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FOREWORD

More than half a century ago, the largest shark and ray species were placed on public display. In 1934, the Mito
Aquarium in Japan held a whale shark for 122 days, and in 1951, the Marine Biological Station in al-Ghardaqa,
Egypt, presented a 10-foot-wide manta ray that had been captured in the Red Sea (Clark, 1953; Clark, 1963).
These great wonders were viewed in large, open-water systems where the sea had been netted or penned off
to form embayments that were large enough for the fish to swim in, but not large enough to supply the enor-
mous amount of planktonic food they required.

It was not until the 1980’s that Senzo Uchida in Okinawa, Japan, succeeded in keeping these creatures alive
and healthy for years, feeding them in a closed environment—a giant oceanarium—uwhere they could be viewed
in all their magnificence. Hundreds of smaller species of sharks, skates, rays and chimeras are now main-
tained in over one hundred large public aquariums and in marine laboratories for display and study of their
methods of reproduction, feeding habits, and behavioral interactions. Some grow so well they outstrip their
enclosures and must be netted and transported back into the sea.

We have come a long way in learning to maintain healthy elasmobranchs. This book reports the latest ad-
vances for keeping these marvelous and little-understood fishes on display for the public to see and scholars
to study alive, in contrast to the many great illustrated tomes on the detailed anatomy of elasmobranchs based
upon dissections of dead specimens.

It is a personal pleasure for me to write the foreword to this book. In the early days at Mote Marine Laboratory
(called Cape Haze Marine Laboratory in the 1950's), we first studied large elasmobranchs, especially sharks,
in open stockade-built “pens” in the bay next to our laboratory pier on the west coast of Florida. We appreciated
the easy maintenance of having fresh seawater wash in and out of our big (70 ft x 40 ft) “Skinner Box,” and first
discovered to our amazement the individuality of our sharks and rays, their gentleness and their ability to learn
and make visual discriminations (Clark, 1959). Our lemon and tiger sharks had their babies in our pens. We
“walked” and force-fed many newly caught sharks just to keep them alive. But we were at the mercy of weather
changes, winter chills, and red tides. We noted that our captive sharks detected and reacted differently to the
lowest concentrations of the red tide organism before bathers at nearby beaches started coughing from on-
shore breezes.

One of the most difficult types of sharks for us to keep alive were the several species of hammerheads. We
could not even bring them back alive from the nearby Gulf of Mexico where we set our lines. Only the small
bonnetheads, netted by fishermen, would live briefly in our pens. Today, great hammerheads are swimming
and feeding at Mote Marine Laboratory in two large research aquariums, attesting to our great strides in
keeping them alive and well. And Senzo Uchida now keeps several healthy whale sharks and manta rays
together in one of the world’s largest oceanariums. What we will learn from these captive creatures will be
incredible.

It was an honor to open the 1% International Elasmobranch Husbandry Symposium in Orlando, Florida, in
October 2001, and now to introduce this book that compiles the results of the Symposium.

Eugenie Clark

Center for Shark Research
Mote Marine Laboratory

1600 Ken Thompson Parkway,
Sarasota, FL 34236, USA
October 2004
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INTRODUCTION

Sharks and rays are an important attraction for public aquariums where they provide an interesting and invalu-
able educational tool. Elasmobranchs are also maintained in public aquariums and marine laboratories for the
purposes of scientific investigation. Much of what we know about these inscrutable animals has been learned
through observing them in aquaria.

Elasmobranchs exhibit a K-selected life history strategy, characterized by low fecundity, slow growth rates, and
late sexual maturity. Unfortunately, this life history strategy makes sharks and rays susceptible to overexploitation.
Reproduction of elasmobranchs in aquariums is poorly understood and is frequently restricted by the physical
limitations of facilities. In addition, unless appropriate husbandry practices are adopted, elasmobranch survi-
vorship in aquariums can be lower than in their natural habitat.

As a basic conservation measure, the elasmobranch caretaker community needs to increase its level of peer
review, constantly exchange information, and continually update prevailing husbandry practices. In addition, it
should provide assistance to new and developing facilities, where less than ideal husbandry protocols may be
adopted through lack of training or readily available information.

Until the present day there has been no handbook enumerating the captive care of sharks and rays. Informa-
tion has been available in scientific journals, the gray literature, and predominantly within the memories of
experienced aquarium veterans, but it has been typically scattered and difficult to access. It seems incredible
that the husbandry of such an important and charismatic group of animals has not been more comprehensively
addressed in the literature. The Elasmobranch Husbandry Manual: Captive Care of Sharks, Rays and their
Relatives attempts a first step toward addressing this oversight.

The development of the Manual was slightly unorthodox and merits some description. It began as a bullet list
of husbandry topics, tabled and discussed at the 1999 Regional Aquatic Workshop in Minneapolis, Minnesota
(USA). This list was then fine-tuned over ensuing months by a steering committee established at the same
meeting. The initial premise was to generate an exhaustive list of elasmobranch husbandry topics and then
solicit contributions to match those topics from individuals considered to be leaders in their respective fields.
As the Manual was conceived to be a conservation initiative, participation was to be, and indeed remained,
entirely voluntary.

