping and monitoring

· Waikiki Aquarium- United States

www.makah.mic.hawaii.edu/aquarium

Propagation research on Chambered Nautilus, Mahimahi, Hawaiian Seahorses and others

Husbandry and reproductive research on Hawaiian Monk Seals

Husbandry and basic scientific research on Corals and coral reefs

Field research on Hawaiian shark natural history, distribution and reproductive biology
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