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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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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
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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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smaller ones lived for up to two years. Smooth
hammerheads (Sphyrna zygaena) were exhibited,
but only for short periods, and a 2.1 m blue shark
(Prionace glauca) was held for three weeks.
Perhaps of more than passing interest, the New
York Aquarium kept a large sand tiger shark
(Carcharias taurus) and displayed the fish for
many years (Figure 1.5).

EXPOSITIONS

Many temporary aquariums were set up at
expositions and fairs, and since a large number
of people visited these events and elasmobranchs
were often on display, they deserve mention here.
The U.S. Commission of Fish and Fisheries
customarily operated relatively large aquariums
at American industrial expositions. At the world
fairs of Chicago, Atlanta, St. Louis, Buffalo,
Omaha, Charleston, and Nashville, the aquariums
attracted more visitors than any of the other
exhibits. Only one will be described here as a
typical example (for more see Taylor, 1993).

The World's Columbian Exposition in Chicago, on
the shores of Lake Michigan, in 1893, was an

immense success, attracting millions of
Americans during its six months of operation. Of
the U.S. government displays, the Commission
of Fish and Fisheries occupied a prominent
position (Bean, 1896). The aquarium was housed
in the east wing of the Fish Commission building.
It was a circular structure, 38 meters in diameter,
containing tanks of various sizes, one third of
which were devoted to saltwater forms. It was
initially proposed to concoct artificial seawater
from bitter water, natural sea salt, and lime.
However, preliminary experiments carried out with
this mix at the Commission’s office in Washington
concluded that it was potentially deleterious.
Natural seawater (250 m®) was brought in from
North Carolina. The seawater was circulated to
the tanks from a reservoir under the building. It
returned to the reservoir through sand and gravel
filters. The aquariums were aerated with
compressed air forced through rubber tubing
plugged with basswood.

The Exposition aquarium displayed marine species
from both coasts and the Gulf of Mexico. Several
species of elasmobranchs were among those
exhibited. The tanks were stocked with two
stingrays, 4 sand sharks, 24 dogfish, and 36 skates.

Figure 1.5. Sand tiger shark (Carcharias taurus) successfully maintained at the New York Aquarium (1896) for many years.

Reproduced from Townsend (1928).



CHAPTER 1: ELASMOBRANCHS IN THE PUBLIC AQUARIUM

MARINE STATIONS

The latter half of the 19" century witnessed the
rapid development of marine stations, particularly
in Europe. The principal purpose of these stations
was teaching and research, allowing students and
professors at land-locked universities the
opportunity to study marine life by the shore. They
provided specimens of marine plants and animals
to universities for study. Since their founders
regarded education of the public as an important
mission, many of the larger marine stations
incorporated an exhibition aquarium. Several of
these stations deserve mention for their success
with captive elasmobranchs.

Plymouth Laboratory

At a meeting that took place at the Royal Society
in 1884 it was decided that a provisional council
would be formed to address scientific investigation
of problems related to the fisheries. The council’s
plan, under the direction of T. H. Huxley and aided
in large part by Sir Ray Lankester, was to raise
funds to build a laboratory. A generous outpouring
of donations followed, enough to build the
Plymouth Laboratory (Marine Biological

Association) within four years. It opened its doors
in 1888 and began its investigation of the seas
immediately. The principal mission of the station
was research, offering its facilities to competent
scientists who would conduct their own
investigations with materials supplied by the
station. Fisheries research remained the primary
focus during the early years. This focus would, of
course, slowly change as the nature of biological
investigation evolved during the first decades of
the 20™ century.

The Laboratory was well designed to facilitate the
study of marine organisms. The main laboratory
occupied one of the two floors. Laboratories for
individual investigators lined a central area that
held the research aquariums. Several larger
rooms for physiology, chemistry, photography, and
general work were available to all resident
researchers. Aside from research, the Laboratory
was involved in instruction, and held courses for
university students during holidays.

The Plymouth Laboratory operated a public
aquarium consisting of one large room (10 m X
21 m; Figure 1.6), located on the ground floor
below the research laboratory. The larger
exhibition aquariums were arranged on either side

Figure 1.6. The exhibition aquarium room of the Plymouth Laboratory (1888). Reproduced from Dean (1894).
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and varied in size from 1.5-10.7 m long x 1.2-1.5
m deep. The largest tank was 9.0 m long x 2.7 m
wide x 1.5 m deep. Down the middle of the room
were arranged five narrow tanks which allowed
viewing from both sides. Seawater was distributed
to the tanks from one of two reservoirs containing
water pumped from near-shore waters. The
reservoirs were used alternately each week,
depending on the conditions of the water. The
Aquarium took advantage of the extremely rich
collecting grounds along the rocky Devonshire
coast. The displays were well supplied with local
marine fauna, including sharks and skates.

Robert S. Clark, naturalist at the Plymouth
Laboratory, was interested in the locally abundant
population of skates. Little was known of their life
history and growth at the time (and remains poorly
understood to this day). Given that these animals
were commercially fished (scores were regularly
landed at the Plymouth fish quay) and one of the
missions of the Laboratory was fisheries
investigation, it is not too surprising that Clark
embarked on a study of their reproduction and
growth. The resulting monograph was the first of
its kind (Clark, 1926). Clark used the tanks in the
public aquarium for many of his observations. His
research was possible mainly because of the
aquarium facilities. To list just a few of his
accomplishments, he deduced that female skates
stored sperm; he determined incubation periods
for six species under artificial conditions (and
demonstrated that these closely matched
incubation periods in local natural habitats); he
reported on embryonic-assisted aeration of the
capsule via slits and the specialized tail
appendage; and, he determined embryonic
growth rates as well as neonate growth
subsequent to hatching. Many of his observations
would not be repeated until late in the 20" century
at an institution similar in design and mission to
the Plymouth Laboratory (Luer and Gilbert, 1985).

Royal Prussian Biological Station

Helgoland, a tiny island in the North Sea, 60
kilometers from the German mainland, attracted
biologists interested in marine life. Alexander von
Humboldt, Johannes Mueller, Rudolph Leuckart,
Ernst Haeckel, Anton Dohrn were but a few of the
great German biologists who studied there in the
19" century. These researchers came because of
the extremely rich marine fauna and flora in the
pristine rocky flats and near-shore shallow waters.
Following the cession of Helgoland to Germany
by England in 1892, momentum to build a
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biological station on the island grew rapidly. The
Emperor became interested in the prospect of
a biological station on German soil and
commissioned representatives of the
government, the Prussian Academy of
Sciences, the German Fisheries Society, and
the Berlin Aquarium to draw up plans for the
station. The Biological Institute at Helgoland
opened in 1892 under financial support from
the state. The government obligated the facility
to provide for research on all aspects of local
marine life, courses of instruction on the biology
of the sea, supply of marine specimens to
scientific institutions and public aquariums,
investigation of fisheries and the culture of food
fishes, and investigation of the physiography
and oceanography of the North Sea. Aquarium
facilities were an obvious necessity, but only a
few small tanks with running seawater were
available during the first 10 years of operation.

Near the turn of the century a wealthy patron from
Frankfurt, who regularly visited the island on
holiday, offered substantial funds to erect an
exhibition aquarium. The Prussian Culture
Ministry, which was in charge of the Institute,
accepted the offer and construction began in 1901.
The new aquarium building was completed in 1902.
The building and its operation were so well designed
and successful at maintaining animals in captivity
that it bears further description.

The Aquarium was two stories with a basement
and attic, and was located on Viktoria Strasse,
25 meters from the waterfront and scarcely above
high tide. It resembled a three-storied basilica with
central nave and two aisles, plus a corner tower
for seawater reservoirs. Lighting came through a
glass roof above both the nave and aisles. The
entrance hall and U-shaped exhibition hall were
constructed in the usual grotto style with painted
black walls. Light entered through the aquariums
lining the outside walls and through a light-well
above the two central rows of aquariums. Light
for the service corridor behind the perimeter
aquariums came through small windows in the wall.
The floor above the exhibition hall contained three
small investigation rooms, opening into the central
well, which housed small research aquariums.

Despite the fact that waters surrounding the island
were free of contamination, they were often turbid,
especially after storms, and thus filtration and a
closed recirculating system were necessary to
ensure clarity in the exhibition tanks as well as
the research aquariums. Water was pumped from
70 meters off-shore into the basement storage
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tanks, from where it was lifted to the header tanks
in the tower. From the header tanks, water was
distributed to the exhibition and research tanks
located on the two floors below, by gravity.
Aeration was accomplished by jetting the water
into each aquarium. Water exited the tanks
through vertical pipes, which led to sand and
gravel filter beds, before entering the basement
storage reservaoir.

The Aquarium was primarily an educational
institution based on the Institute’s scientific goals,
but the architecture was designed with the public in
mind and incorporated exhibition tanks. The largest
aquarium measured 2.54 m long x 1.84 m wide X
1.75 m deep. The walls were 12.5 cm thick. Like
those of the modern aquarium, the exhibition
displays were meant to educate the viewer. The
tanks were stocked primarily with locally abundant
and carefully selected marine fauna and flora. The
displays included food fishes, invertebrates,
characteristic faunistic assemblages (e.g., Zostera
spp. beds), and rock and sand fauna, together
showing the range and variety of marine life.

Among the regular inhabitants of the aquarium,
in one of the larger tanks equipped with a sand
bottom, were elasmobranchs (Ehrenbaum, 1910).
Species on display included thornback rays, skate
Dipturus batis), spiny dogfish,

(Raja batis

smooth-hound (Mustelus mustelus), dusky
smoothhound, smallspotted catshark, tope, and
occasionally large stingrays. The sharks were
problematic in that they rarely fed in captivity and
often injured themselves by running into objects,
generally dying after a short period. Smooth-
hounds and catsharks survived best in the
Aquarium. Catshark eggs were regularly
displayed. These eggs were not obtained from
resident animals, but rather were received from
the Plymouth Laboratory. Despite being open
during summer holiday months only, the Aquarium
was a tremendous success admitting 16,000
visitors a year.

Zoological Station, Rovigno

One year after its opening in 1869, the Berlin
Aquarium established a marine station in
Trieste, principally for the collection and
shipment of marine plants and animals to the
Berlin Aquarium. In 1892, the station was
removed to Rovigno on the Istrian Coast of the
Adriatic Sea, on the south shore of the Bay of
Istria directly on the Val di Bora, 15 meters from
the strand line. The purpose of the Station
remained primarily one of collection and shipment
of specimens for aquarium display, but was later
expanded to supply living and preserved material

Figure 1.7. The attendant’s corridor behind the display tanks at the exhibition aquarium of the Zoological Station, Rovigno (1892).

Reproduced from Kofoid (1910).
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to German universities, at cost. The Station was
available to competent investigators of all
nationalities for research.

A small public aquarium was built in a remodeled
greenhouse adjacent to the main Zoological
Station building. The grotto-like design was typical
for the period. Aquariums (18) were arranged in
a rectangle around a central corridor for the
attendants (Figure 1.7).

Between 1895 and 1897, Fr. Kopsch, Assistant
at the 1st Anatomical Institute in Berlin, spent
several periods of time during different seasons
at the Zoological Station. He was interested in fish
egg development in general, but went to Rovigno
to study the development of the eggs of
smallspotted catsharks (Kopsch, 1897). While
not readily available near Rovigno, the fish
could be caught by hook and line in large
numbers farther out to sea and transported
back to the Station by steamship. The
specimens were kept on board in a fish
container until 60-90 were collected. During the
24-hour collecting trip, or within a few days of
arrival, some of the animals would die, more in
the summer than the winter. Kopsch’s
experience led him to conclude that the sudden
transfer of fishes from deeper cold water to
warmer surface water was harmful, since fish
caught in the summer stopped eating and
depositing eggs when placed in tanks at the
Station. The aquarium system at the Rovigno
Station facilitated Kopsch’s work in that egg-
laying females could be kept alive for months.
During one season (February to May) ~400 eggs
were laid in his tanks by 50 females. While he used
many of these eggs for embryological studies,
others were incubated to hatching. Based on these
studies, he recognized that development was
temperature dependent and carried out experiments
at the Station to examine this relationship. He
proposed using a system of degree-days, much like
that of the commercial fish growers, for delineating
the stage of any particular dogfish embryo.

Stazione Zoologica, Naples

Best among the marine stations established
during the late 19" century was the Stazione
Zoologica Napoli: “...foremost in the extent and
completeness of its material equipment and in the
wealth of opportunities it offers, inspiring in its
history and unparalleled in its growth,
unsurpassed in its contributions to biological
science, profound in its influence upon the course
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of development of modern biology, and powerful
in its stimulus to the establishment of biological
stations elsewhere, stands the zoological station
of Naples, the peer and leader of them all...”
(Kofoid, 1910).

Much has been written about the history of the
Naples Zoological Station. We will not review this
history other than to give a brief account and refer
those interested to several excellent published
treatments (Openheimer 1980; Groeben, 1984;
Groeben, 1985; wwwl1). Anton Dohrn created the
Zoological Station with one overriding goal—to
prove Darwin’s theory of evolution. He believed
the study of marine organisms would provide the
proof without doubt. He first went to Sicily in 1868
because the Strait of Messina was famous for the
richness of fauna and flora. However, the financial
difficulties of building and maintaining a laboratory
there were too great and Dohrn began to think of
other locations. Naples seemed to him a perfect
location: It was an important commercial and
tourist center; it was located directly on the sea,;
the local fauna were abundant; and, it was a
dynamic fishing center. It took all his diplomatic
skills and stubborn persistence to convince the
city authorities, who were none too favorable to
the idea, to grant him the use of a plot of land
near the waterfront. He built the Station almost
entirely from his personal fortune. It was according
to his design that a magnificent building apropos
the ancient city of Naples was constructed. As is
well known, it soon became the Mecca for
scientists wishing to study marine biology.

Dohrn recognized early on that in order to operate
a research station a regular source of income
would be necessary. In 1870, just after visiting
the public aquariums in Hamburg and Berlin, he
had an idea how to support the Station. He would
build a public aquarium and charge an entrance
fee. He explained to his friends “...| am going to
establish in Naples a large aquarium for the public
... The tuff for the grottoes can be bought in
masses from Vesuvius, fresh seawater is
constantly available on the doorstep, and the
animals occur by the million in the sea; all can be
done very cheaply. No dying animals. Hurrah, it's
a marvelous idea! | have already calculated that
for 120 visitors daily for nine months of the year |
can have profits running and everything. And how
many more will come? And in rainy weather! You
must congratulate me, the idea is ready money,
freedom, independence and a nice home for my
dear friends in Naples...” (quoted in Groeben,
1984). Thus was born the Naples Aquarium; it
opened its doors to the public in 1873.
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Exhibition aquariums (18) were set in the walls
(1.75-11 m long x 3 m wide x 1.5 m deep). Six
centrally located tanks measured 4 mlong x 1 m
wide x 1 m deep. Seawater (65 m3) was pumped
directly to the tanks from a basement reservoir
every day in summer. The Naples Aquarium was
known for the variety and beauty of the animal
life displayed, and the exceptional quality of the
exhibits. Only local fauna were displayed, but
even that was species-rich, with nearly two
hundred genera exhibited during the year. The
echinoderm tank was reputed to be outstanding.
Other excellent exhibits included pelagic
coelenterates and mollusks, octopus and squid,
brilliantly colored tube worms, moray eels, and a
diversity of local fishes, including the most diverse
display of elasmobranchs for any aquarium of the
period.

In 1879, Richard Schmidtlein published an
account of the elasmobranchs exhibited in the
Aquarium. Many of his observations are of interest
in documenting how well the Naples Aquarium did
at maintaining elasmobranchs in captivity, as well
as pointing out that it had difficulties with certain
species. Moreover, Schmidtlein made a variety
of novel observations on the behavior and biology
of the animals under his care. Persistent
inhabitants of the aquariums were smallspotted
catshark, nursehound, angelshark, marbled electric
ray (Torpedo marmorata), torpedo, and several
species of skates. Less frequently, the Aquarium
displayed tope, smoothhound, angular rough-
shark (Oxynotus centrina), and pelagic stingray
(Pteroplatytrygon violacea) (Schmidtlein, 1879).

Schmidtlein was captivated by the catsharks. He
watched them day and night. He noted that during
the day they would lie together motionless in the
darkest corner of the aquarium, but at night they
swam actively around the tank. “...Hunger
invigorates them and a few kilograms of sardines
thrown into the tank sets all of them in motion.
Nervously, with their snouts close to the bottom,
they search around. Their behavior demonstrates
clearly not their eyes but their well developed
sense of smell guides them in their search for
food. Cruising closely by the sardine, the shark
first does not notice it, however, having passed it
by almost a body’s length it moves around by a
swift beat of its tail and usually finds the sardine
after a brief, hectic search, swallowing it after a
few chewing movements...”. He witnessed
copulation and described it “...more a fight than
love play. The male grabs the female’s pectoral
fin, and they now roll together in the sand as if
seriously fighting...”. He saw the females oviposit
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eggs; witnessed development through the
transparent capsule; and, successfully incubated
them to hatching. However, he could not get the
hatchlings to feed and they died soon thereatfter.
Tope were more difficult to keep alive at the
Aquarium, continually running into objects and
causing extensive trauma to their sensitive
snouts. He had better luck with their eggs, which
he incubated to hatching. Smoothhound were
difficult to maintain in the tanks, primarily because
they would not feed and survived only two weeks.
However, he did witness a birth. On two occasions
the aquarium received angular roughsharks,
though neither survived more than three weeks.
Angelsharks were a different story, they were
relatively easy to maintain and readily accepted
food placed directly in front of the snout.

The two species of electric rays adjusted well to
captivity, swimming almost exclusively at night,
and spending the greater part of the day buried
in the sand. He pointed out that they swam not
with their wings, but by strong beats of their
muscular tail. He noticed that the electrical
discharge was used both for prey capture and for
defense. They often found co-inhabitants of the
tank, especially Gobius spp. and Blennius spp.,
belly-up on the surface, mouth agape. He
observed a young catshark approach a torpedo,
suddenly shoot upward and frantically swim about
the tank. Several times he saw an octopus
enwrapping a torpedo in its tentacles, become
startled and speed away.

One other short-lived inhabitant bears mentioning.
The aquarium received a large pelagic stingray,
which it kept alive for a month. It was an adult
female that gave birth to four healthy offspring.
Unfortunately the young did not survive more than
a few days, refusing food and sustaining multiple
injuries by repeatedly colliding with rocks. The
female on the other hand adapted quite quickly
to the confines of the tank. It swam incessantly,
and once a particular path around the rocky
ledges was found, it repeated this course
precisely, sometimes for days. It was a favorite of
the visitors, enthralled by its graceful movements.
Sadly, it succumbed to starvation, as it would not
eat, and attempts to force feed it were entirely
unsuccessful.

CONCLUSION

While sparse in extent and in most cases short
on details, the facts enumerated here clearly show
that elasmobranchs were commonly exhibited in
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public aquariums since their inception in the
1860’s. Some of these institutions were
remarkably successful at maintaining
elasmobranchs in captivity, in some cases for
many years. They worked out capture and
transportation techniques, water quality issues,
feeding regimens, and display methods.
Moreover, watchful attendants made novel
observations on the biology of elasmobranchs,
including diurnal activity, feeding behavior, mating,
and egg-laying behavior. The aquarists of the day
used many of the same techniques to exhibit
these fishes as are still used today.

EPILOGUE

In the mid 1920’s, Charles Townsend, Director of
the New York Aquarium, sent out a questionnaire
to existing aquariums worldwide. Based on the
returns, he estimated that there were 45-50
aquariums in operation at the time (Townsend,
1928). Many aquariums (32) sent back details of
the operation of their facilities. Over 13 million
visitors a year were entering aquariums
worldwide. One is left to wonder how the public
responded to seeing sharks, skates, and rays
eye-to-eye.
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Chapter 2
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Abstract: The process of determining which species of elasmobranchs to obtain for an
existing or new exhibit can be challenging. Species selection and compatibility are
important aspects to consider when planning an elasmobranch display. The key factors
in formulating a species list include exhibit goal, system design, species availability,
species compatibility, and species potential for reproduction. When formulating a
species list, it is prudent to discuss detailed species requirements and traits with an
institution that already displays the animals in question.

The process of determining which species of
elasmobranchs to obtain for an existing or new
exhibit can be challenging. The interaction of each
species with other elasmobranchs and other taxa
(e.g., teleosts) is an important factor that must be
considered. Generally speaking, these decisions
should be based on the trials and experiences of
other public aquariums, hobbyists, and
researchers. There are roughly 400 species of
sharks and 500 species of rays and skates
(Compagno, 1999). According to the American
Elasmobranch Society (AES) captive
elasmobranch census, only about 150-200
species have been kept successfully in captivity.
While aquariums are always trying to obtain and
maintain new species, most of the information
available on elasmobranchs in captivity is based
on a relatively small number of species. This
chapter is intended to serve as a guide for
determining which species to select for an exhibit
and their compatibility with other elasmobranchs,
as well as other taxa.

SPECIES SELECTION

Elasmobranchs require unique husbandry
methods for their long-term captive survival.
Institutions or individuals planning to obtain and
display elasmobranchs must consider these
requirements from the outset of exhibit
development. There are five key factors to
consider when adding elasmobranchs to an
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existing exhibit, or indeed when designing a new
exhibit: exhibit goal, exhibit design, species
availability, species compatibility, and species
potential for reproduction.

Exhibit goal

The first step in determining what species of
elasmobranchs to select is to create a clear exhibit
goal or objective. One possibility is to design an
exhibit themed around a given habitat. This type
of exhibit is generally a multi-taxa display with
elasmobranchs, teleosts, and sometimes sea
turtles. An example would be a large Atlantic coral
reef habitat with several species of sharks, rays,
and many species of reef fishes. A second
common design theme is taxonomic, i.e., a display
designed specifically around a taxonomic group
such as sharks or rays. Frequently, these displays
are not geographically accurate, but they are
successful at showing the large variation within a
given group of animals. An additional display type
combines elements from both of the above. This
third display type contains similar taxonomic
species from a broad geographical region, such
as an exhibit showing sharks from the Atlantic
Ocean. In this type of display it may be possible
to present two shark species that usually live in
different habitats and are rarely seen together in
the wild. Having a clear objective for a display
makes the selection of target species more
manageable.
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Exhibit design

Exhibit design is the single most important factor
to consider when deciding the species of
elasmobranchs to obtain. Exhibit size, shape,
volume, and depth, are all areas to closely assess.
To swim correctly, many elasmobranchs require
an extensive, uninterrupted, horizontal swimming
dimension (Stoskopf, 1993). Exhibit rockwork and
décor is another important consideration. Some
species, like the scalloped hammerhead shark
(Sphyrna lewini), frequently injure their head and
eyes on rough, rocky outcroppings (Violetta, pers.
com.). In this case, the exhibit should be designed
with large, open swimming areas, smooth décor,
and rounded tank walls to prevent abrasions. The
tiger shark (Galeocerdo cuvier), on the other
hand, will orient its body along the outer walls of
a display and constantly abrade its pectoral fins
and lower caudal lobe on the smooth concrete
surfaces (Crow and Hewitt, 1988; Dehart and
Stoops, 1998). For this species, an exhibit should
have rough rockwork protruding in an irregular
fashion from all the tank walls, keeping the shark
swimming in the middle of the exhibit away from
obstructions.

Clearly the natural behavior and swimming
patterns for each species should be used as a
guide to determine whether or not it can be kept
in an exhibit. The more closely an aquarium can
mimic the animal’s natural habitat, in both
swimming area and structure, the better the
animal’s health will be. Obviously pelagic animals
should be maintained in extremely large, open
exhibits, while sedentary, benthic animals should
be kept in a system with appropriate substrate such
as sand or gravel. Exhibit design is discussed in
more detail in Chapter 5 of this manual.

Species availability

In recent years the ability to obtain certain shark
species is becoming increasingly difficult.
Availability, or the lack thereof, often plays a role
in determining a species list. Elasmobranchs can
be collected by the staff of the aquarium or
university, within the local area, or purchased
through commercial collectors. Regardless of the
method chosen, it is imperative to obtain all proper
permits from local, federal, and international
authorities before acquiring specimens.

There are distinct advantages for a facility that
can collect its own specimens, but the institution
must have the resources and be in the right locale.
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This method generally implies a greater cost per
animal and is frequently time consuming, but
offers a chance for staff to get into the field, hand
select individual specimens, and view the natural
habitat of the species firsthand. Collecting
methods are described in Chapter 7 of this
manual.

There are many good commercial collectors who
specialize in acquiring elasmobranchs. When
dealing with a commercial collector ensure that
they have all the appropriate permits. It is a good
practice to check with other aquariums to verify a
collector’s credentials and experience. Permitting
issues are discussed at length in Chapter 3 of
this manual.

Another possible source for specimens is through
surplus lists. For example, the American Zoo and
Aquarium Association (AZA) releases a monthly
surplus list to all member institutions. These
animals are frequently donated to other AZA
member institutions at no cost other than shipping.
This is a great method for exchanging animals
(and experiences) with other facilities and
decreases the demand for wild-caught
specimens.

Species compatibility

Compatibility refers to the interaction between an
elasmobranch species and the other organisms
within an exhibit. There are compatibility
considerations both within and between
elasmobranch species, and with bony fishes and
invertebrates. Many species, such as the
wobbegong shark (Eucrossorhinus spp. and
Orectolobus spp.), have a tendency to eat almost
any tank inhabitant that will fit in their mouths.
The compatibility of individual species of
elasmobranchs is discussed below in the section
entitled “Species description.”

Bony fishes and invertebrates will often be preyed
upon in a community-style display. Bony fishes
are the normal prey items of many
elasmobranchs. It is therefore only natural that
elasmobranchs in captivity will continue to feed
on live display specimens from time to time.
Predation can be minimized by selecting certain
species of elasmobranchs that do well in a multi-
taxa environment, and by feeding these
specimens frequently. Providing places where
smaller organisms can hide also helps reduce
losses through predation.
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Some shark species are even aggressive toward
other sharks. One such example is the lemon
shark (Negaprion brevirostris), which has been
known to harass other species such as sand tiger
sharks (Carcharias taurus) and sandbar sharks
(Carcharhinus plumbeus). Sand tiger sharks, in
turn, are piscivorous and will often consume
smaller sharks on exhibit such as whitetip reef
sharks (Triaenodon obesus) and blacknose
sharks (Carcharhinus acronotus) (Smith, pers.
com.; Thoney, pers. com.). Fortunately, only a few
species display such behaviors. During reproductive
cycles, typically non-aggressive individuals can
become more aggressive (e.g., sand tiger sharks)
(Gordon, 1993). Maintaining sharks in groups
comprised of similar-sized animals will minimize
aggression towards smaller individuals.

The compatibilities of different species have been
summarized in Table 2.1. This matrix can be used
as a rough guideline to determine the suitability
of mixing different species within an exhibit. Size
differences between elasmobranchs and other
tank inhabitants is a key factor when dealing with
compatibility and predation, but exhibit size and
shape, species traits, etc., can play an important
role. Specimens, within a species, will not always
display the same or predictable behavior. Careful
planning, research, and communication with other
facilities will improve your chances of successfully
maintaining a variety of shark, ray, and fish
species within a single display.

The great white (Carcharodon carcharias), tiger,
whale (Rhincodon typus), oceanic whitetip
(Carcharhinus longimanus), blue (Prionace
glauca), scalloped hammerhead, and great
hammerhead (Sphyrna mokarran) sharks have
specialized exhibit requirements (e.g., very large
exhibit dimensions in the horizontal plane) and
compatibility constraints, and communication with
experienced institutions is strongly urged before
attempting to maintain these species.

Species potential for reproduction

If captive breeding is considered an important
objective for target elasmobranch species,
reproductive behavior and physiology must be
considered when formulating the species list.
Captive reproduction of elasmobranchs is
covered more completely in Chapters 16 and 17
of this manual.
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SPECIES DESCRIPTION

This section provides a brief description of the most
commonly held elasmobranchs, as well as a few
key signature species which have proven difficult
to maintain. Several volumes could be filled with a
detailed description of all the elasmobranch species
held in captivity, so this is an unavoidably broad
overview. Species were selected using the AES
captive elasmobranch censuses from 1997, 2000,
and 2001. Table 2.2 summarizes the maximum size,
hardiness, availability, compatibility, and
geographical range of each species. Arating system
is used for hardiness, availability, and compatibility.
Not all specimens of a given species will necessarily
behave in an established manner. Juveniles and
adults are often different in terms of hardiness and
compatibility.

Hardiness

The hardiness of a species describes how well it
adapts to the rigors of the captive environment
and is ranked on a scale of one to four as follows:
1. Adapts readily - Typically acclimates with ease
to a new environment, has few problems
adjusting to eating in captivity, and survives
quarantine well.

Adapts well - Can be difficult to transport, but
generally adapts well to captivity.

Delicate - Eventually acclimates to captivity,
but may take longer to start eating, or have
special quarantine requirements.

Difficult - These species are hard to maintain in
captivity for an extended period of time. They
frequently have trouble adapting to a confined
environment, have trouble feeding in captivity,
and often have chronic medical problems.

Availability

Availability describes how difficult the species is
to obtain and is ranked on a scale of one to three
as follows:

1. Easy - Frequently bred in captivity or is readily
available in the wild.

2. Average - Not usually captive bred, but fairly
abundant and available in the wild.

3. Difficult - Difficult to obtain, even in the wild,

and often subject to government restrictions
on their collection.
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Table 2.1. Matrix showing the compatibility of different elasmobranch species. Select a species from the left.

hand column (LHC) and compare to species on adjacent columns to the right. Specimen size differences,
exhibit size, and inter- and intra-species variation will modify species compatibility. Key: a = target species
(LHC) may prey upon or be aggressive toward compared species; p = target species (LHC) may be preyed
on, or harassed by, compared species; h = target species (LHC) may be subject to harassment by teleosts;
and t = target species (LHC) and compared species require different water temperature regimes.
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Table 2.1 (continued). Matrix showing the compatibility of different elasmobranch species. Select a
species from the left-hand column (LHC) and compare to species on adjacent columns to the right.
Specimen size differences, exhibit size, and inter- and intra-species variation will modify species
compatibility. Key: a = target species (LHC) may prey upon or be aggressive toward compared species; p =
target species (LHC) may be preyed on, or harassed by, compared species; h = target species (LHC) may
be subject to harassment by teleosts; and t = target species (LHC) and compared species require different
water temperature regimes.
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Compatibility

Compatibility describes the interaction of a target
species with other inhabitants of an exhibit. This
system pertains not only to their interaction with
other elasmobranchs, but with bony fishes,
invertebrates, and turtles as well. Compatibility is
ranked on a scale of one to five as follows:

1. No compatibility problems - Good with other
elasmobranchs and in a multi-taxa exhibit.

Sedentary, bottom dwelling - These species can
have their fins or eyes picked by some teleosts
such as butterflyfish and angelfish (especially
Chaetodon spp., Heniochus spp., Holacanthus
spp., and Pomacanthus spp). Other-wise, these
species do well in multi-taxa exhibits.

Timid, non-aggressive - These species do not
do well with other species of elasmobranchs
of equal or larger size.

Aggressive towards teleosts - These species
will harass and frequently eat teleosts, but
interact well with other elasmobranch species.

Aggressive towards others - These species will
harass and frequently eat smaller tank
inhabitants (e.g., teleosts, rays, etc.). They will
commonly bite other elasmobranch species.
These species have larger space requirements
than others.

CONCLUSIONS

The information in this chapter is to be used only
as a guide. The elasmobranchs described
represent some of the most common species held
in captivity, as well as a few key signature species.
When planning to acquire elasmobranchs for an
existing or new display, it is prudent to discuss
detailed species requirements and traits with an
institution that already displays the species. The
factors that need to be considered are exhibit
goal, exhibit design, species availability, species
compatibility, and whether or not there is a plan
for breeding. The AES captive elasmobranch
census is a good information source for finding
institutions experienced with a specific species.
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The Elasmobranch Husbandry Manual: Captive Care of Sharks, Rays and their Relatives, pages 25-41.
© 2004 Ohio Biological Survey

Chapter 3
Collecting Elasmobranchs: Legislation, Permitting, Ethics,
and Commercial Collectors

JosepH M. CHOROMANSKI

Ripley Aquariums
Ripley Entertainment, Inc.
7576 Kingspointe Parkway, Suite 188,
Orlando, FL 32819, USA.
E-mail: jchoromanski@ripleys.com

Abstract: A number of international and national organizations, both governmental and
non-governmental, have jurisdiction or influence over the management of marine fisheries,
and hence, over the legal collection of elasmobranchs. It is the responsibility of aquarium
staff to understand and adhere to any legislation, both international and regional, relevant
to their elasmobranch collections. In addition, it is imperative that public aquariums and
commercial collectors work closely with regulatory agencies to help educate them about
the unigue nature of our business. Regulatory agencies should be regarded as partners
and not adversaries. Information learned through collection activities should be shared
with regulatory agencies, whether required by law or not, to help build healthy relationships,
dispel misconceptions, and improve a mutual understanding of the species in question.
Zoos and aquariums justify the collection and display of wild animals by the educational,
research, and conservation goals achieved. A frequently asked and basic ethical question
is as follows: Do the benefits of a quality display of elasmobranchs at a professionally-
operated public aquarium, having a strong educational, research, and conservation mission,
outweigh the cost to individual animal welfare? We, as an industry, believe that they do. In
addition to this basic question, other, more specific ethical concerns should be considered
when formulating an elasmobranch collection for an aquarium. Is the species difficult to
keep? Is it appropriate and permissible to release the species should it outgrow an exhibit?
Is the species at threat of extinction in the wild and therefore protected? In seeking to
better understand and meet the aforementioned ethical considerations, the public aquarium
community has recourse to many professional zoo and aquarium associations.

Sharks, skates, rays (the elasmobranchs), and
chimeras together comprise the class
Chondrichthyes, or the cartilaginous fishes, a
group of over 1,000 species of mostly marine
fishes. Much of the legislation (e.g., commercial
fishery regulations, etc.) that regulates the harvest
of elasmobranchs encompasses a far greater
number of individuals and species than the
international aquarium community would ever
conceivably display. Legislative information
specific to the commercial fishery can be found
elsewhere (Camhi, 1998; Camhi et al., 1998;
Camhi, 1999; Anon., 2001a).

This chapter focuses on aspects of legislation and
permitting, for as many countries as possible, as
it pertains to elasmobranch species that are
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commonly collected and displayed by public
aquariums. Due to space limitations, the chapter
centers on legislation and permitting for collecting
elasmobranchs. It does not address legislation
and permitting, where required, for the possession
or importation of elasmobranch species, as this
information is readily available from governmental
agencies. Likewise, the chapter does not detail
fisheries management regulations (i.e.,
regulations to govern the commercial take of
elasmobranchs for consumptive purposes), but
rather addresses those regulations that may
potentially affect the future collection of a species
for public display. The chapter concludes by briefly
discussing ethical considerations related to the
collection and display of elasmobranchs, and the
use of commercial collectors.



J. M. CHOROMANSKI

LEGISLATION AND PERMITTING

Many readers of this chapter will only want to
know what paperwork is required to collect the
species they desire and how to go about getting
the proper permits. Before this can be addressed,
it must be understood that the information
provided in this chapter is current as of mid-2003
and is unavoidably a snapshot in time. Only a few
countries (e.g., Australia, Canada, New Zealand,
South Africa, and the United States) have fishery
management plans for specific shark fisheries. As
such, specific legislation and permitting
regulations for only a few countries are detailed
in this chapter. Fishery regulations often change,
and curators and commercial collectors must
remain informed and up-to-date about this rapidly
changing arena. The information provided herein
serves as a starting point for researching
legislative and permitting changes that will no
doubt occur over time.

International regulations

Elasmobranch collection is regulated to varying
extremes throughout the world, ranging from
outright prohibition, to taking only certain species,
to no regulation whatsoever. At present, there are
no international management programs or
regulations that effectively address the capture
of sharks (Anon., 2001a). Most sharks and many
rays are highly migratory and routinely cross
political boundaries (Camhi et al., 1998), making
management challenging.

FAO

During 1999, the Food and Agriculture
Organization of the United Nations (FAO),
Committee on Fisheries (COFI), adopted the
International Plan of Action for the Conservation
and Management of Sharks (IPOA). The IPOA
(Anon., 1999a), building on the FAO Code of
Conduct for Responsible Fisheries, encompasses
all elasmobranch fisheries and calls on member
nations to develop National Plans of Action
(NPOA) for the conservation and management of
sharks. Although the IPOA applies to all States,
entities, and fishers, participation is voluntary. As
of late 2002, only two NPOAs have been
completed (i.e., for the USA and Japan) out of 87
shark-fishing nations, 18 of which are considered
major fishing nations (i.e., landing >10,000 metric
tons year?). Several States have draft NPOAs
(i.e., Australia and the EU) and several more are
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reported to be in preparation (e.g., South Africa)
(Anon., 2001a; Anon., 2002a; Anon., 2002b;
Anon., 2002c; Smale, pers. com.). Readers are
urged to study detailed information about the
IPOA, available at the FAO website (www3).

CITES

The Convention on International Trade in
Endangered Species of Wild Fauna and Flora
(CITES) is an agreement that provides for the
protection of certain species against over-
exploitation through international trade. Under
CITES, species are listed in appendices according
to their conservation status. Appendix | species
are considered to be threatened with extinction,
and international trade for commercial purposes
is generally not permitted. Appendix Il species are
not necessarily now threatened with extinction,
but may become so if trade is not strictly
regulated. Appendix Ill includes species that any
party (i.e., signhatory country to CITES) has
identified as being subject to regulation within its
jurisdiction, to prevent or restrict exploitation, and
is seeking cooperation in the control of the trade
of that species. Species can only be added,
removed, or transferred between Appendix | and
Il during regular (2-3 year) meetings of the
Conference of Parties (COP) or by emergency
postal procedures, whereas species can be added
or removed from Appendix Il by any party at any
time (www4).

Prior to 2001, a number of elasmobranch species,
including all of the sawfishes (Family: Pristidae),
were proposed for listing on CITES Appendices |
or Il, but were not accepted (Anon., 2001a). In
response, the basking (Cetorhinus maximus) and
great white (Carcharodon carcharias) sharks were
listed in Appendix Ill by the United Kingdom and
Australia, respectively. During the 12" COP in
2002, Appendix Il proposals were approved from
India and the Philippines for the whale shark
(Rhincodon typus), and from the United Kingdom
for the basking shark (Table 3.1). Not only do
these listings represent the first time
elasmobranch species have been included in
CITES Appendix Il, they also represent the only
international trade regulation affecting elasmo-
branchs. An Appendix Il listing does not end or
restrict trade as long as the exporting country can
demonstrate that trade in a listed species, or its
products, is not detrimental to the survival of that
species. Appendix Il listing requires data collection
and reporting by any of the 160 member countries
involved in the trade of listed species.
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Conservation assessment lists

The conservation status of many elasmobranch
species has been assessed by a variety of non-
governmental (NGO) conservation agencies, in
the form of classification lists. These lists have
no governmental or regulatory authority per se,
however, they often form the basis of existing or
future fishery regulations.

IUCN Red list of Threatened Species™

The IUCN (World Conservation Union) brings
together states, government agencies, and a
diverse range of NGOs, in a unique world
partnership with over 980 members in some 140
countries. The IUCN'’s mission is “...to influence,
encourage, and assist societies throughout the
world to conserve the integrity and diversity of
nature and to ensure that any use of natural
resources is equitable and ecologically
sustainable...” (www5). Although the IUCN has
no regulatory power, it does seek to influence the
implementation of international conservation
conventions such as CITES, World Heritage, and
the Convention on Biological Diversity.

The IUCN Red List of Threatened Species™ is
now widely recognized as the most
comprehensive, apolitical global system for
evaluating the conservation status of plant and
animal species. From small beginnings, almost
30 years ago, the IUCN Red List has grown in
size and complexity. The IUCN'’s scientifically
rigorous approach to determining risk of
extinction, introduced in 1994 and applicable to
all species and infra-specific taxa, has virtually
become a world standard (Anon., 1994). These
criteria were updated in 2001 (Anon., 2001b), in
part to address concerns over the application of
earlier criteria to commercially exploited marine
fishes, although most elasmobranch evaluations
are still based on the criteria established in 1994.
The last major printed publication of the IUCN Red
List was in 2000 (Hilton-Taylor, 2000). Since 2000,
the IUCN Red List has been updated annually on
their official web site (www8). The next printed
update of the IUCN Red List is planned for 2004.

The main purpose of the IUCN Red List is to
catalogue and highlight those taxa that are at risk
of global extinction (i.e., “critically endangered”,
“endangered”, and “vulnerable”). The IUCN Red
List includes information on taxa that are
categorized as “extinct or extinct in the wild”; “data
deficient” (i.e., taxa that cannot be evaluated
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because of insufficient information); and “near
threatened” (i.e., taxa that are close to threatened
thresholds). The IUCN Red List’s regular program
of updates and publications provides a means of
monitoring changes in the status of listed species.

Between 1996 and 2000, the number of fish
species on the IUCN Red List increased
dramatically, largely as a result of an improved
coverage of the sharks and rays. The 1996 IUCN
Red List (Baille and Groombride, 1996) included
32 species of elasmobranchs, while the 2000
IUCN Red List (Hilton-Taylor, 2000) included 95
species (Table 3.1). A review of the IUCN Red
List assessments for all chondrichthyan fishes is
scheduled for 2004. [Author’s Note (September,
2004): The current web-based IUCN Red List now
contains 185 species of elasmobranchs (www 8).]

AFS

Musick et al. (2000), under the auspices of the
American Fisheries Society (AFS), published the
first recognized list of marine fish species and
marine fish stocks at risk of extinction (MSRE).
The AFS list identified 82 species or populations
categorized as “vulnerable”, “threatened”, or
“endangered” in North American waters, 22 of
which may be “vulnerable” to global extinction.
The status of these organisms was determined
by applying risk criteria (i.e., rarity, small range
limits and endemicity, specialized habitat
requirements, population resilience to decline,
and fecundity) developed from peer-reviewed
knowledge and expert scientific opinion. Most
stocks faced more than one risk factor, but life
history limitations (e.g., low or very low
reproductive capacity) were considered
particularly important.

A fish stock refers to a group of fish that can be
treated as a single unit for management purposes.
In identifying which units were at risk, Musick et
al. (2000) employed the concept of distinct
population segments (DPSs). DPSs were defined
as populations markedly separated from other
populations of the same organism, as a
consequence of significant physical,
physiological, ecological, or behavioral factors
(Anon., 1996).

Fisheries scientists believe it is important to
recognize threatened fish populations early in
their decline and implement conservation
measures that will preclude further population
reduction or extinction. AFS categories deal with



CHAPTER 3: LEGISLATION, PERMITTING, ETHICS AND COMMERCIAL COLLECTORS

extinction risk, and not growth or recruitment,
except where over-fishing threatens recruitment
and thus a DPS with extinction. AFS recognizes
the following categories of risk: (1) “endangered”,
i.e., high risk of extinction in the wild in the
immediate future (years); (2) “threatened”, i.e., not
endangered but facing risk of extinction in the near
future (decades); (3) “vulnerable” (special
concern), i.e., not endangered or threatened
severely, but at possible risk of falling into one of
these categories in the near future; (4)
“conservation dependent”, i.e., reduced but
stabilized or recovering under a continuing
conservation plan; and (5) “not at risk”, i.e., not
at apparent risk of extinction. Of the 82 species
listed in the AFS publication (Musick et al., 2000),
11 are elasmobranch species (Table 3.1).

The constraints of lists

Although conservation assessment lists are
intended to help protect and conserve
elasmobranch species, and represent
considerable effort and research, they present a
risk to public aquariums.

Firstly, there is the issue of non-standardized, if
not confusing, nomenclature. For example, the
IUCN Red List classes a species as “threatened”
if it falls into any of the “critically endangered”,
“endangered”, or “vulnerable” categories.
Similarly, the U.S. Endangered Species Act (ESA)
classifies species as either “threatened” or
“endangered”, based on population status, but it
is common for ESA-assessed animals to be
referred to in general as simply “endangered”. In
addition, the AFS list has adopted similar, but not
identical, classifications as the IUCN Red List.

Secondly, there is the issue of confusing
management units when distinguishing between
a species, a distinct population, DPSs, or stocks.
Most non-scientific individuals do not differentiate
between the various forms of “endangered” and/
or “threatened”, nor between DPS’s and species.
This confusion can lead to bad legislation and
especially confusing law enforcement. Aquariums
have already observed this problem with the
green sea turtle (Chelonia mydas), listed by ESA
as “endangered” but having a Caribbean
population classified under the less restrictive
“threatened”.

Thirdly, well intended fishery regulators may adopt
conservation recommendations and incorporate
assessment lists verbatim, creating blanket
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legislation that has no exemption for the collection
and live display of elasmobranchs. Sweeping
interpretations of this nature can preclude the
opportunity of presenting important conservation
messages to the public, through engaging and
educational live displays.

It is essential that aquarists and fishery managers
familiarize themselves with the different definitions
used for, and the rationale behind, all
conservation assessment listings. In addition, it
is important to understand the difference between
advisory, non-statutory lists (e.g., the IUCN Red
List, the AFS MSRE, etc.) and lists enacted
through legislation (see below).

National regulations: USA
Atlantic FMP, Shark FMP, and EFPs

The Magnuson-Stevens Fishery Conservation
and Management Act (M-S Act) of 1976, is the
primary legislation governing the conservation
and management of marine fisheries within the
U.S. Exclusive Economic Zone (EEZ). The M-S
Act requires the National Marine Fisheries Service
(NMFS), and eight regional fishery management
councils (i.e., New England, Mid-Atlantic, South
Atlantic, Gulf of Mexico, Caribbean, Pacific, North
Pacific, and Western Pacific), to analyze fisheries
under their jurisdiction and develop Fishery
Management Plans (FMPs). In addition, NMFS
works with three interstate marine fisheries
commissions (i.e., the Atlantic States, Gulf States,
and Pacific States) to monitor fisheries
management at the state level, and to coordinate
fishery issues that cross over state and federal
boundaries. In general, waters under the
jurisdiction of individual coastal states extend from
the shoreline to a limit of three nautical miles (nine
nautical miles in the case of Texas, the west coast
of Florida, and Puerto Rico). Federally managed
waters continue offshore from state waters to a
200 nautical mile limit (except where intercepted
by the EEZ of another country). Management of
elasmobranchs in state waters falls under the
control of that state’s regulatory authority; usually
the marine division of the respective fish and
wildlife department (Anon., 2001a).

In the early 1980’'s, directed Atlantic shark
fisheries expanded rapidly when shark meat was
marketed as an acceptable alternative to tuna and
swordfish. Shark landings increased by almost
300% between 1985 and 1994. This trend was
identified by the early 1990’s and the first federal
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shark fishery management plan was developed
by NMFS in 1993. The 1993 Fishery Management
Plan for Sharks of the Atlantic Ocean (Shark FMP)
separated 39 species of sharks into three groups
(i.e., large coastal sharks or LCS, small coastal
sharks or SCS, and pelagic sharks or PS) and
catch limits were imposed (Anon., 1993; Anon.,
2001a). The three categories were based on the
fishery in which the sharks were caught, rather
than biological factors. LCS consisted of targeted
commercial and sport fished species; SCS
consisted of largely near-shore species, caught
primarily by sport fishers and as by-catch of
shrimp, long-line, and gillnet fisheries; and PS,
offshore and deepwater species, were harvested
primarily as by-catch of the tuna and swordfish
long-line fisheries, and were also targeted by sport
fishers (www9).

In 1997, NMFS prohibited the possession of five
species of shark, the great white, whale, basking,
sand tiger (Carcharias taurus), and bigeye sand
tiger (Odontaspis noronhai) sharks. These
species were identified as highly susceptible to
overexploitation and prohibition was a
precautionary measure to ensure a directed
fishery did not develop (Anon., 2001a). From this
point forward, an Exempted Fishing Permit (EFP)
was required to collect sand tiger sharks, the only
species of the five prohibited species to be
routinely displayed by aquariums. During the
same year (1997), NMFS added dusky
(Carcharhinus obscurus), night (Carcharhinus
signatus), and sand tiger sharks to the candidate
species list for possible inclusion under the
Endangered Species Act (see ESA below).

In 1999, NMFS added two categories (i.e.,
Prohibited Species, and Deepwater and Other
Sharks) to the Shark FMP (Anon., 1999b; Anon.,
2001a). NMFS then issued the Final Fishery
Management Plan for Atlantic Tunas, Swordfish,
and Sharks (Atlantic FMP). The retention of an
additional 14 shark species was prohibited,
bringing the total to 19 protected species (Table
3.1). In addition, the new Atlantic FMP imposed
an annual catch quota of 60 metric tons whole
weight (43 metric tons dressed weight) on sharks
intended for display in public aquariums. This
figure represents a tiny fraction of the annual
commercial fishery catch quota of 2,028 metric
tons dressed weight, broken down as follows:

1. Large coastal sharks (LCS), including (a)
ridgeback species, i.e., the sandbar (Carchar-
hinus plumbeus), silky (Carcharhinus falciformis),
and tiger (Galeocerdo cuvier) sharks: 620 metric
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tons; and (b) non-ridgeback species, i.e., the
blacktip (Carcharhinus limbatus), spinner
(Carcharhinus brevipinna), lemon (Negaprion
brevirostris), bull (Carcharhinus leucas), and
nurse (Ginglymostoma cirratum) sharks, and
smooth (Sphyrna zygaena), scalloped (Sphyrna
lewini), and great (Sphyrna mokarran)
hammerhead sharks: 196 metric tons.

Small coastal sharks (SCS), including the
Atlantic sharpnose (Rhizoprionodon terrae-
novae), blacknose (Carcharhinus acronotus),
finetooth (Carcharhinus isodon), and bonnet-
head (Sphyrna tiburo) sharks: 359 metric tons.

Pelagic Sharks (PS), including (a) shortfin
mako (Isurus oxyrinchus), thintail thresher
(Alopias vulpinus), and oceanic whitetip
(Carcharhinus longimanus) sharks: 488 metric
tons; (b) porbeagle sharks (Lamna nasus): 92
metric tons; and (c) blue sharks (Prionace
glauca): 273 metric tons.

Once shark catch quotas were established in
1993, it immediately became necessary to apply
for EFPs when annual catch quotas were
exceeded and corresponding fisheries closed for
the season. This had a particular impact on LCS
species, i.e., there was a demand for LCS species
during periods when the fishery had already been
closed. Itis unclear when the first EFP was issued,
but many requests were made between 1993 and
1998. The evolving EFP process, along with a
growing list of prohibited species, led to the
proposal for a dedicated public display quota in
1999, and a one-time quota of 75 sand tiger
sharks was established for that year. Data
provided by NMFS (Stirratt, pers. com.) indicated
that 28 EFPs were requested and issued between
2000 and 2002. A total of 2,793 sharks were
requested for public display and 10,577 were
authorized (including sharks for research
purposes), representing <50% of the annual
display quota. The number of sharks actually
collected in those same years was 144,
representing <1% of the 60 metric ton display
quota. NMFS is revising the requirements for
EFPs and should release this update in 2004.