As a catalyst to the development of the Manual the 1%t International Elasmobranch Husbandry Symposium was
held in Orlando, Florida (USA), between the 3 and 7™ of October in 2001. The first three days of the Sympo-
sium included invited papers, representing the formal chapters of the Manual, and an additional day was made
available for the presentation of voluntary contributions and the discussion of a plan of action. Bringing to-
gether ~180 learned individuals from 16 countries, the Symposium provided an opportunity to exchange infor-
mation about the husbandry of elasmobranchs and to conduct an informal peer review of the contributions
made by invited speakers. Following the Symposium, invited contributions were then peer-reviewed in a more
formal manner and the result is the Manual you are now reading.

The ultimate objective of the Manual was to produce a single-reference handbook that could be used as a
guide to the captive care of elasmobranchs, assisting in the development of new exhibits, aiding the training of
husbandry personnel, and answering specific husbandry questions about this important taxonomic group. In
addition, it was a project objective to make the Manual available free-of-charge, via the World Wide Web,
allowing anyone who might work with elasmobranchs ready access to the information. The resulting website is
to be used as a forum to distribute the Manual, to post Manual updates, and to provide additional information
and husbandry tools useful to elasmobranch caretakers.

A number of articles presented at the 1% International Elasmobranch Husbandry Symposium were deemed to
be of lesser immediate relevance and were not included in the Manual. These articles, in combination with
archive articles from previous issues of Drum and Croaker, have been compiled by Peter J. Mohan (editor of
Drum and Croaker) and published as The Shark Supplement: 40 Years of Elasmobranch Husbandry Science,
Speculation, and Apocrypha (Drum and Croaker Special Edition No. 2). This supplement may be accessed
through either the Manual or the Drum and Croaker websites.



Aquariology is an emerging science and many experienced aquarium professionals have little formal scientific
training, yet many of these individuals have years of valuable hands-on experience. Conversely, many workers
who actively cooperate with public aquariums are professional academics and respected leaders in their re-
spective fields. The Manual brings together contributions from both ends of this spectrum. This process has
given the Manual an inclusive and, at times, a slightly eclectic feel. Rather than detract from the merit of
individual contributions, or indeed the broad coverage of the manual, we believe that this unique characteristic
enhances the accessibility and ultimately the applicability of the Manual. It was always considered that the
Manual would serve, in part, as a bridge between pure science and applied aquariology, and we trust that this

goal has been achieved.
The editors,

Mark Smith

Director
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302 Dakota Wool Stores,
88 Macquarie Street,
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DISCLAIMER

The Elasmobranch Husbandry Manual: Captive Care of Sharks, Rays and their Relatives is intended to present
the current scientific and experiential understanding of the captive care of elasmobranchs in aquarium or
research laboratory settings. Some contributions lend themselves to scientific rigor, where material presented
is supported by peer-reviewed literature. Other contributions are based, out of necessity, on the collective
experience of professional aquarists, because relevant scientific literature is scant or non-existent. The con-
tributors and editors cannot be, and are not, legally, financially or in any other way, responsible for the applica-
tion of techniques described within the Manual. When undertaking any procedures or techniques outlined in
the Manual, it is up to individual workers to assess the unique circumstances of their situation, apply common
sense, and subsequently apply any procedures or techniques at their own risk. In all cases, the reader of this
Manual is cautioned not to use this handbook as an exact step-by-step guide, but rather as a starting reference
point for further case-specific research.
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ELASMOBRANCH PLAN OF ACTION

During the 1% International Elasmobranch Husbandry Symposium a plan of action for the elasmobranch care-
taker community was discussed and developed. The premise of the plan of action was that it could be used by
regional taxon advisory groups and individual institutions when prioritizing objectives, collection plans, pro-
grams to be funded, etc. In particular, the plan of action had four primary objectives: (1) assist in the under-
standing, protection, and recovery of threatened shark, skate, and ray species worldwide; (2) improve the
husbandry of sharks, skates, and rays maintained in captivity; (3) provide quality conservation and research
project opportunities for public aquariums; and (4) establish the public aquarium community as a significant
player in elasmobranch conservation. These objectives were to be more specifically addressed through seven
areas of focus: (1) legislation, permitting and collection; (2) husbandry; (3) veterinary care; (4) captive breed-
ing; (5) re-introductions; (6) research; and (7) education, outreach and advocacy. For the reader’s reference,
the plan of action is presented in its original form. The reader should note that the plan of action is a living
document and that some of the identified action items are in progress or indeed have been completed since
the Symposium.

Legislation, permitting, and collection

1. Public aquariums should be familiar with the current conservation status of any species proposed for
display by regularly consulting such resources as the World Conservation Union’s (IUCN) Red List of
Threatened Species™ (www.redlist.org).

2. Public aquariums should be familiar with relevant legislation and permitting requirements, at all levels,
by regularly consulting such international resources as the Convention on International Trade in En-
dangered Species of Wild Fauna and Flora (CITES) (www.cites.org) and the Convention on Migratory
Species (CMS) (www.cms.int), as well as national and state agencies, such as the National Marine
Fisheries Service (NMFS) (www.nmfs.noaa.gov) and the Florida Fish and Wildlife Conservation Com-
mission (FFWCC) (www.myfwc.com).

3. Public aquariums should never “export” demand for a threatened species (e.qg., Pristis spp.) to regions
where legal protection for that species is inadequate.

