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Abstract:  Although a large, sexually mature, meta-population of sand tiger sharks,
Carcharias taurus (Rafinesque, 1810), is maintained in aquaria worldwide, breeding success
in this species has been limited. To date, successful reproduction—including the birth of
live, healthy young—as a result of copulation in captivity, has not been achieved outside of
Australian, South African, and recently, Middle Eastern aquaria. Using examples of successful
reproductive events in these aquaria, we provide a framework from which a successful
sand tiger shark breeding program can be developed. Until recently, no organized,
collaborative breeding effort had been attempted for sand tiger sharks in aquaria. Such a
directed program must take into account the biology of the species; including reproductive
biology and physiology, behavior, social factors, and environmental parameters and cues.
In addition, the incorporation of technology, integrated communication, detailed record
keeping and active collaboration are critical to the success of a program. The primary goal
of a sand tiger shark reproduction program should be to sustain stock levels for public
display, while also supplementing knowledge about the biology and husbandry of this species.

INTRODUCTION

The reproduction of animals in human care may
be ei ther opportunist ic or the result  of  a
concentrated effort .  Over 100 species of
chondrichthyan f ishes have successful ly
reproduced in aquaria and much of the early
information on reproduction in elasmobranchs
came from aquarium animals (Henningsen et al.,
2004b; Koob, 2004). In recent years, however,
increased husbandry efforts, more natural display
settings and greater knowledge of species’
biology, have resulted in reproductive success in
species that had previously been considered
challenging. Examples include the smalltooth
sawfish, Pristis pectinata (Latham, 1794), at
Atlantis Paradise Island Resort in the Bahamas
(www1), and the manta ray, Manta birostris
(Donndorff, 1798), at the Okinawa Churaumi
Aquarium. Aquarium breeding programs should
focus on species of conservation concern that
have not yet been bred in aquaria, and those that
are highly desired for public display or for scientific
research (Table 1). Here, we focus on one such
species, the sand tiger shark, Carcharias taurus
(Rafinesque 1810), as a case study to build a
framework for a successful aquarium breeding
program.

THE SAND TIGER SHARK

The C. taurus is a large (to 3.2 m total length;
TL), wide-ranging, coastal lamniform shark. It is
found in warm temperate to tropical waters,
although absent in the central and eastern Pacific
(Compagno, 2001; Castro, 2011; Ebert et al.,
2013), and undertakes seasonal migrations that
are coupled with its reproductive cycle (Gilmore
et al., 1983; Gilmore, 1993; Parker and Bucher,

2000). Like most elasmobranchs and other K-
selected species, life history constraints, such as
delayed sexual maturity, slow growth, long
lifespan and particularly low fecundity, make this
species extremely vulnerable to exploitation
(Dulvy et al., 2014). The biennial or triennial
reproductive cycle of female C. taurus (Pollard
and Smith, 2005; Pollard and Smith, 2009), and
their unique reproductive mode and methods of
embryonic nutrition (embryophagy and oophagy),
result in the species’ low replacement rate of a
maximum of two young per female, every other
year. As a consequence, C. taurus is globally
listed as vulnerable. However, regionally, this
status ranges from near threatened on the west
coast of Australia, to critically endangered in the
southwest Atlantic and on the east coast of
Australia (Pollard and Smith, 2009). Although the
most recent status review for C. taurus in the
northwestern Atlantic by Carlson et al. (2009)
suggested that it be retained as a species of
concern, as a precautionary measure, it is not
listed as endangered in the region. Information
to date suggests very limited genetic exchange
across ocean basins or even between the east
and west coasts of Australia (Stow et al., 2006;
Ahonen et al., 2009).

In order to formulate appropriate and effective
species management strategies, a thorough and
comprehensive understanding of the species’
reproductive biology is essential. The reproductive
mode of C. taurus contributes to a unique mating
system, where behavioral polyandry may still
result in genetic monogamy due to intrauterine
cannibalism (Chapman et al., 2013).

