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Foreword

Normally we do not start the DER ZOOLOGISCHE GARTEN, THE ZOOLOGICAL GAR-
DEN, with a foreword, but for this special issue, the issue 2 of Volume 91, in which we show
to the inside and the outside world how important modern dolphinaria are today and how we
cooperate globally with other experts, I make an exception.

As Editor-in-Chief but also as Past-President of the World Association of Zoos and Aquar-
iums (WAZA) and as Co-Chair of Reverse the Red (RtR), I am very proud that we were able
to put together so many interesting, scientific articles of high ranking scientists over the globe
on the topic of cetaceans, especially on their research, their management in human care, sci-
ence-based conservation or conservation medicine.

And I like to congratulate all, exemplary the zoo of Nuremberg (Tiergarten Niirnberg) on the
50" anniversary of keeping and breeding dolphins in Germany, the first dolphin arrived in 1965.
It is a good example of how keeping, breeding and animal welfare of wild animals in human
care, carried out by experts, has improved especially over the last decades. You will read that the
European population of the bottlenosed dolphin became self-sustaining. The life expectancy of
these animals has increased and we can prove this with our own data.

The articles show how animals can benefit from our work, even ex situ but more and more
mixed with in situ projects. We live the One Plan Approach of the Conservation Planning Spe-
cialist Group (CPSG).

Dr Lorenzo von Fersen initiated this special issue of our peer-reviewed magazine and I like
to thank him and his team and especially Jorg Beckmann for collecting all these great articles.

And I am totally proud that no less than Prof Dr Jon Paul Rodriguez, the Chair of IUCN’s
Species Survival Commission (SSC), teaching at the Instituto Venezolano de Investigaciones
Cientificas, and head of the Non-Governmental Organization Provita, Caracas, Venezuela, has
written introductory remarks for this issue. This shows also that the scientific run zoos and
IUCN are partners at eye level.

Of course you know about the biodiversity loss crisis which we experience. But the zoos and
aquariums of the Verband der Zoologischen Girten (VdZ) e. V. and the World Association of
Zoos and Aquariums, are fighting this crisis. That’s why we are organized and run many breed-
ing programs up to the reintroduction of animals following the [UCN Reintroduction Guide-
lines. We need to be inclusive, have to improve other zoos and aquariums, as we need more
good, scientific run zoos to fulfill our goals: education, research and of course conservation.

Dr Rodriguez highlights the One Plan Approach and I would like to draw your attention to
Reverse the Red — if you have not yet heard of it, please check our website (www.reversethered.
org). We want to create a movement that makes people aware of the importance of biodiversity.
And yes, we are planning to have a Species Congress next year. At this congress we want to
share science but also many stories of success what we and all the other players in conservation
have reached. We need to tell stories of hope and get societies involved. In addition, we are
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establishing more and more so called Centers for Species Survival (CSS). These are partner-
ships between the SSC Chair’s Office and leading species conservation organizations. CSSs
will closely work across NGOs, government agencies, zoos and aquariums, and among other
stakeholders to understand the key networks and conservation efforts that are underway in their
country or region. This will enable all involved parties to identify priority gaps and ensure that
efforts, resources and experts are even more effectively connected and hopefully maximize our
conservation impact.

Finally, I want to thank especially all authors not only for their articles but also for their work
which made these articles possible. And a special thanks goes to all who were involved and
supported these kind of important research!

Yours,

Prof Theo B. Pagel
Editor-in-Chief
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Special Issue 50 Years Dolphin Husbandry at
Nuremberg Zoo - Introductory Remarks

Themenausgabe 50 Jahre Delfinhaltung im Zoo Nurnberg -
Einfuhrende Bemerkungen

Jon Paul Rodriguez

IUCN Species Survival Commission, Instituto Venezolano de Investigaciones Cientificas, and Pro-
vita, Caracas, Venezuela

Bringing a species back from the brink of extinction is not easy, but it is certainly possible.
Many examples exist, and zoos, aquariums and botanical gardens have played a key role in
making this happen (CBSG 2017, Mittermeier et al. 2017). The Lord Howe Island stick insect
(Dryococelus australis), the American burying beetle (Nicrophorus americanus), the Kihansi
spray toad (Nectophrynoides asperginis), the Mauritius kestrel (Falco punctatus), the verti-
cillate erica (Erica verticillata), the European bison (Bison bonasus), and the Kemp’s ridley sea
turtle (Lepidochelys kempii), among numerous others, recovered due to a combination of in situ
and ex situ interventions, carefully planned and evidence-based.

That is the principle of the One Plan Approach (OPA) embraced by the [UCN Species Surviv-
al Commission (SSC) — the recognition that conservation planning and action must include all
responsible stakeholders and all populations of a species, whether inside or outside their natural
range (CPSG 2020), including in situ and ex situ populations. In other words, OPA provides
the conceptual framework for assuring that every individual of threatened animals, fungus and
plants subject to conservation interventions plays a role in the recovery of the species.

Resolution 79 (Linking in situ and ex situ efforts to save threatened species'), adopted the
TUCN World Conservation Congress in Marseille in 2020, takes this one step further by en-
couraging the Union’s constituents — Members, Commissions and the Secretariat — as well as
Parties to the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES), to support application of all available tools in the design of conservation interventions.
It highlights that it is never too early to explore the contribution that ex situ organizations may
contribute, which include genetic and veterinary science, husbandry, sustainable breeding, edu-
cation, and community engagement.

'https://portals.iucn.org/library/node/49218

*Author:
E-Mail: jonpaul.rodriguez@iucn.org (Jon Paul Rodriguez)
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This special issue of Der Zoologische Garten, on the occasion of the 50th anniversary of
dolphin husbandry at Nuremberg Zoo, brings together leading experts in the various fields of
cetacean research, in the context of OPA. The backdrop is the fact that nearly half of the world’s
cetaceans are threatened, requiring rapid, coordinated, evidence-based action. The dramatic de-
cline of baiji (Lipotes vexillifer) and vaquita (Phocoena sinus) serve as motivators to rapidly
innovate in complementing in situ and ex situ efforts for cetacean conservation.

Von Fersen and Miller open the collection with a review of the role of modern dolphinari-
ums in applying OPA to the conservation of threatened cetaceans. Taylor et al. summarize the
recommendations of a working group on Integrated Conservation Planning for Cetaceans (part
of the IUCN SSC Cetacean Specialist Group), which examined existing knowledge gaps and
the potential contributions of the tools available to revert declining trends. Nachtigall & Pacini
illustrate the role of dolphinariums for research, in this case the study of hearing in odontocete.
Their findings provide a basis to evaluate the negative effects of noise pollution. Smith et al.
focus on the body of work produced by the US Navy Marine Mammal Program, highlighting
their contributions to conservation medicine of small cetaceans, especially dolphins. Baumgart-
ner et al. bring our attention to what it means to keep dolphins from a practical point of view,
by summarizing the work of Nuremberg and Duisburg Zoos leading to sustainable breeding and
high life expectancy, among other achievements. Hao et al. address the urgent plight of Yang-
tze finless porpoises (Neophocaena asiaorientalis) by combining ex sifu-population increase,
natural habitat restoration and management, deepening research and knowledge generation, and
further increasing engagement with the public. Secchi et al. close this special issue with a sum-
mary of 15 years of research in Brazil, Uruguay and Argentina on behalf of Lahille’s bottlenose
dolphin (Tursiops truncatus gephyreus), highlighting the key role of institutional collaboration
and partnership across this subpecies’ geographical range.

This special issue of Der Zoologische Garten is a perfect example of the implementation of
OPA within SSC’s Species Conservation Cycle, with its three consecutive components — assess,
plan, act — and its two transversal elements — network and communicate (Rodriguez et al. 2023).
More than 8,700 SSC experts in 186 countries engage in generating the scientific evidence that
underlies the IUCN Red List of Threatened Species? and the conservation plans and proposed
actions that emerged from them. As is perfectly illustrated in this special issue and the work of
SSC in general, we know how to do conservation, we just need to do more of it.
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Integrated Conservation Action for Small
Cetaceans: A new Role for Modern Dolphinaria

Integrierte Artenschutzmafinahmen fiir Kleinwale: Ein
Paradigmenwechsel fur moderne Delfinarien

Lorenzo von Fersen'” & Philip S. Miller?

'Nuremberg Zoo and YAQU PACHA e.V., Am Tiergarten 30, D-90480 Nuremberg, Germany
TUCN SSC Conservation Planning Specialist Group, 12101 Johnny Cake Ridge Road, Apple
Valley, MN-55124 Minnesota, USA

Abstract

The world is facing a biodiversity loss crisis that could be irreversible in the foreseeable
future. The in situ protection of wildlife and their habitats may not be enough to stop the con-
tinued decline and extinction of some species. In these cases, new strategies for effective con-
servation must be employed. One such strategy is the One Plan Approach (OPA), which was
launched by the Conservation Planning Specialist Group (CPSG) and later adopted by the
International Union for Conservation of Nature (IUCN). Unlike conventional species conser-
vation strategies, which primarily focus on the protection of species in their natural habitats,
the OPA encompasses the broad spectrum of animal management across the in situ—ex situ
spectrum, engaging all relevant stakeholders for improved collaborative decision-making.
With the OPA, zoos have not only been assigned another important task but have now taken
on responsibility for species conservation. While there is a consensus on the implementation
of integrated conservation measures for most threatened plant and animal species, opinions
differ regarding small cetaceans. This article aims to highlight this discrepancy and to show
that many small cetacean species are not only calling for OPAs, but that first steps have al-
ready been taken to implement such an integrated approach. Zoological institutions that keep
dolphins should be aware of the important role they now play and act responsibly.

Keywords: In Situ/Ex Situ Conservation, Cetaceans, Integrated Conservation, Zoos, Dolphi-
naria

*Corresp. author:
E-Mail: lorenzo@vonfersen.org (Lorenzo von Fersen)
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Integrated conservation in zoos

Nearly 100 years ago, zoos initiated a new era of conservation breeding when the first coordi-
nated breeding programme was started for a species that was extinct in the wild. The European
bison had disappeared from the wild by 1927, with only 54 individuals surviving in zoos. The
first breeding programme was established in Bialowieza, Poland, and focused on the lowland
line of this species. The descendants of just 12 animals were used for species restoration (Pucek,
1991) and were the founding animals for a zoo population that grew over the years and provided
the basis for reintroducing animals into the wild. Since then, Poland has continued to lead the
way in conservation breeding, with several breeding centres across the country. This programme
also helped to establish new populations in other parts of Europe (Tokarska et al., 2011).

Other species then benefited from similar conservation breeding efforts, including the
black-footed ferret (Jachowski & Lockhart, 2009), Arabian oryx (Spalton, 1993; Stanley Price,
2016) and Przewalski’s horse (Wakefield et al., 2002). Conservation breeding programmes and
habitat protection have contributed to the successful reintroduction of the California condor.
In 1982, only 22 condors survived in the wild. To prevent the extinction of the species, those
responsible for the project made a risky decision and that was to capture all the animals still sur-
viving in the wild. Five years later a breeding programme to save the species was initiated. Over
500 condors are currently living in the wild again (Walters et al., 2010). Another good example
of how zoos can contribute to the conservation of species is the Golden Lion Tamarin (Leonto-

Fig. 1: The golden lion tamarin: a species that has benefited from integrated conservation and is
now back in its natural habitat. Photo © Andreia Martins/Associagdo Mico-Le&do-Dourado
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pithecus rosalia; Kierulff et al., 2012). By the early 1960s, the Golden Lion Tamarin was nearly
extinct in its natural habitat (Atlantic Tropical Forest) in southern Brazil. The population living
in zoos consisted of about 200 animals but was not stable due to low rates of reproduction and
survival. In the 1970s, after many improvements, the captive population began to grow. At the
same time, the Poco das Antas Biological Reserve was established to protect this species. The
reintroduction of the Golden Lion Tamarin was a complex process involving several phases.
First, captive breeding in zoos, in parallel with habitat restoration, allowed them to finally be
released into the wild. Numerous zoos participated in the breeding programme, and some of
them also supported additional project activities. A recent published paper estimates that in
2014, there were approximately 3700 golden lion tamarins in 41,400 hectares of the Atlantic
Forest (Ruiz-Miranda et al., 2019).

A recent paper (Smith et al., 2023) reviewed the status of 84 species of plants and animals
classified at one time as extinct in the wild (EW) on the [UCN’s Red List of Threatened Species.
Both extinction and recovery are possible fates for these species; given this reality, it is parti-
cularly encouraging that 12 species have regained their wild status today. Examples including
the red wolf and European bison demonstrate that extinction can be reversed and that we can
prevent extinction through carefully planned and executed conservation strategies. The tools to
do this are available. Species that were thought to be lost could have a future again.

These and other examples share a consistent and — at the time of their application — an overdue
700 strategy: to maintain and breed species through thoughtful and dedicated ex situ manage-
ment. It is no longer practical (or, for that matter, ethical) for zoos to acquire individuals from
wild populations to display in their facilities. Successful ex situ breeding of many endangered
species has been the result of good husbandry, improved environmental conditions and an expo-
nential growth of knowledge in all areas of zoo biology (Kleiman et al., 2010 Irwin et al., 2013).

During these years, there has been a shift in the roles and responsibilities that zoos have set
for themselves: from simply displaying wild animals to creating species conservation centres
with a focus on scientific research, public education and active partnership with those engaged
in species conservation in the wild (Conde et al., 2011). As a result, wildlife conservation is no
longer the sole domain of wildlife biologists working to preserve populations in their natural
habitats. The success of zoological institutions in maintaining a healthy breeding population
for many endangered species has ultimately led to their recognition as a valuable component of
a holistic species conservation strategy. The real value of zoos and aquaria for species conser-
vation is best achieved through integrated collaboration with the wild population management
community. Effective integrated conservation requires detailed planning, engaging all relevant
actors or stakeholders in the planning process and optimising the use of limited resources across
the ex situ-in situ management spectrum. This philosophy has been formalised through the One
Plan Approach (OPA) developed by the Conservation Planning Specialist Group (CPSG) of the
IUCN’s Species Survival Commission (Byers et al., 2013). While a formal description of the
OPA is relatively recent, it should be recognised here that the broad process undertaken by all
responsible parties to jointly develop a set of management strategies and conservation measures
within a comprehensive species conservation plan is not entirely a new concept. This approach
has been practiced in parts — although rarely in its totality — for some decades. We have good
examples of successful integrated conservation in the cases of golden lion tamarins in Brazil
(Mickelberg & Ballou, 2013), Puerto Rican crested toads (Lee, 1992) in the Caribbean and
Arabian, and scimitar-horned oryx in the Middle East (Stanley Price, 2016).

While conservation breeding and the release of captive-born individuals can make a key con-
tribution in appropriate circumstances to improving the status of endangered species in the wild,
it represents just one of many tools that ex situ facilities can use to participate in integrated
species conservation. For example, insurance populations maintained ex situ can prevent local



86 L. von Fersen & P. Miller - Integrated conservation action for small cetaceans

/ [ Status Review & Threat Analysis ] \

{ Causes of Primary threats }

(e.g., human activities) Ny, =
lllll.....
‘ oy
Potential Role(s) and Goals
Deterministic Primary Threats Stochastic Threats , s}
for Ex Situ Management

(e.g., habitat loss, poaching, (e.g., demographic variation,

disease, invasive spacies) catastrophes, inbreeding) . |
¥ -
Ex Situ Population &
Impacts of Threats on Species .’ Management Type(s)
(e.g., small N, poor survival, poor ‘0

reproduction, genetic isolation)

*
* ’0’ Feasibility Assessment
[ High Probability of Extinction in the Wild ] (benefits/costs/risks/
‘ likelihood of success)

[ Vision and Conservation Goals ]

. 2

Decision Analysis of Potential Conservation
Objectives and Actions (iIn Situ & Ex Situ)

In Situ Conservation Ex Situ Conservation Objectives
Objectives & Actions

& Actions (if any)

[ ONE Integrated Conservation PLAN for a Species ]

Fig. 2: Graphical representation of the One Plan approach, in which the decision-making steps fea-
tured in the IUCN Ex Situ Guidelines (boxes on the right side of the diagram) are incorporated into
the traditional species conservation planning process. Graphic adapted from IUCN/SSC (2014).

or global species extinction; head-start programmes can remove individuals from the wild tem-
porarily to reduce the mortality of vulnerable life stages and then can be returned to safer wild
environments; and individuals can be used in research, training or public awareness program-
mes to improve our understanding of species biology or to educate citizens on specific threats
to biodiversity. A logical decision-making process has been developed (IUCN-SSC, 2014) to
assess whether ex situ management can effectively support species conservation and, if so, what
form that management should take and how it can be most effectively implemented, given our
current knowledge and finite resources.

Today, an integrated approach to species conservation is essential. When a species declines
in abundance to a critically low number in the wild and the threats that have caused that decline
cannot be controlled, the argument for ex situ management intervention is loud and clear. If an
ex situ population exists and conservation breeding can be done effectively, it is possible to use
that population as a source for the release of individuals to the wild. In cases where the species is
not held in zoos or aquaria, an integrated approach can take the form of capturing animals from
the wild and placing them temporarily in controlled conditions to avoid anthropogenic mortal-
ity. A crucial factor influencing the success of such an intervention is the timing of the action.
If one waits too long, the wild population can decline to such a small number of individuals
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that the probability of success is reduced and cannot outweigh the risks associated with capture
and handling. Another important consideration is the choice of species for which this kind of
intervention is recommended. Particularly relevant in this context are the prominent objections
when it comes to capturing and handling small cetaceans. Due to the special history of dolphin
husbandry, there are numerous organisations that are against this kind of intervention. Also
certain parts of our society, as well as some members of the scientific community, are opposed
to a hands-on conservation option. Simply stated, they would rather accept the disappearance
of the species than capture individuals of a rapidly declining population and transfer them to
controlled areas.

Integrated conservation of small cetaceans

In the following sections, we argue for an integrated approach to the conservation of small
cetaceans and the potential for dolphinaria to play an active role in the conservation of these
species. This potential has been developed by dolphinaria in a short period of time, and it is
therefore important to show how this has been achieved. Therefore, the history of dolphinaria
will be discussed first, but it will also be shown that in addition to this positive development,
dolphins — in this case, bottlenose dolphins — have always been subjects of biological research,
the results of which have been used to optimise husbandry and, above all, to identify key cri-
teria for creating self-sustaining ex situ populations. We have learned a lot about keeping these
animals in human care and it is no exaggeration to say that no other zoo animal has provided as
much knowledge about species biology as the dolphin. Even if this development almost always
refers to only one dolphin species, namely the bottlenose dolphin, many examples have shown
that the acquired knowledge can also be transferred to other species. The bottlenose dolphin is
therefore a good model for integrated species management, as it covers a broad spectrum of ex
situ management and is a good example of how animal husbandry can quickly become an im-
portant source of knowledge that benefits not only this species but others as well.

History of dolphin husbandry

To adequately evaluate the development of dolphin husbandry, it is helpful and important to
describe its history. Furthermore, when dolphins are mentioned here, we refer to the bottlenose
dolphin (Tursiops truncatus). Most dolphinaria originated from travelling circuses where these
animals were shown. The first permanent facility where dolphins were kept was established in
the United States (Florida) in 1938 (Defran & Pryor, 1980). Dolphins were on display in the
facility known as Marine Studios, and the facility mainly served the film industry, which wanted
to introduce people to marine life through film. Interestingly, this facility is also where system-
atic research on dolphins was first conducted. Most notable are the studies on echolocation
(McBride, 1956), behaviour (McBride & Hebb, 1948) and breeding (McBride & Kiritzler, 1951;
Wood, 1977). Well-known American researchers took advantage of this unique opportunity to
study aspects of dolphin biology under controlled conditions that may have never been studied
in the field until decades later (Reeves & Mead, 1999).

However, it cannot be denied that the real reason for keeping dolphins at this time was prima-
rily commercial. The charisma of the animals and their trainability (Pryor, 1975; Defran & Pry-
or, 1980) were key arguments in favour of making a profit from them. The suite of behaviours
displayed in these shows made people believe that dolphins were highly intelligent. The nega-
tive thing about the dolphin show industry at that time, however, was the fact that dolphins had
to be captured by the hundreds to keep the industry going. Breeding was undesirable at that time
and therefore rare. However, animal husbandry was greatly improved, even in the early days
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of the industry, mainly because of the fact that the animals were very valuable commercially.

The passage of the United States Marine Mammal Protection Act (MMPA) in 1972 severely
restricted the capture of dolphins from the wild and led to a change in thinking about the han-
dling of these animals. For many purely commercial businesses, this law meant the end for many
dolphinaria in both the US and England. This new legislation initiated a long-overdue paradigm
shift in dolphin management. The main goal of the leading institutions was now breeding and
thus building a self-sustaining population in human care. Although successful breeding was a
rarity at first, this change in thinking led to rapid development in the husbandry and manage-
ment of these animals (Schroeder, 1990; McBain, 1999). Coordinated breeding programmes, in
the USA under the aegis of the American Zoo and Aquarium Association (AZA) and in Europe
in the form of the conservation breeding programme EEP of the European Association for Zoos
& Aquaria (EAZA), were the key to success. In just a few decades, these programmes resulted
in the fourth generation of dolphins being bred in dolphinaria and, in the case of the EEP, in
81.6% of all dolphins living in Europe being born in human care (EAZA-EEP, data as of 2023).

In addition to improved breeding success, the life expectancy for dolphins is also increasing
in ex situ facilities. A recent study (Jaakkola et al., 2019) clearly showed that the life expectancy
of dolphins in US zoos and aquaria has more than tripled over recent decades and is now at least
as high as in some wild populations for which comparable data are available. A similar develop-
ment can also be observed in Germany (see Baumgartner, et al in this volume).

Although the previous sections refer to only one dolphin species — the bottlenose dolphin — it
is important to emphasise that other dolphin species have also been kept in zoos and dolphi-
naria. The challenges in creating a self-sustaining cetacean population, as demonstrated by the
bottlenose dolphin, can have many reasons. As Curry et al. (2013) rightly pointed out, there
are still many information gaps that need to be addressed before ex situ strategies are adopted
as ubiquitous tools to conserve species. Many species, such as the vaquita, are not suitable for
human care due to their vulnerability to capture/transport mortality (Rojas-Bracho et al., 2019).
However, many species have already been kept and partly bred under controlled conditions and
have tolerated acclimation, including the Amazon River dolphin (Inia geoffrensis; Boede et
al., 2018; Ternes, 2022), the tucuxi (Sotalia guianensis; Bossenecker, 1978), the Commerson
dolphin (Cephalorhynchus commersonii), the harbour porpoise (Phocoena phocoena) and the
beluga (Delphinapterus leucas). The lack of results comparable to those from bottlenose dol-
phins is not necessarily related to the inability of these species to adapt to ex situ conditions.
Above all, the lack of foresight in terms of long-term husbandry and science-based management
led to failure. This includes the capture methods, the sex ratio of the captured animals, the lack
of planning for new animal husbandry and the lack of a breeding programme involving experts
and institutions that are devoted to species conservation.

The need for an integrated conservation approach for small cetaceans

According to the latest report of the IUCN SSC Cetacean Specialist Group, 46% of all ceta-
cean species, subspecies and subpopulations are threatened (IUCN-CSG, 2022). In the last 20
years, we witnessed the functional extinction of the baiji (Lipotes vexillifer) in 2007 (Turvey et
al., 2007). This river dolphin became extinct just over a decade ago because the management
tools available at that time were not used effectively or in a timely manner. Today, we are wit-
nessing the next cetacean extinction. According to recent counts, there are only eight vaquitas
left in the Upper Gulf of California (Rojas-Bracho et al., 2021). Mexico’s vaquita is thus about
to follow the baiji’s fate because fishery practices that are inadvertently causing their demise
cannot be changed quickly enough. A field programme launched in 2017 to catch the last va-
quitas and transfer them into a protected ex situ environment had to be stopped after two unsuc-
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cessful capture attempts (Rojas-Bracho et al., 2019). Both cases clearly show that efforts made
thus far to save dolphin species from extinction have had only a limited effect.

These two examples illustrate the problems faced by many cetacean species. Many of the
threatened species and populations most vulnerable to extinction or extirpation have shallow
water distributions that entirely overlap areas used intensively by people. Most of them are
declining, at least in part, due to unsustainable bycatch mortality in fishing nets (Brownell et
al., 2019), and extinction for some species is imminent unless concerted action is taken to save
them. One thing is certain: to prevent further species extinctions, the range of tools available for
conservation should be expanded. It is no longer enough to understand the causes of population
decline; aggressive action must now be taken to reduce their impacts on population and/or spe-
cies persistence. Consequently, all conservation options, including ex situ measures, should be
evaluated to ensure the survival of a species.

The “Ex situ Options for Cetacean Conservation” (ESOCC) workshop, held in Nuremberg,
Germany, in December 2018, was designed to address this critical need (Taylor et al., 2020).
This includes preparations to lay the political, cultural, scientific and logistical foundations
necessary for success. Discussions at the ESOCC workshop focused on seven small cetacean
species (with an additional species, the Lahille’s bottlenose dolphin, added later) that are on
the [IUCN Red List as Critically Endangered (CR), Endangered (EN) or Vulnerable (VU). The
participants recognised the value of the OPA for each of the focal species. The current trend
of declining population abundance for each of the eight species could lead to some of them
becoming extinct within a short period of time — much faster than the time typically required
to develop and implement a successful ex situ action plan. To make matters worse, there are
significant gaps in our knowledge of the biology and management of many of these species.
Consequently, there is an urgent need to fill these information gaps long before the imple-
mentation of ex situ management to prevent extinction can be seriously undertaken. Early
preparation means that an action plan can be developed with greater confidence in success,
and the expertise will be ready if or when the need arises. Early preparation would also mean
knowing how a particular species would react to processes such as capture, transport, captiv-
ity or semi-captivity, and medication. In addition, research is needed to better understand
individual animal responses to capture and how managers might neutralise problems resulting
from confinement. These findings and experiences underline the role that zoos and aquaria
play in effective conservation.

In this article, we want to address ex situ measures that are tailored for dolphinaria within the
OPA framework and that can be practically applied to small cetacean management. There has
never been a greater need for these institutions to become active in species conservation, wheth-
er through support for in situ measures, research and education within their own institution, or
ex situ individual/population management. Only if they manage to carry out these activities in
a thoughtful way will they be perceived as active partners in species conservation. Many exam-
ples described in the following sections testify to the feasibility of these tasks.

Ex situ management/conservation breeding

Dolphins have been kept in human care for over 80 years. In all these years, keepers, zoo
veterinarians and biologists have learned a vast amount about the animals and have acquired
management knowledge that not only benefits the animals kept but can also help wild popula-
tions. The term zoo management covers a variety of measures that have been carefully devel-
oped to ensure safety for animals and the humans who care for them. In recent years, it has
been recognised that this knowledge can also be applied to wild populations. This includes,
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for example, the responsible handling of animals, which is one of the most important tools that
zoos / dolphinaria have to manage their animals. Many measures that have been increasingly
used in the wild in recent years, such as translocation and transport of animals or health assess-
ments, require the capture and handling of animals (Barratclough et al., 2019). In most cases,
this knowledge comes from dolphinaria or zoos that have experience with these animals and
conduct and support research.