4. Public aquariums should ensure that third-party commercial collectors, acquiring animals on their be-
half, always meet permitting requirements and use appropriate collection and transport techniques.

5. Public aquariums should communicate effectively with permitting agencies, not only by adhering to
required reporting schedules but by building an ongoing healthy rapport with local authorities. Commu-
nications should include: (1) an exchange of information about both the conservation value of public
aquariums and their specific needs; and (2) feedback about the observed status of permitted species
(e.g., observed frequency in the wild, behavior in captivity, etc.).

6. Public aquariums should communicate information about commercial collectors, acquisition techniques,
and permitting agencies.

7. Priority legislation, permitting, and collection objectives:

a. Develop a comprehensive species list showing correct nomenclature, current conservation
status, and relevant governing legislation.

b. Develop a review protocol for potential commercial collectors and suppliers
c. Develop a database of apposite commercial collectors and suppliers.

d. Develop an elasmobranch acquisition protocol—i.e., adapt the existing American Zoo and
Aquarium Association (AZA) (www.aza.org) acquisition policy.

e. Monitor the development of the Marine Aquarium Council (MAC) (www.aquariumcouncil.org).
Support the development of a supplier certification scheme and include relevant aspects within
the elasmobranch acquisition protocol.



Husbandry

1. Public aquariums should ensure that husbandry personnel are fully conversant with basic husbandry
techniques.

2. Public aquariums should question the application of routine husbandry procedures and ensure that
they understand the rational behind their continued use. Don’t adopt the old adage of “...it's been done
that way for years...”, as original justification may be flawed or no longer relevant.

3. Public aquariums should communicate more effectively about elasmobranch husbandry experiences.
Potentially useful data should be channeled to appropriate research and data-storage institutions.

4. Public aquariums should maintain standardized, long-term, and accurate husbandry records. Tech-
niques for industry-wide communication of large data series should be developed.

5. Publish! Relevant elasmobranch husbandry observations should be published in peer-reviewed scien-
tific journals and the gray literature (e.g., Zoo Biology, Drum and Croaker, etc.).

6. Priority husbandry objectives:

a. Establish an elasmobranch husbandry specialist group (focusing on nutrition, record-keeping
standards, etc.).

b. Develop a handbook of elasmobranch husbandry techniques.

c. Develop a data bank of husbandry information, including water quality parameters, nutrition,
etc.

d. Standardize record-keeping and data exchange techniques.

e. Develop a multi-disciplinary program for a flagship, conservation-dependent, species—e.g.,
the sand tiger shark (Carcharias taurus). Generate a model list of research questions, subdi-
vide the work, and determine sources of funding. Aspects of such a program could include: (1)
investigating the cause of spinal deformities; (2) establishing “normal” blood parameters; (3)
investigating reproductive hormones and cues; (4) developing a collaborative breeding pro-
gram; (5) investigating global genetic variation; and (6) investigating the status of wild popula-
tions.

Veterinary care

1.

Public aquariums should ensure that husbandry personnel are fully conversant with basic veterinary prac-
tices.

Tissue and blood samples (from routine examinations, biopsies, specimen losses, etc.) should be taken
and analysed, wherever possible, to build a database of “normal” parameters.

Public aquariums should communicate more effectively about veterinary experiences. Potentially useful
data should be channeled to appropriate research and data-storage institutions. A secure mode of infor-
mation sharing with academics, to protect institutions and data ownership, should be developed. One-on-
one interactions between public aquariums and academic institutions is encouraged.

Public aquariums should maintain standardized, long-term, and accurate veterinary records. Techniques
for industry-wide communication of large data series should be developed.

Publish! Relevant veterinary observations should be published in peer-reviewed scientific journals and the
gray literature (e.g., Zoo Biology, Drum and Croaker, etc.).



6.

Priority veterinary care objectives:

a. Establish a veterinary specialist group to focus on pharmaceutical use, blood parameter “norms”,
tissue sampling techniques, etc.

b. Develop a data bank of veterinary information, including: (1) pathology—symptoms, causative
agents, and treatments; (2) hematology and blood chemistry—wild and captive “norms”; (3) phar-
maceuticals—dosages, efficacy, and species sensitivity; (4) photo-imaging—clinical, diagnostic,
histological, and microbiological; and (5) standardized record-keeping and data exchange tech-
nigues.

Captive breeding:

1.

Public aquariums intending to develop a captive breeding program should consider which species repre-
sent a conservation priority, specifically: (1) is the species listed as endangered or critically endangered on
the IUCN Red List of Threatened Species™?; (2) is the species regionally endemic, little studied, or even
undescribed, and at risk of losing its habitat?; (3) is the species in demand for public aquariums—e.g.,
sand tiger sharks, zebra sharks (Stegostoma fasciatum), spotted eagle rays (Aetobatus narinari), etc.?;
and (4) does the aquarium have the requisite expertise?

Public aquariums should consider the longer-term objectives of the breeding program, specifically: (1) will
breeding and inter-aquarium distribution of the species reduce pressure on wild populations?; (2) will the
breeding program contribute toward the collective knowledge of elasmobranch reproduction?; (3) is the
intention to breed a pool of animals for future release into the wild and if so is this a fitting objective (refer
to re-introductions below)?