C. taurus are commonly maintained in public
aquaria due to their hardiness, large body and
“toothy” appearance. According to the American
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Plan of action

Aquarium elasmobranch breeding program

General considerations:

1. Public aquaria intending to develop a aquarium breeding program should consider which species
represent a conservation priority, specifically:

a. Is the species listed as endangered or critically endangered on the IUCN Red List of Threatened
Species?

b. Is the species regionally endemic, little studied, or even undescribed, and at risk of losing its
habitat?

c. Is the species in demand for public aquariums, e.g., sand tiger shark, Carcharias taurus
(Rafinesque, 1810), zebra shark, Stegostoma fasciatum (Hermann, 1783), spotted eagle ray,
Aetobatus narinari (Euphrasen, 1790) etc; and

d. Does the aquarium have the requisite expertise?

2.   Public aquaria should consider the long-term objectives of the breeding program, specifically:

a. Will breeding and inter-aquarium distribution of the species reduce pressure on wild populations?;
b. Will the breeding program contribute towards the collective knowledge of elasmobranch

reproduction?; and
c. Is the intention to breed a pool of animals for future release into the wild and, if so, is this a fitting

objective?

3.   Public aquaria should discourage the breeding of common species excess to current requirements.
Instead, surplus animals may be considered for invasive reproduction research studies (e.g.,
investigation of organ development studies).

Priority aquarium breeding objectives:

1. Establish an aquarium elasmobranch breeding specialist group.
2. Develop a databank of aquarium elasmobranch breeding information, detailing relevant aspects of

species successfully reproduced, or exhibiting reproductive behavior, in public aquariums.
3. Establish zoological studbooks for those species that have bred successfully in captivity and that

require a management program.
4. Develop a common system of identification to track individual animals within a breeding meta-

population.
5. Establish a centralized breeding facility to support the development of collaborative breeding

programs for key species (e.g., C. taurus, S. fasciatum).
6. Establish a tissue bank as a resource for reproduction studies. Support genetic and hormonal

research by making tissue samples available for appropriate projects.

Table 1.  Plan of action for an aquarium elasmobranch breeding program.

Elasmobranch Society International Captive
Elasmobranch Census, 137 male and 105 female
C. taurus were held in aquaria worldwide in 2008,
and the 2009 United States (US) census reported
99 males and 62 females held in US institutions
alone (Firchau, personal communication). The
Association of Zoos and Aquariums (AZA) studbook
(December 2014) recently reported a population of
181 C. taurus, consisting of 114 males and 67

females, maintained in 33 AZA accredited facilities
(www2). The population size increased to 201 (114
males and 87 females) in December 2015, when
formerly non-AZA accredited institutions were
included (Littlehale, personal communication).
Despite the species’ hardiness and its popularity
within the aquarium industry, few aquarium births
have been achieved (Henningsen et al., 2004b).
However, reproductive behaviors and sexual
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conflict in C. taurus are fairly common in aquaria.
In fact, copulation has been documented in many
cases, and reproductive behavior in this species
was first described from an aquarium population
(Gordon, 1993; Henningsen et al., 2004b).

HISTORY OF AQUARIUM REPRODUCTION IN
THE SAND TIGER SHARK

There are records of premature C. taurus born in
aquaria, resulting from mating in the wild, at
Marineland of Florida, as far back as 1958, and
Sea World Australia, in 1988 (Smith, personal
communication). However, to date, reproductive
behavior of C. taurus in human care has only led
to the successful production of live, healthy young
at four institutions: Underwater World SEA LIFE
Mooloolaba (Australia), Manly Sea Life Sanctuary
(formerly known as Oceanworld Manly)
(Australia), Sea World South Africa Durban /
UShaka Marine World (South Africa) and the
Scientific Center of Kuwait (Middle East ) (Willson
and Smith, this volume). Details of C. taurus born
in aquaria are provided in Table 2, along with their
relative genealogies in Figures 1-3. The basic
physical characteristics of aquaria that have
achieved successful C. taurus reproduction are
provided (Table 3), as well as some comparative
parameters from AZA-accredited facilities that
maintain C. taurus, but have not had successful
births (Table 4).

Despite the rarity of C. taurus births in aquaria,
observations of reproductive behaviors have been
documented at several institutions. Based on a
2010 survey of AZA institutions housing C. taurus,
15 institutions reported observing reproductive
behavior, whereas an equal number had not
(although 12 of those institutions maintained
single sex populations). Six institutions reported
bite wounds only, three reported changes in
behavior, such as “avoidance” or “following”, and
six reported copulation in C. taurus. A further
survey with specific questions on reproduction
and reproductive behavior/sexual conflict in C.
taurus was returned by nine institutions. The
limited results obtained in this survey (Figures 4-
5) corroborated previous findings that behaviors
associated with reproduction in C. taurus were
observed more commonly than successful
reproduct ion (Henningsen et al . ,  2004b;
Nicholson, 2009). UnderWater World SEA LIFE
Mooloolaba has recorded the greatest success
of aquarium reproduction of C. taurus over a 20
year period, as further described by Willson and
Smith (this volume).

