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Animal Welfare Series Preface

Animal welfare is attracting increasing interest worldwide, especially in developed
countries where the knowledge and resources are available to, at least potentially,
provide better management systems for farm animals, as well as companion, zoo,
laboratory and performance animals. The key requirements for adequate food,
water, a suitable environment, companionship and health are important for animals
kept for all of these purposes.

There has been increased attention given to animal welfare in the West in recent
years. This derives largely from the fact that the relentless pursuit of financial reward
and efficiency, to satisfy market demands, has led to the development of intensive
animal management systems that challenge the conscience of many consumers in
this part of the world, particularly in the farm and laboratory animal sectors.
Livestock are the world’s biggest land users, and the farmed animal population is
increasing rapidly to meet the needs of an expanding human population. This results
in a tendency to allocate fewer resources to each animal and to value individual
animals less, for example in the case of farmed poultry where flocks of over twenty
thousand birds are not uncommon. In these circumstances, the importance of each
individual’s welfare is diminished.

In developing countries, human survival is still a daily uncertainty, so that provi-
sion for animal welfare has to be balanced against human welfare. Animal welfare
is usually a priority only if it supports the output of the animal, be it food, work,
clothing, sport or companionship. However, in many situations the welfare of ani-
mals is synonymous with the welfare of the humans that look after them, because
happy, healthy animals will be able to assist humans best in their struggle for sur-
vival. In principle the welfare needs of both humans and animals can be provided
for, in both developing and developed countries, if resources are properly hus-
banded. In reality, the inequitable division of the world’s riches creates physical and
psychological poverty for humans and animals alike in many parts of the world.

Increased attention to welfare issues is just as evident for zoo, companion, labo-
ratory, sport and wild animals. Of growing importance is the ethical management of
breeding programmes, since genetic manipulation is now technically advanced, but
there is less public tolerance of the breeding of extreme animals if it comes at the



vi Animal Welfare Series Preface

expense of animal welfare. The quest for producing novel genotypes has fascinated
breeders for centuries. Dog and cat breeders have produced a variety of deformities
that have adverse effects on their welfare, but nowadays the breeders are just as
active in the laboratory, where the mouse is genetically manipulated with equally
profound effects.

The intimate connection between animals and humans that was once so essential
for good animal welfare is rare nowadays, having been superseded by technologi-
cally efficient production systems where animals on farms and in laboratories are
tended by increasingly few humans in the drive to enhance labour efficiency. With
today’s busy lifestyles, companion animals too may suffer from reduced contact
with humans, although their value in providing companionship, particularly for cer-
tain groups such as the elderly, is beginning to be recognised. Animal consumers
also rarely have any contact with the animals that are kept for their benefit.

In this estranged, efficient world, people struggle to find the moral imperatives to
determine the level of welfare that they should afford to animals within their charge.
A few people, and in particular many companion animal owners, strive for what
they believe to be the highest levels of welfare provision, while others, deliberately
or through ignorance, keep animals in impoverished conditions in which their health
and well-being can be extremely poor. Today’s multiple moral codes for animal care
and use are derived from a broad range of cultural influences, including media
reports of animal abuse, guidelines on ethical consumption and campaigning and
lobbying groups.

This series has been designed to contribute towards a culture of respect for ani-
mals and their welfare by producing learned treatises about the provision for the
welfare of the animal species that are managed and cared for by humans. The early
species-focused books were not detailed management blueprints; rather they
described and considered the major welfare concerns, often with reference to the
behaviour of the wild progenitors of the managed animals. Welfare was specifically
focused on animals’ needs, concentrating on nutrition, behaviour, reproduction and
the physical and social environment. Economic effects of animal welfare provision
were also considered where relevant, as were key areas where further research is
required.

In this volume the book series again departs from a single species focus to
address the welfare of marine mammals. Editor Andy Butterworth has drawn from
his research in this field to gather a large group of authors that consider the topic
from a variety of angles. Given that this is an emerging science, which hitherto had
attracted little attention, it is evident from the contributed chapters that there are
serious welfare issues that should be a focus of immediate attention. Prominent
among these are the following concerns: impacts of climate change and associated
habitat destruction on the welfare of polar bears in particular, the growing volume
of marine debris that damages or kills mammals when they get wrapped in or eat it,
the harmful effects of ocean noise, causing cetaceans to become stranded, and the
killing of marine mammals, including seals and otters, for their fur. Much of the
science is so new that reliable methods of assessing welfare are only just being
developed, and some are outlined in this book for the first time. The role and hus-



Animal Welfare Series Preface vii

bandry of marine mammals in captivity in zoos and aquaria is considered, with
prominence given to the role of polar bears in raising awareness of the plight of this
species in coping with climate change. The book will undoubtedly become a stan-
dard reference work in this emerging area of animal welfare science, and it is hoped
that it will stimulate a new determination to address the risks to welfare that are the
focus of the book.

St. Lucia, QLD, Australia Clive Phillips
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Chapter 1
Introduction

Andy Butterworth

Abstract Do humans really have any responsibility to wild marine mammals?
Marine mammals in zoos certainly come under the heading of being under human
control, but, do humans really have any responsibility to the welfare of wild marine
mammals? The answer to this is, I suspect, ‘it depends’. The marine mammals
reflect mammalian adaptations to a fully aquatic (cetaceans, sirenia), mostly aquatic
(seals, sea lions) or semiaquatic (otters, polar bear) life. This is a spectrum of depen-
dency on water - a stranded whale will be in deep distress and likely to die after half
a day on a beach and out of water; a polar bear may not touch deep water for weeks
or months, but, on the contrary, it can swim in deep oceanic seas for up to 12 days
without touching solid ground. The chapters in this book reflect the variation in
marine mammal adaptation and their responses to human pressures. The chapters
also reflect the difficulties in discussing wild animal protection, the links between
conservation and animal welfare, hunting, pollution, by-catch and captivity all
within the same book cover. There is a profound illogicality to some marine mam-
mal issues - for example - in one part of the world, hundreds or even thousands of
whales and dolphins are being killed for meat or for use in the entertainment indus-
try in marine parks. In another part of the world, or even in the same country, and
even on the same coastline, stranded whales or dolphins are attracting crowds of
people with the good intention to rescue, refloat and rehabilitate these animals.
Somewhere in this confusing mix of exploitation and protection, conservation and
consumption, there remains the capacity for humans to identify animal suffering
and, where it seems expedient or politically or socially appropriate, to act.
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2 A. Butterworth
1.1 Wildly Irresponsible or Responsible for the Wild?

Do humans really have any responsibility to wild marine mammals? Or is ‘wild
irresponsibility’ a feature of how mankind views wild animals, ‘not in our direct
control’, therefore not really our responsibility? Marine mammals in zoos certainly
come under the heading, ‘under man’s control’, but, do humans really have any
responsibility to the welfare of wild marine mammals? The answer to this is if
depends. It depends on how direct the linkage is between human impacts and the
welfare of marine mammals.

Hunting of seals, or whaling, or trapping of otters or boat propeller injuries to
manatees - these are very direct impacts on these animals - and how the hunting,
trapping, netting and culling are done, and the methods used, are impacts which can
be seen to directly affect the welfare of marine mammals when they come into close
contact with humans.

Less directly, and perhaps less clearly, the effects of human generated noise in
the ocean, boat traffic, coastal development and interactions with fisheries and the
effects of warm water outflows from power stations or algal blooms linked with a
nutrient run off from agriculture are very much human impacts, but they are prob-
ably not ‘intentional’. To catch fish, to travel, to produce electrical power and to
farm; the impacts on the marine mammals are secondary, not really intended and to
a degree unanticipated.

The least direct, or, at least, less immediately obvious, links between human
activity and marine mammal welfare are through effects including climate change,
pollution in the oceans, marine debris, military sonar, mining and oil exploration,
and also through the pressure of human populations on food and fish resources and
human impacts on coastal land, on river drainage to the sea and on coastal plant and
animal communities on which some marine mammals depend.

So, in answer to the question: can, or should, or do, humans have a responsibility
for the welfare of marine mammals? ‘It depends on’:

(a) The clarity of the association between man, marine mammals and welfare impacts
(b) The actions and reactions that mankind may be able to take; immediate, local,
short-term or longer-term, wide ranging and potentially global in implications

The chapters in this book reflect this variation in the types and ‘directness’ of
the linkages between people’s actions and marine mammal welfare. As well as
discussing the ‘issues’, the chapters also reflect the enormous differences in
approachs that are, or will, or could, be required to tackle marine mammal welfare
issues including ‘marine debris (Chaps. 3, 13)’, ‘marine noise (Chap. 7)’, ‘climate
change (Chaps. 2, 8, 15, 19, 22, 23, 24, 25)’, ‘pollution (Chaps. 3, 18)’, ‘the welfare
impacts of captivity (Chaps. 11, 16, 20, 27, 31)’, ‘boat strike (Chaps. 4, 17)’, ‘envi-
ronmental change (Chaps. 10, 14, 19, 24)’, ‘hunting (Chaps. 5, 6, 15, 26, 30)” and
‘by-catch (Chap. 4)’.
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1 Introduction 3
1.2 The Marine Mammals

The marine mammals reflect mammalian adaptations to a fully aquatic (cetaceans,
sirenia), mostly aquatic (seals, sea lions) or semiaquatic (otters, polar bear) life. This
is a spectrum of dependency on water - a stranded whale will be in deep distress and
likely to die after half a day stranded on a beach and out of water; a polar bear may
not touch deep water for weeks or months, or it can swim continuously in deep oce-
anic seas for up to 12 days without touching solid ground. Some marine mammals
will be wholly and entirely influenced by the sea (or rivers, estuaries, marshland),
and so the welfare impacts which most strongly affect these animals will mostly
reflect human impacts on the marine world: fishing, marine debris, by-catch and
water pollution. The animals which have a partial dependency on the rivers and
oceans will be affected by these same human-linked conditions, pollution, debris,
coastal development and boat strikes, and may also be affected by coastal develop-
ment and loss of coastal habitat. The terrestrially capable marine mammals (seals,
otters, polar bear) will be influenced by human influences both on the water, and on
land and ice. The chapters in this book reflect this diversity, and also reflect the fact
that it is not only water but ice, vegetation and coastal land changes which influence
marine mammal welfare.

Marine mammals can be divided into:

Cetacea (whales and dolphins, approximately in diminishing order of
body size)

Rorquals—Balaenopteridae—9 species

Grey whale—Eschrichtiidae—1 species

Right and bowhead whales—Balaenidae—4 species

Pygmy right whale—Cetotheriidae—1 species

Sperm whale—Physeteridae—1 species

Pygmy and dwarf sperm whales—Kogiidae—?2 species

Narwhal and beluga—Monodontidae—?2 species

Beaked whales—Ziphiidae—21 species

Oceanic dolphins—Delphinidae—38 species

Porpoises—Phocoenidae—7 species

Sirenia (sea cows)

Manatee—Trichechidae—3 species

Dugong—Dugongidae—1 species

Otters—Mustelidae—The 13 extant species are divided into semiaquatic (11
species) and marine (2 species)

Polar bear—Ursidae—1 species

Pinnipedia (sea lions, walruses, seals)

Eared seals and sea lions—Otariidae—15 species

Walrus—Odobenidae—1 species

True seals—Phocidae—18 species
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1.3 Welfare, Conservation and the Messy Logic of Human
Effects on the Welfare of Marine Mammals

Some readers will probably ask ‘what is the difference between conservation and
animal welfare?” with the understandable thinking that if animals are conserved,
then their welfare is probably a secondary concern, but that if they are not con-
served, then welfare becomes irrelevant. Conservation concerns itself with species,
and the potential for extinction if a species does not survive.

The word ‘welfare’ is variably understood in different parts of the world—many
languages have their own word for ‘welfare’ as used in the context of animal wel-
fare or well-being: in Spanish, benestar, state of health, prosperity; German, wohl-
befinden, well-being, wellness, physical comfort; and French, bien-étre, well-being,
a sense of well-being. Animal welfare focuses on the individual animal. Marine
mammals are sentient animals, which have a complex experiential world and mental
needs and natures; are aware of their own surroundings; have an emotional dimen-
sion; are aware of what is happening to them; have the ability to learn from experi-
ence; are aware of bodily sensations—pain, hunger, heat, cold etc.; are aware of
their relationships with other animals; have the ability to choose between different
animals, objects and situations; and have the capacity to suffer.

Historically there has been an understandable focus on negative welfare. However,
positive experiences and states are now recognised to be (at least) as important as
negative states in their contribution to overall well-being. Animal welfare concerns
itself, and tries in some situations, to measure (welfare science) the ‘quality” of an
animal’s life. Welfare science and ethical debate can, and does, address animal
death, as well as animal life, as the ‘quality’ of ‘animal death’ affects the ‘quantity’
of animal life and the overall quality of an animal’s life. The animals welfare during
a marine mammal’s life and at the time of its death and the impacts on the quality of
life, for example, being entangled for the remainder of your life in a long buoy rope,
being injured by a boat impact, or your reproductive fitness and health being affected
by PCBs (polychlorinated biphenyls), are discussed in the chapters of this book.

The welfare of marine mammals is starting to enter the political arena at a high
level. At its 65th meeting in 2014, the International Whaling Commission (IWC)
agreed to direct a programme of work to address human activities which can adversely
affect cetacean welfare, including the welfare concerns that arise when large whales
become entangled in fishing gear or marine debris, and to work on the methods used
to euthanise stranded whales and the effectiveness of those methods. Along with some
of the other authors in this book, I attended the first IWC workshop (May 2016),
which had a sole focus of considering non-whaling welfare issues (See Chaps. 4, 5, 9).

In 2014, Canada and Norway appealed to the World Trade Organisation (WTO)
to overturn a European Union (EU) decision to ban trade in seal products. The trade
in seal products was banned by the EU to protect ‘public morals’, and the science
they cited indicated that some shot seals took a considerable period of time to die,
and some injured animals were ‘unchecked’ for periods of several minutes before
being finally killed by clubbing. The appeal to the WTO from Canada and Norway
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did not actually challenge the ‘poor welfare outcomes’ of the seals reported by the
EU; instead, the appeal concentrated on trade issues and claimed unfair restrictions.
The WTO decided against the appeal, and so trade in seal products derived from
commercial sealing remains restricted in the EU, based on consideration of welfare
as part of public moral concerns (see Chap. 15).

Where humankind has an influence, then it seems logical that consideration
should be given for ways to provide marine mammals the potential to experience a
life which avoids, as far as is pragmatic, suffering which derives from the hands of
humans. The term ‘good animal welfare’ probably denotes a state in which there is
little or no ‘unnecessary suffering’, and ‘good welfare’ is not just the absence of
cruelty or ‘unnecessary suffering’; it is more complex than that; it includes the phys-
ical and the mental state of the animal, whether the animal can express a range of
‘normal’ behaviours and whether the animal can fulfil its essential nature or ‘telos’.

‘I suggest that an animal is in a poor state of welfare only when physiological systems are
disturbed to the point that survival or reproduction is impaired’.
McGlone

‘Welfare defines the state of an animal as regards its attempts to cope with its environment’.
Fraser and Broom

‘... neither health nor lack of stress nor fitness is necessary and/or sufficient to conclude
that an animal had good welfare. Welfare is dependent upon what animals feel’.
Duncan

‘Not only will welfare mean control of pain and suffering, it will also entail nurturing and
fulfilment of the animals’ nature, which I call telos’. Rollin

For animals kept in captivity, the influence of the captive environment is likely
to be central to the animals’ experience of life and in this case (as discussed in
Chaps. 11, 12, 16, 20, 21, 27, 31) the way that the marine mammals are housed,
cared for, fed, treated when sick, and provided with space, companionship and an
environment which provides stimulus. These become important factors in welfare
considerations that extend beyond those which may be considered for wild marine
mammals.

For many people, a description of an animal having ‘good welfare’ might include
the animal being ‘well’ (i.e. not unwell) and also that the animal had the potential
for ‘well-being’—or at least is not subject to high levels of distress or high frequen-
cies of interference. With regard to a state of ‘good welfare’, disease or physiologi-
cal or anatomical damage, injury and trauma would provide potential welfare
challenges. The term ‘cost of coping’ has been used in relation to welfare, implying
that emotional distress, pain or increased levels of physiological or disease-related
challenge would have a ‘cost’ to the animal and that if this cost was great, or in some
cases excessive, then the animal would be less likely to ‘cope’. Prolonged failure to
cope would probably result in suffering, and so the link between welfare and cop-
ing, and the cost of a welfare challenges in terms of the ability for the animal to
cope, and for the animal to continue to express a range of expected or anticipated
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behaviours would result in challenges resulting in depletion of behavioural resil-
ience in animals which were severely challenged by a welfare insult. We have a
developing understanding of the complexity of some marine mammal ‘societies’
and the importance of certain associations for individual and group welfare and this
is explored in Chap. 10. Welfare science is now a well-developed discipline (see
Chaps. 12, 16), with its own language, agreed way of looking at things and, to a
degree, its own paradigm, and I would like to follow the lead of the RSPCA in the
UK, by suggesting that practical welfare assessment methods for marine mammals
would, or could, follow these principles:

(a) Welfare assessment methods for marine mammals should/could be based on
extrapolation from evidence, experience and knowledge from other species.

(b) Interpretation of welfare states in marine mammals would permit comparison
with what is considered current ‘good practice’ for the treatment of other (non-
marine mammal) animals.

(c) The way we interpret and try to understand marine mammal welfare issues
would allow application of ‘reasonable/justifiable anthropomorphism’.

(d) The interpretation of what we see as welfare issues in marine mammals would
make use of ‘common sense’, i.e. making decisions which seem to show ‘good
sense’ (as opposed to being ‘nonsense’) when viewed by a general body of
reasonably informed humankind.

(e) When there are ethical considerations and decisions to be made, a structured,
agreed framework based approach to consideration of these ethical issues
should be adopted—to allow cool discussion of sometimes emotionally charged
issues.

(f) Wherever possible, the application of the ‘precautionary principle’ (‘informed
prudence’) could/should be adopted so that, when this is possible, the well-
being and welfare of the animals is given weight and importance.

1.4 A Changing Wild World

The wild is less wild than it used to be across many parts of the globe; human
influence, powered by oil and gas, electricity, the aeroplane, the car, the gun, air
and water pollution, can be felt across the entire surface of the planet now—
through the creeping tentacles of human population growth. The United Nations
(2015) estimate that the global human population will reach 10.1 billion in
2100. Alongside this population growth, increasingly, the world’s people live in
cities; Osaka, Karachi, Jakarta, Mumbai, Shanghai, Manila, Seoul, Beijing,
Mexico City, Sao Paulo, New York, Lagos, Los Angeles and Cairo each now
have close to or more than 20 million people. Delhi and Tokyo are forecast to
reach 40 million people within the next decade. Humans and their cities need
food and fuel and often spread across coastal land. Human waste is linked with
climate change, ocean pollution, air pollution and marine debris. Even if
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population growth slows, humankind and its mark on the planet and its animals
are already deeply scored into the surface of the earth and will be for a long,
geologically long, time.

1.5 Summary

The chapters in this book reflect the difficulties in discussing wild animal protec-
tion, the links between conservation and animal welfare, hunting, pollution, by-
catch and captivity all within the same book cover. There is a profound illogicality
to some marine mammal issues—for example—in one part of the world, hundreds
or even thousands of whales and dolphins are being killed for meat or for use in the
entertainment industry in marine parks. In another part of the world, or even in the
same country, and even on the same coastline, stranded whales or dolphins are
attracting crowds of people with the good intention to rescue, refloat and rehabili-
tate these animals. The lack of logic flows into the contrast between animals pro-
tected in the wild in reserves and parks, whilst across international borders, these
same animals, if they migrate across international boundaries, may be hunted,
trapped or even considered as a pest species to be culled. “You can please some of
the people all of the time, you can please all of the people some of the time, but you
can’t please all of the people all of the time’ (John Lydgate, 1370—c. 1451), and the
chapters of this book are not likely to all be received positively by all readers.
Somewhere in this confusing mix of exploitation and protection, conservation and
consumption, there remains the capacity for humans to identify animal suffering
and where it seems expedient or politically or socially appropriate to act.
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Chapter 2

Anthropogenic Ocean Change:

The Consummate Threat to Marine
Mammal Welfare

Steven C. Amstrup and Flavio Lehner

Abstract Global warming is the consummate conservation and animal welfare
challenge of our time. It defies traditional conservation management models and
requires we broaden traditional cause and effect time horizons. Continually rising
concentrations of CO, and other greenhouse gases (GHGs) prolong retention of the
sun’s energy before it escapes back into space—assuring that global temperatures
must rise. Oceans have absorbed ~30% of anthropogenically emitted CO, and over
90% of the heat trapped by the world’s enhanced greenhouse effect. Sea surface
temperature and global ocean heat content have been rising accordingly. Along with
rising temperatures, pH, oxygen saturation, salinity, and other aspects of ocean
chemistry also are changing. Cumulative interactions among all of these symptoms
of anthropogenic ocean change are and will continue to impact ocean biota. In this
chapter, we summarize observed and projected anthropogenically driven ocean
changes that have been and will continue to compromise marine mammal welfare.

2.1 Introduction

The action required to address global warming stands the traditional model of conser-
vation on its head. In traditional approaches to conservation, we can build a fence,
establish a preserve, or hire game wardens, and at the end of the day feel like we have
protected the welfare of a particular species. But we cannot build a fence to protect
melting sea ice from rising temperatures. Nor can game wardens halt ocean

S.C. Amstrup (>4)
Polar Bears International, 810 N. Wallace, Suite E, Bozeman, MT, USA

Department of Zoology and Physiology, University of Wyoming, 1000 E University Ave.,
Laramie, WY, USA
e-mail: samstrup @pbears.org

F. Lehner
Research Applications Laboratory, National Center for Atmospheric Research,
3450 Mitchell Ln, Boulder, CO, USA

© Springer International Publishing AG (outside the USA) 2017 9
A. Butterworth (ed.), Marine Mammal Welfare, Animal Welfare 17,
DOI 10.1007/978-3-319-46994-2_2


mailto:samstrup@pbears.org

10 S.C. Amstrup and F. Lehner

acidification. These are the ultimate threats to marine mammal welfare, and only united
societal action can combat these challenges. Yet, many in the scientific and public
domains continue to be preoccupied with traditional threats, and our focus largely
remains on near-term uncertainties rather than the longer-term certainties. Consequently,
the understanding needed to inspire timely action often has been lacking.

Current global warming is caused by human interference with earth’s energy bal-
ance (IPCC 2013). The shortwave radiation coming to earth from the sun ultimately
must be balanced by the outgoing long-wave radiation emitted, from the earth and
its atmosphere, back into space (Lutgens and Tarbuck 2004, Chap. 2). Without this,
the 1.22 x 10'7 J of energy earth absorbs from the sun each second would “raise
earth’s temperature to nearly 800,000 K after a billion years” (Pierrehumbert 2011,
p- 33). In other words, if the sun’s heat accumulated here and was not reradiated into
space, earth long ago would have been reduced to a ball of molten rock or hot gas.
Various “climate forcings” can perturb the balance of incoming and outgoing energy
(Hansen and Sato 2004). The shading effects of aerosols released into the atmo-
sphere by volcanoes, for example, can provide a temporary negative climate forc-
ing—cooling the earth by reflecting the sun’s energy back into space before it gets
to the surface. Rising concentrations of CO, and other GHGs, on the other hand,
provide a positive climate forcing, trapping ever-increasing amounts of the sun’s
energy and prolonging retention of that heat before it escapes back into space.
Simply put, the laws of physics require the world to warm as long as atmospheric
GHG concentrations rise (Pierrechumbert 2011).

Naturally occurring events, like volcanic eruptions or El Nifio, result in short-
and medium-term variation in climate and weather—with some periods cooler than
average and some warmer. The important point is that when GHG levels in the
atmosphere are stable, the average, or “baseline,” around which natural climate fluc-
tuates, can be represented as a level or horizontal line (Fig. 2.1). That level long-
term average allows us to use our experiences of the past to plan future actions—Ilike
when and where to plant crops and when and how much we will be able to harvest.
In no small part, agriculture owes its rise and success over the last several thousand
years to a favorable and stable climate (Rockstrom et al. 2009). When GHG concen-
trations are steadily increasing, as they are now, the natural variation we always
have experienced continues, but it occurs over a higher and rising baseline (Fig. 2.1).
Natural climate fluctuations, that surround the rising average, create uncertainty in
knowing exactly when particular events will occur. We cannot, for example, confi-
dently predict the first year summer sea ice will disappear from the Arctic, nor when
surface temperatures in the Mediterranean Sea will have risen 2 °C. But, without
stopping the increase in GHG concentration, it is certain we ultimately will exceed
both thresholds. Unlike most predictions, which become less accurate the farther
out we project, predicting that various global warming-related thresholds will be
exceeded becomes more certain the farther into the future we look. Society’s chal-
lenge in dealing with anthropogenic climate change is to maintain focus on the
ultimate certainty—that without stopping GHG rise, we will exceed all of the
thresholds we care about (Steinacher et al. 2013). The only reason we might wish to
focus on the near-term uncertainties is if we don’t really care about the world we are
leaving behind us or for the welfare of future generations.
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Fig. 2.1 Conceptual diagram of the impact of ever-rising atmospheric GHG concentrations. With
GHG levels stable, the average of natural climate fluctuations is a level line. But with chronically rising
GHG levels, average temperatures must rise. Despite the chaotic and unpredictable nature of natural
variations, it always will be warmer than it would have been without the higher GHG concentrations

2.2 Anthropogenic Ocean Change

Oceans play a critical role in the earth’s response to rising atmospheric concentra-
tions of GHGs. About 30% of the CO, released by human activity has gone into the
oceans, and, 93% of the extra solar energy captured by our enhanced greenhouse
effect, has been trapped as heat by the oceans of the world (Hoegh-Guldberg et al.
2014). Climate change can be thought of as the cast of symptoms caused by the
anthropogenic changes to the composition of Earth’s atmosphere. In the oceans,
these symptoms are many and complex. Anthropogenic ocean change includes ris-
ing temperatures, altered circulation patterns and temperature stratification, and
numerous changes in ocean chemistry. In turn, all of these ocean changes influence
the welfare of marine mammals and the other species upon which they depend.
Subsequent chapters will cover details of how ocean changes affect the welfare of
individual species or groups of marine mammals. Here, we focus on four well-documented
ocean changes the cumulative effects of which will have increasing influence on the
welfare of marine mammals and other ocean biota. We review the observational record
of changes already documented. We project future oceanic conditions with which marine
mammals will be forced to contend, and compare them to present conditions. Finally, we
provide examples of ways in which ocean changes may affect marine mammal welfare.

2.3 Temperature Effects

Sea surface temperatures (SSTs), which have been increasing at least since the mid-
dle of the twentieth century (Hoegh-Guldberg et al. 2014), may provide the most
readily observed oceanic impact of the anthropogenically enhanced greenhouse
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effect. Riser et al. (2016) compared data from the HMS Challenger expedition with
data collected by the recently deployed and widespread array of Argo profilers.
They reported a nearly 0.6 °C increase in near-surface ocean average temperature
during this 135-year period. The upward trajectory of SSTs follows the positive
trend in surface air temperatures. SSTs, however, show less seasonal and interan-
nual variation than air temperatures, which can respond more rapidly to short-term
fluctuations in the climate system (Wijffels et al. 2016).

Ongoing temperature increase is further smoothed at depths below the ocean’s
surface (Fig. 2.2). Averaged over the top 2000 m of ocean depth, data from the Argo
profiler array show a steady rise in ocean heat content during the last 10 years and
provide a measure of the earth’s growing energy imbalance (Wijffels et al. 2016).
The warming of the ocean appears to have recently hastened. Wijffels et al. (2016)
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Fig. 2.2 Ocean warming rates excerpted from Fig. 1 in Wijffels et al. 2016. (a) Globally averaged
surface temperature anomaly (STA, °C), from 5 m Argo temperature (red), NOAA (National
Oceanic and Atmospheric Administration) global ocean (furquoise), and a 6-month running mean
of NOAA (NOAA 2015) global land averages (grey). (b) Global ocean 0-2000 m heat content
anomaly. Line plots in b are two interpolation methods and a robust linear fit
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calculated the rate of near-surface warming at approximately 0.2 °C per decade.
Gleckler et al. (2016) estimated the total ocean heat uptake since the 1870s has been
33 (x14) x 10% J and calculated that approximately half of that increase occurred
after 1997.

Ocean temperatures are expected to continue to rise, reflecting the guaranteed
heating of the earth from increases in anthropogenically emitted GHGs. Figure 2.3
illustrates projected centennial sea surface warming for two different futures.