The need to manage animals intensively has grown due to increasing threats to species in the wild.
In some cases — such as the baiji (Turvey et al., 2007) or vaquita (Rojas-Bracho et al., 2019) — the last
option to preserve the species was to remove animals from their natural habitat and transfer them to a
safe environment. Efforts to save the baiji were unsuccessful because no more animals were sighted,
even after several weeks of searching. Attempts to rescue vaquita from immediate environmental
threats were similarly unsuccessful after one individual had to be released due to significant stress
following capture and the other animal died of capture myopathy. There is an important lesson to be
learned from both cases. If measures such as capturing individuals from an endangered population
are the last option to conserve the species, then one should not wait too long before intervening.
Managing individuals in an ex situ environment is certainly challenging and the learning curve is
steep. It is necessary to understand the behavioural and physiological responses of a species to the
actions required to build an ex situ population before it reaches a critically low level. There will
always be a risk that animals will be lost during these periods of adaptation to ex situ conditions and
the special needs of the animals, but it is important to analyse and evaluate these findings to gain
important insights into how to keep them alive and healthy. In general, important aspects that need
to be addressed are how the animal reacts to capture, transport and confinement. It is also important
to address key husbandry questions, such as the quality of the facilities housing the animals and the
quality of individual animal care (food/veterinary medicine). These considerations are particularly
important given that such long-lived animals could remain in ex situ facilities for extended periods
of time. In many of these areas, zoos/dolphinaria can make important contributions, as they have the
necessary expertise and trained staff to carry out such measures effectively. As these conservation
measures will likely increase in scope and intensity in the near future, it is important to be aware of
the important roles and responsibilities these facilities will take on.

One dolphin species that is considered vulnerable (Vermeulen et al., 2019) according to the
TUCN but is under increasing pressure in its natural habitat is the Lahille bottlenose dolphin
(Tursiops gephyreus). A maximum of 360 mature individuals remain in the South Atlantic,
where this subspecies is endemic (Fruet et al., 2015; Secchi et al., in this volume). Conservation
efforts are rare and where management has been implemented, as in Brazil through enacting
a new fishing law, the effects of the actions are questionable. In other words, without much-
needed protection, this species will suffer a fate similar to that of baiji and vaquita. Unlike the
vaquita, there is an ex situ population in Mundo Marino, Argentina, a dolphinarium that has
kept and successfully bred this species for decades (Loureiro et al., 2021). This means that this
species is well suited for ex situ holding and an insurance population can therefore be created.
Continued breeding success and the establishment of a self-sustaining ex situ population de-
pend on factors such as individual demographic characteristics and adult sex ratio. In the case
of Mundo Marino, this is not optimal, as there is a surplus of males and only two females. The
fate of Lahille’s bottlenose dolphin also prompted the EAZA to establish an ExSitu Programme
(EEP) in 2022, with the aim of supporting conservation efforts for the species (EAZA Regional
Collection Plan, 2022). Unlike the usual EEPs, it is not intended to keep the species in European
z00s. A new campaign by the European Association for Aquatic Mammals (EAAM) will also
be dedicated to the conservation of this species, providing expertise and funding to support in
situ conservation projects. These examples clearly show the immense potential for zoos and
dolphinaria to be active members of the conservation community.
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Fig. 3: The Lahille Bottlenosed Dolphin in Southern Brazil. Photo © Rodrigo Genoves, KAOSA

A very important tool in zoo population management is the Zoological Information
Management System (ZIMS) software package. This database houses records on more than
10 million individuals of more than 22,000 species, including medical histories and genetic
tools for population analysis. The global web-based application is structured to facilitate
cooperative animal management to achieve ex situ conservation goals. ZIMS will soon be
used for the first time for a threatened dolphin population: a Lahille‘s dolphin population in-
habiting the Lagoa dos Patos in Southern Brazil. A special feature of ZIMS is its application
to analyse the demographic and genetic status of populations with a small number of individ-
uals. It also enables the linking of data management processes for animals that spend part
of their lives in human care and part of their natural environment and has great potential for
use in managed wild populations (Schwartz et al., 2017). This first application of ZIMS to a
threatened dolphin population will surely provide important information to better manage the
species across the in situ-ex situ spectrum.

Perhaps the best example of how conservation breeding can contribute to the survival of a
cetacean species is the case of the Yangtze finless porpoise or YFP (Neophocaena asiaeori-
entalis ssp. asiaeorientalis). When the steadily declining wild population reached a critical
number of individuals, it was decided to capture animals and transfer them to remote riverine
areas called oxbows. The first ex situ YFP population was established in 1990 in Tian-E-Zhou
Oxbow in Hubei Province. The breeding programme that subsequently came into effect has
resulted in the ex situ population now numbering more than 160 individuals (Wang, 2009;
Hao et al., this volume). This population also provides research and training opportunities for
local and regional scientists and is the subject of many regional education and public aware-
ness programmes.

In summary, across the management continuum — from natural habitats in the wild to con-
trolled environments in the dolphinarium or zoo — well-grounded practical knowledge has been
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instrumental in achieving success. The expertise in cetacean management acquired in the ex situ
community — mostly based on accumulated experience with just one species — has led to the
development of effective management technique measures that can be applied to other species
in need. This flow of knowledge will no doubt become even more relevant in the coming years
due to the perilous conservation status of many species.

Research in support of conservation

There are few animal species of which we know as much about their general biology — from
the performance of the sensory organs to cognition and behaviour — as we do about the bottle-
nose dolphin. It is particularly striking to appreciate the wealth of knowledge that ex situ-based
research on these animals has provided. In particular, research on echolocation, which began in
the 1950s, has provided many insights into the way dolphins perceive their environment (Au,
1993). Scientists working with animals in dolphinaria have also proven what dolphins perceive
in terms of hearing (Ridgway & Au, 2009), communication (Caldwell & Caldwell, 1968; Janik
& Sayigh, 2013) and other senses (Hiittner et al., 2022).

Fig. 4: Special electroreception test apparatus developed for dolphins. The dolphin touches the
target with its rostrum. The electrodes are located approximately 10 cm directly above the dol-
phin’s vibrissal crypts on the upper rostrum. After an electric signal was presented, the dolphin
learned to leave the apparatus and return to its trainer. Each correct response was reinforced by
the experimenter with a short continuous whistle sound and a food reward from the trainer. During
stimulus-absent trials, the dolphin learned to stay in station for at least 12 s. Photo © Tim Huttner,
Nuremberg Zoo

The US Navy has conducted important research in Hawaii over the years in the area of dolphin
echolocation (Au, 1993; Nachtigall & Pacini, in this volume). This work is now being continued
and complemented by other topics in San Diego by the National Marine Mammal Foundation
(NMMF). Hundreds of publications focusing on physiology, acoustics and advanced diagnostic
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methods have been produced over the past decades thanks to the dolphins housed there (Houser
et al., 2010). Overall, understanding the sensory systems of dolphins can help conservationists
to better understand these animals in the first place, as well as to better assess the effects of
different stressors, such as noise. Understanding how echolocation works may be important for
developing bycatch mitigation methods.

Controlled conditions, such as those found in dolphinaria, are also critical environ-
ments for exploring other research fields that are becoming increasingly relevant. With
the rapid development of new technologies in the field of biologging (animal-attached
logging of biological variables with small electronic devices) and the increased demand
for their use in the field, it is particularly important to conduct preliminary experiments
with animals where detailed monitoring is possible (Tyack, 1985). Such non-invasive
bio-logging tags, used in hundreds of studies ranging from basic ecology to the effects
of human disturbance, are constantly being improved in ex situ facilities, while novel
methods for sampling DNA (Frere et al., 2017) and hormones (Richard et al., 2017) from
exhaled breath are being developed for health and genetic studies. Many of these studies
have been designed to document the physiological and behavioural responses of dolphins
to environmental stressors, such as sound and pollutants. The results of these studies
help managers and scientists understand, for example, how entanglement and noise (e.g.
from man-made sonar, oil and gas exploration) affect individual behaviour and survival
(Houser et al., 2010).

Despite the intellectual advances summarised above, there are still many open questions
about cetacean biology that dolphinaria can contribute to solving. The development of fishery
gear deterrent devices is particularly urgent. Bycatch is and will certainly remain the greatest
threat to the survival of many small cetaceans in the coming years. Pingers (active or pas-
sive) are seen as a solution, but there is still a lot of research to be done in this area, and
answers to some of these questions can certainly be provided by projects with dolphins in
human care. Another area relates to developing solutions using artificial intelligence. Be it
behaviour or acoustics, animals from dolphinaria serve as good models to test a wide range
of hypotheses.

In summary, close access to animals in human care has allowed scientists to study many
aspects of cetacean biology and to gather information that would otherwise be inaccessible.
This basic information from studies in facilities serves as a direct basis for scientists to interpret
data from studies in the wild.

Veterinary medicine

Zoo veterinary medicine is certainly one of the fields that has developed most rapidly, and
it has ultimately contributed greatly to the good health of bottlenose dolphins in ex situ fa-
cilities. This is echoed not only in breeding success and life expectancy but also in evidence
of good animal welfare (Baumgartner et al. in this volume). In the meantime, the field of
zoo veterinary medicine has now expanded to include the study of wild populations. One
product of this work that reflects the exponential growth of knowledge is The Handbook
of Marine Mammal Medicine. While the first editions focus mainly on diagnosis and treat-
ment methods, the content in the last edition looks at the bigger picture by adding animal
welfare, tagging and tracking rehabilitated animals, and a holistic concept of health, now
known as One Health (Dierauf & Gulland, 2001). The term conservation medicine (Aguirre
et al., 2002 and Smith et al., in this volume) covers this new field of veterinary medicine,
addressing inter alia species conservation issues. Conservation medicine plays a vital role
in preserving biodiversity by promoting the health of wildlife populations and their eco-
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systems. It incorporates the One Health Approach, which recognises the strong connec-
tions between the health of humans, animals and the environment. Conservation medicine
takes a one-health approach to promoting health and well-being across all three domains.
By monitoring the health of animal populations, conservation medicine can help prevent
the spread of these diseases and protect public and environmental health. By investigating
the impact of environmental factors on health, conservation medicine can help promote a
healthy environment for all.

A particularly striking phenomenon that has recently increased among dolphins is strandings
(Alvarado-Rybak et al., 2020). In the case of dead animals, a well-considered and conducted
necropsy is crucial for determining the cause of death. Good protocols, such as those designed
and applied in zoological institutions, often serve as models and are the basis for scientific
work. A good example of how zoo-acquired marine mammal medicine can be directly and
effectively implemented in the field is given with live strandings. Starting with the transport to
the Rehabilitation Centre, the initial care and the entire rehabilitation process up to the release,
all depends on veterinary knowledge from zoological institutions. For live strandings, zoo vet-
erinarians’ participation is of great importance due to their long experience with these animals.
Dolphinaria as institutions play a crucial role here as they provide staff, first aid, logistics, space,
medicine and professional care. An excellent example of this type of collaboration is the Al-
liance for Franciscana-Dolphin Conservation, Research, Rescue and Rehabilitation (AFCR3),
composed of veterinarians, biologists, animal managers and rehabilitation experts from differ-
ent countries. The aim of this alliance is to help protect the endangered Franciscana dolphin by
not only better understanding the phenomenon of live strandings but also identifying ways to
keep these animals alive. For that purpose, the Alliance has developed rehabilitation protocols
that are not only based on scientifically valid findings but also consider the specific circum-
stances of the places/countries (Meegan et al., 2022).

Conservation translocation, the deliberate movement of organisms from one site for release
to another, is also a phenomenon that is becoming more and more common. River dolphins
in particular are more frequently affected (Aliaga-Rossel & Escobar, 2020). Habitat changes
result in the animals’ habitat becoming restricted and often requiring the translocation of single
individuals. Again, zoo veterinarians, as well as trained staff (i.e. keepers) who are familiar with
the handling of these animals, can be extremely important for ensuring successful translocation.

Another important achievement of dolphinaria relates to artificial insemination (AI). Al is
considered a very important tool in species conservation. Assisted reproductive technologies
(ART) are a critical component of management tools and include semen cryopreservation, Al
and sex pre-selection using sperm sorting. Some dolphinaria have already had some success
with the application of ART tools and techniques (O‘Brien & Robeck, 2006). Al with sex-se-
lected sperm is a potentially effective tool for restoring small animal populations, as it shifts the
sex ratio in favour of females and ultimately increases recruitment rates (Robeck et al., 2013).
Although the applicability of bottlenose dolphin successes to other species has been debated
(Curry et al., 2013), it is undeniable that many of the fundamentals that have been created here
facilitate the application of Al to a host of endangered cetacean species. Finally, it is important
to emphasise that Al can help maintain genetic diversity in endangered species by allowing the
mixing of genetic material between individuals that are geographically separated, have a low
reproductive rate or have difficulty reproducing in controlled environments.

Capacity building

Much of the collective knowledge regarding animal husbandry in ex situ facilities is
scientifically valid and published, but much of it is based on many years of experience and
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is referred to as management-based expertise (MBE). The Animal Care Manuals (ACMs)
of the Association of Zoos and Aquariums (AZA), the EAAM Standard and Guidelines,
and the EAZA Best Practice Guidelines (BPG) are certainly very valuable sources of know-
ledge, as they contain practical information relevant to the management of animals. This
knowledge is not only used for the continuous improvement of their animal management
efforts but also serves as a good foundation for the management of wild populations. In
this context, capacity building in wildlife management means applying and transferring
the knowledge, skills and resources learned in an ex situ-facility to effectively manage
wildlife populations, protect habitats and address the challenges facing wildlife in different
contexts.

Training is an important activity for capacity building in wildlife management. Provid-
ing targeted training for wildlife veterinarians, biologists, conservationists and community
members can help build their knowledge and skills in different areas of husbandry, capture,
veterinary care and animal handling. Another important capacity-building area is research
and monitoring. Many dolphinaria/zoos have in-house scientists who work with animals to
answer different research questions. Capacity building can involve developing the skills and
resources needed to carry out research in the wild as well as the ability to analyse and inter-
pret the resulting data.

Engaging local communities in wildlife management can also build capacity by empowering
them to take an active role in conservation efforts, fostering a sense of ownership and steward-
ship and building local capacity to manage wildlife resources sustainably. Methods for this
can be partly derived from the work that zoos/dolphinaria do in environmental education and
training.

Overall, capacity building requires, above all, knowledge and this is abundant in zoos/dol-
phinaria. It is rooted in a multi-layered approach that includes expertise and knowledge but also
education, research, training, collaboration, innovation and community engagement. By build-
ing capacity, we can improve the living conditions of kept animals, and we can better protect
and conserve wildlife populations and their habitats for future generations.

Networking

An important prerequisite for maximising the chances of success in species conservation
is networking. Building partnerships and collaboration between scientists, wildlife managers,
government agencies, NGOs, community organisations and other stakeholders can help build
capacity by pooling resources, expertise and knowledge. This can involve sharing best prac-
tices, coordinating efforts and leveraging each other’s strengths.

Zoos and aquaria are often members of many professional organisations JUCN, WAZA,
EAZA, EAAM), enjoy partnerships with universities and other research institutions, and
develop contacts with local political institutions. As a result, these institutions are well suit-
ed to building effective conservation networks. These networks should serve to highlight
the relevance of zoos/dolphinaria to ultimately be recognised as active and serious partners
in species conservation. The efforts of the European Association for Aquatic Mammals as
the umbrella organisation of European dolphinaria are worth mentioning in this respect. In
particular, the political work done in France and other European countries to consolidate
the status of dolphinaria as research and educational institutions was important in pre-
venting further closures. Additionally, initiatives such as the ESOCC workshop described
previously can be good examples of these networks. The ESOCC enabled the ex situ com-
munity to prove how deeply integrated species conservation is in its activities. The task is
to continue this work.
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Awareness and conservation education

Visiting a zoo/dolphinarium and seeing a live animal are probably the most effective ways
to communicate animal-related content in an effective and sustainable way. These institutions
use this phenomenon to make visitors aware of important issues. Through careful planning
and implementation, these encounters and associated educational programmes can be powerful
sources of information for the public.

Building awareness of wildlife in a zoo/dolphinarium is an important task that requires a
multi-faceted approach and can take place in different ways. Many institutions offer educational
programmes for visitors, especially children, to learn about animals and their habitats. These
programmes can include guided tours, interactive exhibits and hands-on activities.

Especially in the case of dolphinaria, animal presentations can be a great way to showcase the
magnificence and diversity of wildlife. These presentations are also used to communicate con-
tent, for example, from scientific research or species conservation. Some institutions show pure
research presentations, which again shows that visitors can be attracted to these topics. At the
same time, these research presentations are also a good opportunity to collect data for science.

Another important source of information for visitors are signs, posters and monitors. If well
designed, they can hold other important content about the animals, their behaviours and the
importance of conservation complementary to the presentations. Overall, building awareness
of wildlife requires a holistic approach that prioritises education, animal welfare and conserva-
tion efforts. By engaging visitors and partnering with organisations, zoos/dolphinaria can play
an important role in protecting and preserving wildlife. For example, in the Nuremberg Zoo,
the zoo-based conservation organisation YAQU PACHA has conducted numerous campaigns
to draw the attention of visitors to the conservation problems of small cetaceans and to raise
awareness of them.

At this point, it should be mentioned that the reach of zoos/dolphinaria is immense. Each
year, over 700 million people visit these institutions (WAZA, 2022). This figure illustrates the
enormous potential as an awareness-raising and educational institution. Through the presenta-
tion of live animals, zoos/dolphinaria have a unique platform to direct the visitors’ attention to
biological topics but also to point out environmental problems.

Fundraising

If everything that was mentioned before is fulfilled — successful population management, ani-
mal welfare, expansion of knowledge through research, public awareness and education — then
the conditions are given for visitors to donate money for conservation projects. Zoos/dolphi-
naria can generate revenue through a variety of fundraising opportunities. The best known are
membership programmes, corporate partnerships, individual donations, special events, animal
adoptions, merchandise sales and grant funding.

Overall, zoos/dolphinaria have many opportunities for fundraising, and these initiatives can
help support important conservation efforts (in situ/ex situ), education programmes and re-
search projects. Collectively, the global zoo/aquarium community invests more than US$ 350
million in in situ wildlife conservation, representing the third largest conservation organisation
contributor globally (Gusset & Dick, 2011; EAZA Conservation Database). These in situ con-
servation activities are primarily funded by paying visitors and other sources, such as donations.

Without having exact figures, one has the impression that active participation in species
conservation through financial support for projects in dolphinaria is unfortunately not yet as
advanced as zoos. There is often a lack of creativity and ideas on how to get visitors to partici-
pate financially in species conservation. It should be clear to everyone that species protection is
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not just a word but that it is about taking responsibility and setting a good example to ensure the
survival of animal species. Thus, dolphinaria should take this task seriously and act accordingly.

Conclusions

The OPA is now a central paradigm within the IUCN’s Species Survival Commission for
the integrated conservation of endangered species. We argue here that this approach should be-
come a similar organising principle for the cetacean conservation community. In adopting this
principle for the conservation of a species group to which humans have such a deep emotional
connection, it is crucial to understand that integrated conservation does not equate only with
keeping animals in tanks for display and entertainment. As explained in the IUCN’s Guidelines
for the Use of Ex Situ Management for Species Conservation, dolphinaria can engage in a host
of activities that can make meaningful contributions to the conservation of small cetacean spe-
cies in their natural habitats. Where appropriate, maintaining healthy animals in ex situ environ-
ments comes with difficult scientific challenges. It is the responsibility of the ex situ community
to accept this challenge and help create conditions in which ex situ management can ultimately
play a key role in saving cetacean species from extinction.

Dolphinaria are a significant and largely untapped resource in the global cetacean conser-
vation community. In this article, the term dolphinaria consistently refers to facilities that
keep dolphins in their care. These institutions have proven to be successful over many years
and have been markedly successful in raising people’s awareness of dolphins and their role
in nature. There have been institutions that, in parallel with their traditional focus on animal
display, have also conducted biological research, developed educational programmes and
supported species conservation. In this article, however, we want to clarify that the traditional
vision of a dolphinarium is no longer sufficient if the goal is to be an active player in the pro-
tection of endangered species. In view of the catastrophic situation of many dolphin species,
but also in view of current developments in species conservation, such as the OPA and [TUCN
Motion 079, there is a call for a new evaluation of these facilities. In this article, we have
highlighted numerous opportunities for involvement in the broad conservation movement,
and it would be negligent, at best, for dolphinaria to ignore this invitation. We would like to
see dolphinaria follow the same path taken by zoos and aquaria over the past few decades,
moving from mere exhibit institutions to active participants in global species conservation.
With this in mind, we envision a future for dolphin facilities in which their primary goal
is to educate and empower their visitors to appreciate the value of species conservation, to
enable research and to actively participate in in situ species conservation. Without the active
participation of our community, the likelihood of improving the conservation status of these
animals decreases.

Zusammenfassung

Die Welt befindet sich in einer Phase des Verlusts der biologischen Vielfalt, die in ab-
sehbarer Zeit nicht aufzuhalten ist. In-situ-Artenschutz/Habitatschutz reichen nicht aus,
um den weiteren Verlust von Arten zu stoppen. Daher ist der Ruf nach neuen Strategi-
en unausweichlich. Eine dieser Strategien ist der One Plan Approach (OPA), der von der
Conservation Planning Specialist Group (CPSG) ins Leben gerufen und spéter von der
International Union for Conservation of Nature (IUCN) iibernommen wurde. Im Gegen-
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satz zu herkommlichen Artenschutzstrategien, die sich in erster Linie auf den Schutz von
Arten in ihrem natiirlichen Lebensraum konzentrieren, umfasst OPA das gesamte Spek-
trum des Tiermanagements (von intensiv in zoologischen Einrichtungen bis zur weniger
intensiven im Freiland). Mit OPA wurde den Zoos nicht nur eine weitere wichtige Aufgabe
iibertragen, sondern sie haben nun auch Verantwortung fiir den Erhalt der Artenvielfalt
iibernommen. Wihrend bei den meisten bedrohten Pflanzen- und Tierarten ein Konsens
iiber die Umsetzung integrierter Schutzmafnahmen besteht, gehen die Meinungen bei den
Kleinwalen auseinander. Dieser Artikel soll diese Diskrepanz aufzeigen und zeigen, dass
fiir viele Kleinwalarten integrierte Artenschutzstrategien nicht nur dringend erforderlich
sind, sondern dass bereits erste Schritte zur Umsetzung eines solchen integrierten Ansat-
zes unternommen wurden. Zoologische Einrichtungen, die Delfine halten, sollten sich der
wichtigen Rolle, die sie jetzt spielen, bewusst sein und verantwortungsbewusst handeln.
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Abstract

The Integrated Conservation Planning for Cetaceans team, a sub-group of the IUCN SSC’s Cetacean
Specialist Group, was formed in response to the desperate situation of increasing numbers of endangered
riverine and coastal dolphin and porpoise species and populations in the world today. The extinction of the
baiji and the catastrophic decline to the edge of extinction of the vaquita are both examples of conservation
actions being too late and not having all the necessary tools ready for dealing with those emergencies. In-
tegrated conservation action plans actively fill-in knowledge gaps and explicitly consider all tools that may
be needed to save a species or population.

Introduction

This paper is intended to familiarize readers with the goals and objectives of the Integrated Conservation
Planning for Cetaceans (ICPC) team. Furthermore, it is intended to encourage discussion about how ac-
credited zoos, aquariums, cetacean biologists, and NGO’s can foster collaboration and avoid unnecessary
duplication or contradictions. ICPC is a sub-group, nested within the International Union for Conservation
of Nature Species Survival Commission’s Cetacean Specialist Group (CSG). ICPC members are biologists,
veterinarians, and individuals with other relevant expertise. Integrated conservation planning involves va-
rious stakeholders working across disciplinary groups and is actively promoted by the IUCN. Motion 079
(IUCN, 2020), recently adopted by the IUCN, “1. URGES the Secretariat and professional societies to
promote integration of in situ and ex situ conservation interventions by applying the One Plan Approach, to
ensure effective use of all available conservation tools.”. This motion “3. ALSO CALLS ON all Members
to ensure that 11th hour, last ditch ex sifu conservation efforts are prevented by proactive and timely appli-
cation of planning methods, such as the One Plan Approach, and informed by the Guidelines on the Use of
Ex situ Management for Species Conservation.

The ICPC team was formed in response to the desperate situation of increasing numbers of endangered
riverine and coastal dolphin and porpoise species and populations in the world today. The report of the Ex
Situ Options for Cetacean Conservation (ESOCC) workshop held at Nuremberg in 2018 recommended
inter alia, that “marine mammal conservationists around the world work together and act with urgency to
consider critically needed conservation measures both in wild environments within the species’ geographic
range (in situ) and in protected or modified environments within or outside that range (ex situ)” (Taylor et
al., 2020). Many of the threatened species and populations most vulnerable to extinction or extirpation have
shallow-water distributions that entirely overlap areas used intensively by people. Most are declining due,
at least in part, to bycatch mortality in fishing nets (e.g., Brownell et al., 2019) and for some, we already
know extinction is imminent without concerted action to save them. Many species experiencing serious
conservation issues are in countries with poor governance coupled with corruption and impunity, which
makes it difficult to implement timely solutions to reduce or eliminate bycatch. Some of these extreme
cases may require ex sifu interventions to bridge the time-gap between when the species could become
extinct in the wild and when meaningful management actions allowing recovery are taken. The extinction
of the baiji (Turvey et al., 2007) and the catastrophic decline to the edge of extinction of the vaquita (Jara-
millo-Legorreta et al., 2019) are both examples of conservation actions being insufficient, ineffective, com-
ing too late, and of not having all the necessary tools ready for dealing with those emergencies. Integrated
conservation action plans explicitly consider from the outset all tools that may be needed to save a species
or population and to actively fill-in knowledge gaps.

The need for integrated planning for the most at-risk species and populations is especially urgent as
knowledge gaps for many small cetaceans are complex and may take decades to fill. Field biologists are
often focused on addressing questions of abundance and decline and therefore gaps relating to basic biol-
ogy and health may seem less important. The consequences are epitomized by the dilemma of the vaquita,
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where a lack of knowledge about the species’ response to capture and handling (i.e., stress response) proved
detrimental to efforts to save the species with the attempted ex situ measures.

Integrated conservation plans and the One Plan Approach

Integrated conservation plans are action plans with specific goals and deadlines, including for monitor-
ing and assessment. Those plans are developed by individuals with a variety of backgrounds and expertise,
working together to identify and evaluate needed conservation measures. This may include both in situ and
ex situ measures. If after careful consideration of all risks and available options it is determined that no
ex situ conservation measures are justified or necessary, the end-product is still considered an integrated
conservation plan.

This holistic framework for species conservation planning, known as the “One Plan Approach”, was
developed by the IUCN Species Survival Commission’s Conservation Planning Specialist Group (CPSG).
The approach seeks to engage all relevant stakeholders, consider all available resources from the start, and
combine science-based decision making to create the species or population conservation action plan (Byers
etal., 2013).