C. taurus represents an ideal model species to
use as a framework for an aquarium breeding
program, due to its conservation status, popularity
and abundance in public aquaria, hardiness in
captivity, unique mode of embryonic development,
documented and described reproductive cycle
and behavior,  and the relat ive paucity of
reproductive success.

Factors linked with successful aquarium
reproduction of C. taurus
Environmental (i.e., temperature, photoperiod),
architectural and social factors were identified as
being highly relevant to successful mating,
gestation and parturition in C. taurus. This finding
is unsurprising, as temperature and photoperiod
are generally considered to be two of the most
important environmental factors influencing
elasmobranch reproduction in general (Demski,
1990a; Demski, 1990b). Seasonal variation in
temperature and photoperiod were both employed
by institutions that have successfully bred C.
taurus (Table 3). Furthermore, equal, or female-
skewed, sex ratios were maintained by these
institutions and adequate space to allow for the
separation of individuals (i.e., to provide refuge
for females away from courting males) was
available. Conversely, the absence of a suitable
area to limit social interactions and sexual
conflicts has occasionally resulted in traumatic
intra- and inter-sexual interactions (Henningsen
et al. 2004b; Claus, 2014).

ASSESSMENT OF MATURITY AND
REPRODUCTIVE STATUS

The success of a aquarium breeding program
relies upon several intrinsic factors, not least of
which includes a mixed-gender population of
healthy, mature individuals. A thorough
understanding of the life history characteristics
of the target species is also highly advantageous,
as is knowledge about the source of the
specimens, the age and morphometrics of
individuals within the population, and their
maturity and reproductive status (Henningsen et
al., 2004a). It is beyond the scope of this chapter
to cover life history and assessment of maturity
in elasmobranchs, however, a wealth of general
and species-specific reviews and publications on
the topic are available (Hamlett, 1999; Hamlett
and Koob, 1999; Conrath, 2004).

It is also important to assess how human care
activities and the display environment may affect
breeding. There is strong evidence suggesting
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Table 2.  Aquarium births of sand tiger sharks, Carcharias taurus (Rafinesque, 1810), showing
institution, date of birth, gender and survivorship. All pups were the result of aquarium
insemination with the exception of Julie (*) and Juliette (*), born the day after a gravid female
was collected. Sex ratio is expressed as (x.x.x.) = (male.female.unknown). + indicates that
the shark was alive at the time of writing.

that unnatural or inconsistent temperature and
photoperiod profiles may shift the seasonality of
elasmobranch reproduct ive cycles. This
hypothesis has been corroborated both
behaviorally and from endocrine measures in

aquarium animals (Henningsen et al., 2004a;
Henningsen et al., 2004b), and in C. taurus,
specifically (Henningsen et al., 2015). This is a
phenomenon that is not unique to aquarium
animals, however, as the Atlantic sharpnose

Sea World South Africa (uShaka Marine World), Durban

Parturition events: 2
Pups (total): (1.3.0) = 4

Live: (1.3.0) = 4
Stillborn: (0.0.0) = 0

Shark name Sex Date born Survival (years) Comments

unnamed F 10 Nov 1998 1.2 Eaten by Carcharhinus leucas
unnamed F 10 Nov 1998 16.4 + Released to wild (12 Mar 2015)
Storm (uShaka) F 09 Mar 2013 2.7 + Transferred to National Marine Aquarium, UK (1 Nov 2015)
Toni (Mandela) M 04 Dec 2014 0.9 + Transferred to National Marine Aquarium, UK (1 Nov 2015)