Although the status of most shark species in the
Pacific Ocean is unknown, NMFS is developing a
Pacific Highly Migratory Species FMP which will
include certain shark species in California, Oregon,
and Washington. Existing FMPs cover certain
shark species in Hawaii, Guam, and American
Samoa (i.e., the Western Pacific Pelagic Fisheries
FMP), and Alaska (i.e., the North Pacific FMP).
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ESA

The U.S. Endangered Species Act of 1973 (ESA)
provides for the conservation and protection of
species which have clear potential for
endangerment or extinction throughout all, or a
significant portion of, their range, and the
conservation of the ecosystems on which they
depend. There are two classifications under which
a species may be listed. Species determined to
be in imminent danger of extinction throughout
all of a significant portion of their range are listed
as “endangered”. Species determined likely to
become endangered in the foreseeable future are
listed as “threatened”. A “species” is defined by
ESA to mean a species, a subspecies, or, for
vertebrates only, a distinct population.

ESA authorizes the following: (1) the
determination and listing of species as
“endangered” and “threatened”; (2) the prohibition
of unauthorized taking, possession, sale, and
transport of “endangered” species (Note: The term
“take” is defined by ESA to mean harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture or
collect, or attempt to engage in any such conduct.
The term “harm” is further defined to mean an act
which actually kills or injures wildlife. Such act
may include significant habitat modification or
degradation where it actually kills or injures wildlife
by significantly impairing essential behavioral
patterns, including breeding, feeding, or
sheltering.); (3) the acquisition of land for the
conservation of listed species, using land and
water conservation funds; (4) the establishment
of cooperative agreements and grants-in-aid to
states that establish and maintain active and
adequate programs for endangered and
threatened wildlife and plants; (5) the assessment
of civil and criminal penalties for violating the Act
or regulations; and (6) the payment of rewards to
anyone furnishing information leading to the arrest
and conviction for any violation of the Act or any
regulation issued thereunder.

In general, the U.S. Fish and Wildlife Service
(FWS) coordinates ESA activities for terrestrial
and freshwater species, while NMFS is
responsible for marine and anadromous species.
After a listing petition is filed (i.e., to classify a
species as “endangered” or “threatened”), it is
decided whether the petition presented
substantial information to warrant listing. If so,
NMFS conducts a status review of the species,
initiated by a public solicitation for information,
and data relevant to population size and life
history of the species are considered (Anon.,
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2002d). Afinal decision must be made within one
year of issuance of the proposal. NMFS (or FWS)
can initiate a status review without a petition.

A species is listed if it is “threatened” or
“endangered” due to any of the following five factors:
(1) present or threatened destruction, modification,
or curtailment of its habitat or range; (2) overuse for
commercial, recreational, scientific, or educational
purposes; (3) disease or predation; (4) inadequacy
of existing regulatory mechanisms; and (5) other
natural or man-made factors affecting its continued
existence. After a species has been listed, a
recovery plan is prepared which identifies
conservation measures to help the species recover.
In addition, ESA requires that all federal agencies
use their authorities to conduct conservation
programs and to consult with NMFS (or FWS)
concerning the potential effects of their actions on
any species listed under the act.

Barndoor skates (Dipturus laevis), common
(Pristis pristis) and smalltooth (Pristis pectinata)
sawfishes, and sand tiger, dusky, and night sharks
have all been added to the NMFS candidate list
for threatened and endangered species, due
principally to large documented declines caused
by over-fishing (Diaz-Soltera, 1999). A candidate
species is, as the name implies, a candidate for
listing under the Endangered Species Act (ESA).
More specifically, a candidate species is a species
or vertebrate population for which reliable
information is available that suggests a listing
under the ESA may be warranted. There is no
mandatory federal protection required under ESA
for a candidate species, however NMFS urges
voluntary protection for such species. [Author’s
note (September, 2004): To better reflect the purpose
of the NMFS candidate list, candidate species are
now considered “Species of Concern” (64 Federal
Register 19975 - April 15, 2004). Only those species
under active consideration for ESA listing are referred
to as “Candidate Species.” Neither status carries
procedural or substantive protection under the ESA.]

The smalltooth sawfish, a popular aquarium
species, was added to the ESA candidate species
list in 1991, removed in 1997, and reinstated in
1999. In November of 1999, NMFS received a
petition from the Center for Marine Conservation
requesting that the smalltooth sawfish be listed
as endangered under ESA. NMFS completed a
status review of the smalltooth sawfish in
December 2000 and published a proposed rule
to list the U.S. population of this species as
endangered under ESA on 16 April 2001
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(www10). On 1 April 2003, the smalltooth
sawfish was finally listed as an endangered
species under ESA, the first elasmobranch
species to be so listed (Anon., 2003). In
September 2002, a separate petition to list the
barndoor skate was ruled as “...not warranted at
this time...” (Anon., 2002d). The barndoor skate
remains on the ESA candidate species list.

State legislation and the ASMFC

Every coastal state in the USA has some form of
marine fisheries unit within the state agency
responsible for fish and wildlife management.
Each state has different regulations and permitting
requirements governing the collection or fishing
of elasmobranch species, however, many states
are beginning to follow federal regulations (i.e.,
NMFS), especially with regard to prohibited
species. Some states even require collectors to
obtain a NMFS EFP as a prerequisite to applying
for a permit within their state.

In the past few years, some state agencies have
become concerned about the collection activities
of public aquariums and commercial collectors.
In particular, state agencies have been concerned
that some organizations have acquired permits
from more than one state, as well as the federal
government, and viewed this activity as double
dipping, i.e., the potential to collect greater
numbers of animals by requesting permits from
more than one jurisdiction. In reality, aquariums
have applied for permits from different
geographical regions to provide collection
flexibility (i.e., allowing for collection during
convenient times where animals might best be
found). Regardless, agencies in some states,
unconvinced of the best intentions of public
aquariums, requested that shark collection
permitting be coordinated by the interstate Atlantic
States Marine Fisheries Commission (ASMFC).

The ASMFC was formed by the 15 Atlantic coastal
states (Maine to Florida) in 1942 to assist the
management and conservation of shared coastal
fishery resources under an interstate compact. In
1998, the policy board requested that the ASMFC
investigate and consider options for enhancing
the management of sharks in state waters. In
1999, workshops (technical and policy) were held
to collect state-by-state information on shark
fisheries, review the federal FMP, and develop
options for possible shark management in state
waters by the ASMFC. Although no consensus
was reached, attendees agreed that the
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Commission should move forward with the
development of a shark FMP. In 2001, the
management and science committee of the
ASMFC met with NMFS to review the database
detailing permits issued for scientific and display
purposes, and to discuss the effects of removing
permitted animals from wild populations.

At the time of writing, NMFS would like to pursue
some sort of umbrella exempted fishing permit
between NMFS and the ASMFC states, to
facilitate enforcement (White, pers. com.). The
exact mechanism is unclear, but if a single permit
were valid for both state and federal waters, it
would help assuage fears of double dipping. In
addition, the ASMFC has invited two aquarium
representatives, via the American Zoo & Aquarium
Association (AZA), to sit on their newly formed
shark permit workgroup. As yet, there have not
been permitting problems or concerns with states
along the Gulf of Mexico or the Pacific coastal
states. No regional shark management plans are
in effect for these areas.

National regulations: Australia

Management responsibility and jurisdiction for
Australian marine resources, including sharks, are
shared between the six states, the Northern
Territory, and the Australian Federal Government
(Commonwealth). The states and territories of
Australia have jurisdiction over waters out to 3
nautical miles, and the Commonwealth has
jurisdiction for waters outside these limits to the
edge of a 200 nautical mile Australian Fishing
Zone (AFZ). This system presented challenges
to the management of stocks occurring in both
inshore and offshore waters, and was resolved
by establishing offshore constitutional settlement
(OCS) arrangements. Under OCSs, fish stocks
can be managed through either a Joint Authority
of State and Commonwealth bodies, or under the
management of a single jurisdiction throughout a
species’ range. (Anon., 2001c; Anon., 2002c).

AFMA and SAG

The Australian Fisheries Management Authority
(AFMA) is the Commonwealth statutory authority
responsible for the sustainable use and efficient
management of fishery resources on behalf of the
Australian community and key stakeholders. The
AFMA manages fisheries within the 200 nautical
mile AFZ and, in some cases, by agreement with
the Australian states, in state waters. The AFMA
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provides fisheries management, and advisory,
compliance, and licensing services (www11l).
AFMA was established in 1992 following the
passage through Australian Parliament of the
Fisheries Administration and Fisheries Manage-
ment Acts in 1991. These two pieces of legislation
created statutory authority for the day-to-day
management of fisheries, vested in the AFMA, and
for broader fisheries policies, international
negotiations, and strategic issues, administered
by the former Department of Primary Industries
and Energy, now called the Department of
Agriculture, Fisheries, and Forestry Australia
(AFFA). AFFA established a Shark Advisory
Group (SAG) and together developed Australia’s
draft NPOA-Sharks, published as a public
consultation document in July of 2002 (Anon.,
2002c).

While Australia’s contribution to the global shark
catch is relatively small (<1.5%), sharks are a
significant part (~5%) of the total quantity of
Australia’s wild fish production. Of the over 1,000
species of chondrichthyans identified worldwide
nearly 300 species are found in Australian waters
and more than half of these are endemic (Anon.,
2002c). The Australian shark assessment report
identified 178 shark species as caught from
Australian waters (Anon., 2001c). Of these
sharks, 60 species and five families have been
identified as species “of concern” (Table 3.1),
including those on the 2000 IUCN Red List, those
assessed against IUCN criteria by Pogonoski et
al. (2002), and those identified as potentially of
concern on the basis of consistently high catch
rates recorded in Commonwealth fishing records.
Two-thirds of the landings for the 1998-1999
season fell into 15 of the 178 shark species or
groups.

Of the 95 chondrichthyan species listed in the
2000 IUCN Red List, 47 occur in Australian
waters, with 14 categorized as “threatened” and
the remainder listed as “lower risk” (26 species)
or “data deficient” (7 species). Of the “threatened”
species, five (i.e., of the family Pristidae) are
considered “endangered” and nine are considered
“vulnerable”. An IUCN Red List assessment
workshop was held in Australia in March of 2003
in order to review all Australian species of
chondrichthyan fishes. The results of this
workshop will be incorporated into the IUCN Red
List to be published in 2004.

As more information on elasmobranch species
becomes available, and more comprehensive risk
assessments become possible, the conservation
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status assigned to each species will be updated
on the IUCN Red List website (www8). There has
been some concern that the criteria used for IUCN
Red List assessments are not directly applicable
to marine species. Although the criteria and
categories have been recently updated (Anon.,
2001b), most of the current elasmobranch Red
List assessments (www8) are still based on
criteria from 1994 (Anon., 1994). It is hoped that
these assessments will soon be revised using
IUCN Red List criteria from 2001 (Anon., 2001b).
The conservation status of Australian shark
species (Table 3.1) should therefore be regarded
as the best currently available, rather than a
definitive statement (Anon., 2002c).

EPBCA

There has been a recent boost to the
environmental oversight of fisheries management
in Australia, primarily by the Commonwealth
Department of Environment and Heritage, or
Environment Australia (EA). Under the
Environment Protection and Biodiversity
Conservation Act of 1999 (EPBCA), all
Commonwealth-managed fisheries are subject to
strategic assessments, while those fisheries
managed by states or territories, which impact
protected species, may also be assessed (Anon.,
2001c). EPBCA strategic assessments are made
against the Commonwealth Guidelines for the
Ecologically Sustainable Management of
Fisheries. The EPBCA came into effect on 16 July
2000, replacing five Commonwealth environment
statutes from the 1970’s and 1980’s, including the
Endangered Species Protection Act of 1992.
Some states apply additional environmental
assessments to fisheries under their jurisdiction,
independent of species protected and fisheries
assessed under the EPBCA.

At the time of writing, the following elasmobranch
species are protected under the EPBCA (www13):
(1) the East Coast population of sand tiger or grey
nurse sharks and the speartooth shark (Glyphis
sp. “A"), considered to be “critically endangered”;
(2) the northern river shark (Glyphis sp. “C"),
considered to be “endangered”; and (3) the West
coast population of sand tiger or grey nurse
sharks, the largetooth sawfish (Pristis microdon),
the whale shark, and the great white shark,
considered to be “vulnerable”. It is a requirement
of the EPBCA to prepare recovery plans for all
“endangered” and “vulnerable” species that occur
within Commonwealth jurisdiction. The recovery
plan must include research and management
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actions necessary to stop the decline of a target
species so its chances of long-term survival in
the wild are maximized. Of the species currently
protected, detailed recovery plans have been
prepared for the sand tiger and great white sharks
(Anon., 2002e; Anon., 2002f).

State legislation

For species not covered by the EPBCA, state
fishery regulations apply. For example, the bigeye
sand tiger shark is protected in New South Wales,
and the basking and megamouth (Megachasma
pelagios) sharks are protected in Tasmania. In
total, nine elasmobranch species have some form
of protection at either the Commonwealth and/or
state level where, in general, their collection is
prohibited (Table 3.1).

Public aquariums are required to apply for permits,
through their respective state fisheries
management agency, to collect, hold, and display
marine life. Many aquariums therefore obtain
animals through licensed commercial collectors.
As long as the aquarium has relevant state
fisheries permits to hold and display marine life,
the commercial collector is responsible for
meeting permit requirements to collect the animals
from a specific region.

In the event that a public aquarium intends to
collect an elasmobranch species directly (e.g., for
a species requiring specialized capture or
transport techniques) they may be issued a
special collection permit. Special collection
permits allow for a restricted number of
individuals, for the elected species, to be collected
and held each year. Permit titles vary between states
but in each case there is a permit issued to collect,
hold, and display marine life, and a special permit
awarded, on application, for the display of protected
species (Thorburn, pers. com.).

While most commercial fishing activities are not
directed at providing live specimens, there is a
growing number of fishermen in Australia who
have a real passion and concern for marine life,
and are interested in learning how to minimize
damage to both fishes and fisheries. Cooperation
with these fishermen provides an excellent
opportunity to collect smaller, robust species,
such as smooth-hounds (Mustelus spp.),
wobbegong sharks (Orectolobus spp.), etc. Of
course, collected species must be covered by the
fishermen’s license and must not be protected
under the EPBCA or state Acts.
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Aquariums in Australia are unable to purchase
specimens from members of the public or amateur
fishermen, although they may accept specimens
as a donation.

National regulations: South Africa

The coastal environs of South Africa are subject
to legislation administered by local, provincial, and
federal authorities. Responsibility for coordinating
policy specific to the coast and its resources has
been delegated to the Department of
Environmental Affairs and Tourism, Branch of
Marine and Coastal Management (MCM).

The Marine Living Resources Act (MLRA—ACct 18
of 1998) was introduced during September of
1998. The MLRA consolidated the Sea Fisheries
Act of 1988 and provincial nature conservation
ordinances, both of which had previously
regulated marine resources. The MLRA was an
overdue revision of the Sea Fisheries Act, which
benefited some sectors of society and stopped
others from gaining access to marine resources.
The MLRA allowed previously excluded
communities full access to the fishing industry,
and prepared the country for free trade and
deregulated markets. The guiding principle of
the MLRA stresses that the natural marine living
resources of South Africa, as well as the
environment in which they exist, are a national
asset and the heritage of all South African
people.

The main thrust of the MLRA and regulation
gazette 6284, detailing specific regulations under
the MLRA, is that anyone desiring to take a living
organism from the marine environment is required
to purchase a permit to do so. The user-pays
principle generates income which goes toward the
research, management, and control of resources.
Recreational fishing is regulated via a fee-based
permit system and permits may be obtained at
any post office. Small-scale and commercial
fishing activities are regulated by either the office
of the Minister of Environmental Affairs and
Tourism, or the Fisheries Transformation Council.

Part 3, Chapter 5 of Regulation Gazette Number
6284 detalils fishing regulations pertaining to sharks.
Protected species are categorized as either annex-
ure 4 (“non-saleable recreational”) or annexure 5
(“specially protected”) (Table 3.1). Another category,
annexure 8 (“exploitable”), refers to species not cov-
ered by annexure 4 or 5 whereby a total of 10 elas-
mobranchs, of no size limit, may be taken.
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Public aquariums are required to obtain
exemptions to the MLRA through an annual
application (or renewal) of permits to the MCM.
MLRA exemptions allow aquarium staff to collect
and hold more than the normally permitted
number of marine taxa. Such exemptions specify
that animals shall be used for research or display
only, and may not be sold.

In April of 1991, South Africa became the first
country to completely protect the great white
shark. During 2000, the whale shark was given
limited protection status in specific marine
protected areas. Any sharks, including those not
specifically listed, are afforded protection should
they occur within a marine protected area that is
closed to fishing or collecting for aquariums.

ETHICS

There are many ethical considerations associated
with the maintenance of animals in a captive
environment. For an excellent overview, critical
analysis, and detailed essays examining both
sides of the issue, albeit with a terrestrial zoo
perspective, the reader is directed to Norton et
al. (1995) and Hutchins et al. (2003).

Aquariums should ensure that all animal exhibits
and husbandry procedures are ethically sound,
not only because it is appropriate, but also
because of a growing public awareness and
concern for all animals in captive environments.
The powerful public sentiment provoked by
captive marine mammals today did not exist 40-
50 years ago. As well-intended conservation
groups raise the public consciousness about other
animal taxa, such as sharks, the public will
become increasingly critical of the standards
employed in displaying those taxa. Although
sharks and stingrays are still feared by the general
public in many areas of the world, animal activist
groups are becoming increasingly interested in
their plight. It is only a matter of time before
protesters actively and consistently campaign for
improved conditions on behalf of captive
elasmobranchs. However, this change in public
opinion should not be viewed as a negative
influence. Rather, it should be viewed as a
testament to the success of aquariums as
educational tools. In addition, protestations
directed at improving captive conditions should
be embraced. We, as an industry, can always
improve our exhibits and husbandry tech-
niques, and should capitalize on the opportunity
to do so.
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Justification

Unlike terrestrial zoos, aquariums must
meticulously recreate the marine environment
within a very restricted area, providing not only
physical space and nutrition, but a slew of
carefully controlled chemical and physical
parameters. Elasmobranchs are especially
difficult to maintain in aquariums, for a variety of
reasons (i.e., large size, relatively poorly
understood physiology, etc.). As such, our
successes at maintaining elasmobranchs,
although steadily improving, have been somewhat
limited. For the same reasons, captive
elasmobranchs have not been studied as
extensively, nor maintained for as long, as most
terrestrial vertebrates. Thus, alternatives to wild
collection, such as captive breeding, have not
been widely accomplished.

Zoos and aquariums justify the collection and
display of wild animals through the educational,
research, and conservation goals achieved. The
following ethical question has often been posed:
Do the benefits of a quality display of elasmo-
branchs, at a professionally operated public
aquarium, having a strong educational, research,
and conservation mission, outweigh the cost to
individual animal welfare? We, as an industry,
believe that they do. Aquariums benefit society
through the presentation of live animal displays
and associated public education programs.
Aquariums contribute directly to the conservation
of aquatic species and their habitat by raising
public awareness, by raising funds, and through
a direct participation in research activities.
Aquariums further advance conservation research
by testing new technologies (e.g., satellite pop-
off tags, etc.), advancing aquatic animal medicine,
developing animal handling techniques, and
publishing results stemming from same. By
studying elasmobranchs in captivity, and applying
that knowledge to their husbandry, aquariums
provide valuable and practical information that
would be difficult or impossible to gather in the
wild (Hutchins et. al, 2003).

Protected species

When collecting elasmobranchs, consideration
should always be given to the conservation status
of a chosen species and requisite permits
obtained through appropriate channels. As
caretakers of this important taxonomic group, we
must, and must be seen to, uphold species
management programs and work with
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environmental, conservation, and regulatory
agencies to police our own industry. Careful
ethical consideration should be given to the
collection and maintenance of threatened species,
in particular where wild populations may suffer
as a result of collection activities. Education and
conservation benefits must be carefully weighed
against risks to wild populations before threatened
species are considered for display in an aquarium.

Difficult species

Ethical principals should be applied to the
collection and maintenance of shark species that,
historically, have not done well in captivity (e.g.,
species easily damaged in aquariums such as
shortfin mako sharks, and those that do not feed
readily and can perish after a short period, such
as great white sharks). Although it may appear to
be ethically unacceptable to collect a species that
has not been successfully maintained in an
aquarium, to learn more about these difficult
species it is necessary to challenge what is known
about their husbandry, and this can only be
achieved through trial and error. Indeed, as
advances have been made in both husbandry and
facility design, species previously thought to be
problematic or impossible to keep (e.g., tiger
sharks) are now being maintained successfully
(Marin-Osorno, pers. com.; www14). Experi-
mentation with difficult species should only be
considered acceptable if attempts are well
researched and planned, experienced personnel
are used, and appropriate institutional resources
are made available. Specific pre-planned
parameters (e.g., minimum space requirements)
and clear milestones enabling trials to be aborted
before animal health is compromised should be
established. In general, an aquarium should never
acquire a species that will outgrow their facilities.
However, in some rare cases, the risks of
acquiring excessively large species may be offset
by knowledge gained (e.g., Hewitt, 1984; Ellis and
McCosker, 1991).

Releases

Releasing an elasmobranch into the wild, after
holding it in captivity, presents a risk to wild
populations (i.e., through the introduction of exotic
diseases, exotic genetic material, etc.). However,
if releases are undertaken correctly (i.e., within
the elasmobranchs native range and near the
point of collection), with appropriate precautions
(i.e., pre-release isolation, medical evaluations,
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etc.), and with appropriate governmental
approval, such releases can provide valuable
scientific information (see Van Dykhuizen et al.,
1998). Under the IUCN Species Survival
Commission (SSC) Guidelines for Re-
Introductions (Anon., 1995; www12), this type of
release is defined as a “reinforcement” or
“supplementation” (i.e., the “...addition of
individuals to an existing population of
conspecifics...”), as opposed to a “re-introduction”
(i.e., “...an attempt to establish a species in an
area which was once part of its historical range,
but from which it has been extirpated or become
extinct...”). Re-introductions are beyond the
scope of this chapter, but if considered they
should adhere to IUCN SSC guidelines and those
of your regional zoological association (see
below).

Professional affiliations

Ethical considerations are not normally legislated
by governments. Rather, ethics are developed
within the culture of the countries in which we live,
and often by the professional organizations to
which we belong. Most public aquariums belong
to a regional zoo and aquarium association, the
majority of which abide by a code of professional
ethics. These codes address, amongst other
issues, the ethical considerations of animal
acquisition and disposition through wild collection,
commercial suppliers, and trade. A breach of
these professional codes can result in some form
of penalty to institutions or individuals.

Readers are urged to familiarize themselves with
their regional zoo and aquarium association, and
correspondingly, their code of ethics. Regional
associations include: (1) the American Zoo &
Aquarium Association (AZA); (2) the African
Association of Zoos and Aquaria (PAAZAB); (3)
the Australasian Regional Association of
Zoological Parks and Aquariums (ARAZPA); (4)
the Canadian Association of Zoos and Aquariums
(CAZA); (5) the European Union of Aquarium
Curators (EUAC) and the European Association
of Zoos and Aquaria (EAZA); (6) the South East
Asian Zoos Association (SEAZA); and (7) globally,
the World Association of Zoos and Aquariums
(WAZA).

Ethical constraints vary between countries and
cultures, but presumably we share the same
basic goals, i.e., to provide excellent live animal
displays for public education and broader
conservation purposes, and to breed
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endangered or threatened species. By breeding
endangered or threatened species we strive to
provide self-sustaining captive populations and
thereby minimize or eliminate take from the
wild, improve knowledge of basic biological
parameters, and in some specific cases
reinforce wild populations.

COMMERCIAL COLLECTORS

Commercial collectors are defined in this chapter
as individuals or companies that collect marine
organisms directly from the wild for the purposes
of sale to public aquariums. Collection may be
done at the specific request of a public aquarium
or, in case of non-restricted species, collection
may be made in advance with a view to selling
the specimens at a later date (i.e., “on
speculation™).

Commercial collectors can provide specimen
collection, quarantine, and transportation services
to those aquariums unable to perform these tasks
themselves (i.e., aquariums whose geographic
location, lack of expertise or resources, or daily
operations and busy programs prevent them from
undertaking collecting expeditions). These
services are especially important for new
aquariums, where staff are preoccupied with other
husbandry challenges imposed by unpredictable
construction schedules and maturing life support
systems. Under such conditions, it becomes
difficult for aquarium staff to concentrate on large-
scale elasmobranch collection expeditions.
Established aquariums may consciously leave the
collection of elasmobranchs to commercial
collectors, opting to avoid high costs associated
with buying and maintaining boats and other
equipment. Commercial collectors may provide
another service to established aquariums by
rapidly replacing animals that have suffered
unexpected mortality.

Many reputable and professional commercial
collectors have served public aquariums in a
laudable manner. Unfortunately, a few commercial
collectors have not always subscribed to the same
high standards set by their colleagues. At times,
these unscrupulous individuals have caused the
aquarium community significant difficulty and
damage. A few unprincipled collectors have been
investigated for illegal activities and public
aquariums have been tainted by association.
Recent plans to overhaul NMFS’s shark collection
permit procedures has been a direct result of such
transgressions (Rogers, pers. com.).
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Commercial collectors, working in U.S. waters,
obtain permits from relevant state and/or federal
government agencies, and then collect
elasmobranchs as requested by specific
aquariums or “on speculation” for future sale.
Some commercial collectors have requested
permits for a high number of elasmobranchs and
subsequently reported collecting far fewer
animals. Although innocent, this behavior
confuses permitting agencies and creates
suspicion; agencies believing that collectors and
aquariums are not being entirely honest. In
addition, commercial collectors (and public
aquariums) have applied for multiple permits
covering different jurisdictions, enabling the
collection of a given species within limited time
frames despite seasonal variations of availability,
etc. Again, permitting agencies can be confused
by this practice believing that collectors are
“double dipping”, i.e., applying for permits from
different jurisdictions in order to collect a higher
number of animals than legally allowed.

It is imperative that public aquariums and
commercial collectors work together with
regulatory agencies to educate them about the
unique nature of our business. Regulatory
agencies should be regarded as partners and not
adversaries. Information learned through
collection activities should be shared with
regulatory agencies, whether required by law or
not, to help build healthy relationships, dispel
misconceptions, and improve a mutual
understanding of regulated species.

It is incumbent upon all aquariums to thoroughly
research the reputation and legal status of any
commercial collector they choose to contract.
Many regulatory agencies are moving toward the
practice of issuing collection permits directly to
aquariums, and not commercial collectors,
especially for restricted or protected species.
Aquariums must then contract a commercial
collector to obtain the species desired. This
practice will make aquariums directly accountable
for the activities of contracted commercial
collectors. Some U.S. state agencies may go even
further, requiring federal permits, and in some
cases AZA accreditation, before state permits will
be granted to an aquarium.
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E-mail: jchoromanski@ripleys.com

Abstract:

When designing and constructing quarantine and isolation tanks for

elasmobranchs, three key issues must be considered: the size of the tanks, the shape of
the tanks, and the design of life support systems (LSS). Tanks must be sufficiently sized
and shaped to cater for the swim-glide swimming pattern of the most sensitive or demanding
species held. The design of LSSs should focus on maximizing biological carrying capacity,
as stocking densities are frequently high in quarantine and isolation tanks. Effluent water
treatment and disposal systems should be carefully considered during LSS design. Concrete
is an excellent choice for constructing quarantine and isolation tanks, primarily because of
its strength and relatively low cost for volume. Fiberglass reinforced plastic (FRP) offers an
excellent alternative to concrete, having the advantage that no ferrous reinforcing is required.
Buildings housing quarantine and isolation facilities should be constructed from non-ferrous
materials. Quarantine and isolation facilities must be designed to allow unimpeded access
for the staff (and husbandry equipment) to the tanks and the animals, and clear and easy
access for trucks, trailers, and boats used to transport animals from collection sites.
Quarantine and isolation facilities must incorporate husbandry support areas, including: (1)
a food preparation area; (2) a water quality laboratory; (3) an office and record-keeping
area; (4) a necropsy room; (5) a dive locker room; and (6) a storage area for husbandry
equipment. Quarantine and isolation facilities should be air-conditioned and dehumidified,
and provided with security systems to avoid fire, theft, vandalism, and power cuts.

The successful maintenance of captive
elasmobranchs begins by providing the correct
environment, designed with a careful
consideration of the ecological, physiological, and
behavioral requirements of the species held.
Maintaining captive elasmobranchs is not a new
enterprise. However, it has been historically
difficult to maintain larger, pelagic, obligate ram-
ventilating species (Clark, 1963; Gruber and
Keyes, 1981; Murru, 1990). Advances in
technology and an increase in available financial
resources (from an increased public popularity of
aquariums) has provided the means to construct
larger exhibits and resulted in the successful display
of larger and more challenging species (for an
excellent review of the history of elasmobranch
exhibits refer to Chapters 1 and 5 of this manual).
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Advances in aquarium design are frequently the
result of trial and error, and important advances
are rarely published in the literature. This chapter
therefore relies heavily on the collective
experiences of public aquarium biologists, with
limited references to published literature. This
chapter will focus on sharks, which are typically
more challenging than skates, rays, and chimeras
from the standpoint of aquarium design.

Although there are many similarities, the design
of a quarantine and isolation facility for
elasmobranchs differs in many ways from the
design of an elasmobranch aquarium exhibit. For
the purposes of this chapter the main functions
of an elasmobranch quarantine and isolation
facility include: (1) the acclimatization and



J. M. CHOROMANSKI

recovery of newly acquired sharks from the stress
associated with capture, transport, handling,
disease, or injury; (2) the quarantine of sharks
prior to display; (3) the short-term isolation and
treatment of sick or injured sharks; and (4) the
long-term holding of sharks for some specific
purpose (e.g., breeding, research, etc.).

With about 400 different described species, no
shark can be considered as “typical” for the
purposes of designing a quarantine and isolation
facility. Each species has particular characteristics
which impact husbandry requirements and facility
design. Likewise, individual factors (e.qg., size, age,
behavior, susceptibility to stress, health status, etc.)
vary and must be taken into consideration. Tanks
should therefore be designed to accommodate the
specific requirements, numbers, and maximum
sizes of the most sensitive or demanding species
to be held.

The construction of an adequate quarantine and
isolation facility for elasmobranchs can be
expensive, especially for larger, more sensitive
species. Institutions or individuals with insufficient
resources should not undertake the construction
of such facilities or attempt to hold elasmo-
branchs.

TANK DESIGN

Tank size

The physical dimensions of quarantine and
isolation tanks are of critical importance. The
sheer size of adult sharks presents the first
husbandry and, thus, design challenge. In
general, large sharks require large tanks, and the
larger the tank, the better it can accommodate a
wide variety of elasmobranch species. Tank size
requirements for large benthic sharks will be
different from those required for large obligate
ram-ventilating sharks (refer to Chapter 5 for a
more detailed discussion). The key, once again,
is to plan and design for the maximum sizes and
numbers of the most sensitive or demanding
species to be held.

Limited data exist on the spatial requirements for
elasmobranchs in captivity. The only attempt to
guantify the minimum dimensions of an
elasmobranch enclosure was undertaken by Klay
(1977) in an article examining shark dynamics and
exhibit design. Klay claims to have studied the
swimming behavior of 29 different species of
sharks (although data for only seven species were
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reported in his article). Klay maintains that sharks
over 1.8 m total length (TL), with the exception of
bull (Carcharhinus leucas), lemon (Negaprion
brevirostris), nurse (Ginglymostoma cirratum),
and sand tiger (Carcharias taurus) sharks, require
an introduction tank of dimensions 30.5 m long x
12 m wide in order to adopt normal swimming
patterns and exhibit normal behavior (Klay, 1977).

Although not published, Klay is credited with
developing a proprietary formula to determine the
minimum tank dimensions for what he described
as average sharks. Average sharks in this context
referred to species he normally encountered as
a commercial collector (i.e., bull, lemon, nurse,
and sandbar (Carcharhinus plumbeus) sharks),
while non-average sharks referred to more
demanding species (i.e., tiger (Galeocerdo
cuvier), hammerhead (Sphyrna spp.), and blacktip
(Carcharhinus limbatus) sharks) (Hewitt, pers.
com.). Klay’s proprietary formula states that the
tank dimensions for most average sharks should
be as follows (where Z refers to the maximum
expected TL of the largest species to be held):

12(Z) long x 5(Z) wide x 2.5(Z) deep

For example, if the largest shark is, or will be, 1.5
m TL, then the tank should be 18 m long x 7.5 m
wide x 3.75 m deep (Hewitt, pers. com.). Klay (1977)
further believed that obligate ram-ventilating species
(e.g., mako (Isurus oxyrinchus), great white
(Carcharodon carcharias), tiger, and blue (Prionace
glauca) sharks) had more demanding biological
requirements and therefore required much larger
enclosures. Although Klay's studies are relatively
unscientific, and the conclusions generalized,
they do represent a potential starting point for the
designer of tanks for elasmobranchs. In addition,
Klay’s article was one of the first to present the
swim-glide hypothesis (see below), a behavioral
characteristic of elasmobranchs that has
implications for tank design and was thus reflected
in Klay’s formula.

Klay’'s formula appears to be overgenerous for
some elasmobranch species, exaggerates depth
requirements (i.e., depth does not need to
increase in a linear relationship to increasing
horizontal dimension), fails to address differences
in tank geometry (e.g., rectangular vs. circular,
etc.), and does not account for a disruption of the
swim-glide swimming pattern by other animals or
obstructions within the tank. As a general rule,
horizontal tank dimensions are more important
than vertical depth, if a normal swimming pattern
is to be maintained (Murru, 1990). In addition, it
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is possible to maintain hardier species in smaller
tanks than Klay’'s formula would suggest. For
example, Ripley’'s Aquarium of the Smokies,
Gatlinburg, Tennessee, USA, successfully
maintained eight adult sand tiger sharks, two adult
sandbar sharks, two medium-sized common
sawfish (Pristis pristis), and two adult roughtail
stingrays (Dasyatis centroura), for almost two
years, in a tank measuring 12.2 m in diameter x
1.7 m depth. The tank contained ~195.7 m? of
water and the life support system included an
oversized biological filter.

Indirect evidence suggests that for the long-term,
larger tanks are more suitable for holding
elasmobranchs. For example, Gruber and Keyes
(1981) reported a significant decrease in food
consumption by lemon sharks when the animals
were moved to a larger pool, indicating a
decreased metabolic demand.

Tank shape

Consideration of size alone does not guarantee
a successful tank design for elasmobranchs; the
shape of a tank can be of equal importance. In
general, the swimming pattern of sharks
comprises a number of discrete stages: (1) a
forward power component, either cruising or
bursts of high speed; (2) a rest/glide phase; and
(3) a recovery phase (Klay, 1977). This
generalized swimming pattern, referred to as the
swim-glide hypothesis, enables sharks to
conserve valuable energy reserves. As sharks
lack a swim bladder for buoyancy control, most
species use forward motion, in combination with
their rigid pectoral fins, to generate lift. If a tank
has restrictive horizontal dimensions, sharks will
struggle to maintain their position within the water
column, will be unable to complete the swim-glide
sequence, and will consume excess energy
reserves. If this situation persists, exhaustion and
ultimately death can result.

Historically, many different tank shapes have been
used for elasmobranchs. Rectangular tanks are
common and inexpensive to build, but they can
present problems. The right-angle corners of
rectangular tanks represent wasted space for
most shark species and can exacerbate the
acclimatization of new sharks as they expend
excessive energy attempting to navigate out of,
or recover from entrapment within, corners
(Murru, 1990). Rectangular tanks can be improved
by chamfering the corners or rounding the corners
to large-radius bends.
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Cylindrical tanks have been used successfully
with many species; however, problems can arise
if the tank is not large enough to allow animals to
complete species-specific, and/or swim-glide,
swimming sequences. If a shark is subjected to
these unsuitable conditions it will initially hit the
walls, and then swim close to the tank perimeter
hugging the wall surface. This behavior disrupts
the shark’s normal swimming pattern, causes the
animal to make constant small turning
adjustments, increases metabolic demand, and
consumes excess energy reserves. It has been
further suggested that wall-hugging may create
inefficiencies in oxygen transfer across the gills
(Klay, 1977). Hugging the walls can result in
external abrasions to the shark’s skin, with an
associated risk of infection.

Variations on the cylindrical tank include
roundabouts, racetracks, or doughnuts, whereby
the center of the tank is filled with a structure
designed to prescribe a circular path for the
animals. The center structure can be exhibit décor
(hiding LSS components, holding areas, etc.) or
even serve as a visitor's viewing area. The
roundabout tank theoretically provides an endless
column of water for swimming sharks. However,
despite much experimentation, these tanks rarely
perform as desired, resulting in the sharks failing
to constantly swim in the direction intended.
Experience demonstrates that sharks will swim
until they encounter an object, whereupon they
will turn and swim until they encounter another
object (i.e., their swimming patterns are modified
by obstacles, as and when they are encountered,
rather than by pre-planned routes). This turn-and-
go behavior means that prescribed circular paths
are less than optimal.

Modern tank designs frequently include figure-
eight or dumbbell shapes, allowing for swim-glide
swimming patterns. First developed by SeaWorld,
San Diego, USA (Keyes, 1979), this design has
been used successfully by many other aquariums
(e.g., the Pacific shark exhibit at the John G.
Shedd Aquarium, Chicago, USA). Other modern
tank designs include free-form shapes, most of
which are acceptable as long as they have
sufficiently large horizontal dimensions and
corners greater than right-angles.

Stocking density and life support systems

The design of a life support system (LSS) for
elasmobranch quarantine and isolation tanks
should focus on maximizing biological carrying
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capacity (i.e., the capacity of the system to remove
biological waste products, ammonia and nitrite)
rather than spending valuable resources on
optimizing water clarity. Although water clarity is
a necessary and important consideration for
guarantine and isolation facilities, the LSS does
not need to provide the +30 m visibility required
for most large elasmobranch exhibits. In order to
maximize the functionality of holding and
guarantine tanks, LSS designers should focus
resources on enhancing or increasing biological
filtration and oxygenation rather than fine-particle
mechanical filtration. After tank size and tank
shape, biological carrying capacity is the most
important design consideration for quarantine and
isolation tanks. In combination, these three factors
determine the overall holding capacity of the
guarantine and isolation facility. The biological
carrying capacity of an LSS is measured by its
maximum allowable bio-load or stocking density
(measured in kilograms of animal per cubic meter
of water). A typical public display may be bio-
loaded at a stocking density of ~1.0 kg m3?
(Garibaldi, 1982). Intensive aquaculture systems
may be stocked at 50 kg m3? or even higher. As
guarantine and isolation facilities are expensive
to build, and provide a vital support to public
exhibits, they should be prepared for the highest
practicable bio-loading, well in excess of the
typical elasmobranch exhibit. In general, it is
usually less expensive to add surface area to the
biological filters, than to add more volume to the
tank itself. LSS design considerations for
maximizing allowable bio-load can be found in
aquaculture literature (e.g., Wheaton, 1977;
Huguenin and Colt, 1989).

The higher bio-loading of quarantine and holding
systems (and systems with high-metabolism
elasmobranchs) necessitates an enhanced mass-
transfer removal of carbon dioxide (CO,). If not
effectively addressed, excess CO, accumulation
will cause a decline in the pH of the water with
negative physiological ramifications for the
animals (refer to Chapter 8 of this manual).
Excess CO, can be removed via counter-current
exchange in foam fractionators, de-gassing
towers, and wet-dry biological filters. Designers
of LSSs should therefore consider the inclusion
of additional foam fractionators, air supplies to de-
gassing towers and biological filters, and a back-
up aeration/oxygenation system to promote gas
exchange and maintain dissolved oxygen levels.

Seawater sourcing (i.e., acquisition or
manufacture), pre-treatment (i.e., mechanical
filtration, sterilization, etc.), and storage represents

46

another important aspect of LSS design for
quarantine and isolation tanks. The relative
advantages and disadvantages of natural
seawater (NSW) and artificial seawater (ASW) are
discussed elsewhere (refer to Chapter 6 of this
manual). Considerable cost savings can be
achieved if the same raw water pre-treatment and
storage systems are employed for both quarantine
and holding, and exhibit LSSs. Water storage
tanks can be located aboveground, but it is often
desirable and more practical to place them
underground if they can be installed during
building construction. Storage tanks can be made
from concrete or fiberglass-reinforced plastic
(FRP). The addition of an aeration system will
assist the mixing of salts (in the case of ASW)
and keep the water well oxygenated for immediate
use. A re-circulation pump should be attached to
storage tanks, allowing easy transfer of raw water
to destination tanks. If freshwater is used (i.e.,
for manufacturing ASW or for use in exhibits
containing freshwater species—e.g., Potamotrygon
spp.) it should be carefully analyzed for heavy
metals and other contaminants, and pre-filtered with
activated carbon.

The location and design of tank drainage lines
(i.e., surface skimmers and bottom drains) and
seawater supply lines (i.e., inlets returning water
to the tank) should be carefully considered. Drains
and surface skimmers should be carefully
screened or protected to prevent animal
entrapment. Seawater supply lines should be
designed and located to create a slight current
for obligate ram-ventilating species.

Effluent water treatment and disposal systems
should be carefully considered during LSS design.
Effluent water from water exchanges, filter
backwashes, foam fractionator overflows, and
chemical treatments should all be considered.
Local regulations should be carefully reviewed as
many municipalities—particularly those that
recycle sewerage—do not allow the discharge of
seawater into municipal sewer systems. Likewise,
the discharge of chemical treatments may be
subject to regulation. LSS designers must
understand local restrictions on the quality of
discharged water and consider the addition of
pressurized ozone reactors and/or other similar
effluent water treatment systems as required.
Effluent treatment is critically important for flow-
through systems that discharge water directly to
the natural environment (Garibaldi, 1982).

One way to conserve costs (both capital and
operational) during LSS design is to divide each
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LSS component into smaller additive pieces and
only operate those pieces required (i.e., as a
function of stocking density). For example, the
LSS could be operated with a number of smaller
pumps rather than a single large pump, each of
the smaller pumps engaged as required. This
modular approach to LSS design has the added
benefit of built-in equipment redundancy. LSS
design considerations are addressed in more
detail in Chapter 6 of this manual.

TANK CONSTRUCTION

Quarantine and holding tanks must be built with
suitable materials to provide strength (e.g.,
resistance to head pressure, water surges,
impacts from animal collisions), long-term
durability (and thus investment protection), water-
tightness, non-toxicity (to the animals), and
resistance to corrosion.

Recommended construction materials
Concrete

Concrete is an excellent choice for large aquarium
tanks, primarily because of its strength
(dependent upon mix recipe and steel reinforcing
or rebar) and relatively low cost for volume.
Concrete relies on internal steel reinforcing, or
rebar, to resist tensile stress. Rebar can create
problems if not installed correctly (see Hawkins
and Lloyd (1981) and Chapter 5 of this manual
for a more detailed review of concrete tank
construction).

The construction of concrete seawater aquariums
is not in the domain of ordinary structural design.
Not only should strength be designed into
concrete tanks, but a careful selection of
reinforcing materials and concrete ingredients
should be considered. Particular attention should
be paid to joints, intersecting structural elements,
reinforcing patterns, secondary stresses, flow of
stress within the reinforcing patterns, and
penetration details. Above all, tank designers must
educate the contractor, since the quality of
finished products depends a great deal on
construction techniques.

Polyvinyl pipe (PVC) penetrations through cast
concrete tank walls can cause leakages at the
interface between the different materials, so some
form of mechanical water-stop should be
incorporated into pipe stubs prior to pouring the
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concrete. Although holes can be drilled through
the concrete after it has cured, and pipe
penetrations sealed with mechanical seals (e.g.,
Link-Seal, PSI-ThunderLine Link-Seal, USA), this
should be avoided where possible as it can expose
steel rebar to tank water and thus corrosion.
Concrete tanks are often limited by cost and logistics
to relatively simple shapes (e.g., rectangular), as
they must be formed and cast in place.

Fiberglass reinforced plastic (FRP)

Fiberglass reinforced plastic (FRP) is an excellent
choice for tank construction, having several
advantages over concrete. FRP is inherently
strong when molded into the shape of a tank,
especially when the tank is cylindrical and/or
incorporates a flange at the top, and usually
requires no other reinforcing other than the
incorporated woven fiberglass mesh or chopped
matting. Odd-shaped, tall, or long tanks may
require additional structural support, provided by
a steel skeleton wrapped within the FRP or,
alternatively, structurally robust pultruded FRP
shapes may be employed.

PVC pipe penetrations through FRP tank walls
are facilitated by FRP pipe fittings, and present
little risk of leakage. Depending on size, FRP
tanks are usually less expensive than concrete
tanks. FRP tanks can be partially buried to
improve structural strength and provide easier
staff access to the interior of the tank.

FRP tanks can be cast in one piece from a mold
or assembled from pre-fabricated panels. If they
are pre-fabricated off-site, consider access into
the quarantine and holding facility for their final
installation. Pre-fabricated panels require bolting
and then sealing with either fiberglass resin or
silicone. Some pre-fabricated panel tanks are
effectively expandable (i.e., by adding straight wall
sections between rounded end sections to form
a large oval, or by adding additional sections to
the top of the walls). Pre-fabricated panel tanks
can be pulled apart relatively easily and relocated
and assembled for use elsewhere.

Waterproofing and tank coatings

Concrete tanks can be designed and constructed
to be completely watertight, although it is
recommended that an additional waterproofing
material (e.g., Vandex, Vandex International, Ltd.,
Switzerland) or a post-cure internal tank coating
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(e.g., Polibrid, Polibrid Coatings, Inc., Brownsville,
Texas, USA) be applied. The effectiveness of
waterproofing treatments relies on a high-quality
design and construction of concrete substrates.

Because FRP is a dense plastic, it is inherently
inert, non-toxic, and watertight upon curing. In
addition, FRP can be readily painted with epoxy
paints or molded with a colored gel-coat. In some
cases it may be desirable to coat the interior walls
of the tank to produce a smoother, longer-lasting,
and non-toxic interior finish, or to color the walls
to assist with animal acclimatization. An all-white
tank can be disorienting for newly-acquired
elasmobranchs, so blue colors which better mimic
the oceanic environment, or vertical lines of
contrasting colors, which denote the walls, might
be preferred for quarantine and holding tanks. If
internal coatings are used, they should be
completely non-toxic upon curing and compatible
with the tank construction materials. In the past,
epoxy-based paints (e.g., Sta-Crete, Epmar
Corporation, Santa Fe Springs, California, USA)
have worked well for this purpose, as have some
newer polymer coatings (e.g., Polibrid, Polibrid
Coatings, Inc., Brownsville, Texas, USA). The
addition of a soft vinyl boundary wall (or a curtain
of air bubbles), suspended inside the tank wall,
may also be used to denote the outer wall for
disorientated animals (Farwell, 2001; Choroman-
ski and Hamilton, 1997). The use of substrate on
tank bottoms may be warranted for some batoids,
but is generally not recommended in quarantine
or holding tanks.

Less-desirable construction materials

Prior to the availability of FRP (or other similar
polymer materials) many tanks were constructed
from ferrous metals, including galvanized iron, etc.
Some of these tanks survive to this day, usually
in facilities with flow-through seawater supplies
that continuously dilute the toxic metals (e.g., zinc,
chromium, etc.) leached from the tank walls. With
the availability of modern, non-toxic construction
materials, metals of any kind should not be used
when constructing quarantine and holding tanks.

The construction of tanks using fiberglass wrapped
around a wooden skeleton and wooden sheeting is
not recommended. Although inexpensive, the wood
has a tendency to rot and the tank to fail structurally.
Rigid PVC foam (e.g., Divinycell, American Foam
Group, Chambers-burg, Pennsylvania, USA) is a
good alternative to wood, providing shape,
insulation, and impermeability.
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Pond liners, laid on top of open-earth excavations,
have been used successfully for open-air
elasmobranch exhibits (e.g., Discovery Cove,
Orlando, Florida, USA). However, this
construction technique is not recommended for
quarantine and isolation facilities.

BUILDING CONSTRUCTION

In addition to the tanks themselves, the choice of
construction materials has a tremendous bearing
on the building that houses the quarantine and
isolation facilities. Construction costs increase
with the use of non-corrosive materials, but as
the saying goes, you get what you pay for.
Although there are many brands of pre-
engineered, metal building systems available
(e.g., Butler Manufacturing Company, Kansas
City, Missouri, USA), offering both inexpensive
and easily-constructed enclosures, they require
additional insulation materials for climate control
and special coatings to prevent corrosion in the
salty environment. A superior method of
construction uses pre-cast concrete or cinder
block walls and wooden trusses for the roofing
system. This technique reduces the concerns of
insulation and corrosion, although such custom
designs are generally more expensive. Temporary
fabric buildings (e.g., canvas attached to a strong,
rigid frame, etc.) have been used for animal
holding facilities, but these have poor climate
control and an associated high energy cost to
operate.

The floor of the quarantine and holding building
should be designed and engineered to
accommodate the weight of the tanks, water, and
associated LSS equipment. Despite all efforts to
the contrary, water will leak and spill onto the
floor, so careful consideration should be given
to an extensive drainage system throughout the
building. Drains should be provided for both LSS
equipment (e.g., foam fractionator effluent, etc.)
and general work spaces, to contain spilled
water. Trench drains, although expensive, are
ideal for effectively draining large spaces. Drains
and piping should be constructed from PVC,
acrylo-nitrile butadiene styrene (ABS), or some
other saltwater-resistant material, and drains
should be fitted with screens to trap debris.
Concrete floors should be sloped toward floor
drains and coated with a saltwater-resistant
non-skid coating (e.g., Terralite, Marbelite Inter-
national Corp, Sarasota, Florida, USA; or Silikal,
Specialty Resin Systems, Waterbury, Connecticut,
USA).
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Construction specifications should be carefully
developed by designers so that inert, non-toxic
materials are always selected. Non-toxicity is
important not only for materials that will come into
direct contact with aquarium water (e.g., PVC
pipes, titanium plate heat exchangers, etc.), but
also materials that will be located anywhere near
the quarantine and holding tanks. There are too
many examples of tanks and LSSs built using
appropriate materials that are surrounded by
buildings and infrastructure made of potentially
toxic materials (e.g., PVC piping suspended over
a tank using FRP hangers, adjacent to an anti-
fire sprinkler system constructed of iron or copper
pipe and suspended over the tank using ferrous
hangers). The corrosion of inappropriate toxic
construction materials and their potential
introduction into system water should always be
avoided. Many excellent inert construction
materials are available, including PVC electrical
conduit (e.g., Carlon-Lamson and Sessions
Company, Cleveland, Ohio, USA) and FRP pipe
hangers and structural members (e.g., Aickinstrut-
Tyco International, Portsmouth, New Hampshire,
USA). For additional information about aquarium
construction materials refer to Garibaldi (1982),
and Hawkins and Lloyd (1981).