Public aquariums should discourage the breeding of common species excess to current requirements.
Consider usage of surplus animals for invasive reproduction research (e.g., organ development studies,
etc.).

Priority captive breeding objectives:

a. Establish a captive breeding specialist group.

b. Develop a databank of captive breeding information detailing relevant aspects of species success-
fully reproduced, or exhibiting reproductive behavior, in public aquariums.

c. Establish zoological studbooks for those species that have bred successfully in captivity and that
require a management program.

d. Develop a common system of identification to track individual animals within a breeding meta-
population.

e. Establish a centralized breeding facility to support the development of collaborative breeding pro-
grams for key species (e.g., sand tiger sharks, zebra sharks, etc.).

f. Establish a tissue bank as a resource for reproduction studies. Support genetic and hormonal
research by making available tissue samples for appropriate projects.

Re-introductions

1.

Draft and adopt a re-introduction policy consistent with IUCN Re-introduction Specialist Group (RSG)
(www.iucnsscrsg.org) guidelines—i.e., to not release elasmobranchs into the wild, with the exception of
coastal public aquariums and marine laboratories that have open systems and short-term specimen reten-
tion times, and to never release exotic species. Develop a corresponding rigorous re-introduction protocol.
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It should be clear that the release of elasmobranchs as a solution for surplus and unwanted animals is not
acceptable.

Research

1.

Public aquariums should encourage research. The cost-benefits of research activities need to be clearly
explained and justified to aquarium management (e.g., improved husbandry practices; improved conser-
vation policies and performance; improved education programs, etc.).

Public aquariums developing institutional research programs should ensure that the following issues have
been considered and are clearly established for each project: (1) what will the study accomplish?; (2) why
does the study need to be undertaken?; (3) how much will the study cost?; (4) how long will the study
take?; (5) who will undertake the study and are they qualified?; (6) is the study duplicating effort else-
where?; and (7) will the study integrate smoothly with a wider inter-institutional research effort? These
issues are particularly important if you wish to attract funding.

Public aquariums should take advantage of their innate resources (i.e., infrastructure, human, etc.) and
focus investigations within their area(s) of expertise.

Public aquariums should develop investigations in concert with existing research and conservation efforts
currently undertaken by academia.

Public aquariums should encourage the collection and dissemination of data for both rare species and
those species targeted by conservation and management programs (e.g., Pristis spp.).

Public aquariums should optimize the value of interns by maintaining a list of valuable projects that can be
undertaken during their tenure.

Priority research objectives:
a. Establish a research specialist group.
b. Establish an independent academic review committee.

c. Establish a mechanism for systematically evaluating, selecting, and implementing quality research
projects that may be supported and funded by the AZA's Conservation Endowment Fund, the
European Union, etc.

d. Establish a database of ongoing research projects undertaken by member institutions of the vari-
ous regional zoological associations—e.g., the AZA, the European Association of Zoos and Aquaria
(EAZA) (www.eaza.net), the Australasian Regional Association of Zoological Parks and Aquaria
(ARAZPA) (www.arazpa.org.au), etc.

e. Develop a list of future research priorities oriented toward one or more of the following: (1) im-
proved elasmobranch captive management (e.g., nutrition, water quality, exhibit design, enrich-
ment, etc.); (2) elasmobranch captive breeding programs; (3) in situ or ex situ conservation efforts;
(4) recovery of endangered wild elasmobranch populations; and (5) improved education, outreach,
and advocacy techniques.

Education, outreach and advocacy:

1. Public aquariums must establish and preserve education as a fundamental aspect of their mission.
Public aquariums should identify education priorities related to elasmobranchs and integrate them into
their educational program where appropriate.
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Public aquariums should be aware of, and contribute toward, existing and developing conservation
and management strategies on an international and domestic level (e.g., CITES, IUCN, MAC, etc.).
Public aquariums should directly apply and disseminate information about same.

Public aquariums should improve links with other public aquariums, academia, and government agen-
cies, to ensure possession of up-to-the-moment information about all aspects of elasmobranch con-
servation. Better communication should be sought through attendance at relevant meetings (e.g., the
annual meetings of the American Elasmobranch Society (AES) (http://www.fimnh.ufl.edu/fish/organi-
zations/aes/aes.htm), the Regional Aquatic Workshop, the European Union of Aquarium Curators
(EUAC) (www.euac.org), the European Elasmobranch Association (EEA) (www.eulasmo.org), etc.),
participation on list servers (e.g., Elasmo-L), and exchange of peer-reviewed publications, etc.

Public aquariums should be proactive about using the media for education and advocacy purposes.

Public aquariums should promote and support the activities of the IUCN Shark Specialist Group (SSG)
(http:/lwww.fimnh.ufl.edu/fish/organizations/ssg/ssg.htm) and Shark News, the official organ of the SSG.

Public aquariums should promote and support MAC and discourage hobbyists from acquiring threat-
ened elasmobranchs (or those species that will out-grow exhibits).