SST difference 2070-2099 minus 1985-2014

RCP 2.6

-0.5 0 0.5 1 1.5 2 25 3
SST difference [°C]

Fig. 2.3 Sea surface temperature (SST) maps showing the projected warming of the world’s ocean
between now and the end of this century under two greenhouse gas emissions scenarios or repre-
sentative concentration pathways (RCPs). RCP 2.6 represents aggressive mitigation of emissions
leading to <2 °C atmospheric warming through this century. RCP 8.5 represents a continuing path
of unabated emissions and ~5 °C atmospheric warming. Climate model data used in Figs. 2.3-2.7
are taken from the CMIP5 archive (Taylor et al. 2012, BAMS). The number of different models
used to form each multi-model mean map is given in the bottom right corner of each map
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These are based on so-called Representative Concentration Pathways (RCPs),
which provide possible future trajectories of GHG emissions and concentrations.
Each RCP is tied into a coherent socioeconomic story line (Wayne 2013). Based on
these GHG pathways, climate models then calculate to what extent GHG concen-
trations perturb earth’s energy balance and what implications this forcing has for
temperature and other climate variables. RCPs therefore provide a range of stan-
dardized inputs into modeling efforts around the world, focused on studying the
effects of a range of future emissions choices dependent upon societal decisions.
Here, we focus on two pathways, RCP 8.5, which assumes continuation of the
GHG emissions path that world societies have been following, and RCP 2.6, which
assumes dramatically mitigated emissions. Following RCP 2.6 would likely limit
annual global mean air temperature increase to <2 °C above preindustrial levels by
the end of the century, and it would allow mean air temperature to decline slightly
thereafter. In contrast, if we continue to follow RCP 8.5, annual mean temperature
increases are projected to reach 5 °C by the end of this century (Wayne 2013).
Following our current path of unabated GHG rise (RCP 8.5) also would mean
annual temperatures over the world’s ocean surface are likely to increase by 2.4 °C
between now and the end of this century. Average temperatures in some regions
will be far higher, but few areas will warm less than 0.5 °C (Fig. 2.3). Rahmstorf
et al. (2015) reported that the subpolar North Atlantic is one of the very few areas
of the world to have cooled in recent decades. This apparently is due to a slowing
of the Atlantic Ocean overturning currents that brings warm surface water into the
region. This slowdown is possibly triggered by increased buoyancy due to warm-
ing and freshening (e.g., by meltwater from the Greenland ice sheet) of surface
waters. If we maintain business-as-usual emissions (RCP 8.5), ocean cooling in the
North Atlantic will be overwhelmed by this century’s end, as a result of the warm-
ing of the atmosphere above, but warming there still will be less than most other
areas of the ocean.

In contrast to continuing along the RCP 8.5 emissions pathway, following RCP
2.6 would take ocean temperatures on a far cooler path, with end-of-century SST
increasing only 0.6 °C. That is, average SST warming on our current path will be
four times what it could be if society adopted the RCP 2.6 pathway. Committing to
the RCP 2.6 mitigation scenario would also minimize stratification of the upper
ocean. The Bering Sea is on the other end of the temperature trend spectrum from
the North Atlantic. Currently among the most productive seas of the world, the
Bering Sea is projected to warm more than most other regions regardless of which
emissions path we take (Figs. 2.3 and 2.4). Such warming is sure to impact the wel-
fare of marine mammals and other marine biota.

Perhaps as important as the rise in annual average temperatures is the range of
extremes that will be experienced. In some areas, like the Arabian Sea where SSTs
historically have fluctuated little, seasonal and interannual variation is expected to
continue to be small. In other geographic regions, seasonal or single year natural
fluctuations will result in temporary periods during which high temperatures are
well above the long-term mean trends. In the Bering Sea, for example, under RCP
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Fig. 2.4 Distribution of observed and projected sea surface temperature anomalies for four dispa-
rate oceanic regions. Frequency of occurrence (%) expressed as kernel-smoothed histograms of the
distribution of sea surface temperature from each 30-year period. Note the different y-axis scale for
the Arabian Sea, a tropical basin with little interannual variability in temperature. The climate
models, emissions scenarios, and time periods used are the same as in Fig. 2.3

8.5, future annual mean temperatures are projected to be 4 °C warmer than at pres-
ent, while an individual year might be 6 °C warmer than present norms (Fig. 2.4).
Recent observations illustrate how seasonal and annual temperature extremes, on
top of already warmer average conditions, could have major impacts on biota. In
early 2016, unusually high, in historic terms, surface water temperatures caused
coral bleaching across 93% of the Australian Great Barrier Reef. Investigators con-
cluded that reaching those high water temperatures would have been nearly
impossible without the chronic warming associated with rising GHG concentrations
(King et al. 2016).
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Regardless of societal actions, the world’s oceans will continue to warm through
the century. Even with the aggressive mitigation required to follow the RCP 2.6
emissions pathway, sea surface warming during the next 85 years will match or
exceed the reported 0.6 °C surface warming (Riser et al. 2016) of the past 135 years.
Because it tracks SST (Wijffels et al. 2016), we expect global ocean heat content to
continue to rise as well, meaning all ocean depths will be warming. Indeed,
Mathesius et al. (2015) showed that even after a complete removal of all anthropo-
genic CO, from the atmosphere, it will take several hundred years for SSTs to return
to preindustrial levels. As with terrestrial regions, continuing on our present GHG
emissions path will mean a largely unrecognizable ocean world by this century’s
end (Figs. 2.3 and 2.4). For example, the average SST increase of over 4 °C, with
some years as much as 6 °C warmer than the current mean, projected under RCP
8.5, would totally transform the Bering Sea. Figures 2.3 and 2.4 also emphasize that
the rate at which ocean temperatures continue to rise, will be highly dependent on
the mitigation pathway society chooses to adopt.

2.4 Changes in Salinity

Secondary effects of climate change include altered precipitation and circulation
patterns. These changes have a direct bearing on ocean chemistry, including salinity
patterns. Salinity patterns, in turn, influence stratification of water masses and vary
regionally (Hoegh-Guldberg et al. 2014). Rising temperatures affect both evapora-
tion and rainfall and will further alter salinity patterns. The observed salinity pattern
has been amplifying at a rate of 16% °C~' over the last roughly 50 years (Durack
et al. 2012). This pattern of amplification reveals the clear fingerprint of an intensi-
fying hydrological cycle, which in turn, tends to make dry regions drier and wet
regions wetter (Held and Soden 2006). In oceans, this has led to enhancement of
historic salinity patterns, with evaporation-dominated midlatitudes becoming more
saline, while relatively fresh surface waters in rainfall-dominated tropical regions
and polar regions have become fresher (Durack et al. 2012). We can anticipate even
more dramatic exaggeration of ocean salinity patterns in the future. Much of the
surface area of the Atlantic Ocean and large swaths in the southern Pacific are
expected to become much more saline by the end of the century, while most of the
Pacific Ocean and high-latitude areas will freshen (Fig. 2.5). The contrast between
profound freshening in the North Atlantic and Arctic Ocean and salinity increases in
most of the rest of the Atlantic will undoubtedly have major ramifications for biota.
Also, because models historically have underestimated the observed rate of salinity
changes (Durack et al. 2012), the scale and regional contrasts of future salinity pat-
terns may be far greater than shown in Fig. 2.5. If society adopts an emissions path-
way similar to RCP 2.6, globally averaged freshening of surface waters would only
be 1/3 of what it would be under RCP 8.5.
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Fig. 2.5 As Fig. 2.3, but for sea surface salinity (SSS). Most of the ocean surface is projected to
freshen as a consequence of an intensifying hydrological cycle and changes in ocean currents.
Increased freshwater runoff from the melting of large ice sheets is typically not yet included in
these climate models and would lead to additional discharge of freshwater (also contributing to sea
level rise)

2.5 Changes in Oxygen Concentrations

The mean dissolved oxygen concentration in global oceans currently is
~162 pmol kg=! (~162 mmol m~3). This concentration varies widely among oceanic
regions, with some Antarctic waters supersaturated at over 500 pmol kg~!, while
some coastal sediments and deep layers in the Black Sea and Cariaco Basin are
essentially depleted of oxygen (Portner et al. 2014). Warmer water holds less oxy-
gen and oceans globally are projected to see dramatic declines in oxygen content
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Fig. 2.6 As Fig. 2.3, but for oxygen (O,) concentration at the ocean surface. As climate change
leads to a warmer and more stratified ocean, O, concentrations will decline almost everywhere. O,
reductions are also expected below the surface, leading to an expansion of so-called oxygen mini-
mum zones, where O, concentrations are too low for most aerobic biota

regardless of our emissions path (Fig. 2.6). As global ocean oxygenation declines,
regional contrasts also will be enhanced. The highly productive waters of the North
Pacific, Bering, and Barents seas will see strong declines in oxygen available in the
water column, while the subpolar North Atlantic and Antarctic seas will continue to
become oxygen enriched.

The mean surface ocean oxygen concentration, between now and the end of
the century, is projected to decline by 3.7% if we continue along the RCP 8.5
emissions path. On top of general declines in oxygen content with rising tem-
peratures, increased stratification and other factors are expected to expand near
shore and pelagic hypoxic zones. Oxygen concentrations below 60 uM kg=! are
lethal to >50% of benthos. These hypoxic areas currently include ~5% of global
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ocean volume (Deutsch et al. 2011). As surface layers warm, and in some areas
become less saline, stratification can enhance hypoxic conditions (Deutsch et al.
2011). Assuming we continue to follow RCP 8.5, Bopp et al. (2013) projected up
to 30% increase in suboxic (low oxygen carrying) waters by 2100 as a result of
various global warming influences on ocean water structure and chemistry.
Following RCP 2.6 through the century, however, mean global oxygen concentra-
tions would decline by only 1% from present values, with far less drastic regional
gradients (Fig. 2.6).

2.6 Changes in Ocean Acidity

Atmospheric concentrations of carbon dioxide (CO,) have been rising, and ~30% of
anthropogenically derived CO, has been absorbed by the ocean (Hoegh-Guldberg
etal. 2014). Rising concentrations of CO, increase carbonic acid concentrations and
acidify the ocean. Globally, the surface ocean pH declined 0.1 points (from 8.25 to
8.14) between 1751 and 2004 (Jacobson 2005). The current ocean pH ranges from
7.8 to 8.4 (Portner et al. 2014) and has been decreasing at a rate of —0.0013 to
—0.0024 pH units per year (Portner et al. 2014). The observed ocean acidification
(OA) rate varies greatly on a regional basis and, for example, is 50% greater in the
northern Atlantic than the subtropical Atlantic (Olafsson et al. 2009). Reduced
salinities due to freshwater from ice melt or precipitation can exacerbate OA by
reducing availability of buffers occurring in more saline waters (Jacobs and Giulivi
2010; Vélez-Belchi et al. 2010). OA also is more severe in cold regions, which have
a higher sea-air flux rate for CO,, and because cold waters have a lower buffer
capacity than warmer waters, although, both factors can vary greatly on a seasonal
basis (Olafsson et al. 2009). If we continue to follow our current emissions pathway
(RCP 8.5), mean surface ocean pH is projected to decline by ~0.28, from the present
global mean of 8.08 to 7.80. This 3.5% decline in less than a century dwarfs the rate
of pH decline Jacobson (2005) reported for the previous 250 years. Observed
regional gradients also will be further enhanced (Fig. 2.7), with ramifications for
large segments of ocean biota.

Of all the changing ocean chemistries, the CO, impact may be most significant.
Higher aqueous CO, concentrations result in decreased carbonate ion concentrations
and make it more difficult for marine organisms to form biogenic calcium carbonate
(CaCQ;). Increasing solubility of the forms of calcium carbonate (calcite, magnesium
calcite, and aragonite) that are critical components of marine organisms’ shells and
skeletons has important ramifications for ocean biota (Orr et al. 2005). Numerous
studies have attempted to evaluate impact of various levels of OA on oceanic biota.
Olafsson et al. (2009) concluded, as a result of ongoing OA, aragonite solubility has
increased. Large areas of benthos that historically lived in an environment where ara-
gonite was supersaturated, are becoming undersaturated. Controlled measurements of
the impact of that undersaturation, however, are still needed. Hoegh-Guldberg et al.
(2014) and Portner et al. (2014) provide extensive examples of the complications
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Fig. 2.7 As Fig. 2.3, but for pH at the ocean surface. The lower the pH, the more acidic the water.
The projected decrease of pH in all basins is a direct consequence of the increased uptake of CO,
by the ocean. Indeed, this is one of the most robust features of climate change, as it is a well-
understood chemical process. Note that the seemingly small change under emissions scenario RCP
2.6 in fact already constitutes a significant stress for some calcifying ocean organisms

involved in such assessments, reporting a mixture of effects. Some species appeared
unaffected by observed or experimental levels of OA, some showed negative impacts,
and some appeared to benefit. In the long run, however, if OA continues, negative
impacts on marine calcifiers are expected to dominate. Ridgwell and Schmidt (2010)
calculated that we currently are on an OA path unmatched in the last 65 million years
and that impacts on marine calcifiers are likely to be severe. Our projections (Fig. 2.7)
make it clear that overall pH declines will be exacerbated at higher latitudes, and Orr
et al. (2005) projected that detrimental effects, in those cooler, less buffered, regions,
could be noticeable within decades. As with the other variables we have examined, the
benefits of GHG mitigation are clear. Following RCP 2.6 would result in only 0.06
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(0.76%) decline in global ocean pH, with much less amplification of regional gradi-
ents (Fig. 2.7). The potential for dramatically lowered pH to have major negative
impacts on ocean productivity, and the ability of society to avoid the most profound
declines, provide strong incentive to mitigate GHG rise.

2.7 Cumulative Effects

As with pH, biological ramifications of change in temperature, oxygen concentra-
tion, and salinity are individually varied and complicated and are yet to be fully
understood. A full understanding of all of the complications, however, is not neces-
sary to hypothesize a future negative trend for ocean biota. On our current emis-
sions path, oceans will be profoundly different places than they are today. The
cumulative effects of end-of-century pH decreases, along with anticipated reduc-
tions in oxygenation, changes in salinity, and warmer temperatures, are most likely
to be negative with regard to forms of ocean life that we value and to which we
have become accustomed (Hoegh-Guldberg et al. 2014; Portner et al. 2014). Bopp
et al. (2013) summarized these ongoing ocean changes and projected they would
result in an ~8% decline in ocean net primary productivity by 2100, if we continue
to follow current emissions pathways. However, changes in all of the parameters
we examined would be far less severe if society were to adopt significant and sus-
tained emissions reductions. Bopp et al. (2013) estimated that following the RCP
2.6 path would mean only a ~2% decline in net primary productivity by the end of
the century.

2.8 Impacts on Marine Mammals

Because subsequent chapters will describe examples of observed and expected
impacts on individual marine mammal species, or groups of species, we provide
only a few examples here. It is clear, however, that the anthropogenic ocean
changes described in previous sections can affect marine mammal welfare in
multiple ways. Most impacts on marine mammals will likely reflect biological
productivity and food availability as mediated by changing temperatures, ocean
structure, and productivity. We cannot, however, rule out more direct impacts of
rising temperatures, especially in regions where the greatest water temperature
rise is projected. The observed distribution of marine mammal pursuit predators
may be a harbinger of direct effects of rising temperature. Because fish are ecto-
therms and can swim faster at warmer temperatures, ocean warming could
increase energetic costs of underwater pursuits for marine mammals. Cairns
et al. (2008) concluded that marine mammal (and bird) predators are limited, by
the metabolic expense of pursuit, to waters cooler than ~20 °C. Similarly,
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Mclntyre et al. (2011) noted that southern elephant seals (Mirounga leonina)
consistently dove deeper and stayed down longer in areas where waters were
warmer. Early impacts of warming on marine mammals may therefore include
range contractions to higher latitudes, as well as altered and presumably less
efficient vertical stratification of foraging efforts.

Polar bears (Ursus maritimus) are largely restricted to catching their seal prey
from the surface of the sea ice (Amstrup 2003), and there is a linear relationship
between sea ice extent and global mean temperature (Amstrup et al. 2010).
Declining availability of sea ice has been linked to reduced body condition, sur-
vival, and population size (Rode et al. 2010; Regehr et al. 2007). Although some
species may respond positively to changes in Arctic marine productivity as sea ice
cover is reduced (Crawford et al. 2015), polar bears will not have access to that
productivity without the sea ice platform. And, given ongoing ocean changes, any
improvements in productivity are likely to be only temporary. Also, polar bears are
not likely to compensate for lost sea ice access by taking advantage of terrestrial
food sources (Rode et al. 2015). Their dependence on the surface of the ice for
catching prey, therefore, translates into a direct relationship between rising tem-
peratures and polar bear food availability, regardless of potential changes in marine
productivity.

Marine mammals that are tied to specific haul-out sites or rookeries could
encounter higher foraging costs if altered prey distributions require longer foraging
trips (Péron et al. 2012; Hazen et al. 2013). On the other hand, if prey distributions
become constrained by thermal stratification or hypoxic zones, marine mammal
foraging may, temporarily be enhanced by localized concentrations of prey (Hazen
et al. 2009). Sea level rise (from thermal expansion and freshwater ice melt—direct
consequences of rising temperatures), combined with altered prey availability, will,
in the long run, negatively affect most species with high fidelity to specific locales
(e.g., haul-out sites and rookeries).

Warming of ice-covered waters will alter species distributions, which could
make alternate prey available but also could increase competition and even intro-
duce new predation risks for high-latitude species adapted to ice-covered seas.
Moore and Huntington (2009) hypothesized that subarctic cetaceans will move
north as sea ice extent declines and open water seasons lengthen. As a result of
recent declines in the spatial and temporal extent of sea ice in Hudson Bay and
Hudson Strait, killer whale (Orcinus orca) sightings in Hudson Bay are on the
increase (Oosthoek 2012), exposing resident marine mammals (and their prey) to a
new predation risk. Polar bears in the Davis Strait region of Eastern Canada main-
tained high numbers into the early 2000s despite declining sea ice availability.
There, polar bears appear to have offset some of their dependence on ringed seals
(Phoca hispida), which themselves depend on relatively solid ice cover, with harp
seals (Pagophilus groenlandicus) which prefer a more broken ice edge habitat. This
may reflect a shift of harp seal distribution in response to northerly movement of the
sea ice conditions they require for whelping (Peacock et al. 2013). Also it is likely
to be a temporary condition with the harp seals following remaining ice as it contin-
ues a northerly retreat.
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2.9 Conclusions

Here, we have examined ongoing ocean changes that will profoundly affect the
future welfare of marine mammals and the marine environments that support them.
We increasingly are aware of how climate change already has altered environments
on land and at sea, with cascading impacts on welfare of the animals those environ-
ments support. Different climate models, as well as different simulations from the
same model, provide a number of possible futures for any given GHG path society
may take. It is important to recognize that although models project a wide range of
possible future paths, we will get to realize only one path in real life. If we are lucky,
our actual realization may be similar to models on the low end of the projected
severity scale. All model outcomes, however, that do not include a halt to the
increase in atmospheric GHG concentrations, predict a future ocean system that will
be continually changing in unfavorable ways. As long as GHG concentrations
increase, we will not see stability return to ocean temperatures, sea ice extent, oxy-
gen concentrations, or pH, and marine mammals as well as other ocean biota will
continually struggle to keep pace with an environment changing faster than it has in
millennia. In other words, there will be no sustainable future—ocean biota and
human lives depending on it, always, will be shooting at a moving target.

Although we can point to specific examples of marine mammal response to indi-
vidual climate drivers, the ultimate threat anthropogenic ocean change poses for
marine mammal welfare will be changes in their supporting food web caused by the
cumulative effects of changing ocean temperature and chemistry. As a result of ris-
ing temperatures, lowered pH, and reduced oxygen concentration, Bopp et al.
(2013) projected strong declines in global ocean net primary productivity through
this century. Because these negative trends will persist over multi-centennial time
frames (Mathesius et al. 2015), the impact of anthropogenic ocean change must be
recognized as the consummate challenge to future welfare of all marine mammals
and the ocean habitats supporting them.

The good news is that the most significant contributor to future uncertainty is in
our hands. We cannot control the natural variation in the climate system (Fig. 2.1).
We can, however, control the slope of the rising baseline. We can choose to keep our
climate in “runaway” mode, we can choose a more gradual slope, or ideally we can
choose a path (like RCP 2.6) that stops the rise in GHG emissions and bends our
current upward slope to a new level baseline. Following RCP 2.6 rather than RCP
8.5 would mean less than one quarter of the global ocean SST increase toward
which we are now heading. It also would result in one third of the change in ocean
salinity, one quarter of the pH decline, and less than one third of the decline in ocean
oxygenation. In other words, we could avoid the worst of oceanic changes that
future global warming has to offer. Perhaps most importantly, following RCP 2.6
does not just reduce near-term impacts. On multi-centennial time scales, tempera-
tures, pH, and oxygen saturation will stabilize on the RCP 2.6 emissions scenario
(Mathesius et al. (2015); (Fig. 2.8)). But the urgency of action cannot be overstated.
Procrastination now will assure catastrophe later. If society waits to address
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Fig. 2.8 Anomalies of globally averaged ocean variables (excerpted from Fig. 2 in Mathesius
et al. 2015). Trajectories for RCP 8.5 (black) and RCP 2.6 (green), showing globally averaged
anomalies of: (a) surface pH, (b) sea surface temperature (SST), and (c) surface dissolved oxygen.
All anomalies were calculated with respect to year 1800

emissions challenges until the summer sea ice disappears, or other thresholds criti-
cal to marine mammals are exceeded, it is unlikely policy makers will have time or
resources to think about, or prioritize, the welfare of marine mammals. By then,
food and water shortages, refugee crises, and other human welfare challenges may
trump all conservation concerns. Our current path clearly is not in the best interest
of marine mammal welfare. We can assure a better future for marine mammals and
the rest of us, but, time is of the essence!
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Chapter 3

Of Poisons and Plastics: An Overview
of the Latest Pollution Issues Affecting
Marine Mammals

Mark Peter Simmonds

The most alarming of all man’s assaults on the environment is
the contamination of air, earth, rivers and sea with dangerous
and even lethal materials.

Rachel Carson (1962)

Abstract Persistent organic pollutants were recognised decades ago as significant
threats to wildlife including marine mammals. Efforts to control certain pesticides
and polychlorinated biphenyls (PCBs) and associated successful declines in envi-
ronmental loadings followed. However, it has very recently become apparent that
PCBs continue to pose a significant threat. This is especially the case for certain
cetacean populations in Europe which now seem to be heading towards extinction
because of PCBs-induced reproductive failure. The effects of such pollution on
marine mammal health are a significant welfare concern, and urgent efforts to stem
any further movement of PCBs into the oceans are now required. In addition, marine
debris is a fast-growing threat to marine wildlife, bringing with it severe welfare
concerns for some marine mammal populations. This is only set to get worse as
more discarded plastics enter the oceans; again urgent action is advocated.

3.1 Enter the POPs

We live in a time when there are profound fears for the long-term survival of the
human race. Given what we now expect from climate change, this concern is cer-
tainly well founded. However, it is only one horseman of what might be termed our
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modern apocalypse.'! The ongoing, precipitous and accelerating loss of biodiversity
is another profound threat both to animal life and potentially ultimately to humans
too, and pollution appears to be a primary driver for this.

Pollution comes in many forms, even including energy in the form of marine
noise, but is more usually recognised in the shape of oil spills, sewage, radioactive
substances and agricultural and industrial wastes. Oil spills in particular are highly
visible environmental assaults and capture the public eye—and it is probably worth
at least noting here the latest evidence that shows that there can be long-term effects
of oil spills on marine mammals (e.g. Colegrove et al. 2016). However, the focus of
this chapter is the invisible and insidious threat posed by certain xenobiotics (sub-
stances that do not naturally occur), starting with the persistent organic pollutants
(POPs). In the late 1980s, these were the focus of my work when I was part of the
Greenpeace International Science Unit, based at Queen Mary College in London.
Much of our work concerned investigating and highlighting the threats from the
POPs, and, at that time, Greenpeace and other organisations ran campaigns focused
on controlling this group of toxic compounds which included many pesticides, such
as dichlorodiphenyltrichloroethane (DDT), and the industrial compounds known as
the PCBs (polychlorinated biphenyls).

DDT first came into use in 1939. It was cheap and widely used in Europe after
World War II to eradicate fleas (which carried the disease typhus) and in Asia against
the mosquito vectors of malaria (Parsons et al. 2013). By the 1960s, DDT could be
found throughout the marine environment and even in the bodies of Antarctic wild-
life. DDT was the threat that inspired Rachel Carson to write Silent Spring (Carson
1962), a ground-breaking book helped to bring about a ban on DDT in her native
USA and encouraged an eventual ban in most countries by the 1970s. Her main
theme was that DDT was not targeted in its impacts and severely affected many
nontarget species.

The PCBs have a similar history, although they were never used as pesticides.
Instead they were used in many other processes, including in electrical transformers
and capacitors, as flame retardants and as additives in various construction and
packaging materials (Parsons et al. 2013). Bans came into place from the late 1970s
but, by then, much of the world production (some 1.5 million tonnes) had already
made its way into the oceans. DDT and the PCBs are that part of the POP ‘family’
known as organochlorines, organic compounds with chlorine atoms attached. The
principle problems that they present are that they are immunosuppressive—causing
animals and people to be more susceptible to disease—and that they can also act as
hormone mimics, leading to reproductive abnormalities (Reijnders 1996; Parsons
et al. 2013; Jepson and Law 2016). They are also fat soluble and so tend to accumu-
late in the ample fatty tissues of marine mammals—mainly in their blubber. They
may be released from this energy store during times when the animals are not feed-
ing (e.g. on prolonged migrations) or when they are lactating.

'The Four Horsemen of the Apocalypse are described in the last book of the New Testament of the
Bible, ‘The Book of Revelation’, and are often seen as harbingers of the Last Judgment and the end
of the world.
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3.2 The Ongoing Threat of Persistent Organic Pollutants

The levels of contaminants in the tissues of marine mammals have been documented
over many decades along with associated concerns about their potential long-term
impacts on populations (e.g. Holden 1978; Reijnders 1988; Tanabe and Tatsukawa
1991; Simmonds 1992; Reijnders and Simmonds 2003). Associations have been
drawn between tissue concentrations and a range of health concerns, for example, for
Baltic grey seals (Halichoerus grypus), Californian sea lions (Zalophus california-
nus), Wadden Sea harbour seals (Phoca vitulina), bottlenose dolphins (Tursiops
truncatus) in the USA, striped dolphins (Stenella coeruleoalba) in the Mediterranean
and beluga whales (Delphinapterus leucas) in the St. Lawrence River (Reijnders
1996). Some of these associations concern reproductive health, including implanta-
tion failure, foetal death (abortion) and abnormalities in the reproductive tracts of
seals and increased first-born calf mortality in bottlenose dolphins. Additionally,
severe reproductive dysfunction through the development of cancer and hermaphro-
ditism was reported in St. Lawrence Estuary beluga whales.

It was also very well established that POPs biomagnified up food chains—being
present in increased quantities at each trophic level—and that marine mammals
feeding in the more polluted waters and at the apex of food chains were the most
vulnerable. Toothed whales, being higher in the food chain than baleen whales, are
thus typically more at risk, with those that feed on other marine mammals, such as
certain populations of orcas (Orcinus orca) (Fig. 3.1), likely to carry the heaviest

Fig. 3.1 Polychlorinated biphenyl (PCB) concentrations have been found to have remained at
elevated levels in orcas or killer whales (Orcinus orca) potentially threatening their survival. Image
credit: Rob Lott
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pollution burdens. POPs levels in tissues also relate to age and sex (Reijnders 1996).
Levels in most cetaceans increase with age, until around sexual maturity when
females mobilise their blubber to produce very fat-rich milk to feed their calves and,
in doing so, also mobilise the pollutants previously held there. Hence calves can be
heavily contaminated—and the rapid transfer of pollutants in their mothers’ milk
may also directly compromise their health.

After most organochlorine pollutants were banned in developed countries in the
1970s and 1980s, levels in the wider environment fell, and some wildlife popula-
tions recovered (Jepson et al. 2016). For example, populations and reproductive
indices of grey seal, otter and white-tailed sea eagle were recovered in Sweden dur-
ing the 1980s as tissue PCB and DDT concentrations fell substantially (Jepson and
Law 2016). Eventually, as residues levels fell, many ‘toxics’ campaigners moved
on—and environmental organisations moved their focus—believing that their job
was done. However—and now we come to the sting in the tale of the PCBs story—
some recent studies show that the problem is far from over.

Jepson et al. (2016) looked at PCB concentrations in UK harbour porpoises
(Phocoena phocoena) (with samples collected from 1990 to 2012) and striped dol-
phins from the western Mediterranean Sea (specimens collected 1990-2009). In the
porpoises, the PCBs declined slowly from 1990 to 1998 and then remained rela-
tively stable from 1998 to 2012. In the Mediterranean striped dolphins, there was a
marked decline from an initial peak in 1990, but then levels stabilised from 2003 to
2008. Most significantly, for many animals, blubber PCB concentrations consis-
tently exceeded established mammalian toxicity thresholds (Fig. 3.2), the assump-
tion being that by exceeding established toxicity limits, there is a strong likelihood
that these animals are still being negatively impacted.

The work of Jepson et al. (2016) also established some global contamination hot
spots: concentrations in the tissues of bottlenose dolphins and orcas from the north-
east Atlantic and in bottlenose dolphins and striped dolphins from the Mediterranean
were found to be among the highest recorded in any cetacean globally and markedly
exceeded all known PCB toxicity thresholds for marine mammals. The researchers
concluded that, in some instances, the animals have such high mean blubber PCB
concentrations that they are likely to experience population declines and that these
PCB levels could also suppress population recovery. In fact, some small or declin-
ing populations of bottlenose dolphins and orcas in the NE Atlantic are already
known to have low recruitment (low introduction of new animals through birth), and
this is consistent with PCB-induced reproductive toxicity. Whatever other protec-
tions are afforded to these ‘at risk’ groups of marine mammals, if they are unable to
properly reproduce and replace their numbers, they will, with time, become extinct.