ACCESS

A quarantine and isolation facility must have
unimpeded access for the staff (and husbandry
equipment) to the tanks and the animals. It must
be possible for animals to be moved easily to any
part of the facility (e.g., from a community tank to
an isolation tank, etc.). Although it is tempting to
fill available space with additional tanks, ample
access must be provided for observation,
husbandry, cleaning, feeding, LSSs, etc.
(Garibaldi, 1982).

The quarantine and isolation facility should be
designed to provide clear and easy access for
the trucks, trailers, and boats (i.e., an adjacent
berth) used to transport animals from collection
sites. Loading bays should be adjacent to the
guarantine and holding tanks. Vehicle access can
be in the form of an internal driveway with doors
on either end of the building (especially useful in
extreme climates) and access for forklifts or an
overhead crane rail should be incorporated into
the building design. This equipment is especially
useful when handling large animals and heavy
transport tanks. Ample space should be available
between tanks for the movement of transport and
lifting equipment.
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All tanks must have windows enabling a clear view
of the animals. Windows need to be sufficiently
large and strategically located so that all parts of
the quarantine and isolation tanks can be seen.
It is imperative that sick or injured animals do not
go unnoticed. Acrylic is the most desirable
material for tank windows because it is optically
and structurally superior to glass, it can be
polished if scratched, and it can be readily made
into any shape, including curves for cylindrical
tanks.

Raised catwalks, around the perimeter of
quarantine and holding tanks, will provide access
for cleaning the tanks and feeding the animals.
The floor of the catwalk should be located 0.9 m
below the top of the tank and guard rails should
be fitted to the outside of the catwalk if it is higher
than 0.76 m above the base of the floor. Water
levels should be maintained at 0.15-0.30 m below
the top of the tank (species-dependent) to prevent
animals from escaping, but not so low that it
causes access problems for staff. Removable
anti-jump guards (e.g., plastic mesh stretched over
a PVC pipe frame) can be added to the tank
perimeter for additional security.

Similar to large elasmobranch exhibits, large
quarantine tanks should have an attached
acclimatization and isolation pool for husbandry
procedures. This pool should be able to
accommodate the largest anticipated species (as
per the criteria discussed above) and husbandry
staff should be able to enter and exit the pool
easily when burdened with husbandry equipment
(e.g., SCUBA, shark stretchers, etc.). The
acclimatization pool should be shallow (i.e., ~0.9
m) to allow the performance of husbandry
procedures. Itis particularly useful to have a false
floor, capable of withstanding the weight of both
sharks and husbandry personnel, which can be
raised clear of the water (as per marine mammal
husbandry and weighing apparati). It should be
possible to completely isolate the acclimatization
and isolation pool (using water-tight doors and
independent LSSs) from the adjacent quarantine
tank. This precaution will enable the true isolation
of animals for disease treatment and control, or
for the application of specialized environmental
parameters (e.g., alternative temperatures,
salinities, etc.). Sharks should be able to access
the isolation pool with ease (i.e., the pool should
have wide entrances, etc.) and the doors should
be strong and easy to operate rapidly. If a
separate acclimatization and isolation pool is not
available, staff may need to capture target animals
using surface-deployed nets (e.g., the moveable
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gantry and net system employed by SeaWorld’s
Shark Encounter, Orlando, USA), or by draining
the tank to workable water levels. In the latter
case, it may be desirable to have a system for
saving and re-using drained water, such as pre-
installed underground tanks, portable pillow-style
storage tanks (e.g., Interstate Products, Sarasota,
USA), pumping systems, etc.

OTHER CONSIDERATIONS
Husbandry support areas

The design of an elasmobranch quarantine and
isolation facility would not be complete without
the provision of a husbandry support area. This
area should include: (1) a fully-equipped food
preparation area with a walk-in freezer, high-
capacity refrigerator, and stainless steel sinks and
tables that meet National Sanitation Foundation
certification (or equivalent) for food safety (www1);
(2) a fully-equipped water quality laboratory; (3)
an office for animal record-keeping and fire-protected
file storage; (4) a necropsy room; (5) a dive locker
room with showers and equipment storage; and
(6) storage rooms for husbandry equipment and
seasonal collecting equipment. Provision should
be made for enclosed truck, trailer, and boat
storage areas, especially in colder climates. If the
guarantine and isolation facility is adjacent to the
exhibit building, some or all of these areas may
be shared.

Lighting

Natural lighting is ideal as it provides a natural
photoperiod and seasonal cues. Skylights can be
designed into most buildings and should be
considered, especially over tanks. Skylights are
a potential site for heating or cooling losses.
However, they can save on electrical consumption
for artificial lighting. Skylights should be
controllable, via louvers or shade cloth. Additional
work lighting will always be required.

An advantage of artificial lighting over natural
lighting is that it can be finely adjusted, controlled,
and manipulated for husbandry purposes (e.g.,
altering photoperiods to stimulate captive
breeding, etc.). Artificial light fixtures should be
designed to allow easy and safe access for lamp
replacement (e.g., movable lighting systems on
tracks, etc.). Artificial lighting should be designed
to simulate sunrise and sunset (so that animals
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are not startled), by slowly ramping illumination
up and down, and should be adjustable to
replicate season-dependent photoperiods.

There is no published literature on the spectral
lighting requirements of elasmobranchs and, with
the exception of some deeper-water species, they
seem to tolerate a broad range of lighting
wavelengths and intensities. Fluorescent,
incandescent, and metal vapor-arc lamps have
all been used successfully. Combinations of lamp
types can be used to address the slow warm-up
times of some lamps (e.g., the use of
incandescent or fluorescent lights, in lieu of metal
halide high-intensity discharge lamps). High-
intensity lighting is unnecessary, can lead to
excessive algae growth, and create maintenance
issues. For additional information on lighting see
Hawkins and Anthony (1981) and Spotte (1979).

Heating, ventilation, and air conditioning

Because water temperatures are normally
controlled independently by the heat exchanger
systems of the LSS, budget-driven designers
might be tempted to eliminate the air conditioning
of building air spaces. However, in most climates,
air conditioning (i.e., heating, cooling, and
importantly, dehumidification) will be required.
This precaution is especially valuable if tanks are
maintained at temperatures below ambient. Not
only will husbandry staff be safer, comfortable,
and more productive, it will save tremendous
wear-and-tear on the building and equipment from
condensation. In addition, dry areas must be
provided for record-keeping, necropsy, and labora-
tory areas.

Security

Security systems should be implemented to avoid
fire, theft, vandalism, etc. A perimeter fence
around the entire quarantine and isolation facility
is highly recommended. Electronic surveillance
systems are readily available and can be modified
to include simple LSS alarms (e.g., water flow
switches, water level switches, electrical power
status, etc.), as well as fire and burglar alarms.
Camera systems can be installed and monitored
remotely via the Internet. An emergency electricity
generator, with an automatic power transfer switch
and adequate fuel supply, is highly recommended,
especially in areas where power is frequently
interrupted by severe weather.
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Abstract:

Early attempts to keep elasmobranchs successfully were limited to small and

hardy species. A breakthrough occurred during the late 1970's when the energy-efficient
swimming pattern of pelagic elasmobranchs was recognized and exhibits were designed to
accommodate the requirements of these more delicate and demanding species. Sharks
and rays can be divided into four basic groups (i.e., benthic, semi-pelagic, pelagic non-
obligate ram ventilators, and pelagic obligate ram ventilators) each of which has specialized
husbandry requirements. The successful design of an elasmobranch exhibit should take
into account the specific needs of species considered for display, viewing opportunities,
safety for the visitor, and access requirements for husbandry and maintenance staff. The
design should ensure that animal exposure to electromagnetic fields is minimized, metallic
products are not used (if at all possible), sudden changes in lighting intensity are avoided,

and adequate facilities for specimen introduction and isolation are included.

THE RECENT HISTORY OF SHARK EXHIBITS

Prior to the late 1930’s, the successful display of
elasmobranchs was limited by small tank sizes and
was confined to small, benthic species of sharks
and rays, with the exception of nurse sharks
(Ginglymostoma cirratum) and sand tiger sharks
(Carcharias taurus). Taronga Zoo and Aquarium,
Sydney, Australia opened an aquarium complex in
1927 with three floors of small exhibits and one 20
m long x 15 m wide irregular-shaped shark pool.
The pool contained several sand tiger sharks and
other elasmobranch species including wobbegong
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sharks (Orectolobus spp.), Port Jackson sharks
(Heterodontus portusjacksoni), and several large
rays of the family Dasyatidae. One of the sand tiger
sharks was reported to live for three years and
another for over seven years (Whitley, 1940). After
1930 a number of small shark displays comprising
basic swimming pools were constructed in and
around Sydney. Captured sharks, mostly sand tiger
sharks, were introduced into these exhibits and
frequently swam around until they died. Jack
Evans’s Pet Porpoise Pool opened during the 1950’s
at Coolangatta, Queensland, Australia. This display
had a small shark pool with sand tiger, tiger
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(Galeocerdo cuvier), and zebra (Stegostoma
fasciatum) sharks, and a variety of shark species
from the family Carcharhinidae. Only the hardiest
of species survived for long in these basic exhibits.

The development of marine parks that had large
exhibits with underwater viewing marked the
beginning of a new era in the display of marine
animals, including elasmobranchs. In June 1938,
Marine Studios opened in St. Augustine, Florida,
USA. It was originally built as a facility for filming
sea creatures for the movie industry, but their
trained dolphins soon became a popular attraction
for visitors. Renamed Marineland, it became the
first true oceanarium and featured two large
exhibits, one for marine mammals and the other
for fishes, including sharks and rays. Marineland
of the Pacific in Los Angeles County, California,
USA, opened in 1954 following the overwhelming
success of Marineland, Florida. Like Marineland
of Florida its primary focus was marine mammals.
However, another feature was a large 30 m long
x 15 m wide oval tank containing an extensive
collection of temperate water fishes from
California and Mexico. It was open to sunlight,
and copper sulfate was used to control algae
growth and maintain water clarity. Two large-tooth
sawfishes (Pristis perotteti) were successfully
maintained in the exhibit, but pelagic shark
species fared less well.

Marineland of the Pacific’s popularity led to the
opening of Seaquarium in Miami, USA during 1955.
Seaquarium was the first organization to design a
major exhibit specifically for sharks. It consisted of
a circular channel (228 m outside diameter x 7.3 m
wide x 2 m deep) with viewing from above (Figure
5.1). Little was known about the physiological needs
of sharks and only the hardiest of species survived
for any length of time. The collection was primarily
limited to four species: lemon sharks (Negaprion
brevirostris), nurse sharks, bull sharks
(Carcharhinus leucas), and tiger sharks. To quote
William Gray (1960), Director of Collections at
Seaquarium: “...There are about 350 kinds of sharks
in the world, nearly fifty of which may be found off
the coast of Florida. Only a few of these types are
commonly met with, however, and fewer still will live
very long in captivity. On our twenty-five hooks we
could expect to find about six or eight sharks. Of
these, one or two would die on the way to the
Seaquarium or shortly after arrival, and at the end
of a month maybe two would still be alive. Because
of this high mortality rate, we have to go out hunting
about every six weeks if we wish to keep the
Seaquarium stocked with the usual fifty to one
hundred sharks...”. The high mortality rate of
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delicate shark species at Seaquarium and other
facilities was due to a combination of poor capture
and transportation methods, and the periodic use
of copper sulfate to control algae growth in exhibits
exposed to direct sunlight.

BossEp |
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Figure 5.1. Plan view of the Shark Channel exhibit (228
m outside diameter x 7.3 m wide x 2 m deep): Miami
Seaquarium, USA (Phillips, 1964).

The popularity and financial success of these
aquariums led to the construction of a number of
similar facilities in the USA and around the world.
These included Searama in Galveston, Texas, USA,
the Durban Aquarium, South Africa (both of which
successfully displayed bull sharks), and
Marineworld Africa-USA, San Francisco, USA. All
of these institutions built shark aquariums that were
circular or oval in shape and open to the sky.

In 1968, SeaWorld San Diego, California USA
designed a 15 m diameter saucer-shaped experi-
mental tank to investigate methods of keeping the
pelagic blue (Prionace glauca) and mako (lsurus
oxyrinchus) sharks (Figure 5.2). Much was learned
from this process including successful techniques
for collecting sharks, and the fact that a shallow
circular tank is a poor design for open ocean sharks;
forcing them to constantly turn in a circle and
ultimately become exhausted. Marineland opened
a similar saucer-shaped exhibit for blue sharks and
these specimens did poorly, suffering abrasions
from the tank walls and bottom.

In the 1970’s, the sensitivity of pelagic sharks to
poor water quality and toxic water treatments (e.qg.,
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copper sulfate, etc.) was recognized. To eliminate
the need for algaecides and minimize the effects of
seasonal changes on water quality, a number of new
shark exhibits were covered and artificially
illuminated. The Vancouver aquarium, Canada and
the New York Aquarium, USA both constructed
covered, environmentally controlled shark exhibits.

In 1976 Steinhart Aquarium, San Francisco, USA
opened the Fish Roundabout (20 m outside
diameter), modeled after the donut-shaped exhibit
at Shima Marineland, Japan, where viewers were
located within a “donut hole” surrounded by a circle
of schooling fishes, sharks, and rays (McCosker,
1999). Although not specifically designed for
elasmobranchs, this exhibit contained several
species of sharks and rays including, for periods of
a few days, great white sharks (Carcharodon
carcharias). The roundabout concept was further
developed at the National Aquarium in Baltimore,
USA when they opened a long, oval exhibit in 1981
(33.5mlong x 18.5 m wide, including the void inside
the oval raceway). The oval shape had the
physiological advantage of minimizing energy-
consuming turns.

A breakthrough in exhibit design for pelagic sharks
came during the late 1970’s with the discovery of
their energy-efficient pattern of straight, active
swimming followed by passive gliding (Klay, 1977).
The first exhibit design to incorporate this “swim-
glide” concept was SeaWorld San Diego’s
dumbbell-shaped Shark Encounter (30.5 m long
x 12.2 m wide) (Figure 5.3). This successful
design was later used in SeaWorld’s other parks.
The reef structure was low and the ends of the
tank were wide and unobstructed to give the
sharks an easy, relaxed turning radius. A traveling
gantry spanned the tank and allowed part of the
exhibit to be netted off so divers could service
the shark-free section in safety. It was a highly
successful exhibit both from the standpoint of
shark health and as a dramatic exhibition of the
animals and their behavior. A similar shape was
used in 1984 for the multi-species Monterey Bay
Habitats exhibit (27 m maximum horizontal
dimension) at the Monterey Bay Aquarium,
Monterey, USA. This exhibit included sharks,
teleosts, invertebrates, diving birds, and live algae
(Figure 5.4).
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Figure 5.2. Experimental saucer-shaped tank (15 m diameter) for pelagic sharks: SeaWorld, San Diego, USA

(Powell, 1968).
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Figure 5.3. Plan view of the Shark Encounter exhibit,
incorporating “dumbbell” shape designed to
accommodate the natural swim-glide behavior of pelagic
sharks: SeaWorld, San Diego, USA (Weihs et al., 1981).

The display of whale sharks (Rhincodon typus) from
1980 up to the present day has been the outstanding
achievement of the Okinawa Expo Aquarium, Japan.
The exhibit tank is not exceptionally large (27 m
long x 12 m wide x 3.5 m deep), nor was it designed
with whale sharks in mind, yet it has proven to be
successful for a wide variety of elasmobranchs. The
Okinawa Expo Aquarium opened a much larger
exhibit (7,500 m3 total volume), intended specifically
for whale sharks, during late 2002 (Figure 5.5).

CHOICE OF DISPLAY SPECIES

An aquarium containing elasmobranchs can have
a variety of educational goals. An anatomical
adaptation such as camouflage can be
demonstrated in an exhibit focusing on wobbegong
sharks. Taxonomic relationships, and behavioral
and anatomical differences between sharks, can be
shown in a dedicated “shark tank” containing a
variety of species. An entire habitat, such as a coral
reef or a kelp forest, can show how elasmobranchs
are a small part of the broad spectrum of
representative organisms that make up complex
ecosystems. Elasmobranch development can be
graphically demonstrated using exhibits of living
eggs, embryos, and hatchlings.

indows
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Figure 5.4. Plan view of the Monterey Habitats exhibit,
incorporating the modified “dumbbell” shape: Monterey
Bay Aquarium, Monterey, USA.

Ideally, the exhibit design process begins with the
selection of a species list, including all species that
one might possibly acquire in the future. Regardless
of the primary goal of an exhibit the first criterion in
its design is to satisfy the needs of the animals,
including species with the most stringent
requirements. This criterion, of course, applies not
just to elasmobranchs, but to all taxa. Although most
new exhibits start out with juvenile or sub-adult
elasmobranchs, the design of the exhibit must be
suitable for the size that specimens will ultimately
reach. If it is known that a shark or ray could
eventually become too large for an exhibit then
provisions should be made either for its release to
a suitable environment, if that is possible, or for
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Figure 5.5. The Whale Shark exhibit (7,500 m? total
volume) incorporating the world’s largest acrylic window
(22.5 m long x 8.2 m high x 0.6 m thick): Okinawa Expo
Aquarium, Japan.

transfer to a larger facility. In the past there have
been too many cases of public aguariums and
hobbyists attempting to keep sharks that outgrew
their exhibits. The ultimate goal public aquariums
should strive to attain is to provide adequate space
and conditions for the successful reproduction of
the elasmobranchs in their care.

ELASMOBRANCH LIFESTYLES AND
EXHIBIT FORM

Elasmobranchs come in a wide variety of sizes,
body plans, and life-styles. These factors must be
carefully considered during exhibit design as they
will influence the suitability of a display for specific
species and hence their chances of survival. Table
5.1 presents four basic groups of sharks and rays,
showing representative species. Each group has
been organized by the unique requirements of their
anatomy, physiology, and behavior.

Benthic

For small, reef-dwelling, benthic sharks one can
simulate a natural environment by incorporating real
or artificial rock, and compatible fishes,
invertebrates, and algae, and not compromise the
physiological needs of the sharks. For some sharks
(e.g., the whitetip reef shark, Triaenodon obesus)
one can create an overhanging ledge adjacent to a
window where they will be in full view, exhibiting
their characteristic and natural “resting” behavior.

Benthic rays and angel sharks (Squatina spp.)
require ample areas of sand for resting. Such areas
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should be located adjacent to windows to optimize
viewing of these cryptic species. Many species
thrive when they are able to periodically bury
themselves. Suitable substrate depths and grain
sizes should be researched and incorporated into
the exhibit.

Although benthic sharks spend a great deal of time
resting on the bottom, care must be taken in the
design of the reef structure to allow them ample
room for when they are up and swimming. Narrow,
dead-end, cul-de-sacs may trap or restrict a large
animal or cause it to have difficulty turning around.
This design flaw could result in damage to the
animals or to the rockwork and corals.

Semi-pelagic

Although rocks and reef structures are appropriate
for semi-pelagic species such as lemon sharks and
tope (Galeorhinus galeus), they must also be
provided with open, sandy areas for “resting”
periods. These sharks must have adequate space
to easily resume swimming without being confined
by the close proximity of rockwork.

Care must be taken to provide ample water
circulation to those areas where sharks may rest
on the bottom. Non-swimming sharks need to
actively respire and it is important to maintain an
adequate oxygen concentration in all areas of the
exhibit. In a multi-species exhibit containing both
predators and prey, the habitat can be designed to
include areas that physically exclude larger
predators thereby providing a safe haven for
potential prey species.

Pelagic (non-obligate ram ventilators)

The sand tiger shark will swallow air at the water
surface and store it in its stomach to approximate
neutral buoyancy (Hussain, 1989). This behavior
allows the shark to hang almost motionless in the
gentle currents that sweep the rocky gutters of their
preferred natural habitat. Sand tiger sharks are able
to actively ventilate but can be observed ram
ventilating. A suitable exhibit for this species would
include a gentle current and long stretches of open
sandy areas, between rocky outcrops.

Pelagic (obligate ram ventilators)

Obligate ram ventilators have evolved in a world
with few, if any, physical obstructions. For this
reason they need considerably more open space
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CHAPTER 5: DEsSIGN AND CONSTRUCTION OF EXHIBITS

than benthic or semi-pelagic species and more
attention needs to be given to the design of their
exhibit. Although ram ventilators need to swim
continuously, space requirements vary
considerably for each species. For example, the
blacktip reef (Carcharhinus melanopterus) and
bull sharks both inhabit inshore waters with
natural obstructions, and as long as there is
sufficient space for these sharks to turn and
reverse direction they survive well in an exhibit
with some rockwork structures. At the opposite
extreme are the truly pelagic blue and mako
sharks which to date have not adapted to life in
aquariums—even aquariums without physical
obstructions (i.e., aside from the walls and
windows). It is a general rule that bigger is better
for pelagic sharks but a compromise always
needs to be found between exhibit size and
budget. The requirements for pelagic rays such
as Manta spp. and Mobula spp. should be treated
in a similar manner (i.e., ample open space with
minimal obstructions).

In any exhibit designed for obligate ram ventilators
it is wise to leave most of the upper portion of the
exhibit open and unobstructed. This gives the sharks
a choice of where to swim. At times the sharks may
choose to maneuver close to the rocky or coral reef,
and at other times cruise the open water above. An
artificial reef can be designed to give the sharks
several possible swimming routes. Subtle intra- and
inter-specific interactions can occur between sharks,
and giving the collection multiple swimming routes
helps minimize social stress. Alarge, open area may
be especially important for courtship and mating,
although to date there is little data to indicate how
much space is required by each species.

Considerations for all species

Underwater structures within the tank need to be
carefully evaluated from the standpoint of potential
interference with swimming patterns. The placement
of objects slightly above the water should be
carefully examined. Overhanging ledges, ladders,
light fixtures, and pipes need to be located well
above the height that the dorsal fin or wingtip of a
specimen may extend out of the exhibit.

Care should be taken during the initial design of an
exhibit to consider the requirements of species that
an aquarium might obtain at some time in the future.
There are many examples of exhibits that were
designed with little or no thought for the needs of
species that were later displayed. For example,
problems developed in a display at Atlantis,
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Bahamas when a growing tiger shark began to
scrape its dorsal fin on an overhanging walkway
located close to the exhibit water surface. Similarly,
the design of the Ruins Lagoon at Atlantis did not
anticipate the later acquisition of a giant manta
(Manta birostris). As the giant manta grew it began
abrading its wingtips on the exhibit décor when
passing through confined parts of the exhibit. The
Kaiyukan Aquarium, Osaka, Japan was designed
with little or no consideration for the spatial
requirements of the whale sharks that were later
added to its main display. As the whale sharks grew
it became clear that the exhibit was of insufficient
dimensions, resulting in the death of the first animal
and the eventual release of subsequent specimens.

DESIGNING THE ELASMOBRANCH EXHIBIT

There is practically an unlimited number and variety
of options available for the design of elasmobranch
exhibits. It is paramount that as the design process
evolves, the requirements of the visitor, animals, and
staff who will work on the exhibit be kept firmly in
mind. The designer must approach the process
through the eyes of the visitor. What is it you want
the visitor to see and experience as he or she
approaches each view into the exhibit? However,
the requirements of the animals cannot be ignored.
Enthusiasm for a particularly exciting design can
easily cause planners to overlook other needs.
While husbandry staff, designers, engineers, and
marketing personnel all need to participate in the
development of an exhibit, the husbandry staff must
check each version of the plans to make sure it
remains fully compatible with the needs of the
animals.

Elasmobranch exhibits have steadily improved over
the decades, primarily through a process of trial and
error. It is therefore critical that exhibit designers
take advantage of the experience of others. Visit
other facilities and ask the husbandry staff what has
worked and what has not. Is the exhibit effective for
the public? Is animal health good and survivability
high? Have elasmobranchs reproduced in the
exhibit? Such research will result in a far superior
exhibit.

There are a number of features that can be
incorporated into an aquarium design regardless of
the species to be displayed. If the primary focus is
an entire ecosystem, a large floor-to-ceiling viewing
panel could be the most effective way to visually
immerse the viewer in the exhibit and get the
educational message across. On the other hand, if
the exhibit is to show a wide variety of species and
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individuals, as well as several sub-habitats, it may
be best to highlight each of these features by
designing a number of different viewing
experiences. This goal can be achieved by creating
variety and complexity in the environment within the
tank, and by including a variety of viewing window
shapes, sizes, and placements. Tall, low, curved,
irregularly shaped, or hemispherical windows can
all be used to achieve specific visual effects.
Maximum impact and interest will be achieved by
carefully planning the view a visitor will see from
each type of window.

Examples of possible effects and design features
that can be considered include the following:

1. Unexpected views create an element of
surprise. For example, an unexciting corridor
followed by a corner that suddenly reveals a
striking view of the exhibit and animals. This
effect was successfully used at SeaWorld San
Diego’s Shark Encounter. Another surprising
effectis to have a shark suddenly appearing on
the left, swimming across the window at eye
level, and disappearing on the right.

Familiar subjects can sometimes be presented
in an innovative way. For example, rays can be
viewed directly from below (e.g., Ripley’s
Aquarium of the Smokies, Gatlinburg, USA) or
directly from above through walkover glass floor
panels (e.g., Colorado’s Ocean Journey,
Denver, USA).

A single exhibit window strategically positioned
so a glimpse of it can be seen from a distance
is an effective means of moving people in a
desired direction. This technique was used
effectively in The Dig exhibit at Atlantis.

Use window angles to direct visitor views
towards or away from features in the exhibit.
Monterey Bay Aquarium’s Outer Bay exhibit
features a window whose upper part slopes
towards and over the heads of viewers, focusing
their attention upwards and making the bottom
inconspicuous or disappear. Conversely, by
tilting the head of a window away from the
viewer, it is possible to direct attention on what
is below and away from the surface.

Coordinate known behavior of animals with
window placement and tank environment to
orchestrate the viewer’'s experience. For
example, it is possible to have a shark or ray
swim directly toward the visitor and then turn
away at the last moment. Careful placement of
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acrylic tunnels and half-tunnels can give the
viewer a feeling of being inside an exhibit, with
sharks directed to swim over or under the visitor.

Take advantage of the angle of light refraction
through air, acrylic, and water to make drains,
pipes, surface skimmers, and other windows
invisible to the viewer. It is important to ensure
these objects are located within the 45° critical
angle (from the plane of the window) so that
they disappear from view. Successful aquarium
exhibits are like theatre, and obvious drains,
pipes, surface skimmers, etc. will detract from
the intended experience for the viewer.

It is possible to create the illusion of vastness
by focusing lights on foreground features, by
using appropriate colors for the floors and
distant walls, and by strategic placement of reef
edges to conceal the far wall. The South Pacific
exhibit at the Point Defiance Zoo and Aquarium,
Tacoma, USA is a good example of this type of
design and lighting regime (Figures 5.6 and 5.7).
SeaWorld San Diego’s Shark Encounter
successfully minimized the visibility of a darkly
painted back wall by directing lighting to the
foreground of the exhibit.

Public access to an open shark exhibit should
be carefully controlled if it contains animals that
could mistake a visitor’s fingers for food.

Prior to final approval of the exhibit design a scale
model of the tank should be constructed, complete
with viewing windows and simulated habitat. The
model should be filled with water, and then studied
and photographed from each viewing window.

Growth and development exhibits

An exhibit of developing elasmobranch embryos,
along with some newly hatched juveniles, makes
an eye-catching and informative exhibit.
Depending on species and water temperature,
elasmobranch embryos can remain within their egg
case for 6-24 months before hatching. Highly
effective exhibits have been created at the Monterey
Bay Aquarium by backlighting the semi-
transparent egg cases of the swellshark
(Cephaloscyllium ventriosum). The big skate
(Raja binoculata) produces a large, 20-30 cm egg
case containing three to seven embryos. A striking
exhibit of their eight-month development was
created at the Monterey Bay Aquarium by cutting
away a section of the egg case and carefully
attaching a clear acrylic window with cyanoacrylate
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Figure 5.6. Plan view of the South Pacific Ocean exhibit, an innovative design with well-illuminated reefs and sandy
flats in the foreground promoting the illusion of limitless water beyond: Point Defiance Zoo and Aquarium, Tacoma,
Washington, USA.
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Figure 5.7. Elevation view of the South Pacific Ocean exhibit showing the reef drop-off that helps create the illusion
of limitless water beyond: Point Defiance Zoo and Aquarium, Tacoma, Washington, USA.
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glue (e.g., Zap CA, Recon Products Corporation,
USA). Other elasmobranch species produce egg
cases suitable for such exhibit techniques (West and
Carter, 1990; Croft, 1997).

Interactive exhibits

Interactive elasmobranch exhibits are becoming
increasingly popular. Most concerns associated with
these exhibits are husbandry related, but a few other
design considerations need to be addressed. The
size of interactive elasmobranch exhibits needs to
be matched to an accurate projection of visitor use,
with ample space provided for the animals, visitors,
and husbandry staff. Agood example of a successful
interactive exhibit is Discovery Cove of SeaWorld
Orlando, USA.

Interactive exhibits that involve visitors wading,
snorkeling, or scuba diving with the animals should
have safe entries and exits—a sloping sandy beach
has proven to be successful. Adequate changing
rooms, showers, dive equipment sanitation facilities,
and medical care staff should all be provided. It is
important to ensure that hygiene protocols and water
treatment systems are designed to minimize toxic
chemicals that may be introduced by the visitor (e.g.,
sunscreen, etc.), and conversely, to protect the visitor
from microbiological contaminants in the water.

For outdoor pools it is important to install a sufficient
number of surface skimmers, in appropriate
locations, to handle surface debris blown in by the
vagaries of the wind. The pool perimeter needs to
be protected from dirt, fertilizer, and pesticide runoff
from surrounding landscaping and walkways.

MATERIALS AND CONSTRUCTION
TECHNIQUES

Construction of the tank

Concrete is highly resistant to compression stress,
but when not supported it lacks tensile strength
and is susceptible to shear stress. This problem
is normally overcome by imbedding a network of
steel wire or bars inside the concrete, referred to
as reinforcing bar or “re-bar”. Reinforcing bar is
normally placed near the outer skin of the
supportive structure to more effectively withstand
applied loads. In general, up to 4% (by volume)
of steel reinforcing bar can be added to a concrete
structure to improve its structural integrity. The
use of ferrous materials in the construction of a
structure to hold water immediately presents the
risk of corrosion. Under normal circumstances,
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steel reinforcing bar is corrosion-passivated by
the high alkalinity of the surrounding concrete.
However, any breach in the integrity of the
concrete (e.g., micro-fractures, misaligned
sutures or cold joints, unformed or dissolved
aggregate matrices, etc.) will increase concrete
permeability and allow the intrusion of corrosive
agents such as chloride ions (CI-) (Hawkins and
Lloyd, 1981). Should the concentration of chloride
ions adjacent to reinforcing bar increase from
0.15% (recommended for new concrete) to 0.40%
(by weight), corrosion will be accelerated by a
process known as the Lorenz reaction
(Christiansen and Yglesias, 1993). If concrete
permeability increases to the point where both raw
seawater and oxygen contact the reinforcing bar,
a corrosive electro-chemical cell will be
established between the exposed steel and the
deeper passivated metal causing it to rapidly rust.
As reinforcing bar rusts, the overlaying concrete
becomes stained and then eventually splits as the
increasing volume of ferrous oxide forces the
concrete apart—a process known as spalling.
Eventually, the corrosive process becomes self-
perpetuating. Water is drawn between the
reinforcing and the concrete by capillary action,
and continues to corrode the steel and “explode”
the concrete. The reinforcing bar is subsequently
exposed to more water and oxygen which drives
the corrosion reaction forward (Hawkins and
Lloyd, 1981).

Aside from the obvious aesthetic problems of red
oxide stains appearing on the walls of the aquarium,
and colloids floating in the water, the ramifications
of reinforcing bar corrosion are far-reaching. If left
untreated, the destruction of the aquarium structure
by spalling will eventually require extensive repair.
Unfortunately, this process frequently demands the
closure of a facility and an associated loss in time,
resources, revenue, and public image. In many
cases there is no way to adequately repair concrete
tanks without first removing the animals. Aquariums
rarely have off-exhibit holding facilities capable of
accommodating even a small percentage of the
animals in their major exhibits. Many sharks grow
to a large size and their removal from exhibition and
confinement in temporary holding, in order to
perform tank repairs, can result in the loss of
valuable specimens. It is therefore extremely
important to construct the tank correctly at the
outset, following the highest standards for marine
aquariums.

It is possible to inhibit the initiation and progress of
reinforcing bar corrosion in marine aquariums, by
adopting the following practices:
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Use of non-metallic reinforcing material (e.qg.,
carbon fiber, glass fiber, polymer rods, Kevlar,
etc.). Be aware that these materials can
sometimes lack the required strength and can
be prohibitively expensive. As such, the use of
these materials in aquariums is generally limited
to specialized applications.

Protection of steel reinforcing bar by coating with
an epoxy resin or similar compound.

Protection of steel reinforcing bar by burying it
deeper within the concrete structure. A layer of
at least 75 mm of high density concrete must
lie between the reinforcing bar and the surface.
Some aquariums have purportedly used
concrete skins as thick as 100 mm. It is
important that a low shrinkage index is specified
to minimize cracking.

Use of high density concrete. The water to
cement ratio should never exceed 0.5 (by
weight). The amount of cement within the mix
should not be less than 350 kg m=3. This
precaution ensures the availability of adequate
binder to help fill any voids between the
aggregates and facilitates the formation of a
tight matrix. This process will be enhanced by
the use of fine additives (e.g., Fly ash type F).

Careful construction techniques. Vibration of the
concrete during pouring will produce
homogeneous slurry that is free of voids. Care
must be taken to ensure that fine aggregates
are not lost out of the formwork. Finally, if at all
possible, the concrete should be poured in a
single operation to avoid misaligned sutures or
cold joints.

Employ a qualified, client-paid inspector to
monitor every step of concrete fabrication (i.e.,
form design and construction, reinforcing
installation, and concrete pouring, curing, and
waterproofing).

Waterproofing

The final defense against reinforcing corrosion and
leakages is the use of an impermeable membrane
or “waterproofing”. Epoxy resins, polyester resins,
butyl-rubber composites, multi-layer polymers,
granulated desiccants, plastic liners, and other
assorted membranes have all been employed in
aquariums with varying degrees of success. Only
through the use of a completely impermeable
membrane, can we rest in the knowledge that the
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integrity of the aquarium structure will remain intact.
Plastic liners such as those used in aquaculture
facilities should only be considered if the entire liner
is accessible should repairs become necessary. A
plastic liner located beneath large, artificial rockwork
structures should be avoided at all costs.

Construction of the habitat

One of the first design considerations, following the
selection of exhibit inhabitants, is the decision to
use living or simulated décor. The obvious appeal
of living coral or living kelp must be weighed against
their availability, water quality requirements, and
difficulty of culture.

The goal of most modern aquariums is to present a
realistic environment to the viewing public. The
ultimate realization of this philosophy is the creation
of a totally living habitat. Such exhibits may take
years to mature, an option not open to new
aquariums. There is, however, a way to gradually
convert artificial kelp and coral exhibits to natural
living habitats if plans are made during the design
process. The reef environment is created using
realistic, removable artificial corals or plants. Lighting,
water movement devices, and water treatment
systems should be designed at the outset to meet
the needs of the fishes as well as the developing
living corals or kelp. During construction an off-exhibit
coral culture facility is built where corals can be
grown under the same light and water flow conditions
that will exist in the main exhibit. As the corals
become large enough for display the artificial corals
are gradually replaced with their live counterparts. It
takes time, patience, and diligent husbandry, but the
end result is far superior to an artificial environment.
Living exhibits represent an ideal opportunity to
communicate the complexity and interrelationships
of the many inhabitants of intricate ecosystems.

Whether live or artificial décor is used, plants or
corals must be attached to a solid substrate base.
Common materials for the substrate include solid
concrete, hollow concrete, and GFRC (glass fiber
reinforced concrete) or FRP (glass fiber reinforced
polymer resin) panels.

Solid concrete rockwork

Solid concrete rockwork makes up the bulk of
underwater rock in most large elasmobranch
displays. This rockwork consists of a base of hollow
concrete blocks, a PVC (poly-vinyl chloride) armature
framework and plastic netting, and a solid fill of
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Figure 5.8. Construction of artificial rockwork armature
using PVC piping, prior to attachment of plastic mesh:
Oceanario de Lisboa, Lisbon, Portugal (Photograph
courtesy of the David L. Manwarren Corp.).

concrete. This relatively simple, solid structure
prevents the formation of stagnant water pockets
between the rockwork and the tank wall or floor.
The concrete blocks are laid out on the tank floor to
form an outline of the rock footprint. These blocks
have 30-cm-long studs of two centimeter diameter
PVC pipe protruding from them. A PVC pipe
framework is shaped, using heat guns, and
assembled and attached to the studs making up
the overall rock shape. All piping is connected and
secured with glued PVC fittings or plastic cable ties.
The finished piping framework is then covered with
a polypropylene plastic netting (e.g., Naltex®, Delstar
Technologies Incorporated, USA) secured with
cable ties (Figure 5.8). A one-centimeter layer of
cement is then sprayed over the framework and
netting which creates a sturdy shell. The entire rock
framework is then filled with concrete in stages, at
a rate of about half a meter per day. When filling is
complete, a 10-20 cm layer of concrete is sprayed
over the entire structure. At this point, the surface
of the rockwork can be textured by hand to resemble
true rock. Texturing can be achieved by the
application of latex molds taken from real rock in
situ.

Once set, the alkaline character of new concrete
needs to be neutralized with a weak acid. This curing
process is especially important in closed or semi-
closed systems where leaching may modify the pH
of the system and affect the health of the animals
and plants. Following construction, the exhibit
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should be filled with water and then muriatic acid or
HCIl added to lower the pH to 4.0. Filling the exhibit
with freshwater is preferred as it has a lower
buffering capacity and less acid will be required. The
pH should be tested daily and as it rises, more acid
should be added to bring it back down to 4.0. The
leaching process can be considered sufficiently
complete when the pH no longer increases. The tank
can now be drained and the rockwork thoroughly
pressure-washed to remove any loose surface
debris.

Hollow concrete rockwork

A drawback to solid concrete rockwork is the weight.
While not as strong, hollow concrete rockwork is
considerably lighter and is desirable where the total
weight of an exhibit may present a structural
problem. Overhanging ledges and arches can be
structurally supported by means of FRP I-beams or
20 cm diameter PVC pipes filled with concrete. While
similar in construction to solid concrete rockwork,
hollow concrete rockwork needs to be at least 10-
20 cm thick, over the PVC and mesh armature, to
ensure proper long-term strength. Wet concrete is
added to the framework in layers and a permanent
solid shell is formed. The final layer can be textured
to resemble real rock.

Fiber-reinforced rockwork panels

FRP and GFRC rockwork panels are often used
when the weight of solid concrete presents a
structural problem. Although they can be fabricated
in-house, custom made panels are available from
exhibit supply companies. Both types of panels can
have artificial coral or plants attached to them. FRP
simulated rock panels have the advantage of being
quite light in weight. Often referred to as tank
“inserts,” these plastic panel sections have become
common for backdrop and base rock in small- to
medium-sized aquarium displays.

GFRC panels can be used to provide a quick finish
layer over solid concrete structures, avoiding
detailed sculpting or embossing with latex hand
molds. These panels are normally less than seven
centimeters thick and can be formed off-site and
transported to the exhibit, an important consideration
when construction time inside the display is limited.
GFRC panels are often used where the strength of
reinforced concrete is needed to support the weight
of diver entry platforms, caves, and overhanging
ledges. These panels are heavier than FRP but
can support considerable weight. It is especially
important that no steel wire or mesh be used in the
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manufacture of underwater GFRC panels. A
disadvantage of GFRC panels is their higher cost
when compared to either solid or hollow concrete
rockwork. Another disadvantage of using GFRC
and FRP is the potential for water stagnation in
“pockets” between the panels and the tank walls
or floor. In these cases it is necessary to include
ventilation screens and supply inlets to introduce
oxygenated water into the spaces behind the
panels.

Artificial decoration

Acid stains may be used to create dark areas in
rock cavities and crevices. However, some acid
stains may contain metals that are toxic to marine
life (e.g., chromium). Most artificial corals
produced for attachment to prefabricated panels
and solid concrete structures are cast from
polyurethane. The more recently developed
urethanes allow for the fabrication of flexible stony
corals, soft corals, sea fans, and gorgonians.
These durable pieces resist collision breakage
from large sharks or clumsy divers, and their
flexibility adds to the realism of an exhibit if placed
in areas of strong current or surge. Plastic corals
are usually attached to rockwork with plastic pegs.
By casting plastic all-thread pegs in the coral
piece during manufacture a secure mounting
device can be achieved. Plastic corals are
attached by drilling into the concrete with
pneumatic drills and filling the holes with epoxy
to hold the mounting pegs. If removable coral
pieces are to be used in the exhibit, effective
mounting pegs can be made using rods of PVC
or other plastic material. This process is then
followed by the application of acrylic paints to
create simulated coralline algae, sponges, and
tunicates. Following a thorough rinse, live corals
may be attached with underwater epoxy.

OTHER IMPORTANT CONSIDERATIONS

Electro-magnetic fields

Located around the front of a shark’s head are
bio-electrical sensors known as the ampullae of
Lorenzini. These sensory pores detect extremely
faint electric fields (i.e., an electrical potential as
weak as 0.01 pV) produced by other living
creatures and generated by the earth’s magnetic
field (Kalmijn, 2000). Electro-sensitivity performs
a valuable function for sharks and rays in the wild,
but it can become a problem in the artificial
environment of an aquarium. The ampullae will
detect a wide variety of electric fields that may be
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present in an aquarium but remain unknown to
husbandry staff. These extraneous electric fields
may interfere with the normal sensory system of
the elasmobranch and affect their natural
behavior.

Possible sources of electric fields include:
1. Electrolysis between dissimilar metals within
the tank (e.qg., sacrificial or impressed current

anodes installed to protect metal filters, etc.
from electrolysis).

Electrolysis produced by the corrosion of
reinforcing steel or wire ties within the
concrete tank structure.

Electrical equipment (e.g., pumps, etc.)
located adjacent to the tank.

High amperage electric panels located near
the tank.

Electrical conduit, cables, or light fixtures
mounted in or on the outside wall of the tank.

Although it is known that sharks and rays will
detect a variety of electric fields within an
aquarium, it is not known quantitatively how they
affect the animals (McCosker, 1999). In many
cases animals acclimatize to a wide range of
continuous stimuli (e.g., light, sound, etc.) and it
is likely that elasmobranchs would adjust to
constant electric fields (Kalmijn, pers. com.).
However, it is prudent to eliminate or minimize all
sources of electrical interference during the
design and construction of a new aquarium.
Eliminating electric fields is especially important
if behavioral studies are planned. With these
concerns in mind, Kalmijn (pers. com.) suggested
the following design criteria prior to the
construction of the Outer Bay exhibit at the
Monterey Bay Aquarium:

1. Keep all electrical panels and pumps as far
away from the tank as possible.

2. Avoid all forms of metal within the tank.

3. Keep all non-essential electrical conduits
away from the outside wall of the tank.

4. |Ifilluminated graphic panels must be attached

to the outside wall of the tank, the wires should
be tightly twisted within the plastic conduit.
Twisting the wires cancels out the electro-
magnetic field generated around the wires.
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5. Avoid all underwater light fixtures and
electrical cables.

6. ldeally, all reinforcing steel should be in electrical
contact (i.e., welded together) and grounded
prior to the pouring of structural concrete.

Lighting

Elasmobranchs seem to have no special
requirements with regard to the spectral quality of
light. Most sharks, with the exception of some deep-
sea species, (e.g., the bluntnose sixgill shark,
Hexanchus griseus, and the filetail catshark,
Parmaturus xaniurus) appear to accept a broad
range of light intensity. In the mornings and evenings
lighting intensity should be increased and decreased
through a series of stages to simulate dawn and
dusk. Sudden changes in intensity from full
illumination to total darkness or vice versa should
be avoided as it will startle specimens.

A low intensity night-light should be installed above
multi-species exhibits as this will help reduce
nocturnal predation of teleosts or other sharks by
larger sharks. This light should have an emergency
power supply to prevent complete darkness during
power interruptions.

Water inlets and outlets

Adequate overall water exchange must be sustained
to ensure suitable water quality in all parts of an
exhibit. Water inlets and outlets should be positioned
to maximize the efficiency of water treatment
systems and yet not conflict with the behavior of
the animals. It is possible to optimize the display of
benthic sharks (e.g., nurse sharks, etc.) by placing
a controllable, concealed water inlet in a cave or
beneath an overhanging ledge adjacent to a window
whose height provides eye-to-eye viewing. The flow
of water will induce sharks to use these areas, in
full view of the public. Surface skimmers and bottom
drains need to be well screened and large enough
to prevent the trapping of rays.

Introduction and isolation pools

Any exhibit that displays large elasmobranchs
should ideally have an introduction pool attached
to the tank. This pool allows for the safe introduction
and removal of sharks and can be used for the
temporary isolation of pregnant, newborn, or injured
animals. Usually this pool is open to the main exhibit
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but separated by a mesh gate when in use. However
for medical treatments requiring the use of
chemicals, the gate should be watertight and the
pool plumbed to allow for variable water depth.
Some additional suggested design criteria for the
introduction and isolation pool include:

1. Pooldimensions should be three times the total
length (TL) of the largest specimen held and at
least 3 mlong x 3 m wide (10 m long x 3 m wide
for sand tiger sharks and Carcharhinidae).

Pool water depth should be 0.5-1.0 m to allow
a safe working level for staff and sufficient water
for swimming sharks.

The pool should have curved or 45° angle (to
the plane of the wall) corners to accommodate
shark swimming patterns.

Service areas

Some suggested design criteria for exhibit service
areas include:

Steps inside the tank around the perimeter and
recessed into the wall for quick entry and exit
of staff.

A minimum workspace of one meter around the
outside of the pool, with one side adjacent to
an open service deck and the exterior of the
building (Note: regulations in the USA require a
minimum of 1.22 m workspace around a pool
unless railings are included).

Facilities for the application of medicated baths,
with appropriate space, drainage, etc.

An overhead crane rail stretching from truck
access outside the building to an area above
the exhibit and/or introduction pool. (The
overhead rail will facilitate the addition and
removal of larger animals—allow ample
clearance from the bottom of the overhead rail
to the deck and pool edge to accommodate
animal containers and support cables.)

Ceiling height that is sufficient to allow for
handling of long pole nets, etc. (For exhibits
displaying large animals the roof may need to
open to allow specimen removal by means of a
large crane or helicopter.)

A gantry spanning the exhibit for deploying a
net to isolate sharks in one part of the exhibit.
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(This process eases exhibit cleaning and
servicing, and facilitates specimen capture.)

7. Minimizing noise from pumps and blowers so
that effective communication in the service
area is possible during net deployment,
maintenance, etc.

8. Removable safety railings in the exhibit service

area, facilitating net deployment, moving
animals, etc.
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Abstract: High water quality and effective water treatment are an essential part of any
successful husbandry program for elasmobranchs. Water sources, salt constituents, and
contaminants can all contribute to problems encountered during the mixing of artificial
seawaters, preparation of natural seawater, system start-up for elasmobranch LSSs, and
daily LSS operation. Critical water quality concerns such as dissolved oxygen concentrations
and gas supersaturation must be understood so that potential disasters are considered
and prevented during LSS design. LSS objectives such as particulate removal, dissolved
organic removal, biological filtration, chemical filtration, and sterilization are essential for
optimum water quality and a variety of system designs accommodate these demands.
Rapid sand filters, foam fractionators, algal turf scrubbers, biological filters, ozone contact
systems, and degassing systems possess overlapping attributes, and various combinations
of these LSS elements will achieve effective water treatment. While system designers
frequently disagree about how these elements should be arranged, and which elements
provide the best result, all concur that effective systems should provide acceptable water
clarity, biological filtration, removal of dissolved organics, minimization of bacterial
pathogens, and effective gas balance.

High water quality and effective water treatment
techniques are an essential part of any
successful husbandry program for elasmo-
branchs. If water quality is high many possible
husbandry challenges are eased. It is therefore
incumbent upon elasmobranch husbandry
personnel to strive for optimal water conditions.

WATER QUALITY

Water quality parameters for elasmobranch
systems do not differ significantly from those
considered desirable for bony fishes.
Maintaining water quality parameters for
elasmobranchs is generally more challenging
because large volumes of water must be
processed. With notable exceptions, cartilag-
inous fishes are sensitive to therapeutic copper,

This chapter has been divided into three sections.
The first section reviews general water quality issues

as they pertain to elasmobranchs. The second
section gives an overview of generic LSS (life support
system) components. The third section describes
different LSS philosophies used for elasmobranch
exhibits resulting in diverse arrangements of the
components described in section two.
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organophosphates, and low salinity. A thorough
review of general water quality issues can be
found in Spotte (1992). Suggested water quality
parameter limits for elasmobranch exhibits
have been summarized in Table 6.1.
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Table 6.1.

Recommended basic water parameter limits for
elasmobranch exhibits. Where possible water parameters,
particular temperature, should be restricted to natural ranges
encountered by wild conspecifics. Major elements (i.e., Na, Cl, Mg,
K, SO,, and Ca) should be maintained at levels +15% of natural
values. The ORP range given is suitable if other parameters that
affect ORP (e.g., total residual oxidants, ozone concentrations,
etc.) are within safe limits. The value quoted for nitrate should be
considered an operational goal rather than an absolute.

in

Parameter Range Units
Salinity 25.0-35.0 g I* (ppt)
pH 8.0-8.4

DO (dissolved oxygen) 85-98 % saturation
Turbidity <0.15 NTU
ORP 250-380 mV
Ammonia, unionized (at 10°C) <0.1 mg I
Ammonia, unionized (at 17°C) <0.2 mg I'*
Ammonia, unionized (at 28°C) <0.3 mg I'*
Nitrites <0.1 mg I
Nitrate (as nitrate nitrogen) <70.0 mg I
Total coliform <1000 ufc 100 ml™
Copper <0.01 mg I'*
zZinc <0.01 mg I'*
Nickel <0.01 mg I
Iron <0.03 mg I

Temperature

The water quality parameters of an animal’s
natural habitat should be used to determine
temperature limits for a display. Typically, non-
biologist exhibit designers create specimen “wish
lists” based on physical appearances rather than
water quality and husbandry requirements. It is
unwise to mix animals having a purely temperate
distribution with those that require high tropical
temperatures. For example, keeping zebra sharks
(Stegostoma fasciatum) and leopard sharks
(Triakis semifasciata) in the same exhibit is a risky
long-term arrangement (geographic confusion
aside) because overlap in their natural
temperature preferences is minimal at best. The
health of one or both species will be compromised.

Nitrogenous wastes

Ammonia (NH,/NH,*) and nitrite (NO,)
concentrations considered safe for fishes are
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quite low and are often derived from studies based
on salmonids, fishes particularly sensitive to these
compounds. Most marine fishes, including sharks,
tolerate somewhat higher concentrations of these
nitrogen compounds. Regardless, there is no
logical reason to expose elasmobranchs to water
parameters more extreme than those considered
safe for salmonids and other teleosts.