Scientific Center of Kuwait, Middle East

Parturition events: 4
Pups (total): (1.4.0) = 5

Live: (0.1.0) = 1
Stillborn: (1.3.0) = 4

Shark name Sex Date born Survival (years) Comments

unnnamed F 11 Feb 2003 0 Live pup born during fourth parturition event

Manly Sea Life Sanctuary, Sydney , Australia

Parturition events: 9
Pups (total): (3.2.8) = 13

Live: (3.2.0) = 5
Stillborn: (0.0.8) = 8

Shark name Sex Date born Survival (years) Comments

Maia F 21 Dec 2001 10.1
Apollo M 21 Dec 2001 2.9
Phebos F 03 Nov 2003 0
Atlas M 29 Jun 2006 0 Pup premature (Townsend et al., 2015)
Murdoch M 06 Feb 2007 8 +

Underwater World SEALIFE Mooloolaba

Parturition events: 8
Pups (total): (5.8.4) = 17

Live: (1.6.0) = 7
Stillborn: (4.2.4) = 10

Shark name Sex Date born Survival (years) Comments

Julie (Ali) * F 24 Jul 1992 16.5 Transferred to Melbourne Aquarium (2 Jun 2000)
Juliette * F 24 Jul 1992 12.4
Fatty (Georgie) F 08 Nov 1997 11.6 Transferred to Melbourne Aquarium (5 Oct 2001)
Bent Spine F 08 Nov 1997 10.9
Unnamed F Nov 1999 0.3 Mortality associated with transport
Unnamed M Nov 1999 0.3 Mortality associated with transport
Freckles F 18 Sep 2009 6 + Transferred to Manly Sea Life Sanctuary
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Figure 1. The genealogy of sand tiger sharks, Carcharias taurus (Rafinesque, 1810), successfully bred in aquaria
from: (a) Sea World South Africa, Durban and (b) Scientific Center of Kuwait, Middle East [WC = wild caught. AB
= aquarium bred. 4 =  still born. p = premature. * = shark is alive at time of writing].

shark, Rhizoprionodon terraenovae (Richardson,
1836), has shown a shift in seasonal reproductive
cycle in response to rising sea temperatures
(Hoffmayer et al., 2010).

Reproductive status
Hormone levels serve as a valuable tool to
determine shark maturity, reproductive status and
current stage of reproductive cycle. Both peptide
and steroid hormones play a role in the regulation
of the reproductive tract in both sexes of sharks
(Gelsleichter,  2004; Cal lard et al . ,  2005).
Published information on normal baseline levels
is available for many species of elasmobranchs,
however, a dataset of hormone levels over the
entire reproductive cycle of both sexes is
incomplete (Manire et al., 1999; Henningsen et
al., 2004a).

Levels of reproductive steroid hormones obtained
from plasma, serum or muscle tissue, have been
used as a non-lethal means of determining
maturity and reproductive status in elasmo-
branchs (Sulikowski et al., 2007; Prohaska et al.,
2013). In general, male elasmobranchs, with an
annual cycle, have androgen levels (chiefly
testosterone and dihydrotestosterone) that rise
prior to the onset of mating behavior and mating,
accompanied by lower estrogen (estradiol) and
progestin (progesterone) levels. Trends in female
hormone level are more variable and are largely
dependent on reproductive mode. However,
elevated estradiol levels are typically associated
with the growth of the oocytes (follicular phase,
during vitellogenesis) and decrease following
ovulation. In oviparous species, progesterone
peaks peri-ovulatory and, in viviparous species,
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persists through early- to mid-gestation (Callard
and Koob, 1993; Henningsen, 1999; Gelsleichter,
2004; Callard et al., 2005). Progesterone titers
decrease as estradiol levels rise towards the end
of gestation, prior to parturition (Hamlett and
Koob, 1999; Callard et al., 2005; Gelsleichter,
2004).

Non-steroid hormones involved with reproduction
include gonadotropins, thyroid hormones, the
tropic hormones, gonadotropin releasing hormone
(GnRH), thyroid stimulating hormone (TSH),
oxytocin-like nonapepetides (asvatocin and
glumatocin), and possibly prolactin and similar
peptide hormones (Gelsleichter, 2004). These,
hormones, however, have not received as much
attention as the steroid hormones and greater
investigation on their levels may be useful in
improving breeding efforts. Analogs of GnRH have
been used to regulate, promote, and inhibit
reproduction and sexual conflicts in a variety of

vertebrate taxa (e.g., Atkinson et al., 1998;
Felberbaum et al., 2000), and may be agonistic
or antagonistic. In other vertebrates, agonists act
by engaging the feedback system to reduce
gonadal steroid synthesis, whereas antagonists
act by competitively binding the GnRH receptor
(Felberbaum et al., 2000). An investigation carried
out in male C. taurus in aquaria demonstrated that
when incorporated in time-release implants, an
antagonist was maintained in systemic circulation
for at least eight months (Henningsen et al.,
2015). Further research is needed to document
the effect of GnRH analogs on circulating steroid
levels and behavior in elasmobranchs.