The same researchers also identified pathological findings that were consistent
with increased susceptibility to disease (Jepson et al. 2016). This included macro-
parasitic and bacterial pneumonias, high lung (upper airway) and gastric macro-
parasite burdens and generalised bacterial infections (septicaemias). These findings
appeared to indicate diminishing health status in these populations, and this pros-
pect raises grave welfare concerns.
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Fig. 3.2 Mean Y PCBs concentrations in male and female cetaceans (four species, all ages).
From: Jepson PD et al. (2016). The blue bars are males and the grey bars are females. The lower
line is the equivalent ) PCBs concentrations threshold (9.0 mg/kg lipid) for onset of physiological
effects in experimental marine mammal studies. The upper line is the equivalent ) PCBs concen-
trations threshold (41.0 mg/kg lipid) for the highest PCB toxicity threshold published for marine
mammals based on marked reproductive impairment in ringed seals in the Baltic Sea. For full
details of the animals sampled, please see original paper

The chronic and widespread nature of PCBs has also been underlined in another
recent study by Murphy et al. (2015), in which these authors conducted full necrop-
sies, and determined PCB loadings in 329 female harbour porpoises which had
stranded in the UK, and were collected from 1990 to 2012. Almost 20% of the sexu-
ally mature females showed direct evidence of reproductive failure, and another
16.5% had infections or tumours of the reproductive tract that could contribute to
reproductive failure. Overall, measured levels of PCBs in tissues were found to be a
significant predictor of mature female reproductive status, adjusting for the effects
of confounding variables. Adult female harbour porpoises that died of trauma (e.g.
by-catch, caught inadvertently in fishery operations) in UK waters had pregnancy
rates up to 50% lower than those normally found in harbour porpoises in more ‘pris-
tine’ (i.e. less PCB-polluted) regions like Iceland and Greenland.

Looking back to the late 1980s, when Greenpeace and others ran their powerful
‘toxics’ (antipollution) campaigns, it is now clear that these campaigns were only
partially successful. There is an ongoing threat posed by PCBs, and their conserva-
tion significance is now reasonably clear and certainly causes enough to redouble
efforts to determine why these toxins are being maintained in the environment, to



32 M.P. Simmonds

determine where the sources are and to work to urgently stop ongoing inputs of
PCBs to the environment—for example, PCBs are still being released from poorly
managed waste landfill.

But what are the welfare implications? In my mind this is reasonably clear: ani-
mals of course suffer when affected by disease, and thus, the effects of chronic pol-
lution are likely to cause welfare impacts through disease. Do animals also suffer
when deprived of young or as a result of impeded ability to reproduce—bearing in
mind that this can occur at a number of points, including loss of well-developed
unborn young through stillbirth? Does the absence of young animals in a pod of
orcas or a school of dolphins alter the pod dynamic, the social structure, or deprive
these animals of something that would otherwise positively affect their lives? Surely
this is likely to be the case for these highly sophisticated social mammals. These
conjectural dilemmas are not readily susceptible to scientific examination, but it is
only a small leap of faith to make the assumption that the loss and lack of young
causes suffering.

3.3 A New Threat Emerges

The list of different kinds of pollution given in the opening paragraph of this chapter
omits one important and clearly growing category: marine debris or marine litter.
This has been defined as an environmental, economic, human health and aesthetic
problem that poses a complex and multidimensional challenge with significant
implications for the marine environment and human activities all over the world
(UNEP 2009). Marine debris is mainly (some 60—80%) made up of plastics (Derraik
2002). Modern human culture has developed a dependency on plastics. They per-
vade every aspect of our lives—we wear them, encase our technology in them,
decorate our homes with them, wrap our food in them and then at some point, often
after a short use, discard them. Subsequently they are increasingly found every-
where in our environment. They are arguably not essential to us (previous genera-
tions managed perfectly well before the ‘plastic revolution’), and we use them
mainly for our convenience and comfort.

Not surprisingly, the production of plastic resin (the basic building material of
plastic items) has increased 620% since 1975, and the largest market sector is
packaging material that is inherently designed for disposal (Jambeck et al. 2015).
Each year, at least 8 million tonnes of plastic find their way into the ocean—which
is equivalent to dumping the contents of one garbage truck into the ocean every
minute (World Economic Forum 2016). If no action is taken, this is expected to
increase to two truckloads per minute by 2030 and four per minute by 2050. If noth-
ing changes, the ocean is expected to contain 1 tonne of plastic for every 3 tonnes of
fish by 2025, and by 2050, more plastics than fish (by weight) (World Economic
Forum 2016). Estimates of the global load of plastic on the open ocean surface are
in the order of tens of thousands of tonnes, 100-fold lower than expected based on
conservative estimates of plastic released into the ocean from terrestrial sources
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(Coézar et al. 2014). It seems that plastics are being removed from the surface
through fragmentation and then transfer into food webs and via other, as yet largely
undefined, processes. Deep-sea sediments have since been identified as a likely sink
for microplastics, and it seems that Arctic Sea ice has also been ‘freeze storing plas-
tic’, and as the polar ice fields retreat, these plastics are now being released back
into the water (Baulch and Simmonds 2015).

The effects of pieces of plastic—especially pieces which include loops—on
many animals are both graphic and profoundly affecting to the entangled animals,
and images of ensnared turtles and birds have become a tragic and common sight on
TV and social media. Allsopp et al. (2007) recorded cetaceans, pinnipeds, turtles
and seabirds as all suffering from entanglement and pointed out that pinnipeds were
particularly affected (Fig. 3.3). This is born out in the USA where most reports of
entanglement in marine debris involved pinnipeds, particularly northern fur seals
(Callorhinus ursinus) and Hawaiian monk seals (Neomonachus schauinslandi), as
well as sea turtles (NOAA 2014). However, inconsistencies in defining and distin-
guishing marine debris from actively deployed fishing gear do present some prob-
lems in assessing the origin of the entangling materials.

Many pinniped populations can be seen to be affected by entanglement, with
seals with embedded plastic bands or netting observable on many of the sites where
seals haul out. For example, at Bird Island, South Georgia, 1033 Antarctic fur seals
(Arctocephalus gazella) were observed entangled in marine debris between 1989
and 2013 (Waluda and Staniland 2013). Most entanglements involved plastic pack-
aging bands (43%), synthetic line (25%) or fishing net (17%). Juvenile male seals
were the most commonly entangled (44%). Pinniped entanglements mainly present
as loops of non-biodegradable material encircling the animals’ necks, and veterinary

Fig. 3.3 Galapagos fur seal (Arctocephalus galapagoensis) with encircling rope entanglement.
Image credit: Juan Pablo Muiioz
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experts agree that these ‘neck collars’ can create severe welfare concerns as the
animals grow (Barnett pers. comm.).

Ingestion of debris is a less well-documented cause of marine mammal morbid-
ity and mortality, although it is well recognised as a health problem in marine birds
and turtles, where ingestion of even small quantities of marine debris can have large
effects (Jacobsen et al. 2010). Whilst the most obvious potential effect of ingestion
is interference with alimentary processes (e.g. physically blocking or perforating
the gut), another effect could be that ingested plastics could facilitate the transfer of
pollutants, including PCBs, and chemicals associated directly with the plastics,
such as plasticisers, into the animals’ bodies (Teuten et al. 2009).

A related topic of growing concern is ‘microplastics’: plastic debris pieces in the
size range of 0.3-5 mm (NOAA/UNEP 2011). Two categories are recognised: pri-
mary, which are either intentionally produced for direct use (such as exfoliants in
personal cleaning products and particles used to blast old coatings from the outside
of boats or as precursors to other products, such as pre-production plastic pellets), and
secondary, formed from the breakdown of larger plastic materials. This microplastic
debris now litters the global environment, and there are growing concerns about its
potential impacts, including impacts on filter-feeding marine invertebrates (and hence
transference onto higher levels in the food chain) and, more generally, the potential
for highly mobile suspended plastic particles to transfer contaminants to wildlife.

The scientific literature relating to interactions between cetaceans and marine
debris is increasing, although the issue is relatively difficult to study as many ceta-
cean bodies are never recovered or examined, and this is likely to be especially the
case for the deep-diving species which live far offshore (Baulch and Perry 2014).
Another complicating factor, as mentioned, is determining whether animals have
become entangled in lost or active fishing gear, and this is an important matter to
determine as it will affect remedial actions. Many large whale entanglements result
from encounters with fishing gear that is in use, and this calls for mitigation to focus
on the fisheries concerned, something that should not be confused with entangle-
ment in debris which would require a different response.

Nonetheless, it is growingly apparent that even the mightiest animals can be
brought down by our plastic wastes. The first account of ingestion seemingly caus-
ing mortality in sperm whales comes from Jacobsen et al. (2010); in 2008, two male
sperm whales were stranded along the northern California coast with large amounts
of fishing net scraps, rope and other plastic debris in their stomachs. One animal had
a ruptured stomach, the other was emaciated, and gastric impaction was suspected
as the cause of both deaths. There were an incredible 134 different types of nets in
these two animals, all made of floating material, varying in size from 10 cm? to
about 16 m?. Jacobsen et al. (2010) concluded that the variability in size and age of
the pieces suggested the material was ingested from the surface as debris. A similar
case of sperm whale death resulting from debris ingestion has been reported from
the Mediterranean, and, in total, four such deaths are known worldwide (de
Stephanis et al. 2013).

Whilst having some debris in the alimentary canal is not the same as knowing for
sure that the material has had a deleterious effect, ingestion of these alien and
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potentially harmful materials is now widespread. It has been documented in more
than half of all cetacean species, with occurrence as high as 31% in some popula-
tions (Baulch and Perry 2014). More generally, in the space of what seems like just
a few years, marine debris has moved from something typically viewed as unap-
pealing on the seashore to being viewed as a serious threat to wildlife. Many inter-
national initiatives are now underway to address this issue. In 2003, UNEP
established a ‘Global Initiative on Marine Litter’ to provide an international plat-
form for the establishment of partnerships, co-operation and co-ordination of activ-
ities for the control and sustainable management of marine litter. More recently, in
March 2011, UNEP and the United States’ National Oceanic and Atmospheric
Administration (NOAA) organised the Fifth International Marine Debris Conference
in Honolulu, Hawaii (NOAA/UNEP 2011). This meeting adopted the ‘Honolulu
Commitment’, which outlined 12 key actions for the reduction of marine debris and
invited international organisations, governments at national and subnational levels,
industry, non-governmental organisations, citizens and other stakeholders, to com-
mit to contribute to its development and successful implementation. Such initiatives
are very welcome, but we are going to have to work very hard indeed to overcome
the colossal avalanche of rubbish still heading to our seas.

At least some of the welfare concerns caused by marine debris are all too obvi-
ous. The embedded loops of material that affect a marine mammal that is entangled
with fishing gear (see Chaps. 4 and 13) can cause restricted movement and eventu-
ally lead to severe wounding, amputations and death, a process that can take months
if not years. Similarly the embedded noose around the neck of a growing seal is a
severe welfare issue. Blockages or perforations in the gut are less visible, but would
it be unreasonable to suggest that the animals suffering from such things would
sometimes be in agony? As well as direct impacts on physical health, ingestion of
marine debris may also affect an animal’s ability to carry out normal feeding (e.g.
by suppressing appetite) and other behaviours.

3.4 Conclusions

I'have focused here on PCBs and marine debris because they seem especially impor-
tant at this time. Their ongoing conservation and welfare implications are starting to
come sharply into focus, or in the case of the PCBs, perhaps returning into focus.
Looking back across the decades, there are some things that we could not have
known in the 1980s, such as the remarkable persistence of PCBs despite effective
production bans. We also had little knowledge back then of microplastics. An inter-
esting comparison can be made between these two issues—PCBs and marine debris.
The threat from PCBs was well established quite long ago. What is new is that it did
not go away even after remedial action was taken. By contrast, the full implications
of plastics in marine systems are still emerging; the fate of the smallest pieces and
the role of microdebris in transfer of contaminants have only recently started to be
studied and may prove to be a very significant threat indeed. Despite all the
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unknowns—and this includes many key aspects of the marine debris issue—there
appears to be no excuse for inaction on PCBs or marine debris now. These issues
need new champions to come forward to inspire and lead work to address them,
including fomenting a change in our careless, wasteful societies that continue to use
our oceans as a global garbage tip.
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Cetaceans



Chapter 4
Welfare Implications of Cetacean Bycatch
and Entanglements

Sarah J. Dolman and Michael J. Moore

Abstract Each year, many cetaceans die from accidental capture in fishing gear.
Despite intense study in some species, we know little about levels of bycatch and
entanglement in most of the world’s fisheries. Existing laws focus on maintenance
of populations rather than welfare. Yet bycatch has wide-reaching welfare conse-
quences, affecting quality of life for the many cetaceans that become injured and
stressed or suffer the loss of conspecifics. For each that dies, we can expect many
more to survive and suffer from such interactions. Our understanding of the welfare
implications of cetacean bycatch has increased, but remains poor. As sentient,
highly intelligent beings, cetaceans are considered by many to be in the highest
category of animals on a scale of sensibility to pain and suffering, in the same cat-
egory as primates and carnivores. Yet there has been little change in fishery manage-
ment to reflect this increasing welfare knowledge and, in general, inadequate effort
to reduce the numbers of cetaceans caught in gear. The assessment and awareness
of welfare implications of bycaught cetaceans is several decades behind farm ani-
mal welfare. Pathological data indicate that the majority of bycaught cetaceans
asphyxiate. Those that escape or are released from fishing gear can suffer a variety
of injuries, high levels of stress, behavioural alterations and physiological and ener-
getic costs that can lead to reduced long-term survival. These, along with wider
social implications for conspecifics, are considered, as are ways to understand and
reduce bycatch and entanglements.
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4.1 Introduction

Bycatch, including entanglement, is the unintentional capture of nontarget species
in fishing gear. Each year, hundreds of thousands of marine mammals, including
whales, dolphins and porpoises, are believed to die from accidental capture; in
waters of the USA alone, the total potential biological removal for all stocks of
marine mammals is estimated at almost 60,000 annually (Read et al. 2006). At least
75% of odontocete species and 64% of mysticetes have been recorded as gill net
bycatch over the past 20 plus years (Reeves et al. 2013).

Typically, the focus of bycatch is that of understanding conservation and population
level impacts. Odontocetes with long, diverse lineages and few or no extant sister taxa
include the obligate freshwater dolphins of the South Asian subcontinent (Platanista)
and South America (Inia), the franciscana and the finless porpoises (Neophocaena) and
are all threatened in all or parts of their range by gill net bycatch (Reeves et al. 2013). The
Yangtze River dolphin or baiji (Lipotes vexillifer), known only from the middle-lower
Yangtze River system and neighbouring Qiantang River in eastern China, is likely to be
extinct, probably due to unsustainable bycatch in local fisheries (Turvey et al. 2007). Gill
nets are a primary cause of decline in vaquita (Phocoena sinus), a small endangered
porpoise endemic to Mexico’s northern Gulf of California and whose numbers are less
than 200 individuals (Rojas-Bracho and Reeves 2013) and may be as low as 30 (CIRVA-
8, 2016). Whilst bycatch in set and drift gill nets remains a principal concern, incidental
mortality in trawl nets (Fertl and Leatherwood 1997), purse seines, beach seines and
longline gear is also worrisome (Reeves et al. 2004). New Zealand’s Hector’s dolphin
(Cephalorhynchus hectori) populations have been fragmented, and a subspecies, Maui’s
dolphin (Cephalorhynchus hectori Maui) in the North Island, is critically endangered
due to bycatch in gill nets and trawl fisheries (Slooten 2007). In one of the few examples
where dedicated and long-term observations have been undertaken, population level
impacts have been associated with the deliberate setting of purse seine nets around dol-
phins in tuna fisheries (Wade et al. 2007). This is discussed in more detail below.

In large whales, fixed fishing pot gear is a very significant cause of morbidity and
mortality in addition to nets. Entanglement in static fishing gear is the leading cause
of detected mortalities of large whales in the Northwest Atlantic (van der Hoop et al.
2013a). Previously hunted North Atlantic right whales (Eubalaena glacialis) are not
recovering as fast as Southern right whales (Eubalaena australis) (Best et al. 2001)
due to ship strikes and entanglements (Knowlton and Kraus 2001). Between 1980 and
2004, at least 83% of 493 individual North Atlantic right whales were entangled at
least once. The number of entanglements ranged from 1 to 6 per individual (Knowlton
et al. 2012). In SE Alaska at least 52% of humpback whales (Megaptera novaean-
gliae) have been entangled at least once, with an average of 8% of the population
getting new entanglements every year (Neilson et al. 2009). Of individual Gulf of
Maine humpback whales, from 2009 to 2010, 16.9 + 6.45% (n = 130) exhibited new
scarring and 13.5 £+ 3.8% (n = 319) exhibited unhealed injuries likely obtained within
the prior year (Robbins 2012). Smaller species appear less likely to survive any entan-
glement, and Leaper (Leaper et al. 2006) and Lien (1994) estimated that 70% of
minke whales (Balaenoptera acutorostrata) that become entangled die, compared to
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16% of humpback whales. In Scotland, half of minke whales stranded and post-
mortemed from 1990 to 2010 showed signs of entanglement (Northridge et al. 2010).

Despite some species being the focus of intense study, we know little about cur-
rent levels of bycatch in most of the world’s fisheries, although experience suggests
bycatch is likely to be widespread, if not universal (Read et al. 2006). Further,
examples of population recovery following effective management changes includ-
ing altered fishery methods are very rare (Reeves et al. 2013).

The primary enforcement of laws for cetaceans has been to support minimum
species loss, or maintenance of populations, with little or no focus on the welfare
aspects of incidental take in fisheries (Moore and van der Hoop 2012). Yet bycatch
has wide-reaching welfare consequences, affecting quality of life (Fraser et al.
1997; Moore and van der Hoop 2012; Moore 2013) for the many whales, dolphins
and porpoises that become injured and stressed or suffer the loss of conspecifics. As
sentient, highly intelligent and cognitive beings, cetaceans are considered by many
to be in the highest category of animals on a scale of sensibility to pain and suffer-
ing, in the same category as primates and carnivores (Porter 1992).

With many thousands of cetaceans estimated as dying each year in fishing gear (See
tables in Read et al. 2006), we can expect many more to survive and suffer from such
interactions. Our understanding of the welfare implications of cetacean bycatch has
increased, but remains poor. There has been little change in fishery management to
reflect this increasing welfare knowledge and, in general, inadequate effort to reduce
the numbers of cetaceans caught in gear generally (Dolman et al. 2016). There remains
no quantitative assessment and comparison of the scale of mortality and welfare impli-
cations of bycaught cetaceans. In this regard, the welfare considerations of bycaught
cetaceans are decades behind farm animal welfare and slaughter (Soulsbury et al. 2008).

Increasingly, consumers want assurance about the welfare standards associated
with the fish they buy. Whilst this is typically regarding the fish they choose to eat,
the tuna-dolphin issue demonstrates a strong public concern about the welfare of
cetaceans and other marine species accidentally caught in fishing gear.

4.2 Fishing Types

A summary of gear types is provided by the UN Food and Agriculture Organisation
(FAO).! Mobile gears include dredgers, trawls (including twin, otter) and purse seine
nets. Static nets include drift nets, gill nets (including mono-, multifilament), tangle
nets, and coastal antishark nets that are anchored to the seabed, as well as longlines,
creel or potting lines, mussel farm lines, aquaculture cages and fish aggregating devices.
Recreational fishing gears include hooks and lines, and fishing also involves stupefying
devices to stun fish, such as the use of chemicals, explosives and electrofishing. Ghost
fishing occurs when abandoned, lost or discarded gear of any description continues to
catch and kill organisms (Gilman 2015) and is discussed in Chap. 5.

"http://www.fao.org/fishery/topic/1617/en.
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About four million vessels were estimated to make up the global fishing fleet in
2002.* Approximately two-thirds were less than 10 m in length (65% of which are
not motorised), and the remaining third were 10—15 m in length. In contrast, approx-
imately 1% of the global fleet were more than 24 m in length.

4.3 Causes and the Extent of Bycatch and
Entanglement Impacts

Our understanding of marine mammal bycatch is hindered by the almost complete
lack of reporting on a global scale (Read et al. 2006), and the majority of vessels are
not monitored for bycatch by national or regional fishery commissions. In addition,
where reporting occurs, bycatch and entanglement mortality and welfare implica-
tions are likely greatly underestimated, due to under-reporting by fishermen, with
individually caught animals falling out of a net before it is brought on board, and a
low probability of discovery of the bycaught animals or of recovery at sea (Cole
et al. 2006; Williams et al. 2011; Kindt-Larsen et al. 2012; Bjgrge et al. 2013). Even
in the USA, where bycatch is monitored under the Marine Mammal Protection Act,
the extent of bycatch cannot be accurately estimated in three out of four fisheries
due to monitoring levels being below that which is recommended by federal fishery
managers (Keledjian et al. 2014). As a result, many questions about the gear types
and extent of cetacean bycatch and resulting mortality and welfare impacts remain.

At the broadest scale, spatial overlap between fishing gear and cetaceans may be
related to prey distributions and associated diel (daily, diurnal) and seasonal pat-
terns of both fishery and cetacean activity. A number of factors that influence
bycatch and entanglement relate to the fishing activity itself, such as the location of
fishing activity, level of effort, fishing method (active fishing methods may produce
more noise) and gear used. Bycatch may occur when deploying gear, whilst gear are
actively used for fishing and during hauling of gear back onto the vessel.

In some fisheries, perhaps most prominently in the tuna purse seine fisheries in
the Eastern Tropical Pacific Ocean (ETP), the behaviour of the fishermen can influ-
ence levels of bycatch. Where schools of yellowfin tuna (Thunnus albacares) are
caught by locating, chasing and encircling pods of associated dolphins, such behav-
iour increases the chance of capture of dolphins in the net (e.g. Cramer et al. 2008).

Other factors that influence bycatch and entanglement relate to the species being
incidentally caught. Cetaceans have complex navigation systems that may enable
them to detect gear under some circumstances (Kastelein et al. 2000). Detection
abilities (both acoustic and visual) and distances for detection of gear by the animals
vary depending upon the species, as well as on their behaviour.

However, the behaviour and the resulting method of bycatch or entanglement of
individuals are largely unknown. Nielsen et al. (2012) found that porpoises do not
usually actively approach gill nets, concluding that bycatch seems to be caused by
individual animals accidentally being caught, likely due to attention shifts or to

http://www.fao.org/fishery/topic/1616/en.
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auditory masking (compromising capacity to ‘hear’) reducing their ability to detect
the nets using echolocation. Sleep may influence odontocete entanglement in static
nets, when echolocation is reduced (Goley 1999), as might scavenging, experience,
curiosity, carelessness and distractions (whether predator escape or play behaviour
between the cetaceans). Odontocetes feeding on hooked fish (depredation) may
become entangled in the branch or main fishing lines or become hooked as they
attempt to consume captured fish (Read 2008; Nitta and Henderson 1993). This
behaviour leads to entanglement (Baird and Gorgone 2005) and, occasionally, to
mortality. Ingestion of fishing gear, when it involves hooks becoming embedded in
the throat, the ‘goosebeak’ formed by the epiglottis and corniculate cartilages in
the throat, or the oesophagus, were found to be eventually fatal, over a period of
several weeks, in all cases examined, as was line wrapped around the goosebeak
(Wells et al. 2008).

Behaviours exhibited by a number of species that interacted with a bycatch reduc-
tion device in a trawl net included the animal becoming caught in the mesh by fins,
head or tail; the tail being caught or stuck in the exclusion grid; the animal remaining
in the net after a stressful interaction with the grid or mesh; the animal continuing to
move and remaining in the net motionless after stressful interaction with grid or
mesh; and, finally, the animal being assumed dead (Jaiteh et al. 2014). Baleen whales
may not detect static gear or may even be attracted to areas where gear is set, due to
increased productivity or because prey species are attracted to the sets (Lien 1994).
The mouth is the most common attachment site for whales in static lines, followed
by the peduncle and flippers (Cassoff et al. 2011), suggesting that entanglement
occurs during foraging. Physiological and behavioural differences exist between
species and taxonomic groups, and this variation may cause differences in the sever-
ity of certain injuries for different species (Andersen et al. 2008). Behavioural pro-
cesses that vary with age, sex and reproductive status can apply to bycatch (Learmonth
et al. 2014 and references therein). For example, in the albacore tuna (Thunnus
alalunga) gill net fishery in the northeast Atlantic, young male common (Delphinus
delphis) and striped dolphins (Stenella coeruleoalba) dominate the catch. Adult
females constitute the second largest portion of the bycatch for both species (Brown
et al. 2015). Injuries consistent with fishery interactions in Hawaiian false killer
whales (Pseudorca crassidens) were biased towards females, suggesting a dispro-
portionate impact of fishery-related mortality on population dynamics (Baird et al.
2014). Male humpback whales were more likely than females to exhibit entangle-
ment-related scars, and yearlings were at the highest risk, although whales continued
to become entangled when adults, in the Gulf of Maine (Robbins and Mattila 2000).

4.4 The Nature of Death, Injury and Physiological Effects

There are clear differences in the types and degree of injuries received by bycaught
cetaceans (Jepson et al. 2013), and these vary with species and with age (Soulsbury
et al. 2008). These differences highlight how a number of injury measures are
required to diagnose bycatch.
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Pathological data indicate that the majority of bycaught cetaceans asphyxiate in
the nets (Soulsbury et al. 2008). Other bycaught cetaceans can suffer a variety of
injuries and high levels of stress during incidental capture. Documented effects, for
those that escape or are released from fishing gear, include behavioural alterations,
physiological and energetic costs and associated reductions in feeding, growth or
reproduction (i.e. fitness) (Wilson et al. 2014), leading to reduced long-term survival.
These, along with wider social implications for conspecifics, are summarised here.

4.4.1 Asphyxiation

After being caught or entangled underwater, cetaceans may not be able to rise to the
surface to breathe and may die trapped or anchored in gear. If the cetacean struggles
frantically to free itself, then this effort will require an increased oxygen supply to
muscles, whereas a whale that does not struggle may show the accentuated brady-
cardia seen in [forced] prolonged submergence (Leaper et al. 2006). Some individu-
als of dolphin species trapped in nets appear to go into a catatonic state even when
the sea surface is accessible (Oliveros and Maldonado 2002).

Asphyxiation causes gross and histological changes to the heart and lungs (Jepson
et al. 2000), and gross physical indicators are provided by Soulsbury et al. (2008). The
pathological and histological changes observed in bycaught cetaceans indicate that
asphyxia is the main cause of mortality. In large whales, there is often substantial bruis-
ing and oedema underlying the areas compressed by the entangling gear, reflective of
a functional circulation for some time after the initial entanglement but before death
(Moore and van der Hoop 2012). Criteria for the diagnosis of asphyxiation have been
described under the diagnosis of peracute underwater entrapment (Moore et al. 2013).

Physiological data suggest that the cardiac changes observed in bycaught ceta-
ceans are caused by massive releases of catecholamines in response to stress (Cowan
and Curry 2002). The stress associated with capture, premortem injuries and
asphyxiation are likely to be high (Soulsbury et al. 2008). It has been estimated that
the time from entanglement to unconsciousness and to subsequent death in a minke
whale can be considerably greater than the species’ average dive times of 2—5 min
(Leaper et al. 2006). Katona et al. (1993) report a single observation of a minke
whale in the North Atlantic surviving submerged for 17 min as it was being freed
from a fish weir. Whilst there are no quantitative data on the duration of suffering
before death occurs, undoubtedly the duration can significantly exceed animal wel-
fare standards set in other arenas, such as for the slaughter of farm animals and the
catching of wild mammals in killing traps (Soulsbury et al. 2008).

4.4.2 Physical Injuries and Stress

Bycaught cetaceans suffer a variety of external and internal injuries, ranging from
skin abrasions, amputations, broken teeth, broken bones, punctured or collapsed
lungs and haemorrhaging (Figs. 4.1 and 4.2). The degree and severity of injuries
varies with the method of fishing and species (Soulsbury et al. 2008).
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Fig. 4.1 External injuries associated with bycatch recorded from UK postmortem data from 1999
to 2005. Reproduced from Soulsbury et al. 2008
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Fig. 4.2 Internal injuries associated with bycatch recorded from UK postmortem data from 1999
to 2005. Reproduced from Soulsbury et al. 2008

Injuries occur during interaction with the gear itself, through interactions with
bycatch reduction devices or when the animals are hauled on board the fishing ves-
sel, where traumatic lesions such as skull fractures have been documented (Kirkwood
et al. 1997). Odontocetes can also be at risk from retaliatory measures taken by
fishermen as a result of real or perceived economic losses (Read 2008). Fishermen
are known to shoot at a variety of marine mammal species (Moore et al. 2013)
engaging in depredation and to use other destructive means, such as small explo-
sives, to deter such behaviour (Baird 2009).