Project managers must allow sufficient time for
biofilter stabilization and a subsequent gradual
stocking period when developing time lines for
opening new exhibits. Use of biofilter seeding
techniques and a 4-5 week maturation period will
allow workers to avoid the accumulation of
dangerous levels of ammonia and nitrite. Since
nitrite levels will often increase near the end of
biofilter maturation, this waste product must be
monitored closely.

We recommend nitrite levels £0.10 mg It (=ppm).
Properly designed and operated LSSs will rarely
allow nitrite to exceed this value. Based on
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observations by one of the authors (Mohan) short-
term (i.e., 3-5 days) exposure to nitrite levels as
high as 0.50 mg I'* seems to be relatively safe for
a number of species (e.g., California bat rays,
Myliobatis californica; sand tiger sharks,
Carcharias taurus; sandbar sharks, Carcharhinus
plumbeus; lemon sharks, Negaprion brevirostris;
blacktip reef sharks, Carcharhinus melanopterus;
and whitetip reef sharks, Triaenodon obesus).
Nitrite reacts with ozone almost immediately and
is unlikely to be of great concern in ozonated
systems. However, attempts to compensate for
poor nitrification in new systems by increasing
ozone dosing may lead to disaster once nitrite is
depleted and excess ozone enters the exhibit
(Johnson, 2001).

Alkalinity and pH

Alkalinity and pH tend to be low in systems that
have high animal loads or poor facilities for the
removal of organics. Sodium bicarbonate
(NaHCO,) and sodium carbonate (Na,CO,), or
soda ash, can be used to make adjustments in
systems where pH and alkalinity are already
relatively stable. Some facilities experiencing
chronically low pH use dosing pumps to inject
sodium hydroxide (NaOH), or caustic soda, on a
continuous basis. These chemicals represent a
temporary solution, requiring constant monitoring
and dosing, as they modify pH but do not act as
true buffers. Systems challenged by decreasing
pH may benefit from the addition of foam
fractionation and better gas balance facilities.
Foam fractionation and improved gas balance
enabled SeaWorld Ohio, USA to maintain a pH of
8.0 in a 1,500 m? system. The system contained
25 large sharks, two adult sawfish, two sea turtles,
and several hundred teleosts. Additions of sodium
carbonate were required for this system, although
they were infrequent (11.5-23 kg month?). In
general, a pH range of 8.0-8.4 is recommended
for elasmobranch exhibits.

Artificial seawater and salinity

It can be economical to make artificial seawater from
scratch, but only if large quantities are needed. The
reagent and analytical grade chemicals used to
provide trace elements require an initial outlay of
funds, but some of these small quantities will last
for many years. Bulk quantities of major salts such
as food grade sodium chloride, magnesium sulfate,
magnesium chloride, calcium chloride, and
potassium chloride are readily available.
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Over the years the number of trace element
components used in artificial seawater formulas
has dwindled. Nickel, vanadium, titanium,
rubidium, iron, boron, and other elements formerly
added to general-use artificial seawater are now
often omitted. Many of these elements are already
present as contaminants in the major ingredients
of artificial seawater. Infinitesimal quantities are
probably present in tap water, or may enter
systems via food.

Many facilities tailor their institutional salt formulas
to meet special requirements. For example,
phosphate (HPO,*) need not be added to
established aquarium systems because it typically
accumulates to unnaturally high levels through
input via food. However, low levels are thought to
be required by nitrifying bacteria during biofilter
maturation and should always be included when
an exhibit is initially filled.

Many aquariums have stopped adding bromide
to their artificial seawater mixes because it reacts
during aggressive ozonation (i.e., when ORP is
>400 mV) to form long-term residual oxidants that
are harmful to fishes. Although this is one of the
most abundant minor elements, it does not appear
to be required by marine fishes at the levels
present in natural seawater.

The expected composition of seawater in a closed
system can change as a result of interactions with
LSS components or exhibit decoration. When a
standard artificial seawater formula is mixed using
hard tap water, the resulting calcium and
magnesium levels may be higher than desired or
found in natural seawaters. Institutional salt
formulas can be easily adjusted to include less
calcium and magnesium. Periodic testing of the
artificial seawater in established systems may
indicate an accumulation or depletion of some
elements through salt contamination, product
variation, mixing errors, biological activity, or the
composition of local tap water. Special batches
of artificial seawater tailored to correct these
imbalances can be formulated and used during
subsequent water changes.

The leaching of un-reacted construction materials
can affect the composition of artificial seawater.
Concrete rockwork is known to leach calcium into
the water, while simultaneously causing the
precipitation of both calcium and magnesium
(Grguric et al., 1999). This precipitation is typically
easy to correct, through minor adjustments to
artificial seawater, if major seawater elements are
checked periodically. Severe imbalances can
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occur if concrete mixes are used that are
incompatible with seawater. Despite assurances
from the manufacturer that a product was suitable
for marine applications, SeaWorld (Busch
Entertainment Corporation, St. Louis, USA)
discovered that one commercial concrete mix
rapidly crumbled when exposed to seawater. One
of the authors (Mohan) observed that calcium
concentrations in system water increased to
several times their normal value (i.e., >1,000 mg
IY) during experimental trials with the concrete.

Contaminated raw materials can sometimes
cause problems in artificial seawater mixes.
Unexpectedly high levels of manganese, nickel,
ammonia, or cyanide compounds have been
detected in low quality components supplied to
aquariums. This problem can occur if: low-grade
materials are purchased in error because of lack
of research, orders are substituted by purchasing
agents attempting to save money, or shippers
accidentally send the wrong material. The use of
specific raw materials, whose safety record has
been proven by other aquariums, is a wise precaution.

While salinity tolerances for elasmobranchs are
not well documented, examples of broad
euryhaline activity in wild sharks have been
observed. The bull shark (Carcharhinus leucas)
is found at salinities of 0-53 g I'* (=ppt), while
blacktip reef sharks have been found in brackish
estuaries and freshwater lakes (Compagno,
1984). Both sandbar sharks and blacktip sharks
(Carcharhinus limbatus) are common at the
entrance of rivers, where they experience lower
salinities, but neither species is known to ascend
rivers into freshwater (Compagno, 1984). Merson
and Pratt (2001) routinely collected young
sandbar sharks in Delaware Bay at salinities as
low as 22.8 g I'X. Similarly, cownose rays (Rhinoptera
bonasus) have been found in lower salinity waters
of the Chesapeake Bay. The species mentioned
above can be maintained long-term at salinities of
>25-26 g I* (Thoney, pers. com.).

While freshwater dips have been routinely used
for parasite removal on a variety of elasmo-
branchs (Henningsen, pers. com.), the New
England Aquarium, Boston, USA, reported that
yellow stingrays (Urobatis jamaicensis) and
bamboo sharks (Chiloscyllium spp.) were
extremely intolerant of freshwater; although it has
been observed that the latter can be kept safely
at 15 g I'*for extended periods (Bailey, pers. com.).

The Aquarium of the Pacific, Long Beach, USA,
successfully acclimated sandbar sharks, blacktip
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reef sharks, whitetip reef sharks, and zebra sharks
to salinities as low as 14 g I (Clarkson, pers.
com.). Most sharks exhibited a reduced interest
in food during a slow acclimation over a one-week
period. After one month, salinities were increased
rapidly to normal levels. Two mortalities were
observed; a juvenile sandbar shark and an adult
whitetip reef shark. These unexpected deaths
could have resulted from the rapid change in salinity,
or the combined effects of the rapid change and
long-term maintenance at a lower salinity.

Low salinities are not tolerated well by sand tiger
sharks for extended periods of time. During
aquarium startup, Moody Gardens, Galveston,
USA, lowered shark exhibit salinity to 15 g I'* for
1.5 months and further reduced it to 11 g I'* for
one week. Behavioral side-effects, including
inappetence, lethargy, changes in ventilation, and
a tendency to remain near the pool bottom
indicated that long-term brackish conditions were
unsuitable for sand tiger sharks. These signs
disappeared when salt concentration was raised
to >22 g It (Zoller, pers. com.). Introduction of
freshly transported specimens to low salinity
conditions appeared to be contraindicated. Sand
tiger sharks are often collected at 25 g I'* in the
Delaware Bay and routinely displayed in the same
salinity at the National Aquarium in Baltimore
(USA) and other facilities (Henningsen, pers.
com.). Every attempt should be made to maintain
elasmobranchs within the salinity ranges at which
they naturally occur.

Gas balance

The proportions of dissolved gases in exhibit
water should approach normal atmospheric
values. Respiration and photosynthesis within a
LSS and display may impact oxygen (O,) and
carbon dioxide (CO,) concentrations as well as
their ratio to one another.

Dissolved oxygen

Daily testing of dissolved oxygen (DO) levels is
recommended for all systems. Under-oxygenation
can occur, for a variety of reasons, in systems
that otherwise appear to function normally. Where
ozone contact chambers or degas towers are the
primary sources of aeration, plugged or defective
diffuser systems or venturis (=eductors) can lower
oxygen concentrations. Reduced flow through
these towers, as a result of a faulty or a stopped
pump, can lower oxygen concentrations. Where
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foam fractionators are an important source of
aeration, pump or venturi failure can cause similar
problems. This risk is reduced if multiple foam
fractionators are used. Employing a biotower (i.e.,
a wet-dry trickle biofilter) as the primary source
of aeration can reduce the risk of under-
oxygenation. When water flowing through the
biotower is mixed with ambient air, a constant
source of oxygen and nitrogen is supplied at
atmospheric pressures, excess carbon dioxide
from fish and bacterial respiration exits the
system, and gas levels in the water can return to
natural atmospheric partial pressures.

Some species tolerate low oxygen better than
others. For example, the sand tiger shark is more
tolerant of low oxygen concentrations than the
sandbar shark. At many facilities (e.g., SeaWorld
Ohio) oxygen saturation levels are maintained at
85-95%. Some facilities choose to maintain
oxygen saturation levels >100% (i.e., oxygen
supersaturation only; nitrogen saturation must be
maintained at, or below, atmospheric
concentrations). These levels can only be
achieved through heavy ozonation or oxygen
enrichment.

Supersaturation

Pressurized seawater can hold more dissolved
gases than seawater at one atmosphere. When
pressure is removed (e.g., as water moves from
a pump into an exhibit), these gases become
supersaturated and will gradually come out of
solution. As supersaturated gases come out of
solution in the blood-stream of fishes it causes
emboli. The resulting condition, called gas bubble
disease or the bends, causes tissue damage,
organ failure, or death. Theoretically, oxygen and
carbon dioxide can be supersaturated without
harming fishes. However, emboli will develop
when the sum of the partial pressures of all
dissolved gases exceeds atmospheric pressure
(www1). Nitrogen dissolves or leaves solution
slowly by comparison to other gases. Although
the total pressure of all dissolved gases
determines whether supersaturation will occur,
nitrogen is the most dangerous individual gas
causing “bends” when it comes out of solution
inside an animal. High concentrations of nitrogen
(>110% saturation) should be avoided at all costs.

Various measurement devices can be used to
evaluate total dissolved gas levels. Gasometers
and saturometers measure total gas pressure
(TGP; the sum of the partial pressures of
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atmospheric gases measured in mm Hg) or
dissolved gas tension (AP; the difference between
TGP and atmospheric pressure), representing the
force available to inflate bubbles or emboli and
determine if gas bubble disease will occur at a
given depth (Bouck, 1980). Manometer-based
devices measure AP directly, while those
employing an electronic pressure transducer,
calibrated to absolute pressure, measure TGP.
Atmospheric pressure (pAtm) must be known to
extract AP values from TGP measurements as
follows (wwwl):

TGP = AP + pAtm

Most commercially produced gasometers are
somewhat expensive. However, Bouck (1982) has
described the construction of an inexpensive
gasometer that will operate continuously and can
be built from materials familiar to aquarists.

Data in the literature are often reported as percent
total gas pressure (TGP%), or percent saturation.
TGP% is calculated as follows:

TGP% = (AP + pAtm) x (100 / pAtm)

Saturation levels above 110% will usually cause
gas bubble disease, while levels under 102% are
typically safe for fish systems (Wedemeyer et al.,
1976). Oxygen saturation values can be a
predictor of nitrogen levels in systems where
excess oxygen is not introduced (naturally or
artificially), or where air entrainment is not
occurring in oxygen-deficient parts of an LSS. The
use of meters that measure total gas saturation
is the only way to accurately determine whether
nitrogen supersaturation is occurring (following a
comparison with DO measurements). Independently
acceptable TGP and oxygen saturation levels may
hide nitrogen supersaturation capable of damaging
fishes. Atlantic menhaden (Brevoortia tyrannus)
are known to exhibit erratic swimming behavior
at 95% TGP accompanied by 105% nitrogen
saturation (Weitkamp and Katz, 1980).

Oxygen-specific supersaturation is relatively
benign, but in outdoor ponds it can lead to
hypercapnia and cause gill damage to fishes
through the retention of excess carbon dioxide.
This phenomenon is rare (as CO, diffuses rapidly)
and is usually only observed in aquaculture ponds
where algal photosynthesis dramatically
increases dissolved oxygen levels (www?2).
Designers of outdoor elasmobranch systems
should consider this problem when sizing gas-
balance devices.
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The symptoms of supersaturation may be subtle,
or in serious cases, disturbingly obvious. Sand
tiger sharks will develop rapidly spreading white
patches on their skin as bubbles accumulate in
their subcutaneous capillary beds. If caught
immediately, this is a reversible condition. An
effervescence at the surface of the water and
unexplained bubble accumulation on algae-free
walls or substrate are good indications that
supersaturation is occurring.

Good system design and regular testing of
dissolved gas levels is the best way to prevent
nitrogen supersaturation events. The use of a
biotower, with ambient air mixing, allows for the
re-equilibration of any gas that may exceed its
ambient partial pressure.

Water depth may offer some protection against
supersaturation in closed systems. Weitkamp and
Katz (1980) note that each meter of depth
compensates for about 10% of near-surface
saturation levels. Where 120% TGP is observed
near the surface, the actual environment at two
meters is closer to 100% saturation. This situation
suggests that exhibit animals preferring upper
regions of displays may become the first victims
of supersaturation events, and in some cases
seek refuge in lower parts of the exhibit.

Supersaturation can be caused by a number of
equipment or design failures. A leak on the suction
side of a pump is probably the most common
scenario. Such leaks appear dry during system
operation, but suck air into the system. These
bubbles are then forced into solution by the high
pressures within the pump. When the system is
shut off, water often (but not always) leaks from
the compromised piping.

Another common cause of supersaturation is
entrained air bubbles that are forced into solution at
a high-pressure area within LSS piping. Pumps,
plumbing restrictions, and venturis are common
problem areas. Improperly designed systems, where
air bubbles can enter a water intake, can cause super-
saturation events. Gravity sand filters are prone to
this problem when float valves are employed to control
water levels, as air may be sucked through the sand
bed if the valve sticks open. Throttling valves placed
between degas chambers and exhibits is another
location where pressure drops occur and may cause
supersaturation as a result of air entrainment through
valve restrictions (Linn, pers. com.).

A less common source of supersaturation in
closed systems is the introduction of bubbles at
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depth. Waterfalls that cascade into deep pools,
and diffusers or venturis located at the bottom of
deep tanks or foam fractionators, can all result in
supersaturation. AP increases of 73 mm Hg are
added for every meter of depth in plunge pools
beneath dams or waterfalls (Colt, 1986). In
general, air-stones or venturis can have similar
effects on gas pressure (www1) depending on the
depth at which they are located in a pool, foam
fractionator, or ozone contact chamber. LaBonne
(pers. com.) suggests that adding air at a depth
of 1.8-2.4 m, the maximum depth of many
commercial foam fractionators, is probably safe.
However, fine diffusers may produce super-
saturation when placed deeper than a meter, while
coarse and medium bubble diffusers could cause
gas saturation problems at depths exceeding two
meters (www?2). Since it may not be practical to
inject air at depths less than a meter in many foam
fractionators, provision for post-treatment gas
balance should be made. Placing a degas
chamber or biotower at the end of the process
stream is an excellent way to protect systems
against supersaturation.

Facilities using well water should be especially
mindful of dissolved gas issues. There have been
many reports of wells producing water with
dissolved nitrogen levels of up to 180% saturation
(www1l).

The addition of gas-saturated cold water to a
warmer system can cause supersaturation
(Powell, pers. com.), as can rapidly heating or
adding salts to saturated water (www?2). Rapid
heating of saturated water, starting at 0°C, can
produce a AP increase of 20 mm Hg °C! (Colt,
1984), while water initially held at 15°C
experiences a AP increase of 15 mm Hg °C-* with
rising temperature (wwwl).

A number of freak conditions that can result in
supersaturation are often overlooked. Johnson
(pers. com.) warns that systems on the verge of
supersaturation can be pushed over the edge by
the passage of a severe low-pressure storm front.
It has been suggested (www2) that this
phenomenon played a role in the death of millions
of marine fishes during a hurricane in 1992. The
passage of a storm front typically causes changes
in barometric pressure of +5 to -17 mm Hg (Craig
and Weiss, 1971). A 17 mm Hg decrease in
barometric pressure produces a 17 mm Hg
increase in AP.

Variations in atmospheric pressure may affect
dissolved oxygen measurements. A table of AP
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vs. altitude (and associated atmospheric
pressures) is available on the world wide web
(www1l). Rapid changes in altitude, pressure
drops during take-off (Jewell, pers. com.), and re-
pressurization after landing at a high altitude
(Lerner, pers. com.) may all cause supersaturation
in bodies of water carried aboard aircraft.

Toxicants

Harmful materials can enter an exhibit in a variety
of unexpected ways. As noted above, a variety of
harmful compounds have occasionally been found
in low-grade chemicals used to make artificial
seawater. Human error is implicated in virtually
all other situations that result in the introduction
of toxic materials to aquarium systems. The
improper application of protective coatings, poor
fabrication of exhibit decoration, LSS component
materials, and general building maintenance
activities are usually implicated as the source of
toxicants.

Properly designed and maintained systems are
less likely to experience contamination by
toxicants. Should a proactive approach to the
management of toxic chemicals fail, the United
States Environmental Protection Agency’s Ecotox
searchable internet database (www3) will help
identify harmful levels of various substances. The
National Institute of Health’s National Library of
Medicine hosts a similar site (www4).

Volatile organic compounds (VOCs)

Volatile organic compounds have been implicated
in the mortality of sharks in new exhibits
(Rasmussen and Garner, 1999). Appropriate
planning for any painting or coating activities in
and around exhibits will minimize organic
chemical contamination. Floor sealants, paints,
and adhesives should always be evaluated before
use. Every attempt should be made to use
products that have been successfully applied
elsewhere or tested on sample fishes. Ironically,
materials suitable for drinking water may be
unsuitable for aquarium use (Atz, 1970). For
example, a polysulfide-based material, formulated
as a liner for potable water tanks, was tested by
one of the authors (Mohan) and found to be lethal
to goldfish (Carassius auratus).

Epoxy compounds used to manufacture artificial
coral and other tank décor can be toxic if the mix
ratio is incorrect. Even fresh, correctly made
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corals can be expected to release volatiles. It may
be wise to place recently manufactured corals in
direct sunlight for days or weeks before use. Pre-
filling new exhibits with freshwater, which is
discarded before the final fill with seawater, is
another worthwhile preventative measure. Filling,
flushing, circulating, and dumping are advisable
for any open or semi-open systems. Where
natural seawater is abundant it makes sense to
use this cheap natural resource for the initial fill.
The precautionary use of activated carbon during
initial operation of the LSS is recommended.

Concrete alkalis

New concrete, especially uncoated surfaces such
as rockwork, will typically leach alkalis. There are
many opinions as to how to neutralize these
leachates (Choromanski, pers. com.). Some
workers simply pre-fill the exhibit with domestic
freshwater for 5-10 days, drain it, refill with
seawater, and then add acid to bring pH into
normally expected ranges (i.e., 8.0-8.4). Others
reduce pH to 3.0-5.0 during the initial freshwater
bath for 1-45 days. Muriatic acid is the most
commonly used pH reducer. Concrete type and
volume, as well as system type (i.e., open, closed,
etc.) may determine which of these methods
should be used.

Inventors of the reef ball (Reef Ball Development
Group, USA), an artificial reef module that is
widely used in natural waters, suggest a more
proactive method of neutralizing alkalis. Micro-
silicates added to a Portland Il concrete mix reacts
with excess calcium hydroxide and results in a
finished product having a pH of 8.3 (Barber, pers.
com.; wwwb5). While the addition of micro-silicates
increases concrete cost, it minimizes the need for
post-construction pH adjustments. Its use should
be considered for systems that incorporate large
volumes of concrete rockwork.

Metals and metalloids

Harmful metal ions can be introduced into closed
aquarium systems if equipment containing
inappropriate materials is specified during LSS
design. Antifouling paints intended for watercraft
contain copper, other metals, or other poisons and
should never be used in aquarium systems.

Metals such as lead, copper, zinc, and nickel are
generally less toxic in marine systems than in
freshwater, largely because of the protective effect
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of high pH, hardness, and alkalinity (Sorensen,
1991). Although significant amounts of dissolved
metals precipitate at the high pHs typical of marine
systems, the corrosive effects of saltwater can
make metal accumulation from LSS equipment
or other hardware a serious problem. Any large
metallic LSS components placed in direct contact
with seawater should be made of titanium. Metal
contamination of aquarium seawater is not a
serious concern in systems where water is
continuously replaced with raw seawater.
Stainless steel pumps with magnesium cathodic
protection have been used successfully in such
situations (Powell, pers. com.).

Elevated levels of nickel have occasionally been
attributed to the use of nickel-copper alloys (e.g.,
Monel®, Inco Corporation, USA) that may be used
in valve components and pump shafts. While
these alloys are recommended for marine
applications they have been reported to cause
elevated nickel concentrations in closed systems
(Davis, pers. com.). Certain grades of stainless
steel can be a source of nickel and other heavy
metals (e.g., chromium, etc.). Davis (pers. com.)
observed that threaded metal rods used to secure
the lid of cartridge filters were a source of nickel
contamination for small aquariums at SeaWorld
Orlando. Nickel contamination was successfully
removed using activated carbon.

High zinc levels in closed systems can usually
be traced to the inappropriate use of sacrificial
zinc anodes in rapid sand filters. Aluminum or
magnesium-based anodes should be used in
closed-system seawater LSSs. The immersion of
any galvanized materials will lead to zinc
contamination. Hughes (1968) observed that
100% of striped bass (Morone saxitalis)
fingerlings survived 96 hours at 0.05 mg I of zinc,
but half died within 48 hours at 0.10 mg I of zinc.
Brungs (1969) reported that 0.18 mg It of zinc
inhibited reproduction in fathead minnows
(Pimphales promelas) but did not affect growth or
maturation. Gill damage occurred at 0.80 mg I of
zinc in rainbow trout, Oncorhynchus mykiss (Brown
et al., 1968). There is evidence to suggest that
gender may affect elasmobranch susceptibility to
zinc poisoning. Crespo et al. (1979) reported that
male smallspotted catsharks (Scyliorhinus
canicula) accumulate up to three times more zinc
in their gill arches than females. Zinc intoxication
compromises equilibrium and damages gills,
kidneys, liver, and muscle tissue (Sorensen,
1991). Magnesium competes with zinc and may
be somewhat protective in hard water (Zitko and
Carson, 1976), especially in marine systems.
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Copper contamination typically results from errors
in LSS design or repair. The use of copper or
brass fittings in LSS piping can produce elevated
copper levels in closed systems (Atz, 1970). The
accidental use of pumps with bronze components
can cause copper contamination. Coating copper
LSS components will not dependably protect
specimens from intoxication. Stonecypher et al.
(1992) observed that vinyl-coated copper chiller
coils leached dangerous levels of copper (i.e.,
exceeding therapeutic levels) in little more than a
week. Copper contamination can come from
unexpected sources. One of the authors (Mohan)
has observed a cracked glass submersible heater
continue to operate while flooded and found that
it shed copper ions into the surrounding water.
Some facilities (e.g., the Pittsburgh Zoo and
Aquarium, Pittsburgh, USA) are supplied with
domestic freshwater from reservoirs containing
seasonally toxic levels of copper (Billin, pers.
com.). New facilities should thoroughly test their
water supply before it is used to make water
exchanges in animal exhibits. Unlike exposure to
zinc, the difference between safe and fatal copper
concentrations is quite small (Brungs, 1969).

Iron is unlikely to be a problem in marine systems
unless highly contaminated well water is piped
directly into an occupied exhibit. Iron precipitates
in alkaline seawater (Anon, 1972) and the iron
hydroxide flocs are generally removed by
mechani-cal filtration. At SeaWorld Ohio iron
removal was accomplished using a water softener
that improved iron-laden well water from 3.0-5.0
mg I'* to = 0.30 mg I'X. This water was considered
acceptable for makeup and was routinely used
for water exchanges in freshwater systems. The
tendency for iron to precipitate in seawater means
that small amounts of exposed rebar should not
be viewed as an important source of iron
contamination.

Arsenic contamination is a potential concern when
chronic leaks occur in roofs constructed from
chemically treated lumber containing chromated
copper arsenate (CCA). Ash from burnt CCA
lumber is highly toxic: one tablespoon contains a
lethal human dose. The construction of outdoor
shade structures using CCA-treated wood is
contraindicated unless these shelters are
designed to minimize the introduction of
condensate and rainwater into system water. Fly
ash collected by electrostatic precipitators on
coal-burning power plants contains high levels of
arsenic. The no-effect level for fish exposure to
disodium arsenate is <1.0 mg It (Sorensen, 1991).
Arsenic is known to replace phosphate in normal
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metabolic reactions, interfering with respiration
and other processes. Death usually occurs as a
result of excess mucus production, especially on
the gills, and subsequent suffocation (i.e.,
coagulation film anoxia).

Interactions between different metals are a
concern, especially those involving copper, zinc,
and perhaps nickel, all of which may be found at
low levels in most marine aquarium systems. In
laboratory studies using highly toxic
concentrations of metals, a synergistic effect
between zinc and copper has been reported
(LaRoche, 1972). At the doses of metals likely to
be encountered in aquariums, the effects of
copper and zinc are probably additive, rather than
synergistic (Lloyd, 1961). The presence of excess
zinc in a quarantine system will therefore increase
the toxicity of copper added as a therapeutic. For
this reason, we recommend that metal levels in
aquariums be checked before the initiation of any
copper therapy. The removal of excess heavy
metal ions prior to copper addition can be
accomplished using activated carbon (Davis,
pers. com.). It may be wise to discontinue the use
of vitamins and trace element solutions containing
heavy metals during such treatments.

Chlorine

Shocking system water with chlorine, to sterilize
the water or reduce nitrogen levels (i.e., through
breakpoint chlorination), should be avoided where
possible. Incomplete neutralization of chlorinated
water introduces toxic chlorine into elasmobranch
systems. Less well known is the danger of using
excessive amounts of sodium thiosulfate to
neutralize chlorinated or chloramine-treated
water. Reactions resulting in dangerously low pH
and dissolved oxygen levels have been observed
in systems where residual thiosulfate is present
(Linn, pers. com.). Chen (1974) notes that slightly
acidified dilute solutions of thiosulfates
decompose to sulfite, free sulfur, and polythionate.
Sulfur formation is sighaled by the precipitation
of a milky-white colloid.

If chlorinated or chloramine-treated city water is
used for large water exchanges, it should be
passed through a carbon filter prior to use. If
chlorine alone is present, aeration can be
employed for its removal (Wheaton, 1977). The
judicious use of chlorinated tap water during
routine pressure-washing of rockwork is usually
not harmful. For example, two pressure washers
(DSL 4200E, Clarke-Delco, USA) were routinely
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used to clean the Shark Experience at SeaWorld
Ohio adding 3.6 m?3 (i.e., <0.25% exhibit volume)
of chlorinated (i.e., without chloramines) domestic
water to the exhibit. These cleaning sessions
occurred on a weekly basis and lasted for two
hours duration.

ORP (Oxidative Redox Potential)

As a chemical process, reduction-oxidation
(redox) reactions are those in which electrons are
transferred back and forth between chemical
species. An oxidized species is one that donates
an electron, a reduced species is one that accepts
it. When a pathogen is oxidized a chemical
component in its cell wall gives up an electron.
When sufficient electrons have been lost, the
cell’s functions deteriorate or the cell wall
disintegrates and eventually the organism is killed.
Water that has been treated with an oxidant such
as chlorine or ozone has a greater opportunity to
allow these kinds of reactions to occur. ORP
(oxidative redox potential) is a measure of the
potential for oxidation-reduction reactions to take
place and is measured in millivolts (mV).

Cohrs (2002) provides a good introduction and
reference to ORP. Informally, ORP is used in the
industry to describe the relative cleanliness of
seawater. Raw or new artificial seawater has an
ORP of ~250 mV. When aquatic animals and food
are added to this water, ORP will drop further (i.e.,
the opportunity for redox reactions to occur will
decrease). Therefore, pathogens and other
unwanted chemical species are less likely to be
oxidized. Conversely, when an oxidant such as
ozone or chlorine is added to the water, ORP rises
and the likelihood of pathogens and other
unwanted chemical species being oxidized
increases.

Different contaminants require different levels of
oxidation for destruction. Many bacteria will be
killed at an ORP as low as 400 mV, while other
micro-organisms require an ORP as high as 800-
900 mV and exposure for several minutes before
they are destroyed. Unfortunately, an ORP of 800
mV is extremely unhealthy for the aquatic species
on display. Even an ORP of 450 mV is harmful if
exposure lasts for more than a few hours.
Therefore, if oxidants (e.g., chlorine, ozone, etc.)
are applied, they must be applied with a strategy
to return oxidized water to the exhibit at a low
ORP and toxic residual oxidants must be absent.
The safe upper limit for ORP within an exhibit is
generally regarded to be ~380 mV or less. On
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the other hand, an ORP of = 250 mV typically
indicates an aquatic environment containing
excess dissolved organics or other unwanted
constituents.

LIFE SUPPORT SYSTEM COMPONENTS
Water supply

Water supplies for recirculating aquarium LSSs
can be classified into three basic types: (1) flow-
through systems; (2) closed systems; and (3)
semi-closed (or semi-open) systems.

Flow-through systems

Flow-through systems receive a constant flow of
new seawater that continually displaces water
recirculating in the tank. The volume of influent
replacement water (measured per day), compared
to the total system volume, defines the percentage
of flow-through. For example, 150 m® of new water
added to a 1,000 m?3 exhibit each day is equivalent
to a 15% flow-through or blow-down. These
systems are typically outfitted with minimal water
treatment, often limited to mechanical filtration,
relying instead on the steady flow of replacement
water to maintain water quality. Although,
theoretically, the water source could be artificial,
large elasmobranch systems usually draw new
water from a natural source.

Closed systems

At the other end of the theoretical spectrum are
closed systems, which by definition never undergo
any water change or receive any replacement
water. In reality, these systems do not exist. The
replacement of losses resulting from backwash
recovery, or evaporation, prevents any system
from ever being truly closed.

Semi-closed systems

Semi-closed systems are the most common.
Although these systems are not provided with a
steady flow of replacement water, they do receive
periodic water changes (natural or artificial) in
batches. The volume and frequency of water
changes vary greatly from system to system, and
depends largely on system design and stocking
levels. Aquariums with semi-closed systems
designed to receive large contributions of natural

78

seawater are sometimes supplied with under-
engineered LSSs. These systems may prove to
be inadequate during emergency periods when
they must operate closed (LaBonne, pers. com.).

The maximum time a semi-closed system may be
required to operate closed should be clearly
quantified during LSS design. To achieve this goal,
system design should be based on defined
biological loads. Where natural seawater is used,
the expected need for nitrification and gas
balance should be weighed against historical data
for quality of source water. If interruptions in
source water are common, the exhibit may need
to be designed as a fully functional closed system.

Mechanical filtration

If no provision for particulate removal is made,
water clarity will be severely compromised,
particularly for systems with long sight-lines.

Bubble-bead filters trap particulates but are
designed for high-load systems (e.g., high density
aquaculture) and are not as effective for
particulate removal in low-load systems (i.e., a
typical elasmobranch exhibit). Diatomaceous
earth (DE) filters were extremely common in large
systems built for marine mammals in the 1960's,
but are infrequently used today because of
operational difficulty (i.e., rapid soiling creating
low flow conditions) and hazardous material
concerns (i.e., from ultra-fine DE powder). Gravity
sand filters have been widely used in Asian
facilities. While effective at removal of
particulates, gravity sand filters tend to be labor
intensive, are prone to organic fouling, and require
as much space as the exhibits they serve
(Gendron, pers. com.).

Rapid sand filters are the most appropriate and
most common form of mechanical filtration used
for large elasmobranch systems. Rapid sand
filters are designed to trap particulate material,
improving water clarity, but are not capable of
removing dissolved organic molecules. Foam
fractionators will remove both dissolved organics
and particulates. However, foam fractionators are
not as efficient as rapid sand filters at removing
all types and sizes of particulate contaminants.
Thus, acting alone, foam fractionators may not
produce sufficient clarity for large elasmobranch
exhibits.

In general, a disadvantage of mechanical filters
is that water is continually filtered through
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contaminants trapped in the media (i.e., sand,
diatomaceous earth, beads, etc.). Trapped
accumulated particulates will release organic
carbon back into solution and thus system water.
Films of heterotrophic bacteria consume the
hydrolyzed carbon, release carbon dioxide, and
thereby lower system pH (Hovanec, 1995). Thus,
although rapid sand filters are the most
appropriate means for particulate removal for
elasmobranch systems, some provision for
facilitating gas exchange and removing dissolved
organics must be considered.

There are two ways to alleviate the negative
effects of trapped contaminants in mechanical
filters. First, perform filter backwashes (or
exchange media) on a timed interval rather than
relying on the cue of pressure differentials.
Employing this type of schedule will reduce the
period of time that water is flowing through
increasing amounts of trapped contaminants.
Second, incorporate foam fractionators and/or
biotowers (equipped to allow the mixing of
ambient air with system water) into the LSS. If
no provision is made for ambient air mixing or
dissolved organics removal, the signs of
accumulated CO, and dissolved organics will
begin to occur—i.e., pH and ORP will have a
tendency to drop. Adequate ventilation is an
important component of any gas-balance device
(Powell, pers. com.). These principles have been
successfully applied at SeaWorld Ohio for the
Shark Encounter exhibit, where each of the four
sand filters (surface area 10.2 m?) were operated
on a staggered 140-hour backwash cycle. This
schedule is a compromise between daily
backwashing to remove organic solids, and a
longer interval to optimize water clarity. Sand
filtration for the exhibit has been used in
conjunction with foam fractionators, resulting in
acceptable water clarity, a stable pH of 8.0, and
minimal nitrate (NO,) accumulation. If no
provision is made for the removal of dissolved
organics and ambient air mixing, signs of both
accumulated organo-carbon compounds and
carbon dioxide will be evident (i.e., decreasing
pH and ORP).

Highly loaded rapid sand filters (e.g., rapid sand
filters for stingray pools where the public is
encouraged to feed the animals) should be
emptied and re-bedded periodically. Lightly
loaded filters may not become fouled, but need
to be re-bedded at some point in their operational
life as media gradually wears away during
backwashes (Linn, pers. com.).
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Biological filtration (nitrifying filters)

Nitrifying bacteria form biological films on filter
media and oxidize the accumulated toxic nitrogen
compounds, ammonia (NH,/NH,*) and nitrite
(NO,), into nitrate. This process is known as
nitrification. Feeding rates (i.e., amount of food
added per day) will determine initial ammonia
production, and minimum biological media
requirements can be calculated if ammonia
conversion rates for specific media are known.

Hovanec (1995) contains a good review of the
various types of biological filtration currently in
use. Rapid sand filters provide nitrification in most
traditional systems. Other LSSs may have under-
gravel filtration, or dedicated wet-dry trickle
biological filters or biotowers.

Reverse flow under-gravel filtration is practical if
clean, filtered water can be delivered to the substrate
bed. Many under-gravel filtration systems,
constructed with sand beds poured directly over a
sparger (i.e., a network of water distribution pipes),
have become rapidly fouled because of inefficient
and uneven water distribution and shifting substrate.
When buried sparger systems are used, non-
calcareous pea gravel should be employed to cover
the pipe network before sand beds are poured.
During the construction of their elasmobranch
exhibit, SeaWorld Ohio installed a perforated FRP
(fiber-reinforced polyester) plate above the LSS
sparger before a uniform layer of substrate was
poured. The sand bed within this dependable design
did not require cleaning during its 11 years of
operation.

Nitrification produces carbon dioxide (as does
elasmobranch respiration) so any LSS must
include provisions for gas exchange or system
pH will be depressed. Biological filters are
susceptible to fouling with organic matter,
channeling (i.e., short-circuiting) through densely
packed media, and oxygen depletion because of
microbial respiration. The use of biotowers is a
good way to mitigate these negative effects.
Biotowers designed with specific hydraulic flow
rates allow water to pass in thin films over media
surfaces. At ambient pressures this process
facilitates a highly efficient exchange of carbon
dioxide and oxygen, returning dissolved gases to
natural levels, and helps relieve the negative
effects of biodegradation in sand filters. Where
possible, biotowers are best placed after some
type of mechanical filtration component (e.g.,
foam fractionators or rapid sand filters) to
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minimize fouling. Biotowers are a critical addition
to systems where sand filtration has been reduced
to a side stream process as they provide both
nitrification and gas exchange.

The effects of therapeutics on nitrification

Hawke (1991) reviews the effects of therapeutic
agents on biological filtration systems. Although
copper sulfate is rarely used in systems with
elasmobranchs, it is worth noting that copper
sulfate can affect LSSs in unpredictable ways.
Copper treatment can provoke a spike in ammonia
concentrations, even in systems that have been
treated without incident in the past. One of the
authors (Mohan) has observed this phenomenon
in two systems at SeaWorld Ohio, and Roger
Klocek (pers. com.) reported a similar incident at
the John G. Shedd Aquarium, Chicago, USA in
the 1980’s.

Antibiotic bath therapy is rarely used for large
elasmobranch systems or quarantine pools, but
it may be practical for smaller systems.
Gentamycin, nifurpirinol, sulfamerazine, tetra-
cycline, and trimethoprim appear to have little or no
effect on biological filtration (Hawke, 1991).
However, other antibiotics (e.g., chloramphenicol
and erythromycin) may seriously inhibit nitrification.

Praziquantel (Sigma, USA), an antihelminthic
treatment, has recently been used to treat large
systems at the Epcot Center’'s Living Seas
Pavilion (Orlando, USA), SeaWorld Ohio, and
Omaha’s Henry Doorly Zoo (Nebraska, USA).
Concentrations of €2 mg I praziquantel were
applied for more than one week and no adverse
effects on biological filtration were observed.

Denitrification

Over time, nitrification leads to the accumulation
of nitrates. Although the toxicity of nitrates is low,
they should not be permitted to reach high
concentrations in an elasmobranch system. The
biological process of removing nitrates is called
denitrification and relies on either heterotrophic
or autotrophic bacterial populations.

Heterotrophic denitrification systems require a
highly concentrated source of organic carbon as
an energy supply for the anoxic, reducing
bacteria. The concentration of organic carbon in
elasmobranch LSSs is not adequate to support
the heterotrophic bacteria required to reduce
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nitrate concentrations. An additional source of
organo-carbon (e.g., methanol) must be injected
prior to the denitrification reactors. Although
heterotrophic systems are more efficient than
autotrophic systems, they are inherently difficult
to operate because of the heavy biomass
generated. Biological films clog and foul pipes,
valves, flow meters, and other instrumentation
within the denitrification system. Operators must
frequently dismantle the system in order to
prevent bio-fouling which may result in plumbing
obstructions and flooding. For these reasons,
heterotrophic systems are labor-intensive. In
addition, many state fire codes require special
handling and safety procedures for the use of
methanol. Aiken (1995a) reports on a successful
heterotrophic denitrification system built at the
National Aquarium in Baltimore.

Autotrophic denitrification systems typically use
sulfur as an energy source for the autotrophic
denitrifying bacteria (i.e., Thiobacillus spp.).
Autotrophic systems are less efficient than
heterotrophic systems, but the process is simpler,
less expensive, and less labor-intensive. Nitrate
reduction occurs while sulfur is oxidized to sulfate.
The resulting sulfate does not seriously increase
sulfate concentrations within the LSS, however
the resulting acid production does reduce system
alkalinity. Low pH and high DO levels decrease
filter efficiency by promoting nitrite accumulation
(Zhang and Lampe, 1999). Thus, buffering media
such as oyster shells or limestone must be added
to an autotrophic denitrification system in order
to maintain pH. Buffering material can either be
incorporated into the sulfur reactor or added as a
second component following the reactor. Furumai
et al. (1996) suggest maintaining a pH above 7.4
within the denitrification vessel. Zhang and
Lampe’s (1999) study suggests that optimal
results can be obtained using sulfur:limestone
ratios of between 1:1 to 3:1 and a hydraulic
retention time (i.e., the time required for a volume
of water, equivalent to the size of the reactor, to
pass through the reactor) of 3-10 hours. Zhang
and Lampe (1999) found that autotrophic
denitrification will proceed in both aerobic and
anaerobic conditions, although oxygen appeared
inhibitory to the process.

The first sulfur-based denitrification system
employed in a public aquarium was started in
1993 at the MAAO (Musée National des Arts
d’Afrique et d’Oceanie) Aquarium in Paris,
France. This system was installed on a 60.6
m?3 exhibit with a resultant reduction of nitrate
from >300 mg I'* to <10 mg It. No negative
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water quality sideeffects were observed
(Hignette et al., 1997). Successful sulfur denitrifi-
cation systems have been employed at the
London Aquarium (UK), Tennessee Aquarium
(Chattanooga, USA), SeaWorld Orlando,
Discovery Cove (Orlando, USA), and the
National Aquarium in Baltimore.

High biomass and/or organo-carbon concen-
trations typically characterize the effluent of
denitrification systems. By passing denitrification
effluent through foam fractionators the vast
majority of organic loads will be captured and
removed, preventing its release into system
water. Existing foam fractionators may be
employed for this purpose, or an additional foam
fractionator dedicated to the denitrification plant
can be used.

Algal turf scrubbers

Another means to remove nitrogen contaminants
is the use of plants to naturally consume excess
nutrients. Algal turf scrubbers rely on rapid growth
of cultivated algae, the associated uptake of
nutrients, and subsequent removal of the alga
biomass to reduce nutrient levels. Reef HQ in
Townsville, Australia uses both foam fractionation
and frequent small water changes in conjunction
with their algal turf scrubbers, and much of the
harvested algae is disposed (Czaja, pers. com.).
In its pure research form, this type of biological
filter has been used without the export of
harvested algae and protein (Adey and Loveland,
1991). As a result, experimental systems at the
Smithsonian Institute (Washington, USA), the
Pittsburgh Zoo (USA), and the St. Louis Zoo (USA)
developed an increasingly yellow coloration over
time. While algal turf scrubbers are effective at
removing nutrients from system water,
maintenance of the scrubbers is labor-intensive
and large numbers of units would be required for
a typical elasmobranch system.

Foam fractionation (protein skimming)

Foam fractionators (also known as protein
skimmers) remove organic contaminants from
solution while at the same time providing some
disinfection via the removal of bacteria that are
trapped in the skimmed foam matrix (Conway and
Ross, 1980). Foam fractionators work by taking
advantage of the natural attraction of surface
active organic compounds to air bubbles. Air
bubbles are injected into the bottom of a reactor
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and as dissolved organic compounds continue to
collect on the surface of the bubbles, the bubbles
become stickier, stronger, and coalesce into a wet
foam. The foam matrix is thus formed by the
adsorption of surfactants onto the surface of the
bubbles and by micro-flocculation. Foam
fractionators are typically equipped with a cone
and chimney designed to allow rising foam to
condense and exit the system as it overflows out
of the stack. The addition of relatively small doses
of ozone will enhance coagulation and increase
the removal of dissolved organics and bacteria.

Foam fractionation provides significant benefits
to water quality, including: increased pH and a
reduced dependency on buffers, increased DO
concentrations, increased redox potential,
improved water clarity, reduced turnover rates,
reduced dependency on sand filters, and reduced
frequency of sand filter backwashes (Aiken,
2000).

It is important to maintain a high air:water ratio in
order to obtain maximum performance from a
foam fractionator. A 1:10 air:water ratio is
considered ideal when bubble size is 0.5 mm
(Rozenblum and LaBonne, 1995). Restricting
airflow to the venturi through the use of a valve
will decrease the volume of air entering the venturi
and decrease bubble size. The resultis an overall
increase in the total surface area of bubbles within
the foam fractionator and an increase in
operational efficiency. Bubble size, contact time
(i.e., bubble retention within the water column),
ozone dosage rates, and foam removal are other
factors that will affect the design, size, and
efficiency of a foam fractionator (Rozenblum and
LaBonne, 1995).

Foam production rates appear to depend on the
relative concentration of organics and
antifoaming agents. The foam fractionators at
Discovery Cove vary in efficiency according to
a diurnal cycle that may be related to the input
of body oils and suntan products from human
bathers. These products appear to collapse foam
columns when the exhibit is in peak use.
Maximum foam production is seen during non-
public hours presumably after antifoaming agents
have been broken down.

One disadvantage of foam fractionators is that
they require relatively frequent adjustment to
ensure proper operation, unlike pressurized
components such as rapid sand filters that can
be left to operate without adjustment. Optimum
operation can be obtained by ensuring that water
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flow to the unit varies as little a possible.
Stabilizing water flow to a foam fractionator can
be accomplished by providing dedicated pumps
that draw water directly from the exhibit, supplying
water from a header tank with fixed water levels,
using modulated pumps linked to level sensors
within the fractionator, etc.

Supersaturation may become a problem if
bubbles are allowed to exit the foam fractionator
and enter a pressurized process. LaBonne (pers.
com.) suggests that situations where bubbles are
accidentally re-circulated through a pump and
venturi should be avoided. If a fractionator
discharges directly into an exhibit, pressure
differentials across the venturi of £103-117 kPa
are recommended. Usually this means that the
venturi intake pressure should be €138 kPa
(LaBonne, pers. com.).

Flocculating agents and other additives

The use of the strong flocculent aluminum sulfate
(alum) has generally been avoided in fish
systems. However, injection of alum prior to a
mechanical filter may make limited use of this
material possible as the floc is captured and
then removed by backwashing. Organic, chitin-
based flocculants, such as Sea-Klear (Vanson
HaloSource, USA), are safer alternatives to
alum but may be somewhat less effective.
Recently, a number of facilities have used
lanthanum chloride (ZeroPhos™, Vanson
HaloSource, USA) to reduce phosphate levels,
providing some relief from excessive algal growth,
especially in outdoor exhibits. Ferric chloride has
been used successfully for large elasmobranch
systems, injected in-line before rapid sand
filtration (Smith, pers. com.).

Ozone

Tri-atomic oxygen, or ozone, is a strong oxidant
and useful tool for the treatment of water in large
elasmobranch systems. When used correctly
ozone can contribute to superior water quality,
when used incorrectly it can result in the mortality
of valuable specimens.

Throughout this section, it is important to remember
the dual role of ozone as both a flocculent and
disinfectant. When the ozone:organics ratio is low
(i.e., g It ozone << g I'* dissolved organics), ozone
will act as a flocculent, destabilizing dissolved
organic molecules in suspension and bringing
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about their coalescence. This process leads to
the formation of a foamy mass at the water
surface. As the ozone:organics ratio increases the
flocculating properties of ozone are lost, giving
way to direct oxidation and disinfection. There is
a transition range where both effects can occur
and thus, depending on the applied dose and
organic load, ozone can function as a flocculent,
a disinfectant, or both.

Micro-flocculation

When used in conjunction with a foam fractionator,
flocculation removes unwanted dissolved organic
molecules and other particles caught in the foam
matrix. Removal of the foam matrix is important
since dissolved organics will consume DO and
depress pH. Thus, micro-flocculation results in
higher ORP, higher pH, and clearer water.

It is important to tailor ozone dosing rates to
achieve the intended function. Applying disinfection
doses of ozone in foam fractionators will result in
poor foam formation and possibly an unsafe
concentration of ozone in the surrounding
environment (e.g., the pump room). Micro-
flocculation typically requires only 0.03-0.10 mg I*
of ozone, although different systems may require
slightly different ranges (Rozenblum, pers. com.).

When ozone dosing favors flocculation, foam will
collect on the water surface inside ozone contact
chambers, as well as the interior of foam
fractionators. Unfortunately ozone contact
chambers have no way to discharge the foam and
early designs were outfitted (or retrofitted) with
sprayers designed to liquefy the foam so that it
would not accumulate. This process is not
recommended since it effectively puts unwanted
organic molecules back into solution.

Disinfection

While disinfection through the removal of
microorganisms does occur in foam fractionators,
not all pathogens, viruses, and bacteria are of
suitable dimensions to be harvested in the foam
matrix. More complete sterilization of water for
large elasmobranch exhibits may be achieved
through the use of high concentrations of ozone
applied in ozone contact chambers. The
disinfection capacity of ozone contact chambers
is greater and more cost effective than sterilization
with ultraviolet light (UV), especially for large
elasmobranch systems (Aiken, 1995hb).
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Ozone contact chambers are designed
specifically for water sterilization whereby system
water is subjected to high doses of ozone and
very high ORP (i.e., 800-900 mV) for several
minutes. In this environment, a high kill ratio is
achieved (i.e., >99%) as microorganisms are
destroyed via cell lysis. This kind of disinfection
is not possible in foam fractionators. Conversely,
collection and removal of dissolved organic
molecules through micro-flocculation are not
effectively achieved in ozone contact chambers
(Aiken, 2000).

Sterilizing concentrations of ozone typically start
at ~1.0 mg |1, with an application range of 0.3-
1.5 mg It (Rozenblum and LaBonne, 2001).
Contact chamber design has a significant impact
on the dose required for sterilization. Disinfection
should occur in sealed contact chambers
preventing high concentrations of ozone from
escaping into the surrounding environment.
Ozone destruction units and proper ventilation are
mandatory.

Microorganisms destroyed in ozone contact
chambers are not removed from the LSS. The
biomass remains in solution to be assimilated into
biological films, consuming DO, and releasing
carbon dioxide via degradation and microbial
respiration. Incorporating foam fractionators into
the LSS can mitigate these effects.

ORP monitoring and control

If ozone is used as a disinfectant in an ozone
contact chamber (or for that matter as a micro-
flocculent in a foam fractionator) it is
recommended that ORP control be used. The
higher dosages of ozone required for disinfection
means that ORP readings can rapidly rise to
dangerous levels. Poorly controlled ORP
threatens fish health and can be responsible for
elasmobranch mortality.

An informed understanding of the relationship
between ORP, ozone, and residual oxidants is
necessary for any curator, aquarist, or LSS
operator who uses ozone on an elasmobranch
system. When an operator is experiencing
problems or is unfamiliar with an ozonation
system, we recommended a cautious approach
be applied until it is possible to operate the system
correctly. Advice from experienced operators MUST
be sought. Cohrs (2002) provides an excellent
introduction and reference to ORP and how ozone
affects ORP in aquarium exhibit waters.
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Residual oxidants

Ozone acts as molecular O, at pH <7.0 and
undergoes a decomposition reaction yielding
hydroxyl radicals, the primary oxidants, at pH
>9.0. Between a pH of 7.0 and 9.0, ozone exists
in a transition range where both forms are present.