The IUCN ex situ guidelines and the full range of ex situ approaches

The IUCN Species Survival Commission “Guidelines on the Use of Ex sitru Management for Species
Conservation” (IUCN 2014) provide guidance on how to determine if, when, and how to employ ex situ
measures in a species conservation plan, the precise role(s) that ex situ measures could play, and how to
thoroughly integrate those activities into the overall conservation plan for the species.

The term in situ is typically used to describe animals living in their natural habitat. The [UCN Ex sifu
Guidelines describe ex situ as: “conditions under which individuals are spatially restricted with respect to
their natural spatial patterns or those of their progeny, are removed from many of their natural ecological
processes, and are managed on some level by humans.”

And notes that: “Ex situ management may take place either within or outside the species’ geographic
range but is in a controlled or modified environment.”

In practice, the range of ex sifu measures includes actions such as safeguarding animals in protected en-
vironments, for example in semi-natural reserves and netted or fenced enclosures, as well as the recovery,
rehabilitation, and release of stranded, bycaught or otherwise incapacitated individuals. The practice of
ex situ management also applies to other actions, such as capture and removal of animals from imminent
threats such as a disease outbreak or a climate catastrophe, drought that dries up river channels leaving
animals stranded or in fragmented groups, or a hurricane that causes animals to become beach-cast or
stranded in unsuitable habitats.

An integrated conservation action plan explicitly considers all populations of a species, whether inside or
outside of the species’ natural range, and all management options, including ex situ approaches, as potential
contributors to the successful conservation of that species or population in the wild. The social conditions
and culture of both the stakeholders and the species concerned are critical factors to be considered (e.g.,
Venter et al., 2008; Whitehead and Rendell, 2015; Brakes et al., 2019). In this way, integrated conservation
planning encourages the formation of new partnerships, increases communication, trust and understanding
among conservation practitioners and stakeholders across multiple management contexts, and expands and
enhances the range and quality of the tools available for science-based conservation action. In general,
advantages of an integrated conservation plan include:

Having in situ and ex situ experts working together to fill critical knowledge gaps.

Having field biologists and veterinarians working together to improve overall understanding of the spe-
cies and individual animal responses to various situations.
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Having social scientists and others engaging stakeholder communities in the development of an inte-
grated conservation action plan, including alternative livelihood options, thereby enhancing support for the
plan, and increasing the likelihood of success.

Ex situ measures have already been used for marine mammal populations. Notably, self-sustaining ex
situ populations of Yangtze finless porpoises (Neophocaena asiaeorientalis ssp. asiaeorientalis) have been
established in oxbow lakes contiguous with the current natural habitat of the species, as insurance popula-
tions (Wang, 2009). They also provide research and training opportunities for local and regional scientists
and are used to benefit conservation directly as well as contribute to public awareness and education. The
rescue, rehabilitation, and translocation of young Hawaiian monk seals (Neomonachus schauinslandi) that
otherwise would have died is another example of successful ex sifu conservation action (Baker et al. 2011).
In total, 32% of the Hawaiian monk seals alive in 2012 were either directly involved in survival-enhancing
interventions or are descendants of seals that had benefited from dehooking, disentanglement, removal
from high predation zones, vaccination and other medical interventions (Harting et al. 2014).

Another outcome of the ESOCC workshop was the recognition that many knowledge gaps remain for
most of the ‘at risk” species reviewed during the workshop. For example, almost every year some Indus
dolphins are trapped in irrigation canals and need to be translocated to the mainstem of the river. Provid-
ing experienced veterinary expertise to improve local skills to care for those animals while at the same
time learning about the species’ stress response has multiple benefits: directly to the in situ population in
the short term, and improved prospects for success should longer translocations to safe habitats become
necessary in the long term.

Integrated conservation planning workshops and the ICPC priority projects

ICPC and associated collaborators are directly involved in seven priority projects that were identified du-
ring the 2018 ESOCC workshop and focused workshops on the franciscana (Argentina, 2019), Yangtze fin-
less porpoise (China, 2019), tucuxi (Florida, 2022), and on applying tools, methods, and approaches from
social science disciplines to the development of integrated conservation plans (Nuremberg WS, 2022). The
projects have been advanced by ICPC members working with individual project leads and are listed below
(see Appendix 1 for points of contact, Appendix 2, and the ICPC projects webpage for further descriptions
of each project):

Yangtze finless porpoise (Neophocaena asiaeorientalis asiaeorientalis) — Initial workshop (November
2019) and continued planning for a population viability analysis

Atlantic humpback dolphin (Sousa teuszii) — Short- and medium-term priority actions to conserve the
Atlantic humpback dolphin were drafted in 2020 (Weir et al 2020), and these led to the formation of an
international consortium

Ganges & Indus river dolphin (Platanista spp.) — rescue/translocation assistance and local capacity buil-
ding

Franciscana (Pontoporia blainvillei) — Initial workshop (October 2019) and continued planning for fran-
ciscana

1. Health assessment added to catch/release/satellite-linked tagging study

2. Enhancement of stranding response and neonate, juvenile and adult rehabilitation protocols

Lahille’s bottlenose dolphin (Tursiops truncatus gephyreus) — Initial planning occurred at the francisca-
na workshop in 2019

Development of health assessment methods for stranded and incidentally captured dolphins

Enhanced methods of aging individual animals for population assessment

Tucuxi (Sotalia fluviatilis) — Initial workshop (July 2020) included a review of the distribution, move-
ments, and genetic distinctiveness of tucuxi, analysis of critical data gaps for enhancing tucuxi conser-
vation, and planning to develop a better understanding of genetically distinct populations in relation to
localized threats.
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Analysis of capture myopathy in small cetaceans - to develop a better understanding of capture myo-
pathy, which is an essential veterinary consideration for hands-on conservation work with small cetaceans.

ICPC’s goal is the eventual development of integrated conservation plans for some of the most endan-
gered small cetacean species, i.e., those with freshwater or very coastal distributions and other challenges,
prioritized by their conservation status, the imminence of catastrophic decline or extinction, and the poten-
tial for effective mitigation. As a group within the Cetacean Specialist Group, ICPC will build upon efforts
to assess the threat levels of subspecies and subpopulations and prioritize which groups are likely to benefit
most from the One Plan Approach.

Examples of integrated conservation plans

There are numerous examples of successful integrated conservation plans based on the One Plan Ap-
proach (e.g., Pramuk et al., 2013; Delphey et al., 2016; Miller, 2017; Traylor-Holzer et al., 2018) showing
how those action plans helped to prevent species extinction. Many of those plans led to the re-establishment
of wild, viable, self-sustaining populations of threatened species of mammals, birds, reptiles, amphibians,
and various flora (IUCN, 2013). It must be stressed, however, that effective use of ex situ conservation
measures requires extensive information, intensive preparation, adequate long-term funding and — crucially
— it becomes less and less likely to succeed once the wild populations have been reduced to near extinction
(Rojas-Bracho et al., 2019). As such, thorough preparatory research, outreach, and planning are required
before any decisions can be made (McGowen et al., 2016). It is for this reason that the time-consuming
process of addressing key knowledge gaps concerning a species’ biology and developing an understanding
of the risks and benefits of potential ex situ actions for an integrated conservation action plan should begin
well before the species or population in question is nearing extinction. Understanding of the risks and po-
tential benefits of appropriate ex sifu measures takes time and is best done when a small cetacean species
numbers in the thousands, or more.

Yangtze finless porpoise

During the 1990s, researchers began bringing wild Yangtze finless porpoises from the main river and
lakes into smaller oxbow lakes, which are now referred to in China as natural ex situ reserves. As the wild
population continued to decline, this subspecies was listed as Critically Endangered in the ITUCN Red List
of Threatened Species™ (Red List), and the program to establish insurance populations in these reserves
became a major component of the government’s conservation action plan (Mei et al., 2021; Wang, 2009;
Wang et al., 2015). Although not formally developed as an integrated conservation plan following IUCN
guidelines, the Chinese Government’s Action Plan for Saving the Yangtze Finless Porpoise 2016-2025
(referred to below as the YFP Action Plan) stands as a unique example of applying a conservation manage-
ment strategy for small cetaceans that integrates both in situ and ex situ conservation measures. The current
ex situ population in the Tian-e Zhou ex situ reserve is now considered to be reaching the capacity of that
reserve, and six porpoises have recently been translocated to other ex situ reserves. The potential to return
some individuals from the reserves back to the Yangtze River and adjoining lakes is also being considered.
Based on the results of a 2017 survey, the decline of the wild population in the mainstem of the river and
adjoining lakes appears to have slowed (Huang et al., 2020). Future range-wide surveys will confirm this
trend. In addition, the government banned all commercial fishing for ten-years from 2021 and is actively
working to restore the health of the Yangtze River.

An international symposium on Yangtze finless porpoise conservation and an associated workshop were
held in November 2019 at the Institute of Hydrobiology of the Chinese Academy of Sciences (IHB) in
Wuhan, China. The aims of the symposium and workshop were to (a) review the status of the Yangtze
finless porpoise, (b) provide participants with an overview of the efforts to maintain the population of wild



106 B. Taylor et al. - Integrated Conservation Planning for Cetaceans

porpoises living in the Yangtze River and the series of natural ex sifu reserves, and (c) initiate a review of
the YFP Action Plan.

Overall, the ex sifu program is impressive, with more than 130 porpoises living nearly natural lives
within four protected reserves (Mei et al., 2021). Every five years these porpoises are herded into shallow-
water areas and caught, where they can be identified from pit-tags, or if born since the last health exami-
nation, have a pit-tag inserted and a genetic sample taken to determine parentage. The first 5 animals were
introduced into the Tian-e Zhou oxbow in 1990 before the reserve was formally established in 1992. The
capture and physical examination of the porpoises in the Tian-e Zhou reserve was first conducted in 2002.
There were a few porpoise deaths during the early years of the capture program, but the methods have been
improved over the years and the risk of injury or death has been largely reduced. Further understanding
of the porpoises’ physiological response to capture and the procedures developed to mitigate fatalities
from capture myopathy and other causes, could be advantageous for advancing capture methods for other
porpoises.

Although not yet finalized, the general conclusion of the ongoing review is that the laudable goals and
strategies described in the YFP Action Plan should be augmented with additional explicit information to
support all its stated objectives. The review has already resulted in a series of recommendations for advanc-
ing the goals of the YFP Action Plan including short-, medium-, and long-term goals for operationalizing
the objectives of the Plan and provides quantitative targets for needed actions (Appendix 3). Some of the
recommendations are already being implemented in collaboration with ICPC members, including develop-
ment of a strategy to both maintain genetic diversity within the ex situ population and begin the learning
process for reintroduction into the wild population when that is deemed safe.

Concluding thoughts

With this article, we intend to provide context for the formation and objectives of the ICPC team, and
as a further step towards the development of improved coordination and collaboration between various
stakeholders with the aim of protecting small cetaceans. The adoption of Motion 079 at the last IUCN
Congress represents an important milestone by highlighting the potential role of zoos and aquariums in the
ICPC framework. Combined with a declaration of commitment by zoos and aquariums to both in sifu and
ex situ conservation, this motion provides the basis for their work in species conservation. It is therefore
important that the technical groups of the IUCN Species Survival Commission and the zoo and aquarium
associations (WAZA, EAZA, AZA to name just a few) strive to establish or strengthen relationships. This
is exemplified by IUCN’s “Reverse the Red” campaign, in which zoos play an important role by supporting
efforts to protect endangered species and their habitats. Zoos and aquariums can host and support both
ex-situ and in-situ research and provide technical expertise to better understand the biology and threats to
dolphin and porpoises. In addition, zoos and aquariums have the potential to increase public engagement,
stewardship, and importantly, raise funds for the conservation of species and populations in the wild. Co-
operation and collaboration between industry peers and non-governmental organizations will harmonize
efforts, improve the chances of success and avoid unnecessary duplication. The coming decades will be
crucial for many small cetaceans, and it will take the efforts of many dedicated people from a wide range
of sectors to prevent further extinctions.

Zusammenfassung

Die Arbeitsgruppe Integrierte Erhaltungsplanung fiir Wale und Delfine (ICPC), eine Untergruppe der
Wal- und Delfin-Spezialistengruppe der IUCN SSC, wurde als Reaktion auf die dramatische Situation ei-



B. Taylor et al. - Integrated Conservation Planning for Cetaceans 107

ner wachsenden Zahl gefihrdeter Fluss- und Kiistendelfinarten und -populationen gegriindet. Das Ausster-
ben des Baiji und der katastrophale Riickgang der Vaquita-Populationen bis an den Rand des Aussterbens
sind beides Beispiele dafiir, dass SchutzmaBinahmen zu spit ergriffen wurden und nicht alle notwendigen
Instrumente zur Verfiigung standen, um diese Notfille zu bewiltigen. Integrierte Erhaltungsaktionspline
schliefen aktiv Wissensliicken und beriicksichtigen ausdriicklich alle Instrumente, die zur Rettung einer
Art oder Population erforderlich sein konnten.
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Appendix 1. Contact details for ICPC and related projects
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Southwest Fisheries Science Center, NMES, NOAA
8901 La Jolla Shores Drive

La Jolla, CA 92037 USA
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Seattle Aquarium

1483 Alaskan Way, Pier 59
Seattle, WA 98101-2051 USA
g.abel @seattleaquarium.org

TUCN SSC Cetacean specialist group chair
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Okapi Wildlife Associates

27 Chandler, Hudson, Quebec JOP 1HO, Canada
rrreeves @okapis.ca
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Philip S. Miller
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12101 Johnny Cake Ridge Road Apple Valley
Minneapolis, MN, USA 55124-8151
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California Academy of Sciences
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Atlantic humpback dolphin
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Wildlife Conservation Society
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Gianna Minton
Megaptera Marine Conservation
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Yangtze finless porpoise
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Indus and Ganges River dolphins
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Appendix 2. Short descriptions of current ICPC-related initiatives
Atlantic humpback dolphins (Sousa teuszii) - Conservation Action Plan Project

With fewer than 3000 individuals estimated to remain throughout the species’ entire range along the
Atlantic coast of Africa, international conservation organizations, including the International Union for
the Conservation of Nature (IUCN), the Convention on Migratory Species (CMS) and the International
Whaling Commission (IWC) have expressed grave concerns about the species’ future. Restricted to shal-
low-water habitats that overlap with human activities, including fishing and coastal development, Atlantic
humpback dolphins are thought to be in decline throughout their range. In 2020 scientists involved with
the ICPC, as well as the IWC and CMS collaborated to form the Consortium for the Conservation of
the Atlantic Humpback Dolphin (CCAHD). This consortium now involves over 90 partners, including an
increasing number of scientists and conservation organizations from 15 of the 19 AHD range states, who
collaborate to undertake fund-raising and implementation of research and conservation projects. For more
information see https://www.sousateuszii.org/, and the CCAHD’s recent report on conservation priorities
for the species.

Indus (Platanista minor) and Ganges River dolphins (Platanista gangetica) -
Capacity Building Project

The entrapment of Indus and Ganges dolphins in irrigation canals is a regular conservation challenge in
Pakistan and India, requiring annual translocation of dolphins from the canals back to the mainstream river.
While rescue operations for canal-entrapped dolphins occur, they lack scientific data collection, formal
veterinary assessments, and trained personnel, resulting in individual animal loss and lack of data acquisi-
tion. Current resource gaps limit the scope of the ongoing rescue efforts, as well as the ability to fill critical
species-specific data gaps needed to help conserve these poorly known species. The National Marine Mam-
mal Foundation and St. Andrews University have formed collaborations with the organizations currently
overseeing local rescue operations, WWF Pakistan and Turtle Survival Alliance India. The aim of these
new alliances is to build urgently needed infrastructure through the training of local first responders and
the organization of data collection in order to improve long-term conservation efforts. Funding is currently
being sought in support of these developing projects.

Franciscana dolphins (Pontoporia blainvillei) - Tagging and Health Assessment
Project

Plans are in place for a project off the coast of Argentina in October 2023, to catch, tag, and release
up to four franciscanas to learn about movement patterns relative to coastal fisheries, extending research
conducted since 2005 in Argentina and Brazil (Wells et al. 2022). The project, sponsored by Disney Con-
servation Funds and conducted by the Chicago Zoological Society’s Sarasota Dolphin Research Program
and AquaMarina, will attempt to deploy satellite-linked tags in a region of coastal artisanal fishery activity.
During the process of handling for tagging, efforts will be made to carefully incorporate health assessment
protocols by experienced veterinarians from AquaMarina, the National Marine Mammal Foundation, and
Disney, and document responses.

Franciscana dolphins (Pontoporia blainvillei) - Neonate Rehabilitation Project

The franciscana dolphin is distributed along shallow coastal waters and estuaries in Brazil, Uruguay,
and Argentina, increasing their vulnerability to anthropogenic activities, mainly gillnet entanglement. Due
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to high bycatch rates, the species is considered the most endangered dolphin in the South Atlantic Ocean.
Live stranded franciscana dolphins require rapid response, especially neonates that typically die within
hours of stranding. To date, rehabilitation success of orphaned neonates is minimal and there is a critical
need for enhancement of current conventions. To answer this urgent call, Yaqu Pacha (YP), the National
Marine Mammal Foundation (NMMF), and Zoo Nuremberg (ZN) formed a consortium with local and
international experts to improve existing rehabilitation protocols for franciscana dolphins. A neonate proto-
col has been completed and is being translated into multiple languages. Improvement of adult franciscana
procedures and the development of mobile animal care units are also underway. This collaborative project
aims to: (1) increase individual animal survival and subsequent release, (2) aid in the acquisition of critical
species-specific data, (3) expand the body of knowledge on species biology and medicine, and (4) inform
future conservation actions. The project is currently supported with funds from YP, the NMMF Board
of Directors Grants Program, and ZN. Additional funding is being sought for international training and
capacity building.

Lahille’s bottlenose dolphins (Tursiops truncatus gephyreus) - Understanding
Knowledge Gaps Project

The Lahille’s bottlenose dolphin (7g) occurs only in southern Brazil, Uruguay, and Argentina. Abun-
dance estimates suggest a maximum total population size of 600 dolphins, with an estimated 360 mature
individuals. Tg are listed as vulnerable on the [UCN Red List and endangered on the respective National
Red Lists of Brazil and Argentina. Improved knowledge of age structure, population demographics, and
health status could provide further basis for classification and protections. The National Marine Mammal
Foundation (NMMF) and Universidade Federal do Rio Grande (FURG) are developing a skin-based, epi-
genetic aging technique to estimate the age of Tg. Establishing an epigenetic aging technique will directly
address IWC health assessment priorities by creating a foundation to establish population demographics
and age-related context for individual health status of Tg. The project builds on the emerging epigenetic
aging techniques developed for common bottlenose dolphins. The research team aims to apply this tech-
nique to Tg and establish the ages of previously sampled animals through population surveys conducted
by FURG. If successful, this project will help fill critical data gaps regarding population demographics.
Additionally, the resulting technique and data will provide a foundation on which to study biological aging
of Tg. Research is underway with funds from the NMMF Board of Directors Grants Program. Additional
funds are being sought for data analysis, interpretation, and international capacity building.

Capture myopathy analysis - Understanding Knowledge Gaps Project

NOAA’s Marine Mammal Health & Stranding Response Program held a virtual capture myopathy work-
shop in February 2021, co-chaired by the University of California at Davis, in collaboration with the
Smithsonian Institute, University of Illinois, and National Marine Mammal Foundation. The primary goal
was to develop a better understanding of capture myopathy, which is an essential veterinary consideration
for hands-on conservation work with small cetaceans. The workshop brought together marine mammal and
terrestrial wildlife veterinarians and biologists to discuss risk factors, diagnostic techniques, treatment op-
tions, and prevention strategies for capture myopathy. Spin-off projects currently being discussed include
the development of field-ready diagnostics and prognostic indicators for small cetaceans, as well as the
continued collaboration needed to advance these tools and techniques.

Tucuxi - Elucidating Population Structure from Environmental DNA (eDNA) Analysis

Tucuxi (Sotalia fluviatilis) is an endemic freshwater dolphin species inhabiting the Amazon basin. Tucu-
xi are found throughout the Amazon, occurring in all types of water, but there are no estimates of popula-
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tion size for most parts of the tucuxi’s range. In some areas observed rates of declines are consistent with
a ‘critically endangered’ status. Threats include accidental entanglement in fishing nets, habitat fragmenta-
tion due to dam building and associated decreases in food supply, and the effects of pollutants and conti-
nued habitat destruction. Genetic evidence suggests two distinct subpopulations of Sotalia fluviatilis: one
in the upper Amazon of Colombia and Peru and the other in the middle and lower Amazon in Brazil, while
the genetic distinctiveness of the isolated Ecuador subpopulation still needs to be evaluated. Researchers
studying the distribution, movements, and genetic distinctiveness of tucuxi in Colombia and Ecuador are
now using eDNA analysis to develop a better understanding of population differences in relation to local-
ized threats across their range.
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Measuring Hearing in Odontocete Cetaceans

Messung des Horvermogens bei Zahnwalen
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Abstract

The initial measurements of odontocete hearing were obtained using captive trained animals
and established psychophysical procedures that revealed very sensitive hearing at very high
frequencies. However, these procedures tend to take a long time and require dedicated animals.
New procedures using brain wave auditory evoked potential measurements in response to sound
allowed for faster hearing tests and quick measurement of the hearing of untrained animals,
including animals that stranded on beaches. As a result, knowledge of hearing in odontocetes
rapidly expanded. The development of new procedures continued, including the possible inclu-
sion of hearing measurements gathered via startle responses and via Evoked Auditory Potentials
gathered from free-swimming wild animals with temporary tags attached with suction cups. Un-
derstanding hearing in marine mammals remains a priority to ensure that proper management
decisions are made to minimize the impact of man-made underwater noise on these species

Keywords: Hearing, dolphins, whales, AEP

C. Scott Johnson’s (1966) measurement of the original audiogram of the bottlenose dolphin
(Tursiops truncatus, Montague) was the first true measurement of hearing in a whale or dolphin.
However, it took over two years to complete, and he used young trained animals and developed
the psychophysical method and training as he went along. The animals were trained in the la-
boratory with the help of professional animal trainers who learned their craft based on the prin-
ciples devised with pigeons by B.F. Skinner and techniques used by dolphin trainers in ocean-
aria. Johnson’s techniques were logical and produced outstanding data, demonstrating very high
frequency underwater hearing with relatively good detection of sounds with frequencies up to
150 kHz. The techniques that Johnson developed became the ‘gold standard’ for measuring ma-

*Corresp. author:
E-Mail: nachtiga@hawaii.edu (Paul E. Nachtigall)



114 P.E. Nachtigall & A. Pacini - Measuring Hearing in Odontocete Cetaceans

rine mammal hearing. If one followed his methods, a researcher was assured of administering
accurate hearing tests. Most psychophysical behavioral tests of hearing have taken a long time
to complete, but true measures of hearing, which require an animal to report the presence and
absence of sound, require that the animal be trained. Once a baseline for a species is established
with multiple animals, Auditory Evoked Potential (AEP) measures, which are much quicker,
can be used to measure the hearing of individuals (Yuen et al., 2005). AEP measurements of
hearing are not based on the animal’s reports of experiencing sound, but on measurements of
brainwave patterns produced in response to sound. Suction cups containing passive electrode
sensors are normally placed on the whale or dolphin’s skin (see Fig. 1). Typically, sounds to
be measured are presented in patterns that are replicated in the brain so that they can be easily
distinguished. This hearing measurement technique is now used for most human babies born in
hospitals during their first couple of days of life. The technique applied to whales and dolphins
was developed within the laboratory and in marine zoological parks. Animal hearing had to be
tested using both behavioral psychophysical and evoked auditory potential testing procedures,

Fig. 1: Suction cups containing surface electrodes attached to a beached cetacean. Photo:
Marine Mammal Research Program, University of Hawaii

Establishing a baseline for a species requires measuring the hearing of multiple animals within
that species. If the hearing of only one individual is tested, the resulting audiogram should be in-
terpreted with caution as hearing abilities can vary among individuals of the same species. The
initial hearing measurements published by Hall & Johnson (1972) for killer whales (Orcinus
orca) were very different from those of bottlenose dolphins, not due to a species difference, but
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due to intraspecific variations. The early studies showed an upper frequency cutoff at 30 kHz,
which was much lower than the 150 kHz frequency cutoff measured by Johnson for bottlenose
dolphins (Tursiops truncatus). Because of the amount of time required for behavioral tests and
the scarcity of available subjects, the 30 kHz upper frequency cutoff for O. orca remained the
only representative data for this species for over 25 years. However, when Szymanski et al.
(1999) tested the hearing of two killer whales at the Marine World Park in California, they found
that the high-frequency hearing cutoff was closer to 100 kHz, which more closely resembles the
higher thresholds found in other odontocete cetaceans. These thresholds were further confirm-
ed with ,,gold standard* psychophysical behavioral measures conducted by Branstetter et al.
(2017) on eight different killer whales from two different marine parks within the last five years.

The development of rapid hearing testing procedures and their validation with psychophysi-
cal behavioral measures has provided valuable scientific information about dolphin and small
whale hearing. It has also laid the foundation for evaluating the effects of loud sounds on ceta-
ceans and for conserving groups and individual animals exposed to excessive anthropogenic
noise. Early measures of auditory brain responses primarily relied on responses to clicks and
showed promise for measuring audiograms but were not refined for precise hearing measure-
ments to specific frequencies (Bullock & Ridgway, 1972; Ridgway et al., 1981). Shortly after
the development of the Auditory Evoked Potential envelope following response procedure for
measuring cetacean hearing (Supin & Popov, 1995; Dolphin et al., 1995), conservationists and
animal welfare advocates began seeking ways to rapidly assess cetacean hearing.

When a group of Risso‘s dolphins (Grampus griseus) stranded on a beach in Southern Portugal,

Fig. 2: Stranded neonate Risso’s dolphin (Grampus griseus) at Mundo Aquatico Rehabilitation
Facility of ZooMarine in Guia. Photo: Marine Mammal Research Program, University of Hawaii
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aneonate G. griseus, so young that it still had fetal fold creases visible on its side, was rescued and
taken to the rehabilitation facility at the ZooMarine marine park in Guia, Albufeira, Portugal (see
Fig. 2). During the rehabilitation, the staff and veterinarians observed that the animal had difficulty
maintaining horizontal stability and suspected that the ears and vestibular system (responsible
for balance) may have been damaged by overexposure to anthropogenic noise. A behavioral psy-
chophysical audiogram had been previously measured for one adult G. griseus (Nachtigall, Au,
Pawloski & Moore, 1995). The management at ZooMarine Park in Portugal ‘s Algarve requested
that the hearing of the stranded calf be quickly tested. The stranded infant‘s hearing was tested at
night when veterinarians were not administering medical care. The data showed (Nachtigall, Yuen,
Mooney & Taylor, 2005) that compared to the audiogram obtained using behavioral methods for
the older Risso‘s dolphin, the hearing threshold values at upper frequencies were much lower (i.e.,
better sensitivity) for this neonate animal. This means that this neonate whale heard well at much
higher frequencies. The results redefined hearing sensitivity for the G. griseus species, with peak
sensitivity near 100 kHz and the ability to hear sounds above 150 kHz. The experiment also de-
monstrated that, like human infants in hospitals, infant cetacean hearing could be rapidly assessed
for diagnostic purposes and assistance in medical care.