The pathological consequences of entanglement or bycatch injuries are either ana-
tomical or physiological (Figs. 4.3, 4.4, 4.5, 4.6, 4.7, 4.8, 4.9, 4.10, 4.11, 4.12, 4.13,
4.14). The anatomical location of an injury may lead to peracute to acute death (e.g. head
trauma) or chronic debilitation (e.g. fracture of mandible or starvation). Physiological
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Fig. 4.3 Gill nets are set on the ocean bottom and are a huge threat to dolphins and porpoises.
Image credit: Richard Palmer Graphics, www.richardpalmergraphics.com



4 Welfare Implications of Cetacean Bycatch and Entanglements 49

Minke whale (Scotland)

North Atlantic
night whale (USA)

50%
of all minke whales who
strand along the Scottish
coastline show evidence
of being entangled in
creel lines

83%

of all North Atlantic
right whales have
been entangled

Fig. 4.4 Whales get caught in the lines either between creel pots or from the pots to buoys on the
sea surface. Image credit: Richard Palmer Graphics, www.richardpalmergraphics.com
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Fig. 4.5 Chronic entanglement with rope, most likely from pot gear, of the flipper of a North
Atlantic right whale calf (Eubalaena glacialis). As the calf grew, the rope grew into the flesh of the
flipper, ultimately constricting the radius bone such that the bone was notched by the rope. Image
credit: New England Aquarium. Permit No. 932-1905-01-MA-009536-1

consequences of injury include shock, pain or blood loss leading to an inflammatory
cascade, activation of the sympathetic nervous system, hormone release (epinephrine or
norepinephrine) and vascular changes with the potential end results of hypothermia,
coagulation defects, organ failure and death. However, these may not be readily deter-
minable in an animal after initially surviving a traumatic event, and in animals that die,
tissue autolysis or loss may prevent a complete assessment (Andersen et al. 2008).
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Fig. 4.6 North Atlantic right whale (Eubalaena glacialis) with massive dissection of dorsal blub-
ber coat, resulting from chronic constriction, subsequent to entanglement of both flippers in gill
net, connecting dorsally. As the animal swam, the gear tightened and constricted. The entangle-
ment lasted at least 4 months before the animal died. Image credit: New England Aquarium. Permit
No. 932-1905-01-MA-009536-1

Fig. 4.7 Ventral view of a North Atlantic right whale (Eubalaena glacialis), showing damage
caused by rope entanglement around both flippers. The animal was significantly decomposed hav-
ing lost most of its skin postmortem. The animal died 6 months after it was last sighted alive, with-
out an entanglement. /mage credit: Virginia Aquarium. Permit No. 932-1905-01-MA-009536-1
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Fig. 4.8 Rope entangled in the baleen of a North Atlantic right whale (Eubalaena glacialis). This
animal had a complex entanglement involving the mouth, blowhole and left flipper. The flipper had
been constricted such that the rope had embedded in the ulnar and radius bones and elicited a mas-
sive proliferation of new bone. The entanglement lasted between 6 and 16 months. Image credit:
Virginia Aquarium. Permit No. 932-1905-01-MA-009536-1

Fig. 4.9 Sketch of entanglement derived from examination of lesions on a dead humpback whale
calf that had been earlier observed anchored in lobster gear. Image credit: Scott Landry, Center for
Coastal Studies
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Fig. 4.10 Humpback whale (Megaptera novaeangliae) entangled in lobster gear line. Image
credit: International Whaling Commission

Fig. 4.11 Humpback whale (Megaptera novaeangliae) entangled in net and rope. Image credit:
International Whaling Commission
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Fig. 4.12 Immature humpback whale (Megaptera novaeangliae) entangled in lobster gear line
being released using a long boom equipped with specially designed cutting attachments. /mage
credit: International Whaling Commission

Fig. 4.13 Entangled humpback whale (Megaptera novaeangliae) in Faxafloi Bay, near Reykjavik,
Iceland, released by British Divers Marine Life Rescue in August 2015. Image credit: Andy
Butterworth
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Fig. 4.14 Deep incised lesion resulting from chronic entanglement with rope around the rostrum
of an immature minke whale (Balaenoptera acutorostrata) from the North Sea. Image credit:
Andrew Brownlow, Scottish Marine Animal Stranding Scheme (SMASS)

Postmortem of 182 cetaceans stranded in the UK (comprising 97 harbour por-
poises (Phocoena phocoena), 80 common dolphins, 3 striped dolphins, 1 Risso’s
dolphin (Griseus grampus) and 1 minke whale) from 1999 to 2005 found evidence
of complex entanglements involving multiple parts of the body. External injuries
included amputations (from entanglement or being cut free), broken maxillae, man-
dibles and/or teeth and internal injuries consisting of organ congestion, muscle tears
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and haemorrhaging (either from the gear or from the cetacean struggling) (Soulsbury
et al. 2008). Longer-term impacts can result after escape or release from the fishing
gear. The stress and injuries for individuals that escape may cause prolonged suffer-
ing and/or subsequent mortality (Wilson et al. 2014; Soulsbury et al. 2008). Major
dorsal fin disfigurements have been documented, with injuries at the base of the
leading edge of the fin or a missing fin, with unknown welfare consequences (Baird
and Gorgone 2005).

4.5 Case Study: North Atlantic Right Whale

Following hunting that decimated the original population, North Atlantic right
whales (NARW) were listed as endangered in US waters in 1970. The population is
estimated to contain less than 500 individuals (NOAA 2015). Entanglement in static
pot gear lines is a primary cause of death, along with ship strikes.

Examination of large baleen whale entanglement mortalities has shown a variety
of chronic impacts for persistent terminal entanglements. Juveniles and adults have
a lower probability of survival following entanglement (Robbins et al. 2015).
Apparent survival of entangled adults is 23% lower than other adult females and
26% lower than other adult males. The post-entanglement survival of entangled
juveniles was comparable to entangled adults and 25% lower than conspecifics.
This is the first estimate of survival reduction relative to unaffected animals and sets
a baseline against which to evaluate the success of future mitigation efforts (Robbins
et al. 2015). Larger whales breaking free of, and subsequently carrying, fixed trap
and net gear are subject to a very slow and likely extremely debilitating demise,
averaging 6 months in the case of the NARW, but there are cases that persist for
multiple years (Moore and van der Hoop 2012). Disentanglement (gear removal)
improves the survival outcome of NARW, as disentangled whales can achieve a
subsequent survival rate that approaches that of unaffected animals (Robbins et al.
2015).

Protracted causes of death include impaired foraging during entanglement,
resulting in emaciation through reduced mobility and foraging ability, and energy
budget depletion leading to starvation after many months or years; systemic infec-
tion arising from open, unresolved entanglement wounds; and haemorrhage or
debilitation due to severe gear-related damage to tissues. Serious gear-induced
injury can include laceration of large vessels, occlusion of the nares, embedding
of line in growing bone and massive periosteal proliferation of new bone in an
attempt to wall off constricting, encircling lines (Cassoff et al. 2011). Gear-
induced wounds can lead to death by impairing critical biological functions,
becoming a source of haemorrhage, or providing a portal of entry for pathogens
(Cassoff et al. 2011).

It has been suggested that disruption of the oral seal, holding the lower man-
dible closed, could have a significant impact on propulsion efficiency and energy
expenditure (Lambertsen et al. 2005). Van der Hoop et al. (2013a) identified sig-



4 Welfare Implications of Cetacean Bycatch and Entanglements 57

nificant alteration to swimming patterns and significant drag, resulting in energy
depletion in a chronically entangled NARW. Added drag of towing gear could
substantially affect the energy budget of an entangled whale (Moore and van der
Hoop 2012), where entanglement could increase drag and propulsive power by
1.47-fold (van der Hoop et al. 2015) and seemingly small entanglements (short
pieces of line, small floats) can still impart significant drag (van der Hoop et al.
2015). Additional drag from the entangling gear has been shown to have ener-
getic costs that can be equivalent to the cost of migration or reproduction (van
der Hoop et al. 2015). Thus chronically entangled whales are perhaps best seen
as ‘dead whales swimming’ in that females that are significantly and chronically
entangled are unlikely to get pregnant. Laceration and consequent infection can
be another cause of death in chronic entanglement of large whales, with second-
ary bronchopneumonia (Cassoff et al. 2011).

Entanglement in fishing gear is sufficiently stressful to cause both a behavioural
and physiological stress response in baleen whales (Cassoff et al. 2011). Faecal
glucocorticoid studies have shown markedly elevated stress hormone levels in a
severely entangled NARW (Hunt et al. 2006); the relationships between entangle-
ment stress and metabolic rate are complex. Long-term stress from being chroni-
cally wrapped in gear may explain why examined whales were unable to fight off
the initial insult of infected gear lacerations, most likely leading to their demise
(Cassoff et al. 2011).

Most baleen whales are able to release themselves from fishing line or net or
are disentangled by humans, as evidenced by scarring patterns on many individu-
als (Knowlton et al. 2005; Mathewson 2012). However, visual health assessment
of NARW using photographs demonstrated that stress responses existed that may
have impacted health and fecundity even after the gear is no longer attached
(Pettis et al. 2004). Thus the lethal entanglement events are the extreme and rela-
tively infrequent end of a more widespread, persistent and repetitive problem,
and the cost of nonlethal entanglement in terms of energy, stress and pain may
significantly reduce fecundity in NARW (Moore and van der Hoop 2012).
Ultimately entanglements can lead to eventual lethal trauma through a drawn-out
cumulative loss of body condition and constriction of body parts, with or without
secondary infection, and the level of pain and stress is presumably extreme
(Moore and van der Hoop 2012). Lethal entanglements of baleen whales are,
arguably, one of the worst forms of human-caused mortality in any wild animal
(Cassoff et al. 2011).

4.5.1 Decompression Sickness

The stress of capture at depth appears to trigger a failure of normal gas solubility
management physiology. Small cetaceans and seals bycaught in gill nets have been
shown to undergo massive gas embolisation by the time they are hauled to the sur-
face dead (Moore et al. 2009). Diagnosis of this gas as being from decompression
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of supersaturated tissues, rather than decomposition, was made by careful analysis
of the gas components of the bubbles (Bernaldo de Quirés et al. 2013). Whilst mori-
bund live gas-embolised marine mammals have not been described, turtles have
been shown to undergo spastic morbidity when hauled to the surface in a gill net,
with concomitant embolisation (Garcia-Parraga et al. 2014). These clinical signs
have been reversed with repressurisation and then controlled depressurisation.
Garcia et al.’s study was the first to definitively diagnose decompression sickness,
by reversal of clinical signs with repressurisation, in a breath holding, non-human
diving vertebrate. This study has major potential implications for the proper treat-
ment of moribund, but not dead vertebrates that are hauled to the surface in gill nets
and other fishing gears.

4.5.2 Social Implications

Bycatch has implications for conspecifics that we are only beginning to understand.
Due to the highly social nature of many odontocetes, survival and reproductive suc-
cess can depend on social cohesion and organisation, and the effects of social dis-
ruption caused by bycatch mortalities may go beyond the dynamics of individual
removals and impede population recovery (CMS 2015; Wade et al. 2012). Wade
et al. (2012) suggest that their social and behavioural traits may contribute to a lack
of resilience in odontocetes.

Observations of a bottlenose dolphin calf temporarily entangled in monofila-
ment line showed immediate alterations in the behaviour of the mother and calf,
as well as conspecifics (Mann et al. 1995). As well as causing distress to surviving
family or group members, the loss of key individuals will lead to the loss of impor-
tant social knowledge and will be likely to cause disruption or breakdown of
social groups and networks (Soulsbury et al. 2008; Williams and Lusseau 2006).
The removal of older individuals and their knowledge will have serious conse-
quences for populations of socially advanced mammals such as cetaceans
(McComb et al. 2001).

4.6 Case Study: Eastern Tropical Pacific Tuna-Dolphin
Fishery

Since the 1960s, dolphins of several species continue to be used to locate, chase, herd
and encircle tuna using speed boats (Fig. 4.15). The scale of death is unprecedented,
with more than six million dolphins killed in the Eastern Tropical Pacific (ETP)
(Perrin et al. 2002) and populations of northeastern offshore Pantropical spotted dol-
phins (S. attenuata attenuata) and eastern spinner dolphins (S. longirostris orientalis)
reduced by an estimated 40% and 20%, respectively (Wade et al. 2007), due to these
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Fig. 4.15 Dolphins in purse seine net. Image credit: NOAA bycatch webpage

early purse-seining techniques. Further, as many dolphins are released, a surviving
dolphin may be captured and released a number of times during their lifetime.

Despite reduced kills to fewer than 1000 per year, the populations of dolphins are
not showing signs of recovery (Gerrodette and Forcada 2005; Wade et al. 2002), and
the rate of calf production has been declining since the 1980s (Cramer et al. 2008).
Hypotheses to explain the lack of recovery (Gerrodette and Forcada 2005) have
included underreporting of kills by observers; cryptic effects of the fishery not
detectable by observers, such as stress-induced abortion; or the separation of moth-
ers and calves (Noren and Edwards 2007).

An associated study on bottlenose dolphins ‘carrying’ a calf in echelon position
found that the calf may be unable to achieve speeds which are required to be sus-
tained by the whole group to evade fishermen (Noren 2013). To maintain proximity
with the group, mothers may become separated from their calves. Permanently sep-
arated dependent calves may then represent unobserved mortality events, no doubt
due to a stressful and painful demise resulting from starvation following orphaning.
This may partially explain the non-recovery of depleted ETP dolphin populations
(Noren 2013) where, in the case of mothers dying, a calf or dependent juvenile must
be assumed to become a secondary victim (Noren and Edwards 2007). It is plausible
that the chase and encircling of the dolphins has hindered or prevented recovery in
these populations, animal groups which show complex social structure (Wade et al.
2012). ‘Dolphin-friendly’ product labelling on tuna caught in purse seine fisheries
does not consider welfare implications to individuals or populations.



60 S.J. Dolman and M.J. Moore

4.7 Conclusions: Ways to Understand and Reduce Bycatch
and Entanglements

Bycatch is not an intentional practice, and many fishermen are involved in strategies
to reduce the accidental capture of whales, dolphins and porpoises. The approach
required will often be fishery specific, and all solutions are dependent on positive
relationships and involvement with fishermen. Participation of fishermen in the
management process is necessary (Bisack and Das 2015), bycatch reduction
approaches can be implemented successfully from the bottom-up (Teh et al. 2015),
and individual level incentive-based management measures are likely to be highly
effective.

Bycatch is not inevitable. There are ways to minimise unintended mortality and
welfare impacts by avoiding areas where endangered or vulnerable species or small
populations are known to be present and ongoing enforcement of monitoring and
mitigation to enable quantitative metrics and to improve compliance. Despite existing
legislation to document, manage and reduce bycatch in some parts of the world, such
as the US Marine Mammal Protection Act (MMPA) and the EU Habitats Directive
(92/43/EEC), measures to do so remain mostly inadequate. For instance, even for a
highly endangered whale such as the North Atlantic right whale, in perhaps the best
regulated waters of the world, the mortality allowed by the US MMPA and Endangered
Species Act (ESA) (zero cases per year) is exceeded every year (NOAA 2015). This
periodically engenders further gear modification and spatial and temporal planning
(van der Hoop et al. 2013b), but other factors such as increasing rope strength seem
to more than undo whatever gains such mitigation measures might have been achieved
(Knowlton et al. 2015). Existing legislation includes no provisions for the protection
of cetaceans from incidental capture on welfare grounds (Soulsbury et al. 2008).
Explicit policy decisions and rigorous implementation are urgently needed to bridge
the gap between our poor biological and impact knowledge and what is happening at
sea (Dolman et al. 2016). To this end, political will and explicit consideration of the
sublethal costs of bycatch and entanglement in decision making are necessary.

Mitigation options include modifying the gear, either to make it more visible
(e.g. using acoustic devices) or reduce the likelihood of entanglement once a ceta-
cean makes contact with the gear (Soulsbury et al. 2008). There is a great need for
effective mitigation measures to address bycatch of marine mammals in gill net
fisheries (Read 2008). The use of active acoustic devices (such as pingers) has been
demonstrated to successfully modify the behaviour of some dolphins, porpoises and
small whales to reduce the frequency of their interactions with gill net fisheries
(Dawson et al. 2013). Pingers on drift nets eliminated beaked whale bycatch in
Californian drift gill net fishery (Carretta et al. 2008), where the species previously
caught included Cuvier’s beaked whales (Ziphius cavirostris), Hubb’s beaked
whales (Mesoplodon carlhubbsi), Stejneger’s beaked whale (M. stejnegeri), Baird’s
beaked whale (Berardius bairdii) and unidentified Mesoplodon and ziphiid species.
Pingers may have welfare implications themselves, causing auditory damage if loud
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enough (Lepper et al. 2014). The wide-scale use of acoustic devices on static fishing
gear presents operational issues as well as those associated with introduced noise
impacts.

There remains an urgent need for better entanglement avoidance and individual
entanglement mitigation for large baleen whales. Entanglements increased in the
northwest Atlantic since measures such as weak links on buoy lines and sinking
ground lines between fishing traps and pots were introduced, indicating that differ-
ent or additional mitigation measures are required (Pace et al. 2014). Adoption of
ropes with lower breaking strengths (of 1700 Ibs. or less) could reduce the number
of life-threatening entanglements for large whales by at least 72% and still be strong
enough to withstand the routine forces involved in many fishing operations
(Knowlton et al. 2015).

Effective bycatch mitigation will require coordinated actions by the range of
stakeholders to develop a combination of technological gear fixes, changes in fish-
ing practices, modification of fishing effort and international agreements that,
together, can monitor and mitigate bycatch (Lewison et al. 2004). To effectively
deal with all these mortality and welfare issues, a clear strategy is required to iden-
tify the neccessary steps required by all fisheries to reduce bycatch towards zero
(Dolman et al. 2016) should be implemented, and this should include welfare-spe-
cific legislation for marine species, as already exists terrestrially. Cetacean popula-
tion surveillance, including effort-based collection of at-sea and stranding data,
adequate monitoring of the fishery itself, reporting of lost gear, bycatch as well as
mitigation measures and monitoring of effectiveness of mitigation measures are all
required. Accurate estimates of cumulative incidental catch levels are typically not
available due to insufficient sampling in the appropriate fisheries or areas. A high
level of observer coverage allows more precise estimation of bycatch levels and
would provide a conspicuous enforcement presence that could deter violations of
regulations (McDonald et al. 2016).

Investigations into the sublethal effects of bycatch-related injury and stress on
fitness are required, including improved understanding of the injuries suffered, the
length of time to asphyxiation and the social implications of individuals dying.
Better information about the nature and magnitude of the problem needs wider pub-
licity and better public awareness. Market-based mechanisms should include retail-
ers and suppliers working with fisheries to improve practices and governance. As a
component of this, certification schemes should include the mortality and welfare
considerations of bycatch in their assessments of fisheries and clear labelling of the
resulting fish products. Perhaps a major effort to educate seafood consumers as to
the chronic and widespread welfare concerns that marine mammal bycatch and
entanglements represent would achieve their mitigation through consumer pressure,
where governmental efforts on the basis of species and population conservation
have largely failed.
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Chapter 5
From Hunting to Watching: Human
Interactions with Cetaceans

E.C.M. Parsons and Danielle Monaghan-Brown

Abstract Whales and dolphins have been hunted since antiquity in many parts of
the world. Although whaling started as a commercial enterprise in Europe in the
eleventh century, it was not until the seventeenth century that the industry
expanded rapidly. Early whaling targeted right and bowhead whales and then
shifted to sperm whales. Technological developments in the nineteenth century
allowed other species to be exploited, and at the end of the century, the possibili-
ties of whaling in the Antarctic were realised. Nearly three million whales were
killed in the twentieth century, with several populations reduced to 5% of their
historical size, or less. The International Whaling Commission was established in
1946 and manages whaling, and it introduced a whaling moratorium in 1982.
Despite this moratorium whales are still caught by Norwegian, Icelandic and
Japanese whalers. Indigenous communities are given quotas to hunt whales,
although not without some controversy. Small cetaceans are also hunted, by
indigenous communities, and there are sizeable hunts in several locations such as
Peru, the Faroe Islands and Japan. Human interactions with cetaceans also include
indirect interactions via pollutants. One type of interaction for which there is
growing concern is whale and dolphin watching. Despite many locations having
guidelines or regulations to minimise the impacts of this type of tourism, compli-
ance is often low. However, if properly managed, whale watching could be an
economically valuable, non-consumptive, use of living whales as a resource by
humans.
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5.1 The History of Whaling

Bones of dolphins at an archaeological site in the Sea of Japan suggest that hunting
of cetaceans began in this region before 2000 BC (Hiraguchi 1992; Aikens et al.
2009). In addition, harpoons from Pacific coast sites and the East China Sea, as well
as cetacean-related relics of whaling that have been found in Hokkaido, Japan, show
that whaling has been established in this region for well over a thousand years
(Yamaura 1998). Commercial whaling where whale products became a trade com-
modity (rather than a local subsistence activity) did not develop until the seven-
teenth and eighteenth century in Japan, and even then, it was on a small scale and
limited to small localised regions (Takahashi 1992; Osumi 2003). Large-scale com-
mercial whaling and widespread consumption of whale meat did not begin in Japan
until after the Second World War, and it did so at the urging and behest of the US
occupying forces, particularly US General Douglas MacArthur (Scott 1999), as
whale meat was considered to a means to ensure food security for a post-war
Japanese population.

Alaska also has a long history of whaling: the Inuit have hunted cetaceans for
over 1000 years (Whiteridge 1999). Due to this long association, whaling has an
important role in the culture of native Alaskans, and various ceremonies and tradi-
tions are involved with the hunt (Freeman 2005). For example, the skull of a hunted
whale should be ceremonially returned to the sea to ensure the immortality and
reincarnation of the whale and, thus, future hunting success.

In ‘Dark Age’ (early mediaeval) Britain, Anglo-Saxons frequently used whale
materials and hunted coastal species (Gardiner 1997; Gardiner et al. 1998), particu-
larly the Atlantic grey whale (Eschrichtius robustus, Atlantic subspecies, extinct).
Unfortunately, this particular (sub)species was so accessible to hunters that it had
become extinct in the Late Middle Ages (c. 1500s; although persisting in the west-
ern Atlantic until the seventeenth century; Mead and Mitchell 1984; Bryant 1995).
During the same early mediaeval period, Nordic settlers commonly used whale
products from hunted and stranded whales. The use of whale (and other marine
mammal) parts is particularly prevalent in archaeological materials from the Western
and Northern Isles of Scotland (Szabo 1997). The Norse were so active, a group of
whale hunters that the Speculum Regale (the King’s Mirror), a Nordic saga from the
mid-thirteenth century, listed 20 species of whale around the coast of Iceland (Mead
and Mitchell 1984).

By the eleventh century, the Basque people from the coasts of Spain and France
had begun whaling, and by the end of the twelfth century, they had expanded this
into a substantive commercial enterprise (Ellis 1991). They primarily hunted North
Atlantic right whales (Eubalaena glacialis) in the Bay of Biscay. The right whale
was so named because it was the ‘right” whale to hunt—it gave a high yield of oil
and floated when dead and, thus, could be towed alongside the whaling vessel after
it had been killed. The Basques used every part of the whales they hunted, including
their bright orange faeces (thanks to a high level of carotenoid pigments in their
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copepod prey), which in fact was used as fashionable dye for clothes (Parsons et al.
2012). When whale catches declined, the Basques turned their attention to the
northwestern Atlantic and by the 1530s were hunting North Atlantic right whales
and bowhead whales (Balaena mysticetus) off the Atlantic coast of Canada
(Barkham 1984).

In the 1610s, the UK sent whaling ships to Spitzbergen, Norway (Purchas 1625),
and these were followed soon after by Dutch vessels. The focus species for these
hunts were also bowhead whales. On the east coast of the USA, although indige-
nous populations had probably hunted cetaceans to a small extent, it was European
colonists that had an interest in whales as a resource. First, stranded whales were
utilised for their oil and baleen, and then in the late 1640s—1950s, colonist began to
conduct boat-based operations from shore (Dolin 2008). North Atlantic right
whales were the major target species initially. Sperm whaling allegedly began
when Captain Christopher Hussey was blown offshore and caught a sperm whale
instead of the typical right whales (Hawes 1924). Sperm whaling started to expand
and by 1755 a factory specifically to process sperm whale oil was founded in New
Bedford, Massachusetts (Ommanney 1971). A rapidly expanding ‘Yankee’ whaling
fleet was curtailed by the American War of Independence (an oil-filled whaling ves-
sel could make a valuable prize for a British naval officer), and by 1812 most of the
whaling fleet had been destroyed (Ommanney 1971). However, subsequently sperm
whaling activity began to expand again until its height in the 1850s, when the
advent of kerosene rapidly began to make whale oil redundant (Ommanney 1971;
Dolin 2008).

Sperm whales were sought because the waxy spermaceti organ in the foreheads
gave a large yield of high-quality oil—this oil was used for a variety of purposes
including lubricating the latest mechanical inventions such as ships’ chronometers
(which allowed longitudes to be calculated; Sobel 2005) and for soot-free oil lamps.
The latter were particularly sought after in the eighteenth and early nineteenth
centuries due to the fashion for wallpaper (often imported from Europe at great
expense)—sperm whale oil lamps did not leave dirty sooty streaks on the
wallpaper.

5.2 The Development of Modern Whaling

The Norwegian Svend Foyn (1809—1894) is often referred to as the ‘father’ of mod-
ern whaling (Ellis 1991). An ex-seal hunter, Foyn noted in the 1860s the abundance
of large whales he saw on sealing trips, saying ‘God had let the whales inhabit
[these waters] for the benefit and blessing of mankind and, consequently, I consider
it my vocation to promote these fisheries’ (Ellis 1991).

Previously when whales were captured, handheld harpoons attached to ropes
were cast from small rowboats. The whales, once secured, were dispatched via
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stabbing with a lance. As one could imagine, this was hardly a humane method
of killing, and it also put the crew of the flimsy wooden whaling boats in much
peril. However, in the 1850s the technology of whaling began to develop rapidly
(Schmitt et al. 1980; Tonnessen and Johnsen 1982; Ellis 1991):

* 1952—the first explosive harpoon (the bomb lance) was developed.

e 1857—saw the first UK whaling boat powered by a steam engine.

e 1859—the first purpose-built steam-powered whaling ship was manufactured
(although catching of whales still done from rowing boats).

* 1861—American Thomas Welcome Roys develops his ‘whaling rocket’.

* 1863—Sven Foyn built the first steam-driven whaling schooner (a whale-
catching boat).

* 1865—the development of a more accurate exploding harpoon.

e 1868—the cannon-fired explosive harpoon was invented.

The design of the grenade-tipped explosive harpoon has changed little since
1868, and harpoons used on whaling vessels in the present day closely resemble
their Victorian predecessor. Quicker whaling vessels combined with more powerful
weaponry meant that previously unharvested whales, such as the 25 m, fast-
swimming fin whale (Balaenoptera physalus), could now be hunted.

5.3 Antarctic Whaling

Antarctic whaling began after a Scottish expedition ventured to the Falkland Islands
in 1892-1893 (Watson 2004). The organisers of the expedition had speculated that
as there had been an abundance of whales in the Arctic, perhaps the southern polar
regions similarly had an abundance of cetaceans. Although this expedition did not
actually catch any whales, the discovery of large numbers of these animals around
the Subantarctic Islands and the Antarctic Peninsula—by this expedition and a fol-
lowing Norwegian expedition led by Carl Anton Larsen—highlighted the possibili-
ties of Antarctic whaling (Fig. 5.1). Despite an 1895 warning by the illustrious
Royal Geographic Society that ‘it would be futile to start whaling in the Antarctic;
a great number of the large whales had thin blubber and short baleens and it was not
worth the whaler's time catching them’, evidence of abundant whale populations
around Antarctica inspired the establishment of shore-based whaling stations and
the start of extensive commercial whaling in the Southern Ocean (Backovic 2013).
The Island of South Georgia, in particular, was a major hub in the Antarctic whaling
industry at this time, with the first station being established there, at Grytviken, by
Larsen.

In 1925, the launch of the Lancing, the first whaling factory ship, led to a dra-
matic change in Antarctic whaling activities. These oversized vessels allowed for
slaughtered whales to be processed at sea, and whaling fleets no longer had to waste
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Fig. 5.1 Deserted whaling station, Deception Island, Antarctica. Image credit: Chris Parsons

time by returning to shore-based factories and processing plants (Clapham and
Baker 2002). This greatly increased the whalers’ hunting range and the whales’
accessibility. For the first time, hunting the substantial numbers of animals inhabit-
ing Antarctic waters—beyond the Antarctic Peninsula and Southern Ocean islands—
became an economic viability.

A development in 1929 led to a strange new market for whale oil. The chemical
process of hydrogenation had been discovered in the mid-nineteenth century, and
this allowed fishy-tasting, liquid whale oil to be turned into solid margarine.
However, refinement of this process resulted in a palatable whale-oil margarine that
melted at body temperature, namely ‘on the tongue’ (Tonnessen and Johnsen 1982).
The demand increased for margarine, and thus whale oil, especially during post-war
years. By 1960, 17% of the fat used in margarine production came from whale oil.
Strengthened by advances in vessel technology and weaponry, at its peak, commer-
cial whaling was dangerously productive. Between 1904 and the end of the Second
World War, 1.1 million whales were killed globally (Rocha et al. 2014). By the
1980s, the industry had led to the harvesting of an enormous number of whales of a
variety of species, including the slaughter of approximately 350,000 blue whales,
700,000 fin whales, 1,000,000 sperm whales and 250,000 humpback whales
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Fig. 5.2 Humpback whales (Megaptera novaeangliae) in Antarctica. Image credit: Chris Parsons

(Megaptera novaeangliae) (Fig. 5.2), and hundreds of thousands of other species
such as right whales, bowhead whales, sei whales (Balaenoptera borealis) and
northern (B. acutorostrata) and Antarctic minke whales (B. bonaerensis) (Whitehead
2002; Clapham and Baker 2002). Such vast numbers of whales were taken that the
estimated worldwide blue whale population was reduced to perhaps less than 1% of
its original pre-whaling abundance—at one time there may have been only 3000
blue whales left in the world—and several populations were similarly reduced to
less than 5% of their historical levels (Laws 1977; Regenstein 1985; Rocha et al.
2014). From the establishment of the first South Georgia whaling station in 1904 to
2000, 2.9 million whales were killed (Rocha et al. 2014).