Priority education, outreach, and advocacy objectives:
a. Establish an education specialist group.

b. Develop a comprehensive educational package for distribution to all public aquariums (e.qg.,
an update of the IUCN SSG slide presentation Sharks in Danger). Issues covered by the
educational package should include: K-selected life history, overfishing, finning, shark attack,
responsible trade practices (e.g., retail outlets, hobbyists, and the MAC certification scheme),
ongoing research projects (e.g., biomedical)., etc.

c. Develop techniques forimproved public access to elasmobranchs (e.g., touch-pools); increasing

educational opportunities and augmenting the uptake of conservation messages. Develop
suitable guidelines for same.
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Chapter 1
Elasmobranchs in the Public Aquarium: 1860 to 1930

THowmas J. Koos

The Center for Research in Skeletal Development and Pediatric Orthopaedics,
Skeletal Biology Section, Shriners Hospitals for Children,
Tampa, FL 33612, USA.
E-mail: tkoob@shctampa.usf.edu

Abstract: Elasmobranchs have been exhibited in public aquariums and marine biological
stations since their inception in the 1860’s. Some of these institutions were remarkably
successful at maintaining elasmobranchs in captivity, in some cases holding specimens for
many years. These early aquariums developed capture and transportation techniques, water
qguality parameters, feeding regimens, and display methods for various species of
elasmobranchs. Many of the husbandry techniques developed are still used today. Public
aquariums and marine biological stations provided some of the first opportunities to observe
and document the biology of elasmobranchs (e.g., feeding, mating, and egg-laying behavior).

It was early in 1873 and the Brighton Aquarium
was about to open to the public when the manager
and naturalist, Henry Lee, was called to the main
display tank (volume: 189 m?3) to see the following:
“...one of the nursehounds [Scyliorhinus stellaris]
had hanging from her, close to her body, an egg
which had just been extruded. | was [delighted]
to have the opportunity of observing an operation
which has been the subject of speculation and
conflicting opinion ... for five hours [the shark]
swam around ... generally near the surface ...
appearing neither to care for, nor to be
incommoded by, the appended egg ... She began
to rub herself heavily along the shingle at the
bottom of the tank, and to endeavor to free herself
of her encumbrance by vigorous contortions of
the body and rapid muscular motion of the tail. In
readiness for such an event ... | had previously
ordered to be prepared some artificial gorgonians,
made of the twigs of a birch broom, and fastened
firmly, in the shape of a little bush, to a heavy
stone. One of these | now lowered into the tank,
close to the parturient fish ... in about a half hour
she began to reconnoiter my sham gorgonian,
swam round it twice, and then, seemingly satisfied
that it would suit her purpose, deliberately tried
to make a way through the midst of the little bush
near its root. At this part, however, the sticks of
the birch broom were [stiff] ... and she failed to
drive a heading into them; but, with wonderful
intelligence, she rose higher and higher, and at

last succeeded in separating with her nose the
upper and more pliant twigs, and forced a passage
for herself through the brushwood. Resting for a
second, she, with a quick undulation of the [hind]
portion of her body, entangled the tendrils at the
first presented end of the egg amongst the
branches, and sailing through and around the
upper and slighter part of the little tree, dragged
from her body the tendrils at the other end of the
egg, and with them another egg, similarly
furnished. The moment this second egg had
passed from the orifice, the mother fish gently
sank towards the bottom, and curling herself in
the form of a ring—nose and tail meeting, and
partially overlapping—encircled the base of the
bush, and with its stem as an axis, revolved
around it fourteen times, winding from her body
the tendrils of the last produced end of the second
egg ... As soon as this was completed she swam
slowly away, and gave no further attention to her
embryo progeny...”

While this behavior was observed several times
at other aquariums before the close of the century,
it was only brought to the attention of scientific
circles over 100 years later (Castro et al., 1988).
In the mid 1800’s, although egg cases had been
found entwined around algae, corals, shells, and
rocks, either at low tide or in the strand after
storms, there was uncertainty about how they got
there. Was it by currents and simple chance that
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the tendrils became entangled, were the tendrils
like climbing vines that curled around an object
when contact was made, or did the female actively
moor the eggs? Lee, amongst others, was
convinced that such a secure and orderly
attachment could only be effected by the parent
fish, not only intentionally mooring the egg but
choosing a specific locality. So when the Brighton
Aquarium was built, it provided the opportunity to
answer the question. Of particular interest to the
aquarist, Lee was not only observing the animals,
many hours into the night on some occasions, but
he had prepared a sham gorgonian. Here, in 1873,
was an aquarist competent by the standards of
today.

This incident gives a good sense of how
successful aquariums had become at maintaining
elasmobranchs within a decade of the opening of
the first public facility. Granted, dogfish are small,
temperate, and sedentary species, surviving in
aquariums relatively easily, but these animals
appeared to be in good health as they were readily
laying eggs. Already, capture, transport, feeding,
and water quality control techniques were being
developed for elasmobranch exhibits.

EARLY AQUARIUMS

The Brighton Aquarium was not the first public
aquarium to open, nor was it the first to hold
elasmobranchs in captivity. With the popular
success of the aquarium at the Zoological
Society’s Crystal Palace in London, as well as the
burgeoning popularity of parlor aquariums in the
1850's (see Taylor, 1993, for an excellent entry
into the literature pertaining to parlor aquariums),
interest in public displays of marine life,
particularly large displays open to the general
public, increased enormously. However, before
1860, aquariums were rather static affairs where
the water was exchanged only infrequently, and
by hand at that.