The method of rapidly testing hearing through AEP analysis, which was developed within the
laboratory and then used as a diagnostic tool during the rehabilitation of animals, has other distinct
values. It can quickly test hearing during temporary threshold shift (TTS) experiments and analyze
the hearing of dolphins and small whales that have recently stranded on the beach. Cetacean stran-
ding has been demonstrated to be caused by overexposure to anthropogenic noise (Frantzis, 1998;
Evans & England, 2001), and determining regulatory sound limits is crucial. Sound limits for hu-
mans have been established by the determination of TTS, which determines sound levels that tem-
porarily reduce hearing or cause an upward shift in hearing threshold. Similar levels were sought
for cetaceans (Nachtigall et al., 2003; Weilgart, 2007), but reliable TTS measurements could not
be obtained without quick measures of hearing. AEP provide quick hearing measurements (Nach-
tigall et al., 2004), allowing regulatory levels to be established to protect wild animals from over-
exposure to noise and potential subsequent stranding (National Marine Fisheries Service, 2018).

New and faster behavioral methods were developed by scientists at the Navy Lab in San Diego
to measure the recovery of hearing in TTS experiments by training dolphins and beluga whales to
whistle immediately when they hear a sound (Schlundt et al., 2000). Although this training proce-
dure works well for threshold shift experiments (Finneran, 2015), the behavioral training method
still requires that the animal is adapted to an enclosed environment and receives extensive training
(Schlundt et al., 2000), limiting the number of animals that can be tested. On the other hand, AEP
measurements of cetacean hearing are less time-consuming and can be conducted without adaptation
or any animal training (Supin et al., 2001; Houser & Finneran, 2006; Andre & Nachtigall, 2007).
While true hearing tests still rely on behavioral measures of animal reports of hearing, AEP measures
can be used in various situations where animals are available for only short periods of time.

Because AEP hearing tests can be done quickly and are part of the veterinary diagnostic
routine for stranded animals, their use has allowed for much-needed expansion of the study of
hearing in small whales and dolphins. They can now measure the hearing of interesting deep-
diving small whales that are rarely held in research facilities or animal display facilities and
have stranded on beaches (Pacini et al., 2010). At times this may require taking the animal back
to an animal care facility for rehabilitation, but hearing tests can also be conducted right on the
beach. AEP hearing tests enable addressing difficult conservation questions and concerns.

Beaked whales (Mesoplodon densirostris) are a group of highly elusive small whales that are
capable of diving to depths exceeding 3000 meters and holding their breath for close to four
hours (Quick et al., 2020). They gained notoriety following an infamous mass stranding in the
Bahamas (Evans & England, 2001) that was believed to have been caused by U.S. Navy acti-
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vities. This incident spurred a strong interest in understanding the hearing abilities of beaked
whales. During the rehabilitation of a wild young Blainville‘s beaked whale that had stranded
off the coast of Maui, Hawaii, its hearing was tested, revealing exceptional hearing sensitivity
between 40 and 80 kHz (Pacini et al., 2011), the frequency range where its primary echolocation
click energy is found. Interestingly, the whale also appeared to hear signals above 100 kHz (see
Figure 3), indicating a broader hearing range than previously thought.

Auditory testing was not limited to stranded wild animals. New possibilities emerged to
answer lingering questions, including the high-frequency hearing capabilities of white-beaked
dolphins (Lagenorhynchus albirostris). In a study by Mitson (1990), white-beaked dolphins*
echolocation signals were recorded while they were feeding on sand-eels and responding to
high-frequency sonars. Mitson reported echolocation click energy with frequencies as high as
305 kHz, well above the typical upper hearing frequency limit for odontocetes of about 150
kHz. However, the question of whether white-beaked dolphins could hear frequencies over
300 kHz remained unanswered. These dolphins are often observed off the coast of Iceland
during the summer months, and for several decades, temporary dolphin captures have been
taking place for scientific purposes off Tampa Bay, Florida, on an annual basis to monitor
a population of bottlenose dolphins. Therefore, it did not seem too much of a reach to at-
tempt to temporarily capture a white-beaked dolphin, place it onboard a boat in a water-filled
foam-lined box for a short period of time, and examine its hearing (see Figure 4). A group
organized around Lee Miller‘s lab at the University of Southern Denmark (Nachtigall et al.,
2008) accomplished this effort with two white-beaked dolphins. While the animals did not
hear over 300 kHz, the dolphins did hear as well as harbor porpoises up to near 180 kHz, and
the technique to catch and release and to measure hearing was demonstrated to be viable. Al-
though the effort worked very well for the white-beaked dolphins, a similar attempt organized
by the same group to catch the larger mysticete minke whale (Balaenoptera acutorostrata)

Fig. 3: Beaked whale (Mesoplodon densirostris) in a rehabilitation facility. Photo: Aude Pacini
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Fig. 4: Testing the hearing of the white-beaked dolphin (Lagenorhynchus albirostris) temporarily
held aboard ship. Photo: Marine Mammal Research Program, University of Hawaii
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was unsuccessful. Unfortunately, no behavioral or evoked potential measures of hearing of
mysticete whales are currently available. It is generally believed that the smaller toothed
dolphins and whales, the odontocetes, evolved high-frequency hearing and that odontocetes
have excelled in echolocation, while the mysticetes have not taken the same evolutionary
path. High-frequency directional echolocation type signals are not usually recorded from the
larger mysticete whales, while every odontocete recorded has shown echolocation-type sig-
nals (Surlykke et al., 2014). Most mysticete vocalizations are of lower frequency compared
to those of odontocetes. Measuring hearing at low frequencies using AEP is generally more
difficult than measuring high-frequency hearing.

New techniques for measuring hearing are under development so that the basic hearing of
healthy wild animals can be tested in the future. Developing these techniques requires access
to animals in marine parks and research facilities that have established audiograms. Detectable
startle responses to sounds as unexpectedly quiet as 140 dB re 1 (uPa) have been observed in
false killer whales (Pseudorca crassidens), and startle responses tend to stay at a relatively set
level above threshold for mammals (Koch and Schnitzler, 1997). If that is true with cetaceans,
then one could obtain thresholds across the auditory spectrum and subtract the set amount
to estimate an audiogram. This would be particularly helpful in attempting to estimate the
thresholds of large mysticete whales.

Auditory evoked potential measures typically require non-invasive suction cup electrodes to
record the small electrical signals from the brain, with wires connected to the recording and
processing equipment. So far, animals in human care, recently captured prior to release, or
stranded have been the primary sources for new species audiograms. Archival tags attached to
wild animals have been used effectively to obtain a great deal of interesting data on the acous-
tics and behavior of wild animals. The tags attach temporarily to the animals via suction cups
and are recovered later. The initial data processing and data storage occur directly on the tag,
without the need for wires. Smith et al. (2021) have developed a new tag that can be attached to
free-swimming harbor porpoises. Evoked potential responses of sounds presented to the animal
were recorded on the attached tag, allowing a ,,wireless* measure of acoustic thresholds. If this
exciting new procedure continues to develop, and the tags can be placed on wild free-swimming
animals, the audiograms of many animals, including new species, can be measured. If new tech-
niques for measuring low-frequency hearing are also developed, the hearing of large mysticete
whales can finally be measured.

Zusammenfassung

Die ersten Messungen des Gehorsinns von Zahnwalen wurden mit in Menschenobhut trainierten
Tieren und etablierten psychophysikalischen Verfahren durchgefiihrt, die ein sehr empfindliches
Gehor bei sehr hohen Frequenzen zeigten. Diese Verfahren sind jedoch in der Regel sehr zeitauf-
windig und erfordern speziell trainierte Tiere. Neue Verfahren, bei denen das auditorisch evozierte
Potenzial des Gehirns als Reaktion auf Gerdusche gemessen wird, ermdoglichten schnellere Hor-
tests und eine rasche Messung des Gehors von untrainierten Tieren, auch von gestrandeten Tieren.
Infolgedessen erweiterte sich das Wissen iiber das Horvermogen von Zahnwalen rasch. Die Ent-
wicklung neuer Verfahren wurde fortgesetzt, einschlieBlich der moglichen Einbeziehung von Hor-
messungen, die tiber Schreckreaktionen und iiber evozierte Horpotentiale von freischwimmenden
Wildtieren mit temporéren, mit Saugnépfen befestigten Markierungen durchgefiihrt wurden. Das
Verstehen des Horens von Meeressidugetieren hat nach wie vor Prioritédt, um sicherzustellen, dass
geeignete Managemententscheidungen getroffen werden, um die Auswirkungen des vom Men-
schen verursachten Unterwasserldrms auf diese Arten zu minimieren.
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Abstract

Marine mammal veterinarians play an important role in the conservation of small cetaceans,
specifically with regard to the application of their unique expertise to wild animal health as-
sessments and the continual advancement of medical tools, techniques, and approaches to ce-
tacean care. The US Navy Marine Mammal Program (Navy) has cared for common bottlenose
dolphins (Tursiops truncatus) for over 60 years and has established a comprehensive clinical
practice aimed at providing the best possible care to Navy animals, per US Secretary of the
Navy instruction. To date, the Navy has contributed more than 1200 publications to marine
mammal science, ranging from discoveries in physiology, acoustics, and anatomy, to advanced
diagnostic techniques for marine mammal healthcare. This knowledge has been directly applied
to the conservation of at-risk, threatened, and endangered small cetaceans, especially dolphins.
Three case studies demonstrate the translation of Navy medicine to conservation medicine, to
include: (1) conducting diagnostic ultrasound evaluations of wild dolphins following the Deep-
water Horizon oil spill; (2) predicting health impacts of freshwater exposure on wild dolphins;
and (3) developing minimally-invasive aging techniques for dolphins. The case examples are
relevant to all veterinarians caring for and/or evaluating the health of small cetaceans in zoo-
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logical settings, marine mammals rehabilitation centers, or in the wild. The aquatic mammal
medical community must continue to find opportunities to translate managed animal medicine
and care into conservation medicine, integrating our veterinary knowledge into conservation
action plans for at-risk cetaceans and species recovery.

Keywords: dolphin, veterinary, medicine, conservation, cetaceans

Introduction

The US Navy Marine Mammal Program (Navy) has cared for common bottlenose dolphins (7ur-
siops truncatus) for more than 60 years (NIWC Pacific, 2023). Navy dolphins spend a portion of
their time swimming freely in the open ocean as part of operational training plans and in support of
the animals’ health and welfare. When the animals are not at sea, they are cared for in open ocean
enclosures, which are located in bays, sounds, and estuaries co-inhabited by local marine life. The
US Secretary of the Navy dictates that Navy marine mammals are provided the highest quality of
humane care and treatment (SECNAV INSTRUCTION 3900.41H, 2018). Caring for the animals in
this way has allowed veterinarians, animal care experts, and biologists to continuously monitor their
health and behavior in a controlled, natural environment that closely mimics the living conditions of
their wild counterparts (Houser, Finneran, & Ridgway, 2010; Smith et al., 2012; Smith et al., 2013a;
Venn-Watson, Jensen, Smith, Xitco, & Ridgway, 2015; Linnehan et al., 2020; Ivancic et al., 2020).
The high quality care provided in an ocean environment has resulted in long average lifespans, with
Navy dolphins living an average of 32.5 years (Venn-Watson et al., 2015).

The Navy is a leader in marine mammal science and medicine, contributing more than 1200
publications to the scientific literature, ranging from discoveries regarding basic physiologic,
acoustic, and anatomic adaptations to the ocean environment, to advanced diagnostic techniques
for marine mammal healthcare (Department of the Navy, 1998; Ridgway, 2008; Houser et al.,
2010; NIWC Pacific, 2023). Since 2007, the National Marine Mammal Foundation (NMMF)
has provided medical, training, and research support to the Navy. To date, the NMMF has added
350 publications to the marine mammal peer-reviewed literature, many of which involve Navy
animals (NMMEF, 2023). Much of the knowledge gained can be directly applied to the conser-
vation of at-risk small cetaceans. This has led to a rich history of translating Navy medicine
into conservation tools, techniques, and strategies for wild marine mammals, facilitated through
partnerships with nonprofit organizations, government agencies, expert consultants, private
institutions, and universities (Houser et al., 2010; NIWC Pacific, 2023; NMMF, 2023).

Over the years, direct applications have included conservation planning for endangered ceta-
ceans such as the Yangtze river dolphin (Lipotes vexillifer) in China (Ridgway, Norris, & Cor-
nell, 1998) and the vaquita porpoise (Phocoena sinus) in Mexico (Rojas-Bracho et al., 2019);
medical database development for the Southern Resident killer whale (Orcinus orca) in the US
Pacific Northwest (Lutmerding et al., 2019); advancement of diagnostic techniques for appli-
cation to field assessments of small cetaceans (Smith et al., 2013a; Wells et al., 2014; Ivanci¢
et al., 2020; Linnehan et al., 2020; Barratclough et al., 2021a); health assessments of at-risk
cetaceans including those impacted by the Deepwater Horizon (DWH) oil spill in the northern
Gulf of Mexico (Schwacke et al., 2014; Smith et al., 2017; Barratclough et al., 2019a; Linnehan
etal., 2021; Smith et al., 2022); and the development of minimally-invasive aging techniques to
inform population assessments of marine mammals (Barratclough et al., 2019b; Barratclough
et al., 2021b; Barratclough et al., 2023). Through improvements in care provided to the Navy’s
marine mammals, we are developing and applying tools, techniques, and knowledge gained to
the conservation of at-risk marine mammals.
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To demonstrate the translation of Navy dolphin medicine to conservation medicine, we will
review the following three case examples where Navy medical knowledge was applied to wild
cetacean conservation efforts: (1) conducting diagnostic ultrasound evaluations of wild dolphins
following the DWH oil spill; (2) predicting health impacts of freshwater exposure on dolphins;
and (3) developing minimally-invasive aging techniques for dolphins.

Case One: Applying Diagnostic Ultrasound Techniques to Wild
Dolphin Health Assessments Following the Deepwater Horizon QOil
Spill

The DWH oil spill resulted in large-scale contamination of bays, sounds, and estuaries in the
northern Gulf of Mexico (Michel et al., 2013). More than 1000 miles of shoreline were oiled
along the US Gulf Coast from Texas to Florida (ERMA, 2015). NOAA conducted a Natural
Resource Damage Assessment (NRDA) to determine the potential adverse health effects of the
oil spill and associated contaminants on wildlife (DWH NRDA Trustees, 2016). Catch-and-
release health assessments of wild dolphins were performed in Barataria Bay, Louisiana, and
Mississippi Sound, MS, which were heavily impacted by the oil spill (Schwacke et al., 2014;
Smith et al., 2017). Marine mammal veterinarians from diverse backgrounds were called upon
to apply their collective expertise to the damage assessment. More than 150 live bottlenose
dolphins were examined during the catch-and-release health assessments from 2011 to 2014.
These comprehensive medical exams utilized numerous diagnostic tools and techniques
developed with marine mammals in human care, summarized in Schwacke et al. (2014) and
Smith et al. (2017).

Diagnostic ultrasound was an essential tool used in the wild dolphin medical exams, pro-
viding a rapid and data-rich evaluation of internal organ health. Full body ultrasounds were
conducted by experienced sonographers (CRS, FMG, & JMM) either in water, out of the
water, or a combination of both, on all dolphins stable enough for the procedure (Fig. 1).
Portable, rugged ultrasound units outfitted with heads-up displays were utilized in the field,
based on proven use with Navy dolphins and other managed marine mammals in various
ocean environments (Fig. 2). Ultrasound protocols developed for and validated with Navy
dolphins were employed in the field, including evaluation of lungs, marginal lymph nodes,
kidneys, liver, pancreas, and when applicable, fetal health (Venn-Watson, Smith, Johnson,
Daniels, & Townsend, 2010; Smith et al., 2012; Smith et al., 2013a; Smith et al., 2013b; Seitz,
Smith, Marks, Venn-Watson & Ivanci¢, 2016; Martony et al., 2017; Ivanci¢ et al., 2020). Ad-
ditional protocols developed by aquarium and zoologic institutions were utilized to evaluate
the dolphin gastrointestinal system, ovaries, testes, and fetal growth (Williamson et al., 1990;
Robeck et al., 1998; Brook et al., 2000; Brook, 2001; Lacave et al., 2004; Robeck et al.,
2005; Yuen et al., 2009; Fiorucci et al., 2015; Saviano et al., 2020). Decades of sonographer
experience with dolphins in human care were applied to the determination of normal versus
abnormal organ health.

Pulmonary ultrasound evaluation proved to be particularly important in this case, aiding in
the documentation of an increased prevalence of moderate to severe lung disease in dolphins
living within the oil spill footprint (Barataria Bay, LA, and Mississippi Sound, MS) versus
those living in an unoiled bay (Sarasota Bay, FL) (Schwacke et al., 2014). Although there
was some evidence that pulmonary health was slightly improving four years after the spill
(Smith et al., 2017), ultrasound examinations performed in 2017 and 2018 showed persistent
and even worsening pulmonary disease in oil-impacted dolphins (Smith et al., 2022). Based
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Fig. 1: A diagnostic ultrasound exam of a wild
dolphin during NOAA’s DWH oil spill investiga-
tion performed by an experienced sonographer
(CRS). The animal was placed into a stretcher
and then transferred to the deck of a vessel for
examination. The sonographer used a portable
ultrasound unit outfitted with heads-up-display
goggles and wore a dark visor to block out the
sun, allowing for better visualization of the pro-
jected image. The animal was monitored by ve-
terinary and animal care staff, and a portable
ECG unit outfitted with ‘sticky’ leads was used
to monitor the heart rate. (Photo: NOAA, Permit
#932-1905/MA-009526)
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Fig. 2: A routine diagnostic ultrasound pro-
cedure with a Navy dolphin performed by
an experienced sonographer (FMG). A port-
able ultrasound unit was utilized, outfitted with
heads-up-display goggles. The animal volun-
tarily slid into an animal transporter and was
carefully transferred to the deck for examination.
She was continuously monitored by veterinary
and animal care staff, and her heart rate was
monitored with a portable ECG unit outfitted
with suction cup electrodes. (Photo: US Navy)

on the comprehensive health data available for these dolphins, chronic pulmonary disease
was likely a significant factor in the overall poor health of dolphins living within the DWH
oil spill footprint, defined in Schwacke et al. (2022). As determined by diagnostic ultrasound,
dolphins born after the DWH oil spill did not have an elevated prevalence of pulmonary dis-
ease. Additional catch-and-release studies are needed to determine if the prevalence of lung
disease in dolphins born after the spill remains low, and if dolphins alive during the DWH
spill event show evidence of improvement, stabilization, or further degradation over time
(Schwacke et al., 2023).
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In addition to lung disease, veterinarians utilized other diagnostic tests to diagnose numerous
adverse health effects in live dolphins impacted by the DWH oil spill, which included an im-
paired stress response, altered immune response, poor body condition, and increased mortality
rates (Schwacke et al., 2014; DWH NRDA Trustees, 2016; Smith et al., 2017; Takeshita et
al., 2017; de Guise et al., 2021). At the conclusion of NOAA’s damage assessment, questions
remained regarding the long-term impacts of oil exposure. For example, dolphins living within
the oil spill footprint were experiencing high rates of reproductive failure, but the underlying
etiology was unknown. Additionally, there were concerns regarding the potential for an emerg-
ing cardiac issue in dolphins, which had been documented in fish, birds, and humans impacted
by the oil spill (reviewed in Takeshita et al, 2021a).

In order to better understand the reproductive and cardiac health effects in wild dolphins, we
needed more advanced ultrasound techniques. We carefully examined our Navy medicine needs
and looked for overlap and intersections between what would benefit Navy dolphins and wild
dolphins. As a result, we began work with Navy dolphins to refine procedures for reproductive
ultrasound and echocardiography, and then applied the advanced reproductive and cardiac
health techniques to wild dolphins impacted by the oil spill. This led to novel protocols, based
on human fetal ultrasound techniques, that allowed for the rapid assessment of fetal, placental,
and maternal health in pregnant Barataria Bay dolphins (Ivancic¢ et al., 2020), as well as the
ability to comprehensively evaluate the health of adult dolphin hearts (Linnehan et al., 2020;
Linnehan et al., 2021). At the conclusion of the study, we had diagnosed placental dysfunction
in the majority of Barataria Bay dolphin pregnancies, and we detected cardiac anomalies in
several of the adult dolphins living within the oil spill footprint. Overall, the Navy dolphin
medical program allowed for the advancement of diagnostic imaging techniques to improve
Navy animal care, the care of other dolphins in human care, and the rapid assessment of at-risk
dolphins in the wild.

Case Two: Predicting Health Impacts of Freshwater Exposure on
Wild Dolphins

In the aftermath of the DWH oil spill disaster, a major restoration project has been planned
for Barataria Bay, Louisiana, called the Mid-Barataria Sediment Diversion (MBSD) project
(Louisiana Deepwater Horizon Trustee Implementation Group, 2021; U.S. Army Corps of
Engineers, 2023). The MBSD project is meant to partially restore marsh in the Barataria basin
and reduce land loss along the barrier islands. Central to the plan is the controlled diversion of
the Mississippi River into Barataria Bay, which would carry nutrients and sediment into the basin
to help rebuild wetlands. According to the US Army Corp of Engineers’ Final Environmental
Impact Statement (2023), the MBSD project would create a maximum of 27 square miles of
land build in the mid-Barataria Basin by 2050. In the process, the salinity of the bay would be
intermittently and substantially reduced, which could cause significant harm to Barataria Bay
dolphins. These dolphins have demonstrated strong site fidelity and are unlikely to leave despite
low salinity conditions (Lane et al., 2015; Wells et al., 2017; Takeshita et al., 2021b; Schwacke
et al., 2022; Thomas et al., 2022).

Numerous questions have emerged during consideration of the planned restoration project,
including the following: (1) how long can bottlenose dolphins survive in a freshwater and/or a
very low salinity environment; (2) what sub-clinical and clinical physiologic effects occur and on
what timeline in low saline environments; and (3) when do freshwater-induced skin lesions begin
to occur? Navy clinicians began data-mining historical records to look for relevant data to help
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address these conservation questions, since operational Navy dolphins have traveled to various
salinity environments throughout their lifetime. Over several decades, data was collected and
archived from the animals in various aquatic environments. These data were collated and analyzed
to help characterize physiologic responses to low salinity and to develop a timeline of potential
health consequences (McClain et al., 2020). The study documented changes in serum electrolytes,
osmolality, adrenal hormones, and skin integrity in response to low salinity conditions.

The Navy dolphin dataset provided unique and otherwise difficult to obtain information about
bottlenose dolphin physiology and health effects of a specific environmental challenge. The
study was made available through peer-review publication to conservationists, environmental
planners, and policy makers, and informed an expert elicitation and subsequent modeling effort
aimed at predicting how the MBSD project would impact Barataria Bay dolphins (Schwacke et
al. 2022; Thomas et al. 2022). The resulting model predicted that the ~2000 bottlenose dolphins
living in Barataria Bay are unlikely to survive prolonged periods of freshwater. If the MBSD
project moves forward as proposed, Barataria Bay dolphins could go functionally extinct within
50 years (Thomas et al., 2022). This case example demonstrates how archived Navy medical
data can help inform scientific predictions regarding the potential consequences of habitat
alteration and environmental changes to an at-risk dolphin population.

Case Three: Developing Minimally-Invasive Aging Techniques for
Wild Dolphins

Estimating the age of individual animals in wild dolphin populations, especially those at-risk, is
essential to understanding population demographics, interpreting biological data, and determining
recovery trajectories (Schwacke et al., 2021). For decades, the gold standard of age estimation in
live and dead bottlenose dolphins involved counting growth layer group (GLG) in a longitudinal
section of a mandibular tooth, requiring tooth extraction and analysis (Ridgway et al., 1975; Hohn,
1980; Hohn et al., 1989; Read et al., 1993). Some variation has been documented in GLG-based age
estimates (Kimura, 1980; Barratclough et al, 2023); however, it was the best available option for
decades. During live animal catch-and-release health assessments, veterinary dental and anesthetic
techniques were refined to allow for the safe and humane extraction of a single tooth for this purpose
(reviewed in Townsend, Smith, & Rowles, 2018). In an effort to replace invasive techniques with less
invasive options, marine mammal veterinarians led the development of minimally-invasive methods
for age estimation. These alternative methods included the radiographic assessment of pectoral flip-
per bone maturation, dental X-ray analysis, and epigenetic age assessment.

Pectoral flipper radiography technique development for age estimation of bottlenose dol-
phins was led by D. Garcia-P4rraga in an aquarium setting, with collaboration from multiple
institutions caring for bottlenose dolphins, including the Navy (Barratclough et al., 2019b).
Pectoral flipper radiographs were performed with dolphins of known ages and changes in bone
maturation were assigned numerical scores in order to calculate age estimates. Ages could be
properly estimated with decreasing precision as animals aged; specifically, within 3 months in
dolphins < 5 years old, to within 5 years in dolphins > 30 years old. The technique was applied
by Barratclough et al. (2023) to wild bottlenose dolphins and Navy dolphins of known ages for
comparison to dental GLG analysis. Pectoral flipper radiograph age estimates were comparable
in accuracy to dental GLG analysis, establishing the usefulness of this minimally-invasive ra-
diographic procedure for age estimation in live bottlenose dolphins. The technique allowed for
same-day age estimates across a broad range of age categories. It should be noted that a dental
X-ray technique for age estimation was also established with wild dolphins of known ages using
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the pulp:tooth area ratio method (Herrman, 2020). This method can reliably provide same-day
estimates for bottlenose dolphin ages up to about 10 years of age.

Epigenetic age estimation based on DNA methylation was refined for managed bottlenose
dolphins using archived Navy dolphin blood and skin samples (Barratclough et al., 2021b).
DNA methylation is the addition of methyl groups to cytosine-phosphate-guanine (CpG) sites
and occurs systematically with age, therefore methylation assessment can provide a chronolo-
gical age estimate. Epigenetic age analysis has been further evaluated for wild bottlenose dol-
phins with a focus on skin samples collected via dart biopsy, in order to provide a remote option
for age estimates of free-ranging animals. Additionally, epigenetic aging methods have been
applied to an at-risk population of bottlenose dolphins, Lahille’s dolphins (Tursiops truncatus
gephyreus) found along the east coast of South America (Barratclough et al., 2022). Approxi-
mately 600 Lahille’s dolphins remain and only 360 are considered capable of reproducing (Ver-
meulen et al., 2019). Providing age-related context for existing biological data and population
demographics could enhance species recovery plans.

The managed animal community as a whole contributed to these important technique
advancements for estimating dolphin ages using minimally-invasive techniques, which will
likely replace the more invasive tooth extraction procedure in wild dolphins. The Navy dolphin
population played an important role by assisting with the validation of radiographic and
epigenetic techniques, specifically through the utilization of archived biological samples from
known age animals collected periodically over the animals’ lifetime. Collaborations among
veterinarians caring for dolphins in zoological settings and rehabilitation centers allowed for
rapid progress in the development of minimally invasive techniques, effectively advancing
marine mammal medicine for the benefit of both managed and wild dolphins.