During seawater hyper-ozonation, and the
associated elevation of ORP, a whole family of
residual oxidants is produced. One of the better
known residual oxidants is hyperbromous acid
(HOBr), formed when bromide is oxidized by
ozone. In natural seawater, there is a high
concentration of bromide (~67.0 mg I'Y) available
to be oxidized. The germicidal activity of HOBr is
analogous to that of hyperchlorous acid (HOCI) and
it actively participates in disinfection (Johnson,
2001). Hyperbromous acid is extremely toxic to
fishes and under no circumstances should it be
allowed to enter an exhibit with elasmobranchs.

There are two general approaches to protecting
elasmobranch exhibits from overexposure to
ozone residuals or high ORP:

1. Mix high ORP water (e.g., from an ozone
contact chamber) with sufficient non-oxidized
water to give a final combined ORP of ~350
mV. Usually a 10:90% or 20:80%
ozonated:non-ozonated ratio is used. In this
case, residual oxidants are consumed by
organic molecules in the untreated portion of
the water, once the waters are re-mixed.

Pass ozone contact chamber effluent water
through an activated carbon filter. Activated
carbon will consume residual ozone (or other
oxidant) molecules left in solution.

Both strategies have been successfully used in
public aquariums for many years. While the latter
method is much safer, it occupies more floor space
and implies greater capital and operational expense.

ORP does not directly measure the concentration
of ozone-related oxidants and should never replace
direct testing for potentially toxic residual oxidants
(e.g., ozone, bromine, hyperbromous acid, etc.). A
total DPD chlorine test (Hach Company, Loveland,
Colorado, USA) provides a good qualitative
measure of residual oxidants and a modified indigo
method, as described by Chiou et al. (1995), is often
used for quantitative ozone analyses.

Should residual oxidants enter an elasmobranch
exhibit it is possible to neutralize them quickly
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using sodium thiosulfate. Approximately one
milligram of sodium thiosulfate is capable of
eliminating a similar amount of ozone oxidants in
seawater prepared with natural levels of bromine
(Hemdal, 1992). Emergency additions of sodium
thiosulfate should be preceded by preparations
for rapid pH changes and followed by continuous
pH monitoring.

Effluent treatment

Designers of elasmobranch exhibit LSSs should
recognize that regulations governing the disposal
of waste seawater vary widely. It is incumbent
upon the designer to know the regulations
governing their region and specify the LSS
accordingly. In some cases, seawater disposal
regulations can be extremely stringent. For
example, SeaWorld Orlando is required to operate
reverse osmosis plants to concentrate effluent
from its closed systems and thus avoid the
disposal of large volumes of wastewater from
backwashes, etc.

Monitoring and record keeping

A thorough water monitoring protocol should be
implemented and exhibit water should be
rigorously screened for critical parameters (e.g.,
DO, temperature, ORP, residual oxidants, etc.) on
aregular basis. The importance of comprehensive
water monitoring, record keeping, and a LSS
evaluation program cannot be overemphasized.

LIFE SUPPORT SYSTEM PHILOSOPHIES

A number of paradigms for the LSSs of large
elasmobranch systems have been created over
the years. Existing LSSs tend to fall into one of
these basic models. The rapid sand + ozone
model was used by most facilities constructed
during the 1980’s and early 1990’s in the USA. In
the past decade, however, alternative LSSs favoring
foam fractionation, denitrification, and other
technologies have been added to the mix.

Rapid sand filter + ozone contact chamber

Typically rapid sand + ozone systems were
designed to recycle exhibit water every 60-90
minutes, a rule of thumb that has been in use for
at least 30 years (Hagen, 1970) (Figure 6.1). A
number of newer designs use faster turnover
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times. Ozone treatment of system water was
accomplished in contact chambers. Early versions
of these systems used air-stones as the ozone
introduction device. Newer systems featured
entrainment of smaller gas bubbles using venturis.

A portion of the rapid sand + ozone LSS must be
devoted to the restoration of gas balance (LaBonne,
pers. com.). This equilibration process includes off-
gassing of carbon dioxide and nitrogen, and the
restoration of oxygen levels lowered by animal and
bacterial respiration. In some systems, degas towers
are equipped with media to assist gas exchange
and optimize gas balance (Johnson, pers. com.).
Structurally these towers are akin to biotowers,
without the biological function. Piedrahita and
Grace (1991) describe a carbon dioxide removal
system that consists of a packed column supplied
with countercurrent aeration.

Although LSS design is moving away from
systems dominated solely by rapid sand filtration,
significant amounts of sand filtration may still be
required for exhibits with long sight-lines, and
exhibits where large quantities of particulates are
produced such as ray feeding pools (Johnson,
pers. com.).

While exhibits employing early versions of the
rapid sand + ozone model tended to accumulate
nitrogenous wastes, later versions avoided this
problem through the addition of efficient foam
fractionation and frequent backwashing (e.g.,
SeaWorld Ohio’s shark exhibit's LSS incorporated
foam fractionation on a 10% side-stream and
backwashing on a 140 hour cycle).

Denitrification has been added, as a side-stream
process, to a number of recently constructed rapid
sand + ozone systems.

Foam fractionator-dominated

Some designers now favor LSS configurations
where-by foam fractionators comprise = 50% of
the total filtration capacity of the system (LaBonne,
pers. com.). These systems are frequently
referred to as fractionator-dominated (Figure 6.2).
Rapid sand filters are relegated to a side-stream
loop and ozone additions, where needed, are
minimal. LaBonne (pers. com.) notes that the
need for denitrification systems is reduced
because organics are removed before the
nitrification process, leading to nitrate
accumulation, has taken place. LaBonne (pers.
com.) considers the use of foam fractionators, to
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Figure 6.1. Basic process diagram of a rapid sand filter + ozone contact chamber LSS.

the exclusion of ozone contact chambers and
traditional mechanical filtration systems, to be a
design and operation goal for modern elasmobranch
LSSs.

Some LSS designers apply foam fractionators
before rapid sand filters. In such applications, the
foam fractionator will act as a site for micro-

flocculation, and will remove some of the flocs
before they reach the rapid sand filters.
Parallel flow

The term “parallel flow” is traditionally used to
describe any LSS where parallel treatment
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Figure 6.2. Basic process diagram of a fractionator-dominated LSS.
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streams are employed. More recently the term has
been used to denote a specific combination of
separate rapid sand filter and foam fractionator
streams (Johnson, pers. com.). This scheme uses
less floor space and energy than the traditional
rapid sand filter model. Parallel flow LSSs use
particular water treatment processes where they
are most needed: oils and surfactant-rich water
from surface skimmers are directed to foam
fractionators, while particulate-loaded bottom
drain water is directed to rapid sand filters (Figure
6.3). Water flow is divided more or less equally
between the two treatment streams and joins at
a common degas chamber. Ozone can be added
to a dedicated reaction chamber or foam
fractionators as described above. A good example
of this LSS philosophy may be found at Ripley’s
Aquarium of the Smokies, Gatlinburg, USA
(Johnson, pers. com.).

Pre-ozonation

Pre-ozonation has been applied at Discovery
Cove and is intended to address bacteriological
issues having regulatory significance for the
immersion of guests within exhibit water. The
entire process stream receives ozone, injected
into an open contactor via venturis, prior to

particulate removal (Figure 6.4). Ozone acts as
a micro-flocculent, improving mechanical
filtration. An up-flow fluidized carbon bed is
used to strip residual ozone and oxidants
before water returns to the pool. A packed
column degas chamber is employed to prevent
supersaturation and to balance all dissolved
gases (Johnson, pers. com.; Linn, pers. com.).
It is believed that ozone reacting with carbon in
the fluidized bed may be creating hydroxyl ions
that enhance disinfection through a process
known as advanced oxidation (Johnson, pers.
com.).
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Chapter 7
Elasmobranch Capture Techniques and Equipment

ALLAN MARSHALL
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One Wild Place,
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Abstract: Captive elasmobranchs are often collected using techniques modified from
commercial fishing practices. However, elasmobranch species fill diverse niches within
the marine environment and additional specialized fishing techniques have been developed.
In general, there are four basic methods suitable for live capture: netting, trapping, hooking,
and targeting. Hand-drawn nets are more forgiving than mechanically trawled nets, and
when carefully deployed little physical injury will result. Small, baited traps are effective for
catching sedentary elasmobranchs, but are not recommended for pelagic species. Larger,
non-baited oceanic traps cause little or no injury to open water animals, as specimens are
contained without restricting their swimming patterns. Angling with rod and reel allows an
animal to be landed immediately, reducing capture-induced stress. Hooking with long-line
can be effective if soak times are limited to less than two hours. Targeting may be employed
if netting, trapping, and angling are not sufficiently discriminating to catch the desired
elasmobranch. Targeting techniques include, among others, dip netting, SCUBA divers
with catch bags, treble hooks cast over and snhagging specific specimens, set hooking,

and hooping.

Acquiring healthy elasmobranch specimens for
aquariums and live research can be a labor-
intensive operation. Contrary to popular belief,
most elasmobranchs are extremely delicate and
when removed from their natural habitat may
suffer lethal physiological stress responses
(Rasmussen and Rasmussen, 1967; Piiper and
Baumgarten, 1969; Piiper et al., 1972; Mazeaud
et al., 1977; Gruber, 1980; Holeton and Heisler,
1983; Wood et al., 1983; Cliff and Thurman, 1984;
Meroz, 1990; Murru, 1990; Wood, 1991; Smith,
1992; Stevens, 1994). It is generally not practical
to rely on by-catch specimens from commercial
or recreational fisheries, as survival rates can be
unacceptably low. Thus, it is usually necessary
to conduct fishing operations using equipment and
techniques specific to the species intended for
capture. In some cases it may be possible to
establish mutually beneficial relationships
between aquariums and commercial fishing
operations, taking advantage of both commercial
fishing equipment and specialized animal
handling techniques. In all cases, minimal
handling and the minimization of injury to
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specimens will increase the chances of a
successful acquisition.

PLANNING

Extensive planning is required to ensure the
acquisition of appropriate animals for a given
exhibit. Lists of potential species should take into
consideration the size and physical limitations of
an exhibit, the geographical area represented,
species compatibility, species availability, and
budgetary constraints (refer to Chapter 2 of this
manual for more information about species
selection). It is essential to understand the
permitting processes as they pertain to the
species selected (refer to chapter 3 of this manual
for more information about permitting). Once a
species list has been determined, further research
into the requirements and habitat of each
individual species should be undertaken. This
research should yield information about possible
commercial collectors, suitable fishing
techniques, effective bait, specific handling and
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equipment requirements, and appropriate fishing
locations.

COMMERCIAL COLLECTORS

There are many professional commercial
collectors of marine animals. Unfortunately, a few
unscrupulous individuals mar the work of many
excellent suppliers, so it is important to get
references. The selected commercial collector
must have the knowledge and skills to capture
and, if required, transport elasmobranchs
correctly. Where possible, their facilities should
be inspected and the commercial collectors
gueried about their specific collection and
transportation techniques. This information will
provide a better understanding of their
infrastructure and knowledge limitations. Having
an experienced staff member accompany the
commercial collector throughout the process will
help ensure that best practices are used and
provide reliable intelligence about how specimens
were caught and subsequently treated (i.e.,
feeding techniques employed, medications given,
etc.). Itis imperative that the commercial collector
has all the required permits prior to the
commencement of fishing operations on behalf
of the aquarium. All agreements should be in
writing to avoid misunderstandings.

LOCATING SUITABLE SPECIMENS

Each elasmobranch species has specific habitat
requirements. In addition, specific parameters
(e.g., depth ranges, habitat preferences, and
geographic locations) may vary seasonally
(Gruber, 1980; Rupp, 1984; Burgess, 1985;
Wisner, 1987; Boggs, 1992; Martin and Zorzi,
1993; Di Giacomo et al., 1994; Nakano et al, 1997;
Fahy, pers. com.; Human, pers. com.).
Understanding these parameters and how they
relate to local conditions will increase the chances
of successfully locating and capturing required
specimens. For example, it is understood that
sand tiger sharks (Carcharias taurus) undertake
annual migrations within their home range and
that these migrations usually correlate with
seasonal changes in water temperature. The
following migration routes are known for this
species: Massachusetts to Northern Florida in the
USA; Southern New South Wales to Southern
Queensland in Australia; and Cape Town, South
Africa to Southern Mozambique. Fishermen in the
USA have noted that sand tigers will rarely take
baited hooks at temperatures below 17°C
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(Barnhart, pers. com.). In Australia, the sand tiger
shark prefers rocky reefs and in particular gutters
or channels at depths of ~18 m.

COLLECTION TECHNIQUES

There are four distinct techniques used to capture
live elasmobranchs: netting, trapping, hooking,
and targeting. Table 7.1 summarizes the methods
used to successfully collect different
elasmobranch species for aquariums and live
research. Quoted techniques are not a guarantee
of survival. Capture technique, specimen size,
handling time, transport regime, and water quality
will all impact specimen survivability. Minimizing
capture, handling, and transport times should be
the ultimate goal of any expedition.

Netting

Nets can be used to capture a wide variety of
elasmobranchs. When nets are carefully
deployed, little physical injury results. Hand-drawn
nets are more forgiving than mechanically
operated and hauled nets, such as otter trawls.
However, some sedentary species are hardy
enough to survive trawled nets and these nets
can therefore be an effective method for collecting
resilient animals.

Seine netting

Seine nets are regularly used to collect many
species of shallow water sharks and rays. A
seine net consists of a length of mesh with
sufficient dimensions to reach from the surface
to the seabed. Lead weights are attached to
the lower edge of the net, keeping it in contact
with the bottom, while floats hold the upper
edge of the net at the surface (Figure 7.1). If
the water is clear and potential specimens can
be seen, the net may be deployed, usually by
a boat, in a circular pattern around the target
animal(s). The net is laid in the boat in such a
way as to let it progressively peel out, without
tangling, as the boat moves forward. Once the
animal is fully encircled, the net is slowly drawn
in. The area in which the elasmobranch is
swimming gradually decreases until it is fully
confined and can be transferred to a transport
container. In turbid water, the net can be deployed
where target animals are suspected to be present
and the net drawn in until capture has been
verified. With a proficient knowledge of both target
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CHAPTER 7: ELaAsmoBRANCH CAPTURE TECHNIQUES AND EQUIPMENT

Figure 7.1. Seine net used to surround, enclose, and capture
potential elasmobranch specimens.

species and fishing areas, this method can be
productive.

Multi-strand nylon is an appropriate material for
nets, and woven, knotless nets are preferred as
they are less likely to injure a struggling animal.
Mesh size for seine nets is usually small (~2.5
cm stretched mesh), but can be larger depending
on the size of the target species. Oversized mesh
is not recommended as an animal can push its
head through the net (in a similar fashion to a gill
net), become entangled, and ultimately injured.

Purse seine nets are used in a similar fashion to
seine nets, however the bottom of the net is drawn
together once deployed, when used in deeper
water, to prevent animals from escaping.

Gill netting

Gill nets have a larger mesh size than seine nets.
Gill nets are secured in an area, where the
presence of a target species has been
established, and are left in position for a set period
of time. As the name implies, specimens are
caught by entangling their heads in close
proximity to the gills. Injuries sustained from gill
nets are frequently lethal to captured specimens.
Many species of elasmobranchs will die if
constrained for extended periods, as gas
exchange and blood circulation are impaired
(Denton et al., 1987; Meroz, 1990; Smith, 1992).
Gill nets are therefore not recommended for the
live capture of elasmobranchs (Murru, 1990;
Stevens, 1994; Shiobara et al., 1997) unless they
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are constantly monitored (Meroz, 1990; Stevens
et al., 2000). If another option for the capture of
specimens is available, it should be considered
before gill netting is used. In some specific cases,
where other options are not available, it is possible
to work closely with commercial gillnet fishermen
and harvest live specimens recently caught in
their nets (Shiobara et al., 1997; Kelleher, pers.
com.; Powell, pers. com.).

Sawfishes (Family: Pristidae) are easily ensnared
and their numbers have dropped markedly in areas
where commercial fishermen use gill nets. If a gill
net is constantly monitored, live sawfish specimens
may be readily caught, removed, and suffer little
injury, as they are usually entangled around their
robust saw (Squire, pers. com.; Young, pers. com.).

Cast netting

Cast nets have been employed to capture Atlantic
(Dasyatis sabina), southern (Dasyatis americana),
and bluntnose (Dasyatis say) stingrays, and other
shallow water species of elasmobranch (Gruber,
1980; Murru, 1990; Choe, pers. com.). Cast nets
may be thrown from a boat or the shoreline and are
most effective when used in water <1 m deep
(Figure 7.2). When a cast net has settled over a
buried ray, gentle prodding will encourage it to rise
out of the sand and move into the net.

Trawling

Otter trawl nets are commonly employed by the
commercial fishery to collect crustaceans.
Elasmobranchs are a frequent by-catch of the
fishery. A conical shaped net is dragged along the
sea floor by a boat on the surface. Angled boards
are attached to each side of the net, holding the

Figure 7.2. Acast net requires practice to be thrown correctly
and is most effective in shallow water.
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Figure 7.3. An otter trawl showing the otter boards on either side keeping the net open as it is towed.

net open during trawling (Figure 7.3). Animals
displaced from the bottom are caught in the net
and, following a set period of trawling time,
brought to the surface. Although this method of
fishing damages most animals, sedentary species
of elasmobranchs (e.g., rays and guitarfishes)
often fare well, providing an opportunity to acquire
healthy specimens. Smaller versions of the otter
trawl net have been used by aquariums to collect
inshore coastal species for display (Howard, pers.
com.). Di Giacomo et al. (1994) collected healthy
specimens of the cock fish (Callorhinchus
callorynchus) using otter trawl nets deployed from
research fishing vessels in Patagonia. Towing time
was limited to 30 minutes and net retrieval was
deliberately slow, reducing possible damage to
the animals as they were raised from a depth of
50-100 meters. Because of the risks to captured
specimens, other capture techniques should be
considered before trawling is employed.

Trapping

Trapping can be an effective technique to collect
elasmobranchs, allowing extended fishing periods
and minimizing stress on captured specimens.
The basic premise of trapping is to confine
animals in a small holding area where they can
be collected at a later time. Some traps use bait,
while others exploit the natural swimming
behavior of target animals.

Baited trapping

Several designs of baited traps are used in the
fishing industry to collect different species of
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animal. These traps usually consist of a box-like
frame, over which is stretched a mesh of wire or
netting, and one or two small, funnel-shaped
openings. Animals can easily enter the mouth of
the funnel from the exterior, but have difficulty
exiting the narrow spout from the interior. Bait is
usually placed inside the trap and it is then
lowered to the sea floor for a predetermined
period of time. Baited traps are effective for
catching sedentary species of elasmobranch, but
are not recommended for pelagic species.

Non-baited trapping

Larger traps capture animals by exploiting their
natural behavior and herding them into a relatively
small area. Native fishermen in Kuwait use a trap
called a hadra (Figure 7.4) to collect a large variety
of fishes (McEwan et al., 2000). The hadra has a
design similar to pound nets used by professional
fishermen on the East Coast of the USA (Murru,
1990). These traps consist of a long wall of
partially submerged netting positioned
perpendicular to the coastline. Fishes swimming
parallel to the shore encounter the wall and
instinctively turn toward deeper water to avoid the
obstruction. When they reach the end of the wall,
fishes are directed into a corral-shaped net where
they continue to swim until removed by the
fishermen. Hadras are positioned between the
high and low tide marks of a gently sloping
shoreline. As the tide recedes, fishes are left with
no alternative but to enter a small section of the
corral called the ser. In contrast, the corral of
pound nets is positioned in deeper water, beyond
the low tide mark, and have a floor of netting that
can be raised by the fishermen to concentrate the
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Figure 7.4. The “hadra” trap is positioned perpendicular to the
shoreline. As fishes swim along the shoreline, they encounter
the fence, head toward deeper water, and become trapped in
the “ser”.

animals in a smaller area. A larger version of these
traps is used in the Mediterranean to capture tuna
for the Japanese sushi market. These larger traps
frequently collect free-swimming, demersal and
pelagic sharks.

An advantage of these large traps is that they
cause little or no injury to the animals. Specimens
are contained without restricting their swimming
patterns and stress is presumably limited to the
time taken for handling and transport. Many
elasmobranch species have successfully been
collected using this technique. Most notable are
the pelagic blue (Prionace glauca) and shortfin
mako (Isurus oxyrinchus) sharks, notoriously
difficult to capture alive using other methods.

Because of the complexity of these large traps
and the labor required to keep them operational,
it is usually not feasible for an aquarium to own
and operate one. Rather, aquarium personnel
should build a relationship with trap fishermen so
that suitable animals may be acquired for display.

Hooking

The most common method for catching
elasmobranchs is to fish them with a baited hook
and line (Gruber, 1980; Cliff and Thurman, 1984;
Rupp, 1984; Lawlor, 1985; Denton et al., 1987;
Ballard, 1989; Jenkins, 1989; Andrews and Jones,
1990; Murru, 1990; Boggs, 1992; Stevens, 1994;
Visser, 1996; Arai, 1997; Nakano et al., 1997;
Stevens et al., 2000; Martin and Zorzi, 1993;
Harrington, pers. com.; Wisner, pers. com.).
Elasmobranchs are opportunistic feeders and will
readily take bait when offered. Baited hooks may
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be monitored (e.g., angling) or set and left to fish
remotely for a period of time (long-line fishing).

Angling

The advantage of angling with a rod and reel is
that an animal can be landed as soon as it has
been caught, reducing capture-induced stress
(Murru, 1990; Stevens et al., 2000). The
movements of live bait are an effective attractant
to target elasmobranchs. The size and design of
fishing tackle depends on the desired species and
size ranges. A long wire trace is essential as the
teeth and skin of most elasmobranchs can easily
abrade and sever nylon fishing line, freeing the
animal. Wire can, however, cause injury to the
animal, so plastic-coated traces are recommended
(Wisner, pers. com.).

Long-line fishing

Long-line fishing has been used for many years
in the commercial fishing industry. Typical long-
lines consist of a single line, up to several
kilometers long, having hooks attached by short
lines (gangions or snoods) at fixed distances
along the line. During commercial fishing activities
the line, having several thousand gangions, is left
to soak for ~24 hours. Many marine animal
collectors and aquarium staff have used modified
long-line fishing techniques to capture
elasmobranchs for display purposes (Rupp, 1984;
Jenkins, 1989; Murru, 1990). Minimizing the time
between hooking and landing an elasmobranch
should be the top priority. This precaution reduces
the chances of specimens succumbing to
biochemical changes induced by extended
capture stress. Thus, for the live capture of
elasmobranchs, long-lines are typically reduced
to a length of ~300-400 meters and ~50 hooks,
and soak times restricted to less than two hours
(Murru, 1990). Even fewer hooks can be used if
the density of target species is known to be high.
Capture stress can be further reduced by
attaching the gangions to long leaders, allowing
specimens to swim freely once hooked (Denton
et al., 1987; Ballard, 1989; Murru, 1990; Boggs,
1992).

Gangions typically consist of a 2 m (x 4 mm
diameter) length of nylon rope attached by a large
swivel to an additional 1.5 m (x 3 mm diameter)
length of heavy, plastic-coated wire. A hook is
attached to the end of the wire trace. The heavy
line and wire make it easier to haul in captured
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specimens quickly. Gangions are usually attached
to the long-line with a stainless steel clip. When a
specimen is brought to the boat, it can be
disconnected from the long-line and lifted into a
transport container. The hook is then cut with a
pair of bolt cutters, allowing it to be easily removed
without further injury to the specimen. If the
specimen is too large to be landed, the gangion
may be detached from the long-line and the
specimen guided to an area where it can be
transferred to a transport container or a sea pen
(Denton et al., 1987).

A variation of the long-line, whereby individual
gangions are attached to individual floats, has
been used successfully to collect blacktip sharks
(Carcharhinus limbatus) in shallow waters
(McCourt, pers. com.). This gear, referred to as a
free float, is baited with live fish, set within a 300-
meter radius of the fishing boat, and closely
monitored. When a bait is taken the float is tracked
until the boat can get close enough to snare it
with a boat hook. The specimen is then landed
and placed in a transport container. This technique
has proven successful in shallow-water estuaries
where it is often impractical to set long- lines.
Capture success is high, when using this technique,
as animals can run with the bait for a sufficient time
to allow the hook to become properly set.

Block-line fishing

Denton et al. (1987) have captured elasmo-
branchs using a baited hook attached to a 50-
meter rope and large, anchored buoy (Figure 7.5).
Captured specimens were thus given sufficient
freedom to maintain normal swimming patterns

_ —--ﬂ.ﬂ_‘:’é:'_ =

Figure 7.5. Block-line or drum-line fishing allows captured
animals freedom to continue normal swimming patterns until
retrieved.
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and this increased the time that viable specimens
could remain on the line. This technique is called
block-line fishing in the USA (Henningsen, pers.
com.; Young, pers. com.) and drum-line fishing in
Australia.

Hooks

Any hooking technique has the risk of a specimen
swallowing the hook and sustaining internal
damage. Using a Mustad circle hook (O. Mustad &
SonA. S., Gjavik, Norway) (Figure 7.6) will reduce
this risk as they embed primarily in the lower jaw
or jaw hinge (Skomal, 2002; Harrington, pers.
com.; Wisner, pers. com.). Wisner (pers. com.)
suggests crimping down the barb of circle hooks
to further reduce injuries incurred while angling.

Wisner (pers. com.) has used 85-113 gram lead
sinkers, attached close to a hook, to prevent
brown stingrays (Dasyatis lata) swallowing the
hook when caught. The sinker is too large to fit
into the mouth of the rays and therefore the hook
does not get past the buccal cavity. Harrington
(pers. com.) has adopted a similar technique,
using a stainless steel rod (~30 cm long x 3-4
mm diameter) attached perpendicularly to the
trace, to prevent hooks passing beyond the jaws of
sand tiger sharks and sandbar sharks (Carcharhinus
plumbeus) during long-line fishing operations.

Targeting

In some cases, the methods described above are
not sufficiently discriminating to catch the size
class or species of elasmobranch desired. In
these cases, a more selective method of
collection, e.g., targeting, may be required.

Blue sharks have been attracted to the side of a
capture vessel using chum, dip-netted out of the
water, and transferred directly into a transport tank
on board (Howard, pers. com.).

Pacific angel sharks (Squatina californica) have
been collected using large, perforated heavy-duty,
plastic bags manipulated by a team of three or
four SCUBA divers. Once a suitable specimen
was located, two of the divers held the bag open
near the shark and the other diver(s) maneuvered
the shark into the bag (Howard, pers. com.).

Juvenile blacktip reef sharks (Carcharhinus
melanopterus) have been chased through the reef-
flat shallows of Christmas Island and successfully
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Figure 7.6. Mustad circle hooks (left) of size 11/0 (top) and 12/
0 (bottom), and Mustad number 9174 straight hooks (right) of
size 6/0 (top) and 7/0 (bottom). A 1.0 cm scale is provided in the
center of the figure. From Skomal et al. (2002).

caught with hoop nets (Wisner, 1987).

Striped catsharks (Poroderma africanum), leopard
catsharks (Poroderma pantherinum), puffadder
shysharks (Haploblepharus edwardsii), and dark
shysharks (Haploblepharus pictus) are
particularly easy to collect, as they are generally
slow-moving and approachable. A mesh dive bag
containing bait is tied to the holdfast of some
nearby kelp. When the desired species comes in
to feed they are simply caught by hand, just
behind the head, and placed into a mesh dive bag.
This method has been used to capture specimens
ranging from 25-100 cm TL (Dainty, pers. com.;
Human, pers. com.).

Sedentary tropical coral reef elasmobranchs are
often selectively collected by SCUBA divers using
hand nets. Once a specimen has been caught,
mesh is twisted over the net entrance to prevent
the animal from escaping (Squire, pers. com.;
Young, pers. com.).

An older method of collecting large rays (e.g.,
spotted eagle rays, Aetobatus narinari) was to
spear the selected specimen through the lateral
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margin of the pectoral fin. The spear was attached
to the gun with a long cord, allowing the animal to
be dragged to the boat and transferred to a
transport container. Injuries to animals were
considered relatively minor and wounds healed
quickly. Prophylactic antibiotics were frequently
given (Long, pers. com.).

A technique used to collect many species of
ray is to locate the target specimen, cast a
small barb-less treble hook over the animal,
and snag the edge of the pectoral fin (Young,
pers. com.). The animal is quickly brought to
the boat with a rod and reel, as per normal
angling. This technique has proven successful,
causing minimal injury.

Sand tiger sharks swallow and store air in their
stomach to aid buoyancy. If a sand tiger shark is
brought to the surface from great depth, gastric
emboli may result (Smith, 1992). It is therefore
advantageous to burp the air from these animals
prior to bringing them to the surface. Two capture
methods adopted in Australia have been directed
at addressing this issue: set hooking and hooping.

Set hooking uses a standard angling rig with a
long steel trace (~3 m) and a toggle positioned
close to the end of the line. A SCUBA diver takes
the baited hook and feeds it to a selected shark.
Once the shark has taken hold of the bait, the
diver waits for a few moments before setting the
hook by pulling on the toggle. The diver orients
the hook so that itimbeds in the lower jaw, causing
minimal injury to the specimen. It is important that
the surface angler maintains tension on the line,
as soon as the hook is set, to prevent the shark
from dislodging or swallowing the hook (Menzies,
pers. com.).

Hooping employs a rope noose suspended inside
a large, rigid hoop. SCUBA divers swim above
the shark and lasso the specimen as it swims
through the hoop. When the shark is partially
through the hoop, as far as the leading edge of
its pectoral fins, the noose is pulled taut. The
captured shark is thus restrained by the rope
around the pectoral girdle. After a brief struggle,
the animal is burped, brought to the surface, and
transferred to a transport container (Smith, 1992).

CONCLUSIONS

Numerous techniques have been used to acquire
live elasmobranchs for display or research
purposes. In general, it is essential to understand
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the habits and requirements of required species,
and to select an appropriate capture method to
ensure success. Although little has been
published about elasmobranch capture
techniques, much information is available from
experienced collectors and aquarium personnel.
Individuals intending to acquire elasmobranchs
would do well to consult these people and heed
their advice. Once caught, elasmobranchs need
to be handled and transported with great care to
avoid excess physical trauma and stress (please
refer to Chapter 8 of this manual for more
information about the handling and transport of
elasmobranchs).
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Abstract: Elasmobranchs are delicate animals and appropriate care should be observed
during their transport or permanent damage and even death can result. Key considerations
include risk of physical injury, elevated energy expenditure, impaired gas exchange,
compromised systemic circulation, hypoglycemia, blood acidosis, hyperkalemia,
accumulation of metabolic toxins, and declining water quality. Carefully planned logistics,
appropriate staging facilities, minimal handling, suitable equipment, an appropriate transport
regime, adequate oxygenation, comprehensive water treatment, and careful monitoring
will all greatly increase the chances of a successful transport. In special cases the use of
anesthesia and corrective therapy may be merited.

Despite common perception to the contrary,
sharks and rays are delicate animals. This
delicate nature is nowhere more evident than
during the difficult process of capturing and
transporting these animals from their natural
habitat to a place of study or display. If sufficient
care is not used, it is not uncommon for
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elasmobranchs to perish during transport or
shortly thereafter (Essapian, 1962; Clark, 1963;
Gohar and Mazhar, 1964; Gruber, 1980).

Any elasmobranch transport regime should take
into account a number of considerations related
to species biology and transport logistics. A list of
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these considerations has been outlined in Table
8.1 and each will be covered in this chapter or
elsewhere in this volume.

Table 8.1. Important issues to consider when
formulating an elasmobranch transport.

1. Elasmobranch biology
2. Species selection (refer chapter 2)
3. Legislation and permitting (refer chapter 3)
4. Logistics and equipment preparation
5. Specimen acquisition (refer chapter 7)
6. Handling and physical activity
7. Staging
8. Oxygenation, ventilation and circulation
9. Transport regime

10. Water treatment

11. Anesthesia (see also chapter 21)

12. Corrective therapy

13. Monitoring

14. Acclimation and recovery

15. Quarantine (refer chapter 10)

16. Specimen introduction (refer chapter 11)

ELASMOBRANCH BIOLOGY

Before discussing elasmobranch transport
techniques it is important to understand the basics
of elasmobranch biology as they pertain to
capture, restraint, and handling.

Cartilaginous skeleton

Unlike teleosts (i.e., bony fishes), sharks and rays
have a skeleton made of cartilage and lack ribs.
This characteristic means that the internal organs
and musculature of elasmobranchs are poorly
protected and susceptible to damage without
horizontal support (Clark, 1963; Gruber and
Keyes, 1981; Murru, 1990).

Integument

Like other fishes elasmobranch skin is delicate
and susceptible to abrasions especially on the
snout and distal section of the fins (Howe, 1988).

Lateral line
Elasmobranchs detect low-frequency vibrations and

pressure changes using a sensory organ called the
lateral line (Boord and Campbell, 1977).

106

Ampullae of Lorenzini

Elasmobranchs detect weak electromagnetic
fields using a specialized sensory organ called
the Ampullae of Lorenzini, allowing them to detect
electrical signatures produced by potential prey.
They are sensitive to electrochemical cells
induced by metals immersed in seawater and
intolerant of dissolved heavy metallic ions
(especially copper) (Gruber, 1980).

Optimal swimming velocity

An elasmobranch has achieved optimal swimming
velocity when its energy expenditure per unit
distance traveled, or total cost of transport (TCT),
is minimized (Parsons, 1990; Carlson et al.,
1999). If the elasmobranch swims slower or faster
than this speed it will consume more energy.
Carlson et al. (1999) observed that the optimal
swimming velocity for blacknose sharks
(Carcharhinus acronotus) was at speeds of 36-
39 cm st where TCT was 0.9-1.0 cal g* km™. If
the sharks slowed down to 25 cm s, then energy
expenditure increased to 1.7 cal g* km™.

Negative buoyancy

Elasmobranchs have no swim bladder and are
negatively buoyant (Bigelow and Schroeder,
1948). Sharks maintain or increase their vertical
position within the water column by using their
caudal fin to provide thrust and their rigid pectoral
fins and snout to generate lift.

One technique negatively buoyant fishes use to
conserve energy is to powerlessly glide at an
oblique angle, gradually increasing depth, then
return to the original depth by actively swimming
upward. An energy saving in excess of 50% has
been calculated for animals that adopt this
strategy referred to as the swim-glide hypothesis
(Weihs, 1973; Klay, 1977). An uninterrupted
horizontal distance is required for the completion
of the glide phase of this swimming strategy. If
this minimum horizontal distance is not available
the fish will consume excess energy through the
muscular contractions required to turn. In the case
of extreme interruptions the fish may stall and
consume valuable energy reserves as it attempts
to regain its position within the water column and
re-attain a near-optimal swimming velocity. If this
situation persists, the animal can become
exhausted and ultimately die (Klay, 1977; Gruber
and Keyes, 1981; Stoskopf, 1993).
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Anaerobic metabolism

Many sedentary elasmobranchs have a low
aerobic capacity relying heavily on the anaerobic
metabolism of white muscle to support activity
(Bennett, 1978). This strategy provides a great
opportunity for sudden bursts of activity but
implies long periods of immobility during recovery.
Conversely, pelagic elasmobranchs have an
increased commitment to the aerobic red muscle
more suitable for their constantly cruising lifestyle.
If oxygen (O,) demand increases to a point where
an insufficient supply feeds the working tissue
aerobic red muscle will also start to metabolize
anaerobically.

The velocity beyond which a swimming
elasmobranch starts to metabolize anaerobically
is referred to as U_, or the maximum aerobically
sustainable swimming speed (Lowe, 1996). The
U_, for leopard sharks (Triakis semifasciata) has
been measured at 1.6 L s* for 30-50 cm TL
specimens (where L = a distance equivalent to one
body length and TL = total length of the specimen).
U_, was found to vary inversely with body size; 120
cm TL sharks exhibit a U_, of 0.6 L s™ (Graham et
al., 1990). Itis believed that less-active sharks have
a lower U_, than species adapted to a cruising

pelagic lifestyle (Lowe, 1996).

Once an elasmobranch starts to metabolize
anaerobically, be it benthic or pelagic, it produces
lactic acid as a byproduct (Bennett, 1978).

Ventilation

Elasmobranchs have a small gill surface and their
blood has a low oxygen-carrying capacity (Gruber
and Keyes, 1981). Most demersal and benthic
species ventilate gas-exchange surfaces using
movements of the mouth to actively pump water
across their gills. Pelagic species often use ram
ventilation (i.e., forward motion and induced head
pressure to force water into their mouth and out
across their gill surfaces) to improve their ability
to extract oxygen from the water. Species that are
obliged to swim forward for effective gas
exchange are referred to as obligate ram
ventilators (Hughs and Umezawa, 1968; Clark
and Kabasawa, 1977; Gruber and Keyes, 1981;
Hewitt, 1984; Graham et al., 1990; Lowe, 1996;
Carlson et al., 1999). An increased dependence
on ram ventilation by pelagic species is possibly
related to their increased reliance on oxygenated
red swimming muscle.
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Muscular pumping and systemic circulation

Elasmobranchs have limited cardiac capacity, low
blood pressure, and low vascular flow rates. They
rely on vascular valves and muscular contractions
to aid systemic circulation. Optimal oxygenation of
musculature and removal of toxic metabolites
therefore occurs while swimming rather than at rest
(Gruber and Keyes, 1981; Murru, 1984; Baldwin and
Wells, 1990; Lowe, 1996). Muscular-assisted
circulation is particularly important for pelagic and
some demersal elasmobranchs because their
aerobic swimming muscle requires constant
oxygenation (Hewitt, pers. com.; Powell, pers. com.).

Hypoglycemia

During hyperactivity blood-glucose concentrations
tend to rise as liver glycogen stores are mobilized
(Mazeaud et al., 1977; Cliff and Thurman, 1984;
Jones and Andrews, 1990). CIiff and Thurman
(1984) observed an increase in the blood-glucose
concentration of dusky sharks (Carcharhinus
obscurus) from 5 to 10 mmol I following 70 minutes
of hyperactivity. Blood-glucose concentrations
remained at 10 mmol I for three hours and then
continued to rise to a level in excess of 15 mmol |
over the next 24 hours. Glucose enters muscle cells
where it supplies energy and raw material to restore
glycogen reserves. If hyperactivity is prolonged
blood-glucose elevation can be followed by a
decline as liver glycogen reserves become
exhausted (Cliff and Thurman, 1984; Hewitt, 1984;
Jones and Andrews, 1990; Wood, 1991; Wells et
al., 1986). Cliff and Thurman (1984) observed a
decrease in blood-glucose concentrations to 2.9
mmol It and 5.7 mmol I'in two dusky sharks that
had struggled to the point of death.

Acidosis

Blood acid becomes elevated (i.e., pH declines)
during hyperactivity. Acidosis is the result of two
processes: increased plasma carbon dioxide (CO,)
concentration, and anaerobic metabolism and lactic
acid production (Piiper and Baumgarten, 1969;
Holeton and Heisler, 1978; Cliff and Thurman, 1984).

When CO, production in the muscles exceeds
excretion via the gills, blood pH declines
(Murdaugh and Robin, 1967; Albers, 1970). This
pH decline happens because CO, reacts with H,O
according to Equation 8.1. This process is fast,
happening within minutes of hyperactivity (Piiper
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and Baumgarten, 1969; Cliff and Thurman, 1984;
Lai et al., 1990; Wood, 1991). Cliff and Thurman
(1984) observed a sharp blood-pH decline in a
dusky shark from 7.29 to 7.12 within 10 minutes
of hyperactivity. This decline is equivalent to an
effective 57% increase in hydrogen ions (H*).

Lactic acid produced during anaerobic metabolism
dissociates into lactate and H* further lowering blood
pH (Piiper and Baumgarten, 1969; Albers, 1970;
Piiper et al., 1972; Bennett, 1978; Martini, 1978;
Holeton and Heisler, 1978; Wardle, 1981; Holeton
and Heisler, 1983; Cliff and Thurman, 1984; Wood,
1991). Cliff and Thurman (1984) observed that blood
pH continued to decline during hyperactivity in a
dusky shark from 7.12 at 10 minutes to 6.96 by the
70" minute. This slow decline, following an initial
CO,-induced decline, was attributed to the formation
of lactic acid, and thus, H*.

It has been suggested that only 20% of H*
produced during anaerobic metabolism is
released from the cells. Therefore, extracellular
acidosis may be indicative of a more profound
intracellular acidosis (Wood et al., 1983).

Hyperkalemia

Hyperactivity and blood acidosis can result in
elevated serum electrolytes—in particular
potassium ion (K*) concentration—through the
effusion of cellular electrolytes into the blood
serum (Wood et al., 1983; Cliff and Thurman,
1984; Wells et al., 1986; Jones and Andrews,
1990; Wood, 1991). Cliff and Thurman (1984)
observed an increase in plasma K* concentration
from 3.3 mmol I"*to 5.3 mmol It in a dusky shark
during hyperactivity.

Increased plasma K* concentration can disrupt
cardiac function and promote muscular tetanus,
augmenting anaerobic metabolism and promoting
acidosis (Cliff and Thurman, 1984; Wells et al., 1986).

Excretion of metabolites

Elasmobranchs excrete many biochemical
metabolites into the surrounding environment via
their gills. Amongst others CO,, H*, and ammonia
ion (NH,*) are excreted during normal metabolism

(Robin et al., 1965; Murdaugh and Robin, 1967;
Albers, 1970). Unless they are diluted or removed
environmental accumulation of these metabolites
will become toxic. As elasmobranchs are hyper-
osmotic to their environment an elevated NH,*
concentration may induce or further promote
acidosis (Murru, 1990).

Transport mortality

Although mortality during and after elasmobranch
transport is not fully understood it appears to be
due, at least in part, to: depletion of blood-glucose
concentrations and starvation of muscle tissue;
blood acidosis, circulatory disruption, and central
nervous system damage; elevated plasma K*
concentration and cardiac dysfunction;
accumulation of toxic metabolites within the
immediate environment; or a combination of all
these factors (Mazeaud et al., 1977; Bennett, 1978;
Gruber and Keyes, 1981; Wood et al., 1983; Cliff
and Thurman, 1984; Hewitt, 1984; Murru, 1984;
Wells et al., 1986; Dunn and Koester, 1990; Stoskopf,
1993). The effect of these processes may not always
be immediately obvious and their contribution to post-
transport mortality may be overlooked or
underestimated (Gruber and Keyes, 1981).

In conclusion the following challenges need to be
considered during the transport of elasmobranchs:
(1) risk of injury to internal organs, delicate skin,
and sensitive sensory organs; (2) increased turning
frequency and elevated energy expenditure; (3)
impaired ventilation and compromised systemic
oxygenation; (4) decreased muscular pumping
resulting in reduced vascular circulation, reduced
muscular oxygenation, and reduced metabolite
elimination; (5) hypoglycemia; (6) blood acidosis;
(7) hyperkalemia; and (8) the excretion and
environmental accumulation of CO, , H* and NH,".
An overview of these challenges and possible
solutions has been outlined in Table 8.2.

LOGISTICS AND EQUIPMENT PREPARATION

A fundamental aspect of any elasmobranch
transport, determining ultimate success or failure,
is logistical planning and equipment preparation.
Equipment malfunction, vehicular breakdowns,

Equation 8.1
— — - + &= 2- +
Cco, + HO & HCO, & HCO, + H" & COS2*> + 2H
Carbon Water Carbonic Bicarbonate  Hydrogen Carbonate Hydrogen
dioxide acid ion ion
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Table 8.2. Biological characteristics of elasmobranchs and possible strategies to mitigate negative effects during transport.

Biological characteristics

Solutions

Cartilaginous skeleton 11

1.2
Integument 21

2.2

2.3
2.4
25

Lateral line 3.1
Ampullae of Lorenzini 4.1

Optimal swimming velocity 5.1
and negative buoyancy
5.2

Anaerobic metabolism 6.1
6.2
6.3

6.4
6.5
Ventilation 7.1

7.2

Muscular pumping and 8.1
systemic circulation
8.2

Hypoglycemia 9.1

Acidosis 10.1
10.2

10.3

10.4
Hyperkalemia 11.1
11.2
Oxygen (O,) depletion 12.1
12.2

12.3

Temperature fluctuation 13.1
13.2
13.3
Excreted particulates and 14.1
'‘organics’ 14.2

Carbon dioxide (CO,) buildup 15.1

and pH decline 15.2
15.3
Nutrient buildup 16.1
16.2

While handling, ensure horizontal support using water-filled plastic bags for small
specimens or stretchers for large specimens.

Always transport in a water-filled vessel.

Use plastic bags or soft knot-less nets when catching specimens, and flexible
plastic stretchers when restraining them.

Minimize handling and use sterilized plastic gloves if handling is absolutely
necessary.

Minimize obstructions to natural swimming patterns within transport tank.
Construct transport tank from non-abrasive material.

In extreme cases, consider the use of sedation to minimize handling time and
reduce physical injury.

Minimize external physical impacts to the transport tank.

Avoid using metallic objects, especially within transport tank.

Avoid using copper as a chemico-therapeutic.

Where possible minimize electric currents in and around the transport vessel.
Generate gentle current in transport tank to facilitate hydrodynamic lift, maintain
specimen buoyancy, and simulate swimming behavior.

Minimize turning frequency by transporting small specimens and reducing
obstructions within transport tank (e.g., LSS equipment, conspecifics, etc.).
Minimize hyperactivity by catching and restraining specimens quickly and calmly.
Minimize transport duration.

In extreme cases, consider the use of anesthesia to slow metabolic rate and to
reduce O, consumption and metabolic waste production.

Maximize dissolved O, concentration (as per 12.2 and 12.3)

Maximize ventilation and systemic circulation (as per 7 and 8)

Where possible, transport specimens in 'free-swimming' mode to allow natural
ventilation.

When transporting in 'restrained' mode simulate natural ventilation by directing a
current of oxygenated water into the mouth of the specimen.

Where possible, transport specimens in 'free-swimming' mode to allow natural
muscular pumping.

When transporting in 'restrained' mode periodically flex the trunk of the specimen to
stimulate muscular pumping.

Minimize hyperactivity (as per 6.1 - 6.3).

Consider use of IV- or IP-administered glucose supplementation.

Minimize hyperactivity (as per 6.1 - 6.3).

Maximize O, and CO, exchange by facilitating ventilation (as per 7.1 and 7.2),
degassing transport water (as per 15.2), and oxygenating transport water (as per
12.2 and 12.3).

Minimize blood [CO,] and [H'] increase by facilitating systemic circulation (as per
8.1 and 8.2).

Consider use of IV- or IP-administered bicarbonate or acetate to buffer the blood.
Minimize hyperactivity (as per 6.1 - 6.3).

Minimize blood acidosis (as per 10.1 - 10.4).

Minimize hyperactivity (as per 6.1 - 6.3).

Maximize dissolved oxygen concentration within transport vessel by supplementing
with pure O, at ~120-200% saturation.

Maximize dissolved oxygen concentration within transport vessel by degassing
transport water and liberating excess CO,.

Mitigate temperature fluctuations by insulating transport vessel.

Ensure vessel is transported and staged in temperature-controlled environments.
Modify temperature as required using bagged ice, immersion heaters, etc.
Minimize hyperactivity (as per 6.1 - 6.3).

Minimize waste accumulation by applying water exchanges, mechanical filtration,
adsorption or chemical filtration, and foam fractionation to transport water.

Minimize hyperactivity (as per 6.1 - 6.3).

Minimize pH decline by degassing transport water and liberating excess CO..
Minimize pH decline by buffering transport water with bicarbonate, carbonate, or
Tris-amino®.

Minimize hyperactivity (as per 6.1 - 6.3).

Minimize [NH; / NH,"] accumulation by performing periodic water exchanges, using
ammonia sponges (e.g., AmQuel), and applying adsorption or chemical filtration (as
per 14.2).
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Table 8.3. Basic logistics and equipment preparation required for a typical intercontinental elasmobranch transport. This
basic model may be adapted and used as a checklist for any transport.

Research

Plan

Contingency

Communicate

Educate

Prepare

11

12

13

14

2.1

2.2

2.3

24

3.1

3.2

4.1

5.1

6.1
6.2
6.3
6.4
6.5

6.6

6.7
6.8

Information is power! Research as much as possible about the chosen species - appropriateness for
display, special requirements, reliable sources (e.g., collection sites / professional collectors / other
aquaria), transportability, etc.

Obtain references for professional collectors. Inspect collector's facilities. Finalize species list and fix
agreement with professional collector (i.e., fees, dates, responsibilities, etc.). Ensure that both you and the
collector have appropriate permits.

Determine shipment routes, dates, and times. Obtain references for haulers, carriers, airports, etc. Ensure
shipment route is as direct as possible, secure, and requires minimal cargo handling. Have a freight agent
negotiate with carriers to determine the best routes, minimize costs, and handle paperwork. Strive for non-
peak times and working days when customs / quarantine staff are readily available.

Clarify available transport conditions: Is climate control available throughout? Can staff easily enter cargo
areas? Can animals be accompanied and checked in-flight? What are the plane loading and unloading
restrictions (e.g., door dimensions, lifting equipment, etc.) at both the origin and destination?

Think your way through the entire transport process considering all equipment, transport, and infrastructure
requirements (e.g., forklifts, pallet jacks, power supplies, water exchanges, etc.). Ensure that transport
tanks and ancillary equipment will fit on trucks, airplanes, forklifts, and through all doors and corridors.
Consider urban restrictions between staging facility, airports, and destination aquarium. Verify your plan
with an individual experienced in the type of transport you are undertaking. Formulate final plan and review
with all parties.

Make a manifest of all required equipment and transport tanks (refer Table 8.4). Ensure that all equipment
conforms to regulation (e.g., HazMat of the International Civil Aviation Organization (ICAO) and the
International Air Transport Association (IATA)) and understand any possible restrictions. Calculate required
amount of consumables (e.g. oxygen, batteries, water conditioners, etc.).

Make a comprehensive list of all required permits and other documentation for exportation and importation
(e.g., conservation certification (federal, state, etc.), health certification, HazMat documentation, way-bills,
customs declarations, insurance policies, passports, visas, etc.).

Make a comprehensive list of all tasks with completion dates / times and individuals responsible. Establish
teams of people for every task (e.g., catching specimens, handling specimens, transporting specimens,
receiving and acclimatization, post-transport monitoring, etc.). Ensure that the plan is clearly understood by
everyone. Build in critical ‘mileposts’ for ‘go’ / ‘no-go’ decisions (e.g., carrier confirmed landed = commence
loading animals into transport tanks, etc.). Be reasonable with timing estimates for each step and build in
extra time.

Ensure suitable infrastructure is available at all points throughout the transport route (e.g., lifting equipment,
power supplies, climate control, water for exchanges, security, police escorts, etc.). Identify areas of risk
and ensure suitable contingencies are in place.