Diagnost ic imaging techniques, such as
sonography, are useful when assessing the
reproductive status of elasmobranchs (Whitta-
more et al., 2010; Pereira et al., this volume;
Mylniczeniko et al., this volume). Stetter (2004)
detailed the use of ultrasound imaging for gross

Figure 2. The genealogy of sand tiger sharks, Carcharias taurus (Rafinesque, 1810), successfully bred in aquaria
from Manly Sea Life Sanctuary, Sydney, Australia [WC = wild caught. AB = aquarium bred. 4 =  still born. p =
premature. * = shark is alive at time of writing].
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Table 3. Basic physical characteristics of aquarium systems where sand tiger sharks, Carcharias
taurus (Rafinesque, 1810), have successfully reproduced. All exhibits were supplied with natural
seawater. Sex ratio of population is expressed as (x.x.x.) = (male.female.unknown).

Figure 3. The genealogy of sand tiger sharks, Carcharias taurus (Rafinesque, 1810), successfully bred in aquaria
from Underwater World SEA LIFE Mooloolaba (d). WC = wild caught. AB = aquarium bred. 4 =  still born. p =
premature. * = shark is alive at time of writing.

Tank volume Photoperiod Lighting type Temperature Population
(m3) (light / dark) (°C) (m.f.u)

Manly Sea Life Sanctuary 4,000 10 / 14 Artificial 14.0 - 24.0 4.5.0

Sydney, Australia

Underwater World SEALIFE 2,302 10.5 / 13.5 Artificial 17.8 - 25.0 50:50

Mooloolaba, Australia

Sea World South Africa 1,450 Seasonal Natural 20.0 - 26.0 2.5.0
Durban (Exhibit 1)

Sea World South Africa 750 Seasonal Natural 20.0 - 26.0 2.2.0
Durban (Exhibit 2)
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examination, as well as for the assessment of
testicular, ovarian and uterine maturity, in
aquarium and wi ld elasmobranchs. The
reproductive cycle of female elasmobranchs is
more variable than that of males, ranging from
continuous (year around) to punctuated cycles,
i.e. annual, biennial or triennial (Hamlett and
Koob, 1999).

Levels of reproductive steroid hormone in C.
taurus are available from only three published
studies (Rasmusssen and Murru, 1992;
Henningsen et al., 2008; Henningsen et al., 2015).
Estradiol ranged from 450 - 690 pg/ml in two
serially-sampled immature sharks, and from 600
- 2,000 pg/mL in two mature females (Rasmussen
and Murru, 1992). Published values for steroid
levels in C. taurus, across the reproductive cycle,
demonstrated an annual cycle in aquarium males
(Henningsen et al., 2008; Henningsen et al.,
2015), and a biennial cycle in an aquarium female
(Henningsen et al., 2008).

Reproductive technologies, such as artificial
insemination, are currently being investigated in
C. taurus (Daly and Jones, 2013; Daly and Jones,
this volume) and these technologies may
eventually be incorporated into the framework of
a breeding program. However, further knowledge,
including a greater understanding of sperm
dynamics in males and ovarian and uterine

dynamics in females, will vastly improve the
success rate of reproductive technologies. For
successful fertilization, sperm must be mature,
viable and mobile, and female follicles must be
post-vitellogenic and pre-ovulatory. Further,
uterine conditions must be appropriate at the
cellular, biochemical and physical levels. Recent
work carried out in near-term ornate wobbegongs,
Orectolobus ornatus (de Vis, 1883), which
completed development in an artificial uterus (ex
utero) (Otway and Ellis, 2010), may lead to further
advances in reproductive technologies in C.
taurus and other species. However, significant
adjustments wi l l  need to be made to
accommodate the wide variation in intraspecific
developmental modalit ies (e.g., embryonic
nutrition, uterine chemistry).