The development of the modern aquarium
originated in the pioneering designs of William
Alford Lloyd, an Englishman with both vision and
the wherewithal to realize it. He recognized that
a supply of clean, circulating seawater was
essential to the health of the organisms. Today
the design seems relatively simple (although
many aquariums used a similar system well into
the 20" century): seawater was pumped or
trucked from the nearest sea into a basement
holding tank or cistern, from there it was pumped
to a level above the display tanks, and then fed

through pipes to individual tanks below. The
stream of water was arranged so as to aerate the
water as it entered each tank. The water was
exchanged several times each day, returning to
the reservoir where it was clarified by
sedimentation and filtration. Lloyd designed the
public aquariums in Paris (1860), Hamburg
(1864), Hannover (1866), and Berlin (1869). It was
largely through his efforts that aquariums became
fashionable to a degree that cities vied with one
another in their efforts to build comparable
facilities. This rapid rise in the number of
aquariums in the mid- to late-19" century mirrors
the burgeoning of public agquariums worldwide
over the last two decades of the 20" century, and
for the same reason: The public was and is
fascinated by marine life.

Most of the early aquariums incorporated a grotto-
like design. To enter the display, the visitor walked
into a darkened cavern that was meant to give
the impression of descending into the sea. The
artificial rock walls were festooned with replicas
of the sea floor to increase the illusion. The only
light that entered the grotto came from the tanks,
which were usually illuminated from above by
natural light.

It is not our intent here to review the history of
aquariums as such (for recent accounts see
Taylor, 1993; and McCosker, 1999). We are
principally concerned with public aquariums that
displayed elasmobranchs. Identifying early public
aquariums that maintained captive elasmo-
branchs is difficult at best. Records were rarely
kept, even well into the second half of the 20™
century, and historical documents relating the
operation of the aquariums are non-existent or
difficult, if not impossible, to find. What follows is
therefore incomplete and is based primarily on
anecdotal accounts and reports by scientists who
visited aquariums for pleasure and instruction or
used them for research. Nevertheless, there is
ample evidence to conclude that elasmobranchs
were persistent residents in the earliest aquariums
and remained a staple of display throughout the
early development of the public aquarium.
Moreover, many novel observations on the biology
of elasmobranchs were made for the first time by
watchful attendants.

Determination of species throughout this chapter
is based on identifications appearing in the
original reports. For many of the common species
(e.g., the spiny dogfish, Squalus acanthias, and
the small spotted catshark, Scyliorhinus canicula),
there is little doubt about their validity. For others,
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tracing synonymy and ascertaining geographical
distribution was necessary to determine probable
species assignments. Two sources were used to
identify species: Mould and McEachran (1977)
and Compagno (1999).

In what follows, mention will be made of a few
exclusively public aquariums that undoubtedly
displayed elasmobranchs. Many others have
been excluded, not because they lacked the
expertise to maintain elasmobranchs, but,
regrettably, because we have been unable to
locate sufficient information on species held. A
summary of aquariums known or suspected of
exhibiting elasmobranchs has been provided in
Table 1.1.

Aquarium, Boulevard Montmartre, Paris

In 1867, Henry Lee, the same gentleman who was
soon to become the manager of the Brighton
Aquarium, visited the new aquarium in the
Boulevard Montmartre, Paris. He pronounced it

the best he had ever seen, far outshining the
newly erected aquarium at the Park of the
Exhibition Universelle (1867), as well as the better
known aquarium at the Jardin d’ Acclimatation.
Once through the turnstile, the visitor descended
into an artificial cave bristling with plaster
stalactites. Plate glass-fronted tanks fitted out with
well situated rock work and lighted from above
were placed at eye level making every object in
the tank easily visible. The tanks were stocked
with numerous species of sea anemones, prawns,
lobsters, crabs, cuttlefish, conger eels, plaice,
skates, and two species of dogfish (the spiny
dogfish and the nursehound). In addition, the
aquarium displayed the eggs of dogfish and
skates artificially attached to the corners of the
rocks.

Berlin Aquarium
The Berlin Aquarium deserves notice here, in that

it was one of the earliest to open (1869) and “...its
success has been remarkable ... there has been

Table 1.1. Public aquariums displaying elasmobranchs between 1860 and 1930, showing
elasmobranch groups displayed.

Aquarium Opened Displayed

Hamburg Aquarium (Germany) 1864 sharks

Aquarium, Boulevard Montmarte, Paris (France) 1867 sharks

Berlin Aquarium (Germany) 1869 sharks

Blackpool Aquarium (UK) 1873 unknown

Brighton Aquarium (UK) 1873 sharks, skates

Stazione Zoologica, Naples (ltaly) 1873 sharks, skates, and rays
Aquarium, Crystal Palace (UK) 1874 sharks

Manchester Aquarium (UK) 1876 unknown

Frankfurt Aquarium (Germany) 1877 sharks, skates, and rays
Amsterdam Aquarium (Netherlands) 1884 unknown

New York Aquarium (USA) 1896 sharks, skates

Musée Océanographique (Monaco) 1899 sharks, skates, and rays
Honolulu Aquarium (USA) 1906 unknown

Belle Island Aquarium (USA) 1906 sharks, rays

Boston Aquarium (USA) 1914 sharks, skates

Birch Aquarium at Scripps (USA) 1918 sharks
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no other aquarium in Europe which has appealed
to a greater number of people...” (Dean, 1896).
The visitor entered first through the serpent gallery
with its terrariums and wire cages containing
tarantulas, turtles, lizards, and snakes. From
there, the visitor descended through a cavernous
opening into rough-cut rock grottos, one after the
other, connected by darkened stone-arched
passageways. Aquariums were placed in the walls
of the passageways and grottos. One feature of
the Berlin Aquarium, that presaged some modern
displays, was the fact that animals were grouped
according to the region they inhabited. One tank
held animals from the North Sea; another, animals
from the Mediterranean Sea; and yet another,
species from the Baltic Sea (Dean, 1894; Dean,
1896).