5.4 The International Whaling Commission

As early as 1931, whalers began to notice that some whale species were declining
in numbers (Clapham and Baker 2002). In a bid to manage whale stocks, several
whaling countries joined forces to enact first of all the Convention for the Regulation
of Whaling and then the more significant International Convention for the Regulation
of Whaling. This latter treaty led, in 1946, to the formation of the International
Whaling Commission (IWC), an international forum that is still the main authority
for the control of whaling and the management of whale stocks (Maffei 1997). As
whale populations succumbed to exploitation, the IWC began to introduce whaling
bans on each species one by one:

* 1931—Bowhead whales (Balaena mysticetus)
e 1935—Southern (Eubalaena australis) and northern right whales (E. glacialis)
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* 1946—Grey whales (Eschrichtius robustus)

* 1966—Humpback whales (Megaptera novaeangliae)

e 1966—Blue whales (Balaenoptera musculus)

e 1979—Sei whales (Balaenoptera borealis) [except in Iceland]
e 1984—Sperm whales (Physeter macrocephalus)

Despite whaling bans, a large numbers of whales were taken illegally, for exam-
ple, Soviet whalers conducting illegal catches decimated the North Pacific right
whale (now recognised as Eubalaena japonica), despite right whale species being
protected by the IWC (Ivashchenko and Clapham 2012). Over 30 years of illegal
whaling, Soviet vessels took nearly 179,000 whales that were not reported to the
International Whaling Commission (Ivashchenko and Clapham 2014). Illegal
catches were also conducted by Japanese whaling vessels in the North Pacific, until
the IWC introduced an international observer system in 1972 (Ivashchenko and
Clapham 2015).

Whale stocks had become so depleted, and public opinion was so strongly
opposed to the continuation of commercial whaling, that in 1982 the IWC voted for
a global commercial whaling moratorium (effectively a zero quota for whaling)—
this ban eventually came into effect in 1986 (Maffei 1997). Despite the restriction,
over 40,000 whales have been killed in hunts since the moratorium was passed
(IWC 20164, b).

Why are whales still being hunted when a moratorium has been put in place?
One reason is that countries that do not agree with the moratorium are not required
to comply with its guidelines (Clapham and Baker 2002). When the moratorium
was enacted, Norway lodged a ‘reservation’ to the moratorium. Norway is, there-
fore, not bound by the ban and currently takes an average of 650 northern minke
whales per year (Glover et al. 2012), catching a total of 736 in 2014 (IWC 2016b).
Iceland likewise hunted whales under a ‘reservation’ taking a further 24 minke
whales and 137 fin whales (IWC 2016b) (Fig. 5.3). Their actions are technically
legal, albeit in the face of criticism and condemnation from the majority of IWC
member nations. Japan signed the whaling moratorium; however, it takes advan-
tage of a loophole that allows for whales to be killed for scientific research. As a
result, in 2014 Japan took 81 northern minke whales, 90 sei whales and 25 Bryde’s
whales (Balaenoptera edeni) in the North Pacific and 252 Antarctic minke whales
in the Southern Ocean in the 2013/2014 austral (Southern hemisphere) summer
(IWC 2016a).

The integrity of research whaling and its relevance to the scientific community
has been questioned by the IWC’s own scientists (Clapham et al. 2003, 2006).
Although some blubber and stomach content samples are taken, the meat from the
whale is then processed and sold in markets. While the Japanese government may
state that whaling is an important economic activity for coastal communities and
that scientific whaling provides important scientific data (Hirata 2005) (Figs. 5.4
and 5.5), the real reasons why the Japanese government continues to conduct whal-
ing is arguably less about whales as a food resource but more about the politics of
marine resource extraction and national pride (Parsons 2015).
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Fig. 5.3 Fin whale (Balaenoptera physalus) hunted at sea and brought ashore for flensing (cutting
up the carcass) in Iceland, 2013. Image credits: WDC, Whale and Dolphin Conservation
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Fig. 5.4 Japanese grenade-tipped harpoon fired from the whaling vessel Yushin Maru. Image
credit: Jeremy Sutton-Hibbert

Fig. 5.5 Minke whale (Balaenoptera acutorostrata) showing movement and, thus, showing that it
is still alive at the time of this photograph, being hauled up by the harpoon line to the whaling ves-
sel Yushin Maru. Image credit: Jeremy Sutton-Hibbert
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Fig. 5.6 Whale bones derived from whaling activity at Hannah Point whaling station, Antarctica.
Image credit: Chris Parsons

In 1994, the IWC designated the Southern Ocean Sanctuary, which includes the
waters surrounding Antarctica (Fig. 5.6), as a ‘whale sanctuary’. Within this sanctu-
ary area, commercial whaling is prohibited regardless of the existence or non-
existence of the moratorium (Zacharias et al. 2006). Despite this, Japan continued
to hunt whales in the Antarctic for ‘scientific purposes’ which they consider to be
exempted from the sanctuary’s ban. However, in 2014, the UN’s International Court
of Justice (in a case brought by Australian and New Zealand governments) ruled
that Japan’s Antarctic ‘scientific whaling programme’ was not scientific research,
but effectively commercial whaling (Clapham 2015; Parsons 2015). It therefore
violated the Southern Ocean Sanctuary and the International Court of Justice
ordered the Japanese government to cease their whaling programmes. Japan ini-
tially said that it would abide by the court’s ruling, but has subsequently resumed
whaling around Antarctica (Clapham 2015; Parsons 2015).
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5.5 The Revised Management System

The whaling moratorium was enacted as a precaution to allow whale stocks to
recover and prevent commercial whaling, theoretically until a sustainable quota sys-
tem could be put in place. This quota system is called the Revised Management
System (RMS) (Clapham and Baker 2002). In order for the RMS to be successful,
there needs to be accurate information on the number of animals in each whale
stock and accurate information on how many whales are/have been harvested.

Some antiwhaling countries and environmental NGOs want the IWC to accept
the RMS and allow commercial whaling under the new quota system. Their hope is
that the RMS will produce quotas smaller than the number of animals currently
being taken by Norway and Japan. However, this does assume that the quotas allot-
ted are sustainable and that the quotas are strictly adhered to, amongst other assump-
tions. Therefore, many animal welfare and environmental NGOs are opposed to any
resumption of commercial whaling, whether under the RMS or not.

Scientists are still arguing about the accuracy of sighting surveys and numbers
of animals. For example, recent circumpolar whale surveys estimated only 40%
of the number of minke whales documented in the previous survey (Branch and
Butterworth 2001). Why was there such a massive decrease in whale numbers?
No one knows. Were previous surveys incorrect and the recent surveys more
accurate? Is the decline real, perhaps the result of climate change impacting
Antarctic minke whales and/or their prey? Under [UCN red list criteria, an actual,
observed or implied 50% decrease of whales within a 10-year period would make
the species ‘endangered’ (IUCN 2001); therefore, theoretically, Antarctic minke
whales could be considered to be endangered, yet such a listing has not been
made, to date.

5.6 Killing Methods

An additional controversy is the method used to kill whales, which has largely unre-
fined since the development of the cannon-fired harpoon by Svend Foyn (noted
above). Detonation of a grenade at the tip of the harpoon is supposed to cause a
percussive shock that renders the target whale immediately unconscious. Concerns
over suffering of hunted whales led the IWC to form a working group in 1982 on
“Whale Killing Methods and Associated Welfare Issues”, to discuss whether or not
whale-killing methods were humane. The IWC’s definition of humane killing was
agreed as “death brought about without pain, stress or distress perceptible to the
animal”. To monitor this whalers are, for example, requested to record times to
death (or TTD), or instantaneous death rates (IDR), of whales after being har-
pooned. However, in 1993 only 54% of northern minke whales hunted by Norwegians
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were rendered immediately immobile (and presumed stunned/unconscious) (@en
2001). By 2000 this had risen to approximately 80% (@en 2001), but it still meant
that 20% of whales were not immediately rendered insensible, and thus animals
could have been suffering significantly (Knowles and Butterworth 2006). In the
2002/2003 Antarctic hunt, approximately 60% of whales killed were recorded as
not dying ‘instantaneously’ (Ishikawa 2003). In Greenlandic aboriginal whaling
hunts (described below), instances of northern minke whales taking 5 h to die were
reported in 2002 (Anon 2003), and time to death of up to 12 h have been reported
for fin whales.

5.7 Aboriginal Whaling

Some Indigenous communities who demonstrate a traditional, nutritional and cul-
tural need, such as the previously mentioned Inuit of Alaska, are permitted to hunt
a specific quota of whales by the IWC, in order to maintain their historical traditions
and lifestyles. This currently occurs in the Russian Federation, Greenland (a protec-
torate of Denmark), Bequia (St. Vincent and the Grenadines) and in the USA (see
Table 5.1).

Although many have sympathy towards some forms of aboriginal whaling, it can
become a contentious issue. For example, in Barrow, Alaska, the Inupiat and Yup’ik
have hunted bowhead whales for over 2000 years (Krupnik and Bogoslovskaya
1999). As a result, they are allocated an aboriginal whaling quota of approximately
60 whales. This hunt has been controversial because bowhead whales are consid-
ered to be endangered under US law. Moreover, the hunt does not involve traditional
methods: exploding harpoons, spotter planes and motorised/speed boats are all used
during the hunt (Reeves 2002). However, these nontraditional methods ultimately
mean the hunt is more humane (with less time taken for the whale to die than would
occur using traditional methods) and the hunt would also likely be safer for human
participants. After the meat is used by the local community, small amounts of whale
bone and baleen can be taken and carved into crafts, which in turn could be sold to
the general public.

Table 5.1 Whale species taken under aboriginal whaling, as prescribed by the IWC

2011 2012 2013 |2014
Greenland (Denmark) Fin whale 5 5 9 12
Humpback whale 8 10 8 7
Northern minke whale 189 152 181 157
St. Vincent and the Humpback whale 2 2 4 2
Grenadines
Russia Grey whale 128 143 127 124
Bowhead whale 1
USA Bowhead whale 51 69 57 53
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A somewhat more controversial situation occurred with the Makah from Washington
State, USA (Jenkins and Romanzo 1998). In 1996, the Makah appealed for an aborigi-
nal whaling quota of grey whales (Eschrichtius robustus) which initially was rejected.
In 1997, however, they issued a joint proposal to the IWC with the Chukotka people of
Russia IWC 1998). It should be noted that this was controversial as the Makah have
not actually hunted whales since 1926 (Reeves 2002), and many argued that as a result,
there was no subsistence nutrition need for the Makah to hunt the whales. Moreover,
the hunt is supposed to be traditional but today the Makah use nontraditional methods:
the hunters use speed boats and assault rifles (Kemmerer 2004).

Japan and Norway also tried to gain a quota of whales for ‘small-type community-
based coastal whaling’. They suggested that this type of whaling was similar to
aboriginal whaling. They also suggested that the ‘village’ communities that would
conduct this whaling were both small and impoverished (Hirata 2005). One of these
whaling ‘villages’ is Shimonoseki—with a population of over a quarter of a million
people, roughly half that of Washington, DC—as well as being a major port
(Hidekazu 2013). Moreover, the type of whaling vessels operating from this ‘vil-
lage’ would be large, deep-draft, Antarctic-style whale catcher ships, hardly compa-
rable to the small vessels used by several aboriginal whaling groups.

5.8 Hunting Small Cetaceans

‘Small cetacean’ is a term that includes all toothed whales (except sperm whales) as
well as dolphins and porpoises. It has been argued by some member nations that
hunts for small cetaceans are not covered by the IWC, and the IWC should restrict
itself to the management of baleen and sperm whales only, although other nations
argue that small cetacean management is within the competence of the IWC. Several
countries conduct hunts of small cetaceans, but because of the dispute at the IWC
over competency, there is currently no international forum or organisation that is
governing or managing these hunts.

At present, Russia, Canada, Greenland and the USA all conduct hunts of beluga
whales (Delphinapterus leucas) and narwhals (Monodon monoceros) (Table 5.2).
The products of these hunts are blubber and meat which are taken for human and
sled dog consumption. Moreover, the tusks of the narwhals are used for tent poles,
sled runners and lance shafts and sold as curios to tourists (Reeves 1992).

Table 5.2 Approximate Country Species Number hunter per year
numbers of small cetaceans -
. . Russia Beluga whale 2000
taken in whaling hunts
Canada Beluga whale 2000
Narwhal 1000
West Beluga whale 200
Greenland Narwhal 1000
Alaska Beluga whale 200
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5.9 The Faroe Island Hunt

The Faroe Islands are situated north and west of the Shetland Isles and are an inde-
pendent protectorate of Denmark. Hunts of long-finned pilot whales (Globicephala
melas) have been conducted in the Faroes since 1584 and are ongoing. The methods
used in these hunts have changed little since the mediaeval times: pilot whales are
driven into bays by boats; hooked gaffs are driven into their blowholes and used to
drag the animals to shore; the heads of the live whales are then sawn off with
machete-like knives (Gibson-Lonsdale 1990; Fielding 2010). This has led to con-
siderable concern about whether the hunt is inhumane. From 1709 until the present
day, over 250,000 pilot whales have been killed in this hunt, with an average of
1200/year being taken over the last 10 years (Wade et al. 2012).

Claims are made that, despite concerns about welfare aspects of the hunt, it is an
important part of Faroese culture and an essential component of the islander’s nutri-
tion. However, the Faroe islanders have an extremely high standard of living (aided
by revenue from oil exploration and extraction in nearby waters), and moreover
whale meat carries health warnings due to high levels of toxic mercury, cadmium and
organochlorines (PCBs and pesticides) (Simmonds et al. 1994; Weihe et al. 1996).

Currently the largest commercial hunts for small cetaceans occur in Peru and
Japan.

5.10 Peru

As recently as a decade ago there were active hunts for dolphins and porpoises origi-
nating from 60 ports in Peru and taking approximately 20,000 animals annually. The
casualties of this hunt were mostly dusky dolphins (Lagenorhynchus obscurus) and
Burmeister’s porpoises (Phocoena spinipinnis) which were taken for human con-
sumption and to be cut up for fishing bait (Alfaro-Shigueto et al. 2008). In 1990,
these catches were banned, but due to lack of enforcement, the ban had little effect.
In 1996, due to international pressure and media attention, enforcement of the ban
improved, although catches of small cetaceans still continue (Majluf et al. 2002).

5.11 Japan

Likely the most prolific hunter of small cetaceans, Japan currently hunts for 16 differ-
ent species. These include 50 Baird’s beaked whales (Berardius bairdii) per year,
hunted with explosive harpoons (Butterworth et al. 2013); Pacific white-sided dol-
phins (Lagenorhynchus obliquidens); and approximately 12,000 Dall’s porpoises
(Phocoenoides dalli) per year, which are killed with small handheld harpoons (Kasuya
2007). In addition, Japanese drive fisheries (when animals are driven into bays and
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inlets by fast boats and slaughtered on the shore) take striped dolphins (Stenella coe-
ruleoalba), Risso’s dolphins (Grampus griseus), bottlenose dolphins (Tursiops trun-
catus), pantropical spotted dolphins (Stenella attenuata), short-finned pilot whales
(Globicephala macrorhynchus), false killer whales (Pseudorca crassidens) and killer
whales (Orcinus orca) (Brownell et al. 2008). Animals killed in drive fisheries and
commercial hunts are mainly rendered down to produce fertilisers and animal and
fish feed—with a small fraction being sold for human consumption and with some
animals taken for dolphinariums and aquariums (Shoemaker 2005; Kasuya 2007).

5.12 Cetacean Culls

Commercial whaling and hunts are not the only cause of death for cetaceans at the
hands of humans. Despite lack of suitable evidence, marine mammals are often used
as a scapegoat for declining fisheries, and as such cetaceans have often been culled for
this reason (Plaganyi and Butterworth 2002). For example, culls of cetaceans have
been conducted in the Black Sea since the 1800s. It was estimated that between 1931
and 1941, 50,000 small cetaceans were being culled each year (Birkun 2002). Other
specific examples of cetacean culls include beluga whales bombed in Quebec, Canada,
between 1920 and 1930 (Brennin et al. 2007) and killer whales being machine gunned
and depth charged in Iceland in 1956 (Sigurjonsson 1984); and as recently as the
1980s, killer whales were culled with guns and explosives in Alaska (Ford et al. 2000).

5.13 Pollution

One of the most insidious and widespread threats to cetacean populations is marine
pollution. Pollution comes in a variety of forms including industrial waste, agricul-
tural chemicals, sewage, radioactive discharges, litter, oil and noise. Cetaceans
occupy a high trophic level and as such are particularly susceptible to contaminants.
Small concentrations of these contaminants can accumulate and become magnified
higher up the food chain.

One class of pollutant that is of particular concern to cetaceans are organochlo-
rines (e.g. PCBs and pesticides such as DDT). Other pollutants of concern include
mercury, tributyltin (TBT) and polyaromatic hydrocarbons (PAHs). Many of these
pollutants are immunosuppressive, damaging the immune system making cetaceans
more susceptible to disease (Jepson et al. 2005; De Guise et al. 1995; Fossi and
Marsili 2003). Organochlorines, in particular, are hormone mimics and can cause
infertility, foetal abnormalities, mental retardation and growth abnormalities
(Reijnders 2003). PAHs are carcinogenic and can cause DNA damage and malignant
tumour growth (Misaki et al. 2015). DDT and mercury can be directly toxic, caus-
ing terminal neurological damage (Clarkson 1987; Irwin 2005). Many of the pollut-
ants mentioned above are lipid soluble and accumulate in the blubber layer of
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cetaceans. While in the blubber layer, the pollutants are effectively inert; however,
they can be mobilised in periods of low food availability, stress or disease or
pregnancy and lactation. During the latter, lipid-soluble pollutants can be passed to
the offspring both in the womb and, in particular, via lactation (Borrell 1993).
Therefore, young cetaceans have been found with extremely high-contaminant bur-
dens. These elevated levels have been linked to increases in calf mortality. To put the
seriousness of the situation in context, cetaceans in the St. Lawrence Estuary
(Canada) and Hong Kong have been found that are so contaminated with organo-
chlorines that their tissues technically could be classified as toxic waste (Waldichuk
1989; Parsons 2004).

5.14 Tourism

A growing threat to cetaceans is tourism. Commercial whale watching' first began
in 1955 with a Californian fisherman offering US$1 trips to see grey whales
(Eschrichtius robustus) (Hoyt and Parsons 2014). It has subsequently grown into an
international industry worth over US$2.1 billion (Hoyt 2009; O’Connor et al. 2009).
The industry could arguably be worth significantly more if pro-whaling nations
turned to cetacean tourism as a nonlethal alternative to utilising whales by hunting
them (Parsons et al. 2003; Parsons and Rawles 2003; Parsons and Draheim 2009).
Although whale watching can have positive educational and economic impacts and
potentially assist in the conservation of cetaceans, there are many negative effects
(Parsons 2012). The majority of whale watching is boat based (Figs. 5.7 and 5.8),
which has a direct impact on cetacean behaviour, often causing a reduction in bio-
logically important behaviours such as feeding or resting (Parsons 2012). As the
whale-watching industry has expanded, vessels have become larger and faster, and
a plethora of companies can lead to overcrowding around animals in many areas
(Hoyt and Parsons 2014). In addition to disturbing the behaviour of whales, whale-
watching vessels can have more direct impacts, such as boat collisions with animals
leading to injuries and/or death (Laist et al. 2001). Noise produced by whale-
watching vessels may also smother or ‘mask’ important communication calls
(Jensen et al. 2008). Other behavioural changes seen as a result of whale watching
include effects on their directional movements, surfacing rates or feeding activities
(Parsons 2012). Repeated interruptions of natural behaviours over time, and chronic
exposure to boat noise, could lead to elevated stress levels in cetaceans, which in
time could impact animals’ health (Orams 2004; Wright et al. 2007).

To reduce the impacts of whale-watching vessels on cetaceans, many locations have
guidelines for boat operators. Some of the guidelines are legal, although the majority
are only voluntary guidelines (Garrod and Fennell 2004). Even if areas have guidelines
or regulations, however, it does not necessarily mean that they are enforced or com-

'The term whale watching generally refers to any type of viewing activity by tourists on wild
cetaceans, including dolphins and porpoises.
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Fig. 5.7 Watching northern bottlenose whales in Broadford Bay, Scotland. Image credit: Chris
Parsons

Fig. 5.8 A whale-watching boat violating the US Marine Mammal Protection Act by approaching
a blue whale too closely off the coast of San Diego. Image credit: Chris Parsons
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plied with. Low levels of compliance with whale-watching guidelines have been
reported from many locations. This is despite government agencies having responsibil-
ity for management of enforcement of these guidelines, or occurs even, and despite the
presence of international concern and scrutiny (Scarpaci et al. 2003, 2004; Lusseau
2004; Kessler and Harcourt 2013; Sitar et al. 2016). Whale-watching researchers Brian
Garrod and David Fennell (2004) warned that whale watching ‘is growing very fast—
several times faster than tourism more generally—and is doing so in a patchy regula-
tory environment—and that there must be concerns over its sustainability’.

It should be emphasised that in many areas whale-watching operators do act
responsibly and are supportive of whale-watching guidelines. For example, in west-
ern Scotland, the majority of whale-watching tour operators accept and adopt codes
of conduct, although they do express a preference for locally, or operator-produced,
guidelines (Parsons and Woods-Ballard 2003), i.e. guidelines that are produced
‘bottom up’ by involving local stakeholders, rather than ‘top down’ ones enacted by
distant government authorities.

Although whale watching can have substantive impacts on cetaceans, it can be
argued that whale watching gives an important (arguably non-consumptive) eco-
nomic value to living whales, as opposed to the value of a dead whale caught during
commercial whaling. Moreover, if properly managed, whale watching can have

Fig. 5.9 A presentation on
a whale-watching boat—
the whale watchers are
finding out about the
planktonic prey of right
whales. Image credit:
Chris Parsons




5 From Hunting to Watching: Human Interactions with Cetaceans 85

minimal impacts on the target species and can have positive impacts on the pubic via
education (Fig. 5.9) and interpretation of whales and their associated ecosystems.

5.15 Habitat Degradation

One issue that is of concern is the high rate of loss and degradation of cetacean habi-
tat caused by human activities. Many cetacean species have very precise habitat
requirements, and if they are forced from or lose this habitat, it can have serious
consequences for the feeding behaviours, health and viability of populations (Bearzi
et al. 2004). Habitat loss and degradation is caused by many factors including land
reclamation, dams and barrages, dredging, siltation, boat traffic, oil exploration
(seismic surveys) and other noise pollution (e.g. military sonar). The issues of noise
and habitat degradation are dealt with elsewhere in this volume (see Chap. 7).

5.16 Concluding Remarks

Commercial whaling very nearly caused the complete extinction of several of spe-
cies of cetacean, most notably the blue whale. Despite the IWC moratorium, whal-
ing continues, and even worse, great numbers of small cetaceans are hunted without
any regard or regulation. Despite the popularity of cetaceans and the degree of public
sympathy of their plight, many populations are on the edge of extinction: for exam-
ple, fisheries by-catch, pollution and habitat loss have driven populations of Yangtze
river dolphins (Lipotes vexillifer) to extinction (Turvey et al. 2007). If humans can
drive species with such a high media profile as whales and dolphins to this fate, one
wonders how other, less charismatic species can hope to be conserved.
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Chapter 6

Welfare Issues Associated with Small Toothed
Whale Hunts: An Example, the ‘Drive Hunt’
in Taiji, Japan

Andy Butterworth, Diana Reiss, Philippa Brakes, and Courtney Vail

Abstract In this chapter, we discuss in detail an example of a small toothed whale
hunt, with the aim of illustrating the methods used and the welfare questions that
can arise in these cetacean hunts. Annually in Japanese waters, small cetaceans are
killed in drive hunts with quotas set by the government of Japan. The Taiji Fishing
Cooperative in Japan has published the details of a new killing method utilized in
these specific hunts that involves cutting (transecting) the spinal cord. Reports claim
that this method reduces the time to death. The method involves the repeated inser-
tion of a metal rod followed by the plugging of the wound to prevent blood loss into
the water. This method does not appear to lead to an immediate death. The method
employed causes damage to the vertebral blood vessels and the vascular rete from
insertion of the rod and leads to significant haemorrhage, but this damage alone
would not produce a rapid death in a large mammal of this type. The method induces
paraplegia (paralysis of the body) and death through trauma and gradual blood loss.
We discuss in this chapter how this killing method compares to the recognized
requirement for ‘immediate insensibility’ adopted in killing procedures utilized or
considered acceptable in slaughter of farmed animals.
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6.1 Introduction

It is estimated that each year within Japanese waters up to 22,000 small whales,
dolphins and porpoises (known collectively as ‘small cetaceans’) are killed in hunts
that involve a range of techniques. Most of these small cetaceans are killed in a
directed hunt for Dall’s porpoises (Phocoenoides dalli), but others are taken in a
particular category of hunt known as ‘drive hunts’ or the drive fishery (Kasuya
2007; National Research Institute of Far Seas Fisheries 2009). Drive hunts also take
place in other parts of the world, for example, the grindadrdp (Grind) hunt of the
long-finned pilot whales (Globicephala melas) in the Faroe Islands (Fig. 6.1). The
main species taken in the Japanese drive hunts include common bottlenose dolphins
(Tursiops truncatus), striped dolphins (Stenella coeruleoalba), Risso’s dolphins
(Grampus griseus) or short-finned pilot whales (Globicephala macrorhynchus).
These animals are herded at sea—using small fishing vessels, with underwater noise
(this is referred to as the Oikomi method) (Brownell et al. 2008; Ohsumi 1972)—
and driven into harbours or shallow coves which have been netted off. Here they are
sometimes held for days and then killed (Fig. 6.2).

The Government of Japan sets yearly quotas that allow for up to 2000 dolphins
and small whales to be killed in the drive hunts (Kasuya 2007). These hunts are
conducted for several reasons: as a means of ‘pest control’ resulting from the per-
ception that dolphins compete with local fisheries (Brownell et al. 2008; Morisette
et al. 2012), to obtain meat for local human consumption, and to procure live

Fig. 6.1 Slaughtered animals on the beach after the grindadrdp (Grind) hunt of long-finned pilot
whales (Globicephala melas) in the Faroe Islands. Image credit: Hans Peter Roth
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Fig. 6.2 Japanese drive hunt. Dolphins, herded at sea using small fishing vessels, with underwa-
ter noise, are driven into harbours or shallow coves which have been netted off where they are
sometimes held for days, and then either selected for captivity or killed. /mage credits: Hans
Peter Roth
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dolphins for marine parks and swim-with-the-dolphin programmes in Japan and
internationally. After the captured dolphins are rounded up and some selected for
marine parks, the remaining individuals are then killed, or occasionally, released
(Vail and Risch 2006).

In 2000, fishermen began using a new killing method which Iwasaki and Kai
(2010) report as an improved and more humane method of killing. Until the intro-
duction of this new method, the primary tools used for killing were knives and
spears, targeted at various parts of the dolphin or whale body. According to data
published on the website of the Taiji Fishing Cooperative (Iwasaki and Kai 2010),
this revised killing method—which is intended to sever the spinal cord at the junc-
tion between the occiput and first cervical vertebra—was tested from December
2000 to February 2001. When the hunt was carried out in 2008, the technique was
applied comprehensively to the killing of striped dolphins, and from December
2009 a wooden wedge was driven into the wound to control bleeding and to prevent
blood from ‘polluting’ the water (Iwasaki and Kai 2010).

The drive hunts have drawn a great deal of professional and public interest and
concern internationally, particularly in relation to the killing methods used (Hemmi
2011; Reiss 2010). Similar killing methods developed over the past 10 years have
also been utilized within the Faroe Island pilot whale drive hunts (Faroese Ministry
of Foreign Affairs, Uttanrikisradid 2011) known as the grindadrap (or grinds), and
these developments in hunting and killing methods have informed the methods uti-
lized in the Japanese dolphin drive hunts (Iwasaki and Kai 2010). The following are
excerpts from an English translation of Iwasaki and Kai’s original Improved Method
of Killing Dolphins in the Drive Fishery in Taiji, Wakayama Prefecture (Iwasaki and
Kai 2010):

Purpose: In the ‘drive hunt’ (Oikomi) in Taiji, dolphins were killed using a spear-type
instrument (the conventional method, see below) and were harvested for food. However, in
the Faroe Islands, methods to cut around the blood vessel plexus and cervical spine have
been developed [the spinal transaction method: (Olsen 1999)]. This method results in a
shorter harvest time, and is thought to improve worker safety. We report the results of the
implementation of this method.

From December 2000 to February 2001, the spinal cord cutting method was applied to
nine Risso’s dolphins, four striped dolphins, and two spotted dolphins and one pilot whale.
Harvest times were recorded, using the conventional method of killing for a striped dolphin
as a control. The criterion for the time of death was the termination of movement and
breathing as observed by the worker (fisherman). In December 2008, the technique was
applied comprehensively to the killing of striped dolphins. In December 2009, control of
bleeding was attempted by driving a wooden wedge into the wound.