SEXUAL CONFLICT AND MATING SYSTEMS

Sexual conflict can be defined as any behavioral
or biological interaction between or within sexes,
including those that influence the genetic makeup
of the offspring (Henningsen et al., 2004b;
Portnoy, 2010). Mating systems can be broken
down into behavioral and genetic, the former
being observed mating behavior in terms of
numbers of each sex involved in mating with the
opposite sex, while the latter is best understood
as paternity (i.e., single or multiple). The incor-

Table 4.  A comparison of the basic physical characteristics of international aquarium systems, where
sand tiger sharks, Carcharias taurus (Rafinesque, 1810) have successfully reproduced, versus AZA-
accredited facilities in the USA, that maintain C. taurus but have not had successful reproduction.

Saltwater type Temperature Photoperiod Lighting type

International institutions: natural (x3) constant (x0) night > day (x2) natural (x1)
aquarium breeding observed artificial (x0) seasonal (x3) night = day (x0) artificial (x2)

(n = 3) manipulated (x0) night < day (x0)
variable (x0)
seasonal (x1)

AZA institutions: natural (x4) constant (x10) night > day (x3) natural (x4)
reproductive behavior 

observed artificial (x11) seasonal (x2) night = day (x3) artificial (x11)

(n = 15) manipulated (x3) night < day (x3)
variable (x5)
seasonal (x1)

AZA institutions: natural (x1) constant (x5) night > day (x0) natural (x2)
copulation observed artificial (x5) seasonal (x1) night = day (x2) artificial (x4)

(n = 6) manipulated (x0) night < day (x1)
variable (x2)
seasonal (x1)
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poration of molecular genetics and, specifically,
highly polymorphic molecular markers (HPMM),
has greatly enhanced our understating of the
genetic mating systems of many taxa, including
elasmobranchs (Heist and Feldheim, 2004). While
its application in aquaria is not as critical as in
the wild, an understanding of mating systems is,
nonetheless, important for factors such as kinship
among litter-mates, predicting paternity and
maintaining genetic diversity within zoological
institutions (Heist and Feldheim, 2004; Portnoy,
2010). Of the species investigated to date,
polyandry, or a litter sired by multiple males, is
the most common modal i ty employed by
elasmobranchs. Information on genetic mating
systems has been published for ten species of
sharks and one skate (Byrne and Avise, 2012).
In many cases, mating by multiple males has been
observed in the wild and in aquaria (e.g., Uchida
et al., 1990; Henningsen et al., 2004b). The
behavioral mating system may, however, differ
from the genetic mating system, and this can be
tracked under aquarium condit ions, where

samples may be more easily collected. An
additional mating system, and one proving to be
more common than previously thought, is that of
automictic parthenogenesis, where the female is
the sole genetic contributor. This system has been
documented in several species of elasmobranchs
(Chapman et al., 2007; Chapman et al., 2008;
Feldheim et al. ,  2010, Henningsen, 2016;
Robinson et al., 2011; Fields et al., 2015; Harmon
et al., 2016). Additional research is needed, but it
appears that the distinctive embryophagous and
oophagous mode of development in C. taurus
allows for a unique mating system, using a
combination of behavioral polyandry and genetic
monogamy (Chapman et al., 2013). Male domi-
nance hierarchies have been documented in C.
taurus in aquaria (Gordon, 1993; Henningsen et
al., 2004b; Henningsen et al., 2008) and sug-
gested for wild conspecifics (Lucifora et al., 2002).
This hierarchy may serve to further control
paternity. However, multi-paternity was recently
confirmed in aquarium-bred C. taurus (Townsend
et al., 2015).

Figure 4. Reproductive behaviors observed (or not observed) in male aquarium sand tiger sharks, Carcharias
taurus (Rafinesque, 1810), from nine AZA institutions.
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Figure 5.  Reproductive behaviors observed (or not observed) in female aquarium sand tiger sharks, Carcharias
taurus (Rafinesque, 1810), from nine AZA institutions.

COLLABORATION

It is essential that we, as stewards of living
resources, are committed to and are able to
manage these resources wisely. Perhaps one of
the most important components of an animal
management program is collaboration. It is
important to initiate and facilitate collaboration for
breeding programs as early as possible. All
stakeholders should be involved in the
collaboration from the onset, including aquarium
and aquaculture (as appropriate) professionals,
academic researchers, conservation groups, and
local, state and federal governments. This type
of focused, multi-disciplinary, collaboration
increases the avai lable knowledge base,
facilitates funding, reduces the lag time to get a
project started and allows stakeholders to better
meet the breadth of project demands.