Conclusion

Marine mammals in human care have a clear role in the conservation of at-risk species,
specifically with regard to advancements of medical tools, diagnostic techniques, and
veterinary approaches. Caring for managed marine mammals provides invaluable comparisons
to wild animals, including physiologic and pathologic responses to environmental challenges.
Veterinary practitioners charged with caring for marine mammals have unique skillsets that
enhance our ability to rapidly, safely, and accurately examine and assess wild marine mammals.
Navy clinicians who are charged with providing the highest quality care to the Navy’s dolphins
have demonstrated the effective application of their medical practice to the conservation of at-
risk cetaceans. The examples provided are relevant to all veterinarians caring for small cetaceans
in zoological settings and marine mammal rehabilitation centers, and during health assessments
of wild animals. The aquatic mammal medical community must continue to translate managed
animal medicine into conservation medicine. With aquatic mammals around the world facing
continued anthropogenic threats and ever-changing environmental stressors, integrating
veterinary knowledge into conservation action plans for species recovery and survival is critical.

Acknowledgments

We thank the veterinarians, technicians, animal care experts, and support staff of the National
Marine Mammal Foundation, US Army, US Navy, and collaborating institutions for their
unwavering dedication to the health and welfare of Navy and wild marine mammals.



130 C.R. Smith et al. - Navy Dolphin Medicine & Cetacean Conservation

Zusammenfassung

Tierdrzte, die auf marine Sdugetiere spezialisiert sind, spielen eine wichtige Rolle bei dem
Schutz von Kleinwalen, insbesondere im Hinblick auf die Anwendung ihres Fachwissens bei
der Bewertung des Gesundheitszustands von Wildtieren und die kontinuierliche Weiterent-
wicklung medizinischer Instrumente, Techniken und Ansitze fiir die Pflege dieser Tiere. Das
Programm fiir Meeressiduger der US-Marine (Navy) hilt seit tiber 60 Jahren Grofle Tiimmler
(Tursiops truncatus) und hat eine umfassende klinische Praxis etabliert, die darauf abzielt, auf
Anweisung des US-Marineministers die bestmogliche Pflege fiir Navy-Tiere zu gewihrleisten.
Bis heute hat die Marine mit mehr als 1200 Veroffentlichungen zur Forschung an Meeresséu-
gern beigetragen. Die Studien reichen von Entdeckungen in der Physiologie, der Akustik und
Anatomie bis hin zu fortschrittlichen Diagnosetechniken fiir die medizinische Versorgung von
Meeressidugern. Dieses Wissen wurde direkt fiir den Schutz gefihrdeter, bedrohter und vom
Aussterben bedrohter Kleinwale, insbesondere von Delfinen, eingesetzt. In drei Fallstudien
wird gezeigt, inwieweit Wissen aus der Veterindrmedizin des Navy Programms fiir den Schutz
von Delphinarten angewendet werden kann, darunter: (1) Durchfiihrung von diagnostischen
Ultraschalluntersuchungen bei wild lebenden Delfinen nach der Deepwater Horizon Olkata-
strophe; (2) Vorhersage der gesundheitlichen Auswirkungen von SiiBwasser auf wild lebende
Delfine; und (3) Entwicklung minimal-invasiver Methoden zur Altersbestimmung von Delfinen.
Die Fallbeispiele sind fiir alle Tierédrzte relevant, die sich in zoologischen Einrichtungen, Reha-
bilitationszentren fiir Meeressduger oder in freier Wildbahn um Kleinwale kiimmern und/oder
deren Gesundheit beurteilen. Die Gemeinschaft der auf Meeressduger spezialisierten Tierme-
diziner sollte weiterhin an Moglichkeiten arbeiten um ihr Fachwissen in Aktionspline fiir den
Schutz gefihrdete Delphine zu integrieren.
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Abstract

The husbandry and management of bottlenose dolphins under human care has started in 1938
in Florida. In Germany the first animals arrived in 1965. Over the last decades, many studies
have been conducted and advances in marine mammal medicine, breeding, husbandry, and ani-
mal welfare have been made. The European population became self-sustaining, and the life
expectancy of the animals has increased continuously. Celebrating 50-plus years of the keeping
of dolphins under human care in Germany, we take a look at the development of the two current
German dolphinaria and how they have changed over time. With the knowledge gained during
this time and through current studies, Duisburg and Nuremberg are not only contributing to the
further improvement of dolphin husbandry conditions but are also helping to implement ex-situ
conservation measures for endangered dolphin species.

Keywords: bottlenose dolphin, dolphin husbandry, animal, welfare, veterinary medicine, life
support system, neonates

Introduction
Dolphin husbandry is — compared to other zoo animals — a very recent animal husbandry
discipline. Although reports from ancient animal exhibitions including dolphins date back to
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as early as the 15th century (Couquiaud, 2005), the first modern presentation of bottlenose dol-
phins (Tursiops truncatus) started in 1938 in St. Augustine Marineland, Florida. In comparison
to other animal exhibitions, this is still a recent development since many other wild animal
species have been under human care for much longer. In Germany, the keeping of dolphins only
began in the 1965 in Duisburg and 1971 in Nuremberg. The early dolphinaria not only led to the
first experiences in terms of husbandry, training, and medical care (Defran & Pryor, 1980), but
soon, scientists became interested in studying the dolphins. Initial insights into dolphin commu-
nication, behavior, and sensory ecology (see among others: Caldwell & Caldwell, 1965; 1966;
1968) led to the formation of dedicated research facilities, such as those of the US Navy (Houser
et al., 2005) and the Kewalo Basin Marine Mammal Laboratory (Herman, 2012), led by Louis
M. Herman who later published groundbreaking studies on the cognitive abilities of dolphins.

Today, dolphinaria continue to be important research facilities, and zoos and aquaria now
focus on providing educational value through their ‘animal presentations’ by sharing the les-
sons they have learned through their scientific studies. Moreover, dolphin presentations have
been shown to have a significant impact on the conservational knowledge of the visitors,
sustainably raising awareness of the importance of nature and species conservation (Miller
et al., 2013).

Over the years, many different dolphin species have been held under human care, most notably
bottlenose dolphins, killer whales (Orcinus orca), pilot whales (Globicephala macrorhynchus),
Pacific white-sided dolphins (Lagenorhynchus obliquidens), beluga whales (Delphinapterus
leucas), and false killer whales (Pseudorca crassidens), among others. More rarely, Guiana
dolphins (Sotalia guianensis), finless porpoises (Neophocaena asiaeorientalis) and harbor por-
poises (Phocoena phocoena), and Amazon river dolphins (Inia geoffrensis, for an extensive
review see Ternes, 2023) have also been featured in some collections.

This paper focuses on bottlenose dolphins under human care in two facilities in Germany. Thus,
unless stated otherwise, the term “dolphin” is henceforth used to indicate the bottlenose dolphin.

In the early stages of dolphins under human care, there was little knowledge about their health,
physiology, husbandry, or social management. However, zoos and aquaria are now committed
to providing the highest level of care for their dolphins. As a result of this effort, many advances
in marine mammal medicine, breeding, husbandry, and animal welfare have been made over the
years. Today, largely due to the progress made in overall and especially veterinary care, as re-
viewed below, the populations of bottlenose dolphins held in institutions belonging to the AZA
(American Association of Zoos and Aquariums) and EAZA (European Association of Zoos and
Aquaria) are self-sustaining. In a recent study that investigated longevity for dolphins under
human care in US zoological facilities, it was shown that survival rates and life expectancy are
at least as high as those of wild populations (Jaakkola et al., 2019).

From the early years to the modern dolphinaria in Germany

Dolphin enclosures: From one-pool designs to modern enclosures using multi-
pool systems

Almost all dolphinaria that opened within the US after Marineland Florida had the advan-
tage of being close to the ocean, allowing them to make use of fresh seawater and freshly
caught marine fish as well as suitable climatic conditions. It was only in 1961 that the first
inland dolphinarium opened its doors in Chicago, IL, the Seven Seas Panorama at the Brook-
field Zoo.
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Fig. 1: The first dolphinarium in Germany opened 1965 in Duisburg (Photo by Zoo Duisburg).

In 1965, the first German dolphinarium opened at the Duisburg Zoo. Still being a provisional
facility called “Versuchsanlage fiir Delphine” (i.e., “experimental exhibit for dolphins”), the
basin (15 x 12 m, 3.50 m deep) had no solid roof and only an air-inflated tent (see Fig. 1).

Providing artificial seawater and sufficient high-quality nutrition as well as the long and
strenuous transportation for the dolphins were the main challenges that had to be faced. Four
bottlenose dolphins then arrived from Miami Seaquarium on July 4™ in 1965 and set the foun-
dation for holding dolphins in Germany.

While the first dolphin facilities only had small single pools with no extra holding possibil-
ities for the dolphins, the state-of-the-art facilities of the 1960s and 1970s all were designed
similarly and almost always consisted of one main pool, used for the presentation of the ani-
mals to the public, and two or three smaller holding pools for separation purposes. Over time,
the round tanks became bigger and deeper, as seen in the two German facilities opened at that
time. In 1968, the provisional arrangement in Duisburg was replaced by the first permanent dol-
phinarium, which became an example for many others in Europe. The main pool (160 m? 4 m
deep) was connected to four holding pools that were not visible to the visitors (72 m?, 3 m deep)
and provided a total water volume of 0.86 million liters.

The second German dolphinarium opened in 1971 at Nuremberg Zoo with five bottle-
nose dolphins. Planned by the same architect and following the Duisburg model, it also
consisted of a main pool (176 m?, 4.4 m deep) and some smaller holding pools backstage
(64 m? and depths between 1.55 and 4.4 m) with a total volume of 0.88 million liters. The
holding areas were just used at night and the animals only had access to the main pool during
the majority of the day.
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Bottlenose dolphins live in so-called fission-fusion societies (Connor et al., 2000), characterized
by ever changing associations among individuals. In order to accommodate this type of social or-
ganization, it was soon realized that several inter-connected pools were needed to provide adequate
housing conditions, but also to improve animal husbandry measures. By giving the animals the free-
dom of choice of which pools to use, they could choose where and with whom to spend their time
and were able to avoid social tensions. Animal husbandry is facilitated by having the ability to sepa-
rate animals for short-term purposes (e.g., diseased ones, mother-calf pairs, or for research purposes).

In 1995, a new pool complex was built in Duisburg and connected to the dolphinarium, leav-
ing the older part as a quarantine and breeding area. When this is not needed, the dolphins can
access all pools (3.5 million liters of water) 24 h per day.

In Nuremberg, the first step towards a multi-pool system was the construction of a new pool
in 1991. It was added to the main one, resulting in a total of 1.3 million liters of water. Then in
2009, the foundation stone was laid for a new outdoor facility, the so-called dolphin lagoon. This
took several years of planning and was conceived to connect the new outdoor pools to the already
existing indoor dolphinarium. Completed in 2011, the new lagoon offers the animals five outdoor
and two indoor pools (in the old dolphinarium), with a total of 8 million liters of salt water (see
Fig. 2). There are shallow-water and beaching areas, as well as graduated pools with depths up to
7 meters. Each pool has at least two accesses, so that circular swimming is possible in the entire
area. Two of the outdoor pools can be covered by an air dome during the winter.

Medical pools with lifting platforms

Since in the early days, when animals were still caught from the wild, individuals were for-
merly selected on their outer appearance alone and no pre-transfer checkup could be performed,
it was only possible to see and address health issues after arrival (e.g., parasitic infection, fungal

Fig. 2: Aerial view of the dolphin lagoon at Nuremberg Zoo. The lagoon consists of five connected

outdoor pools of different sizes and with different depths. The indoor dolphinarium (right) is also
part of the dolphin enclosure and consists of another 2 pools. (Photo by Hajo Dietz)
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Fig. 3: Lifting platforms allow trainers to directly approach the dolphins in shallow water and thus
facilitate, among other things, medical training, or interventions on newborn animals. In the photo
shown here, the lifting platform was raised to a water depth of approx. 60 cm in an otherwise 4 m
deep pool. (Photo by Nuremberg Zoo)

infections). Immediate access to the animals was often necessary and therefore small lifting
platforms were installed at the beginning. These were positioned in the gate areas and usually
designed for one animal only.

Nowadays there are highly technical platforms large enough to allow lifting several animals at
the same time. In Nuremberg, such a lifting platform was installed in a round indoor pool with a
diameter of 12 meters and a depth of 3.5 meters (see Fig. 3). The lifting floor can be brought to
the desired level within a few minutes. Through regular training sessions, dolphins become well
accustomed to the lifting procedure. This management tool greatly improves animal husbandry,
since it allows better access to the animals. This is not only helpful in breeding situations, but
also for diagnostics, treatments, and transport preparations.

Life Support Systems (LSS)

The early stages required also the development of LSS, which are essential for good water
quality. The first hurdle in the early days was the creation of an artificial saltwater environment.
Dolphins are dependent on salt water, as it helps with buoyancy and reduces their energy ex-
penditure. The next step was to add a filter to the closed-circuit system. Apart from mechanical
filtration, the number of bacteria and algae had to be constantly limited.

In Duisburg, the water filtration system based on chlorination was changed to biological fil-
tration. In addition to the mechanical filters, protein skimmers and ozonation were used. While
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Figure 4: Typical life support systems of modern dolphinariums include drum filters (A), protein
skimmers (B), and ultrafiltration systems (C). (Photos by Nuremberg Zoo)
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this increased the workload, in the form of manual pool scrubbing by divers, it provided a more
natural experience for the zoo visitors.

In Nuremberg, as well, disinfection was initially based mainly on chlorination. In the new
lagoon, a modern, automated life-support system was installed, with drum filters for the me-
chanical filtration (see Fig. 4A), protein skimmers (see Fig. 4B) and sand filters covered by
hydro anthracite, using ozone as the main disinfectant and chlorine as the secondary one. An
ultrafiltration system (see Fig. 4C) and UV-disinfection were also put in place.

Mixed species exhibit

A special feature of the dolphin husbandry in Nuremberg is that bottlenose dolphins have
been kept in mixed exhibits with different pinniped species since 1971, first with South Ameri-
can fur seals (Arctocephalus australis), then with California sea lions (Zalophus californianus).
Since then, the breeding of California sea lions has been very successful and offspring from
Nuremberg can be found all over the world and seventh generation cubs have already been
raised. To accommodate the needs of all species, some pools in the lagoon were designed to
be suitable for young sea lions that include shallow water areas as well as separate pens for
simultaneous births. The multi-pool system allows them to be separated during birth and then
slowly be introduced into the rest of the group as well as the dolphins. The sea lions can also use
the islands between the pools and the terrestrial part of the enclosure. This animal constellation
allows a great deal of interaction among the individuals and is seen as an enrichment for both
species (Fig. 5).

Fig. 5: Dolphin and California sea lion interaction at Nuremberg Zoo (Photo by Nuremberg Zoo)

Dolphin Management

When the zoological management of cetaceans began, almost everything one knew was
either related to observations in the wild or necropsies on carcasses of stranded animals or those
caught and killed industrially. More and more experience was gained by keeping the animals
under human care.
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Nutrition

A well-balanced diet of high-quality food is of utmost importance for any animal. The food
must be carefully selected, palatable, of good nutritive value and free from contamination. It is
also important to ensure that the thawing method prevents the loss of ingredients and guarantees
good quality (Gimmel et al., 2022). Each animal receives an individually prepared diet, based
on its age, condition and reproductive state (e.g., pregnant, nursing, growing, etc.). To meet
these requirements each food item, fish, or squid, is evaluated every day before feeding and
certain quality parameters and caloric and fat content are analyzed on a regular basis. This also
facilitates a calculation of food energy requirements, based on the weight and condition of the
animal (Rosen & Worthy, 2018). The dolphins are offered a variety of fish and receive vitamin
and mineral supplements based on the results of blood tests.

Especially bottlenose dolphins, who range at the upper end of the food chain, need to be
protected from the highly polluted fish species found along the world’s coastlines. Dolphins
can store pollutants, such as heavy metals, in their blubber layer, resulting in various organic
consequences on a long-term basis. These pollutants can be measured by blubber biopsies, a
method performed yearly on wild populations to follow-up on the situations at the coastlines
(Kucklick et al., 2011).

Based on present knowledge, we can provide food items from less-polluted waters. In ad-
dition, some animals with a higher need for hydration receive freshwater with their daily diet.

Improvements in veterinary medicine and medical training

In the beginning, diagnostic methods for dolphins had to be developed by modifying certain
tools that had been created for terrestrial animals and extrapolating medications.

Now we have profound knowledge of physiological data, such as blood reference values and
scientific data about prophylaxis and therapy for bottlenose dolphins, and hardly any limitations
for diagnostic and therapeutic options for dolphins. Even computer tomography and magnetic
resonance imaging can be carried out.

Medical training plays an important role in keeping dolphins. The principle of positive rein-
forcement was developed right from the start (Pryor, 2002). Comparable to the clicker training
in dogs, for example, the trainer looks for a certain behavior and reinforces it. This reinforce-
ment needs to be precisely timed. Therefore, a so-called “bridge” is introduced. The bridge,
in our case, a whistle, reinforces the behavior instantly and a reward can then be given. An
animal’s participation is completely voluntary.

Many different procedures can be carried out through medical training, allowing important
improvements in a preventative medical program. Physical exams can be performed, including
weighing the animals, auscultation, and palpation as well as eye, teeth, and skin checks (for
further review, see Brando, 2010).

Various samples can be taken including blood that has been proven most valuable, as they
provide reference values for healthy as well as for certain disease conditions. Saliva and skin
samples can give information on the health status as well as hormone and cortisol levels. Gas-
tric, blowhole and fecal samples provide current information on microbiological flora and are
also important for cytology and the detection of certain diseases. Urinary samples can be im-
portant for both health assessment and hormonal analysis.

Other valuable diagnostic methods can be applied on a voluntary basis such as radiographic
imaging that might be important for health assessments and in cases of suspected diseases. Elec-
trocardiography or encephalography can also be carried out by asking the animal to “beach”, a
trained behavior where it lies on land for a short amount of time. Ultrasonography is one of the
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most important tools, as it can be carried out as an in-water procedure during voluntary medi-
cal training. Since dolphins have no fur, and water being an excellent coupling media, one can
obtain images of multiple organs, follow-up diseases and healing processes, as well as general
organ functioning, including the hormonal status (e.g., testicular, or ovarian ultrasound) or fetal
development in pregnant animals (see Fig. 6). Gastroscopies can be carried out without the ne-
cessity of restraining the animal and can provide information not only about the digestive tract,
but also on the animal’s hormonal and welfare status. Moreover, therapeutic measures can also
be carried out, including injections, the administration of fluids, wound treatment, the treatment
of eye or dental diseases, etc.

Research in veterinary medicine

Medical training is not only important for prophylaxis, diagnostics, and therapy, but also cru-
cial for conducting research, as is shown by the following projects. Many dolphinaria around
the world conduct veterinary research, leading to improved knowledge about the physiology of
dolphins and thus can lead to more targeted procedures.

In recent years, the focus in Duisburg and Nuremberg has been on the following topics, some
of which have already been published, while for others the research is still in progress.

Vitamin supplementation

This study evaluated fish-handling techniques and vitamin supplementation. Blood samples
from 57 bottlenose dolphins living in 10 European facilities were analyzed in a reference la-
boratory for retinol, thiamine pyrophosphate, cobalamin, calcidiol, and tocopherol. Blood con-
centrations were then correlated to the fish preparation procedures and compared to the blood
concentrations of free-ranging dolphins, resulting in a proposal for future fish handling and
vitamin supplementation (Gimmel et al., 2016).

Fig. 6: Ultrasound examinations. While in the early days ultrasound examinations often included
a restriction of the animal (A), today’s progress in medical training allows veterinarians to conduct
a sonogram to monitor the status of a pregnant female (B) as well as the unborn calf (C, D) on a
voluntary basis. (Photos by Zoo Duisburg (A, C) & Nuremberg Zoo (B, D))
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Salivary and blood cortisol measurement in bottlenose dolphins

At both zoos, blood cortisol levels are routinely analyzed. Cortisol levels are one of the most
commonly used biomarkers to measure the level of stress in many zoo animals (Whitham et al.,
2020), including bottlenose dolphins (Galligan et al., 2018; Romano et al., 2004; Suzuki et al.,
1998; Suzuki et al., 2002; Suzuki et al., 2003).

One of the main findings from the long-running cortisol monitoring at both, Duisburg and
Nuremberg Zoo, was that the blood cortisol content of bottlenose dolphins was shown to depend
on the sampling procedure used. Cortisol levels were significantly lower when blood samples
were taken during voluntary medical training (see Fig. 7), as compared to when dolphins are
sampled on a lifting platform. New approaches to measure cortisol non-invasively have be-
come more and more popular. Collecting saliva has been shown to be most feasible to track
cortisol levels in many terrestrial mammal species (great apes, jaguars, elephants, spider mon-
keys, rhinoceros, tamarins etc.). In dolphins, reliable measurement of salivary cortisol is more
challenging due to different circumstances, such as sample dilution with pool water and only
few studies exist (Monreal-Pawlowsky et al., 2017; Pedernera-Romano et al., 2006; Ugaz et al.,
2013). While it has been shown in several mammal species that blood cortisol levels correlate
with the cortisol levels measured in saliva samples, the study conducted at Nuremberg Zoo
by Rickert et al. (2021) did not find a correlation between salivary cortisol and blood cortisol
values. Moreover, it was very interesting to find that salivary samples can also be contaminated
by fodder fish, which may exhibit high cortisol values. It is thus important to be very careful
when sampling saliva and to interpret salivary cortisol values with caution (Rickert et al., 2021).

.

Fig. 7: Trained voluntary blood sampling at Zoo Duisburg (Photo by Zoo Duisburg)
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Heart ultrasound

Transthoracic cardiac ultrasound examination of bottlenose dolphins was first established by
Stefan Miedler at Nuremberg Zoo in 2001 and has become a valuable diagnostic tool in recent
years. It can be used in different situations, be it in older animals in the form of a checkup,
in animals with a known cardiac, lung or kidney problem or in pre-transport examinations. If
performed on a regular basis, small cardiac abnormalities can also be detected early to allow
treatment to be initiated (Miedler et al, 2008; Miedler et al, 2015).

Ocular health

A dissertation study started at the Duisburg Zoo was carried out in many different zoos to
complement dolphin welfare assessment. Ocular health is also of outmost importance, as any
disease can be quite compromising to an animal’s welfare. Within the framework of the research
project, the physiological anatomy, and pathological findings of the eye of bottlenose dolphins
were determined by ultrasound examination (see Fig. 8). Ophthalmological sonography was
supplemented by a physical examination and general ophthalmologic examination adapted to
the bottlenose dolphin species.

This study provides a non-invasive approach achieved through medical training that will
hopefully enable veterinarians and trainers to detect ocular abnormalities and pathologies at an
early stage.

Fig. 8: Ophthalmological sonography performed on a dolphin at Zoo Duisburg. (Photo by Zoo
Duisburg)
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Animal welfare assessment

The need for research on how to assess, monitor and improve the welfare of their ani-
mals became a central issue for zoos and aquaria. In response to this demand the welfare
committee of the European Association for Aquatic Mammals (EAAM) brought together a
heterogeneous group of experts on welfare science, cetacean biology and/or zoo medicine
across Europe, aimed at developing the so-called “Dolphin Welfare Evaluation Tool” (Dol-
phin WET), a protocol for evaluating the welfare of bottlenose dolphins. The integration of
the multidimensional aspects of welfare was inspired by Mellor’s “Five Domains” model
(Mellor et al., 2020) and the protocol’s hierarchical structure of the Welfare Quality®, con-
sisting of overall welfare assessment > principles > criteria > sub-criteria > welfare indica-
tors. Importantly, the present protocol highly prioritizes animal-based indicators and does
not allow compensating between principles or between criteria or sub-criteria of the same
principle. Moreover, the protocol is intended to assess the welfare status of the dolphins over
a three-month period, by combining animal-based indicators and the information provided by
records (see Fig. 9). The aim of the protocol is to provide a science-based tool for the evalua-
tion, protection, and improvement of the welfare of dolphins under human care, which could
be used mainly for internal purposes as routine welfare monitoring, including identification
of welfare concerns and daily welfare management. The protocol is currently being applied
in various European institutions.

Behavior

Housing Emotional state

Fig. 9: The main structure of the Dolphin Welfare Evaluation Tool (Dolphin WET) includes the five
principles following the Five Domains model (Mellor et al., 2020; Rogers Brambell, 1965) and
prioritizes animal-based indicators. (Dolphin by J. Mazur)

Life expectancy

An often-discussed topic regarding animals under human care is the life expectancy. Since
this is often seen as an indicator of overall health and well-being, the question of how it com-
pares to the wild is also interesting (Jaakkola et al., 2019). However, it is challenging to compare
data from animals under human care to that of wild animals because neither are single popula-
tions, there being many different wild populations and the animals kept in zoos and dolphinar-
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iums live under different circumstances. The mathematic calculations used also differ from one
another (Jaakkola et al., 2019).

Jaakkola et al. (2019) compared life expectancy and survival rate for dolphins in zoological
facilities in the US and were able to show that life expectancy and annual survival rate of dol-
phins kept in American marine mammal facilities have increased significantly over the years.
Compared to those wild population with comparable data, e.g., the well-studied Sarasota popu-
lation, life expectancy of dolphins in US zoological facilities is at least as high as the one of
wild animals.

Calculating Life Expectancy (LE) and Annual Survival Rate (ASR) for all dolphins older
than 90 days of age across the two German dolphinariums across two time periods (1980-1999;
2000-2023) results show that for both parameters a similar pattern can be observed (Tab. 1).
We can note that LE and ASR, overall and facility-wise, increases between 1980-1999 and
2000-2023 (see Tab. 1). With a calculated life expectancy of >40 years since 2000 the medium
lifespan of bottlenose dolphins living in German facilities are higher as those of dolphins living
within US zoological facilities or in the wild (Jaakkola et al., 2019). However, given the very
small sample size for these kinds of calculations, these data must be interpreted very cautiously.

Tab. 1: Annual Survival Rate (ASR) and corresponding Life Expectancy (LE) calculated for both
German dolphinaria since the start (all time) and for two periods (1980-1999; 2000-2023).

Nuremberg Duisburg both
Period ASR LE ASR LE ASR LE
all time 0.9571 22.7892 0.9525 20.5343 0.9546 21.5007

1980-1999  0.9633 26.7392 0.9648 27.9017 0.9675 30.2248
2000-2023  0.9773 43.5051 0.9766 42.3030 0.9770 42.9899

If we look at the European population over decades, a similar development can be seen,
and life expectancy increased continuously over the last 40-plus years (see Tab. 2) up to an
average life-expectancy of approx. 33.1 years (2010-2019). At the same time, the number of
z0o born animals has also increased from to 9% between 1980-1990 to over 70% between
2010-2019 (Fig. 9).

Tab. 2: Development of the mean life expectancy within the EEP (EAZA Ex-situ Programme)
population of bottlenose dolphins over each decade since 1980.