In their results section, Iwasaki and Kai (2010) stated that ‘The spinal transection
method reduced the time to death’. Iwasaki and Kai (2010) also presented images
showing the use of the rod and ‘the control of bleeding by using the wedge’. They
describe the appropriate cutting location as follows:

Taking the width of a fist to be approximately 10cm, and based on photographs of the
events, the appropriate cutting guide was considered to be behind the blowhole by one fist
width for striped and spotted dolphins (10cm), one and a half fist widths for Risso’s dol-
phins (15cm), and 2 fist widths for the larger pilot whale (20cm).
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Iwasaki and Kai (2010) also report that other methods are employed in the
killing:

Placing a vinyl sheet over the rocks facilitated the transport of the striped dolphins to the

killing area and also the full application of the spinal transaction technique. In addition, by

driving a wedge into the cut, bleeding was controlled. Exsanguination occurred 10 to

30 minutes later at the time of gutting, and this did not affect the quality of the meat (for

consumption).

Iwasaki and Kai (2010) concluded:

Harvest time was shortened, improving worker safety. Bleeding was controlled by the
wedge, and this opens up the possibility of commercial utilization of the blood and prevents
pollution of the sea with blood. The individual who developed the spinal cord transection
technique has pointed out that prevention of bleeding and internal retention of blood using
the wedge risks prolongation of the time to death. An additional review to compare time to
death with the Faroe Islands is required.

Based on this minimal data, Iwasaki and Kai (2010) claimed that the new method
was more humane. This claim was based on a shorter time to death (TTD) recorded
in four species where the spinal transection technique was utilized, compared to
only one instance where the conventional spear method of killing was used on a
striped dolphin. TTD is defined by Iwasaki and Kai (2010) as ‘the termination of
movement and breathing’.

6.2 Analysis of Video of the Small Toothed Whale Hunt

In analysis of the methods used to kill toothed whales in the Taiji hunt, Butterworth
et al. (2013) analysed videotape footage of a striped dolphin (Stenella coeruleo-
alba) hunt conducted in Taiji, Japan, in January 2011. The hunting events visible in
the video footage were documented, tabulated and timed using the time base avail-
able on the video material. These authors compared their observations and analysis
to the data and assessment reported in Iwasaki and Kai (2010).

The results of the behavioural analysis of the video documentation of the killing
method presented by Butterworth et al. are reproduced in Table 6.1. Still images
derived from the video material were used to overlay outlines of cetacean anatomi-
cal structures in relation to the use of the rod and wooden plug (Figs. 6.3 and 6.4).
Using external landmarks (rostrum, mouth, eye, blow hole dorsal and pectoral fins),
it was possible for these authors to locate with some accuracy the path and track of
the insertion of the rod (Fig. 6.3). The rod appeared to enter the skin in the midline
of the animal and about 10 cm caudal (behind) to the blowhole. The ease with which
the rod penetrates the tissues on the first ‘push’ suggested that it passed only through
soft tissues at this time. The soft tissues in this location—immediately caudal to the
skull—would be the skin, blubber, musculature of the dorsum and the suspension of
the skull, some of these tissues being associated with the cervical vertebrae and with
the attachments of the very large and powerful (swimming) muscles of the dorsal
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Table 6.1 Video analysis of the timing of events during a dolphin drive hunt using the new killing
device and procedure

Video
timecode (s)

Duration (s)

Event

Comment

Prolonged
(video does
not capture
start and end
of this event)

Dolphins are secured
by their tail fluke and
dragged by boat

These animals are unable to swim
effectively and so are being
repeatedly pushed under the water by
the action of dragging and by pressure
of other animals tied up with them.
The inability to control the timing of
breathing (and enforced submersion)
is causing profound distress and
restricted escape movements in these
animals. Some will be experiencing
aspects of ‘forced asphyxiation” due
to their inability to reach the surface
to breathe

02:37 Start Dolphin 1—first The rod pushes into tissues rapidly. It
forceful insertion of | appears unlikely that this first ‘push’
metal rod penetrates the bone. Severing the

spinal cord at the first attempt (as
claimed in the description of the
method) is not achieved at this first
insertion

02:40-02:44 | 3-7 Animal moves The animal responds strongly to the
strongly and first insertion of the rod, and the
operative redirects operatives have to hold the animal
and re-forces the rod | whilst the operative with the rod
at multiple angles redirects the rod and repeatedly
repeatedly pushing it | pushes it into the animal
into the animal

02:44-02:48 | 7-11 The rod appears to At this point, it appears likely that the
hit hard (bony) rod makes first contact with the
obstruction, and the vertebral bones of the cervical (neck)
operative pushes the | vertebrae. The rod clearly requires very
rod at different significant force to push further into the
angles but does not tissues at this time. At the end of a
achieve deep period of pushing, it is possible that the
insertion of the rod cervical vertebrae have now been

damaged sufficiently to allow the spinal
cord to also be damaged by the rod

02:50 13 Insertion of the The rod is withdrawn and a wooden

wooden peg

peg inserted. This is intended to
‘reduce pollution of the sea’ with
blood. If ‘rapid bleed out’ (as is
required in animals slaughtered and
killed in a slaughterhouse) is part of
the killing process, then blocking the
bleed out passage may slow down
bleed out and prolong the time to death

(continued)
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Video

timecode (s) | Duration (s) Event Comment

03:17 40 Animal with wooden | The animal is stationary at this time,
peg in puncture site but the wooden peg is clearly visible
visible

03:48 71 Small vertical head The animal starts to make regular
movements rhythmic vertical head movements

04:10 93 Animal stationary The animal stops moving

04:30 113 Slow rotational The animal now makes slow regular
movements of the rotational movements
body seen

04:33 116 Vertical head The animal makes regular rhythmic
movements vertical head movements

04:39 122 Vertical head tremor | The head movements become rapid

and repetitive

05:07 150 Major body The entire body now makes large-
movements start scale regular repetitive movements

05:24 167 Major body The repetitive movements now
movements continue | include the whole body and the tail
with thrashing fluke | fluke, and this thrashing throws up
causing splashing considerable spray. Because this spray

is interfering with the operative (who
is now using the rod on another
animal)—another operative puts a
rope around the thrashing animal’s
tail fluke. Both operatives are not
showing attention to the movements
of the animal other than to remove it
from the ‘work area’

05:25 168 Operative secures The powerfully moving animal is
thrashing fluke and dragged out of the ‘work area’—but
drags animal away its tail fluke movement brings it back
from other operative | towards the operative who is using the

rod on another animal®

05:29 172 Vigorous thrashing
of the flukes

06:02 205 Animal motionless The animal now becomes motionless

06:36 239 Mouth visible and Regular small movements of the
making small regular | mouth are visible*
and co-ordinated
opening and closing
movements

06:51 254 Opening and closing | Regular small movements of the

(4 min 14 s) movements of mouth | mouth are visible*
continue—end of
available video
material

Table with permission originally from Butterworth et al. (2013)
If the stated criteria for establishing time to death (termination of movement and breathing) are
applied, then this animal has not yet achieved death
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Fig. 6.3 Dolphin skeletal and soft tissue and point of insertion of the metal rod. This image shows
the overlay of skeletal and soft tissues on a striped dolphin (Stenella coeruleoalba). This overlay
shows the relationship between the skeletal and soft tissues compared with the external anatomical
features (eye, mouth, blow hole, dorsal fin and pectoral fin) and with the course and positioning of
the metal rod. Image with permission originally from Butterworth et al. (2013)

Fig. 6.4 The use of the wooden plug in the killing process. This image shows the use of the
wooden plug inserted in the wound after the metal rod is removed. This is done to prevent the blood
from escaping the body. This technique will actually most probably prolong time to death. Image
with permission originally from Butterworth et al. (2013)
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region including the longissimus and multifidus muscles (Rommel and Lowenstein
2001). The authors report that in his region, immediately caudal to the skull are
located portions of the rete mirabile—a specific adaptation of the vascular system of
marine mammals which appears to function to buffer pressure (and perhaps pH and
oxygenation levels) in blood circulation to the brain (Lin et al. 1998; Melnikov
1986; Nagel et al. 1968). Damage to the vertebral blood vessels and the vascular rete
would probably lead to significant haemorrhage, but this alone would not be capable
of producing a rapid death in a large mammal (American Veterinary Medical
Association 2013; Anil et al. 1995; Daly et al. 1988). In the case of the use of the rod,
after the operative has used the rod to cause tissue damage, a wooden peg was seen
to be inserted into the hole created by the rod (see Fig. 6.4). The bony structures in
the area which are likely to be penetrated by the rod during this procedure would
be the spinous neural dorsal (upward pointing) processes of the cervical vertebra and
the bony bodies of the first and second cervical vertebrae (C1, C2). Cetaceans have
well-developed neural processes on their vertebrae as attachments for the powerful
epaxial muscles that form part of the swimming musculature. The cervical vertebrae
join the skull with a bony junction at the occipital bone via the occipital condyle (the
joint with the vertebrae), and in this area the spinal nerves and spinal cord emerge
from the skull and enter the spinal canal. The spinal cord is well protected within the
bony bodies of the cervical vertebrae and runs in a bony tunnel with the dorsal and
lateral processes of the vertebrae protecting it on the upper (dorsal) side and the
vertebral body protecting it on the lower (ventral) surface. To penetrate the spinal
canal, the rod would have to accurately enter the space between vertebrae (which
provide overlapping bony protections) or to damage the cervical vertebral bone suf-
ficiently to allow spinal cord severance. Either of these processes, if carried out with
arod after passage through muscle and other tissues, is unlikely to be applied with a
high degree of precision. It appears from the video analysis reported by Butterworth
et al. (2013) that the approach was seen to be to push the rod hard and repeatedly
into the tissues and that eventually this would result in very significant damage and
trauma and lead (eventually, but not immediately) to the death of the animal.

6.3 Item by Item Welfare Analysis of This Small Toothed
Whale Hunt

The results of the analysis of the killing methods utilized in the Taiji dolphin drive
hunt were reported by Butterworth et al. (2013) to be in sharp contrast and contra-
dictory to the descriptions and conclusions presented in Iwasaki and Kai (2010).
The following points are raised by Butterworth et al. (2013) to indicate their signifi-
cant concerns with this killing method:

1. After being driven into a restricted area and confined, the animals are some-
times tethered to boats by their tail flukes and pulled to the killing area (Fig. 6.1,
last image). The video shows animals that are unable to swim effectively and
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that are being repeatedly pushed under the water by the action of dragging and
by pressure of other animals tied up alongside. The inability to control the tim-
ing of breathing (due to forced submersion) may cause distress, and escape
movements are evident in these animals. It is likely that some dolphins will be
experiencing aspects of ‘forced asphyxiation” due to their inability to control
whether they are at the surface or forced underwater. Dolphins do have the
capacity to breath-hold during planned diving activity and have specific physi-
ological adaptations (storage of oxygen in blood and muscle, bradycardia (heart
slowing) and redistribution of oxygenated blood within organs to conserve the
use of oxygen) (Williams et al. 1999). However, with repeated forced shallow
immersion (each submersion of unknown duration and not in the control of the
animal), it is unlikely that the dolphins would initiate (or be able to initiate) true
deep diving responses, and so it is surmised that treatment of this type (drag-
ging and forced submersion) is likely to be very aversive. The video material
available does not allow calculation of the duration of submersion, but it is clear
from the behavioural responses that the animals resist this procedure and that
some are already unconscious with their heads submerged or already dead
(assumed drowned or suffocated by the process). This type of treatment would
not be tolerated or accepted for commercially farmed animals being prepared
for slaughter in the USA or Europe.

2. The dolphins are positioned in close proximity to each other during the killing
process, and struggling and whistling (which is audible on the video material
despite its remote filming origins) occur throughout the process. Dolphins are
highly social mammals (Connor 2007) that show advanced cognition including
self-awareness as demonstrated by their capacity for mirror self-recognition
(Reiss and Marino 2001). They undergo a prolonged process involving not only
the herding offshore but confinement, holding and eventual corralling to the
shoreline, followed by killing in close proximity to conspecifics and other
members of their social and family groups. The entire process can last many
hours. The American Veterinary Medical Association recommendations state
‘Euthanasia should be carried out in a manner that avoids animal distress. In
some cases, vocalization and release of pheromones occur during induction of
unconsciousness. For that reason, other animals should not be present when
euthanasia is performed’ (American Veterinary Medical Association 2013).
‘The regulations and guidelines governing the humane treatment and slaughter
of animals in the USA and the UK ‘prohibit the killing of an animal in the pres-
ence of other animals’ (Humane Slaughter Act 2003; The Welfare of Animals
(Slaughter or Killing) Regulations 1995). From a scientific, humane and ethical
perspective, the treatment of dolphins in the drive hunts sharply contradicts cur-
rent animal welfare standards employed in most modern and technologically
advanced societies.

3. The use of ‘termination of movement’ (Iwasaki and Kai 2010) as the determi-
nant time of death in an animal with a transected spinal cord is not a credible
measure of death for a mammal. Immobility (termination of movement) will be
the natural final consequence of severance of the spinal cord; however, in any
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mammal (including humans), severing the spinal cord does not immediately
lead to death, and this is apparent in the continued life of many human and
animal patients following spinal injury. Evaluation of death when livestock are
slaughtered is based on the cessation of central neurological function and respi-
ratory activity or that the animal has been effectively exsanguinated (bled out)
(American Veterinary Medical Association 2013; Commission of the European
Communities COM 2006; FAO Animal Production and Health 2004; Humane
Slaughter Association 2001).

Termination of breathing (Iwasaki and Kai 2010) is not (in the short term and
certainly in the periods described in the translation above) an appropriate indi-
cator of death in marine mammals, which have enormous capacity for breath-
holding (Joulia et al. 2009), with dives of up to 40 min recorded in some of the
dolphin species (Miller et al. 2006; Noren and Williams 2000; Snyder 1983;
Kooyman et al. 1999). The striped dolphin does not usually breath-hold for
periods of longer than 15 min, and Iwasaki and Kai (2010) claim that death can
be assessed after breathing has stopped for as short a period as 5 (Risso’s dol-
phin), 8 (spotted dolphin) or 25 (pilot whale) seconds. These periods (times of
up to 25 s) are well within the ‘breath-holding’ capacity of many mammals and
a very short breath-hold for a marine mammal.

. The sample size for the ‘control’ animal (one striped dolphin) described in the

paper proposing the method (Iwasaki and Kai 2010) is unlikely to be sufficient
to draw any meaningful conclusions, particularly in light of the availability of a
large number of animals to study for these authors.

The method describes the times taken for an animal to die (as defined using
termination of movement and breathing) to be as short a period as 5 (Risso’s
dolphin), 8 (spotted dolphin) or 25 (pilot whale) seconds—with average times
of 13.7 (Risso’s dolphin), 9 (spotted dolphin) or 25 (pilot whale) seconds. The
data derived from the analysis of a striped dolphin killed using the rod (Table 6.1)
indicates that the animal was still moving after 254 s (4 min 14 s). The disparity
between the published results (Iwasaki and Kai 2010) and those from this obser-
vation based assessment is considerable and calls into question the confidence
that can be attributed to the data provided in the Iwasaki and Kai (2010) report.
Damage to the vertebral blood vessel and the vascular rete from insertion of the
rod will lead to significant haemorrhage, but this alone would not produce a
rapid death in a large mammal. After the operative has used the rod to cause
tissue damage, a wooden peg is inserted into the hole created by the rod (Iwasaki
and Kai 2010). It is likely that this would impede bleeding and so it is also pos-
sible that this process prolongs the time for the animal to die (Katsura et al.
1994). This risk is acknowledged by Iwasaki and Kai (2010) who state—‘The
person who developed the spinal cord transection technique has pointed out
that prevention of bleeding and internal retention of blood using the wedge
risks prolongation of the time to death’. This calls into question the contention
that this new killing method results in reduced TTD.

. Analysis of the video evidence suggests that the operator must make repeated

‘pushes’ of the rod into the tissues close to the back of the skull. The video
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shows the animal making vigorous movements during the insertion of the rod
and subsequently making powerful muscular movements at times after the rod
has been withdrawn. This evidence strongly suggests that the method is imme-
diately invasive and distressing and does not bring about immediate insensibil-
ity, as the brain itself remains unaffected. Complete and rapid (immediate) cord
transection could result in destruction of sensory (pain) pathways, but what is
observed in the animals studied is neither immediate nor appears to induce
effective and assured cord transection, and so there can be no assurance that
pain elimination is achieved. After a period of violent insertion of a rod into
sensitive tissues, the animal becomes paraplegic (paralysis of the body) and
dies through trauma and gradual blood loss. This method of killing does not
conform to the recognized requirement for ‘immediate insensibility” and would
not be tolerated or permitted in any regulated slaughterhouse process in the
developed world (American Veterinary Medical Association 2013; Commission
of the European Communities COM 2006; Food and Agriculture Organization
Animal Production and Health 2004; Humane Slaughter Association 2001).

. Rapid exsanguination is usually required after stunning for either humane

slaughter or euthanasia. The method described in this paper is not designed
primarily for bleed out—in fact, the use of the wooden plug will, to a degree,
reduce the capacity for bleeding from damaged blood vessels. This method
appears to be primarily focused on causing gross neural tissue damage to the
spinal cord and potentially the brainstem. This will cause, initially, immobiliza-
tion and eventually death due to lack of co-ordination of respiratory and motor
function. The method described does not conform to any recognized mecha-
nism for bringing about death in accepted humane slaughter or euthanasia prac-
tice in large mammals.

The results presented in this paper provide strong evidence that the claims
regarding the improved killing method described in Iwasaki and Kai (2010) are
not substantiated. Also, this killing method cannot be considered humane as it
does not fulfil the recognized requirement for immediacy and in fact may result
in a prolonged aversive application of a violent and traumatic physical process
followed by slow death by spinal paralysis and blood loss. This method would
not be recognized or approved as a humane or acceptable method of killing for
mammals in any setting.

6.4 Discussion of the Video Analysis Findings

Because the hunts are extremely controversial and hidden beneath tarpaulins that
are pulled over the shoreline of the killing cove, independent video footage docu-
menting the killing method can only be obtained through remote surveillance from
public spaces. New tarpaulins and other visual obstacles had been constructed dur-
ing the 2011 hunting season, further limiting access to viewing points around the
killing cove. The video independently documenting the killing method used for this
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analysis was procured from an investigative journalist representing Atlantic Blue, a
German organization. The authors were provided with two clear video accounts of
the killing method being utilized in December 2009 and January 2011. Because the
video footage from January 2011 was of higher quality and represents the most
‘current’ methods in use, it was utilized for this analysis. The absolute paucity of
this kind of material makes multiple analyses impossible, and so this analysis
focuses on one good quality video example where the entire process from instiga-
tion to apparent end point is visible in a continuous frame without obstruction. The
authors are not familiar with any other wildlife hunts that are specifically shielded
from view in this manner.

As Iwasaki and Kai (2010) reference the development and testing of this method
since 2000, the authors of the Butterworth et al. (2013) paper state that they are
confident that the video sample is representative of current methods being utilized
in the dolphin ‘drive hunts’ in Taiji. Additionally, from the available video material,
the paper describes how it is apparent that the same process is applied to many ani-
mals (not all observed throughout the whole process in the video material), and this
analysis is representative of the approach being used on many animals. The range of
social attitudes towards the killing of wild species around the world raises a number
of important ethical questions. These authors go on to consider that suffering is
‘undesirable, and that humans should do all that is practical to ensure that suffering
is minimized at the time of death for domesticated animals which humans farm, use
or consume’. They then go on to consider that ‘it appears logical and consistent to
also acknowledge that suffering should also be avoided for wild mammalian spe-
cies’ (Commission of the European Communities COM 2006; Mellor and Littin
2004). The challenges presented in achieving the same standards for killing wild
animals as exist for domesticated animals have, unfortunately, led to a systematic
dilution or reduction in the standards permitted for the killing of wild species.

There are precedents for applying scientific knowledge and concern for animal
welfare to policy decisions regarding commercial fishing and hunting practices. In
the mid-1980s, increased scientific and public concern in the USA about the welfare
of dolphins caught as by-catch during tuna purse seine fishing operations led to US
senate subcommittee hearings and the ultimate decision to ban the use of purse
seine procedures in the eastern tropical Pacific. Studies were conducted as part of a
larger research programme mandated under the 1997 International Dolphin
Conservation Program Act (IDCPA) that investigated whether the eastern tropical
Pacific tuna fishery was having a significant adverse impact on these dolphin stocks,
known collectively as the Chase Encirclement Stress Studies (CHESS). Stress-
response protein profiles and various other health parameters in offshore spotted
and spinner dolphins revealed acute stress response in chased and captured dol-
phins, including heart lesions and other tissue damages (Forney et al. 2002).
Legislative policy changes are reflected in the Marine Mammal Protection Act
(MMPA) and entitled the Dolphin Protection Consumer Information Act and
International Dolphin Conservation Program Act (IDCPA), recognizing the desire
of congress, the public and corporate interests to incorporate dolphin protection and
welfare into practice through regulations addressing the tuna fishery and product
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labelling standards (US Marine Mammal Protection Act 1972). Policy changes
included a ban on the use of purse seine fishing in the eastern tropical Pacific and
protected dolphins from being encircled by fishing boats, trapped in the purse seine
nets and crushed in the fishing gear. Policy changes occurred at the corporate level
in the tuna industry and offered the consumer the right to know about the fishing
practices used in this commercial fishery.

Another precedent for such policy changes occurred in the UK in the case of the
well-established cultural practice of hunting red deer (Cervus elaphus) with hounds.
Increased scientific and public concern for the welfare of red deer during the pro-
longed hunts prompted a study to be commissioned by the National Trust to assess
the physiological effects of the hunts on the deer (Bateson and Bradshaw 1997). The
physiological state of hunted vs. non-hunted but humanely killed red deer was com-
pared and the results showed ‘(i) depletion of carbohydrate resources for powering
muscles, (ii) disruption of muscle tissue, and (iii) elevated secretion of endorphin.
High concentrations of cortisol, typically associated with extreme physiological and
psychological stress, were found. Damage to red blood cells occurred early in the
hunts’. The authors concluded that ‘red deer are not well-adapted by their evolution-
ary or individual history to cope with the level of activity imposed on them when
hunted with hounds’. These scientific findings led to the banning of this type of
hunting practice in the UK (The Hunting Act 2004).

Animals used for commercial purposes have been afforded the status of sentient
beings under the Treaty of Amsterdam, amending the Treaty of the European Union
(The Treaty of Amsterdam 1997). Therefore, there exists a moral and legislative
obligation to exercise a high standard of care for animals under the control of
humans. It would seem appropriate that those animals that fall under human control
during systematic hunts at the time of their death be treated following the accepted
international principles described by the Treaty. As humans determine when and
where these animals die, there is an ethical obligation, as well as a practical oppor-
tunity, to control the method of death to minimize pain or suffering (Mellor and
Littin 2004). Based on available scales for pain, including both the National Institutes
of Health and British Pain Society numeric scales, this method would register as
extremely aversive—at the highest level of gross trauma, pain and distress (National
Institute of Health Pain Consortium 2007; The British Pain Society 2017).

Within Japan, domesticated animals are afforded protection under the Act on
Welfare and Management of Animals, where guidelines to minimize pain and suf-
fering are outlined for species such as horses, cattle, sheep, pigs, dogs and other
animals under human care (Japan Ministry of the Environment 2007). Dolphins and
whales are not protected by this law, nor are they afforded protection under the
Wildlife Protection and Hunting Law which manages the keeping and custody of
wild mammals in Japan and outlines procedures for the protection, management
and hunting of wild mammals in Japan through the oversight of the Ministry of
Environment. Instead, dolphins and whales fall under the jurisdiction of the Fisheries
Agency under the Department of Agriculture, which affords them little protection.
This is in marked contrast to the protection for dolphins and whales in legislation in
other parts of the world such as New Zealand and the USA. The US Marine Mammal
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Protection Act (MMPA) of 1972 affords full protection from the ‘taking’ or deliber-
ate killing of marine mammals, except under certain conditions for scientific
research, enhancement for survival or recovery and public display (MMPA 1972).
In New Zealand, intentional or deliberate killing of marine mammals, notably
within commercial fisheries, is prohibited, and similar provisions are provided by
the Marine Mammal Protection Act (New Zealand Legislation Marine Mammal
Protection Act 1978).

In contrast, and looking to other whale and dolphin hunts in Japan for compari-
son, Japan conducts ‘special permit whaling” hunts for five species of large whales
in the North Pacific and minke and fin whales in the Southern Ocean. These hunts
occur in open water, at sea, and the killing methods are applied from a vessel. The
proximity between the whale or dolphin and the hunter during drive hunts contrasts
significantly with open sea whaling. During drive hunts, killing occurs when the
hunter and the animal are next to each other on the stable ground of the shore. In
contrast, whaling occurs at a distance, with the whale swimming in a moving sea
and the hunter aims at the target from a moving platform. The killing methods also
differ significantly, due in part to the difference in size of the animals (large baleen
whales, rather than dolphins or smaller toothed whales).

The primary killing method used during Japanese whaling is a penthrite grenade
harpoon that is aimed at the thorax. The objective is to cause sufficient blast-induced
neurotrauma to render the whale ‘instantaneously’ insensible or dead (Knudsen and
@en 2003). Data show that for the Japanese hunt for minke whales (the smallest
species killed during Japanese special permit whaling) in the Southern Ocean dur-
ing the 2003-2005 seasons, 44% of harpooned minke whales (N = 880) were
reported to have died ‘instantaneously’ (Ishikawa 2005). In some cases where
whales do not die ‘instantaneously’, a secondary killing method is applied.
Depending on the species, this may either be another grenade harpoon or arifle. The
rifle is aimed at the head, whilst the whale is still attached to the harpoon line at the
front of the vessel. Since the meat procured from these activities is sold for com-
mercial purposes, it is legitimate to compare both special permit hunting and drive
hunts with the standards required for other commercial meat production, such as
those provided by the World Organization for Animal Health (OIE) recommendations
for the slaughter of animals for food (OIE Terrestrial Animal Health Code 2011).
Whilst the OIE recommendations are focussed on the slaughter in slaughterhouses
of various domesticated terrestrial species, it is not unreasonable to extend the prin-
ciples such that mammals slaughtered outside slaughterhouses should be managed
in such a manner that their restraint and slaughter should avoid causing undue stress.

What is particularly unusual about these drive hunts is the proximity of the
hunter to the animal that they are killing, which provides an opportunity for a swift
death with potentially less margin for error than hunting at sea. For example, eutha-
nasia of injured or moribund dolphins stranded on the beach is usually conducted by
a veterinarian or a trained individual with a rifle at very close range. Best practice
for cetaceans in extremis has been developed in order to administer the swiftest and
most humane death. However, the authors do not recommend the use of rifles for
killing cetaceans captured during these hunts, for a number of reasons. Firstly,
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whilst rifles are a recommended euthanasia procedure for stranded cetaceans in
some stranding protocols, the RSPCA guidelines for veterinarians attending
stranded cetaceans (RSPCA 1997) do not recognize rifle shooting as the preferred
method. Instead, these guidelines only recommend the use of rifles for toothed ceta-
ceans up to 4 m in length if euthanasia drugs are unavailable. Secondly, there are
many differences between an individual ‘mercy killing’ associated with euthanasia
of a stranded cetacean and the frequent and consecutive commercial killing of dol-
phins on the shore. The use of rifles as a humane euthanasia method for stranded
cetaceans is only recommended on the basis that the operator, usually a veterinar-
ian, using the rifle is well trained in such procedures, and that the outcome is docu-
mented. Such caveats to the use of rifles could theoretically be applied to the use of
rifles during a drive hunt, but it is in the authors’ view that it is highly unlikely that
even with a highly skilled operator administering the shot, there would be a humane
outcome for each dolphin.

Unlike a stranded dolphin that is shot because it cannot be refloated, dolphins
caught in drive hunts are not moribund, but instead are usually conscious, panicked
and moving, thus increasing the likelihood of error in bullet placement to the brain.
In addition, during the dolphin drive hunts, the footage shows that some of the ani-
mals are secured by their tailstock. This is a particularly aversive practice due to the
risk of the dolphins drowning as a result of forcing the head and blowhole under the
water. In this respect, there exist no useful comparisons with other terrestrial mam-
mal drives or hunts. In addition, since a primary sense in these highly social mam-
mals is hearing, the impact of hearing other cetaceans—and specifically members
of their social group—being killed has the potential to further compound the nega-
tive effects of this hunting method.

The process of spinal transection carried out in a fully conscious large animal is
likely to be profoundly distressing, traumatic and painful and to create unnecessary
suffering and distress. The AVMA Guidelines on Euthanasia (AVMA 2007) suggest
that cervical dislocation can be considered a potential method for euthanasia of rab-
bits weighing no more than 1 kg and in other small mammals of less than 200 g. The
dolphins observed in this study weigh in the region of 200 kg and would not be
considered suitable candidates for cervical dislocation under any laboratory or zoo
veterinary guidelines. Additionally, the use of the puntilla (a knife designed to sever
the spinal cord) is not permitted in slaughter processes in developed countries
(Tidswell et al. 1987).

Pain is most often attributed to a physical condition, whereas discussions of suf-
fering require consideration of the psychological and emotional capacity of the
animals being slaughtered. Japan’s own slaughter guidelines for livestock, which
do not apply to the drive hunts and other whale and dolphin killing methods used
around Japan’s coastline, require the inducement of loss of consciousness and
‘methods that are scientifically proven to minimize, as much as possible, any agony
to the animal’ (Japan Ministry of the Environment 2007). These guidelines also
define ‘agony’ as pain and suffering due to the excitement of the central nervous
system by stimulating pain, fear, anxiety or depression, all arguably elements of
suffering in higher vertebrates. The systematic mistreatment of dolphins and
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whales, allowed and sanctioned by a highly developed country such as Japan, is in
striking contrast to EU, the USA and even existing Japanese legislation which aims
to protect the welfare and ensure the humane treatment of farm, domestic and labo-
ratory animals.