Few records have been found that relate the
species of elasmobranchs held in the Berlin
Aquarium. However, we do know that Fr. Kopsch,
of the 1%t Anatomical Institute of Berlin, studied
embryonic development of smallspotted catsharks
using animals held at the Aquarium (Kopsch,
1897). The Aquarium had several females who
laid approximately 80 eggs in the tanks. Spawning
took place only in June and July. Kopsch reported
that the eggs could be successfully incubated,
although he warned against touching the eggs too
often. Based on his experience, he recommended
hanging them by the tendrils so that the wider end
of the egg was hanging downwards. Some of
these eggs were successfully hatched and the
hatchlings were raised for at least five months.
They were fed chopped cephalopod meat
(Kopsch, 1897).

Frankfurt Aquarium, Zoologischer Garten

The Frankfurt Aquarium, erected on the grounds
of the Zoologischer Garten, opened its doors to
the public in 1877. It contained 91 exhibition tanks,
ranging in size from 10 to 500 liters. The tanks
were fed by a recirculating water supply housed
in a tower built to resemble a castle ruin.
Innovative for the time, there were four separate
water systems. Not only was it possible to
circulate both fresh and salt water, it was possible
to regulate water temperature in the tanks. There
were cold and warm freshwater tanks and cold
and warm saltwater tanks, allowing exhibition of
a remarkable diversity of fishes, including over
75 teleost species, and six species of
elasmobranchs. On permanent display were
smallspotted catsharks, tope (Galeorhinus
galeus), and angelsharks (Squatina squatina).

Species occasionally exhibited were spiny
dogfish, common torpedo (Torpedo torpedo), and
thornback rays (Raja clavata).

Brighton Aquarium

The Brighton Aquarium deserves further mention,
on the one hand because of its success with
captive elasmobranchs, and on the other,
because Henry Lee reported many of his
observations on sharks and skates in the popular
literature (primarily in Land and Water, in which
he wrote a regular column entitled Aquarium
Notes). Brighton was a splendid location for a new
aquarium. It was an extremely popular seaside
resort to which Londoners flocked by carriage and
rail for rejuvenation by the sea. No better place
to erect a public attraction could be found. The
Aquarium was situated on one of the most
conspicuous points of the town. Moreover, its
entrance, at the intersection of the two most
popular promenades, the Madeira Road and the
Marine Parade, could hardly fail to beckon the
holiday traveler.

The Aquarium’s location, on the English Channel,
close to fresh seawater and rich fishing grounds,
contributed to its early accomplishments.
Seawater was pumped directly from the Channel
into five reservoirs of 1,900 m2. From there it was
distributed to over 50 tanks of varying size,
totaling 171 linear meters of viewing. Glass-
fronted tanks lined the central corridor (218 m x
31 m), an elegant arrangement resembling an
early Italian palace with its groined arches of brick
and terra cotta (Figure 1.1). The largest tank
measured 31 meters in length. Elasmobranchs
regularly on display included the nursehound, the
“...rough hound...” or smallspotted catshark, the
“...picked dog...” or spiny dogfish, the
“...thornback skate...” (presumably the thornback
ray), and the spotted skate (Raja montagui).

Not unlike these fishes in modern aquariums, the
catsharks were laying eggs by the hundreds. Lee
fastened the eggs to sham gorgonians in the tanks
and placed them so embryonic development could
be observed by the Aquarium visitors, a common
practice today. He noted that advanced embryos
“...were inconveniently cramped for room...” and
that they would beat their tails against one end of
the capsule thirty times a minute, which he
believed was a means of opening the hatching
slit. He succeeded in incubating eggs to hatching
and determined that the incubation period in the
aquarium was about six months. He raised them
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Figure 1.1. Interior of the Brighton Aquarium (1873), showing the arrangement of the display tanks.

for at least five months and was captivated “...to
see the greedy little puppies take their meals of
fish-sausage-meat...”. Lee managed to incubate
and hatch skate eggs laid in the aquarium. It
seems likely that visitors to the Brighton Aquarium
were as much enthralled with the eggs and
hatchlings as the modern aquarium visitor.

Musée Océanographique, Monaco

H.R.H. Prince Albert | of Monaco is best known
for his oceanographic research, which he carried
out every summer aboard his personal yacht in
the Atlantic, from the Azores to Spitzbergen, and
for the creation of the Musée Océanographique
in Monaco in 1899 (Schlee, 1973). Prince Albert’s
diverse scientific curiosity led him to study ocean
currents, fauna in the intermediate depths,
bathymetry, and marine meteorology. But his
passion was promoting the emerging science of
oceanography. “...He was, in fact, the epitome of
oceanography’s early benefactors, for his
projects—inventive, unorthodox, and often
dramatic—stirred interest in all aspects of the new
science and were often designed to further and
encourage the work of others...” (Schlee, 1973).