Time period
EEP Population 1980-1989 1990-1999 2000-2009 2010-2019
Males 234 23.7 30.0 33.8
Females 17.7 20.0 23.7 32.5
Average 20.5 21.8 26.8 33.1

Breeding and early intervention

The breeding of bottlenose dolphins has been important from the beginning, not only to es-
tablish a self-sustaining population, but also to allow animals under human care to experience
natural behavior and live in social groups. Another aspect of reproduction is its important role
in the well-being of the animals, as parturition and nursing are essential needs and activities to
keep the animals stimulated and active.
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In the early years, breeding dolphins was not difficult, but a high neonatal mortality was the main
worrying factor. Bottlenose dolphins have a diffuse, epitheliochorial placenta, similar to horses. This
means that there is no transfer of antibodies from dam to calf before birth. Only the colostral milk
does provide the antibodies to cope with pathogens in the environment until the immune system takes
over. If colostrum uptake is insufficient or too late, the offspring will be more prone to infections.

A comparison to the situation in the wild is hardly possible. Abortions, stillbirths, and preda-
tion would never be detected and sometimes even in the best-monitored populations, e.g., the
one in Sarasota, Florida, calves that only live for a few days could be missed due to bad weather
conditions.

The first birth in Duisburg took place in 1978. The dolphinarium was opened to the public
immediately and everybody was invited to see the first dolphin offspring. Unfortunately, the
animal died of pneumonia on day 13. In the years that followed, 26 more animals were born
alive in Duisburg, five fetuses were aborted. 12 of the 26 animals survived their first year of life.

In Nuremberg, the first bottlenose dolphin was born in 1986, followed by another in 1990, two
in 1993 and one in 1998. All five animals grew up healthy. Then followed years with calf losses.
The reasons were various: in one case of attempted hand rearing (2004), the animal died of an
aspergillosis after 30 days, two calves failed to thrive with primiparous mothers, others did not
survive due to traumatic events, or an aspiration pneumonia, and also one female had a stillbirth.
After this accumulation of juvenile losses, the Nuremberg Zoo commissioned the Leibniz Institute
for Zoo and Wildlife Research to investigate the causes. The result was that no clear pattern for the
deaths could be identified and, more importantly, that pathogens did not play a predominant role.

Before the installation of modern lifting platforms, all interventions concerning mother and
calf were difficult and dangerous. The necessary net capture was stressful, and the small plat-
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Fig. 10: Cortisol levels of three calves born at Zoo Duisburg in 2011 over the first 90 days of life
decrease to baseline levels within days after birth. Cortisol measurements were carried out each
time blood samples were taken.
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forms were not suitable for animal fixation purposes. This led to a situation where there often
was no possibility of intervening and breeding management was limited to observation.

Today’s lifting platforms (see Fig. 3) simplify the hands-on procedures on newborn animals.
The size of the platform allows regular training, and mothers and calves can be examined there
together without being separated which reduces stress for both animals. The use of lifting plat-
forms made it possible to stop the wait-and-see-tactic and apply a more proactive approach,
so-called early intervention (Sweeney et al., 2010). Dolphin calves are not as sensitive as they
were thought to be. Getting hands on them from an early age makes intervention possible and
has already helped many animals to survive the first critical month of life and built up a properly
functioning immune system. Calves are weighed, samples taken, and treatment initiated when
necessary. The dam is able to remain in contact during the whole procedure, making it as stress-
less as possible. Measuring the blood cortisol levels over the first 90 days, a study conducted
at Duisburg Zoo showed that, even in inexperienced first-time mothers, cortisol levels of the
newborns dropped to baseline levels within days after birth (Fig. 10).

A birth protocol, established to help prepare for births (Baumgartner et al., 2018), resulted
from years of experience in managing bottlenose dolphins, scientific research, and the advances in
marine mammal medical knowledge. It includes all steps of parturition, birth, and the mother-calf
relationship, and it is a very useful tool in the preparation of breeding dolphins. It is divided into
the following sections: preparation, female pre-partum, female intra-partum, female post-partum,
and calf post-partum. The observation and monitoring of mother and calf through all stages not
only enables an intervention as soon as necessary, but also creates opportunities for international
scientists to study maternal behavior, as well as the anatomy, physiology, and pathologies of the
offspring. The protocol was published in 2018 and has proven to be highly effective in decision
making and could help enhance dolphin reproduction in similar situations at other facilities.
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Fig. 11: Development of the EEP population since 1970 comparing the percentage of wild born
versus zoo born animals across all EEP facilities.
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In Duisburg and Nuremberg this proactive approach led to an increased survival rate of new-
born dolphins. In the last 15 years, 17 calves were born in Duisburg and Nuremberg, of which
10 survived, resulting in a survival rate of 58.8 %.

Thanks to the early intervention protocol and with the knowledge that social learning
is important for successful rearing, reproduction has become very successful during the
last two decades in the United States and in Europe, creating a self-sustaining population
(van Elk & Hartmann, 2013). Since 2003, the bottlenose dolphin EEP (EAZA Ex-situ Pro-
gramme) has been fully self-sustaining and since then is based only on their own offspring.
By 2007, almost all scientifically managed dolphinaria in Europe had joined the EEP for
bottlenose dolphins and of the almost 260 animals currently in the program, 20% are found-
er animals and 80% percent are zoo-born (see Fig. 11).

Conclusions

The husbandry and management of bottlenose dolphins under human care has not only
improved greatly but rapidly in recent decades. Zoo Duisburg and the Nuremberg Zoo
are two examples of the development of dolphin husbandry worldwide. Whereas in the
beginning hardly anything was known about bottlenose dolphins, and most conclusions
about their anatomy, physiology or biology were only drawn from necropsies of stranded
animals, they are now among the most and best researched cetacean and zoo species
worldwide. Even today, new findings are being made, such as establishment of passive
electroreception in bottlenose dolphins by a study conducted to Nuremberg Zoo (Hiittner
et al., 2022).

Only by keeping dolphins under managed-care, it was possible to find out more about
their behavior, communication, and sensory abilities, and the advances in veterinary
medicine and animal welfare have made the population under human care a healthy
and self-sustaining one. In the course of the One-Plan-Approach (Byers et al., 2013) or
the One-Health-Approach (Adisasmito et al., 2022), it is exactly this knowledge which
makes an indispensable contribution instead of in the field of Conservation medicine
(see Smith et al., this special issue). More and more, especially small cetaceans become
endangered, and the advances made in the management of species such as the bottlenose
dolphin can be of enormous importance when it comes to the treatment and rehabilita-
tion of stranded animals (Meegan et al., 2022) or, if necessary, in the implementation of
ex-situ conservation measures.

Zusammenfassung

Die Haltung von Groflien Tiimmlern in menschlicher Obhut begann 1938 in Florida.
1965 kamen die ersten Tiere nach Deutschland. Seitdem wurden viele Studien durch-
gefiihrt und wichtige Erkenntnisse in der Meeressdugermedizin, Zucht, Haltung und im
Tierschutz gewonnen. Dies fiihrte zu einer heute sich selbst erhaltenden Population in-
nerhalb Europas, in der die Lebenserwartung der Tiere kontinuierlich steigt. Anldsslich
des mehr als 50-jdhrigen Bestehens der Delfinhaltung in Deutschland werfen wir einen
Blick auf die Entwicklung der beiden heutigen deutschen Delfinarien und wie sie sich im
Laufe der Zeit verdndert haben. Mit den in dieser Zeit gewonnenen Erkenntnissen und
durch aktuelle wissenschaftlichen Studien tragen Duisburg und Niirnberg nicht nur zur
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weiteren Verbesserung der Haltungsbedingungen von Delfinen bei, sondern helfen auch
bei Umsetzung von Ex-situ-Schutzmafnahmen bedrohter Delfinarten.

Fig. 12: Underwater view of the dolphinarium at Zoo Duisburg. (Photo by Zoo Duisburg)
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Abstract

With the functional extinction of the Yangtze River dolphin or baiji (Lipotes vexillifer) based
on the survey conducted in 2006, the Yangtze finless porpoise (Neophocaena asiaorientalis)
is now the only surviving freshwater cetacean species in the Yangtze River. Due to similar
threats from various anthropogenic activities in the Yangtze region, the natural population of the
Yangtze finless porpoise (YFP) has been experiencing a drastic decline in the past few decades.
Various conservation activities have been implemented to prevent the YFP from suffering the
same fate as the baiji. Significant progress has been made recently, including natural habitat
restoration, increasing the ex-situ population, and captive breeding success. Although there is
a glimmer of hope, there are still some scientific and technical issues that need to be addressed
to further improve the effectiveness and efficiency of the program through integrative planning
for the whole conservation practice, which may include: 1) managing the ex-situ reserves as
metapopulations; 2) replanning and managing the natural reserves and key habitats; 3) fur-
ther improving research on the conservation biology of small cetaceans; 4) further encouraging
public involvement. In general, this paper aims to review the implemented measures and re-
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cent progress achieved for the conservation of the critically endangered YFP and addresses the
existing questions for further conservation practice of this species. Furthermore, we hope that
this work will shed light on the conservation of other endangered small cetaceans in the world.

Keywords: Yangtze finless porpoise, small cetacean, conservation biology, ex-sifu, Yangtze
River

Introduction

In July 2020, there were 131 recognised cetacean species and subspecies in the world, with
22 listed as critically endangered (CR) and 20 as endangered (EN), according to the IUCN
— SSC Cetacean Specialist Group. It has been widely realised that biodiversity in freshwa-
ter systems is at more risk than other systems (Allan & Flecker, 1993; Nabi et al., 2021a).
Therefore, it is not surprising that, among the seven dolphin and porpoise species and sub-
species living in freshwater habitats, three are recognised as critically endangered and four
as endangered (Wang et al., 2013; Minton et al., 2017; da Silva et al., 2018; Braulik et al.,
2019; da Silva et al., 2020). The Yangtze River, also called the Mother River of China, is the
largest river in China. It originates in Qinghai, crosses through 9 provinces and two cities, and
finally empties into the East China Sea at Shanghai City (Bergmann et al., 2012; Xia et al.,
2021). The river is also famous for being one of the two big rivers in the world that harbour
two cetacean species (Wang, 2009). Due to the effects of various human activities, however,
the Yangtze River dolphin, or baiji (Lipotes vexillifer), was driven to functional extinction in
2007 (Turvey et al., 2007). Thus, the Yangtze finless porpoise (Neophocaena asiaorientalis
asiaorientalis, YFP) is now the only freshwater cetacean species in this river.

The YFP is the only freshwater species or subspecies in the family Phocoenidae. It is exclu-
sively endemic to the middle and lower reaches of the Yangtze River and its two adjoining lakes
— Poyang Lake and Dongting Lake (Gao & Zhou, 1993). Since the late 1980s, several studies
have reported a continuous decline in the number of YFPs (Zhang et al., 1993; Wang et al.,
1998; Wang et al., 2000; Zhao et al., 2008). For example, in the early 1990s, the total number of
YFPs was reported to be about 2,600 (Zhang et al., 1993), but by 2006 it has reduced drastically
to approximately 1,800 individuals (Zhao et al., 2008) and only 1,045 individuals in 2012. The
annual decline rate of this population in the river’s main stem increased from about 6% to nearly
14%, which means that half of the YFP population in the main stem was lost in the six years
from 2006 to 2012 (Mei et al., 2012). Consequently, the status of the YFP was re-evaluated as
Critically Endangered in 2013 from its previous classification of Endangered on the IUCN’s
Red List of Threatened Species (Wang et al., 2013; Mei et al., 2012).

To protect the baiji and the YFP, the Chinese government launched a series of conservation
actions beginning in the late 1980s that have been reviewed in detail by the Institute of Hydro-
biology of the Chinese Academy of Sciences (Wang, 2009, 2015). Its actions fall into three main
activity categories: in-sifu conservation, ex-situ management, and a captive breeding program.
Since the early 1990s, some hot spots have been recognised and established as in-situ nature
reserves to protect the baiji and YFP’s key habitats. Eight YFP nature reserves have been estab-
lished, including three national, four provincial, and one municipal reserve. Over an extended
period, however, its natural habitat in the Yangtze basin has continuously deteriorated due to the
pressure of economic development despite the establishment of nature reserves (Wang, 2009).
Ex-situ conservation practice was therefore recognised as an urgent and indispensable measure
to protect a ‘seed population’ amid the quick decline of the wild population of the YFP. The first
ex-situ population of YFPs was established in 1990 at Tian-E-Zhou Oxbow in Hubei Province,
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where an ex-situ attempt was planned for the highly endangered baiji. Although the ex-situ
population of the baiji was not established for various reasons at that time, the YFP population
in this oxbow developed very well, which established a model of ex-sifu conservation for YFP
(Wang, 2015) and led to the establishment of two other ex-situ reserves, in He-Wang-Miao
Oxbow in Hubei Province and Xi-Jiang in Anhui Province, respectively. Captive breeding has
also been considered an important complementary conservation strategy (Wang et al., 2005).
Since the first captive population was established in 1996 in the Baiji Dolphinarium or Yangtze
Cetacean Breeding and Research Centre (YCBRC), four calves have been born under human
care. In addition, two more captive breeding populations have been established in commercial
aquariums, despite some controversies.

Although the integrative strategy for protecting the Yangtze River cetaceans was proposed
as early as the mid-1980s, only some progress was achieved until recent years. According to
the survey conducted in 2017, the declining rate of the YFP population has been reversed for
the first time, and the estimated number of individuals in 2017 was 1,012, which is not statisti-
cally different from the number in 2012 (Huang et al., 2020). According to a statement by the
Ministry of Agriculture and Rural Affairs, the rapidly declining population trend of the YFP
has been successfully curtailed. More encouragingly, a newly completed whole-range survey
in September and October in 2022 revealed that the YFP population just bottomed out with a
statistic number of 1249 (unpublished data). In addition, the three ex-situ reserve populations
have also increased significantly in the past several years. The dire trajectory of the YFP seems
to have eased considerably in only the past few years. The interesting question is: what led to
this significant change after the YFP had suffered such a long period of population decline?
Compared to the baiji, why is the YFP so fortunate as to be able to grasp this last straw of hope?
There is no doubt that this potential recovery of the YFP population convincingly suggests the
effectiveness of present conservation measures, even though they made people lose confidence
for many years (Wang, 2015). Therefore, we want to review the recent progress achieved and
provide some suggestions on future directions to further improve the effectiveness of these
measures. Moreover, we also want to take the YFP as an example to be used in protecting or
saving other endangered small cetaceans from the brink of extinction.

Progress in ex-situ protection

Worried about the tremendous population decline of the baiji in the 1980s, Chinese research-
ers suggested establishing ex-situ populations for the Yangtze cetaceans and initiated this prac-
tice in the early 1990s. Tian-E-Zhou Oxbow in Shishou County, in Hubei Province, was finally
selected as an ideal place to introduce the baiji and Yangtze finless porpoise. This oxbow was
initially a part of the mainstream of the Yangtze River but was cut off by currents in 1972. It
is an old course of the Yangtze River about 21 km long and 1-2 km wide, with a habitat quite
similar to that of the mainstream (Zhang et al., 2003). For security, five porpoises were captured
and introduced into the oxbow in 1990 as a pre-test for the introduction of baiji (Wang, 2009).
Several additional introductions were conducted over the following years. Although it has been
proved that the YFP can live and reproduce well in the oxbow, the population fluctuated until
2010 due to various problems, including poor infrastructure and management. Since 2010, the
reserve has managed the fishing activity well, and the YFP population has begun to increase
quickly. According to the 2015 survey, the 2015 population exceeded more than 60 individu-
als (from 25 animals in 2010), a net increase of 108% (Wang, 2015). This population further
increased to 100 individuals, according to the latest capture survey conducted in April 2021
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Fig. 1: YFP population increase in the Tian-E-Zhou Oxbow

(unpublished data) (Fig. 1).

Inspired by the success of the Tian-E-Zhou population, in 2015 the Ministry of Agricul-
ture (MOA) established the second ex-situ reserve for the YFP in He-Wang-Miao Oxbow in
Jianli County of Hubei Province, with technical support from the Institute of Hydrobiology at
the Chinese Academy of Sciences (IHB). Twelve animals were introduced from Poyang Lake
(8) and Tian-E-Zhou Oxbow (4) through three translocations in 2015 and 2017, respectively.
The He-Wang-Miao Oxbow is about 30 km long, and its lower mouth is still connected to the
Yangtze River; therefore, its water quality and fish resources are even better than the Tian-E-
Zhou oxbow’s. The carrying capacity is estimated to sustain about 110 YFPs, much higher than
the Tian-E-Zhou Oxbow. Encouragingly, since 2016, new babies have been sighted every year.
With the introduction of another eight and six animals from Tian-E-Zhou Oxbow in 2021 and
2022 respectively, the present population is estimated to be around 40, which will undoubtedly
be the largest potential ex-situ YFP population.

In 2015, with the combined efforts of local fishery administrations and the Ministry of Agri-
culture and Rural Affairs (the present name of MOA), the third ex-situ reserve was established
in Xijiang Oxbow, Anqing, in Anhui Province. This is a smaller oxbow with the capacity to hold
about 20 animals. Eighteen animals had been introduced into this oxbow, and two new-born
calves have been reported. Besides the three natural ex-situ reserves for the YFPs, another small
seminatural ex-situ population was established in 1993 in a small channel between two islets in
the Tongling section of the Yangtze River (Xian et al., 2010). This channel is about 1.6 km long
and 80-220 m wide, with about ten animals living here. Although the YFPs can forage naturally,
they must be fed twice a day due to the limited amount of fish resources in the channel (Xian
et al., 2010). Therefore, considering its small size and need for extensive human intervention,
it is not consensually recommended as an appropriate method for ex-sifu conserving the YFPs.

The YFPs in the ex-situ reserves total around 130 animals, which has set a solid foundation
for restoring its natural population in the Yangtze River. Ex-situ management actions to conserve
YFPs provided the first positive example of ex-situ management for small cetaceans, which was
seen as the Dawn of Hope for the conservation of the endangered small cetaceans in the world,
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according to the [IUCN Report of the 2018 workshop on ex-situ options for cetacean conservation
(IUCN, 2018). In November 2019, the IUCN cetacean specialist group organised another sympo-
sium to investigate Chinese researchers’ ex-sifu achievements in YFPs. Inspired by the progress
on the YFP ex-situ conservation work, the IUCN cetacean specialist group proposed introducing
the One Plan Approach (see von Fersen and Miller in this special issue) methodology, including
ex-situ options to conserve other endangered or threatened small cetacean species.

Efforts on Habitat Protection

Habitat protection is a fundamental measure for the conservation of wild animals, which
benefits not just a single species but the entire ecosystem (Schelle, 2010), and, in the case of
the YFP, through improved natural water flow, increased fish resources, and improved habitat
quality. Therefore, since the mid-1980s, in-situ conservation has been suggested as one of the
three major measures for Yangtze River cetaceans. Currently, a total of eight natural reserves
have been established near the Yangtze River and its appended lakes (Fig. 2). The sum of the
total length of the six reserves in the Yangtze River is approximately 494.5 km, accounting for
nearly 30% of the area of the middle and lower reaches of the Yangtze River. For example, the
Dongting YFP reserve accounts for about 26% of the size of Dong Lake. In comparison, the
Poyang YFP reserve only accounts for a small proportion of the size of the lake (1.6%), even
though it is the most important habitat for the wild YFP population (Zhao et al., 2008; Mei et al.,
2012; Huang et al., 2020). The establishment of reserves, however, cannot protect the habitat of
the YFPs without strong enforcement.

Although scientists have desperately called for immediate actions to protect the Yangtze ceta-
ceans (Wang et al., 2000; Wang, 2009, 2015), due to continuous and extended developmental
pressure in the Yangtze region, conservation measures have not been able to be fully imple-
mented, even in the reserve regions. Human activities, such as shipping, fishing, hydro-project
construction, sand-dredging, and urbanisation, are vital for developing the local economy and
communities, so excluding or mitigating their impacts is difficult. Although the impacts of the
individual anthropogenic activities were not quantitatively assessed, it is widely accepted that
the cumulative effects of these activities are responsible for deteriorating the habitat of the YFP
and other aquatic animals. Among these impacts, overfishing is seen as the major contributor to
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the serious collapse of fish resources (Chen et al., 2002; Wei et al., 2007; Chen et al., 2009) and
consequently destroys the foundation for a prosperous population of YFPs. In addition, food
scarcity can cause detrimental nutrition stress in top predators (Wang, 2009; Schelle, 2010),
which can fundamentally compromise the immunity, reproduction, and ultimately survival of
the animals (Rosen, 2009; Nabi et al., 2017a, 2020a, 2020b). Moreover, various non-selective,
illegal, and harmful fishing methods, such as electrofishing (Smith & Reeves, 2000), rolling
hooks, and gill nets (Schelle, 2010), have been widely used in the Yangtze River and its ad-
joining lakes, even in some reserve sections. Like other small cetaceans, YFPs are prone to
becoming entangled in fishing nets, which can cause severe injuries and predispose them to
various infections and ultimately death by drowning (Schelle, 2010). Based on our preliminary
investigation of the carcasses of YFPs collected in the Yangtze River, nearly one third of the
identified causes of death were related to fishing activities (unpublished data).

To protect the fish resources, the Ministry of Agriculture and Rural Affairs, the major authori-
ty for freshwater biodiversity conservation in China, has implemented a seasonal fishing ban or
spring fishing moratorium on the Yangtze River since 2002. It seems, however, that the three- or
four-month seasonal fishing ban has not effectively protected the fish resources in the Yangtze
River. As a result, the fish resources have declined continuously even after the implementation
of the fishing ban, and it was announced that the biodiversity integrity index of the Yangtze
River had reached the worst ‘fish-free’ level (People, 2018). Although the fishing ban was strict-
ly enforced and the spawning and hatching of various fish species were well protected during
the spring fishing ban period, fishing activities always increased immediately after the ban lift-
ed. Controlling and enforcing fishing gear and methods during the fishing season is much more
difficult than completely stopping fishing activity during the no-fishing period. Increased illegal
fishing at night has been reported during the fishing season, with detrimental fishing practices
on Poyang Lake and other water regions (Mei et al., 2020). With the continuous decline of fish
stocks in the whole ecosystem, sustaining enough prey for the YFPs living in the reserves in
a flowing riverine system is impossible, even with the strictest enforcement in the reserve sec-
tions. Despite the nearly 20-year seasonal fishing ban, however, it seems that the biodiversity
integrity of the Yangtze River was still on the track to collapse, as shown by the stunning evi-
dence of the likely extinction of baiji and the Chinese paddlefish (Psephurus gladius) and the
quick decline of the YFP population and many other aquatic animals during this period (Turvey
et al., 2007; Mei et al., 2012; Zhang et al., 2020).

An ichthyologist at the Institute of Hydrobiology proposed a complete fishing ban in 2006,
when the shortcomings of the seasonal fishing ban were recognised. Still, more than 230,000
fishermen depend on fishing in the Yangtze basin. The trade-off between biodiversity protection
and fishing livelihoods has long been negotiated. In the face of deteriorating environmental
conditions and a booming economy, the 10-year fishing ban was finally implemented in all pro-
tected areas in early 2020 and throughout the entire Yangtze basin on 1 January 2021 (Mei et al.,
2020). The central and local governments along the Yangtze have provided special funds for the
retraining of fishers in new jobs by teaching them new skills and providing them with benefits,
like social security. With the help of some NGOs, some fishers have been trained and appoint-
ed as fisheries wardens. They still live on the boats and do not fish but assist law-enforcement
agencies in regulating fishing activities. Although there remains a lack of solid scientific data,
it has been reported that the fish stocks have shown obvious signs of recovery, at least in some
regions. In Lake Poyang, for example, the largest freshwater lake in China and the most impor-
tant habitat for YFP, fish stocks increased significantly despite having a complete fishing ban for
less than two years in this region. According to the Jiangxi Provincial Fisheries and Research
Institute, the fish community structure in Poyang Lake is improving, and the fish resources
have been replenished (People, 2021). Moreover, some rare or endangered fish species, such as
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the common sucker (Myxocyprinus asiaticus) and (Ochetobius elongatus Kner, 1867), also re-
emerged in Poyang Lake, according to the latest survey conducted by the local institute.

The waterfront zone is an important wetland, flood-storage area, and detention area of the
Yangtze River and plays important roles in economic, social, and ecological functions (Duan et
al., 2020). Several surveys of the YFP have shown that these animals are more frequently sight-
ed in sections with more natural waterfront zones (Mei et al., 2012; Huang et al., 2020, Chen
et al., 2020). Anthropogenic activities, however, have significantly occupied and disturbed this
vital component of the Yangtze ecosystem. The ecologically sensitive waterfront of the Yangtze
River measures 3,943.2 km, accounting for 49.9% of the total length of the Yangtze River,
among which about 1,625 km were artificially disturbed, accounting for 41.2% of the total
length of the ecologically sensitive waterfront. This is even higher than the overall develop-
ment and use rate of the main stem of the Yangtze River (36.7%), indicating that the existing
protection areas played only a limited role in conserving the natural coastlines of the Yangtze
River (Duan et al., 2020). The Ministry of Water Resources launched a campaign on cleaning
and restoration actions for the coastline of the Yangtze River in 2016 based on the Guidelines
for Development Along the Yangtze Economic Belt approved by the Political Bureau of the
Central Committee of the CPC in 2016. According to the MWR, by October 2020, 2,441 pro-
jects suspected of violating laws and regulations had been cleaned up and remedied, accounting
for 98.9% of the total. Furthermore, 158 km of the Yangtze River coastline had been restored,
and 121,300 m? of beaches and banks were rehabilitated. This campaign has been significantly
changing the Yangtze River’s waterfront zone, thus rehabilitating the Yangtze ecosystem’s eco-
logical functions.

Water pollution is seen as another important factor in the deterioration of the habitat of the
YFP (Wang, 2009, 2015). Another major cause is the reduction of fish resources, since fish
are more vulnerable to various pollutants in water and tend to accumulate pollutants in their
bodies (Jia et al., 2017). Previous studies have reported the bioaccumulation of toxic chemi-
cal pollutants in different fish and other aquatic species endemic to the Yangtze River (Shao
et al., 2005; Xian et al., 2008; Su et al., 2010). YFPs are at the top of the food chain and can,
therefore, bio-accumulate various toxic pollutants by ingesting polluted prey (Schelle, 2010).
Dong et al. (2006) reported the deaths of five YFPs in Dongting Lake from pesticide exposure.
More recently, Xiong et al. (2019) and Zhang et al. (2020) reported several organic pollutants
in blubber and trace elements in various tissues. Although acute mortality caused by pollutants
is rare, accumulated toxins in animals can cause multiple problems, such as reproductive fail-
ure, an imbalance in biochemical homeostasis, and cardiovascular, hepatic, and renal problems
(Willett et al., 1998; Stahl et al., 2011; Nabi et al., 2019, 2021b), which can compromise the
animals’ survival.