Adapt! You have a clear plan but be prepared to change the plan if it is simply not workable. Ensure any
changes to the plan are communicated to everyone.

Establish clear channels of communication with all parties and make a comprehensive contact list. Circulate
plan, equipment manifest, required documentation, task list, and contact sheet to appropriate parties.
These will include, but may not be limited to: husbandry staff, local security, public relations staff, local
constabulary, freight agent, hauler, hazmat specialist, airport cargo handlers, carrier administration, carrier
cargo handlers, customs officials, US Fish and Wildlife Service (or equivalent), Department of Agriculture
(or equivalent), Department of Transport (or equivalent) and Immigration. Appoint the freight agent, or other
appropriate party, to be the primary liaison with transport personnel. Using one spokesperson will minimize
omissions and conflicting information.

Be prepared to be a teacher! Educate all personnel along the route of the transport (as per list detailed in
4.1 above). Airport officials are always interested in a transport and will cooperate if they are correctly and
politely apprised of the situation. Ensure that all are aware of the need for expeditious processing of any
documents and loading of cargo, etc. Likewise, local constabulary, security guards, and company PR
personnel will be more sympathetic if everything is explained clearly and politely.

Acquire all equipment on manifest (as per 2.2 above) and ensure it functions correctly.

Acquire required permits (as per 2.3 above). Carry originals and copies throughout transport.

Collect specimens and allow to recuperate in staging facility.

Fast specimens (48 - 72 hours) if appropriate and verify that they are healthy and ready for transport.
Prepare equipment, double-checking the manifest (as per 2.2 above) to ensure you have everything -
remember permits! Include backups. Include tools for every pump, filter, battery, oxygen bottle, bolt, nut,
screw, fastener, etc. Wash filtration media and pack filters. Test all batteries and pumps. Check oxygen
supplies. Ensure transport tanks are robust, leak-proof, and have no pipes protruding where they could be
sheared off. Calculate required quantities of water conditioners (e.g., AmQuel®, etc.) and prepare in
advance. Ensure all loose equipment is stored in robust waterproof boxes.

Pack tanks and ancillary equipment on trucks so they form discrete self-contained units for ease of
movement with forklifts, pallet jacks, etc. Orientate and securely strap down tanks to minimize surge and
allow ease of access to all equipment.

Allocate specimens to specific tanks and make a check-list for final loading.

Final check! On the day before the transport ensure EVERYTHING is prepared! Ensure all contingencies
are in place. Review tasks and timing with team members adjusting where necessary. Get some rest!
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Table 8.3 (continued).

Basic logistics and equipment preparation required for a typical intercontinental elasmobranch

transport. This basic model may be adapted and used as a checklist for any transport.

7.1
7.2

Execute

7.3

7.4

7.5

7.6

7.7

Verify that all team members and infrastructures are ready.

Start and verify that all LSSs (life support systems) are functioning (i.e., oxygen supplies, pumps,
mechanical filtration, directed water currents, etc.).

Capture and transfer specimens to transport tanks quickly and calmly. Have extra personnel available to lift
and carry.

When all specimens and equipment is loaded re-check LSSs. If all is OK transport specimens to airport for
processing.

At the airport ensure tanks are secure throughout processing and be prepared to perform water exchanges
and equipment repairs before loading. Pack tanks in aircraft securely (as per 6.6). Pack tanks on the final
pallet spaces so they are the first off the aircraft on arrival.

Monitor specimens, LSSs, and water quality throughout transport and make appropriate adjustments (e.g.,
adjust oxygen regulators, add water conditioners, etc.).

On landing re-check LSSs and water quality. Perform water exchanges if necessary. Expedite customs and

airport processing.
7.8
7.9

Load tanks on truck(s) (as per 6.6) and transfer to destination aquaria.
On arrival off-load tanks and commence specimen acclimation. Apply prophylactic measures as
appropriate. Transfer specimens to quarantine tanks.

belligerent officials, and replacement resources
(e.g., water, filtration media, spares, etc.) should
be taken into account and contingencies
previewed (Young, pers. com.). Use a competent
freight agent to handle negotiations, transport
bureaucracy, hazardous material documentation,
and logistics communication (McHugh, pers. com.).
Logistical planning and equipment preparation for
a typical elasmobranch transport can be divided into
seven basic steps. These steps have been outlined
in Table 8.3 and a corresponding equipment
manifest detailed in Table 8.4.

HANDLING AND PHYSICAL ACTIVITY

When initially restraining a specimen it is often
necessary to use a net made of soft knot-less
nylon to prevent abrasions (Powell, pers. com.).
Some sharks, in particular the sand tiger shark
(Carcharias taurus), are prone to catching their
teeth in nets. Care should be taken to minimize
tooth entanglement as permanent damage to the
upper jaw may result (Mohan, pers. com.).

Another consideration for the sand tiger shark is its
unique ability to swallow air and store it in its stomach
to assist buoyancy (Hussain, 1989). If a portion of
the air is not removed before transport the sand tiger
shark may float upside-down in the transport tank. It
is preferable to induce the sand tiger to expel some
of the air before transport commences.

At no stage should the body of an elasmobranch
be allowed to hang loosely from the head or tail.
Sharks and rays should always be maintained in
a horizontal position (Clark, 1963; Gruber and
Keyes, 1981; Andrews and Jones, 1990; Stoskopf,
1993). When lifting and moving large specimens
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a stretcher has been employed (Clark, 1963;
Davies et al., 1963; Murru, 1984; Smith, 1992;
Visser, 1996). A stretcher consists of a flexible
reinforced vinyl or canvas sheet stretched
between two parallel poles. The shark is lifted out
of the water while lying in a horizontal position
within the bag formed by the sheet (Figure 8.1).

Aluminum or wooden
supporting pole

Handle

l

|

Heavy-duty flexible
vinyl sheet

Figure 8.1. Flexible vinyl stretcher used to maintain sharks in
a horizontal position while handling.

For small sharks horizontal support can be
achieved by using a strong, rip-resistant, plastic

bag. The water provides support while the flexible
and smooth walls of the bag allow the specimen
to move without damaging itself. The
elasmobranch remains submerged and can
continue to respire (Marshall, 1999; Ross and
Ross, 1999). Double bagging provides security
against breakage. Rays require support for their
pectoral fins. Support can be achieved by using
a vinyl or canvas sheet stretched within a rigid,
circular, exterior hoop (Figure 8.2).

When handling elasmobranchs the use of sterile
plastic gloves is recommended (Gruber, 1980;
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Metallic or wooden
hoop

|

Heavy-duty
vinyl sheet

Rope and eye

Figure 8.2. Rigid vinyl stretcher used to maintain rays in a
horizontal position while handling.

Young et al., 2002). Sterile gloves will help prevent
the development of post-handling infections of the
skin. To minimize struggling during restraint it is
possible to induce a trance-like state in many
shark species by holding them in an upside-down
position for a few minutes. This phenomenon is
referred to as tonic immobility (Watsky and
Gruber, 1990; Henningsen, 1994).

Throughout specimen restraint and transport
physical activity must be minimized to reduce
adverse biochemical reactions and the risk of
specimens abrading their delicate snout and fin
tips (Murru, 1990; Smith, 1992). A transport tank
with smooth walls and a dark interior will reduce
physical injury. Physical injury will be further
reduced by the minimization of external stimuli
and a reduction of surge by thoughtful design and
positioning of the transport tank (i.e., placement
of a rectangular tank transversely across the
transport vehicle) (Smith, 1992; Arai, 1997).

STAGING

Staging refers to the process of temporarily
maintaining a specimen in a large secure recovery
enclosure close to the collection site. This process
is important, as the biochemical changes induced
during elasmobranch capture are often profound.
Staging a specimen for at least 24 hours before
transport commences will dramatically increase
the chances of success (Cliff and Thurman, 1984;
Murru, 1984; Wisner, 1987; Andrews and Jones,
1990; Arai, 1997; Young et al., 2002). It is critical
that the staging facility has sufficient dimensions
and water parameters to adequately maintain the
specimen(s). If not, you will simply compound the
already damaging biochemical changes.
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A typical temporary staging facility comprises a
plastic-lined pool supplied with raw seawater via
an offshore intake and pumping system. A secure
fence, for security from onlookers, and roofing to
cut down radiant energy is beneficial (Visser,
1996). Water parameters, especially oxygen,
temperature, pH, and nitrogenous wastes become
a critical issue if water is not being constantly
replenished. A re-circulating water treatment
system capable of maintaining optimal water
parameters is then required.

OXYGENATION, VENTILATION AND
CIRCULATION

Oxygenation

The importance of oxygenation cannot be over-
emphasized. Fishes consume up to three times
their normal oxygen requirement under transport
conditions. Exhausted fishes may consume as
much as 5-10 times their normal requirement
(Wardle, 1981; Froese, 1988). The greater a
commitment to aerobic respiration, the more
important an unimpeded oxygen supply (Wardle,
1981). This increasing demand for oxygen is
illustrated by adjusted oxygen consumption rates
for increasingly pelagic elasmobranchs (i.e., 296,
395 and 849 mg of O, kg™* h'* for Sphyrna tiburo,
Carcharhinus acronotus, and Isurus oxyrinchus,
respectively) (Parsons, 1990; Graham et al.,
1990; Carlson et al., 1999).

The ability of elasmobranch blood to carry oxygen
to the tissues, as demonstrated in the white shark
(Carcharodon carcharias), is determined by: (1)
the amount of oxygen transferred across the gills;
(2) the oxygen-carrying capacity of the blood; and
(3) the ability of the circulatory system to deliver
oxygen to the tissues (Emery, 1985). These
restrictions emphasize the importance of a steady
supply of dissolved oxygen, adequate gill
ventilation, and unimpaired systemic circulation
to achieve normal metabolic respiration (Butler
and Taylor, 1975; Wardle, 1981; Cliff and Thurman
1984; Lai et al., 1990; Smith, 1992).

Dissolved oxygen concentrations of 120-160%
saturation have been reported as appropriate for
the transport of elasmobranchs (Thoney, pers.
com.). Other workers recommend concentrations
as high as 200% saturation (i.e., 15 mg It at 20°C)
(Stoskopf, 1993). It has been suggested that
higher concentrations may cause neurological
damage or may be responsible for burning or
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Oxygen-filled
Ice brick Space
Clean (for chilling)
Seawater
Styrofoam
Icebox

Heavy-duty

plastic bag

Heat beads
(for heating)

Water-tight
seal

-

Figure 8.3. Sealed bag and insulated box transport regime.

oxidizing the gills (Stoskopf, 1993). However other
workers have supersaturated transport water to
30 mg It and observed no apparent adverse
reactions (Hewitt, pers. com.; Powell, pers. com.).
Regardless, caution should be exercised as hyper-
oxygenation may depress respiration and reduce
offloading of CO, at the gill surface. This process
will induce acidosis, one of the biochemical changes
that oxygenation is intended to reduce.

Ventilation

Water flow across the gills is normally quite high in
the shark. In the dogfish (Squalus acanthias) water
flow across the gills can equal half the body weight
of the animal every minute (Murdaugh and Robin,
1967). Water movement within the transport tank
enhances ventilation and helps reduce anaerobic
respiration by allowing the specimen to take
advantage of the oxygen-rich environment. By
directing currents so they flush across the gills of a
stationary shark, it is possible to approximate ram
ventilation (Ballard, 1989; Smith, 1992).

Circulation
When an elasmobranch is prevented from normal

locomotion, muscular pumping of blood and
lymphatic vessels can be impaired. If restraint is
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prolonged, lack of systemic circulation may result
in both anaerobic metabolism and a buildup of
toxic metabolites. Increased concentrations of
metabolites can be associated with an increased
rigidity progressing forward from the caudal region
along the length of an animal. Another sign of this
condition may be a reddening of the skin on the
ventral surface (Powell, pers. com.). In extreme
cases the animal can become completely
immobile and die (Gruber and Keyes, 1981; Cliff
and Thurman, 1984; Stoskopf, 1993).

When transporting non-sedentary elasmo-
branchs, in a restrained manner, consideration
should be given to gently massaging the
musculature by flexing the caudal peduncle and
stroking the dorsal surface (Gruber and Keyes,
1981; Dunn and Koester, 1990; Powell, pers.
com.; Young, pers. com.). Care should be
exercised during this operation to repeat the
process regularly. Delays may allow the
accumulation of toxic metabolites that could be
inadvertently introduced into systemic circulation in
a single bolus dose (Smith, 1992; Stoskopf, 1993).

TRANSPORT REGIME

Transport regimes may be grouped into three
basic types: (1) sealed bag and insulated box;
(2) free-swimming; and (3) restrained.
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Submersible pump
(not to scale)

Mechanical and
adsorption filter

Effluent line
Provides —
de-gas

Circular current
assists ventilation

Figure 8.4. Free-swimming transport regime.

Sealed bag and insulated box

One of the simplest means to transport
elasmobranchs is using the sealed bag and
insulated box technique (Figure 8.3) (Gruber and
Keyes, 1981; Wisner, 1987; Froese, 1988;
Stoskopf, 1993; Ross and Ross, 1999). This
option is appropriate for small benthic and some
small demersal species (i.e., <1 m TL).

The specimen is placed in a large, tough, plastic
bag (e.g., 0.25 mm polyethylene) half filled with
seawater. The dimensions of the bag should prevent
the specimen from turning and getting wedged in
an awkward position, or alternatively, be sufficiently
large that it may swim gently (Gruber and Keyes,
1981). Double or triple bagging is preferred as it
will help prevent leaks due to tearing. The upper
half of the bag is filled with pure oxygen and sealed.
The specimen remains in the bottom-half of the bag,
covered with water, while the void above is filled
with oxygen. Oxygen slowly diffuses into the water
throughout the transport. The bagged shark or ray
is placed into an insulated box (e.g., Styrofoam
icebox) providing thermal isolation and protection
against physical and visual stimuli. It is possible to
include a basic water treatment system in the form
of an ammonia scrubber (e.g., Poly-Filter®, Poly-Bio-
Marine®, USA) and microwave heat beads or ice
packs to maintain an appropriate temperature
(Wisner, 1987).
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Prepared in this manner a small elasmobranch
can travel for 24-48 hours. An advantage of this
technique is that specimens can be moved
unattended, allowing a greater range of transport
options and reduced expense.

Free-swimming

The second transport option, used principally for
smaller pelagic elasmobranchs, is the free-
swimming technique (Figure 8.4) (Hiruda et al.,
1997; Marshall, 1999; Young et al., 2002). This
technique consists of a circular, smooth-walled,
plastic or fiber-reinforced polyester tank (e.g., 2.5
m diameter x 1 m deep) within which the
elasmobranchs are free to move. The animals are
often encouraged to swim against a gentle current
generated by a 12 Volt submersible pump. In
general, the pump should be capable of moving
water equivalent to the volume of the tank every
hour. In the example detailed above this
requirement would necessitate a pump capable
of moving 5 m? hour? (e.g., Model 02, Rule ITT
Industries, USA). Pumped water is sent to a water
treatment system and returned to the transport
tank via a directed line. The transport vehicle may
supply energy for the pump, however, it is wise to
have an independent and portable supply of
energy (e.g., 12 Volt deep-cycle battery, Model
800-S, Optima, USA). This alternative supply
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provides an energy source during transfers
between vehicles and can be used as a backup
in emergencies.

The submersible pump is usually suspended from
the underside of the transport tank lid, keeping it
off the floor where it could disrupt the swimming
pattern of the specimens. It is possible to have a
pump mounted externally, with the intake line
draining from the side of the tank. If such is the
case, care must be exercised to ensure the intake
line is flush with the interior wall of the tank and
covered with a large, smooth, protective mesh
manifold. This manifold prevents animals from
becoming trapped by the suction of the intake line.
Care must be taken to ensure that external pipes
and fittings cannot be sheared off in transit.

The water treatment system typically consists of
a canister filter filled with mechanical and
adsorption media (see below). Once the water is
filtered, it is returned above the surface to facilitate
gas exchange (i.e., O, dissolution and CO,
liberation) and drive the gentle current. During
long transports it may be necessary to use
additional diffusers (i.e., air-stones) to eliminate
accumulated CO,. Monitoring pH will give an
indication of changes in dissolved CO,
concentration (Thoney, pers. com.). Dissolved
oxygen is increased using bottled O,, a reliable
regulator, and a diffuser situated in the center of
the tank (Smith, 1992). Oxygen may be introduced
directly into the suction line of the submersible
pump for better dissolution (Powell, pers. com.).

The transport tank should be leak-proof but allow
ventilation for the elimination of excess CO.,.
Ventilation can be achieved with both breather holes
and a centrally located access hatch. The hatch may
be opened periodically to flush out CO, and to
manipulate equipment or animals as required. A
robust side-mounted inspection window is useful.
The entire top of the tank should be strong enough
to withstand the weight of a person and provide a
good seal against leaks. The top of the tank should
be easy to remove for effective handling of
specimens on arrival at the final destination.

The free-swimming technique is preferred for
those species that are reliant on aerobic
respiration, ram ventilation, and muscular-
assisted vascular return. When formulating a free-
swimming transport regime it is important to
consider: (1) swimming behavior; (2) specimen
size; (3) specimen number; (4) tank shape; (5)
tank size; and (6) the number of obstructions
within the tank (Young et al., 2002). These factors
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will determine the number of interactions with
obstructions or conspecifics, turning frequency, and
therefore energy expenditure. The less encumbered
an environment, the lower the consumption of vital
energy reserves, the lower the production of toxins,
and the lower the risk of metabolic shock. An
example of a transport regime with a good safety
margin would be three 0.5 m TL scalloped
hammerheads (Sphyrna lewini), transported for 48
hours, in a tank of dimensions 2.5 m diameter x
0.65 m deep (Young et al., 2002).

Some workers have found that circular tanks work
well for short-duration, free-swimming transports
where specimens potentially impacting the walls is
of primary concern (Wisner, 1987; Marshall, 1999).
However for long-term transports, where biochemical
changes become increasingly important, the
continuous turning required to negotiate a circular
tank may be too energetically challenging (Powell,
pers. com.). It has been equated to the energetic
inefficiency of a constantly turning aircraft (Klay,
1977; Gruber and Keyes, 1981). It has been
suggested that a larger rectangular tank, allowing
animals to swim normally for short distances and
then opt for discrete turns, will be less energetically
challenging during long-term transports.

Restrained

Some elasmobranchs are simply too large to
transport free-swimming. In such cases it may be
possible to transport them in a restrained manner
(Gruber, 1980; Gruber and Keyes, 1981; Hewitt,
1984; Ballard, 1989; Andrews and Jones, 1990;
Murru, 1990; Smith, 1992). This technique
consists of a smooth-walled rectangular plastic
or fiber-reinforced polyester transport tank, only
slightly larger than the specimen to be transported
(Figure 8.5). A typical tank size would be 2.5 m x
0.5 m x 0.5 m. The dimensions should be such
that the animal cannot turn easily and lies in the
same position throughout the transport. The
interior, especially the wall in front of the
specimen’s snout, may be padded with a soft
flexible material (e.g., neoprene). Degassing and
water treatment are performed in a similar manner
to that described for the free-swimming technique.
A pump is often employed to drive oxygenated
water from the rear to the front of the tank, where
it is gently jetted into the mouth of the specimen.
This water circulation system is referred to as a
raceway and is designed to approximate ram
ventilation. In some cases a custom-designed
harness has been employed to maintain the
position of the shark relative to both the tank and
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Raceway to
Assist ventilation

Figure 8.5. Restrained transport regime.

water flow (Hewitt, 1984; Andrews and Jones,
1990; Jones and Andrews, 1990; Murru, 1990).

Table 8.5 details a list of elasmobranch species
that have been transported successfully using the
three techniques described. Quoted durations are
not a guarantee of survival. Capture technique,
specimen size, handling technique, and water
guality will all impact the success of the transport.
Minimizing transport times should be the ultimate
goal of any transport regime.

It is important to note that many workers reported
limited success transporting the following species:
thresher sharks (Alopias spp.), white sharks,
mako sharks, porbeagle sharks (Lamna nasus), and
blue sharks. Transport of these species should only
be attempted by very experienced personnel.

WATER TREATMENT

Elasmobranchs continually excrete waste
products that contaminate water in a transport
tank. Decreasing water quality may be responsible
for more losses during transport than any other
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factor (Murru, 1990). For a successful transport,
water quality must be monitored closely and

adjusted where necessary.

Before starting, transport tanks should be
scrubbed thoroughly with seawater. Ensure that
all traces of possible contaminants are removed.
Transport water should be clean and preferably
from the same source as the specimens to be
transported. When transporting animals from a
staging facility it is preferable to fast them for 48-
72 hours beforehand. Referred to as conditioning,
this process reduces water contamination via
regurgitation and defecation in transit (Stoskopf,
1993; Sabalones, 1995; Ross and Ross, 1999).
Once specimens are loaded and settled into the
transport tank, a comprehensive water exchange
(i.e., >75%) is recommended before transport
commences. The water exchange will dilute stress-
related metabolites and other contaminants, and
greatly extend the period of time before water
quality starts to decline (James, pers. com.). If
transporting by boat there may be access to a
continuous supply of fresh seawater; precluding
the need to treat the water further. Land and air
transports, on the other hand, may require a water

117



SmITH, MARSHALL, CoRREIA, & RupP

L66T e 18 epniiH

usunuury

Ileysien

BunoA ‘ens|oIA ‘sewoy] ‘uasbuluusH

BunoA ‘ens|oIA ‘sewoy] ‘usasbuluusH

ansuyo

BNSIOIA BNsuyd

sewoy |

lleyssey ‘sewoy] ‘premoH

usunuury

G86T ‘NM3H ‘T86T ‘S9Aa) pue Jagnio

usunuury

|leysteN ‘ensjoIA ‘sewoy ] ‘olawoy ‘uasbuluuaH ‘psuewoloy) Z66T ‘YNWS
BNI9|0IA ‘Sewoyl ‘usunuury ‘ussbuluusy ‘renbieq (pysuewoloyd L66T [e 18 epnilH
uoginog [auei

‘e)I9|0IA ‘SeWOY ] HSUeWOoIoyD (066T ‘SOUOL pue SMaIpuy ‘T86T ‘Sakay pue Jagnio
BunoA ‘ens|oIA ‘sewoy] ‘sswer ‘uasbuluuaH ‘psuewolioy) ‘Awsjayueg
BunoA ‘sawer ‘uasbuluusH

QlIsUYD G66T ‘sauojeqes

MOJSSIS ‘066T ‘Pielled ‘86T ‘UewlnyL pue D

usunuury

|leysse ‘esuer ‘ussbuluuay ‘Awsjayueg

BJI9[0IA ‘0JoWOoY ‘UMIDIN ‘Sawer /86T ‘JISUSI

eunoz3

ansuyo

BNS|0IA ‘BNSUYD TO0Z ‘'[e 18 BunoA ‘sewoy

BYIBIOIA 'SeWOYL 'Z66T ‘UNWS '686T ‘Prejled :T8ET ‘S9Ad) pue Jagnio
ansuyo

T00Z “'le 18 BunoA ‘Buno

uem3oN

usunuury

usunuury

lI3mod

ansuyo

T00Z ““1e 12 BunoA ‘BunoA ‘ens|oiA ‘uasbuluusH

BunoA

usunuury

usaunuury

sewoy |

sewoy |

usunuury

usunuury

/66T " 18 epniiH

uem3oN

uasbuluuaH

lleysseN :BunoA ‘ensjolA ‘sewoy ‘ussbuluuaH

BunoA ‘ensjoIA ‘sewoy |

9z
Mz
S
0.-0T
9e-2T
vz
vz -0z
ov
9e-2T
L
¥z -9T
z
v8-2
8y -¢
GT-§
ov-v
r-€
(Doe-91
z-1
8-9
z
95-§
(N se-v1
9
T
95-8
9e -
z
0€-92
8v -2

S'¢
ct

¥S-0T
(074

-

NO© MM

9z
8v -2
L
95-12
Noe-zt

paurensay
Buiwwims-aai4
paurensay
Bulwwims-aai4

X0q pue Beq pajeas
x0q pue Beq pajess
x0q pue Beq pajess
Bulwwims-aalo

x0q pue Beq pajess
Bulwwims-aal4
paurensay
Bulwwims-aalH
paurensay
Bulwwims-aalH

xo0q pue Beq pajess
paurensay
Bulwwims-aalH

xoq pue beq pajesas
paurensay
paurensay
Bulwwims-aalo
Bulwims-aalH

xo0q pue Beq pajess
Bulwwims-aal4
paurensay
Bulwwims-aal4
paurensay
paurensay
Bulwims-aalH
Bulwims-aalo
Bulwims-aalH
Bulwwims-aal4
paurensay
paurensay
Bulwwims-aal4

x0q pue Beq pajess
Bulwims-aal4

xoq pue Beq pajess
Bulwims-aal4
Bulwwims-aal4

x0q pue Beq pajess
X0q pue Beq pajess
paurensay
Buiwwims-aaiH
paurensay
Buiwwims-aaiH

X0q pue Beq pajess

AelBuns |rey-uoys

Aeibuns uiayinos
3leysooqueq papuequmolg
Mreysooqureq panodsanymn

Jleys|isms
sreys|leoms uelensny

Jleys ajnym jealo

seys Jebi pues

sreys Jegpues
>Ieys jaal ueaqque)

sreys Ajsnag

sleys joas dipjoelg
Yeys dpayym duess0

reys dipjoelg
leys |ing

Hreys Miis

Ieys 3aaydsiym
sreys Jauuids
Nreys Jjaddod
reys asoubig

leys asousoe|g

Jleys pulg

aleys Jadedpues

a1eys uennaly

Sreysied panods uelensny
Ael asoujanoys uisisey

KeJ asoujanoys panous-Uoys
Aeu a|bea papueg

Ael a|bea panods

elepnesinalq siieAseq

euedlBWe siiedseq
wniejound wnijiAasojyd
wnsolbe|d wniAasoilyd

wnsoluai wnijiAosoreydad
sdaoire| wnijjkosoreydad

seleydIed uoposeyored

sniney seueyoIRD

snaqunid snuiyreyored
1zasad snuiyreyased

SNINJSQO SnuiyseyaIeD

sniaydouejaw snuiyreydsed
snuewiBuo| snuiyseyored

snyequil| snulyeyosed
seoNng| snuiyseyored

SIwioyIofe) snulyeyased
Ja1WNSsSNp snuiyseydsed
euuldinsig snulyteyose
sninAyseiq snuiyeyasred

snwie snuiyeyadsed

snjouolide snuiyreyasred

Ippem sninjaeyoelg
eidnuaiul efelfyreg
eonnaje elelAyreg
sljeue snjoquAsy
©lelIsol ewalioydAdy
urebnoq ewanoyofidy
1joyaiu snaejAwolay

\eulleu snyieqolay

CRIVEIEIE)]

(y) uoireing

anbiuyosa

awreu uowwo)

aweu saloads

‘uoireoljgnd jo arep

e AQ pajedlpul 8SIMIBYI0 SSjUN SUOITRIIUNWWOD [euosiad alom saoualaal ||V "Swnwixew pue swnwiuiw Buimoys abuel e se uaAb ase suoneinp ‘a|qe|eAe si 9dualajal
auo uey) alow J| "abed-eas pamol e 0] siajal (1) pue ajiuaan( o1 siajal () ‘odsuen Jo uoneinp pue anbiuysal Buimoys ‘sysueiqowse|s pauodsuel) ANjssadons "G'g a|gel

118



ELASMOBRANCH TRANSPORT TECHNIQUES AND EQUIPMENT

CHAPTER 8

1002 ¢ ‘eld10D 144 Buiwwims-aaly
Ireysren 1 xoq pue Beq pajess ysijyel penods 191]|09 snbejoIpAH
reysten 9g paurensay Aeidiym predoa ele|npun vinjuewiH
lreysie 96-0T pauresnsay
uem3oN 8y - ¢ Buiwwims-aai4 AKeibuns quiookeuoH Yeulen einjuewiH
ansuyD Z Bulwwims-aai4 Aesbuns arednyd aeplewyds einjuewiH
uem3on 8y - ¢ Buiwwims-aai4 Aeidiym Ajeos elealqui einjuewiH
uem3on 8y - ¢ Buiwwims-aai4 Aeibuns asoudreys psessab einuewiHy
Ireysren 96 paurensay Keadiym yuid fe} elnuewiH
uem3on 8y - e Buiwwims-aaiH Aeudiym s, 1oxa9|g 11a)99|q einjuewIH
sewoy | ‘ydsaiqiebug € paurensay
sewoy | € Buiwwims-aal4 MJreys [1Bxis asoulunig shasub snyouexaH
/66T “"[e 12 epniH 9¢ paurensay
Ireysren 0T Buiwwims-aal4
0JaWoy ‘uem3o ‘sswer 8¢ - ¥T xoq pue Beq psjesas 3Jeys uosyoer Uod 1uosoelsnyiod snjuopolalaH
Ireysren 9G Buiwwims-aal4 leys peay|inq asaueder snojuode( snjuopo.aleH
uaunuury ‘/66T ‘'[e 18 epniiH 9z-2 paurensay Sleys peay|ing paisaid snyesjeb snjuopoisioH
sewoy | 14 Buiwwims-aai4
|feysieN ‘enajolA ‘sewoy | ‘sawer 9¢ - T xo0q pue Beq pajess 3leys uIoH 19SI19UBl} SNJUOPOIBISH
BN9I0IA {UeMION 0Z-vT xo0q pue Beq pajess 3leys ensjned3 wnye||a20 wnijjAasiwaH
lreysten tAa74 Buiwwims-aai4
sauofeqes ‘renbre4 0¢ - 02 xoq pue beq pajeas NreysAys xeq snyoid snreydajgojdeH
Ireysren v Buiwwims-aal4
sauofeqes o€ xoq pue beq pajeas YreysAys umoig snasny snseydajqojdeH
Ireysren v Bulwwims-aai4
sauofeqes ‘Jenbieq 0€- 02 xoq pue beq pajeas NreysAys Jappeynd nsprempa snieydsjqojdeH
uasbuluuaHq 6-1 Buiwwims-aai4
BunoA vz x0q pue Beq pajess Keu Arenng yroows BINDIW BINUWAD
lreysren S paurensay
uasbujuuaH e Buiwwims-oa.4 Kes Arenng Auids Blane}e eINUWAD
BlS|0IA Sewoy :0uosQ-uley @nsuyd 96T He|d 9e-T pauressay
BunoA ‘ensjoIA ‘sewoy] ‘sawer 0S-2T Buiwwims-aa.i4
BunoA ‘ensjoIA ‘1auied N ey-vz xoq pue Beq pajess Nreys asinN wnye.ld ewoisowA|buin
sewoy] ‘plemoH ‘yoaiqebug 9-2 paulessay
sewoy] ‘sawer 9z-9 Buiwwims-aai4 Mreys adoy snafeb snuiyiose
Sewoy | ‘0uIoSQ-Ule ‘aNsHYD ‘686T ‘Prejied ‘T86T ‘Sakay pue Jagnio vZ-2z paurensay
0UJOSQ-ULBW ‘UdUNUUIY €-1 Buiwwims-aai4 MJreys JabiL 13IAND 0pIa203[eD)
ueAl|Ins,.0 4 paurensay reys Appdld 185009 snuIyIouIydg
sawer 2 Buiwwims-aai4 areys sireq snumdiq
Ireysren 8 paurensay (uobAnAre|dolald =)
sewoy | 6 Buiwwims-oa.14 ReiBuns oibejad ©Bade|olA siieAseq
asuer ‘sawer 12-6G Bulwwims-aai4 Aeibuns uowwod eoeunsed sneAseq
Ireysren 8 Buiwwims-aai4
sauofeqes ‘renbre4 0€-02 x0q pue Beq pajess KeiBuns pajqreN ejeljowlew sireAseq
s)nsay ‘qndun 8 pauresnsay BlouosAIyd spedseq
MO[S9IS 8z paurensay
BunoA 0€ x0q pue Beq pajeas Keibuns reybnoy ©IN0NUID siieAseq
sewoy ] e Bulwwims-aai4 Kesbuns rexdiym sInalqg siieAseq
ERIEIEIEN| (y) uoneing anbiuyoa] aweu uowwo)d aweu sal0ads

‘uoirealgnd Jo arep e Aq pareaipul

9SIMIBUI0 SSB|UN SUOITEIIUNWIWOI [euosiad alam Saoualaall ||y "Swnwixew pue swnwiuiw Buimoys abuel e se uaAlb are suoieinp ‘s|ge|ieAe S| 90U1a}a1 U0 Uey) aJowW
J| "abeo-ras pamo) e 01 siajal (1) pue ajiuaan( 01 siajal (I) “uodsuen Jo uoneinp pue anbiuysa) Buimoys ‘sysueliqowse|a pauodsueld) A||njssadons (panuiluod) '8 a|qel

119



SmITH, MARSHALL, CoRREIA, & RupP

©eN9|0IA ‘uasbuluuaH ‘ydaiqiebul ensuyd
uasbuluuaH ‘ansuyd
Sewoy | :Mo|S3]S :||lamod :plemoH
sewoy ‘uaunuury|

asuer

lreysien

sauoleqes ‘renbre4
lreysie

sauojeqes ‘renbre4
sewoy

lleysteN ‘uem3on

uem3on

uaunuury /66T “'[e 19 epniH
BNSIOIA BNsuyd

Ireysrein ©266T e 19 epniiH
|leyste ‘usunuury

0JaWoy ‘dnsuyd

premoH ‘yoaiqabug
sewoy ‘uaunuury|

BunoA ‘sewoy] ‘uasbuluusH ‘T86T ‘SeAay pue Jagnio
B)9I0IA ‘Sewoy

BunoA ‘uasbuluuaH
1yoauqebug

lreysien

uem3on

BunoA

lleysien

uasbuiuuaH

1yoauqebug

Sewoy | :premoH

sewoy

uaunuury|

lleysien

renbreq

oJawoy ‘asuer

sower

Sewoy | :premoH

sewoy

1yoauqebug

sewoy

sewoy

asuer

uaunuury|

UBAI|INS,.O

0oulosQ-uley ‘ansuyd
lleMmod

Sewoy | MO|Sa]S ‘uaunuury

vz-2t
zT
8-¢
GDv-gs1
14
95
0g-02
95
0g-02
v
95 - ¥
8v -2
9z-¢
vz - 8T
9z - ¥
0T-8
0g- 2
9-1
G-¢
9e-€2
9€ - 0€
8y - vT
ze
95
vT
vz
v8

9e-T
(0 oe
8
¥8
oz
0S-0T
zT
9e-T
9
9
o
9
0T
8
zT
€-1

ST
(O

paurensay

xoq pue Beq pejess
paurensay
Bulwwims-aai4
Buiwwims-aai4
Bulwwims-aai4

xoq pue Beq pejess
Buiwwims-aai4

xoq pue Beq pajess
Buiwwims-aalH
Bulwwims-aai4
Buiwwims-aai4
paurensay

xoq pue Beq pajess
paurensay
Buiwwims-aai4

xoq pue Beq pajess
paurensay
Buiwwims-aai4
pauressay
Buiwwims-aai4

xoq pue Beq pajess
paurensay
paurensay

xoq pue Beq pajess
xoq pue Beq pajess
paurensay
Buiwwims-aai4
paurensay
Bulwwims-aai4

xoq pue Beq pejess
Bulwwims-aai4
paurensay
Bulwwims-aai4
Bulwwims-aai4

xoq pue Beq pajess
Bulwwims-aai4

xoq pue Beq pajess
paurensay
Buiwwims-aai4

xoq pue Beq pajess
Bulwwims-aai4
Bulwwims-aai4
Buiwwims-aai4
Buiwwims-aai4
paurensay
Bulwwims-aai4

ysumes yjoojjrews

Sleys anig
Keibuns Janl 81e(1990

sleysied predoa
sreysieo pading
ysiennb yoequioy |
Resbuns reymod

seys [9seam Japus|s

Buobaggom ayeulo

Buobaggom panods

Sleys |IBuanes asoupeolg
leys uowaT

3eys uowa| uyapRIS

reys asinu Aume |
Kes o1108j8 UeljIZRIg

Ael g|bea asou|ng
Kel a|bes jeg

Aeu |Ing uelrensny
Kel a|bes uowwo)
punoy-yjoows
punoy-yloows umolg
punoy-yloows Aai9
punoy-yloows AuLels
Mreys Awwng

Kel [1nap s UN

eluew jueio

oxew uyloys

eyeunoad sisid

eone|b aoeuold
oJojow uobAnowelod

wnupayued ewiapolod
wnuedlye ewlapolod
eyelasy) siploulylhield
uaydas snyoeunsed

Iirepues snajebered

sSnjeulo sngojo1aai0

Snje|noewW SNQoj0193I0
snuelpadad snyduAloloN
ssolnaiqg uoudeban
suapnnoe uoudeban

snauifnuay snlugaN
sisual|iseiq auloreN

I8} seqolAN

BOJUIO}I[RD SHEqOIAN
sifensne siyeqolAn

e|linbe seqollAN
snjisnw sniRIsniy
19|uay sn|dIsnin
SNnajuIoyIed snidIsnin
selajse snivIsniN
snanoJlejue snisisniy
euepjunw e|nqon

SLIS0UIq BIURIN

SNYIULAXO Snins|

CIIVEPETEM]

(y) uonreing

anbluyosa]

awreu uowwod

aweu salvads

"uoirealgnd Jo arep e Aq paresipul

9SIMIBUI0 SSB|UN SUOIEIIUNWIWOI [euosiad alam Saoualajal ||y "swnwixew pue swnwiuiw Buimoys abuel e se uaAlb are suoieinp ‘s|ge|ieAe S| 90U1a}21 U0 Uey) aJowW
J| "abeo-rvas pamo) e 01 siajai (1) pue ajiuaan( 01 siajal (I) “uodsuen jo uoneinp pue anbiuysal Buimoys ‘sysueiqowse|a pauodsueld) A|njssadons (panuiuod) g a|qel

120



ELASMOBRANCH TRANSPORT TECHNIQUES AND EQUIPMENT

CHAPTER 8

Ireysren 99 paurensay
|feyssieN ‘uem3on vZ- vl x0q pue Beq pajess Aeu |reyuoqaqu panodsan|g RWWA| eInlUSR |
IreysIe /66T “'[e 18 epniiH 'Z66T ‘YNWS 95-9 paurensay
BNB[0IA ‘0Jawoy ‘usunuury 0z-8 Buiwwims-aal4
BNS9I0IA ‘UBMII ‘3NSUYD vZ -1 x0q pue Beq pajess 3eys eiqaz wnyelose} ewolsobals
osawoy T X0q pue Beq pajess sreysjabuy eunenbs eupenbs
oul0SQ-Ule -GS0 paurensay |IASp pues Juawnp eupenbs
1yoauqebug 9 pauressay
premoH v Buiwwims-aal4 Nreysjabue oyoed eojulojied eunenbs
usunuury e paurensay Sreysjabue uelensny sijesisne eunenbs
premoH ‘yosaiqiebug 9-T paurensay
Sewoy ‘sawer ‘premoH 9e-T Buiwwims-aal4 ysybop Auids selyjuede snrenbs
usunuury| s Buiwwims-aa.4 peaylawwey yloows eusebAz euwAyds
BunoA ‘ens|olA ‘sewoy] ‘uasbuluusH ‘sawer ‘ansuyd 9/ -8 Buiwwims-aai4
BunoA ‘ens|oIA ‘sewoy] ‘sawer ansuyd NDey-8 xoq pue Beq pajess pesylauuog oingn euwAyds
BunoA ‘ensuyo 12-21 Buiwwims-aal4 peaylawwey jeal uelesow ewAyds
BNSI0IA ‘Sewoy] ‘200z ‘BunoA (/66T ‘Tely Noo-9 Buiwwims-aa.i4 peaysawwey padojeass uIma) eulAyds
sewoy S Buiwwims-aa.i4 Seys Jadaa|s oy1oed snoyoed snsoluwos
asuer ‘sawer 9z-¢ Buiwwims-aai4
lleysrep ‘sswer ¥Z- 01 xoq pue Beq pajess punoyasinN Ssle|[8ls snuIylolAoS
Ireysren 8T X0q pue Beq pajess Sleysies ureyn Jajai snuiylolfos
sawer 9z Bulwwims-aai4
|leysre ‘asuer ‘sawer (Ngz-¢ x0q pue Beq pajess 3Jreysied panods|rews B|No1uBd SnuIyloNkos
syNsay "gndun ‘usunuury w-z paurensay usirennt juelo sisuappllp snieqoyouiyy
MO[S3IS 8-9 paurensay
©JB[0IA ‘UasBuluuaH ‘ensuyD Nos-¢ Buiwwims-aal4
uasbuluuaq 0T xoq pue Beq pajess sireys asoudreys onuepy aeAouaelld) uopououdoziyy
BunoA ‘uasbuluuaH 9/, -2T Buiwwims-aai4
BunoA fens|oIA ‘ansuyD 09-9 xoq pue Beq pajess Kel asoumod snseuoq elaydoulyy
Ireysren 9g paurensay KeJ asoujanoys juern sndA1 soreqoulyy
sewoy | 9g Buiwwims-aai4 ysireunb asouipAoys snonpoud soreqoulyy
BunoA ‘ensuyo 0€-9 x0q pue Beq pajess ysiennb onuepy snsoulBius| soreqouiyy
uem3oN 8y - vz Buiwwims-aa.i4 ysireunb ssoudieys snyejnuelb soreqoulyy
Ireysren FA% Buiwwims-aal4
sauofeqes ‘renbre4 0€-02 x0q pue Beq pajess Sleyspues 1assa snyejnuue soreqoulyy
usunuury| z paurensay 3Ieys afeym sndA1 uoposuiyy
266T ‘Yyuws S paurensay ysiprennb yinowmog ewolsojAoue euiyy
Ireysren 8 Buiwwims-aa.i4 Aes ayeinpun ele|npun efey
sewoy | ‘pjemoH GT-¢ Buiwwims-aal4 arexs Aueis ele|n|jals efey
sewoy| ‘pJjemoH 9T -¢ Buiwwims-aa.i4 a1exs asoubuo] eulys efey
BunoA os x0q pue Beq pajeas areys asoulea|n elauelbo eley
asuer 0T Buiwwims-aai4
Ireysren vz x0q pue Beq pajeas Kel oequioy | ejeAe|d efey
1yo91qiebug 9 paurensay
sewoy| ‘pjemoH G-T Buiwwims-aai4
premoH Nzt x0q pue Beq pajeas areys big ere|nooulq eley
oJawoy zs paurensay USIJMES UOWWOD snsud snsid
ERIVEIETEN| (y) uoneing anbiuyoa] aweu uowwo) aweu salgads

"uoirealignd Jo arep e Aq paresipul

9SIMIBUI0 SSB|UN SUOIEIIUNWIWOI [euosiad alam Saoualaal ||y "Swnwixew pue swnwiuiw Buimoys abuel e se usAb are suoieinp ‘s|ge|ieAe S| 90Ua1a}21 U0 Uey) aJow
J| "abeo-rvas pamo) e 01 siajal (1) pue ajiuaan( 01 siajal (I) “uodsuen Jo uoneinp pue anbiuysal Buimoys ‘sysueliqowse|a pauodsueld) A||njssadons (panuiluod) G'g a|qel

121



SmITH, MARSHALL, CoRREIA, & RupP

/66T “'e 18 epniH 9z paurensay 2asebuns 3oeqmo|loA snaeyns snydojoin
sewoy] ‘ansuyd 9e -1 Bulwwims-aal4

Jreyste|y ‘BunoA ‘ensjoiA ‘sewoy | 8y - ¢ X0q pue Beq pajeas Relbups mojloA sisuaorewel sneqoin
sewoy | 9e Bulwwims-aalH

BunoA ‘sewoy 9e - ¢ x0q pue Beq pajeas Kel punoi s JajjeH 119|rey snydojoin
/66T “[e 18 epniiH 9z paurensay
lleusiepy 0T Bulwwims-aai

|feysten ‘uaunuury] 0T-¢ x0q pue Beq pajeas Ja|ppy ulayInos elelose} eulyiouobAi
1y231q19bug 9 paurensay
sewoy] ‘sawer ‘premoH 8y-T Bulwwims-aal4

Ifeystepy ‘sewoy] ‘lauied N og - vz x0q pue Beq pajeas sleys predoa BJelose)IWas siel |
lreysreN 8 paurensay

sauojeqes ‘lenbie 0€- 02 Bulwwims-aal4 Sreyspunoy yiooydreys sniaydojeBaw spel |
IreysseiN :266T “'[e 18 epniiH 9G-9¢ paurensay
Ileysre ‘Awsjayueg ve- 2. Bulwwims-aai

BNBIOIA ‘UeMII|\ ‘uasBuiuuaH (N 8T-01 x0q pue Beq pajesas 3Jeys jaas diauym SNsago uopouael |

uem3oN 8y - ¢ Bulwwims-aai Kel o11109]9 Jayued elayued opadio]

asuer 8T Bulwwims-aai Kel1 o093 eueljiqou opadio|

Ileysrey 8 Bulwwims-aai Kel o11109]9 pajqreN ejelowew opadio|

plemoH 9-2 Bulwwims-aal4 Kel o1109]9 o108 d eo|juIoyied opadio|

Ireystep 95 paurensay Kel |reyuey payorolg Juakaw einjuae |

ERIVEIETEN| (y) uoneing anbiuydsa] aweu uowwo) aweu saloads

‘uonrealgnd Jo arep e Aq paredipul

9SIMIBUI0 SSB|UN SUOIERIIUNWIWOI [euosiad alam Saoualaal ||y "swnwixew pue swnwiuiw Buimoys abuel e se uaAlb are suoieinp ‘s|ge|ieAe S| 90U1a}a1 U0 Uey) aJo0W
J| "abeo-rvas pamo) e 01 siajal (1) pue ajiuaan( 01 siajal (I) “uodsuen jo uoneinp pue anbiuysal Buimoys ‘sysueiqowse|a pauodsue) A||njssadons (panuiuod) G'g a|qel

122



CHAPTER 8: ELASMOBRANCH TRANSPORT TECHNIQUES AND EQUIPMENT

treatment system. Throughout any transport
critical water parameters to monitor and control
include: (1) oxygen (described above); (2)
temperature; (3) particulates and organics; (4) pH;
and (5) nitrogenous wastes.

Temperature

When elasmobranchs go from a warmer to cooler
environment they suffer a short-term thermal shock
that can result in respiratory depression. Conversely,
an increased temperature can promote and
exacerbate hyperactivity (Stoskopf, 1993, Ross and
Ross, 1999). Reducing temperature differentials at
the source, in transit, and at the final destination,
will increase the chances of a successful transport
(Andrews and Jones, 1990; Stoskopf, 1993).
Transport tanks should be well-insulated, and as
much as possible, temperature-controlled environ-
ments should be used (e.g., air conditioned vehicles,
covered airport hangars, etc.). In extreme cases
water exchanges, bagged ice, bagged hot water, and
heat beads may be used to minimize temperature
changes depending on prevailing trends.

Particulates and organics

Particulate and dissolved organo-carbon
compounds, or organics, are excreted by
elasmobranchs during transport. In particular skates
and rays produce copious amounts of a
proteinaceous slimes when subjected to stress.
Particulates, or suspended solids, will irritate the
gills, reduce water clarity, and cause distress to
specimens being transported (Ross and Ross,
1999). Dissolved organics will tend to reduce pH,
increase ammonia (NH,) concentration, and
consume O,. The concentration of both particulates
and organics should therefore be minimized during
transport. Dilution of particulates and organics can
be achieved by water exchanges, mechanical
filtration, adsorption or chemical filtration, and foam
fractionation (Gruber and Keyes, 1981; Stoskopf,
1993; Dehart, pers. com.).

Mechanical filtration usually takes the form of a
canister filter containing appropriate media (e.g.,
pleated paper, filter wool, etc.). Filtration may be
enhanced by the addition of an adsorption or
chemical filtration medium such as activated
carbon (e.g., Professional Grade Activated
Carbon, Aquarium Pharmaceuticals Inc, USA) or
other chemical filter (e.g., Eco-lyte™, Mesco
Aquatic Products, USA) (Marshall, 1999). Eco-
lyte™ is particularly effective (i.e., ~100 times as
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effective as activated carbon) at removing
dissolved organics (Gruber and Keyes, 1981). As
Eco-lyte™ is an adsorption medium it will be more
effective if preceded by a mechanical filter. When
using Eco-lyte™ it should be borne in mind that it
will remove medications from the water (e.g., anti-
stress agents, anesthetics, etc.). Always pre-wash
a medium before packing a filter. For long transports
it is beneficial to completely replace the medium, in
transit, once it has become heavily contaminated.

pH

Continued excretion of dissolved CO, and H* will
drive pH in a transport tank down (i.e., the water
will become more acidic). Efforts should be made
to resist this trend and pH should be maintained
at a level of 7.8-8.2 (Murru, 1990). One important
way to counter pH decline is the continuous
removal of CO, from transport water by de-
gassing. Degassing is achieved by spraying re-
circulated water into the tank and agitating the
surface, or alternatively, bubbling the water
surface with a diffuser. Air ventilation is critical
during this process as it will carry away liberated
CO, gas (Young et al., 2002).

Both sodium bicarbonate (NaHCO,) and sodium
carbonate (Na,CO,) have been added to transport
water to successfully resist decreasing pH (Cliff and
Thurman, 1984; Murru, 1990; Smith, 1992). A more
efficient buffer is tris-hydroxymethyl aminomethane
(e.g., Tris-amino®, Angus Chemical, USA). This
compound is more effective within the expected pH
range (i.e. 7.5-8.5) and is able to increase the acid-
absorbing capacity of seawater by up to 50 times
(McFarlane and Norris, 1958; Murru, 1990). It is
important to remember that increased pH results in
an increased proportion of the toxic form of ammonia
according to the reaction given in Equation 8.2. Any
corrective therapy applied to the pH of the water
must therefore be coupled with the removal of
excess ammonia (Ross and Ross, 1999).

Nitrogenous wastes (NH, / NH,")
Ammonia constitutes approximately 70% of the

nitrogenous wastes excreted by aquatic
organisms (Ross and Ross, 1999). Some delicate

Equation 8.2
NH,* + OH S NH, + H,0

Ammonium Water

Hydroxide Ammonia
ion i

on
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elasmobranchs are particularly nutrient-sensitive
and ammonia concentrations should never be
allowed to exceed 1.0 mg It. The removal of
ammonia from a transport tank should therefore
be one of the principal objectives of any water
treatment system. Ammonia can be removed
successfully using periodic 50% water exchanges
and the application of adsorption media (see
above). Pre-matured biological filters may be
employed if ammonia production levels during
transport can be calculated and simulated
beforehand (e.g., with ammonium chloride)
(Dehart, pers. com.). Another option is to use an
ammonia sponge such as sodium hydroxy-
methanesulfonate (e.g., AmQuel®, Novalek Inc.,
USA) (Visser, 1996; Young et al., 2002). AmQuel®
inactivates ammonia according to the reaction
given in Equation 8.3. The substance formed is
stable and non-toxic, and will not release
ammonia back into the water. It should be noted
that this reaction will lower pH so the addition of
AmQuel® should be accompanied by the careful
application of a buffer as discussed above.
Following the application of AmQuel®, only
salicylate-based ammonia tests will yield accurate
results.