6.5 Conclusions

In conclusion, despite profound differences in their body form, dolphins, like our
closest relatives the great apes, are sentient, highly social mammals that exhibit
complex cognitive abilities (Herman 2006), possess self-awareness as demonstrated
by their ability for mirror self-recognition (Reiss and Marino 2001) and demon-
strate epimeletic (helping and caregiving) behaviours (Connor and Norris 1982).
Japanese scientists have been international leaders in great ape research, and their
scientific knowledge has been used to provide the rationale to increase protection of
the great apes. In 2006, Japan placed an unofficial ban on invasive chimpanzee
research.

Our scientific knowledge of dolphins could and should result in similar protec-
tions against the suffering and distress resulting from this current method utilized in
drive hunts. Existing scientific knowledge and understanding of cetacean anatomy,
physiology, social behaviour and cognition should inform local and global animal
welfare policies on the treatment of these species. There thus appears no logical
reason to accept a killing method that is clearly not carried out in accordance with
fundamental and globally adopted principles on the commercial utilization, care
and treatment of animals.
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Chapter 7
Din of the Deep: Noise in the Ocean
and Its Impacts on Cetaceans

Lindy Weilgart

Abstract Cetaceans rely on sound and hearing for all of their vital functions, such
as food finding, avoiding hazards, mating, group coordination, navigation, and
orientation. Human-made noise is a substantial stressor, though the full extent of
the impact remains unknown. Low-frequency anthropogenic noise has risen two
orders of magnitude since the industrial age. The main noise sources are commer-
cial shipping, seismic airgun exploration for oil and gas, and naval and mapping
sonars, and the potential area of impact can extend over hundreds of thousands or
even millions of square kilometres. Documented noise impacts include fatal
strandings, hearing damage, longer-term avoidance of the noisy area, higher ener-
getic costs, stress responses, changes in vocalisations which can disrupt reproduc-
tive and foraging behaviour, direct interference in foraging and migration, masking
or obscuring important sounds, and effects on prey. Both acute effects, such as
shorter-range fatal strandings and hearing impairment, and chronic impacts some-
times occurring over the horizon, such as stress, habitat degradation, and the loss
of communication space through masking, deserve attention and concern. Studying
comparable populations in real-world noisy vs. quiet areas may provide us with
the best knowledge, but reducing noise levels through spatial and temporal mitiga-
tion and technological solutions should be the immediate priority. These include
shipping noise reduction technologies, quieter technological alternatives to seis-
mic airguns, avoiding areas and seasons rich in marine life when siting noisy
activities such as naval sonar exercises, and establishing acoustic refuges.
Governmental regulatory agencies can encourage and expedite quieter technologi-
cal developments. Limiting human-made underwater noise is critical to marine
mammal welfare.
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7.1 Introduction

In the pitch-black waters of the deep ocean, a sperm whale sends out a series of
biosonar clicks to scan her surroundings, listening for the faint echoes of the ocean
bottom to help her to follow the 400 m depth contour which is her favourite hunting
ground. She continues clicking to search for prey. The returning echoes give her
information on the type of prey, its size, and its composition and density. As the
sperm whale hones in on a medium-sized squid, she speeds up her clicks making
them sound like a creaking door, to match the narrowing distance between her and
her prey, before catching and eating it. Surfacing, she calls to her calf in a series of
patterned, castanet-sounding clicks called “codas” which represent communication.
Her calf responds with a coda-like sound—he’s still learning how to “speak”. At the
same time, she is listening to the clicks of her group, mostly female family members
and their calves, to coordinate deep feeding dives with them. She also has a listening
ear out for mature males and their distinctive “clangs”, for mating opportunities,
and is on the alert for faint killer whale squeals, in case she needs to protect her calf.
As she sidles up to the group, she scans her sister with her biosonar, noticing through
the tell-tale echoes that she is pregnant and has a fairly full stomach. All of this
information, she discovers through sound.

Marine mammals, but especially cetaceans, rely on sound for all of their vital
functions such as food finding, predator or hazard avoidance, mating, group coor-
dination, navigation, orientation, and overall sensing of their environment. In
effect, their hearing is like human sight; they “see” with their ears; since underwa-
ter, vision is only useful over tens of metres. The ocean is filled with natural
sounds like the roar of the surf, snapping shrimp, and the rumbling of small earth-
quakes. Marine mammals take advantage of this “soundscape” to orient them-
selves. In fact, almost all marine animals, including fish, squid, and other
invertebrates, use sound or vibration, so the food (prey) of the mainly carnivorous
marine mammals is also acoustically dependent. This is not a coincidence. There
is a good reason why almost all marine animals use sound so extensively; sound
travels very fast and very far underwater compared with air—almost five times as
fast. Some low-frequency (low-pitched) sounds can travel for thousands of kilo-
metres through the ocean. Theoretically, blue and fin whales could communicate
across an entire ocean.

Now superimpose on this natural soundscape, the noise humans generate, in the
form of rumbling, churning shipping noise from propellers and engines, intense
shots heard every 10 s from seismic airgun surveys used to find oil and gas deposits
under the ocean floor, or piercing naval sonar pings used to detect enemy subma-
rines. The oceans may not be naturally quiet, but it is the difference between walk-
ing along the beach hearing the crashing of the surf compared to the din of traffic
along a busy street, with cars honking, trucks lumbering by, and ambulance sirens
wailing. Similarly, natural sound could be perceived quite differently by marine
mammals than human-made sound. Just because we assume marine mammals are
adapted to sounds they have heard over aeons of evolutionary time does not mean



7 Din of the Deep: Noise in the Ocean and Its Impacts on Cetaceans 113

they are similarly adapted to the additional noise we have thrown at them in just the
last 200 years or so since the dawn of the industrial age.

Ocean noise has become an animal welfare issue, both, for instance, in terms of
potentially harming individuals’ hearing, in effect “blinding” them to predators,
temporarily or permanently, and through degradation of habitat important for feed-
ing or rearing their offspring. As marine mammal scientist, Barb Taylor, indicated
“if we are going to overfish their food, entangle them in our fishing gear, and add
toxins to their environment, the least we can do is keep the ocean quiet enough for
them to find the few remaining fish” (personal communication).

7.2 Sources of Man-Made Noise

Hildebrand (2009) identified the main sources of human-generated noise to be com-
mercial shipping, seismic airgun exploration, naval and mapping sonars, and small
vessels. Other human activities that add noise into the marine environment are pile
driving and other construction; oil drilling; naval explosions; oceanographic experi-
ments; acoustic deterrent and harassment devices meant to, for instance, chase seals
away from fish farms; ice-breaking; and underwater communication, such as
between submarines. Overall, there has been at least a 20 decibel (dB) increase in
low-frequency noise since the industrial age or, in some areas, about a 3 dB increase/
decade (Hildebrand 2009), which since this is a logarithmic scale is a doubling in
intensity every decade, over the last several decades. Most of this increase in noise
is from commercial shipping, though seismic airgun exploration also contributes, as
it is occurring throughout the world’s oceans (Fig. 7.1).

| |
**l'* : i .l | .I‘\‘g** | -——
—% — —
K AeX | | ‘ *
|l
d 2h gk
* *"k - ‘ *;**. 7?1-*
—rk Tt o (o
* 8 J A ind .
* A
—t— % Wb
_ g
*, K 3%
|

Fig.7.1 Areas of offshore oil exploration from 1994 to 2005. Size of star denotes the relative level
of activity. Data from the World Geophysical News. Reproduced with permission from Hildebrand
(2009)
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7.3 Area of Impact

The potential area of impact by even one noise source can be huge. The US Navy’s
Low-Frequency Active (LFA) Sonar, used to detect enemy submarines, could
impact cetaceans at levels of over 120 dB (levels previously shown to deflect migra-
tions) across an area of some 3.9 million square kilometres (km?) (Johnson 2003)—
about half the size of Australia—and is likely audible to them over much greater
areas. Noise from a single seismic survey can blanket a region of almost 300,000 km?,
about the size of Norway, raising noise levels two orders of magnitude (20 dB),
continuously for months (IWC 2005, 2007). An analysis of 10 years of recordings
from the ocean floor in middle of the Atlantic found that seismic airgun noise could
be heard at distances of 4000 km and were present 80-95% of the days per month
for more than 12 consecutive months in some locations (Nieukirk et al. 2004, 2012).
When several seismic surveys were recorded at the same time, whale sounds were
masked (drowned out), and seismic airgun noise became the dominant part of back-
ground noise levels.

7.4 Documented Impacts

There is no doubt that human-made noise has an impact on marine life. Where there
is still some, legitimate debate is on the extent of the impact. Impacts can vary
depending on factors such as species, age, sex, context, and type of noise, making
generalisations difficult. While not an exhaustive list, some examples of the types
of impact from anthropogenic underwater noise that have been documented for
marine mammals include fatal strandings or deaths at sea, hearing damage, dis-
placement or longer-term avoidance of the noisy area, higher energetic costs, stress
responses, changes in vocalisations which can disrupt reproductive and foraging
behaviour, cessation or reduction of foraging, changes in migratory behaviour,
masking, and indirect effects on marine mammal prey such as fish and invertebrates
(e.g. Weilgart 2007).

One noise impact that gained a great deal of attention was the link to fatal strand-
ings, particularly but not exclusively, of a family of deep-diving whales known as
the beaked whales that occurred together with naval exercises involving powerful
mid-frequency antisubmarine warfare sonar (Jepson et al. 2003) and, more rarely,
seismic airgun surveys (Hildebrand 2005). Noise was first implicated in these
strandings because no other threat could easily explain how many whales could
strand within several hours of each other, yet spread out over several tens of kilome-
tres of coastline. Only noise travels this fast, this far. Also, the locations and timing
of individual whale strandings closely coincided with the track of a noise-producing
vessel. Eventually, the necropsy findings of “severe, diffuse congestion and hemor-
rhage, especially around the acoustic jaw fat, ears, brain, and kidneys” and “‘gas
bubble-associated lesions and fat embolism in the vessels...of vital organs” were
determined to be consistent with, if not necessarily diagnostic of, decompression
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sickness or diver’s “bends” (Ferndndez et al. 2005). Such decompression sickness
may arise in whales if they change their dive pattern, affected by the loud noise,
perhaps because they panicked. At least in one stranding event that was well stud-
ied, the 2002 Canary Island stranding, the time between estimated sonar exposure
and death was quick—around 4 h—because vital organs like the brain or heart were
affected (Fernandez et al. 2005). This and other Canary Island strandings showed
that animals were severely injured before stranding (Fig. 7.2), while other similarly
injured carcasses were found floating at sea, implying that it was not the stranding
that killed them, but the mere exposure to noise and their response to it. Thus, the
number of whales killed could be greatly underestimated if just the stranded ani-
mals were counted. Whale carcasses are notoriously difficult to find at sea (or even
on shore, if the location is remote), as they usually sink fairly quickly, are eaten by
sharks, or are carried off by currents. Williams et al. (2011) noted that an average of
only 2% of cetacean carcasses are recovered and that the “...true death toll could be
50 times the number of carcasses recovered...”. Moreover, it is important to note
that it took 40 years to discover the clear link between mid-frequency naval sonars
and beaked whale strandings, underscoring how easy it is to miss noise impacts,
even for such relatively obvious events as strandings.

Fig. 7.2 Cuvier’s beaked
whale haemorrhaging from
the eye during the 2002
Canary Island stranding
event which co-occurred
with naval exercises
involving mid-frequency
active sonar. Image credit:
Vidal Martin, SECAC
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Hearing loss is difficult to document for marine mammals in the wild, especially
cetaceans. Stranded dolphins or those severely entangled in fishing gear could, how-
ever, be tested. About 57% of such bottlenose dolphins and 36% of such rough-
toothed dolphins showed either significant or profound hearing loss, implying that
hearing damage could have contributed to their stranding or entanglement (Mann
et al. 2010). Permanent hearing impairment can occur unexpectedly, even under
careful experimental conditions. A captive harbour seal was cautiously and gradu-
ally exposed to an underwater sound stimulus to test temporary threshold shifts
(TTS), which represent temporary, supposedly recoverable hearing loss in the seal,
yet instead, the seal was left with a permanent threshold shift (PTS) or permanent
hearing loss, without warning (Kastak et al. 2008). The start and increase of the
amount of TTS did not follow the expected pattern, but rather shifted suddenly from
no measureable effect to a profound hearing impairment. There are clearly many
unknowns in predicting hearing loss in marine mammals, a fact that should be taken
into account if populations are to be protected.

To ensure a marine mammal population’s long-term welfare and health, we
should be most concerned about noise impacts that affect population measures and
vital rates, like birth rates, death rates, and growth rates. Such impacts are, however,
very difficult to detect for marine mammals, especially cetaceans, as they spend so
much time underwater. Long-term studies of known individuals are usually required
to be able to determine population impacts. One such 15-year study (Claridge 2013)
compared a population of Blainville’s beaked whales at a US Navy range (AUTEC)
in the Bahamas where mid-frequency sonar exercises were conducted, with another
relatively “sonar-free” population 170 km away. It had already been established that
Blainville’s beaked whales move away from the range during multi-ship sonar
exercises at AUTEC, only returning days later when the exercises had finished
(McCarthy et al. 2011; Tyack et al. 2011). Claridge (2013) found that there were
fewer calves per female at AUTEC compared with the off-range population—a
population effect of sonar use at a navy range. The frequent avoidance of the naval
exercises and the attendant disruption of feeding and energetic costs of travelling,
together with stress, may account for the fewer births and/or calf survival at
AUTEC. The beaked whale stranding that occurred in the Bahamas in 2000 as a
result of the brief passage of five naval vessels using sonar also changed the
Blainville’s population demographics (Claridge 2013).

It is important to understand that, while some marine mammal species or indi-
viduals leave an area that becomes noisy through human activities, others remain,
perhaps because the area is vital for reproduction or feeding. There are potential
costs associated both with the avoidance of noise and with remaining in a noisy
area. Leaving, as has been illustrated in the example above, may incur energetic
costs through more travel, interfere with time spent feeding, and result in fewer
surviving calves. Remaining in the area may expose populations to more stress,
compromised feeding, or hearing impairment and can also cause serious impacts.
The mere fact that animals stay in a region of noise should not be interpreted as the
absence of impacts on them.
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Fig. 7.3 Yearly difference
in median faecal 15 A
glucocorticoid (GC) levels
(2001-2005) post 9/11-
before 9/11. Significantly
lower faecal GC levels
after September 11 were
only seen in 2001 and were
associated with decreased
underwater low-frequency
noise resulting from a
reduction in large vessel
traffic as a result of
temporary reduction
around the events of 9/11
(Modified and reproduced
with permission from the
Royal Society from
Rolland et al. 2012)
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Stress can have a profound effect on an animal’s ability to reproduce, to ward off
infection and disease, and can cause premature ageing, and noise can function as
such a stressor (Wright et al. 2007). Rolland et al. (2012) used the unusual global
events of September 11, 2001, to correlate the resulting reduced ship traffic and
attendant lower underwater low-frequency noise levels, with lower stress hormone
levels in right whale faeces. Since right whale sounds overlap with the low-frequency
noise produced by shipping, their acoustic communication space can be reduced
through masking by 84% by the passage of only two ships over 13 h (Clark et al.
2009). There were six fewer large ships after September 11, 2001, than before
(August 25 and 29 vs. September 12 and 13), resulting in a 6 dB decrease in overall
background noise in the area. Such quantifiable physiological effects in the form of
stress hormones (Fig. 7.3) could lead to biologically significant impacts on indi-
viduals and populations, especially in this highly endangered whale species, if these
are indeed a measure of chronic stress from underwater noise (Rolland et al. 2012).

Long-term avoidance of presumably underwater noise and boat disturbance has
been documented for harbour porpoises, where individuals seemed to move out of
an area where a wind farm was being constructed (Teilmann and Carstensen 2012).
This study implied that the harbour porpoise population had still not returned after
11 years, though it was gradually moving back, with porpoise biosonar activity, an
indicator of their presence, increasing from 11 to 29% of baseline levels before
construction. Grey whales moved away from one of their breeding lagoons for over
5 years because of industrial noise, returning only several years after the activities
stopped (Jones et al. 1994). Killer whales dramatically changed locations to avoid
loud acoustic harassment devices, staying away for about 6 years, returning only
once the devices were discontinued in the area (Morton and Symonds 2002).
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Shorter-term reactions to noise have also been shown, some over large areas.
Cuvier’s beaked whales, similar to the Blainville’s mentioned above, avoided simu-
lated mid-frequency active naval sonar, exhibiting strong reactions to surprisingly
low received levels of exposure of 89—127 dB re 1 pPa, well below those that are
currently subject to regulation (DeRuiter et al. 2013). Whales stopped emitting their
biosonar clicks and swam rapidly and silently away while diving for longer dura-
tions and interrupting their feeding. The response remained pronounced for several
hours after exposure (DeRuiter et al. 2013). Fin whales moved away and changed
their song during a 10-day seismic airgun survey, staying away weeks after the sur-
vey ended (Castellote et al. 2012). When exposed to even relatively low levels of
mid-frequency naval sonar, blue whales spent half as much time making a type of
feeding call, despite the frequency of the sonar being well above the frequencies
that blue whales use in their calls (Melcon et al. 2012). This reaction to even a single
mid-frequency sonar source could impact the feeding of blue whales over much of
the 53,000 km? of the Southern California Bight (Melcén et al. 2012). Bowhead
whales increased their calling as soon as seismic airgun shots were detectable to
them, but then their calling rates levelled off when received levels of the airgun
shots increased to a certain threshold (Blackwell et al. 2015). At progressively
higher received levels of airgun noise, calling rates started decreasing until finally
bowheads fell silent (Blackwell et al. 2015). This meant that bowhead calling is
suppressed within a radius of some 50-100 km from a seismic ship or an area of
about 8000-31,000 km? (for reference, 31,000 km? is about the size of Belgium).
Within around 1040 km of a seismic ship or 300-5000 km? bowhead calling
would be almost entirely silenced (Blackwell et al. 2015). The function of bowhead
calling is unknown, but it certainly serves some important purpose, whether it be to
maintain contact within the group, for mating, and/or for navigation.

Other Arctic species such as belugas and narwhals show some of the most sensi-
tive reactions to noise documented, often responding to noise at the level they first
detect it (Heide-Jgrgensen et al. 2013). Hard-to-predict effects can also occur, where
narwhals appeared to become entrapped in ice, often fatally, because they delayed
or interrupted their annual offshore migration to avoid seismic surveys in the area
(Heide-Jgrgensen et al. 2013). Around 1200 narwhals died in three separate ice
entrapments that were highly atypical both in timing and in area and occurred
around the time of seismic surveys (Heide-Jgrgensen et al. 2013). Another effect
that can cause unexpectedly severe consequences is sensitisation, or a progressively
greater reaction to the same or similar stimulus, each time it is encountered. An
intense underwater noise, for instance, that caused a startle reflex in captive grey
seals meant that these animals became sensitised to this sound and showed long-
term avoidance of the tank where they first heard the sound (G6tz and Janik 2011).
The seals showed clear signs of rapid flight responses and fear conditioning to the
point where they even avoided food that was close to the sound source. In the wild,
this might mean that noise that startles a marine mammal could cause them to avoid
the area where they heard the sound, over the long term, perhaps even permanently,
which could have severe effects on their lifespan and ability to reproduce (Gotz and
Janik 2011).
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Marine mammals can also be indirectly impacted through noise effects on their
prey as reviewed in, e.g. Slabbekoorn et al. (2010). As mentioned, fish and inverte-
brates are sensitive to sound, and a wide range of documented noise impacts exist,
ranging from reduced catch rates (Engas et al. 1996; Hassel et al. 2004; Skalski
et al. 1992), stress (Santulli et al. 1999), higher metabolic costs (Buscaino et al.
2010), decreased foraging efficiency due to distraction (Purser and Radford 2011),
reduced foraging success (Voellmy et al. 2014), impaired schooling behaviour (Sara
et al. 2007) and orientation (Holles et al. 2013), hearing damage (McCauley et al.
2003), impaired development and body malformations (Aguilar de Soto et al. 2013),
massive acoustic trauma (André et al. 2011), and fatal strandings of giant squid
(Guerra et al. 2004).

7.5 Acute vs. Chronic Effects

As noted above, the acute response of fatal strandings of beaked whales due to exer-
cises involving naval mid-frequency sonar rightly garnered much attention and con-
cern. However, at least as important are the more chronic impacts of noise that tend
to occur over much larger areas. Often attention over acute hearing impairment and
short-range effects has come at the expense of concern over masking, stress, and
habitat degradation from chronic noise at long ranges (Simmonds et al. 2014). Loss
of communication space through masking (Clark et al. 2009) is highly likely to have
impacts on the welfare of populations, especially where individuals are spread out
and must find each other, via long-range mating calls, to mate. Even marine mam-
mals that do not use biosonar probably use sound for feeding to listen for the faint
sounds their prey makes. Masking doesn’t just mean that a sound of interest is com-
pletely obscured. It could also be that important characteristics of the sound are lost
or garbled. Chronic noise even at lower levels, experienced over greater areas, can
also potentially cause hearing loss.

7.6 Solutions

Different noise sources require different solutions. In the case of shipping, the noise
produced is unintended and, at least to some extent, likely reduces fuel efficiency.
As such, technological fixes are possible and are the focus of current studies. The
International Maritime Organisation is beginning to address shipping noise, and
voluntary guidelines are being developed (IMO 2013). Noise has up until now
rarely been considered in ship and engine design. To address noise from seismic
airgun surveys, technological alternatives to airguns are being developed that are
likely less impactful on most marine life. Progress is slow, but a sound source known
as Marine Vibroseis could reduce both short-range and long-range sound levels and
impacts from airguns, especially for marine mammals that are sensitive to mid- and
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high frequencies (Weilgart 2012, 2013). Much of the sound energy airguns emit is
wasted, as geophysicists only use the very low frequencies. Marine Vibroseis could
eliminate broadcasting these useless higher frequencies, thus eliminating or reduc-
ing potential impacts on the species that use them. Naval sonar exercises should be
sited in areas that are the equivalent of ocean deserts, poor in marine life, to reduce
impacts. For marine mammals that migrate, seasonal mitigation may be useful,
where noise activities are timed to avoid overlap with marine mammal presence.
Vital breeding and feeding areas and seasons should be avoided wherever possible.
The few remaining areas that are currently still relatively quiet could be protected as
acoustic refuges.

Most importantly, we will be unable to protect marine life from noise if we
require that full, incontrovertible, biological evidence of impact is obtained before
we act. Many marine mammal species have long lifespans and are very slow repro-
ducers, so they cannot genetically adapt rapidly to change. If there are population
impacts, they are likely to be only discovered by the time it is too late to safeguard
populations. I have noted above in various places how difficult some impacts from
noise are to detect, especially in cetaceans. Noise thus presents a case where precau-
tionary management is likely to be appropriate and may be necessary. While noise
impact studies should continue to be carried out, management of noise cannot wait
until our knowledge is complete. There are many variables that influence animals’
responses to noise, and the ocean is not a controlled laboratory where confounding
oceanographic factors like prey availability can be excluded. Rather, our emphasis
is better placed on reducing noise levels through spatial and temporal mitigation and
technological solutions (Simmonds et al. 2014).

Technological developments can be encouraged and expedited through actions
by governmental regulatory agencies. So far, Germany is the only country that has
enacted noise thresholds that are not allowed to be exceeded. These noise limits
have spurred the development of quieter technologies, particularly for pile driving,
used to construct offshore windfarms (Koschinski and Liidemann 2013).

In addition to the animal welfare concerns outlined above which result from the
impacts of noise, animal welfare issues also arise in the carrying out of Controlled
Exposure Experiments (CEEs) where animals are artificially exposed to playbacks
of noise to determine their responses under more controlled conditions.
Unfortunately, while the levels of the sound source under experimental conditions
can be controlled, the levels of sound experienced by the free living animals in the
wild cannot. Thus, CEEs should really be called Controlled Source Experiments.
Moreover, there are many more animals that are accidentally exposed than can be
studied, which raises ethical concerns. While it is useful to be able to manipulate the
sound source both spatially (on a vessel) and through varying its sound intensity
level, if the simulated sound source does not adequately mimic the true noise source,
whether airgun, naval sonar, or ship, and the context of the noisy activity, the results
may not be considered fully representative. The more we study the impacts of noise
on marine life, the more we discover how important context is, both in terms of the
behaviour of the animals and the acoustic behaviour of the noise source. Ideally, for
reactions to real (not simulated), e.g. naval sonar, actual sonar exercises, complete
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with all the fast-moving vessels involved, should be employed to test responses,
though this can be difficult or even impractical. Studying comparable populations in
real-world noisy vs. quiet areas may yield results which really allow us to under-
stand the impact of anthropogenic ocean noise.

7.7 Conclusions

Many questions and uncertainties remain regarding the impacts of noise on marine
mammals, yet we know enough to realise that noise is a substantial stressor and a
problem that needs to be addressed. Striving to provide a natural environment that
limits human-made noise appears critical to marine mammal welfare. Failing to do
so will compromise marine mammals to some degree, either through their prey,
their degraded habitat, or directly through noise interfering with their behaviour,
physiology, cognition, or psychology. We cannot continue to “blindfold” marine
mammals while expecting them to carry out their vital life functions without stress.
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support to write this chapter.
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Chapter 8
Evaluating the Welfare Implications
of Climate Change for Cetaceans

Mark Peter Simmonds

‘An old man was walking along the beach and the sand was
littered with thousands of stranded starfish left behind by the
retreating tide. The man took care not to step on any of the
beautiful creatures. He knew the starfish would die if left on the
hot dry sand and he considered picking some up and putting
them back in the water. However, he reasoned that he could not
possibly help them all, so he just continued walking carefully
along. A little while later, the old man saw a small child further
along the beach who was frantically throwing one starfish after
another back into the sea...’.

Adapted from ‘The Star Thrower’ (1978) by Loren Eiseley.

Abstract Consideration of the implications of climate change for wild animal wel-
fare is still relatively novel. The cetaceans are a very diverse group of mammals
occupying a range of habitats across the world’s oceans. Whilst this makes generali-
sations difficult, there is a growing body of scientific literature which anticipates
and reports impacts. These include prey loss and associated prey stress, changes in
cetacean foraging locations and other distribution shifts (including movement into
higher latitudes), the use of extra energy to try to maintain body temperature and the
loss of habitat for ice-dependent species. Climate change-driven changes in human
behaviour, such as the introduction of new activities into increasingly ice-free polar
waters, also offer challenges to marine mammals. All these impacts are predomi-
nantly considered in the literature from a conservation perspective. However, habi-
tat destruction, pollution and the spread of disease and noise have already been cast
as causes for animal welfare concern, and it is argued that climate change will
further exacerbate these and other issues in many instances. Assessing the full wel-
fare implications of climate change calls for innovative and careful application of
welfare science and will be challenging, but a promising start has been made.
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8.1 Introduction

Chapters 2, 14, 15, 19, 22-25 and 28 in this book are among the first attempts to
consider the welfare implications of climate change for wild marine animals.
Indeed, despite accelerating human encroachments into their habitats and their
lives, the welfare of wild animals has itself been given little consideration. Perhaps
this is because they appear to be beyond our jurisdiction, living ‘wild and free’.
Exceptions include matters relating to the hunting of wild animals—where it is
clearly our actions that have welfare implications—and this includes whale hunting.
Consideration has gone into this aspect of hunting, including work by the
International Whaling Commission (Brakes et al. 2004), and the effects of ship
strikes, entanglement in fishing gear and poorly conducted whale watching have
also emerged as welfare concerns for wild cetaceans (Anon 2011). Meanwhile, and
not surprisingly, our predominant interests, when it comes to climate change, focus
around the implications for our own species, and maybe, secondarily, if we are
really thinking carefully about our interlinked futures, the functionality of the eco-
systems that support us. Nonetheless, it is increasingly accepted around the world
that we have a responsibility to the other living beings that our actions, deliberately
or otherwise, impact, and this includes taking care of the welfare needs of animals
affected by human actions (Jordan 2005; Anon 2011).

Here I will seek to make the case that climate change should be viewed as a wel-
fare issue for wild cetaceans. I will do this by considering key aspects of cetacean
biology, the state of the relevant science concerning climate change and linkages to
welfare issues and, finally, by comparing these topics with the established approach
to animal welfare issues in non-wild species.

8.2 A Myriad of Species Within a Vast Patchwork
of Habitats

There are some 90 species in the mammalian order Cetacea, and, remarkably for
such large mammals, more are still being discovered. Each species has its own dis-
tinctive food and habitat requirements, and this makes generalisations difficult.
However, it has long been understood that the broad-scale distributions of marine
mammals worldwide are ocean temperature and food source (often linked with
ocean temperature) related (e.g. Gaskin 1982; Kaschner et al. 2011). For example,
some species live exclusively in the cold Arctic and some in the warm tropics.
Others, famously, undertake long migrations and move from warmer water breeding
grounds to their feeding grounds in the Arctic or Antarctic where they arrive to
exploit the great blooms of plankton and other prey that occur there in spring. On a
more local scale, the distribution of cetaceans may also reflect oceanographic fea-
tures such as upwellings and fronts (again where there is high productivity and abun-
dant prey). Depth is clearly also an important habitat feature that defines distribution,
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and the beaked whales (family Ziphiidae) and sperm whales (Physeter macrocepha-
lus) feed at great depths (i.e. sometimes over 1000 m), whereas some other species
are adapted to life in shallower waters, including inshore waters or large rivers.