As one of China’s most important economic belts, the Yangtze River has long suffered from
tremendous amounts of industrial wastewater, agricultural effluents, ship navigation wastes, and
urban sewage (Floehr et al., 2013). The deteriorated water quality poses a grave threat to public
health (Lu et al., 2008) and aquatic biodiversity (Ullah et al., 2021a, b). The Yangtze River was
even rated as one of the top ten ‘risk rivers’ globally by the World Wildlife Fund in 2007 (Wong
et al., 2007). Although actions on pollution prevention have long been continuously conducted
along the Yangtze basin, a systematic and thorough campaign on water-pollution control in the
Yangtze basin has been overwhelmingly implemented throughout the whole basin under the
supervision of the Ministry of Ecology and Environment since 2016. According to the Ministry
of Economy and Labour, 228 chemical enterprises along the Yangtze River have been relocated
or renovated, including all the outdated chemical enterprises within one km of the Yangtze
River. At the same time, pollution from non-point agricultural sources has been significantly re-
duced by, for instance, decreasing the use of and increasing the efficiency of chemical fertilisers
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and pesticides and applying green crop disease and insect prevention and control technology.
Furthermore, centralised sewage-treatment facilities in all cities along the mainstream of the
Yangtze River have been established, and nearly 24,000 sewage outlets in total from the cities
along the river have been eliminated. Moreover, 33,872 pollutant reception facilities for ships
were completed in the Yangtze Economic Belt to reduce pollution from the ports and piers. As
a result of these measures, remarkable improvements have been achieved, with the good water
quality sections (grade I to grade III) increasing to 96.7% of the Yangtze River basin, 14.9%
higher than that in 2015. Moreover, in 2020, for the first time, the water quality of the whole
mainstream reached Grade II (News China, 2022).

Acoustic pollution, particularly from ships, is another potent stressor for all cetaceans of any
age (Wright et al., 2007). A sudden loud noise can kill nearly any cetacean (Claridge, 2006), but,
more commonly, it causes damage to their external and internal organs (Cox et al., 2006). Chro-
nic acoustic pollution can cause hearing loss (Finneran et al., 2002) and mask their vocalisations
essential for foraging, mother-offspring bonding, navigation, and escape from predators (Mari-
ne Mammals Commission, 2007). Furthermore, exposure to chronic acoustic pollution can di-
rectly suppress the Hypothalamic-pituitary-gonadal (HPG) axis and compromise fertility (Nabi
et al., 2018a). Additionally, daily social behavioural patterns, such as group cohesion (Nowacek
etal., 2001), travel direction, behavioural state (Miller et al., 2008), dive duration, and breathing
synchrony, can be negatively compromised by acoustic pollution (Nabi et al., 2018b). Acoustic
pollution can also directly reduce the foraging efficiency of cetaceans (IWC, 2007), which can
consequently compromise their survival (Wright et al., 2007). Many cases have been reported
of YFPs’ being killed or severely injured by propeller strikes (Zhou & Zhang, 1991; Chen et
al., 1997). Therefore, scientists have long petitioned to regulate shipping or navigation in the
Yangtze River (Wang et al., 1998, 2000; Wang et al., 2006; Wang, 2009, 2015).

The Yangtze River is the major artery of China’s inland water transportation, which is called
the Golden Channel of the Chinese economy (Schelle, 2010; Fu et al., 2010). According to the
Ministry of Transport (MOT), shipping along the Yangtze River contributes more than 200 bil-
lion yuan directly and 4.3 trillion yuan indirectly to economic and social development along the
river every year (MOT, 2020). It is impossible to reduce the Yangtze River’s shipping ability due
to its function as a backbone of the economy. Thus, it is not easy to regulate the huge shipping
industry. The MOT has issued regulations and standards for preventing and controlling noise
pollution from ships in the Yangtze River and strengthened on-site supervision. Moreover, it has
pledged to investigate further technical measures, such as new and green energy engines, to con-
trol noise pollution in the river. In some reserve sections, boat-speed control has been proposed
and is notified automatically by radio when a boat or ship enters the reserve section, which
might help mitigate the effects of noise pollution and shipping on the animals in the region.

Although it is impossible to solve all problems at once, with the implementation of a series
of campaigns by various departments, particularly the complete 10-year fishing ban and water-
front zone-cleaning and restoration actions, the environment and ecology of the Yangtze River
have been changing significantly. In general, the habitat of the YFPs is gradually improved by
the evidence of frequent sightings and reports of YFPs from different regions. For instance,
the Nanjing Provincial YFP Natural Reserve now can be seen as a successful example of an in
situ nature reserve of YFPs in the urban section of the busy channel of the Yangtze River alt-
hough it is the latest natural reserve established in October 2014. Thanks to strict enforcement
of all fishing controls, including recreational fishing, and the restoration of the river’s natural
shorelines, the YFP population has increased significantly, from 20 to 50 animals, since its es-
tablishment in 2014, and the population continues to grow steadily. In addition to management
by the Nanjing local authorities, the participation of the local population, including NGOs and
volunteers, has also contributed significantly to the recovery of the YFP in this section. The
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Yichang section, just down to the Gezhou Dam, is another encouraging example. Historically,
it was not a traditional hotspot of the YFP but a provincial nature reserve for the threatened
Chinese sturgeon. With the environmental improvement of this region, a small group of YFPs
explored it in 2015 and now dwell in the reserve. The present number of residents is estimated at
15 to 20 animals, and they have now become a famous symbol of this city, attracting many local
photographers every day. The Poyang and Dongting Lakes are the two most important habitats
for YFPs (Zhao et al., 2008; Mei et al., 2013) and have been seen as the last refuge of the YFPs.
In addition to the intensive fishing activities, illegal sand dredging was another threat contri-
buting to the deteriorating habitat of the YFP and the survival of other aquatic animals in the
two lakes (Jing, 2008; Wang, 2015). Due to the local economy’s dependence on sand-dredging,
the sand-dredging ban has faced imaginable difficulties in these regions. Thanks to the strong
implementation of the Great Conservation Project for the Yangtze River proposed by the central
government, sand-dredging has been strictly suppressed and regulated. As a result, the former
muddy lakes are now becoming clean and calm. Regional surveys conducted by the local insti-
tutes have shown that the population of the YFP is increasing, which has been confirmed by the
2022 survey (unpublished data).

Progress in the Captive Breeding Programme

As early as 1986, at the first symposium on Biology and conservation of Freshwater Ceta-
ceans in the World, Chinese researchers identified captive breeding as the last of the three major
conservation measures for the Yangtze River dolphins. A male baiji named Qi-Qi was rescued
on 11 January 1980 and raised in captivity in the Baiji dolphinarium for 22 years and 186 days,
making him one of the longest-lived freshwater dolphins under human care. Although attempts
were made to find a breeding partner for him, the captive breeding program for baiji finally
failed with the death of Qi-Qi on 14 July 2002 (Wang, 2009).

The long-time husbandry of Qi-Qi, however, led to important knowledge about and ex-
perience in the care of small freshwater dolphins that is now helping Chinese researchers and
trainers to keep YFPs under human care. The first group of YFPs, two females and one male,
was successfully introduced to the Baiji dolphinarium or the Yangtze Cetacean Breeding and
Research Centre in 1996. The first calf, named Tao-Tao, was born on 5 July 2005 (Wang et al.,
2005). Although several other calves were born in captivity in the following years, however, all
calves died prematurely, possibly due to the old facility, maternal problems, or poor nutritional
management. The rearing pools in the Baiji dolphinarium were reconstructed in 2008, and three
young females from Poyang Lake were introduced in 2009 (Yang-Yang) and 2011 (F7 and F9),
respectively. Moreover, Chinese researchers have investigated and improved the husbandry and
management of captive animals, including grouping, monitoring, and nutritional adjustment
during the females’ different physiological stages. In 2018, the second male calf, ‘E-Bo’, was
born successfully and has now fully matured. Furthermore, the male second-generation baby
YYC (Yang-Yang’s calf) was born in 2020, which is named Han-Bao later and now is fully
independent of his mother. In 2022, the first female second-generation baby was born, which
further enhances the reproductive success of this captive population. Presently, it has totally 11
animals in this captive population and provides a dependable research platform for the small
cetacean biology.

Although captive breeding of YFPs remains challenging, the whole process, including preg-
nancy, delivery, and nursing, is now common and natural in the Baiji dolphinarium. The proto-
cols and procedures for the management and husbandry of captive YFPs have been significantly
improved (Hao et al., 2019), and the experiences in keeping and breeding YFPs in human care
made at the Baiji dolphinarium have also been applied to a net cage project in the Tian-E-Zhou
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oxbow. In recent years, two calves were born in the net cage in 2016 and 2020. The first calf was
released to the oxbow in 2020 after she was confirmed to be fully matured, and the second calf
is now also already completely independent.

Although it remains controversial to use captive breeding as a conservation measure, there is
no doubt that keeping even a small group of animals can build a significant amount of know-
ledge and experience in handling and caring for the animals, which is in turn important for
wild animal rescue and handling. Moreover, it provides an exclusive opportunity for the public
to know more about this species, significantly inspiring their concern, love, and care for these
unique small cetaceans in the Yangtze River. However, in the case of the YFP, the contribution
of captive breeding programs to enhancing the wild populations in the Yangtze River or in the
oxbow river reserves remains to be seen. Even though, and amid suspicious public opinions, two
captive populations were established in two commercial aquaria in 2019 and 2020, respectively,
with individuals taken from the two of the YFP ex-situ reserves. Considering the difficulties of
reintroducing animals born under human care back into the wild, the effect of these commercial
breeding programs to the endangered YFP wild population is still uncertian compared to the
promising network of natural ex-situ reserves along the Yangtze River.

Future direction for the conservation of the YFP

After decades of efforts by Chinese researchers, conservationists, governmental authorities,
and NGOs, a systematic conservation strategy has been established, and the terminal trajectory
of the YFPs has been fundamentally changed. Despite this success, more scientific and conser-
vation issues still need to be addressed to further strengthen the foundation of the progress and
restore the natural population of YFPs in the Yangtze River.

Managing the ex-situ populations as a metapopulation

The ex-situ reserves are relatively small areas for a large population of YFPs. For example,
the carrying capacity of the Tian-E-Zhou oxbow is estimated at only 89 animals total, according
to the Ecopath Model (Li, 2017). Using the same model, the carrying capacity of the He-Wang-
Miao oxbow is estimated at 110 animals (unpublished data), while the carrying capacity of the
Anqing Xi-Jiang oxbow is much smaller, at less than 30 animals. Using a stable population
model, the threshold for the population size to persist for 100 years requires 113 animals, and
472 animals are needed to persist for 500 years (Mei et al., 2021). Based on this data, it is evi-
dent that none of the present ex-situ reserves can sustain the progress of the YFP population for
long. It is, therefore, important to manage the ex-sifu populations as a metapopulation. More-
over, in small and fragmented populations, the loss of the population’s genetic structure and
genetic diversity may alter the species’ demography and increase its risk of extinction (Frank-
ham et al., 2002). The population decline, combined with the restricted gene flow, can cause
a serious loss of genetic diversity and result in genetically fragmented populations (Chen et
al., 2014). Therefore, the artificial exchange of individuals among the ex-situ populations is
critical to maintaining genetic diversity and a self-sustaining ex-situ population. According to a
model simulation, for the Tian-E-Zhou population, at least two animals each year need to be ex-
changed with other ex-situ populations or natural populations to maintain their genetic diversity.

A genetic-diversity management program has been implemented for ex-situ populations. The
Institute of Hydrobiology, supervised by the SFAO, introduced four animals from Poyang Lake
into the Tian-E-Zhou Oxbow in 2015 and 2018. In return, in 2015 and 2020, four and eight
animals, respectively, were translocated to the newly established He-Wang-Miao population.
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Moreover, two males were translocated from the Tian-E-Zhou Oxbow to the Anqing Xijiang
Oxbow. The preliminary genetic evaluation demonstrated that, with these movements, the
genetic diversity of the Tian-E-Zhou population has significantly improved (Wang Ding, perso-
nal communication). In the long run, functional connectivity through artificial exchanges among
ex-situ populations is required to maintain the genetic biodiversity and population dynamics.

With the population reaching or even surpassing the carrying capacity of the Tian-E-Zhou
oxbow, it is now urgent to evaluate the optimum sustainable population (OSP) to maintain
healthy population development. With the increase in the ex-situ population, the animal’s net
reproductive rate and nutritional status, as indicated by body mass index (BMI), has shown an
obvious decline in the Tian-E-Zhou population (unpublished data). Therefore, it is now a reality
that determines how many animals need to be translocated out each year to maintain an optimal
sustainable population. Moreover, sewage discharge, the allocation of water resources, fishery
management, carrying capacity improvement, and water quality control are some new issues in
managing ex-situ reserves. Therefore, further investigation is needed to develop the categories
required for establishing and manipulating the ex-situ reserves, including criteria for location,
size, topography, water quality, fish availability, wetlands, climate, and the surrounding commu-
nities. Another important question is how to re-evaluate the role of ex-situ populations for the
recovery of the natural population of YFPs in the Yangtze River.

Boosting habitat restoration and natural population recovery

Decades of environmental degradation on the Yangtze River due to rapid and unregulated devel-
opment had almost driven the YFP into the vortex of extinction, prompting even conservationists
to ponder its future (Wang, 2015). The change in China’s development philosophy gives the YFP a
chance to grasp the last straw of hope. The significant changes in the Yangtze ecosystem reignited
the hope that the natural habitats of the YFP and other aquatic animals in the Yangtze could be re-
stored. In the context of the greater protection of the Yangtze River and the 10-year fishing ban, the
following measures are proposed to further boost the recovery of the natural population of YFPs.

Re-establish the connection of some tributaries and lakes to the main stem of
the Yangtze River to reconstruct its ecological function

Historically, the Yangtze River was connected with numerous lakes and tributaries that were
disconnected from the main stem of the Yangtze for, among other purposes, flood control and ir-
rigation projects. Only a few lakes remain directly connected with the main stem, like Dongting
and Poyang Lakes. These barriers significantly reduced the ecological function and biomass
of the ecosystem by impeding the breeding or foraging migration of some fish species and
curtailing the free movements and gene flow of aquatic organisms (Morita et al., 2009). The
construction of the Three Gorges Dam significantly reduced the probability of a major flood
in the Yangtze River to one in 100 years. It, therefore, provides the possibility to reconnect the
main stem of the Yangtze to some of its tributaries and lakes through a thorough and objective
ecological evaluation.

Readjust the nature reserves according to hotspot or habitat changes of the YFPs

Eight natural protected areas are presently established for the YFP. Due to various an-
thropogenic activities, however, the habitats and distribution of the YFP differ from decades
ago, when the reserves were established. It is necessary to readjust the reserve areas accord-
ing to the present results from the series of surveys (Zhao et al., 2008; Mei et al., 2013;
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Huang et al., 2020). Some important habitats of the YFP, e.g., the Balijiang section or the
mouth of Poyang Lake, the Jingjiangmen section or the mouth of Dongting Lake (Huang et
al., 2020), should be designated as protected areas for the YFPs. Previous YFP population
surveys have also shown that the distribution of the YFP in the mainstream of the Yangtze
River is highly correlated with the characteristics of the river shoreline. This suggests that
protecting the nature shoreline of the Yangtze River is key to the protection of the natural
habitat of the YFP. Therefore, it is highly recommended that the functional zoning adjust-
ment of the YFP reserve in the main stem of the Yangtze River should focus on protecting
the river coastline environment, which should be designated as the core protection area of
the reserves (Liu et al., 2020).

Continue regular surveys across the range to monitor population trends and
assess the level of threat

With the implementation of the Greater Protection of the Yangtze River, it is optimistic to
expect that the natural population will increase gradually in the foreseeable future. There-
fore, it is recommended to conduct a population viability analysis according to the recent
data from the surveys to project the population trajectory, which can be used to assess the
effectiveness of conservation strategies. Moreover, with the ex-situ population reaching
carrying capacity, it is time to evaluate the possibility of releasing some of the animals from
the ex-situ reserves, such as Tian-E-Zhou Oxbow, to certain natural habitats to restore the
wild populations.

Improve research on the conservation biology of small cetaceans

The recovery of the YFP population is a good example of how species can be conserved and
can thus serve as a model species for the conservation of small cetaceans. Advanced technologies
can be tested in natural, ex-situ, and captive populations of YFPs to conserve other threatened
small cetaceans worldwide. Although integrated conservation activities have improved the sta-
tus of the YFP, many knowledge gaps still exist that would allow us to refine the conservation
system and technologies further. For example, the traditional population survey is relatively
laborious and time-consuming, and its result is prone to be affected or even biased by the visual
differences of individual observers. Moreover, the fast-developing drone (i.e., unmanned aer-
ial vehicle) technology allows for the establishment of drone-based survey technology, which
could be more efficient and accurate. Furthermore, remote-sensing technology is highly recom-
mended for habitat investigation, planning, and management.

Genetic diversity (Zheng et al., 2005), divergence (Yang et al., 2002), correlation between
environmental factors and genome size (Bo et al., 2006), adaptation to the environment (Ruan
et al., 2016), renal transcriptome sequencing (Ruan et al., 2015), and basic information about
the finless porpoise biology (Zeng et al., 2017a, 2017b; Xiao et al., 2018; Ji et al., 2019; Zeng et
al., 2019) have been studied. Additional studies are needed to investigate inbreeding depression-
related loci, gene-environment interactions, overdominance, epistasis, and genetic susceptibil-
ity, which are important for animal conservation (Khan et al., 2016). Historical information
related to the origin, speciation time, ancestral effective population size, and microevolution of
the YFPs needs to be collected.

The ex-situ reserves for the YFP can serve as a model for the Yangtze River ecosystem.
A series of scientific or technological issues can be investigated on this platform: e.g., the
energy flow and balance in the closed ecosystem, the function and interaction of the top
predator, the YFP, with its prey and other aquatic organisms, and the biodiversity varia-
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tion and gene flow in the closed population with changes in the population size. Moreover,
changes in population dynamics and the reproductive performance of the population with
the population size approaching the carrying capacity of the closed reserve ecosystem can
also be studied.

For the captive breeding population of YFPs, artificial insemination (AI) technology can be
a useful tool in conserving endangered species. Improving the genetic material, increasing the
overall population, and enabling breeding at different times and different geographical locations
can be achieved by Al. Al also ensures breeding in the presence of behavioural, physiological,
and physical abnormalities after a male’s death (Jane, 2011). Current research is in progress
to investigate the ovulation period through hormones and ultrasound in captive female YFPs.
Training male YFPs for semen collection has also been started. There are still various chal-
lenges regarding Al, however, including gamete preservation and the development of a protocol
for Al. Thus, combined contributions from various field experts are needed to overcome and
establish a sustainable captive population.

Advanced molecular techniques can help explain how different toxicants, pathogens, and
other parasites can disrupt the cellular machinery of YFPs. Furthermore, there is also a need
to develop viable cell lines and improve medical husbandry techniques to understand the
cellular and physiological responses of YFPs to various anthropogenic stressors. When using
advanced molecular and other physiological methods, criteria are needed for animal trans-
locations and release practices considering the genetic diversity and richness, disease risk
assessment, and health screening of the YFPs. Post-release assessments via satellite-linked
telemetry are also needed to understand whether the animal can re-adapt to its natural envi-
ronment.

Further encourage public involvement

Public involvement is a key factor in conservation, especially for the protection of flagship
species that act as ambassadors for the entire ecosystem. The giant panda is a good example of
this model, where conservation action is focused on this charismatic species to achieve con-
servation success for other species as well. The YFP is also an intriguing species that could
act as a symbol for the conservation of the Yangtse River in general. It was not well protected
before, partly because it was not well known by the public due to its evasive behaviour. The
activities conducted to educate the public coordinated by the Chinese government, media, and
NGOs over the last few years, however, have informed the public about the status of the YFP.
The Baiji Dolphinarium of IHB has played a key role in this campaign by providing pictures,
videos, and TV programmes. With the YFP becoming more popular, more and more people
have become concerned and even joined forces to protect this species. Every year, many visi-
tors of different ages and nationwide volunteers come to see the porpoise. Ten delegates of
the Chinese People’s Political Consultative Conference (CPPCC) submitted a joint proposal
to upgrade the YFP to a First Grade National Protected Animal during the fifth meeting of the
12 session of its 2017 conference, which contributed significantly to its upgrading in 2020
and is a clear indication of public awareness. Wuhan Baiji Conservation Foundation (WBCF)
was the first NGO established in 1996 for the conservation of the Yangtze River cetaceans.
Recently, however, over 20 organisations have been directly involved in the conservation
of the YFP in different regions, such as Poyang Lake and Dongting Lake, and the Wuhan,
Angqing, Nanjing, and Zhenjiang sections. These NGOs organise various public educational
events, conduct surveys, report illegal activities, and report stranding events of YFPs, which
have contributed and will continue to contribute to the restoration of the natural population of
YFPs in the Yangtze River.
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Conclusions

Since the extinction of the Yangtze River dolphin in 2006, the YFP is now the only freshwater
cetacean endemic to the Yangtze River. Unfortunately, like the baiji, the YFP also faced tremend-
ous pressures resulting from various anthropogenic activities. As a result, YFPs have been on an
accelerated path to extinction for the last few decades. Different measures, such as promoting
public awareness, a fishing ban, in-sifu conservation, ex-situ conservation, captive breeding, and
various biological research programmes have been carried out to conserve YFPs. Only recently
fruitful results have been achieved through the integrative use of these conservation tools, as
shown by the quickly increasing population in ex-situ reserves, significantly slowing the decline
rate of the natural population and making progress on captive breeding and public education
projects. By comparing the conservation process of the baiji and YFPs, an integrated conserva-
tion plan, including ex-situ options, is important to draw a threatened cetacean species out of the
extinction vortex. Ex-situ measures should be implemented early enough to ensure that one or
more seed populations can be established without significantly affecting the natural population.
The protection of the natural habitat is the fundamental measure for restoring the wild popu-
lation of endangered cetacean species. Therefore, significant conservation measures should be
implemented to mitigate or eliminate the major threats from the species’ hotspots (e.g., fishing).
Natural habitat protection, however, always conflicts with the livelihoods and economy of local
communities. Therefore, it needs the strong support of political and legitimate enforcement,
which also needs to be backed up by the nation’s strong economy, such as implementing the
10-year fishing ban in the Yangtze River. Captive breeding can support filling the knowledge
gap and educating the public about the protection of the cetacean species. Still, it seems cost-
ly and inefficient to save a cetacean species by reproducing many animals in captivity. From
our experience with YFP, we suggest using integrated conservation tools to protect endangered
small cetacean species by considering ex-situ options as early as possible to establish seed
populations, protect natural habitats as much as possible, and fill the knowledge gap as quickly
as possible by all means possible, including through a small-scale captive breeding program. If
these measures could be implemented properly, changing the fate of any endangered cetacean
species is highly possible.
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Zusammenfassung

Mit dem Aussterben des Jangtse-Delfins oder Baiji (Lipotes vexillifer) auf Grundlage der im
Jahr 2006 durchgefiihrten Erhebung ist der Jangtse-Schweinswal (Neophocaena asiaorienta-
lis) nun die einzige iiberlebende SiiBwasser-Cetacea-Art im Jangtse-Fluss. Aufgrund dhnlicher
Bedrohungen durch verschiedene anthropogene Aktivititen in der Jangtse-Region hat die na-
tiirliche Population des Jangtse-Schweinswals (YFP) in den letzten Jahrzehnten einen drasti-
schen Riickgang erlebt. Um zu verhindern, dass dem YFP das gleiche Schicksal wie dem Baiji
widerfihrt, wurden verschiedene Schutzmafinahmen ergriffen. In letzter Zeit wurden erhebliche
Fortschritte erzielt, darunter die Wiederherstellung natiirlicher Lebensraume, die Vergrolerung
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der Ex-situ-Population und die erfolgreiche Zucht in Menschenobhut. Obwohl es einen Hoff-
nungsschimmer gibt, miissen noch einige wissenschaftliche und technische Fragen geklirt wer-
den, um die Effektivitit und Effizienz des Programms durch eine integrative Planung fiir die
gesamte Erhaltungspraxis weiter zu verbessern, die Folgendes umfassen kann 1) Management
der Ex-situ-Reservate als Metapopulationen; 2) Neuplanung und Management der natiirlichen
Reservate und der wichtigsten Lebensrdume; 3) weitere Verbesserung der Forschung tiber die
Erhaltungsbiologie von Kleinwalen; 4) weitere Forderung der Beteiligung der Offentlichkeit.
Im Allgemeinen zielt dieser Beitrag darauf ab, einen Uberblick iiber die durchgefiihrten Maf-
nahmen und die jiingsten Fortschritte bei der Erhaltung der stark gefihrdeten YFP zu geben
und die bestehenden Fragen fiir die weitere Erhaltungspraxis fiir diese Art zu erdrtern. Dariiber
hinaus hoffen wir, dass diese Arbeit Licht auf die Erhaltung anderer gefihrdeter Kleinwale in
der Welt werfen wird.
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Abstract

Here we describe nearly 20 years of research conducted in collaboration with several insti-
tutions from Brazil, Uruguay and Argentina that resulted in the formal status assessment of the
Lahille’s bottlenose dolphin (Tursiops gephyreus) and actions for its conservation, with empha-
sis on the systematic research and conservation process for the Patos Lagoon Estuary (PLE)
population. This conservation process can be viewed as a puzzle, for which several pieces of key
information were combined, and thus a proper assessment of the conservation status could be
made. First, we identified intraspecific structure that can be treated as independent management
units (hereafter referred as populations), then population-specific life history parameters, abun-
dance and non-natural removal (in this case bycatch) rates were estimated for the PLE popula-
tion. Then, these data fed Population Viability Analysis (PVA) models that were developed to
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assess the status of the PLE population and the effects of several scenarios of removal rates. En-
tanglement in gillnets is possibly the greatest threat to the viability of this population. Although
the PLE population seems stable throughout the study period, PVA models suggest that even a
low removal rate of adult females may cause a marked population decline in three generations
(ca. 60 years). Parameter uncertainty does not change the conclusion that no-fishing zones are
needed to reduce the risk of PLE population decline. Scientific-based advice was considered
and a no-fishing zone that covers the PLE core area was established. Full compliance of the re-
gulation is expected to increase survival rates and long-term viability of the PLE. Nevertheless,
Lahille’s bottlenose dolphin is suspected to present a low abundance and some of its population
units remain poorly known and not sufficiently protected. We identified main research gaps and
provided future directions for the conservation of this species throughout its distribution range.

Keywords: Cetacean, Western South Atlantic, management

Background

Bottlenose dolphins (Tursiops spp.) have a widespread distribution throughout the globe and
occupy a variety of marine and estuarine habitats from tropical to temperate waters (Wells &
Scott, 2009). The genus is globally abundant and is often found in small populations through-
out its range, manly in coastal regions associated with rivers, estuaries, bays and fjords (e.g.,
Sarasota Bay, Florida (Wells et al., 1987); Moray Firth, Scotland (Wilson, 1995); Kvarneri,
Croatia (Bearzi et al., 1997); Doubtful Sound, New Zealand (Haase & Schneider, 2001); Patos
Lagoon estuary, RS, Brazil (Castello & Pinedo, 1977)), but also in oceanic waters associated
with islands or other oceanographic features (e.g., Saint Peter and Saint Paul Archipelago, Bra-
zil (Caon & Ott, 2004); Azores, Portugal (Quérouil et al., 2007); Bermuda, North America
(Klatsky et al., 2007); continental shelf-break and slope (Di Tullio et al., 2016)).