Zeolite (e.g., Ammo-Rocks®, Aquarium
Pharmaceuticals Ltd., USA), an ion-exchange
resin used for the removal of nitrogenous wastes
in freshwater systems, does not work well in
seawater because the ammonia molecule is
similar in size to the sodium ion. At a salinity of
36 ppt there is a 95% reduction in zeolite’s ability
to remove ammonia from the water—although its
ability to remove organic dyes remains unchanged
(Noga, 1996).

ANESTHESIA

The mechanics of anesthesia, appropriate sedatives
for elasmobranchs, and corresponding dosage rates
will be covered in Chapter 21 of this manual. We will
therefore focus only on specific examples as they
relate to elasmobranch transport.

Anesthesia may be valuable during specific
transports as it can minimize handling times,
reduce physical injury, slow metabolic rate and
O, consumption, and reduce the production of

metabolic wastes (Ross and Ross, 1999). If
anesthesia is used, respiratory and cardiovascular
depression becomes a risk and must be avoided
(Tyler and Hawkins 1981; Dunn and Koester,
1990; Smith, 1992). Reduction of a specimen’s
metabolism by chemical immobilization will
constitute a poor trade-off if circulation becomes
so weakened that O, uptake and metabolite
effusion at the gill surface are impaired (Smith,
1992). Additionally, the wide inter-specific diversity
of elasmobranchs can make it difficult to predict
dosage rates and possible sensitivity reactions
to immobilizing agents (Vogelnest et al., 1994).
Consequently anesthesia may be warranted in
specific cases but is not advocated for general
use during elasmobranch transports.

If anesthesia is used it will be more valuable if
transport does not begin until the drug has taken
its full effect and specimen stability has been
assured (Smith, 1992). If defense reactions are
not fully moderated the animal could respond to
external stimuli and physically injure itself or
personnel. Aggressive emergence reactions
should be avoided for the same reasons so visual,
auditory, and pressure stimuli should be
minimized during recovery (Smith, 1992). Some
means to adequately monitor depth of anesthesia
must be employed throughout the transport so
that corrective measures can be undertaken
should system deterioration be observed (Dunn
and Koester, 1990).

Inhalation anesthesia

A popular method of inducing anesthesia in small
sharks is by immersing them in water containing
an anesthetic agent. The thin gill membranes act
as the site of adsorption and the anesthetic
passes directly into arterial blood (Oswald, 1977;
Stoskopf, 1986). It is possible to control the depth
of anesthesia by adjusting the concentration of
drug in the water. Immersion, or inhalation,
anesthesia is often impractical for large sharks
so a modification of the technique, irrigation
anesthesia, may be used as an alternative.
Irrigation anesthesia is achieved by spraying a
concentrated solution of the anesthetic over the
gills using a plastic laboratory wash bottle or
pressurized mister. This system yields a rapid

NH, + HOCH,SO,

Ammonia AmQuel

Equation 8.3

—
—

Aminomethanesulfonate

H,NCH,SO,; + H,0

Water
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induction but there is a risk of overdose and it can
resultin delayed recovery (Tyler and Hawkins, 1981).

Some filtration media (e.g., ion-exchange resins
and activated carbon) may remove drugs used
for inhalation anesthesia. Inhalation anesthesia
cannot be employed in aquariums where
contamination of the water is a consideration
(Stoskopf, 1986).

A popular inhalation anesthetic for elasmobranchs
is tricaine methanesulfonate or MS-222 (Finquel®,
Argent Laboratories, USA) (Gilbert and Wood,
1957; Clark, 1963; Gilbert and Douglas, 1963;
Gruber, 1980; Gruber and Keyes, 1981; Tyler and
Hawkins, 1981; Stoskopf, 1986; Dunn and
Koester, 1990). Unfortunately dosage rates for
transport purposes are not well documented.
Stoskopf (1993) has suggested an immersion
induction dose of 100 mg It MS-222 for the long-
term anesthesia of small sharks; with an expected
induction time of 15 minutes. For the transport of
fishes in general, Ross and Ross (1999) advocate
a lower immersion induction dose of 50 mg I?
followed by a maintenance dosage of 10 mg I%.
Brittsan (pers. com.) successfully restrained and
transported two blacktip reef sharks (Carcharhinus
melanopterus) for 24 hours using an induction dose
of 48 mg It MS-222. Initial induction time was
approximately two minutes and both animals were
transferred to the transport tanks within eight
minutes. A maintenance dose was considered
unnecessary and was not applied.

Injection anesthesia

Injection anesthesia may be administered
intravenously (1V), intraperitonealy (IP), and
intramuscularly (IM). IV injections result in a quick
onset of anesthesia but can only be administered
to restrained animals, allowing accurate location
of appropriate blood vessels. IP administered
sedatives must pass through the intestinal wall
or associated membranes so induction time is
often delayed. IM injections can be administered
to slow-swimming sharks without previous
restraint and induction time is usually quite fast.
It is possible to administer IM injections to active
elasmobranchs with pole syringes or similar
remote-injection devices. A convenient site for IM
injection is an area of musculature surrounding
the first dorsal fin, referred to as the dorsal saddle
(Stoskopf, 1993).

The tough nature of shark skin and denticles
requires the use of a heavy-gauge needle to
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penetrate through to a blood vessel, body cavity
or musculature (Stoskopf, 1986). The use of
heavy-gauge needles may present problems as
shark skin is not very elastic and drugs may leak
from the injection site. If possible, gently
massaging the injection site can reduce leakage.
When using any form of injection anesthetic it may
be difficult to control depth of anesthesia because
once the drug has been introduced into systemic
circulation it is not easily reversed. In addition,
recovery from a heavy dose of an injected
anesthetic may be prolonged if the drug is slowly
released from non-nervous tissue.

Sedation is defined as a preliminary level of
anesthesia where response to stimulation is
reduced and some analgesia is evident (Ross and
Ross, 1999). Sedation may be useful if a
specimen is likely to struggle excessively during
the initial stages of capture and preparation for
transport. The sooner a specimen becomes
quiescent the better the chances of its long-term
survival (Dunn and Koester, 1990). One of the
authors (Smith) has used Diazepam (Valium®, F.
Hoffmann-La Roche Ltd, Switzerland)
successfully at 0.1 mg kg? IM to mitigate
hyperactivity in sand tiger sharks for short periods.
Visser (1996) applied 5.0 mg of Diazepam to a
1.8 m sand tiger shark prior to transferring the
animal from the site of capture to a staging facility.
Within minutes of application the shark was
sedated and could be handled safely for a period
of approximately one hour.

A combination of ketamine hydrochloride
(Ketalar®, Parke-Davis, USA) and xylazine
hydrochloride (Rompun®, Bayer AG, Germany)
has been used successfully to deeply anesthetize
large elasmobranchs, for long periods, when
administered IM (Oswald, 1977; Stoskopf, 1986;
Andrews and Jones, 1990; Jones and Andrews,
1990; Smith, 1992). Stoskopf (1993) suggests the
use of 12.0 mg kg* ketamine hydrochloride and 6.0
mg kg? xylazine hydrochloride for anesthetizing
large sharks. Stoskopf (1986) further recommends
using higher doses for more active sharks, such
as the sandbar shark (Carcharhinus plumbeus)
(i.e., 16.5 mg kgt and 7.5 mg kg, respectively),
and lower dosage rates for less active sharks like
the sand tiger (i.e., 8.25 mg kg* and 4.1 mg kg,
respectively). The expected induction time at
these dosage rates is ~8-10 minutes. Andrews
and Jones (1990) successfully used 16.5 mg kg*
ketamine hydrochloride and 7.5 mg kg xylazine
hydrochloride IM to anesthetize sandbar sharks
for transport purposes. Similarly the sand tiger
shark, bull shark, zebra shark (Stegostoma
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fasciatum), and bowmouth guitarfish (Rhina
ancylostoma) have been anesthetized and
transported using a combination of 15.0 mg kg
ketamine hydrochloride and 6.0 mg kg xylazine
hydrochloride IM, in conjunction with 0.125 mg
kg IM of the antagonist yohimbine hydrochloride
(Antagonil®, Wildlife Pharmaceuticals Inc, USA)
at the conclusion of the operation (Smith, 1992).
Visser (1996) has anesthetized two 1.8 m sand
tiger sharks, for transport purposes, using 900 mg
ketamine hydrochloride and 360 mg xylazine
hydrochloride IM.

CORRECTIVE THERAPY

If a transport is extensive in duration, or preceded
by specimen hyperactivity, an elasmobranch will
consume a lot of its stored energy reserves. By
administering glucose directly into the
bloodstream it is possible to compensate for a
drop in blood-glucose concentrations and
decrease the need to mobilize valuable glycogen
stores from the liver. Reduced mobilization of
glycogen is particularly important if hyperactivity
has proceeded to such an extent that
glucocorticoids are depleted or blood-glucose
reserves are nearing exhaustion (Smith, 1992).

Although elasmobranchs have a limited ability to
buffer their blood, it has been observed that they
are able to absorb bicarbonate (HCO,) directly from
the surrounding environment to help counteract
acidosis (Murdaugh and Robin, 1967; Holeton and
Heisler, 1978). This ability suggests an avenue for
therapy directed at alleviating acid-base disruption
in an acidotic elasmobranch: specifically, direct
administration of HCO, into the bloodstream (Cliff
and Thurman, 1984). Acetate has been suggested
as an effective alternative to bicarbonate (Hewitt,
1984), although there is some concern that acetate
degradation may be more noxious than bicarbonate
dissociation (Young, pers. com.). Nevertheless, an
acetate-bicarbonate combination has been used
successfully to revive a prostrated blacktip reef
shark by injecting the mix directly into the
bloodstream (Hewitt, pers. com.).

In practice, a corrective therapy for hypoglycemia
and acidosis can be prepared by adding HCO,
or CO,* (carbonate) to an IV drip-bag of glucose
or dextrose (e.g., 100 ml of 8.4% NaHCO, mixed
ina 1.0 | IV drip-bag of 5% glucose in saline).
The resulting mixture is introduced into the
specimen via an IV drip line and heavy-gauge
catheter. The preferred site for therapy
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administration is the large dorsal blood sinus just
under the skin and posterior to the first dorsal fin.
This site allows the position of the catheter to be
monitored closely (Murru 1990). If this blood
vessel resists penetration, it is possible to use a
caudal blood vessel just posterior to the anal fin
or even to introduce the catheter IP. IV will be
more effective than IP in the case of bradycardia
(cardiac depression). Approximately 500 ml of the
corrective therapy should be administered to a
100 kg shark every hour (i.e., 5 ml kg h'). This
dosage may be increased if the decline in blood
pH is known to be profound (Smith, 1992).

Many workers have produced variations on this
therapeutic recipe to make it less physiologically
challenging to target elasmobranchs (Table 8.6).
In some cases, urea has been added to equilibrate
the osmotic pressure of the mixture with that of shark
plasma (Murru, 1990; Andrews and Jones, 1990).
This area of corrective therapy would benefit greatly
from some structured research.

MONITORING

When transporting delicate species, or using an
elaborate transport regime, it is important to
frequently check specimen and equipment status
(Cliff and Thurman, 1984; Smith, 1992; Ross and
Ross, 1999). Many important factors should be
verified and have been summarized in Table 8.7.
If a problem is observed, corrective measures
should be undertaken immediately. Tanks should
be packed so that windows, access hatches, and
critical equipment (e.g., valves, gauges, tools,
etc.) are all easily accessible. Testing equipment
to measure critical water parameters should be
carried and used.

It is important to monitor ventilation rate.
Ventilation and cardiac rates are functionally
linked in many fishes and may be neurologically
synchronized (Ross and Ross, 1999). Gilbert and
Wood (1957) observed that heartbeat was
synchronous with ventilation rate in anesthetized
lemon sharks. Skin color should be monitored as
it may be used to loosely assess biochemical
impact on a specimen; increasing loss of skin
color equating to an increased biochemical
change (Cliff and Thurman, 1984; Smith, 1992).
Stoskopf (1993) observed that hypo-oxygenation
could cause sharks to turn blotchy and increase
their respiration rate, while hyper-oxygenation
caused them to become pale and occasionally
cease ventilation altogether (Stoskopf, 1993).
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Table 8.7.

Important factors to monitor throughout an elasmobranch transport. Should any of these factors
represent a progressive problem corrective measures should be undertaken immediately.

11
1.2
1.3
1.4
15
1.6

Specimens

Changes in muscle tone.
Possible physical injury.

21
2.2
2.3
2.4
2.5
2.6
2.7

Equipment

Ataxia (uncoordinated movements) or disorientation.
Partial or total loss of equilibrium.
Tachy-ventilation or brady-ventilation (i.e. increased or decreased gill ventilation rates).

Changes in shade and homogeneity of skin color.

Bubbles emerging from oxygen diffuser.

Uninterrupted power supply and power supply not overheating.
Pump operating correctly and not overheating.

Water flow constant and correctly orientated.

Water level stable with no appreciable leakages.

Water clear and uncontaminated.
Water quality parameters within acceptable limits.

ACCLIMATIZATION AND RECOVERY

At the termination of a transport specimens should
be acclimatized to local water parameters by
slowly replacing the water in the transport tank
with water from the quarantine facility (refer
Chapter 11 for more information about specimen
acclimatization). If the elasmobranch appears to
be healthy, prophylactic treatments (e.g., anti-
helminthic baths, antibiotic injections, etc.) may
be applied (Mohan, pers. com.). Serious
abrasions, punctures, or lacerations should be
evaluated and may require the application of an
antibacterial agent or possibly sutures (Murru,
1990). Handling should be kept to a minimum and
excess external stimuli avoided.

Reversal of immobilizing drugs should be
coincident with specimen release. Once a
specimen starts to swim normally, muscle tissue
will be flushed with fresh, oxygenated blood. This
process will cause metabolic by-products
sequestered in the tissues and extra-cellular
spaces to move into circulation. High
concentrations of toxins may enter delicate organs
and possibly compromise recovery (Cliff and
Thurman, 1984). In addition, immobilizing drugs
may be flushed into the bloodstream and renew
their paralyzing effects. During this period the
animal may be disorientated and exhibit defense
responses to external stimuli (Gruber and Keyes
1981; Smith, 1992).

When released, some pelagic and demersal
elasmobranchs will lie on the bottom of the
aquarium. Walking while holding the shark in the
water column, flexing its caudal peduncle, and
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stroking its dorsal surface have all been
recommended as techniques to increase
ventilation, assist venous return, and facilitate
recovery (Clark, 1963; Gruber and Keyes, 1981).
These techniques require excess handling and
do not simulate normal swimming behavior. In
addition, these techniques may actually
compound the effects of hyperactivity and
prematurely flush systemic circulation with high
concentrations of toxic metabolites. As long as
an elasmobranch is ventilating voluntarily,
allowing it to lie in a current of oxygen-rich
seawater avoids these complications (Hewitt,
1984; Smith, 1992; Stoskopf, 1993).

It is preferable to allow specimens to recover in
an isolated and unobstructed tank. Once a
recovering elasmobranch is swimming freely it is
important that a program of post-transport
observation be implemented. Feeding the animal
within 24 hours of transport is not recommended
(Smith, 1992). If a suitable isolation facility is
available, a comprehensive quarantine regime
should be seriously considered before the
specimen is introduced into the destination exhibit
(Andrews, pers. com.).
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Chapter 9
Identification of Individual Elasmobranchs

ALLAN MARSHALL

Pittsburgh Zoo and PPG Aquarium,
One Wild Place,
Pittsburgh, PA 15206, USA.
E-mail: allanm@zoo.pgh.pa.us

Abstract: The ability to identify individual elasmobranchs within a collection is an important
aspect of successful husbandry. Most aquariums prefer to have an identification system
that is subtle and not readily observed by the general public, the aim being to provide as
natural a display as possible. Research scientists prefer a more obvious method of individual
identification to reduce the possibility of mistaken identity. Many methods have been used
successfully to identify individual elasmobranchs, including natural markings, fin clipping,
branding, implants, and tags. Using natural markings to identify individuals is the least
intrusive technique. Chemical branding has provided a reliable identification technique, is
relatively easy to accomplish, but is not permanent and requires periodic re-application.
PIT tags are reliable and accurate, with no chance of misidentification, and are usually

relied on for accurate record keeping.

The ability to identify individual elasmobranchs
within a collection is fundamental to implementing
a successful husbandry protocol. Elasmobranchs
notoriously display little or no sign of health
problems until the ailment is at an advanced
stage. Monitoring food intake, growth, behavior,
health, and the medication of individual animals
provides valuable information that will aid their
ongoing care. Achange in behavior or food intake,
for example, can be an early sign of a health
problem. The ability to closely monitor an
individual and administer treatment, if necessary,
can be the key to averting potential tragedy.

In some regions, the permit to collect wild
elasmobranchs may be issued with the stipulation
that each animal is identified using a unique tag,
usually supplied by the government, verifying that
the animals were captured legally.

Most public aquariums prefer to have an
identification system that is subtle and not readily
observed by the general public, providing as
natural a display as possible. Research scientists
prefer obvious and unambiguous identification
techniques, reducing the risks of mistaken identity
and bias in experimental results.
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A variety of identification techniques have been
used in the past, each having specific advantages
and disadvantages. No single method is
appropriate for all circumstances, therefore a
technique should be chosen that is most suitable
for the intended purpose. Nielsen (1992) identifies
seven basic techniques for identifying fishes:
external tags, external marks, internal tags,
natural marks, biotelemetric tags, genetic
identifiers, and chemical marking. Of these
techniques, only a few are considered suitable
for public aquariums.

Rounsefell and Kask (1945), Kelly (1967), Stott
(1971), and Everhart and Youngs (1981) have listed
characteristics and criteria of the ideal mark for
identifying fishes. For the purposes of identifying
individual fishes in a public aquarium, the following
list of criteria should be considered ideal and will
help with the selection of an appropriate technique:
(1) uniquely identifies each individual fish; (2)
remains unaltered on an individual throughout its
lifetime; (3) has no effect on growth, behavior,
mortality, or vulnerability to predators; (4) is nontoxic
and nonirritating; (5) is easy and fast to apply, without
anesthetic, and with minimal stress to the fish; (6) is
not obvious to the public, while still unmistakable to
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curatorial staff; and (7) is inexpensive, easily
obtained, and requires little or no specialized
equipment.

This chapter will be concerned, primarily, with
identification methods suitable for public aquarium
animals. Techniques used for research purposes
are well described in the scientific literature,
including several synopses (Nielsen, 1992;
Rounsefell and Kask, 1945; Kelly, 1967; Stott, 1971;
Everhart and Youngs, 1981; Basavaraju et al., 1998;
Kohler and Turner, 2001), and shall be referred to
only briefly. By contrast, there is a paucity of
literature available for methods to identify aquarium
animals; therefore much of the information herein
has been collated from direct communications with
experienced aquarium personnel. It is advisable to
consult with as many people as possible when
considering options for identifying elasmobranchs
within a collection.

Natural differences

The most common and straightforward method
of identifying individual elasmobranchs is to take
note of natural differences in coloration, markings,
size, and/or sex (Ellis, pers. com.; Lewand, pers.
com.; Smith, pers. com.; Violetta, pers. com.). This
technique is particularly effective with species of
a mottled, spotted, or otherwise non-uniform
coloration. For example, sand tiger (Carcharias
taurus), broadnose sevengill (Notorynchus
cepedianus), and whitetip reef (Triaenodon
obesus) sharks can often be distinguished by the
distribution of darker spots on their bodies. The
shape of dorsal fins, and notches or scars
thereon, have been used to identify individual
white sharks (Carcharodon carcharias) in the wild
(Klimley and Ainley, 1998).

Relative size differences between individuals may
become less obvious as animals grow. However, it
is unusual for an individual within a collection to
completely change its size ranking relative to other
members of the group. Of course a medical
condition that affects appetite or food assimilation
may change this equation.

Behavioral differences may be used as a natural
identification technique. Janse (pers. com.) has
noted a clear and reliable difference in the feeding
behavior of two individual blacktip sharks
(Carcharhinus limbatus). Individual animals may
consistently choose a specific area of an exhibit to
swim and/or rest, or have distinctly different behavior
toward the presence of divers.
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The use of natural differences to distinguish
individual elasmobranchs is only feasible with a
small group of animals. As it is a comparative
method, one needs to observe all or most of the
animals within a group to distinguish an individual.
Many natural identifying features, such as injuries,
scarring, and distinctive behavior, may change or
disappear over time (Lewand, pers. com.; Violetta,
pers. com.). By combining two or more identification
criteria, it is usually possible to monitor and identify
several individuals for extended periods. With
experience and time, an aquarist can become
familiar with individual animals using more subtle
differences such as slight variations in body shape,
fin shape, etc. (Cushing, pers. com.). These
differences may not be easily discernable and may
be of limited use (i.e., only to those people who have
continual contact with the elasmobranchs).

The skin pigmentation of some elasmobranch
species is patterned, variations of which are
characteristic to individuals. The arrangement of
white spots on spotted eagle rays (Aetobatus
narinari), particularly around the base of the tail, is
distinctive for each individual (Gruber, pers. com.).
These patterns are similar to human fingerprints in
the sense that they are unique and do not change
over time. Photo-identification of individual animals,
as has been used in cetacea for many years, has
recently been employed in elasmobranchs (Gruber,
pers. com.). Firchau (pers. com.) has successfully
used photo-identification to distinguish between
individual chain dogfish (Scyliorhinus retifer). The
chain-like patterns are characteristic for each
individual, with the most distinctive differences
occurring in the bands on the dorsal part of the head
and the pectoral region (Figure 9.1). Firchau (pers.
com.) has posted photos of each chain dogfish
above the shark exhibit at the Virginia Aquarium and
Marine Science Center, Virginia Beach, USA, as a
reference for the aquarists maintaining the sharks.

Fin clipping

Unlike the method of fin clipping employed for
teleosts, whereby half or all of a fin is removed
(Knauth, 1977; Nielsen, 1992), fin clipping in
elasmobranchs only requires a small notch or
notches on a fin. For aquarists that regularly dive in
the shark tank, notching the dorsal or caudal fin has
proven an effective means to identify individuals
(Martel-Bourbon, pers. com.). Notches within a
dorsal or caudal fin may be obvious to the public
and therefore notching of the pectoral or pelvic fins
may be preferred, particularly if the aquarists monitor
animals from the surface.
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Fin notching is usually performed with a sharp
knife, shears, or a leather hole punch. It is a fast
and unobtrusive surgery that can be performed
without anesthetic, although restraint is usually
required for a short period. The notch or hole need

only be large enough to be visible from the
distance that the aquarist monitors the animals
on a day-to-day basis. Depending on the type and
size of notch, as well as the species, the mark
will last from several months to a few years

Figure 9.1. Photographs of the dorsal surface of four chain dogfish (Scyliorhinus retifer), showing the individually distinctive chain-
like patterning. Top left and right are female specimens and bottom left and right are male specimens. Photos courtesy of: Liz

Kopecky.
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(Carrier, pers. com.; Correia, pers. com.; Firchau,
pers. com.; Wisner, pers. com.).

Branding

Burning, freezing, or chemical techniques have been
used to brand fishes. All of these techniques
intentionally cause damage to the epidermal skin
layers of the branded animal. As the injury heals,
scar tissue forms and is visible in the shape of the
intended marking or brand.

A certain level of competence is required to ensure
that a brand is applied correctly. Heat and freeze
brands are particularly difficult to administer, as the
potential for the injury of mishandled animals is high.
The hot or cold branding tool must be applied firmly,
and for sufficient duration, to ensure application of
an enduring mark. Brand contact time can range
between a few seconds to a minute, depending on
the taxa. For this reason contact time can be
unintentionally excessive, destroying underlying
dermal tissue (Raleigh et al., 1973) and leaving open
wounds susceptible to infection (Refstie and
Aulstad, 1975; Knauth, 1977). Treatment of an
infected brand can be difficult and the resulting open
wound may be aesthetically displeasing. Raymond
(1974) noted that branding tools applied with
excessive pressure can result in cellular damage
similar to that resulting from an extended application
time.

Both heat and freeze branding involve the use of a
heat-conducting branding tool, such as copper,
silver, or brass. The brand itself can be a unique
symbol applied to a standardized part of the target
animal, or the tip of a standard brand (e.g., round
rod) applied in a coded manner (see below). To
ensure proper contact and an effective brand, it is
important to dry the area of skin to be branded.
When the tool has acquired the correct heating or
cooling temperature, it is applied to the skin of the
animal for a specified time. Rays have been branded
with a freeze-brand contact time of 10-15 seconds
(Dehart, pers. com.). In contrast, to produce an
effective brand on sharks, the branding tool needs
to be held in place for 30-60 seconds, due to
denticles and tough integument (Dehart, pers. com.).

Wisner (pers. com.) has successfully used an
electric soldering iron as a heat branding apparatus
for blacktip reef sharks (Carcharhinus melan-
opterus). The resulting scars were visible for up to
five years following application; nevertheless he
halted the practice as he considered it excessively
injurious to the animals.
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Freeze branding works on the same principal as
heat branding, however the branding tool is chilled
to low temperatures. Immersion in liquid nitrogen
(N,) (Knight, 1990) or exposure to pressurized
carbon dioxide (CO,), dispensed from a fire
extinguisher (Bryant et al., 1990), are the two most
common methods for cooling a freeze branding tool.

Chemical branding has been used successfully in
many public aquariums. The most commonly used
chemical is the cauterizing agent silver nitrate
(Firchau, pers. com.; Henningsen, pers. com.;
Mohan, pers. com.; Violetta, pers. com.). Silver
nitrate-tipped applicator sticks (used in the
veterinary field as escharotics or styptics to cauterize
bleeding) are the safest and most convenient
devices for administration. Wetting the chemically
coated end of the applicator activates the silver
nitrate.

When branding with a silver nitrate stick, the tip is
applied directly to the skin of the elasmobranch and
pressure is maintained for approximately 10-15
seconds, for rays, or 30 seconds, for sharks (Davis,
pers. com.). Most elasmobranchs must be
restrained to allow the proper application of a silver
nitrate stick. The area to be branded must be lifted
clear of the water, as the chemical cannot be applied
underwater. It is recommended to dry the branding
area, as excess water on the skin causes silver
nitrate to bleed from the applicator and disperse over
a larger area of the skin (Violetta, pers. com.). This
precaution is especially critical if the brand is to be
applied to an area of skin adjacent to the eyes or
gills (Firchau, pers. com.). The resulting brand mark
is pale or white in color. Immediately after
application, the skin should be doused with water
to rinse away any remaining silver nitrate. Once the
procedure is complete, the animal may be returned
to its exhibit.

A small circular brand, up to 10 mm diameter, will
usually be sufficient for recognition by the curatorial
staff. The longevity of silver nitrate brands varies,
depending on the application technique employed
and the species marked. The white color of the mark
will gradually get darker as the branding site heals,
leaving a dark mark that will eventually disappear
(Ellis, pers. com.). Firchau (pers. com.) has noted
that silver nitrate marks disappear much faster (i.e.,
~2 months) on pelagic species (e.g., blacktip sharks)
than on more sedentary species (e.g., nurse sharks,
Ginglymostoma cirratum), where the mark can
remain visible for more than a year.

It is common practice to mark female
elasmobranchs on the left pectoral fin and males
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on the right (Firchau, pers. com.; Henningsen, pers.
com.; Romero, pers. com.; Violetta, pers. com.). To
distinguish more than one of each sex, the animals
are marked with one, two, or more marks.
Alternately, a single mark can be placed on a
distinctive position of the fins to differentiate between
individuals (Mohan, pers. com.). A simple
combination of 1-4 marks on a single fin can be
used to identify up to 15 individuals. In this case,
brands are applied at specific locations,
representing the numbers 1, 2, 4, and 8. For
example, animal number 5 would be marked with
botha 1l and 4 (i.e., 1+4 =5). Up to eight distinctive
positions are available on each fin (Figure 9.2). For
larger numbers of animals, one fin can represent
the first digit (i.e., the 1s) and another fin can
represent the second digit (i.e., the 10s) (Mohan,
pers. com.). These coding systems may be equally
useful for fin clipping techniques.

Tattooing has been suggested as a means of iden-
tifying individual elasmobranchs (Davis, pers. com.)
and has been applied successfully in a variety of

animals, including some teleosts. However, a re-
cent tattooing attempt with ocellate river stingrays
(Potamotrygon motoro) resulted in the deaths of the
animals. Necropsy showed that all three specimens
had embolised the India ink into the gills and some
other organs (Raymond et al., 2003). It was sug-
gested that the rich lymphatic system in the sub-
dermal layers facilitated embolisation (Garner, pers.
com.).

Tagging

Attaching tags to elasmobranchs has been a regular
practice in field research for many years. Tags come
in many different shapes, sizes, and designs. Each
tag is designed for a specific purpose and
researchers can select a tag that most suits their
particular requirements (Kohler and Turner, 2001).
Only a few tags are considered suitable for use in
public aquariums as most are designed to be
obvious from a long distance and therefore detract
from the natural appearance of the animals.

Figure 9.2. Blue shark (Prionace glauca) showing the eight distinctive branding positions available on the pectoral fin. 1 - Proximal
leading edge, 2 - Median leading edge, 3 - Distal leading edge, 4 - Distal trailing edge, 5 - Median trailing edge, 6 - Proximal trailing

edge, 7 - Central, and 8 - Proximal mid-fin.
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Tags may be divided into two types: internal and
external. Many internal tags are only capable of
distinguishing particular groups of animals, such
as year classes. Most internal tags, such as coded
wire tags require sacrificing the animal to read
the tag (Ombredane et al., 1998). Of the internal
tags available for individual recognition, public
aquariums only use passive integrated transponder
(PIT) tags.

PIT tags

PIT tags (AVID Identification Systems, Inc., Norco,
USA) consist of a small (~12 mm long x 2 mm
diameter), glass encased, electronic chip. When
supplied with energy the chip produces a unique,
pre-programmed signal in the 40-50 kHz range. A
radio receiver picks up the signal and transforms it
into a 10-digit alphanumeric code (Prentice et al.,
1990). Within the tag is an antenna of copper wire
wound around a ferromagnetic core. When the tag
enters a magnetic field, produced by an energizing
system, an induced electric current within the
antenna activates the chip (Nielsen, 1992). Hand-
held readers are available that act as both the
energizing system and receiver.

Due to their small size, the readable range of PIT
tags is restricted to 20-30 cm distance. The reader
must therefore be positioned close to the site of
the implant in order to get a reading. Until recently,
hand-held readers were incapable of being
submerged. A new design of reader is now
available with a waterproof remote detection
device located at the end of a long pole. This new
reader enables animals to be identified while
underwater and makes PIT tags more practical
as an individual recognition device for
elasmobranchs. It is possible to attach a
submersible reader to the end of a feeding pole
and identify individuals as they take food items.

It is recommended that all elasmobranchs within
a collection are PIT tagged in a standardized
location, to facilitate later identification. Small
elasmobranchs often have PIT tags placed in the
peritoneal cavity, implanted by making a small
incision and inserting the tag through the aperture
with forceps (Basavaraju et al., 1998). In larger
sharks, PIT tags are usually implanted in the
dorsal musculature just below the dorsal fin. Rays
are tagged by inserting the PIT tag on the dorsal
side of the pectoral flap, midway down the body
and lateral to the peritoneal cavity. Elbin (pers.
com.) proposed a standard tagging-site protocol
for all vertebrates housed at the New York
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Zoological Park, New York, USA. The protocol
recommended using the left side of the body for
dorso-muscular implantations, and this standard
has been adopted at many institutions in North
America. An injecting applicator needle, usually
supplied with the tags, is used to implant the PIT
tag into the musculature. For intramuscular
implantation, it is recommended to insert the
applicator needle at a shallow angle to the surface
and to push the tag as far as possible away from
the entry site. This procedure will reduce the
possibility of the tag migrating back through the
puncture wound and being shed (Firchau, pers.
com.). Nexaband (Veterinary Products
Laboratories, Phoenix, USA), a liquid
cyanoacrylate tissue adhesive, can be used to
close the applicator puncture wound, helping to
prevent loss of the injected tag.

Studies have shown PIT tags to have little or no
effect on growth, mortality, or behavior, and to have
an almost 100% retention rate (Basavaraju et al,
1998). PIT tags provide reliable, positive
identification and are small enough to be used on
all species of elasmobranchs. Because PIT tags
require no batteries, they will function for many
years. Despite the initial expense, PIT tags are
considered to be an invaluable, reliable identification
technique for record keeping.

External tags

Many tagging studies have been performed on a
variety of aquatic animal species. As a result of
these studies, a vast number of external tag styles
have been developed (Kohler and Turner, 2001).
There are four basic categories of external tags,
classed by the way they attach to the animal
(Figure 9.3), and include: (1) trans-body; (2) dart-
style; (3) internal-anchor; and (4) tail-loop.

Trans-body tags protrude through both sides of
the body (e.g., through the dorsal fin). These tags
include disc tags, dangling disc tags, and
spaghetti loop tags. Dart-style tags protrude from
only one surface of the animal and consist of a
training shaft with an anchor on one end. The
anchor is inserted into the body of the animal and
the trailing end, usually enlarged, details
information pertaining to the tagged animal. T-Bar
and arrowhead are examples of dart-style tags.
Internal-anchor tags are a modification of dart-
style tags. Instead of being anchored into muscle
tissue, the anchor of an internal-anchor tag is a
flat disc that lies against the inside wall of the fish’s
body cavity (Nielsen, 1992). Tail-loop tags consist
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Figure 9.3. The four basic categories of external tags, classed by the way they attach to the animal, including: (1) trans-body; (2)

dart-style; (3) internal-anchor; and (4) tail-loop.

of a length of material, or a plastic cable-tie, that
is loosely tied around the caudal peduncle of the
fish.

Researchers regularly use external tags for
animal recognition. Within public aquariums,
animals not on display can be tagged temporarily
using external tags. Some public aquariums use
external tags on display animals and take the
opportunity to educate their public about the roles
of tagging through written materials and
presentations.

Wisner (pers. com.) has used different colored T-
bar tags to identify animals within his collection.
Instead of using commercial fish marking tags,
Wisner used clothing price tags and an applicator
gun. The flat end of each tag was colored with a
plastic coating (Plasti Dip, PDI Inc., Circle Pines,
USA). When the T of the t-bar tag was injected
posterior to the first dorsal fin, the colored, trailing
end was easily observed. These tags lasted for
several years with no reported problems.

For instances where temporary identification is
necessary (e.g., sharks kept in holding tanks, etc.)
a colored loop may be placed loosely around the
caudal peduncle (i.e., a tail-loop tag). The tag may
consist of ribbon, rope, string, or plastic cable-ties
of various colors (Correia, pers. com.; Firchau, pers.
com.; Perego, pers. com.). The tail-loop tag is tied
around the animal in such a way as to be loose, but
not dangling from the shark. Tail-loop tags provide
a readily observable mark and in the short term do
not injure the animal. Tail-loop tags should only be
used for temporary identification (i.e., not more than
two weeks) as constant rubbing of the material
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against the skin can lead to integument damage
and possible infection.

CONCLUSION

Table 9.1 summarizes various identification
techniques with respect to the seven ideal criteria
of a fish tag. The wide range of options available
for positively identifying individual elasmobranchs
allows institutions the possibility to use a
technique appropriate for their needs. Using
natural markings to identify individuals is the least
intrusive technique and is preferred, providing that
observations can be made reliably, and that
unique features are long-lived. Chemical branding
of animals has been a reliable technique for many
institutions. Chemical branding is relatively easy
to accomplish, but it is not permanent and the
necessity to restrain animals may cause undue
stress to some species. PIT tags are reliable and
accurate, with no chance of misidentification, and
are usually relied on for accurate record keeping.
Because PIT tags are not easily read without
special equipment, and potentially restraining
animals, they are usually used as a backup
identification system to a more simplistic
identification technique applied on a day-to-day
basis. Further advances in technology may make
PIT tags more appropriate for general use.
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Chapter 10
Quarantine and Prophylaxis for Elasmobranchs

Ray Davis

Georgia Aquarium, Inc..
225 Baker Street
Atlanta, Georgia 30313, USA.
E-mail: rdavis@georgiaaquarium.org

Abstract: As applied by aquarium facilities quarantine refers to the process of isolating a
new or sick specimen for the purpose of treatment and observation, while prophylaxis
refers to the process of applying preventative treatments to existing healthy specimens.
Treatment protocols frequently overlap between quarantine and prophylaxis. Exemplary
water quality is essential to animals surviving the rigors of chemotherapeutic treatments.
Both the duration of a protocol and the allowable density of animals may be influenced by
the spatial needs of specific species. Throughout quarantine, sterile techniques should be
used to ensure that pathogens are not transferred between aquariums or animals. A
thorough understanding of the proper handling and use of chemotherapeutics is essential.
Veterinary and pathology laboratory services should be retained, to aid in both diagnoses
and treatments. The ability to correctly identify pathogenic organisms (e.g., monogeneans,
cestodes, nematodes, crustaceans, protozoans, bacteria, etc.), in combination with an
understanding of their life history, will lead to informed diagnoses and more effective

treatments.

This chapter briefly reviews issues to consider
when formulating quarantine and prophylactic
protocols for elasmobranchs, including: water
treatment considerations, spatial considerations,
sterile techniques, an understanding of
pathogens, and modes of medication. Asummary
of typical chemotherapeutics used during
guarantine and prophylaxis, based on a review
of 22 public aquariums, is presented.

As applied by aquarium facilities quarantine refers
to the process of isolating a new or sick specimen
for the purpose of treatment and observation,
while prophylaxis refers to the process of applying
preventative treatments to existing healthy
specimens. Treatment protocols frequently
overlap between quarantine and prophylaxis.

Where practical, all new animals should go
through quarantine for a minimum of 30 days prior
to their introduction to a display or experimental
aquarium. This time line is based upon our current
understanding of the pathogens that affect
elasmobranchs.

Prophylaxis is frequently applied while specimens
are in display aquariums and is often based on a
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schedule of expectation (e.g., the appearance of
monogeneans at the same time each year). In
this situation, the effect of a treatment protocol
on other species within the display aquarium
needs to be carefully reviewed.

Treatment protocols should be based upon a
thorough evaluation of specimens, including an
assessment of the following: condition, length
and weight, behavior, appetence, skin scrapes,
and blood profiles, and, where possible, biopsies,
lavages, radiography, and ultrasonography.

TREATMENT PROTOCOLS
Water treatment considerations

Quarantine facilities require the same thorough
approach to life support system (LSS) design as
display aquariums. Biological, mechanical, and
chemical filtration each play an important role.
Exemplary water quality is essential to animals
surviving the rigors of chemotherapeutic treatments.

The use of ultra-violet sterilizers (UV) and/or
ozone and activated carbon, as part of the LSS,
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should be considered standard. Total counts of
some pathogens can be reduced by the use of
UV and/or ozone. In addition, UV and ozone can
reduce many treatment chemicals to harmless by-
products, which subsequently may be removed
by activated carbon.

UV units are typically sized to achieve a specific
level of irradiation, expressed as microwatts per
second per centimeter squared (UW sec? cm?1),
UV unit manufacturers will supply a chart with
suggested irradiation levels required to achieve
a given Kill ratio of specific pathogens. Suggested
exposure rates can be as low as 6,000 pW sec
cm??1, while others can be as high as 400,000 uwW
sec! cm?t, When using UV, a number of issues
need to be considered. UV increases the heat
load applied to a system. If temperatures are
already close to the upper tolerance for
elasmobranchs, an increase in chilling capacity
may be required. Teflon or quartz sleeves are
typically used to separate UV bulbs from the
water. Frequent cleaning of these sleeves
maintains an effective kill rate. Some UV units do
not work well with coldwater aquariums, where
condensation can diminish the UV unit's
effectiveness. Additionally, organically-rich, turbid
water can reduce Kill rates. Application of UV is
usually via a bypass that allows a portion of
aquarium water to be treated. LSS design should
be configured to maximize the passage of
pathogen-laden water through the UV unit.

Ozone is typically introduced via a venturi to either
foam fractionators or contact chambers. When
used as a sterilizing agent, ozone is applied at
high concentrations to oxidize water-borne
parasitic organisms. During this process a number
of residual oxidants are produced when used in
salt water. Residual oxidants take part in the
sterilizing process within the respective reaction
chamber. However, if these chemicals persist and
are carried into an exhibit, they can present a
serious health risk to elasmobranchs. Residual
oxidants may be monitored through DPD total
oxidant tests, Oxidation Redox Potential, and
animal behavior.

Spatial considerations

Elasmobranchs vary widely in their spatial
requirements. Serious consideration should be
given to these demands when developing
guarantine and/or prophylactic protocols. Both the
duration of a protocol and the allowable density
of animals may be influenced by the spatial needs

144

of a specific species. In some situations it may
not be practical to quarantine a particular species
of elasmobranch at all.

Pools of inadequate size or shape can be as
devastating as pathogens, causing serious health
issues to potentially valuable specimens. If pools
are not the appropriate dimension and shape,
contact lesions can occur on the caudal fin, ventral
surface, and rostrum. Reduction in stocking
density, modifying swimming patterns (e.g.,
introducing visual or physical obstacles), changing
the lighting, and the addition of a sand substrate
can reduce the occurrence of some of these
injuries.

In some instances it may be necessary to maintain
elasmobranchs in confined conditions (e.g., if
protocols require repeated injections, tube
feeding, wound care, etc.). In some specific
cases, it may be less stressful to use a smaller
pool, where it is easier to catch and restrain the
elasmobranch, than a larger pool where an animal
can swim freely.

Sterile techniques

Throughout quarantine, sterile technique (e.qg.,
sterilization of nets between uses, etc.) needs to
be instituted to ensure that pathogens are not
transferred between aquariums or animals. With
restricted quarantine spaces, sterile technique
includes eliminating aerosol transmission via
aeration, bio-towers, etc., and splashing caused
by elasmobranchs.

The life history of many parasites includes a
dormant stage. Thorough cleaning and
sterilization of pools and LSSs, after each
guarantine cycle, reduce the chance of trans-
ferring problems from one quarantine cycle to
another. This process entails reseeding of the
biological filters before the start of each
quarantine cycle.

Safety and Record keeping

Before adopting quarantine and prophylactic
protocols, it is important to review any local
guidelines and regulations for the use of selected
drugs and chemicals. A thorough understanding
of the proper handling and use of any product is
essential. Material safety data sheets should be
studied and appropriate personal protective
equipment (PPE) used.
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Veterinary and laboratory (i.e., clinical and
pathological) services should be retained, to aid
in both diagnoses and treatment. In some
locations it may be a legal requirement, or a
stipulation by professional zoological
associations, to retain these services.

Thorough records should be maintained
throughout quarantine and/or prophylaxis . These
records will help in assessing the efficacy of
treatments. All elasmobranch mortalities should
be followed by a complete necropsy, and resulting
records maintained for future reference.

Pathogen diagnosis

The ability to correctly identify pathogenic
organisms (e.g., monogeneans, cestodes,
nematodes, crustaceans, protozoans, bacteria,
etc.), in combination with an understanding of their
life history, will lead workers to make informed
diagnoses and implement more effective
treatments. In particular, it is important to
understand primary and secondary health
concerns. For example, it may be determined that
an outbreak of monogeneans has been
exacerbated by the presence of environmental
stressors (e.g., poor water quality, high population
density, etc.). Once monogeneans have infested
a population of elasmobranchs, a secondary
bacterial infection may ensue and ultimately result
in specimen mortality. Any treatment regime
should thus address the primary infection (i.e.,
monogeneans), the secondary infection (i.e.,
bacteria), and importantly, any conditions that
have aided the disease process (i.e., poor water
guality and/or high population density), for the
regime to be effective.

Monogeneans represent the greatest challenge
to newly-arrived elasmobranchs. These organisms
are difficult to eradicate because of their ability to
remain viable, without a host, for extended periods
of time. Control of these pathogens, through
guarantine, is recommended. If quarantine is
impractical, serious consideration should be given
to the application of a medicated bath (e.g.,
praziquantel) before elasmobranchs are moved
into their destination aquarium.

If an elasmobranch is suspected to have a specific
pathogen, but is asymptomatic and presents no
risk to other animals (e.g., in the case of species-
specific parasites), it may be deemed appropriate
to leave the animal untreated (i.e., forgo
prophylaxis). For parasites (e.g., trematodes,
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cestodes, etc.) requiring an intermediate host that
is not present within the system, it is advisable to
let the parasite perish naturally. Wherever
possible, it is preferred to keep treatments to a
minimum. Although chemotherapeutic treatments
are obviously intended to aid elasmobranchs,
medication will always present an associated
stress that could do more damage to the host
animal than the intended target pathogen.

Mode of medication
Immersion (bath)

When preparing medicated baths it is critical to
accurately assess the volume of treatment water
before adding the medication. Water volume can
be determined by using a calibrated flow meter, a
calibrated container, or by a calculation of vessel
volume. For aquariums with irregular dimensions,
volume can be calculated by adding a known
weight of salt and measuring the change in
salinity. Dividing the weight of added salt (grams)
by the change in salinity (g I'* = %o = ppt) provides
the vessel volume in liters. Once the volume of
the treatment vessel is known, it is important to
accurately calculate the amount of drug or
chemical to add to the vessel to achieve the
desired dosage. It is highly recommended to have
two people perform the calculations independently
to ensure accuracy.

An important consideration, when applying
medicated baths, is an understanding of the
chemical’s reaction to LSS components (e.g.,
some chemicals are destroyed by ozone), and
indeed their impact on LSS components (e.g.,
some antibiotics can damage the beneficial
bacteria inside biological filters). Another
important consideration is the possibility of
synergistic effects—e.g., the presence of nickel
at just 2.0 ug I'*will double the effect of a copper
treatment (Sorensen, 1991). Thus, a 2.0 mg I
antiparasitic treatment of copper effectively
becomes a 4.0 mg I lethal dosage of copper, in
the presence of 2.0 ug I* nickel. In some cases
synergy can be used to advantage (e.g., a lower
concentration of two treatments—copper and
organophosphates—can be used to effectively
treat ectoparasites).

Once a bath is complete, medicated water must
be safely disposed in accord with domestic and
international regulations. This precaution is
important not only for the products themselves
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(i.e., antibiotics, heavy metals, organo-
phosphates, etc.), but also filter media (e.qg.,
activated carbon) used to remove products from
the water.

Oral

When administering oral medications it is
important to have an accurate measurement of
specimen weight, before calculating dosages. The
smaller the animal the more critical it is to have
an accurate and precise measurement.

Some oral medications may be rejected by an
elasmobranch because of their unusual taste. To
disguise the taste, it may be necessary to secrete
gel caps, filled with the medication, within a food
item.

Parenteral (injectable)

As per oral medications, it is important to have
an accurate measurement of specimen weight
before calculating the dosage of injectable
medications. Most parenteral treatments are
administered intramuscularly (IM). Do not
sterilize the injection site with alcohol prior to
administration as alcohol can damage elasmo-
branch skin. Intramuscular medications are
typically administered via a large muscle mass
(e.g., the dorsal saddle) and in some cases
multiple injection sites may be required if a
large volume of medication is to be
administered. Massaging the injection site,
during and after administration, can reduce the
risks of medications leaking out of the intended
site.

Protocol formulation

In addition to the removal of hooks and tags, the
treatment of gross lesions and abrasions, and the
potential treatment of inappetence, a quarantine
protocol for elasmobranchs should address the
following problematic organisms: external
parasites (i.e., monogeneans, crustaceans, and
protozoans), internal parasites (i.e., cestodes,
nematodes, and protozoans), and potential
secondary bacterial infections.

Table 10.1 presents a summary of some typical
chemotherapeutics successfully used during the
guarantine and prophylaxis of elasmobranchs.
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The information contained in Table 10.1, and the
discussion that follows, represents a summary of
a survey conducted during 2001 of 22 public
aquariums. In general, two medications should not
be applied simultaneously, although some oral
treatments may be given during long-term
medicated baths. Extreme caution should be
exercised when interpreting these data as they
represent very small sample sizes, in some cases
only a single individual, and do not have the
support of pharmacokinetic studies.

CHEMOTHERAPEUTICS
Amikacin

Amikacin sulphate is a broad-spectrum antibiotic.
Amikacin has been administered via IM injection
at a dosage of 3.0-5.0 mg kg (5.0 mg kgt in the
case of the ocellate river stingray, Potamotrygon
motoro) every 72 hours for five consecutive
treatments.

Ceftazadime

Ceftazadime pentahydrate (Fortaz®, Glaxo-
SmithKline Inc., USA) is a broad-spectrum
antibiotic. Ceftazadime has been administered via
IM injection at a dosage of 30.0 mg kg every 72
hours (8 hours in the case of the spotted eagle
ray, Aetobatus narinari) for five consecutive
treatments.

Copper

Copper (citrated and non-citrated) is used as a
treatment for external parasites, especially
monogeneans, crustaceans, and protozoans.
Copper has been administered as a bath at a
dosage of 0.15 mg I'* for up to three months (3-4
months in the case of the bat eagle ray, Myliobatis
californica) and at 0.20 mg I'* for a period of 30
days (0.15 mg I'* for a period of 30 days in the
case of the following species: sand tiger shark,
Carcharias taurus; whitespotted bambooshark,
Chiloscyllium plagiosum; brownbanded bamboo-
shark, Chiloscyllium punctatum; nurse shark,
Ginglymostoma cirratum; epaulette shark,
Hemiscyllium ocellatum; and the smalltooth
sawfish, Pristis pectinata). When applying copper
baths, activated carbon filtration should be
discontinued. Never use copper in the presence
of formalin, praziquantel, or trichlorfon.
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CHAPTER 10: QUARANTINE AND PROPHYLAXIS FOR ELASMOBRANCHS

Enrofloxacin

Enrofloxacin (Baytril®, Bayer Corp., USA) is a
broad-spectrum antibiotic. Enrofloxacin has been
administered both orally and via IM injection at a
dosage of 10.0 mg kg every 5-7 days (2 days in
the case of the pink whipray, Himantura fai, and
3.5 or 7 days in the case of the following species:
blacknose shark, Carcharhinus acronotus; bull
shark, Carcharhinus leucas; blacktip shark,
Carcharhinus limbatus; and the sandbar shark,
Carcharhinus plumbeus) for three to five
consecutive treatments.

Fenbendazole

Fenbendazole (Panacur®, Intervet Inc., USA)
is an antihelminthic used for the treatment of
internal parasites. Fenbendazole has been
used in elasmobranchs to treat nematodes at
an oral dosage of 25.0 mg kg body weight* for
3x each week, over three consecutive weeks
of treatment.

Formalin

Formalin is an antibiotic, antihelminthic,
crustacicide, and protozoacide. Formalin has
been applied as a bath at a dosage of 250 mg I*
for a period of one hour. Formalin has been used
in conjunction with hydrogen peroxide when
treating the leopard shark (Triakis semifasciata),
the bat eagle ray, and the whiptail stingray
(Dasyatis brevis).

Hydrogen peroxide

Hydrogen peroxide is an antibiotic, antihelminthic,
crustacicide, and protozoacide. Hydrogen
peroxide has been applied as a bath at a dosage
of 150.0 mg I'* for a period of one hour.