More recently, web-based collaborative groups
have been formed to promote communication—
e.g., Google Groups “SandTigerSSP”. Formal

efforts have been initiated by organizations, such
as the South-East Zoo Alliance for Reproduction
& Conservation (SEZARC), along with member
institutions and others, to focus on artificial
insemination and aquarium breeding of C. taurus.
This effort has led to both aquarium staff and field
researchers/off icials to col laborate on the
collection of blood and semen samples from C.
taurus .  Recently,  representat ives from 20
institutions attended a workshop where the
maintenance of a sustainable aquarium
population of C. taurus in the US was discussed
(www3).

The primary aim of an aquarium C. taurus
breeding program should be to provide specimens
for public display and scientific research, thus
allowing for continued scientific advancement,
and an ongoing resource for educating the public
about this species, its reproduction and relevance.
It is unrealistic to expect that an aquarium
elasmobranch breeding program could replenish
(locally or g lobal ly)  a depleted or  ext inct
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Figure 6. A process diagram outlining a framework for an aquarium elasmobranch breeding program.

population. However, the release of aquarium-
bred specimens may be acceptable, as long as
certain precautions are taken and providing
there are no outstanding contraindications.
Severa l  aquar ium spec imens,  inc lud ing
broadnose sevengil l  sharks, Notorhynchus
cepedianus (Peron, 1807) (van Dykhuizen et
al., 1998), C. taurus (Smale et al., 2012) and
t iger sharks, Galeocerdo cuvier  (Péron &
Lesueur,  1822) (Marin-Osorno et al . ,  th is
volume), have been released after years in
captivity close to, or at, their capture position,
and have survived and behaved in a manner
consistent with wild conspecifics.

When contemplating release to the wild, it is
important to consider the Elasmobranch Plan
of Action (Smith et al., 2004), specifically:
“...Draft and adopt a re-introduction policy
consistent with IUCN Re-introduction Specialist
Group (www4) guidelines, i.e., to not release
elasmobranchs into the wild, with the exception
of  coas ta l  pub l ic  aquar iums and mar ine
laboratories that have open systems and short-
term specimen retention times, and to never
release exot ic  species.  Develop a corre-
sponding rigorous re-introduction protocol. It
should be clear that the release of elasmo-
branchs as a solution for surplus and unwanted
animals is not acceptable...”

DISCUSSION AND SUMMARY

Building the framework
Although this chapter focused on aquarium
reproduction of C. taurus, many of the concepts
discussed are applicable to a range of species.
Aquarium breeding programs, either small- or
large-scale, can provide specimens for research
and display purposes, thus reducing the need to
collect animals from the wild. Research and
display animals provide important biological
information, allow us to increase our knowledge
of husbandry practices and serve as educational
tools for the general public (Henningsen et al.,
2004b; Chapman and Chapman, this volume).
Henningsen et al. (2004a) suggested several
steps for the development of a successful
aquarium breeding program for elasmobranchs
and we have incorporated this information into a
graphical framework (Figure 6). The key features
identified by this assessment include robust
collaboration, concerted management of the
population (over all ontogenetic stages) and the
sourcing of sustainable funding.

Another key element within the framework of an
aquarium breeding program is the accuracy and
maintenance of record keeping (including both
successes and failures). Comprehensive records
allow not only for the advancement of biological
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and husbandry knowledge, but also for the
replication of conditions. Similarly, detailed
communication is needed for the accurate transfer
of information. Collaboration is vital to increase
the chance of success, and also to maintain
funding and improve stock management. Funding
can be sourced, as well as continued, through
grants, donations and possibly dues to
stakeholders within a breeding program. Robust
stock management maximizes the chance of
breeding success by placing adults of each sex
into appropriate systems and conditions, and
through the maintenance of genetic identity within
the aquarium breeding program. The success of
an aquarium breeding program is realized when
the number of sharks collected from the wild is
reduced, yet sufficient animal numbers are
available for public display and research efforts,
results are publ ished, col laborat ions are
strengthened, and educational and conservational
opportunities are maximized.
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