While there is presently no evidence to suggest that bottlenose dolphins are threatened global-
ly, many coastal regional populations are at risk of extinction due to human impacts that include
bycatch, hunting, pollution, and prey depletion (Gowans et al., 2007; Reeves, 2003; Vermeulen
et al., 2019). The viability of these populations depends, in part, on appropriate management
based on robust scientific information of their life history, abundance and impact factors. In the
western South Atlantic Ocean (wWSAQO), the genus Tursiops is also widely distributed, occurring
from the Amazon River mouth, Brazil, to Tierra del Fuego, Argentina, and Malvinas/Falkland
Islands (Bastida et al., 2018). However, the occurrence of coastal populations is restricted to a
small geographical range between southern Brazil and central Argentina. These coastal popula-
tions are small and locally adapted to specific habitats such as estuaries, rivers and bays (Fig. 1;
e.g., Baia Norte, SC (Flores & Fontoura, 2006); Imarui, Mirim and Santo Ant6nio Lagoon com-
plex, SC (Simd&es-Lopes & Fabian, 1999); Mampituba river mouth (Laporta et al., 2016); Tra-
mandai river mouth (Hoffmann, 2004); Patos Lagoon estuary (e.g., Castello & Pinedo, 1977);
La Coronilla, Uruguay (Laporta & Dimitriadis, 2004); Bahia San Antonio, Rio Negro Province
(Vermeulen & Cammareri, 2009); and Peninsula Valdes, Chubut Province, Argentina (Wiirsig
& Wiirsig, 1979), though, this later population seems to have disapeared or moved from the
Peninsula during the last few decades (e.g., Vermeulen et al., 2017)). These coastal dolphins
represent a different lineage of the genus Tursiops, and a species level recognition was recently
claimed (Lahille’s bottlenose dolphin, Tursiops gephyreus — Wickert et al., 2016; Hohl et al.,
2020), although Marine Mammalogy’s Committee on Taxonomy argues that the lineages should
be recognized at a subspecies level (Costa et al., 2016, 2019; Marine Mammalogy’s Committee
on Taxonomy, 2018). Their distribution overlaps with a series of human activities harmful to
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Fig. 1: Lahille’s bottlenose dolphin ( Tursiops gephyreus) coastal distribution in the western South
Atlantic Ocean, comprising the states of southern Brazil, Santa Catarina (SC) and Rio Grande
do Sul (RS), Uruguay (UY) and Bahia San Antonio in Argentina (AR). The Patos Lagoon estuary
(PLE) is highlighted in yellow, the site of the largest known resident population of the species.



178 E.R. Secchi et al. - Conservation of Lahille’s bottlenose dolphin

dolphins and other cetaceans, making them highly vulnerable to human impacts. Due to their
vulnerability, the low number of individuals representing the entire lineage and declining sight-
ings in some localities, the Lahille’s bottlenose dolphin was recently listed as Vulnerable under
criterion D1of the IUCN (Vermeulen et al., 2019).

Until recently, little attention has been given to relevant conservation issues of Lahille’s
bottlenose dolphins in the Southwest Atlantic Ocean (WSAO), despite their great vulne-
rability to a series of human activities in coastal areas and the poor health status reported
for some local populations due to intense skin diseases and high levels of PCBs and DDTs
(e.g., Fruet et al., 2016; Righetti et al., 2019; Van Bressem et al., 2015). Bycatch in gillnets,
however, is recognized as the main threat to these coastal dolphins and is known to occur
throughout their range (Fruet et al., 2012; Fruet et al., 2021). Relatively high bycatch rates
have been documented in the Patos Lagoon Estuary and adjacent marine coast (PLE) in
southern Brazil, which is home to the largest population of Lahille’s bottlenose dolphins.
Although incidental captures of dolphins in gillnets seem to occur only sporadically and
were not considered a cause for concern in the past (e.g., Pinedo, 1986), the increased
number of observed individuals with evidence of interaction with fisheries (nets attached
to the body and rostrum, mutilated appendages) and the significant increase in reported
mortality on adjacent coastal beaches since the early 2000s have raised concerns about the
viability of this population (Fruet et al., 2012, Prado et al., 2016). To reduce this negative
interaction, a resolution was implemented in 2012 through the Ministry of Fisheries and
Aquaculture and the Ministry of Environment to regulate gillnet fishing in southern Brazil
and establish a fishing exclusion zone in the final portion of the PLE and adjacent shallow
coastal waters (Fig. 2) based on a spatial overlap analysis study of the area preferred by
dolphins and gillnet fishing (Di Tullio et al., 2015).

Despite increasing evidence that some of the populations could be at risk and that a manage-
ment plan was necessary to mitigate the sources of impact, the development and implemen-
tation of such a plan were hampered by the lack of basic scientific information for a proper
assessment of the population’s conservation status. Furthermore, although some studies were
being conducted with Lahille’s bottlenose dolphins throughout the wSAO, they were conducted
without institutional cooperation and common goals aimed at species conservation. Information
was largely published in grey literature or was not published at all, making assessment of the
current conservation status of the species difficult. In the late 2000s, following a successful ap-
proach used to increase knowledge on Franciscana dolphins (e.g., Secchi, 2002), South Amer-
ican researchers organized the First Workshop on the Research and Conservation of Tursiops
truncatus: Integrating knowledge about species in the Southwest Atlantic Ocean (wSAO), held
in Rio Grande, Rio Grande do Sul state (RS), Brazil, in May 2010. Relevant topics such as
taxonomy, ecology, and threats were discussed, information was updated, and future action and
research recommendations were provided. After this first workshop, the number of publications
in peer-reviewed scientific journals and the knowledge on the species’ taxonomy, ecology and
conservation status increased significantly. A second workshop was held in 2017 to evaluate
progress regarding the recommendations made during the first workshop and to further discuss
the taxonomy of bottlenose dolphins in the wSAO. Results and recommendations were present-
ed to the Scientific Committee of the International Whaling Commission in 2018 and a series
of research and policy recommendations were set and reiterated by the Committee to National
Delegates in subsequent years (IWC, 2019, 2021, 2022). An assessment was conducted by the
International Union for Conservation of Nature (IUCN) for the first time for Lahille’s bottlenose
dolphins in 2019, listing it as VULNERABLE under criterion D1 (Vermeulen et al., 2019). A
Task Team was formed in 2020 under the auspices of IWC to deal with Lahille’s bottlenose
dolphin research and conservation in the wSAO (IWC, 2021).
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Fig. 3: The fishing exclusion area (red crosshatched) was established in 2012 in the final portion
of the Patos Lagoon estuary and its adjacent shallow coastal waters, in Southern Brazil.

In this publication, we present an overview of nearly 20 years of research conducted in collabo-
ration with multiple institutions from Brazil, Uruguay and Argentina. Our research follows a step-
wise approach to conduct a formal status assessment of Lahille’s bottlenose dolphins (Tursiops ge-
phyreus) and provides recommendations for conservation actions. Special emphasis is placed on
the systematic research and conservation process for the Patos Lagoon Estuary population (PLE).
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Fig. 3: Lahille’s bottlenose dolphins, Tursiops gephyreus, socializing, feeding and travelling in the
Patos Lagoon estuary and its adjacent coastal waters, in Southern Brazil. Photos: Projeto Botos
da Lagoa dos Patos

Stepwise approach

The conservation process described in this study can be likened to a puzzle, where various
pieces of essential information need to be assembled to conduct a thorough assessment of the
population’s conservation status. The first step involved identifying distinct intraspecific struc-
tures, which were considered independent management units, or populations. Subsequently,
population-specific life history traits, including age at first reproduction, fecundity, survival
rates and other demographic parameters such as abundance and non-natural removal (specifi-
cally, bycatch) rates were estimated for the Patos Lagoon Estuary (PLE) population. These data
were then utilized as input parameters in Population Viability Analysis (PVA) models, which
were developed to evaluate the status of the PLE population and assess the potential impacts of
different removal rate scenarios. The approaches employed to accomplish each of these steps
are described further below.

Identification of intraspecific units to conserve

Variations in gene flow can result in the formation of distinct intraspecific units. In the con-
text of conservation, two main types of units are recognized: Evolutionarily Significant Units
(ESUs) and Management Units (MUs) (Moritz, 1994). ESUs are concerned with historical
population structure, mitochondrial DNA phylogeny and long-term conservation needs. MUs,
on the other hand, address current population structure, allele frequencies and short-term ma-
nagement goals. In the Southwest Atlantic Ocean (WSAQO), the taxonomy of Tursiops dolphins
has been a subject of ongoing debate and revision over the past few decades (Costa et al., 2016;
Wickert et al., 2016). There is evidence of ecological divergence between an offshore (7. trun-
catus) and a coastal ecotype of common bottlenose dolphins (Committee on Taxonomy, 2019;
Costa et al., 2019). Some argue that these two ecotypes exhibit morphological and genetic
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characteristics indicative of species-level differences (Hohl et al., 2020; Wickert et al., 2016).
Offshore dolphins predominantly inhabit waters beyond the continental shelf break (> 150 m
depth), while coastal dolphins are restricted to shallow coastal regions from southeastern Brazil
(27°S) to central Argentina (43°S), generally staying within 3 km of the coast in waters less than
20 m deep (Simdes-Lopes & Fabian, 1999; Di Tullio et al., 2015; Laporta et al., 2016).
Significant genetic differences have been observed between these ecotypes, with lower diver-
sity observed in coastal dolphins compared to offshore dolphins (Castilho et al., 2015; Costa et
al., 2015, 2019; Fruet et al., 2014, 2017; Oliveira et al., 2019). Within each ecotype, genetic dif-
ferences can also arise due to variations in habitat use and social organization, leading to some
degree of reproductive segregation (Fruet et al., 2014; Genoves et al., 2020). Fruet et al. (2014)
conducted a study combining analyses of microsatellite loci and mitochondrial DNA control
region sequences to investigate the genetic diversity, structure and connectivity of Lahille’s
bottlenose dolphins in southern Brazil, Uruguay and central Argentina. They found strong and
significant genetic differentiation between individuals sampled in southern Brazil — Uruguay
and those in Argentinian Patagonia, with limited contemporary gene flow. On a finer scale,
moderate differentiation and asymmetric gene flow were detected between five neighboring
putative populations in southern Brazil and Uruguay (Fruet et al., 2014). The authors proposed
that bottlenose dolphins from Argentina and southern Brazil-Uruguay represent two ESUs,
while the latter encompasses five MUs: i. Floriandpolis (FLN), ii. Laguna (LGN), iii. Northern
Patos Lagoon (NPL), iv. Patos Lagoon Estuary (PLE) and v. Southern Patos Lagoon/Uruguay
(SPL/URU). Further genetic analyses and social network studies of photo-identified individuals
inhabiting the PLE and adjacent marine coast confirmed this finer scale structuring, revealing
the existence of three distinct social units: estuarine residents, southern coastal residents and
northern coastal residents, which displayed low but significant genetic differentiation (Genoves
et al., 2018, 2020). Although the objective of this study is to describe the conservation process
for Lahille’s bottlenose dolphins, particular emphasis will be placed on the PLE social unit (re-
ferred to as populations), as it is one of the most extensively studied populations of this species.

Population-specific parameter estimation

Once intraspecific structuring and the presence of independent management units (popula-
tions) are identified, the next step is to estimate population-specific abundance, life history
parameters and non-natural removal rates (such as bycatch) to assess the conservation status of
the population.

Abundance: Studies using mark-recapture methods and photo-identification of individually
recognized dolphins in the PLE and its adjacent coastal waters have indicated a relatively large
number of Lahille’s bottlenose dolphins, with 203 individuals catalogued between 2005 and
2015 (Fruet et al., 2011; Fruet et al., 2015a). However, the PLE population itself is small, with
slightly more than 85 individuals. While the population has remained relatively stable, some
individuals from this population and the adjacent coastal populations have experienced unnatu-
ral mortality due to entanglement in fishing nets over the years (Fruet et al., 2012; Prado et al.,
2016; Fruet et al., 2019).

Survival rates: Survival rates for different life stages of the PLE population were obtained
through mark-recapture models applied to eight years of photo-identification data from 2005
to 2012 (Fruet et al., 2015a). Using Pollock’s robust design model (Pollock, 1982), the authors
estimated that the annual apparent survival for adult females was 0.97 (95% CI: 0.91-0.99),
which was higher than for adult males (0.88, 95% CI: 0.75-0.94) and juveniles (0.83, 95% CI:
0.64-0.93). This difference in survival rates likely contributes to the observed bias in the sex
ratio of known adult dolphins, with approximately one male for every two females. The lower
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survival rates of adult males and juveniles compared to adult females suggest that these age-sex
classes are more vulnerable to human-induced mortality, particularly in fisheries. This pattern
mirrors the higher mortality rates of juvenile males in the area compared to females.

Reproduction and reproductive rates: Reproduction in the Lahille’s bottlenose dolphin
population is highly seasonal, occurring in spring and summer. Females in the PLE population
first reproduce between the ages of 7 and 10, giving birth to calves that are approximately 1 m
long at intervals averaging 3.3 yrs (mode = 2 yrs) (Fruet et al., 2015b). The number of female
calves born per known mature female was used to estimate a fecundity rate of 0.09. However,
since the data on calf presence with their mothers are derived from photo-identified individuals,
there is a possibility of undetected births before calf mortality, leading to a downward bias in the
estimation. As an alternative approach, fecundity was derived as the reciprocal of the average
calving interval (1/3.3 = 0.30). Assuming an even sex ratio at birth, this value is further divided
by 2, resulting in a fecundity estimate of 0.15. Limited data from three females with known
ages tracked until death suggest evidence of reproductive senescence in this population. These
females, aged 40, 44 and at least 40, apparently ceased reproduction 6-8 years before their
deaths (Fruet et al., 2015b). They were often observed with other mother-calf pairs, indicating a
potential shift in their role from “breeding” to “nursing” individuals at older ages (Wells, 2000),
which might be a strategy to increase calf survival and offset the effects of senescence, thus
contributing to the long-term viability of the species.

Assessment of conservation status

While recognizing that multiple stressors, such as pollutants and pathogens, can impact La-
hille’s bottlenose dolphins, the specific population parameters estimated for the PLE were used to
conduct a Population Viability Analysis (PVA) to predict population trajectories under the effects
of bycatch removal, considering stochasticity and uncertainty in parameter estimates. Among the
various stressors, entanglement in gillnets appears to be the greatest threat to the viability of the
PLE population. However, the PVA model results suggest that current bycatch rates have a low
effect on the population’s viability. The model predicts that in the absence of bycatch, the PLE
population would grow at a rate of approximately 3% per year over the next three generations
(around 60 years) (Fruet et al., 2021). This optimistic projection is mainly due to the high sur-
vival of adult females, as juvenile males are the most affected by bycatch. Nevertheless, the PVA
models indicate that even the removal of very few mature females (one every year or two) would
significantly increase the likelihood of population decline from its current abundance within three
generations. To improve the population’s viability, it is crucial to focus on increasing the survival
of juveniles and sub-adults, as they are the age group most affected by incidental kills in artisanal
gillnet fisheries. It is important to note that while the PVA models provide insights into the poten-
tial impacts of bycatch on the population, the interaction and synergistic effects of other stressors,
such as pollutants and pathogens, have received limited attention and require further investigation
to fully understand their effects on Lahille’s bottlenose dolphin populations.

Conservation strategies and other future direction

To effectively conserve Lahille’s bottlenose dolphins in the PLE, a comprehensive conserva-
tion plan is needed. This plan should address and monitor various factors including chemical,
physical and acoustic pollution, maritime traffic, fishing activities, as well as the dolphins’ ecol-
ogy and dynamics. The influence of environmental, spatial and temporal variables on dolphin
distribution and artisanal fishing patterns should be considered.
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Research has shown that dolphin distribution in the PLE is likely influenced by the presence
of preferred prey or the avoidance of human-related disturbances (Di Tullio et al., 2015). These
patterns often coincide with fishing areas. Seasonal variation in fishing effort and distribution
influences the risk of dolphin entanglement, which increases during the warm months (Novem-
ber—April). Based on these findings, a fishing exclusion zone was proposed in the lower estuary
and along the adjacent marine coast to mitigate entanglement risks. Implementation of such a
no-fishing zone, which covers the core area of the PLE, has been established by the Brazilian
Environmental Agency, and full compliance is expected to increase survival rates and the long-
term viability of the population. Setting conservation goals is crucial for the recovery of the
PLE population. If the fishing exclusion zone effectively reduces entanglement rates, there is a
substantial chance for the population to increase above 20% of its current size, which has been
proposed as a conservation goal. Achieving this goal has the potential to improve habitat qual-
ity, increase genetic diversity, enhance connectivity with adjacent populations and improve the
population’s resilience to environmental changes and potential disease outbreaks.

While progress has been made in regulating gillnet fishing in the PLE, other fishing gear, such
as beach seining and beach stake netting, have been used without proper regulation. Incidents
of Lahille’s bottlenose dolphin mortality and entanglement have been reported in these unregu-
lated fishing activities (Fruet et al., 2019). Enforcement of the fishing exclusion zone and a ban
on unregulated fishing gear are necessary to prevent further harm to the population (e.g., Fruet
etal., 2021). Additionally, in 2022, a significant strategy for the conservation of Lahille’s bottle-
nose dolphins in the PLE involved declaring them as Natural Heritage by Rio Grande City. This
symbolic gesture plays an important role in raising awareness among the local community and
fostering a sense of ownership and responsibility. It serves as a foundation for the development
of public policies and effective inspection measures.

Overall, a comprehensive conservation plan should incorporate strict enforcement of fishing
regulations, monitoring of various threats, public awareness campaigns and the involvement of
local communities to ensure the long-term viability and conservation of Lahille’s bottlenose
dolphins in the PLE.

Integrated conservation approach for the Lahille‘s Bottlenose dolphin

Given their poor conservation status and the fact that existing threats cannot be immediately
addressed, the Lahille’s bottlenose dolphin has been selected by the IUCN Species Survival
Commission as a priority species for its new Integrated Conservation Planning for Cetaceans
initiative. This initiative is actively promoted by ITUCN, which recently adopted Motion 079
which “1. URGES the Secretariat and professional societies to promote integration of in situ
and ex situ conservation interventions by applying the One Plan approach, to ensure effective
use of all available conservation tools.” And “3. ALSO CALLS ON all Members to ensure that
11™ hour, last ditch ex situ conservation efforts are prevented by proactive and timely applica-
tion of planning methods, such as the One Plan Approach, and informed by the Guidelines on
the Use of Ex situ Management for Species Conservation.”

The One Plan approach (OPA) to species conservation is the elaboration of management and
conservation strategies by all responsible parties and all available resources for all populations of
a species, whether inside (in situ) or outside (ex sifu) their natural range. OPA can be seen as a pro-
per response to the conservation challenges of our current times. The experience has shown that it
is no longer sufficient to combat the primary threats to save species from extinction. Often species/
populations will go extinct before these threats have been eliminated. Therefore, it is inevitable to
consider other tools when it comes to species conservation and OPA is certainly the most effective
and has been applied successfully in the conservation of many species. It is important to note that
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OPA ensures that all in sifu protection measures are implemented. It also ensures and evaluates the
potential benefits, costs, risks and implementation feasibility of all available ex situ measures to
see how they contribute to the conservation of the species/population (Traylor-Holzer et al., 2018).

In the case of Tursiops gephyreus, several basic requirements for protecting this species within
the framework of integrated conservation are met. The first and most important component is in
situ conservation research. There is a considerable number of studies and publications on the spe-
cies throughout its distribution range, some of which are reviewed in this article, demonstrating
that science-based data are available to provide an accurate understanding of the species’ threat
status (e.g., Fruet et al., 2021). On the other hand, there are various ex sifu measures that could be
considered. Bottlenose dolphins are particularly suitable for integrated species conservation due
to the extensive experience gained from managing this species intensively (von Fersen & Miller,
in this issue). Captive breeding plays a significant role in this regard. The EAZA Ex-Situ Program
(EEP) for the Bottlenose Dolphin (Tursiops truncatus), as one example of a coordinated breeding
program, has demonstrated successful reproduction of this species in zoo habitats. As of 2021, the
EEP comprises 228 individuals housed in 23 different institutions, with approximately 98% of the
pedigree known and third-generation animals already born. With a genetic variability of 98.9%,
the population is in good health, and it can be assumed that it has achieved self-sustainability.
Comparable breeding successes have also been observed with 7. gephyreus, although these are
limited to one institution, the ex-sifu population at Mundo Marino Zoo in Argentina. A recent
publication (Loureiro, 2021) shows that out of 12 calves born in the park, 11 have survived into
adulthood, and many are still alive today. This survival rate exceeds that of the wild population.
Furthermore, this small population has provided valuable data on the reproductive biology of the
species and has laid the foundation for artificial insemination. The breeding success in intensively
managed populations of both species underscores the important role of ex sifu populations as in-
surance populations and highlights their contribution to research. Much of our knowledge about
the sensory, behavioral and veterinary aspects of this species comes from research conducted with
animals in human care. The findings from these studies can greatly benefit animals in the wild.
Zoos and aquariums that house these animals and run educational programs to raise awareness
about species conservation also fulfill an important ex sifu role. Additionally, these programs in
zoos provide excellent opportunities to raise funds for in situ species conservation.

Other relevant initiatives may include gene/cell preservation to conserve genetic variation
for potential in vitro reproduction, followed by reintroduction into the wild in areas with very
low abundance or depleted genetic variability. In such cases, it is recommended to obtain
ultra-high-quality DNA and RNA for DNA sequencing, genome mapping, assembly and gene
annotation.

Estimating range-wide abundance and reproductive rates are among the highest in situ re-
search priorities for this subspecies. Assessing the synergistic effects of multiple stressors on
vital rate parameters and population viability is strongly recommended. To achieve these goals,
the following objectives should be prioritized, especially for populations in proximity to exten-
sive human activities or showing indications of significant inbreeding (e.g., PLE and Laguna
populations, respectively):

Identifying the profile of stress-related and reproductive hormones in the dolphins’ blubber.

Investigating levels of DNA damage, immune imparity and endocrine disruption through
biomarker analysis.

Characterizing the variability of bacterial and fungal composition in the environment, which
can aid in assessing the health of bottlenose dolphins.

Identifying and isolating potential bacterial and fungal pathogens specific to Lahille’s bottle-
nose dolphins from water samples and dolphins’ skin lesions and determining their antimicrobial
susceptibility profile.
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Considering a detailed health assessment in specific populations, the capture of a few
individuals from the wild should also be considered. The population inhabiting the nort-
hern coastal areas of the Buenos Aires Province, Argentina, is suspected to be shrinking
and disappearing from some sites (Vermeulen et al., 2017). Therefore, systematic aerial or
boat-based surveys are strongly recommended to be conducted in this area throughout all
seasons.

Conclusion

The conservation of Lahille’s bottlenose dolphin is of paramount importance due to its low
abundance and the presence of human-related threats. The article emphasizes the need to
address research gaps and outlines future directions for conservation efforts throughout the spe-
cies’ distribution range. With only approximately 600 individuals remaining, the species is high-
ly vulnerable, and habitat degradation poses a significant risk to its survival. To mitigate these
threats and ensure the species’ persistence, it is crucial to employ comprehensive conservation
strategies. The One Plan Approach framework is highlighted as a promising concept for the con-
servation of Lahille’s bottlenose dolphin. The One Plan Approach emphasizes the integration
of in situ conservation measures (protecting the species within its natural habitat) and ex situ
measures (conservation actions outside the natural habitat, such as captive breeding programs or
reintroduction efforts). By combining these approaches, the conservation of Lahille’s bottlenose
dolphin can be strengthened and enhanced. Two articles in this Special Issue authored by von
Fersen and Miller, and Taylor et al., discuss the One Plan Approach in more detail. These arti-
cles likely provide insights into the practical implementation and effectiveness of this approach
for the conservation of Lahille’s bottlenose dolphin.

In summary, given the critical status of Lahille’s bottlenose dolphin, a comprehensive ap-
proach that integrates in situ and ex situ conservation measures, such as the One Plan Approach,
is essential for its survival. Ongoing research and collaborative efforts are crucial to fill know-
ledge gaps, address human-related threats and ensure the long-term persistence of this species
throughout its distribution range.
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Zusammenfassung

In diesem Artikel wird fast 20 Jahre Forschung beschrieben, die in Zusammenarbeit mit meh-
reren Institutionen aus Brasilien, Uruguay und Argentinien durchgefiihrt wurde. Die Ergebnisse
fiihren zu einer detaillierten Bewertung des Status des Lahille Gro3en Tiimmlers (Tursiops ge-
phyreus) und zu MaBinahmen zu seiner Erhaltung, wobei der Schwerpunkt auf dem systema-
tischen Forschungs- und Erhaltungsprozess fiir die Population in der Lagune dos Patos (PLE)
liegt. Dieser Artenschutzprozess kann als ein Puzzle betrachtet werden, fiir das mehrere wichti-
ge Informationen zusammengefiigt wurden, um eine angemessene Bewertung des Erhaltungs-
zustands vornehmen zu konnen. Zunichst wurden intraspezifische Strukturen ermittelt, die als
unabhingige Management-Areale betrachtet werden konnen (im Folgenden als Populationen
bezeichnet). Fiir die PLE wurden dann populationsspezifische Parameter zur Lebensgeschich-
te, zur Abundanz und zu nicht natiirlichen Entnahmeraten (in diesem Fall Beifang) geschitzt.
Diese Daten wurden dann in Modelle zur Analyse der Lebensfiahigkeit der Populationen (PVA)
eingespeist, die entwickelt wurden, um den Status der PLE und die Auswirkungen verschie-
dener Szenarien fiir Entnahmeraten zu bewerten. Das Verfangen in Kiemennetzen scheint die
grofte Bedrohung fiir dieser Population zu sein. Obwohl die PLE wihrend des gesamten Unter-
suchungszeitraums stabil zu sein scheint, deuten die PVA-Modelle darauf hin, dass selbst eine
geringe Entnahmerate erwachsener Weibchen innerhalb von drei Generationen (etwa 60 Jahren)
zu einem erheblichen Riickgang der Population fiihren kann. Die Unsicherheit der Parameter
dndert nichts an der Schlussfolgerung, dass Fischereiverbotszonen erforderlich sind, um das
Risiko eines Riickgangs der PLE zu verringern. Wissenschaftliche Gutachten wurden beriick-
sichtigt und es wurde eine Fischereiverbotszone eingerichtet, die das PLE-Kerngebiet abdeckt.
Es wird erwartet, dass die vollstindige Einhaltung der Verordnung die Uberlebensraten und die
langfristige Lebensfahigkeit der PLE erhohen wird. Dennoch wird davon ausgegangen, dass der
Lahille Grofie Tiimmler nur in geringem Populationszahlen vorkommt, und einige seiner Popu-
lationseinheiten sind nach wie vor kaum bekannt und nicht ausreichend geschiitzt. Wir haben
wichtige Forschungsliicken identifiziert und zukiinftige Richtungen fiir die Erhaltung dieser
Delfinart in ihrem gesamten Verbreitungsgebiet aufgezeigt.
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