The Prince was dedicated to education, and in
1906 founded the Institute Océanographique in
Paris with the explicit objective of providing a
venue to teach oceanography. The crowning
achievement of Prince Albert’s contributions to
oceanography was the Musée Océanographique
in Monaco. Here he gathered and exhibited the
tools of the oceanographer, many of which he
himself designed, and preserved specimens of
marine life from his own collections and from
those of scientists he brought along on his
journeys. His design included laboratories for
visiting scientists, a library, conference rooms, and
access to collecting vessels. The Musée was
open to the public as a way to promote
oceanography and as a means to educate the
populace, who had by then developed an interest
in marine science. To make the experience all the
more rewarding he built a public aquarium and
stocked it with fish, ordinary and exotic, from
around the world.

The Musée and Aquarium could not have been
located in a better place for access to seawater.
The promontory of Monaco juts well out into the
sea, and the steep cliffs on which the building is
perched slope abruptly into deep water. For this



T. Koos

reason, a flow-through system was used to supply
fresh seawater to the aquariums. Water was
drawn from two meters depth and pumped to a
reservoir 13 meters above the Aquarium.

When first opened in 1905, the Aquarium was
located in the sub-basement of the Musée
(Figure 1.2). The Aquarium consisted of 49
tanks of various styles. On display were a
variety of marine life forms, and the visitor’s
attention was drawn to the special attributes of
each. Starfish, sea anemones, tube worms, and
octopus were among the myriad invertebrates
inhabiting the tanks. The changing colors of the
cuttlefish were pointed out to the visitor. One
tank was set up with “...mutilated...” starfish and
lobsters to show the visitor how these animals
could regenerate severed members. Sea bream,
mullet, perch, eels, flounder, and sole were just a
few of the types of fishes displayed.
Elasmobranchs were permanent residents as
well, including smallspotted catshark, tope,
stingrays, and several unnamed species of skate.

New York Aquarium
The Aquarium in New York was established by

the city in 1896 in the old Castle Garden building
in Battery Park at the foot of Broadway (Bridges,

1974). This building, originally erected as a
defensive battery during the War of 1812, and
later employed for various social and
entertainment functions, and finally an Emigrant
Landing Station, was chosen as the site of the
new aquarium, not because it was well suited, but
because the city was trying to find a way to
salvage a fiscal nightmare. The first few years of
operation met with complete failure. The public
could not be admitted due to the dangers of
structural collapse. Something needed to be done
if it was ever to succeed. Management was
transferred in 1902 to the New York Zoological
Society, which successfully operated the
Aquarium, despite great financial difficulties, until
it was relocated in 1941.

The main floor of the exhibition Aquarium, a
circular room with a diameter of 69 meters,
consisted of seven large floor pools, 94 large wall
tanks, and 30 smaller tanks (Figure 1.3). Both
fresh and salt water were pumped to the tanks.
Freshwater was supplied by the city water system,
while seawater was brought in by tank steamer.
There was a heating and chilling system for
maintaining appropriate water temperatures. The
seawater system was a closed, recirculating one
that pumped water from the 380 m®reservoir to
the tanks, and returned water through sand filters.
This system worked so effectively that the water

Figure 1.2. The original aguarium room of the Musée Océanographique (1905). Reproduced from Kofoid (1910).
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Figure 1.3. Interior of the New York Aquarium (1896), showing the arrangement of display tanks. Reproduced from Townsend

(1928).

brought to the Aquarium in 1907 was still in use
over 20 years later.

The New York Aquarium was renowned for the
diversity of fishes on display (Bridges, 1974). The
recirculating water system was instrumental in this
success. But in no small part this success was a
result of the Zoological Society’s expeditions,
which returned with scores of fishes from around
the world. During the first 20 years of its existence,
the Aquarium exhibited over 350 different kinds
of fishes, including 118 freshwater forms, 129
tropical marine species, and 111 northern marine
species. In addition to the exhibition tanks, the
Aquarium maintained 26 large reserve tanks for
fishes not on display (Figure 1.4).

The Aquarium had great success maintaining
elasmobranchs in captivity, although, of course,
not with all species. Elasmobranchs regularly
exhibited included dusky smooth-hound (Mustelus
canis), spiny dogfish, little skate (Raja erinacea
= Leucoraja erinacea), barndoor skate (Raja
laevis = Dipturus laevis), winter skate (Raja
ocellata = Leucoraja ocellata), roughtail stingray
(Dasyatis centroura), electric ray (Torpedo
nobiliana), cownose ray (Rhinoptera bonasus),
and smooth butterfly ray (Gymnura micrura).
Large specimens of the nurse shark (Gingly-
mostoma cirratum) did not survive long, but

Figure 1.4. The attendant’s corridor behind the display tanks at
the New York Aquarium (1896), showing some of the reserve
tanks holding fishes not on display. Reproduced from Townsend

(1928).
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|Appendix 2. | |E|asmobranchs cited in Elasmobranch Husbandry Manual (sorted by common name).
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