Ivermectin

Ivermectin (Ivomec®, Merial Inc., USA) is an
antihelminthic used for the treatment of internal
parasites. Ivermectin has been used in
elasmobranchs to treat nematodes and
cestodes administered via IM injection at a
dosage rate of 200 mg kg every 15 days for
two treatments.
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Metronidazole

Metronidazole (Flagyl®, Rhone-Poulenc Rorer
Pharmaceuticals Inc., USA) is a protozoacide and
anaerobe antibiotic. Metronidazole has been used
in elasmobranchs at an oral dosage of 25.0 mg
kg body weight! for 3 days a week, over three
consecutive weeks of treatment.

Furanace

Furanace (Nitrofurazone, Novalek Inc., USA) is
broad-spectrum antimicrobial. Furanace has been
applied as a bath at a dosage of 20.0 mg.I* for 2
hours each day of five consecutive days of
treatment (10.0 mg I'* for 10 hours each day of
five consecutive days of treatment in the case of
the smooth hammerhead shark, Sphyrna
zygaena; 10.0 mg I'* for 8 hours each day of seven
consecutive days of treatment in the case of the
bat eagle ray; and 10.0 mg I'* for 8 hours each
day of five consecutive days of treatment in the
case of the following species: the whitespotted
bambooshark; the brownbanded bambooshark;
the nurse shark; the horn shark, Heterodontus
francisci; and the epaulette shark). When applying
furanace baths, activated carbon filtration, ozone
dosing, and UV irradiation should be discontinued.

Praziquantel

Praziquantel (Praziquantel 100%, Professional
Pharmacy Services Inc., USA) is an antihelminthic
used for the treatment of both internal and external
platyhelminthes. Praziquantel has been applied as
a bath to treat monogeneans at a dosage of 10.0
mg I for a period of two hours and at 2.0 mg I* for
a period of 48 hours (2-20 days in the case of the
sandbar shark). When applying praziquantel baths,
activated carbon filtration, ozone dosing, and UV
irradiation should be discontinued. Never use
praziquantel in the presence of copper or trichlorfon.
Praziquantel has been used in elasmobranchs to
treat trematodes and cestodes at an oral dosage of
50.0 mg kg body weight! for 3 days a week, over
three consecutive weeks of treatment.

Salinity
Reduced salinity can be used as an

antihelminthic, crustacicide, and protozoacide. A
reduced salinity of 15.0 %0, maintained for a period



R. Davis

of 14 days, has been used to treat elasmobranchs
for external parasites, both as a stand-alone
treatment or as a complement to other immersion
medications. A 30-minute bath of freshwater has
been used to treat lemon sharks (Negaprion
brevirostris) for external parasites, as has a
reduced salinity of 10.0-15.0 %0 maintained for a
period of four weeks.

Trichlorfon

Trichlorfon (Dylox® 80, Bayer Corp., USA) is an
antihelminthic and crustacicide. Trichlorfon has
been applied as a bath to treat monogeneans and
parasitic crustaceans at a dosage of 0.5 mg I
(0.3 mg It in the case of the grey reef shark,
Carcharhinus amblyrhynchos) for a period of 24
hours, once a week, for a total of four treatments
(0.25 mg I for a period of 24 hours, once every
10 days, for a total of five treatments in the case
of the smallspotted catshark, Scyliorhinus
canicula, and the nursehound, Scyliorhinus
stellaris). When applying trichlorfon baths,
activated carbon filtration, ozone dosing, and UV
irradiation should be discontinued. Never use
trichlorfon in the presence of copper, formalin or
praziquantel.
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Abstract: The long-term success of an elasmobranch acquisition depends not only on
how the animal is captured and transported, but also on its careful acclimatization and
introduction. Acclimatization is undertaken when moving animals between different
environments and involves a process of slowly changing parameters (especially water
parameters) in which the animal is held, or transported, to meet the environmental
parameters where it will ultimately be living. Acclimatization minimizes the physiological
stress inherent in a rapid transition between different environmental parameters. Introduction
refers to the process of moving an elasmobranch to its destination environment (e.g.,
exhibit, experimental tank, etc.), in some cases requiring capture and physical restraint of
the animal, and its subsequent careful release. A program of post-introduction monitoring
is essential to success, allowing workers to anticipate problems and intervene in the event

of complications.

The acclimatization and introduction of an
elasmobranch to its destination environment (e.g.,
exhibit, experimental tank, etc.) represents the
final stage of an animal acquisition and must be
carefully planned in conjunction with other aspects
of a relocation strategy. While the science of
elasmobranch husbandry continues to improve,
acclimatization and introduction of fishes remains
inexact and is often given cursory treatment for
many elasmobranch species. It is clear, however,
that an animal’s expected survivability in captivity
depends directly on how well the animal is
captured, transported, acclimatized, and intro-
duced.

For the purposes of this chapter, acclimatization
refers to the gradual change of environmental
parameters, predominantly water quality, to
minimize physiological stress imposed on animals
moved between different environments (e.g., from
a transport vessel to an exhibit, etc.). During
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acclimatization, prophylactic treatments may be
applied, and wounds and abrasions evaluated.
Introduction refers to the process of moving an
elasmobranch to its destination environment (e.qg.,
exhibit, experimental tank, etc.), in some cases
requiring the capture and physical restraint of the
animal, and its subsequent careful release.

The basis for what we know about
elasmobranch husbandry has been developed
predominantly through educated guesses and
trial and error. The collection, transportation,
and maintenance of many different elasmobranch
species was attempted, modified, and attempted
again, before success was achieved. Clark
(1963), and Gruber and Keyes (1981), published
early work on elasmobranch transportation and
acclimatization. Since then, many workers have
added to the science (Cliff and Thurman, 1984;
Hewitt, 1984; Murru, 1990; Smith, 1992; and
Lowe, 1996).
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In addition to the information reported in the
literature, many successful strategies have been
developed through accumulated practical
experience. Itis only through such experience that
many of the more subtle indicators of
elasmobranch health have been recognized. In
many cases, these subtle signs will indicate an
animal’s status well before quantitative empirical
data can confirm it. Changes in ventilation rate,
body coloration, attitude in the water, swimming
behavior, etc., will all speak to deeper changes
at a biochemical and physiological level.
Understanding these subtle changes, both within
and between species, is crucial to the
development of a suitable acclimatization and
introduction regime. Responding quickly to
negative trends can often be the difference
between success or specimen mortality.

Biochemical and physiological changes incurred
during capture and transportation, and their
impact on survivability, are discussed in detail in
Chapter 8 of this manual and repetition of that
information will be minimized here. Similarly,
guarantine procedures and medical treatments
are covered in more detail in Chapters 10 and 29
of this manual, respectively.

ELASMOBRANCH ACCLIMATIZATION

Environmental changes (e.g., a change to water
parameters) and the associated physiological
stress, directly affect the health of sharks, rays,
and their relatives. Elasmobranchs, like other
fishes, need time to become accustomed to a
change in water chemistry. Acclimatization should
therefore be undertaken whenever an animal is
moved from one environment, where it has been
living for an extended period, to a new
environment in which the water chemistry is
different.

The importance of acclimatization

Rapid changes in water chemistry or temperature
may cause physiological distress to fishes,
contribute to disease susceptibility, and even
cause death (Stoskopf, 1993). However, as Noga
(1996) states: “...many fishes can tolerate
stressful conditions if they are introduced to the
environment slowly...”. Therefore, an excellent
axiom for the new aquarist is as follows: poor
water quality is bad for fish health, but rapidly
changing water quality is even worse.
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The goal of acclimatization is to slowly change
the water parameters in which an animal is held,
or transported, to meet the parameters of the
water where the animal will ultimately be living,
with a minimum of imposed stress (Spotte, 1992).
A complete knowledge of environmental
parameters (e.g., temperature, pH, salinity,
oxygen concentration, nutrient concentration,
lighting regime, etc.), from both the source and
destination environment, is therefore essential to
best acclimatize a target animal.

In general, acclimatization provides an
opportunity to undertake veterinary procedures
(e.g., blood sampling, prophylactic treatments,
physical inspections, etc.), as the target animal
is confined within a small acclimatization vessel
and easily accessible. The decision to extend the
duration of acclimatization to allow these
procedures should be weighed carefully, and only
undertaken if the elasmobranch is stable. Over
time, an animal will modify the water chemistry
within a transport, acclimatization, and/or
introduction tank. A balance should be struck
between the time it takes to acclimatize and
introduce a specimen, and the harmful effects that
increasingly changed water chemistry will impose.
An unnecessarily delayed introduction may
compromise the chances of a successful
operation.

Acclimatization and water parameters

Acclimatization can, and frequently should,
commence the moment an animal is collected.
Parameters can be adjusted gradually
throughout transportation, taking into
consideration the characteristics of the water
at both the collection site and the final
destination. Where possible, long transports
should be broken into small stages, with
corresponding water exchanges, reducing the
acclimatization burden on arrival. An
elasmobranch will modify the water chemistry of
a transport or acclimatization container by
consuming oxygen, and excreting nitrogenous
wastes, CO,, and other metabolic toxins.
Acclimatization, through water exchanges,
addresses each of these aspects of declining
water quality, ultimately improving the immediate
environment. Many stress-related chemicals are
released during the period of initial capture and
confinement, so a water exchange relatively early
in the transport (e.g., 2-3 hours after confinement)
will have immediate beneficial results.
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Temperature, pH, and nutrients

In general, temperature, pH, and nutrients can be
modified by the exchange of contaminated water
with untainted water from the destination
environment. Tolerable changes of temperature
and pH, and suggested adjustment times, have
been estimated from empirical data. Temperature
differences of 1.0-2.0 °C should be equalized in
no less than 30 minutes, while pH should not
change more than 0.2-0.4 over the same period
(Stoskopf, 1993). Where pH levels are not life-
threatening, pH should not change by more than
0.2-0.5 each day (Noga, 1996). More rapid
parameter changes may cause distress, manifested
as blanching, slow or exaggerated swimming and
stalling, and difficulty maintaining equilibrium. In the
wild, an elasmobranch may swim through
temperature gradients greater than 1.0-2.0 °C with
no ill effect, but as a stressor during acclimatization
such changes should be minimized. Ensure that pH
never drops below 6.0, as this level approaches
toxicity for many elasmobranchs.

Nitrite-induced methemoglobin formation reduces
the oxygen carrying capacity of the blood
(Stoskopf, 1993; Noga, 1996) and should be
avoided by maintaining <0.10 mg I nitrite ion at
all times. Chronic ammonia toxicity, causing
kidney damage, should not occur during short-
term acclimatization and introduction; however, it
may occur during transportation or long-term
holding (Thurston and Russo, 1984). Never allow
ammonia concentrations to exceed 1.0 mg I'* and
where possible, reduce ammonia concentrations
to <0.10 mg I'* before moving animals into a new
system. In some cases, the use of ammonia
sponges may be indicated (e.g., AmQuel®,
Novalek Inc., USA), but these chemicals should
always be used in conjunction with a pH buffer.
Ammonia becomes increasingly toxic as pH
increases (Post, 1987) so it is critical to adjust or
dilute ammonia concentrations before modifying
pH. It should be noted that ammonia toxicity is
further affected by temperature and salinity and
an understanding of these dynamics is advised
(refer to Spotte, 1992).

Dissolved oxygen

Dissolved oxygen (DO) concentrations within an
acclimatization and introduction container are
vitally important. DO (as percentage saturation)
should never fall below 85% and ideally should
be maintained at 95-100%. During the
acclimatization of highly active, ram-ventilating
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species DO levels can be as high as 150% without
apparent harmful effects. In addition, empirical
evidence suggests that hyper-oxygenation may
have a mildly sedative effect on most
elasmobranch species, a useful side-benefit
during transport and acclimatization. The
potentially harmful effects of hyper-oxygenation
(e.g., respiratory depression and subsequent
blood acidosis) must be understood and weighed
against the benefits.

When DO needs to be stabilized or raised, it is a
simple matter to enhance gas exchange across
the water surface by adding air diffusers (Spotte
1973; Noga, 1996). The air bubbles rise to the
surface, causing surrounding water to rise as well.
Some gas dissolves from the air bubble directly
into the water, but this quantity is small compared
to the advantage of moving oxygen-poor water to
the surface, where most gas exchange takes
place. A more effective means of increasing DO
is to add pure oxygen bubbles via the intake of a
submersible pump (e.g., a 12 or 24 Volt bilge
pump) or diffuser. It is important that oxygen is
introduced as fine bubbles, promoting oxygen
dissolution (Gruber and Keyes, 1981; Smith,
1992; Murru, 1990). Maintaining an oxygen-rich
atmosphere immediately above the water surface
can be achieved by using a well-fitted lid, which
also prevents animals inadvertently exiting the
acclimatization vessel.

Acclimatization and specimen origin

If elasmobranchs are acquired from different
geographic regions, then water parameters,
exhibit topography, and species combinations
may be the result of a compromise between
different environments. Such compromises
required for a multi-species exhibit may affect the
long-term health, welfare, and longevity of a given
species, and importantly, how that species will be
acclimatized and introduced.

It is quite common for facilities to import
elasmobranchs from international sources and
this may necessitate specimens undergoing a
rapid seasonal reversal. Temperature is the most
obvious change to water quality and this should
be carefully considered when developing
transport schedules. It should be recognized that
many species will be forced to undergo relatively
rapid metabolic changes which will then affect
appetite and other aspects of their behavior.
Maintaining a homogeneous transport temperature
is preferable; however, if a significant temperature
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differential is anticipated at the final destination,
then a gradual variation can be applied during the
transport to reduce acclimatization periods on
arrival.

Another consideration, when moving animals
between different seasons, is the change in
photoperiod. Wherever possible, destination
environments should try to match photoperiods
encountered at the source.

Acclimatization by elasmobranch type

Elasmobranchs may be categorized into four
basic types (essentially the same as those
described in Chapter 5 and Table 5.1 of this
manual), requiring different acclimatization times
and techniques. Factors determining elasmo-
branch type include species size, ecology,
spatial requirements, mode of ventilation, and
response to stressors. Table 11.1 presents a
review of the four basic elasmobranch types,
showing representative species.

Benthic

During acclimatization, source water should be
diluted by replacing half the volume over a period
of no less than 30 minutes. Use a small diameter
siphon hose (i.e., <12 mm diameter) to ensure
that the water change is slow. For larger transport
containers use a larger diameter hose, but do not
complete the dilution in less than 30 minutes.
Water from the destination aquarium should be
used wherever possible. Since this group
generally responds well to confinement, it is
preferable to adjust parameters as slowly as
possible. Ensure that oxygen concentration
remains above 85% and below 100% saturation.

To minimize stress lighting should be dimmed
when first opening a transport box, particularly if
the lid has been closed throughout transportation.
Gradually increase lighting to the lowest level that
allows specimen behavior and condition to be
monitored. Shortly before specimen introduction
(e.g., ~15 minutes), lighting illumination should
be slowly raised to levels approximating
conditions within the destination environment.

If animals regurgitate, defecate, or produce
excessive mucus, remove solid particles
immediately and mechanically filter the water if
at all possible. Some rays produce copious
amounts of mucus that can interfere with oxygen
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uptake. Ensure that any excess wastes are
removed. Transport water should always be sent
to waste and not introduced into the destination
exhibit. This practice will reduce the chances of
introducing disease.

Semi-pelagic

Unless otherwise indicated, follow the guidelines
for benthic species. Acclimatization containers
should be sized (i.e., ~2.0-4.0 m3) to allow
specimens to swim freely for brief periods. Square
or rectangular containers are generally preferred
as circular containers may cause the animal to
swim along the perimeter, turn constantly, and
consequently generate a higher oxygen debt.
Although rays and skates typically tolerate longer
transport and acclimatization times, they too
require room to swim as this facilitates blood
circulation and the excretion of metabolic toxins.

Dilute source water by replacing half the volume
over 60 minutes. For large volumes, it may be
necessary to remove old water from the container
before adding new water. If specimens are coping
well, an additional dilution (~50%) should be
performed to dilute the original transport water
by ~75%. This additional dilution should bring
water quality parameters within acceptable limits.
Dissolved oxygen should be maintained between
85% and 100% saturation, as per benthic animals.
However, consider the application of slightly
higher oxygen levels when animals are
hyperactive (e.g., 90%-105% saturation). In this
case, pure oxygen, rather than a supply of air,
should be used.

Pelagic (non-obligate ram ventilator)

Non-obligate ram ventilators frequently will be
transported in confined containers, due primarily
to the space and weight constraints of transport
vehicles. Transport containers are usually
accompanied by water treatment and oxygenation
systems, to provide elevated DO levels. These
elasmobranchs should be acclimatized as per
semi-pelagic animals, although acclimatization
times should not exceed 60 minutes. These
animals must be watched closely during
acclimatization, as they can easily become
distressed. If distress is evident, slowly adjusting
water parameters becomes of secondary
importance and specimens should be moved into
a larger tank or the destination exhibit
immediately, allowing them to swim freely.
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Dissolved oxygen should be applied as per semi-
pelagic animals. However, if abnormally high
ventilation rates are observed, elevated oxygen
levels should be applied (i.e., 95%-110% saturation).
In this case pure oxygen, introduced via a bilge pump
(to maximize dissolution), is recommended.

Pelagic (obligate ram ventilator)

Obligate ram ventilators typically have high
oxygen requirements and need to swim
constantly. If an obligate ram ventilator has been
in transit for >3.0 hours, it may not tolerate further
confinement for acclimatization purposes. On
arrival, a quick assessment of the animal’s
condition should be made to determine if normal
acclimatization protocols should be bypassed. If
it has been deemed appropriate to acclimatize an
obligate ram ventilator then transport water should
be rapidly diluted by 75% over a period of 20-30
minutes. If the animal becomes distressed it
should be moved into its destination exhibit
immediately. Dissolved oxygen should be applied
at elevated levels (i.e., 95%-150% saturation).

SPECIMEN ASSESSMENT

It is important to carefully assess the condition of
an elasmobranch throughout acclimatization to
detect possible deterioration. Any potential
negative trends should be counteracted
immediately, as delay can result in specimen
mortality. A detailed report of capture techniques,
transport times and conditions, and water quality
parameters will be invaluable in assessing an
animal's condition and formulating an effective
acclimatization regime.

The clinical assessment of an animal during
acclimatization is often quite subjective given that
the animal’s history may be largely unknown. Where
possible, blood should be drawn and biochemistry
analysed. This information is invaluable when
formulating long-term medical treatments, future
transports, and acclimatization regimes. Blood-gas
monitors give immediate results and provide an
opportunity to apply informed corrective therapies
as and when they are required.

Acclimatization provides an ideal opportunity to
inspect specimens, since they are accessible and
usually docile. If no further isolation is anticipated
prior to specimen release, then acclimatization
represents the final opportunity to check for
abrasions, lacerations, external parasites, and
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other unusual or life-threatening conditions.
During this time, short-term clinical procedures
may be undertaken and can include:

1. Application of topical medications;

2. Application of injectable antibiotics or other
therapies;

3. Acquisition of blood samples;

4. Removal of capture tags or fishing hooks;

5. Measurement of baseline husbandry data
(e.g., length, weight, etc.);

6. Removal of external parasites (manually, or
through the use of medicated baths);

7. Confirmation of sex and reproductive status
(possibly influencing the method and timing
of specimen introduction); and,

8. Application of sutures.

Many profound internal problems, that may
threaten the life of an elasmobranch (e.qg.,
hypoxia, acidosis, hyperkalemia, etc.), present
few or no external signs but may be suspected if
there is a significant deviation from the normal
aspect and behavior of healthy conspecifics.
Familiarity with a species will allow recognition of
unusual behaviors or changes in appearance that
may indicate a problem during acclimatization and
introduction. Key areas to consider include, but
are not limited to, the following:

1. Changes to ventilation rate (both elevated or
depressed);

2. Changes to body coloration (blanching can
indicate shock, but may also be normal—e.g.,
many rays mimic container coloration, in this
case a positive sign);

3. Swimming behavior (e.g., hyperactivity can
indicate distress and exaggerated swimming
can indicate increasing exhaustion);

4. Body attitude and orientation, especially while
swimming; and

5. Responses to stimuli.

It is essential to assess specimens quickly, on
arrival, and at regular intervals, to guide the most
appropriate acclimatization and introduction
strategy. If negative trends are observed, steps
must be taken to mitigate trends and, in some
extreme cases, discontinue acclimatization or
treatments and release specimens into
destination environments immediately.

ELASMOBRANCH INTRODUCTION

Ideally, all new animals should be quarantined,
to control disease and allow for observation of
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behavior (e.g., feeding, swimming, etc.), before
introduction into their final environment.
Unfortunately, this requirement is often impractical
for larger specimens. In this case, it is important
to carefully observe new specimens, following
introduction, to ensure both a healthy status and
normal feeding behavior.

Wherever possible, it is preferable to maintain some
level of control over the animal until it is clearly
healthy and apparently able to survive in its new
environment. If at all possible, exhibit design should
include a large, smooth-walled isolation pool, directly
linked to the main filtration system and exhibit.

Careful thought should be given to the introduction
of multiple specimens and, if possible, plan
arrivals to minimize compatibility problems. It is
better to habituate potential prey species to a
system before predators are introduced. Many
species will benefit from being introduced as a
group (e.g., Myliobatids), and it may be better to
hold small numbers of specimens until a larger
group can be released simultaneously.

Lighting should be at lowered levels when animals
are first introduced and it is usually best to
maintain some light throughout the first few nights,
minimizing predation and assisting in orientation.
Full-strength lighting may increase stress levels and
should be avoided. The ideal intensity and diurnal
variation of lighting is species-dependent and
therefore it is often best to have a variety of “night
light” intensities in different parts of the aquarium.
This accomodation allows animals to choose an
intensity under which they are most comfortable.

Elasmobranchs may be introduced into a new
exhibit using four basic methods:

1. Lifted into the exhibit by stretcher and
immediately released;

Lifted into the exhibit by stretcher, restrained
near the surface within a well-oxygenated
current for a short period, and then released;
Lowered into the exhibit within a restraining
vessel (e.g., the vessel used to transport the
animal) and gently released; and
Maintained in an adjoining holding pool, or a
floating cage within the exhibit, for an
extended period (e.g., a week) and then
subsequently released.

2.

A basic summarized checklist of equipment and
logistics required for an elasmobranch
acclimatization and introduction has been
provided in Table 11.2.
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Handling and restraint of elasmobranchs

Personnel handling elasmobranchs should always
wear protective clothing/wetsuits and sterile latex
gloves to protect the skin of the specimen. When
handling or restraining elasmobranchs, avoid
using unprotected nets as they may abrade the
skin and lead to secondary infection. Heavy
plastic bags, or stretchers made of canvas or
plastic tarpaulin, are typically used to restrain or
move elasmobranchs. Itis best to have a selection
of stretcher sizes and designs to allow the
greatest flexibility of use. A large, 1.0 mm thick,
plastic bag has been used successfully to capture
and restrain a 4.0 m TL tiger shark (Galeocerdo
cuvier). The bag was submerged inside the
shark’s holding pool and the animal encouraged
to swim inside. Once the shark was caught, staff
were able to safely enter the water and maneuver
the shark onto a stretcher. To remove the shark
from the plastic bag, staff cut along a
predetermined sacrificial seam. Minimal
abrasions were incurred to both shark and
personnel (Long, pers. com.). Self-draining
stretchers with poles have the advantage of
allowing more people to assist with lifting and
restraint. Usually the most difficult specimens to
lift out of the water are rays, because they are
slippery and relatively heavy for their size. A self-
draining, circular, or “dish-shaped”, stretcher is
often better suited to moving rays.

When handling sharks, consideration should be
given to covering the mouth of the animal, and it
is best if the system used is inherent in the design
of the carrying device. Preventing significant
lateral movement of the head and body is
advantageous. Once released, if an animal does
not immediately swim out of its restraining bag or
stretcher, gently tracing a hand along the lateral
line can often stimulate the animal to start
swimming (Gruber and Keyes, 1981).

Holding pools and floating cages

Where possible, holding pools linked to the main
system, or floating cages, should be used to
habituate elasmobranchs to their new
environment, allowing them to normalize their
swimming and feeding behavior. This strategy
reduces the chances of new specimens becoming
prey when they are finally released into an exhibit,
as the behavior of newly-arrived and stressed
animals will frequently stimulate resident animals
to attack (Lai, pers. com.). Floating cages can be
made from heavy and perforated clear plastic
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Table 11.2. Summarized checklist of equipment and logistics required for elasmobranch acclimatization and introduction.

Consideration

Critical Information and Equipment

Strategies and Tips

Transport regime

Cargo handling

Access

Water circulation

Lighting

Oxygenation

Specimen condition.
Journey duration.
Water quality.

Container dimensions.
Container volume.
Container weight.

Doorway dimensions.
System to access upper floors.

Hoses for siphons.

System for waste water disposal.

Power outlets ( for pumps).

Power outlets ( for lights).
Reliable and adjustable lights.

Oxygen bottles.

Undertake water exchanges at strategic locations.

Brief all personnel in advance.

Minimize delays at customs in advance.

Ensure that all transport vehicles are reliable.

Healthy animals respond better to acclimatization and introduction.

Remove portion of water to make handling easier.
Forklifts represent a good alternate unloading strategy.

Move specimen to acclimatization site in the transport container.

Ensure tank at acclimatization site is suitably sized for extended holding.
Design specimen holding spaces with plenty of access space.

Design specimen holding spaces with lifting systems.

Siphons are failsafe and avoid the need for electricity.

Hose size will determine water flow rate.

Ensure suitable head pressure to drive siphons.

If pumps are required, use 12-Volt batteries and bilge pumps.
Introducing water with buckets is not recommended for large specimens.

Use low lighting to minimize specimen stress.
Lighting should be variable to allow specimen inspection and safe handling.
Underwater torches are useful.

An excess of oxygen bottles is better than running out at a critical moment.

Oxygen regulators.
Oxygen airstones/diffusors.
Weights for airstones/diffusors.

Test equipment  Testing equipment for water parameters.

Stretcher.

Scales and weighing slings.

Flexible tape measures.

Hand tools (for hook or tag removal).

Other equipment

If oxygen is unavailable, air is essential.
Dive cylinders can be used as an air supply in an emergency.

Testing equipment for oxygen, temperature, pH, salinity, and ammonia.
Testing equipment for blood-gas, lactate, etc., if required.

Equipment should be waterproof, easy to use, reliable, and give rapid results.
Assign someone to record all data and give updates.

sheeting, heavy plastic mesh, or rigid plastic bars
(e.g., PVC pipes). Floating cages should always
incorporate perforations or mesh to allow a free
exchange of water with the destination exhibit, as
water quality can deteriorate quickly in the
relatively small volume of a cage.

Water quality in destination environments

Any enclosure designed for a new elasmobranch
must have a fully functioning water treatment
system, mature biological filters, and optimal
water parameters. Adding elasmobranchs to an
exhibit implies an increased biological load and
nutrient concentrations (e.g., ammonia, nitrite,
and nitrate) must be closely monitored to ensure
that they are stable and do not reach toxic levels.
Poor water quality will almost certainly reduce the
chances of a specimen adapting to its new
environment, exacerbate post-transport trauma,
promote the proliferation of disease, and
eventually may result in mortality. Despite this
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cautionary approach, it may not always be
practical to introduce new specimens into an
optimal environment, and exposure to immature
filtration systems and compromised water quality
may result. The purpose of acclimatization must
remain the process of gradually adjusting
specimens to destination water quality, despite the
less-than-ideal environment. Most elasmobranchs
can tolerate a wide range of water quality
parameters as long as they are given sufficient time
to adapt. As a new system matures the water quality
should improve gradually and the animals will
correspondingly adapt to this gradual change.

In some circumstances, it may be necessary to
manipulate water quality within a new system to
reduce the impact of a specific water parameter
(e.g., lowering pH to reduce the toxicity of
ammonia). Many facilities using synthetic
seawater maintain a salinity lower than seawater
to control disease or save on costs associated
with sea salt acquisition. With appropriate
acclimation many elasmobranchs can tolerate
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salinity levels slightly lower than normal seawater.
It should be emphasized, however, that some
species will not tolerate low salinity when other
environmental stressors have lowered overall
tolerance to water quality challenges.

Obstructions in destination environments

When an elasmobranch is released, it should be
prevented from hitting the walls or other
obstructions within the pool. The most likely time
for an animal to hit the walls is when it is darting
away as itis first released. It is therefore important
to release the animal so that it is unlikely to
immediately encounter an obstruction (e.g.,
orientated in the direction of the largest horizontal
dimension of the exhibit, or possibly parallel to a
long wall). In some cases it may be necessary to
station personnel around the edge of an exhibit
to ward animals away from the walls. If an animal
approaches a wall, personnel wave a conspicuous
PVC pole (e.g., wrapped candy-cane style with
colored tape) in front of the animal to ward it away.
If pelagic animals are expected to hit walls
repeatedly within an exhibit, it is possible to line
the pool with a curtain of heavy plastic or tarpaulin
mounted 30-50 cm away from the walls. This
barrier provides a cushion to animals that swim
toward the walls and will often ward them away
before they strike the solid surface of the wall
itself. A barrier of this type should be installed
before new animals are introduced, and staff
should be aware that animals could conceivably
get caught between the curtain and the walls.

Introduction by elasmobranch type
Benthic

Benthic elasmobranchs can usually be released
directly into an exhibit as they are unlikely to crash
into a wall by rapidly swimming away. Resident
animals should be fed 3-4 hours beforehand and
a regular feeding schedule maintained while
introduced animals adjust to their new environment.
If the predation of newcomers by existing
inhabitants is a concern, the exhibit should remain
illuminated for at least 24 hours as this will
discourage aggression and facilitate monitoring.

Semi-pelagic

When possible, semi-pelagic elasmobranchs
should be introduced via a holding pool or floating
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cage, following a 4-7 day staging period. This
duration may be reduced for more active sharks
if it is felt they won't tolerate the confined space
for an extended period. If an animal exhibits signs
of stress, the causes should be investigated and
immediately rectified. In some cases this may
necessitate the release of the animal into the
exhibit. Resident animals should be fed 3-4 hours
before new animals are released and illumination
should be maintained for at least 24 hours
thereafter to reduce the risk of predation.

Pelagic (non-obligate ram ventilator)

Ideally, non-obligate ram ventilators should be
maintained in a sufficiently large holding pool or
floating cage, for a 1-2 day staging period, before
final release into their new environment. This
requirement may overstretch the resources of
most institutions. If this is the case, non-obligate
ram ventilators can be gently lifted into an exhibit
using a stretcher and released directly into the
water. Resident animals should be fed 3-4 hours
before new animals are released and illumination
should be maintained for 48-72 hours, to reduce
the risk of predation. A 24-hour watch should be
maintained for at least one day to monitor the
status of new animals.

Sand tiger sharks (Carcharias taurus) maintain a
small amount of air in their gut to achieve neutral
buoyancy. This air may be lost during handling or
transport. Some commercial collectors
intentionally remove air from sharks to encourage
negative buoyancy within the transport container,
effectively immobilizing the specimen. Once
introduced into its new environment, it is not
unusual to observe a sand tiger shark swimming
rapidly to surface and swallowing or “gulping” air.
This behavior is quite normal, and indeed is desired.
If a sand tiger shark does not achieve optimum
buoyancy within the first few days of release, it may
be necessary to intervene and artificially introduce
air into the gut using a flexible tube.

Pelagic (obligate ram ventilator)

The needs of pelagic obligate ram ventilators are
not well understood and are still under
investigation. However, anecdotal information
from various aquariums, about specific species,
can lead us to some general conclusions.

Bonnethead sharks (Sphyrna tiburo) have
become relatively common in public aquariums
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over the past 20 years, with many reproducing in
captivity. In general, this species should be
transported and acclimatized as per semi-pelagic
elasmobranchs. Transport and acclimatization
tanks should have rounded corners and lids. This
species has been known to jump out of small
tanks. Transport times for sharks >1 year of age
(i.e., >85 cm TL) should be kept to a minimum,
and dissolved oxygen levels should be maintained
at >95% at all times. Acclimatization times will
depend on animal size and overall post-transport
condition. Larger specimens (>1.5 m TL) are
easily stressed during transport and may not
respond well to acclimatization in a small
container. If signs of distress are evident,
specimens should be moved immediately to the
final exhibit or a large holding pool. Where
possible, bonnethead sharks should be
introduced via a holding pool or a floating cage.
Bonnethead sharks are readily preyed on by
large elasmobranchs and teleosts, so take
great care choosing your initial species list and
carefully monitor new specimens during
introduction.

Scalloped hammerhead sharks (Sphyrna lewini),
close relatives of the bonnethead shark, are less
common in public aquariums but have been
successfully displayed in Asia, Europe, and the
USA. Young, small (<1.0 m TL) sharks are the
best candidates for transportation, and high
dissolved oxygen levels (~85-120% saturation)
are critical throughout (Young et al., 2002). If
sharks are able to swim freely within the transport
container, a 30-minute acclimatization period is
possible on arrival. The skin of scalloped
hammerheads is easily bruised and the location
of their eyes, at the extremities of the “hammer”
(i.e., cephalofoil), make them vulnerable to
damage. Thus, no nets can be used and handlers
must wear sterile latex gloves. In some cases, a
soft wet protective cloth may be placed over the
eyes during handling. Hammerheads should be
moved using arigid stretcher (e.g., a net stretched
tightly over a PVC frame and covered with soft
plastic). Introduction via a floating cage for
specimens <1 meter TL is recommended. Animals
should only remain in the floating cage for a
sufficient period to allow their swimming patterns
to normalize, before final release.

Oceanic whitetip sharks (Carcharhinus
longimanus) have been maintained successfully
in aquariums for up to two years (Hamilton, pers.
com.; Uchida, pers. com.). Acclimatization for this
species is secondary to the demands of its
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physiology and the requirement to swim
unimpeded. The key factor for success with
oceanic whitetip sharks is to minimize transport
times and introduce specimens into their final
exhibit immediately on arrival.

The great white shark (Carcharodon carcharias)
is yet to survive in captivity for more than 17 days.
Great care and minimal handling during capture
and transport are critical to success. The shortest
possible transport times are recommended, and
once again, acclimatization is secondary to the
animal’s requirement to swim freely. It has been
observed that this species does not respond well
to physical obstructions within an exhibit, so
personnel will be required to ward a new specimen
away from the walls during the first few days. It is
recommended that displaying great white sharks
should not be attempted without adequate
research, resources, and experience. The same
general recommendation can be made for mako
(Isurus spp.) and thresher (Alopias spp.) sharks.
Although there have been some recent positive
attempts at maintaining these species, no long-
term successes have been recorded.

In general, feeding and lighting regimes during
the introduction of obligate ram ventilators should
be same as for non-obligate ram ventilators.
These elasmobranchs require high
concentrations of dissolved oxygen all the time.
Constant monitoring and adjustment of oxygen
concentrations should remain a priority throughout
transport, acclimatization, and introduction.

“Walking” distressed elasmobranchs

If pelagic sharks have been excessively
hyperactive or traumatized during transport,
acclimatization, or introduction, they may rest on
the bottom of the tank when released into the final
enclosure. This is generally considered to be a
warning sign that the animal is distressed and may
be at risk of permanent or even fatal physiological
changes. In particular, obligate ram ventilating
animals cannot remain in this condition for any
extended period, as they need to remain
swimming to facilitate gas exchange and systemic
circulation. If a pelagic animal is observed
“resting” on the bottom, following introduction, it
should be gently encouraged to swim as per its
natural behavior. If the shark continues to stall
and fall to the bottom, two courses of action are
available. The first course of action is to “walk”
the shark. This procedure requires a diver to walk
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or swim beside the shark, while supporting it
under the belly, and move it forward into the
prevailing current. This process aids gas
exchange, helps void metabolic toxins, and
ultimately encourages the shark to start swimming
by itself. There is some concern that the metabolic
activity induced by “walking” elasmobranchs may
compound post-transport trauma, in particular
lactic acid accumulation (Stoskopf, 1993).
However, the authors have found that “walking”
an animal for 5-10 minutes, immediately after it
has been removed from the confines of a transport
container, can have a beneficial influence. In one
case, a distressed lemon shark (Negaprion
brevirostris), having blanched skin and an
immobile trunk, was walked for over an hour with
positive results. Should “walking” an animal yield
no immediate reaction, it may be deemed
appropriate to place the animal in front of an
oxygen-rich (i.e., ~100-120% oxygen) stream of
water and not disturb the animal further. This
procedure will partially simulate ram ventilation
and aid the animal in overcoming incurred
acidosis.

It is quite common for sand tiger sharks to “rest”
on the bottom after an arduous transport and this
should not cause immediate concern, especially
if color is normal (i.e., dark and homogeneous)
and respiration is regular. This species is quite
capable of buccal respiration and seems to benefit
from a brief period of post-transport inactivity. In
addition, if a sand tiger shark lies on the bottom it
does not necessarily indicate buoyancy problems,
unless a prolonged period of labored, non-
horizontal swimming (i.e., with the tail down) has
been observed.

Post-introduction monitoring

Once an elasmobranch has been introduced into
a new exhibit, it should be carefully monitored for
at least 24 hours. Signs of physiological
complication (e.g., abnormal ventilation rates,
unusual swimming behavior, etc.) should be
assessed and corrective measures undertaken
where deemed appropriate. It may be necessary
to augment dissolved oxygen concentrations
within the new environment for the first few days.

Close attention should be paid to resident animals
to allow intervention should aggression or risk of
predation become evident. In multi-species tanks
this may be difficult or may even occur before
preventative action can be implemented. In some
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cases it may be necessary to move other animals
to a separate holding tank, allowing time for new
animals to adjust to the exhibit without the
complication of aggressive residents. An
alternative option can be to divide an exhibit in
half using a net or perforated plastic sheeting,
which should be taut to prevent animals becoming
entangled. Of course, it is preferable to avoid
obvious compatibility problems during exhibit
planning and by introducing animals in an
appropriate sequence.

Personnel and SCUBA equipment should be
prepared for direct intervention before new
animals are introduced. Consideration should be
given to the availability of alternative holding
systems, should a compromised animal need to
be removed. It is usually much easier to introduce
an animal to a large exhibit than to subsequently
remove it, so plan ahead in anticipation of having
to safely remove a specimen where necessary.

In addition to medical considerations, newly
acquired animals may need to acclimatize to new
foods. Where possible, animals should be given
the same foods they were eating before
transportation began, and these foods should then
gradually shift to match their long-term diet. A
healthy appetite is a good indicator of a successful
introduction. Animals conditioned to take food
from aquarists are less likely to prey on other
inhabitants, although this is no guarantee, and
controlled feeding provides the opportunity for
administering oral medications.

CONCLUSIONS

An aquarist intending to keep sharks, skates, or
rays must be familiar with an elasmobranch’s
physiology and natural history. Only in this way
can they accurately assess how well an animal is
responding to its new environment. Observation
and recognition of problems is critical. It is, of
course, preferable to use this knowledge during
exhibit design to facilitate species selection,
habitat design, and formulate suitable transport,
acclimatization, and introduction regimes. In a
typical multi-species aquarium there will be many
compromises, but a fundamental understanding
of acclimatization and introduction strategies, will
mitigate many of these negative effects.
Acclimatization and introduction strategies
however, should never be viewed as a solution to
inadequate planning or inappropriate species
selection.
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Abstract: Many aquariums displaying large elasmobranchs use SCUBA (or surface supply)
as a means to perform certain essential husbandry tasks. If diving is to be employed,
provisions must be made by the institution to ensure the health and safety of divers, support
staff, and animals. These measures must include establishing and maintaining a dive
program that is compliant with all appropriate government regulations and industry
standards, and developing and implementing an institutional policy and safety protocols

for diving with large elasmobranchs.

Diving with large elasmobranchs in an enclosed
aquarium exhibit or holding tank, as compared to
diving with them in the wild, presents a variety of
logistical and safety challenges. In addition, the
practice of diving, especially if itis done as a part of
one’s employment, is regulated by governmental,
professional, and/or industry organizations. This
chapter provides a brief overview of diving
regulations, safety protocols, diving techniques, and
other considerations for diving with elasmobranchs,
especially large sharks.

DIVING REGULATIONS AND STANDARDS

The first step in establishing a diving safety program,
under which diving with large elasmobranchs will
occur, is to be fully compliant with any relevant
regional, national, and international diving regula-
tions. Since regulations can vary widely from country
to country, it is incumbent upon administrators of
diving safety programs to be fully conversant with
any diving regulations for their region.
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DIVING SAFETY PROTOCOLS AND
TECHNIQUES

Although strict and safety-oriented, occupational
diving regulations do not address the risks of diving
with potentially dangerous animals. Provided dives
comply with applicable regulations, safety protocols
related to diving with large sharks should be
established at an institutional level by developing a
written diving safety policy and case-specific
protocols. Diving safety policies should be
formulated to reflect the specific requirements and
conditions of the institution in question, should
comply with accepted industry standards, and
should be followed carefully once established.
Protocols should be based on the individual needs
of the institution and at a minimum, include an
overview of activities while diving with large
elasmobranchs, emergency care and evacuation
procedures, and exhibit-specific requirements (e.qg.,
window cleaning, general exhibit maintenance, staff
training, specialized equipment use, record
keeping, etc).
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During the development of protocols, methods
employed to ensure diver safety should be
established and detailed. Choices range from
protective cages or other types of rigid barriers,
to barrier net systems, to teams of safety divers,
or indeed, to no special precautions at all. The
appropriate safety system will depend on tasks
to be accomplished, the aggressiveness of shark
species, the physical features of the exhibit, and
other local considerations.

Protective cage

The use of a protective diver cage might be an
appropriate choice for educational presentations
or feeding of large sharks, where a single diver
may not be able to focus on all animals. Cage
systems, however, can be cumbersome to deploy,
require significant above-tank supportive
structures, are expensive, and may not allow
complete access to the entire exhibit.

Barrier net

Barrier nets allow relatively unobstructed
access to an exhibit, while separating divers
from large elasmobranchs. Heavy, knotless,
nylon netting (3-6 mm mesh size) is best suited
to this application. Nets should be constructed
to allow ~6.0 m of excess net, beyond the
length or width of the exhibit, depending on the
axis of deployment. The barrier net is usually
fitted with a heavy lead line and double
floatation line. An excellent example of a barrier
net system is that employed at SeaWorld San
Diego’s (California, USA) Shark Encounter
(Keyes, 1979). For more information about the
use of barrier nets in large shark exhibits please
refer to Chapter 20 of this manual.

One of the main disadvantages of a barrier net
is the additional personnel required to prevent
sharks escaping through gaps at the bottom
and sides of the net, and to prevent animals
from becoming trapped in loose folds of the net.
Great care must be taken when using this
method to ensure that animals do not become
cornered and subject to unnecessary stress.
The use of large barrier nets can present a
significant safety hazard to divers, requiring
personnel to take extra care and attention
during net deployment and use. Another
disadvantage of barrier nets is their tendency
to get caught on, and possibly damage, exhibit
décor (e.g., plastic replicas of corals, etc.).
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Safety divers

Safety divers have been used, in various forms,
by aquariums around the world. In general, one
or more safety divers are positioned next to one
or two working divers. The safety divers use
“shark wands” to alert the sharks to diver
presence. Shark wands are typically made from
pieces of PVC pipe (1.0-1.5 m long x 25 mm in
diameter). The ends of the pipe are smoothed (or
partially covered with vinyl tubing) to minimize
injury to animals, in the event of accidental
contact. Shark wands are typically uncapped,
allowing water to flow through the pipe and thus
facilitate their movement through the water. In
addition, shark wands are wrapped, in a spiral
pattern, with a contrasting colored tape. Shark
wands are presented to approaching sharks,
warding them away from working divers and thus
providing a safe working zone. Experienced and
attentive safety divers should be able to readily
guide sharks using this technique. The use of
safety divers can be labor intensive for the divers,
supervisory staff, and training staff. In addition,
this system implies a considerable learning curve.
However, the safety diver system is flexible,
cheap, effective, and allows unimpeded access
to the entire exhibit.

In addition to the primary safety systems described
above, some aquariums insist on secondary safety
systems. Examples include the use of thick full-body
wetsuits (Violetta, pers. com.), or chain mail suits or
gloves (Jewell, pers. com.), when diving with sharks.

DIVING SAFETY AND EXHIBIT DESIGN

Although the safety systems described above may
be necessary for diving with large captive
elasmobranchs, diving safety can be greatly
enhanced by proper exhibit and holding tank design,
and careful choice of exhibit species.

Species composition

Some elasmobranch species can pose a greater
risk to divers than other exhibit animals—e.g., bull
sharks (Carcharhinus leucas), oceanic whitetip
sharks (Carcharhinus longimanus), tiger sharks
(Galeocerdo cuvier), lemon sharks (Negaprion
brevirostris), and hammerhead sharks (Sphyrna
spp.). Relative risks should be carefully assessed
by the institution prior to acquiring animals, if
divers will be entering the exhibit and feeding
dives are anticipated.
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Exhibit depth, profile, and décor

A deep exhibit can pose potential safety problems
if it exceeds 10 meters (i.e., two atmospheres)
and divers perform repetitive dives throughout the
course of their working day, as divers could
potentially exceed their no-decompression limit.
Exhibits or enclosures with depths >10 meters
should have specific protocols encompassing
repetitive diving safety considerations.

Constrictions within an exhibit, allowing limited
diver access, should be avoided. If such
conditions are created, specialized safety
protocols should be developed and implemented.
Facilities intending to use barrier nets for diver
safety should design low-profile exhibit décor,
minimizing potential net and shark entanglements.
Net attachment points, to secure the barrier net
during diving activities, should be considered.

Diver access

Diver access to an exhibit (i.e., entrance and
egress) should be considered during exhibit
design, for both regular and emergency access.
Stairs or ladders leading directly into the exhibit,
designed for divers wearing cumbersome and
heavy gear, are preferred. Diver access may be
through adjoining holding or isolation pools, with
access points themed to disguise them from visitor
view. Access, for emergency personnel, diver
extraction, and ambulance proximity, must be
included.

Emergency equipment

Emergency safety equipment, for use in the event
of a diving accident or injury, must be provided
(e.g., a diver alarm accessible from the water,
telephones within the immediate vicinity, oxygen
administration equipment, shepherds hooks,
stretchers, etc.).

TYPICAL DIVING ACTIVITIES

When diving with sharks, divers are engaging in
behavioral modification and are thus effectively
training the sharks (for more information about
training please refer to Chapter 13 of this manual).
For this reason it is important that diver behavior
within the exhibit is consistent wherever possible.
In all cases, caution must be exercised when
diving with sharks as these animals have a high
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degree of maneuverability and, in some cases,
can inflict serious injuries to the unwary diver.
Diving activities in elasmobranch exhibits
generally fall into one of the following categories:
(1) feeding, (2) exhibit maintenance, (3) repair,
(4) veterinary, (5) educational, and (6) guest.
Diving safety plans should incorporate an
overview of any activities that will be performed
while diving, and in all cases, an institutionally-
appointed diving safety officer must ensure that
appropriate documentation, planning, and safety
protocols are employed.

Feeding dives

There are different opinions as to the wisdom and
safety of divers feeding large elasmobranchs. The
principal concern is that sharks may associate
divers with food, increasing the level of risk to
divers at non-feeding times. There is some validity
to this concern; however, many institutions have
used divers to feed their large sharks without
incident. The decision to feed sharks while diving
should be carefully considered (based on species
behavior, number and size of specimens, exhibit
design, etc.) and a sound institutional policy
adopted.

If feeding of elasmobranchs is to be performed
by divers, the aquarist responsible for the exhibit
should prepare an overall feeding plan for the dive
team, taking into account changing shark
behavior, desired nutritional content and amount
of food for each specimen, etc. If possible, a
separate observer should be used to monitor
feeding sessions, recording food consumed,
shark behavior, etc. Divers should always be
prepared to adjust to changing conditions and
terminate a feeding dive as necessary.

A minimum of two divers should be used, one
feeder and one observer/safety diver, when
feeding shark populations considered to be of low
risk. Additional diving personnel may be
considered necessary as feeding sessions
become more intense or complex. Two separate
feeding stations (each with one feeder and one
observer/safety diver) may ease pressure on a
single feeding station, depending on the size of
the exhibit, the number of sharks, and the species
involved. Setting up feeding stations on the bottom
of an exhibit (as opposed to mid-water) decreases
the number of blind spots, enabling divers to
better monitor approaching sharks. Using a wall
or other vertical feature will similarly improve diver
security. It may be helpful to feed from the surface
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before divers enter an exhibit, or alternatively
once they have reached a feeding station, to
reduce pressure on the station.

Food containers typically used by divers while
feeding sharks include plastic Ziploc® bags (SC
Johnson and Sons, Racine, Wisconsin, USA),
mesh cloth bags, and clear plastic cylinders. The
important feature of each is that divers can see
how much food is left, animals cannot easily get
to food if the container is left unattended, and the
container is not buoyant. A popular feeding
container consists of a clear acrylic cylinder with
two thin sheets of neoprene stretched over an
open end. Both sheets of neoprene cover a little
over half of the opening, creating a flap through
which the divers may push their hand, but
preventing food from drifting out.

Gloves are recommended while feeding sharks
and are often required for insurance purposes.
Regular neoprene dive gloves seem to work best.
Heavy leather gloves, or chain mail boning gloves,
may be used, but impair the ability to feel food
items. Feeding tongs or poles may be indicated
in situations where animals are too cautious to
approach divers. Feeding poles can provide a
higher degree of safety, distancing overzealous
sharks from divers.

Exhibit maintenance dives

Exhibit maintenance dives are routinely performed
for the purposes of maintaining a healthy
environment for captive animals and an
aesthetically pleasing environment for visitors.
The type and frequency of exhibit maintenance
dives vary between exhibits, depending on exhibit
size, biomass, water sources, water temperature,
life support systems, types of lighting, etc.
Examples of maintenance tasks include, the
removal of undesirable algal species from exhibit
surfaces, siphoning or blowing debris off exhibit
décor, cleaning detritus off the substrate, etc. As
a general rule, maintenance hoses should be
weighted so they remain on the bottom of the
exhibit. This precaution reduces the risk of
entangling pelagic elasmobranchs. Of course care
must be employed when moving weighted
equipment around exhibit décor. Regardless of
the type of maintenance task, it is important to
monitor elasmobranchs for adverse reactions to
equipment and take preventative measures
should such reactions be observed.
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Repair dives

Repair dives refer to specialized activities
undertaken while diving (e.g., replacing or
repairing broken décor, polishing scratches in
acrylic windows, etc.). While this typically
involves the use of simple tools, it may be
necessary to use specialized equipment or
materials. It is important to review the nature
of these dives, and the tasks and tools to be
used, and determine whether they should be
considered commercial diving activities and/or
whether additional training may be required.
Some underwater repairs (e.g., underwater
repair of life support systems, underwater
repair of leaks, etc.) may fall outside the scope
of scientific diving regulations.

Veterinary dives

On occasion, large elasmobranchs have to be
restrained for veterinary purposes. These
procedures need to be accomplished with a high
degree of safe