An idea of how cetacean marine habitats are distributed might be achieved on a
journey heading westward out to sea from the northwest corner of Scotland (Murray
and Simmonds 1998). A keen observer might first witness bottlenose dolphins
(Tursiops truncatus) close inshore; then, further out, minke whales (Balaenoptera
acutorostrata); and, out around the offshore islands, perhaps Risso’s dolphins
(Grampus griseus). The edge of the continental shelf, some 200 miles out, then
marks the transition between ‘shelf species’ (those whose habitat is on the continen-
tal shelf), including the white-sided dolphin (Lagenorhynchus acutus) and the ceta-
ceans of the deeper sea. Sperm whales (all males in these northern waters) may be
found here and also fin (Balaenoptera physalus) and sei (Balaenoptera borealis)
whales, perhaps even a passing blue whale (Balaenoptera musculus). What a hypo-
thetical transect like this shows is that whilst these are mainly cold-temperate water
species (the sperm whale and bottlenose dolphin might be argued as exceptions),
they also all have differing habitats. Surface observations miss the fact that different
species are feeding at different depths. A Risso’s dolphin may look superficially
rather similar to a bottlenose—they are a similar size and mainly grey—but each has
different feeding preferences. Risso’s dolphins prefer cephalopods (cuttlefish and
squid) and are deeper divers, hence often being found near deeper waters; whereas
bottlenoses are more catholic in their diet but are mainly fish eaters.

It is generally difficult for us as a terrestrial species to easily comprehend the wide
range of habitats in the seas and oceans and appreciate that the cetacean species and
populations (and in some instances even cultural units) occupy them each according
to their needs, preferences and physiological tolerances. This is a fundamental prob-
lem in addressing issues for cetaceans and other marine wildlife, because if the public
and policy makers see the marine environment as a mainly homogenous environment
where individuals (or even whole populations) can just move away from unpleasant,
damaging or dangerous stimuli, it becomes impossible to make compelling cases to
address such problems. However, in terms of how human activity is impacting ceta-
ceans, it is important to appreciate this and, most fundamentally of all, to understand
that a cetacean encountering something unpleasant—perhaps some over enthusiastic
and noisy whale watchers or a stressful temperature change—may not be able to
simply swim away to another sea area that will fully meet its needs.

8.3 The Underpinning Science

If the seas, oceans and even some of the larger river systems form a patchwork of
cetacean habitats defined by physical (including temperature), chemical (including
salinity) and biological (including suitable prey availability) features, what happens
when these conditions change? Twenty years ago almost nothing had been pub-
lished about the potential for marine mammals to be affected by climate change.
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This is truly a rapidly emerging issue now as several hundred scientific publications
can be identified which address this topic, and evidence is growing of climate
change impacts (Nunny and Simmonds 2016; Simmonds 2016). The kinds of
impacts that marine mammals may experience are summarised in Table 8.1.

Table 8.1 Summary of some observed and predicted effects of climate change on marine
mammals, largely based on Schumann et al. (2013)

Climate phenomenon

Response from marine mammals

Possible implications

Changes in ocean and
air temperature

* Changes in foraging locations

— Potential for novel
competition

Distribution shifts, including range
expansion of tropical/temperate species
and range contraction of cold water
species

— Loss of habitat of
shelf species and their
possible extinction

Extra energy expenditure to try to
maintain body temperature

— Longer migrations

— Regime shift

— Exposure to novel
pathogens and
pollutants

— Less energy available
for reproduction

Reduction in sea ice

Ice-dependent species lose habitat and
move/decline

— Breeding impacted

New species enter higher latitudes

— Potential for mismatch
between prey
availability and critical
life history stages

— Potential for novel
competition and
exposure to novel
pathogens

Increase in frequency
and severity of extreme
weather events,
including flooding and
increased roughness

Reduction in coastal water quality
causes prey decline and or distribution
change in marine mammals

— Breeding impacted

Increased incidence of rough conditions
cause more strandings

— Exposure to novel
pathogens and
pollutants

— Animals lost from
population

Changes in ocean
currents, winds and
circulation affecting
upwelling and
productivity

Where productivity increases, more
abundant prey may benefit (some)
marine mammal populations, and,
where it declines, marine mammals
may move or decline

— Local population
increase

— Local populations
decrease

Rising sea level causing
coastal inundation
including flooding of
coastal refuse tips and
similar

Changes in breeding bays/estuaries/
inshore zones affecting breeding

— Breeding depressed

— Increased pollution
and pathogen
exposure
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Generally, the primary mechanisms by which climate change is expected to
impact cetacean populations are by changing the physical and chemical nature of
their environment and, in particular, by affecting their prey in terms of its quantity,
quality and location (Simmonds 2016). On a simple level, if there is a decline
in local productivity and prey availability, predators will go hungry. This does not
mean that they necessarily starve, but their health may suffer and they may not have
adequate energy reserves to breed successfully.

Cetaceans will certainly have some ability to adapt. Many species, including
most of the dolphin species, range across large areas using their highly developed
cognitive skills, echolocation ability and ‘team work’ to help find and efficiently
exploit patches of prey. These species may be more adaptable to change than those
whose abilities to respond are in some way more constrained. These might include
those great whales whose energetic and migration biology hinges on the anticipated
(and ‘planned for’) finding of certain things in certain places at specific times of the
year. For example, a whale arriving at its polar feeding grounds in spring but not
finding the ‘bloom’ of food that it needs could be severely incapacitated, and evi-
dence has started to accrue that this is not just a hypothetical threat (as postulated by
Simmonds and Eliott 2009) but already a real and current phenomenon. In particu-
lar, it has recently been revealed that two highly migratory big whale species have
been arriving at their feeding grounds in the Gulf of Saint Lawrence in Canada
increasingly early (Ramp et al. 2015). In the period 1984-2010, humpback
(Megaptera novaeangliae) and fin whales have been arriving more than 1 day ear-
lier in each subsequent year. This seems to be related to earlier ice breakup and
rising sea surface temperatures. This certainly shows some adaptability on the part
of the whales, but the scientists reporting this change also warn that this adaptability
may be exceeded as conditions continue to change.

A similar issue may arise for the ‘shelf species’ that have evolved to exploit the
waters of the continental shelf if the regime there changes so much (e.g. temperature
rises and/or fish prey move elsewhere) that it becomes inhospitable to them. Can the
‘shelf cetaceans’ simply move to a new area? For example, such animals being
‘pushed’ off the continental shelf around the UK may not be able to find suitable
habitat if they move northwards (as suggested by MacLeod et al. 2005, 2008).
Similarly, for those animals whose habitat is in deep water trenches, like the beaked
whales, what happens if local conditions change in terms of temperature or some
other key factor such as loss of prey (Simmonds 2016)? Will these animals be able
to disperse to similar habitats elsewhere?

It is perhaps easier to see the risk for a cetacean population that is actually physi-
cally constrained from moving away from adverse change. For example, the remaining
river dolphin species are mainly confined to sections of specific tropical river systems,
and their movements are increasingly limited by major waterway modifications, espe-
cially dams. Their capacities to alter their distributions in response to unfavourable
changes are seemingly far more limited than the dolphins of the open oceans. Similarly,
species living in enclosed sea areas, such as the three cetacean species found in the
Black Sea (short-beaked common dolphin (Delphinus delphis), Black Sea bottlenose
dolphin (Tursiops truncatus ponticus) and harbour porpoise (Phocoena phocoena)),
may find it impossible to make mitigating range changes as conditions alter there.
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Most people are now becoming acquainted with the vulnerability of the polar
bear to climate change and especially the loss of its sea ice habitat (eloquently
described here in Chaps. 2, 23-25 and 28). Less well appreciated is the relationship
between several cetacean species and the same retreating sea ice. Narwhals
(Monodon monoceros) in particular are viewed as especially vulnerable (Laidre
et al. 2008). From the available information it is possible to diagrammatically sum-
marise at least some of the linkages between climate change-driven effects and
impacts on marine mammal populations (Fig. 3.1).

8.4 The Human Dimension

Figure 8.1 introduces the concept of impacts on marine mammals that are mediated
by changes in human behaviour in response to climate change. For example, we
may move our centres of population or our major marine activities, and these actions
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Fig. 8.1 Some of the potential linkages between climate change and effects on marine mammal popu-
lations (after Simmonds 2016). From top to bottom, physical changes (white boxes inside yellow box)
are linked to habitat effects and then impacts on species in the yellow boxes below. The red text and
asterisks indicate where mortalities may be precipitated. The blue boxes show ‘tertiary effects’—
where changes in human behaviour caused by climate change might be expected to impact marine
mammals. The thicker blue arrows denote the stronger linkages. Image credit: Mark Simmonds
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may impinge on marine mammals in new ways. As described by Alter et al. (2010),
impacts on marine mammals may include:

e Increased disturbance from shipping and other marine activities—Ileading to
stress and interference with behaviour, including communication

* Increased exposure to loud noises—Ileading to acoustic masking' or even physi-
cal harm (hearing damage and embolisms in tissues)

e Increased interference with normal behaviour

e Increased take (e.g. as by-catch when fisheries move into new areas)—causing
deaths in fishing gear which may be prolonged for breath-holding mammals—
and also increased incidents of chronic entanglement with severe welfare impli-
cations (see Chap. 4)

* Increased exposure to pollution with chronic health concerns (see Chaps. 3 and
32) and potentially including increased oil spills associated with vessel move-
ments in new areas

e Increased exposure to pathogens (possibly in combination with the immunosup-
pressive effects of certain pollutants) potentially causing disease events

The potential for human-mediated factors to impact marine wildlife is perhaps
best illustrated by the developing situation in the Arctic. Here the fast retreat of sea
ice is allowing human activities to expand in the region, including increasing ship
traffic, fossil fuel exploration and extraction and fishing (Reeves et al. 2014). The
general prediction for cetacean species to move towards the poles in response to
climate change (Whitehead et al. 2008; Kaschner et al. 2011) may favour some spe-
cies—at least initially—for example, fin and humpback whales might be able to
inhabit and exploit the open waters at latitudes where they did not previously occur.
Meanwhile those species associated with the ice edge—bowheads (Balaena mysti-
cetus), belugas (Delphinapterus leucas) and narwhals—may not only see their
habitats shrink but may also come into contact with species that they have not previ-
ously met, leading to unknown consequences.

8.5 The Case for Climate Change as a Welfare Concern
for Cetaceans

The concern that I am attempting to present here is not about climate change-driven
extinction, which sadly seems likely to be the case for some wildlife populations, nor
whether individuals are being killed. The issue is whether or not suffering will increase.

As noted above, reduced prey availability may occur, and this could cause ‘food
stress’, leading to poor nutrition and potential starvation, likely invoking reproduc-
tive inhibition along the way. Poor nutrition and starvation are clearly welfare

! “Masking’ refers to the situation where one sound interferes with another making it difficult to
comprehend key information. For example, the noise from shipping may mean that whales cannot
hear the calls of conspecifics.
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concerns, and, arguably, reproductive problems could be seen as such too. High
temperature and nutrient loading could lead to harmful algal blooms that may poi-
son the animals (see Chap. 19), and certainly suffering can be involved in such
events as well as mortalities. It is also possible that animals that cannot move away
from changing condition may be exposed to temperatures outside of their prefer-
ence and tolerance. This could be distressing in the short term and may also have
effects on reproductive performance and on feeding, prey sources and foraging
behaviours in the longer term. The combined effects of climate change on cetaceans
from changes to their habitats and prey, in combination with changing human activi-
ties, are likely to cause (and in fact already are probably already causing) increases
in the incidence of disease, increased entanglement in marine debris and lost fishery
material (abandoned, lost or otherwise discarded fishing gear—ALDFG) (see
Chaps. 13 and 18) and wounding and deaths as by-catch in nets (see Chap. 4). These
are very clearly welfare concerns, and it is thus anticipated that climate change will
act to exacerbate welfare concerns for marine wildlife.

Can the study of animal welfare science help us to quantify possible impacts of
climate change? For example, are these concerns minor or severe, acute or chronic
(and how do we judge this and relative to what baseline); are climate changes affecting
a large number of animals or only a few; and, ultimately, how concerned should we be?

Writing in 2005, Bill Jordan specifically recognised that non-intentional conse-
quences of human actions on wild animals could be considered as legitimate animal
welfare concerns. He identified habitat destruction, pollution (including specifically
PCBs) and the spread of disease and noise (Jordan 2005) as causes for animal wel-
fare concern, all matters that climate change is likely to exacerbate for cetaceans.
More recently, in May 2016, experts gathered at an IWC workshop to consider non-
whaling welfare issues (IWC 2016). In particular, they considered the potential
application of the ‘Five Domains Model’ (Mellor and Reid 1994) for wild ceta-
ceans. This provides a framework to enable assessment and grading of the severity
of different impacts on welfare (Mellor 2015). Figure 8.2 shows a model based on
this framework which includes a range of factors which could be integrated to pro-
vide an assessment of the welfare impact of commonly identified welfare issues for
whales and dolphins.

The Five Domains Model was originally developed for livestock, and it is still
early days for extrapolation to wild cetaceans, but at the IWC workshop (IWC
2016), it was apparent that the use of a structured framework to analyse and to sup-
port discussion of welfare issues in cetaceans had real merits in terms of allowing
rational and clear discussion of these issues across a range of stakeholders and
involved organisations. There will certainly be challenges in use of assessment/
discussion methods in this way, including difficulties in trying to interpret whether
these wild animals are likely to experience these welfare impacts in the way that
humans might predict or anticipate. However, there is good and growing evidence
that cetaceans are animals with highly developed cognitive capacities and that they
have emotions (Simmonds 2006), including the ability to grieve (Reggente et al.
2016), and this structured approach to analysis of these questions is promising and
should be encouraged.
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Fig. 8.2 An abbreviated version of the Five Domains Model (after Mellor 2015). Some elements are
marked with an asterisk to indicate that they may not apply to cetaceans. Image credit: Mark Simmonds

8.6 Conclusions

The remarkable penta-radial symmetry of starfish sets them apart from many life
forms, especially from bisymmetrical vertebrates like us. They are rather ‘alien’
really, lacking even a head or a brain, but I am not convinced that they cannot suf-
fer—through, for example, an experience of ‘distress’ at being physically damaged.
When it comes to cetaceans, despite their somewhat fishy forms and great vari-
ety, it should be easier for us to conceptualise suffering in these intelligent and typi-
cally highly social marine mammal. This should enable us to evaluate with more
empathy how their welfare is being impacted by human actions and to strive to
respond appropriately and compassionately. Climate change gives us an enormous
challenge in this (and for human kind more generally), but we are big-brained too,
and, hopefully, wisdom and compassion will prevail.
I will conclude with the last part of the modern fable that I started this chapter
with:
The old man made his way to the child and asked her what she was doing.
“I’'m saving the starfish,” she replied.
“You are wasting your time. You can’t save them all, so what does it matter?”
Without pause, the child picked up another starfish. She tossed it back into the water. “It

matters to this one,” she said quietly but emphatically. The old man slowly bent down and
started to help her.
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Chapter 9

Managing the Welfare of Marine Mammals
at Mass Strandings in Golden Bay,

New Zealand

Mike Ogle

Abstract In this chapter, issues of marine mammal welfare are illustrated through
recounting three mass stranding events of long-finned pilot whales which occurred
in Golden Bay, New Zealand. For two of the mass strandings discussed, both were
reported soon after the whales stranded and had good access and high numbers of
volunteers assisting Department of Conservation (DOC) staff. One of these strand-
ings had a high refloating success rate (89% of 345 whales), the other a moderate
success rate (39% of 198 whales). This contrasted with the third stranding (com-
prising of 105 whales) which occurred in a remote location with difficult access
and was first observed from an aircraft, 1 or possibly 2 days after the initial strand-
ing. When DOC staff arrived at this remote site, less than one quarter of the pod
was still alive, and these were suffering considerably. Given the whales’ poor
condition, high degree of suffering and low chance of survival, they were
euthanised following DOC guidelines. These three mass strandings were rela-
tively large and if combined accounted for approximately one third of the nearly
2000 cetaceans that stranded in Golden Bay between 1990 and 2016. New Zealand
has a relatively high occurrence of strandings, with an average of 300 cetaceans
stranded annually in the last 26 years. Stranding events are recorded on the New
Zealand Whale and Dolphin Stranding Database, which is maintained by the
DOC. This government organisation has statutory responsibility for management
of marine mammals under the Marine Mammal Protection Act. Its role, obliga-
tions under the Treaty of Waitangi and use of volunteers at mass strandings are
briefly described.
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9.1 Introduction

Marine mammal strandings are a regular occurrence in New Zealand; between 1990
and 2016 an average of 300 stranded annually (New Zealand Whale and Dolphin
Stranding Database, accessed 6th April 2016). Over this period, there have been 308
mass strandings, with 39 of these mass stranding events involving 50 or more ceta-
ceans. One definition of a mass stranding is a stranding involving more than one
cetacean that is not a mother-calf pair (Gercai and Lounsbury in Jepson et al. 2013).
Forty-one species have been recorded as stranding in New Zealand; the commonest
species to strand is the long-finned pilot whale (Globicephala melas, Traill 1809).
Long-finned pilot whales are classified as not threatened in New Zealand by Baker
et al. (2016) and globally as data deficient in the IUCN red list (Taylor et al. 2008).
The largest recorded stranding in New Zealand of 1000 pilot whales (Globicephala
sp.) occurred on Chatham Island in 1918.

The Department of Conservation (DOC) is the central government organisation
charged with promoting conservation of the natural and historic heritage of New
Zealand. DOC has 1637 staff and 60 offices distributed around New Zealand,
including offshore islands (DOC 2015a). DOC has the statutory responsibility of
marine mammal management under the Marine Mammals Protection Act 1978
(MMPA). Also there is a statutory responsibility on DOC in the Conservation Act
1987 (the founding legislation of DOC) to give effect to the principles of the Treaty
of Waitangi. The Treaty of Waitangi is an agreement between Maori (the indigenous
people of New Zealand) and the Crown (i.e. government) signed in 1840. In practi-
cal terms this means that, at a marine mammal stranding, major decisions are made
in partnership between DOC and the local iwi/tribe. It is an offence under the
MMPA to herd or disturb marine mammals without permission from DOC. However,
the penalties do not apply to anyone providing humane care to stranded, sick or
injured marine mammals. While DOC is responsible for marine mammal strand-
ings, assistance is often provided by large numbers of volunteers, some affiliated
with nongovernment organisations, in particular Project Jonah. Project Jonah has
2200 volunteers trained to assist at marine mammal strandings, and many of these
volunteers can be mobilised at short notice (Daren Grover, general manager, Project
Jonah, pers. comm. April 2016). A service level agreement exists between DOC and
Project Jonah, under which Project Jonah has agreed to provide assistance to DOC
and to train people for marine mammal strandings (DOC 2015b). The organisa-
tional structure used by DOC during marine mammal strandings follows the
Coordinated Incident Management System (CIMS) model (NZFS 1998) which is
adaptable to small and large emergency events.

There are five locations in New Zealand where mass strandings have occurred in
high numbers: Northland Region, Mahia Peninsula, Golden Bay, Chatham Islands
and Stewart Island. These five locations account for 84% of cetaceans involved in
mass strandings. Since 1990 nearly 2000 cetaceans have mass stranded in Golden
Bays; this is the highest total of these five locations. New Zealand’s third largest mass
stranding, 345 pilot whales, occurred in Golden Bay in January 1991. Golden Bay
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Fig. 9.1 Map of Golden
Bay. Numbers /, 2, and 3
are locations of strandings
discussed in text as
follows: (1) Puponga,
1991; (2) Bush End Point,
2009; (3) Farewell Spit,
2015. Inset figure shows
location of main map in
New Zealand (Image
credit: Mike Ogle)

(40.6°S, 172.8°E) lies in the north-west corner of the South Island, New Zealand.
Golden Bay has a population of just under 5000 permanent residents (Statistics New
Zealand 2013), but is boosted in summer by seasonal residents and tourists. This
semicircular bay faces east into the South Taranaki Bight, and the entrance (between
the end of Farewell Spit and Separation Point) is 25 km across (Fig. 9.1). At this
broad entrance, the maximum depth is around 35 m, and from this the seafloor grad-
ually slopes up to the shoreline (LINZ 1999). Most of the 90 km shore is comprised
of sandy gently sloping beaches with occasional rocky headlands. However, on the
southern coastline, rocky headlands dominate, separated by small sandy bays. Along
most of the shore, large tidal flats are exposed at low tide. The most extensive tidal
flats are at Farewell Spit; here tidal flats are present along the entire 26 km length of
the spit and at their widest can extend more than 7 km out from the high tide mark.
The maximum difference between low and high tide is 4.5 m (LINZ 2015). The
purpose of this chapter is to illustrate issues of marine mammal welfare at stranding
events through discussion of stranding events in the Golden Bay area, New Zealand.

9.2 Puponga, January 1991

At 8:30 am on January 24, 1991, the Golden Bay DOC office received a report from a
local tour operator that a pod of whales had stranded near Puponga (Stark 1991).
Twenty minutes later it was confirmed that an estimated 200-300 whales had stranded.
The whales had stranded on the tidal flat directly south of Puponga Point, adjacent to
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a river channel (Fig. 9.1 Point 1). Access for people here is relatively easy, with a
coastal road only 400 m from the stranding site. Weather conditions were favourable
for a whale stranding: low cloud and rain, strong wind and very cold temperature.
These conditions would assist in keeping the whales cool and their skin from desiccat-
ing. DOC staff were on the scene from 10:40 am with rescue materials (buckets,
sheets, slings and whale rescue pontoons). Whale rescue pontoons consist of a lifting
mat suspended between two inflatable pontoons and are designed to lift whales of up
to about 2 tons (Project Jonah 2012). The tide had reached its lowest point at 10:30 am
and had started to return. However, it would not be until mid-afternoon that the water
would be deep enough to refloat the whales, and high tide was forecast to be at 4:49 pm.
About 300 volunteers (Nelson Evening Mail 24/1/1991) tended the whales by bucket-
ing water over the whales and covering the whales with wet sheets. At the beginning
of the day, DOC staff had assessed the whales to be in good condition, but despite this
and favourable weather, 20 whales died during the day. As the tide came in and whales
floated, they were guided into a group by the rescuers. The pod was released at approx-
imately 3:30 pm, with almost all of the whales departing as one group.

The exception to this was five whales which swam away before the main pod was
released. These five animals travelled south-west parallel to the coast for 2.5 km to
Taupata Point. Despite attempts with a boat to guide the whales away from shore, the
whales could not be stopped from restranding. Shortly after this, another 40 whales
also stranded at Taupata Point. It was thought that the earlier five whales were respon-
sible for luring the other 40 in to strand (Stark 1991). Rescuers were sent to these
whales, but with the tide now receding, 13 whales could not be moved. To increase the
probability of successfully refloating the other 32 whales that lay in deeper water,
those whales that could not be moved were euthanised. By 6 pm the remaining 32
whales had been guided out beyond the low tide and half an hour later swam out to sea.

The next day during an early morning search by helicopter, 26 whales were
observed stranded at Ferry Point, 15 km south-west of the initial stranding. They
were spread out in two groups, 1 km apart from each other. The whales were kept
wet and cool through the day by DOC staff and volunteers. Refloating begun at
4 pm and the two groups were brought together. For the next 45 min, people made
a human barrier between the whales and the shore, after which the whales appeared
to orientate themselves then headed out to sea.

In the initial stranding on the first day, 345 whales stranded; of these 325 were
refloated and 20 died. Shortly after this first refloating, 45 of these whales restranded,
13 of which died and 32 were refloated. With another restranding of 26 whales the
following day, five more whales died. Of the initial 345 whales stranded, 38 died
and 307 (89%) were successfully refloated.

9.3 Bush End Point, December 2009

From a chartered light aeroplane, on the morning of December 26, 2009, a large pod
of stranded whales were seen at the far eastern end of Farewell Spit at an area
known as Bush End Point (Fig. 9.1, Point 2). The pilot contacted the local air



9 Managing the Welfare of Marine Mammals at Mass Strandings in Golden Bay 141

control staff who forwarded the report to the DOC emergency duty phone. Normally
two DOC staff members would be dispatched to the site to make an initial assess-
ment. However, the site of this stranding was remote and difficult to access; there
was no road, and vehicles could only be driven to the site along the 22 km of beach
during the hours either side of low tide. The condition of the whales at this stage
was unknown. Planning for the worst-case scenario, two additional staff were
included in the initial assessment team to assist with logistics, and two rifles were
taken in case euthanasia was determined to be the best course of action that would
result in the least suffering. On the drive to the site, the four staff members dis-
cussed possible scenarios and the logistical issues these scenarios presented. If the
whales were in suitable condition for refloating, the most difficult logistical consid-
eration would be getting enough volunteers quickly to the site. A local tour com-
pany did have buses which regularly travelled along the beach to this far end of the
spit. However, given that the next high tide was at 5:40 pm (and it would not be
possible to drive along the beach 1-2 h before this), it was highly unlikely that
enough volunteers could be transported to the stranding site in time to attempt
refloating the whales on that evening’s high tide. While there was limited accom-
modation associated with the lighthouse at the eastern end of the spit, it would not
be enough for the anticipated number of volunteers that would be required to under-
take a successful refloating of the pod. If volunteers were taken to the stranding site
to attempt a refloat, they would need to be completely self-sufficient, including
food, water, hygiene and shelter.

The initial assessment team, including the author, arrived on site at approxi-
mately 11 am. The pod was scattered over an area of approximately 4 km x 1 km,
across a broad expanse of sandy tidal flat. The sunny, warm and windy weather
conditions were not favourable for stranded whales. Without regular wetting, ceta-
cean skin in these conditions soon desiccates, blisters and then peels (Fig. 9.2). At

Fig. 9.2 Without regular wetting, stranded cetacean skin in exposed warm, sunny and windy con-
ditions soon desiccates, blisters and then peels. Dead pilot whales, from a pod of 105, Bush End
Point 28/12/2009. Image credit: Greg Napp/DOC
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this time, an automated weather station, 2 km from the stranding site, recorded an
air temperature of 22 °C and a wind speed of 32 km/h, and no rain had fallen in the
past 5 days (NIWA 2016). The first few pilot whales approached were already
deceased. Carcasses were in the early stages of decomposition, some with up to a
third of the skin dried and peeled off. However, some were still alive, but in very
poor condition with blistered and/or peeling skin and showing signs of distress.
Given the physical state of the whales, it was likely they had been stranded for at
least 1 day, possibly 2. Experience from previous strandings led the team to con-
clude that it was unlikely the surviving whales would live much longer. The deci-
sion was made to euthanise the surviving 26 whales to avoid the whales enduring a
slow and painful death. This was carried out following DOC guidelines (Boren
2012) by experienced staff using the rifle. A total of 105 pilot whales had stranded,
ranging in size from 1.97 to 5.9 m in length. Two years later 21 pilot whales stranded
at the same site; when they were eventually discovered, they were all already dead.

9.4 Farewell Spit, February 2015

At 10:50 am Friday morning of February 13, 2016, a staff member of the cafe near
the base of Farewell Spit phoned the Golden Bay DOC office to report seeing a pod
of over 30 whales or dolphins. He said the pod was 3—4 km away, stranded on the
tidal flats of the inner beach (DOC 2015c¢). At this time, heat haze and distortion
across the exposed tidal flats at that distance would have made the stranded ceta-
ceans difficult to see and hence difficult to count accurately.

Two DOC staff members, including the author, were dispatched to assess the
situation and arrived at the stranding site an hour after receiving the report. The
distance from the base of the spit (and also the end of the road) to where whales
were stranded was 6 km (Fig. 9.1, Point 3). A large pod of pilot whales was spread
out in a nearly 1 km long strip of animals, orientated parallel to shore and about
500 m out from the high tide mark in the tidal sand flat. An estimate was made from
the top of a high dune of 143 whales, but there were several dense groupings, mak-
ing an accurate count difficult. This information was communicated to the DOC
office in Takaka, where preparations had already begun. By 1 pm an accurate count
was made while walking through the pod; the revised (and final) total was now 198
whales, of which 24 were dead. The skin of some of the live whales had already
formed blisters, due to desiccation from wind, sun and heat. More DOC staff soon
arrived, and the local Farewell Spit tour company delivered the first bus load of 34
volunteers at 2:20 pm. Three more bus loads of volunteers arrived over the next 2 h,
and a few volunteers had walked the 6 km along the beach from the road end. High
tide was predicted to occur at 5:20 pm and to reach a peak tide level at the same
height as that morning’s high tide. The incoming tide reached the first whales at
about 2:45 pm, and by 4:30 pm about 75% of the pod was floating. At this stage
there were approximately 100 volunteers and DOC staff on-site and around 170 live
whales. Ideally, at this phase of a stranding, two people wearing wetsuits would be
required per whale, to guide and hold the whales in chest deep water for up to an
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hour until the whales have recovered sufficiently from the stresses of stranding to
regroup as a pod and propel themselves back out towards sea. However, at this
stage, not only were there not enough people, but some of the volunteers had already
become cold and exhausted whilst providing initial care to the stranded whales and
so could not safely stay in the water for long. At 5:20 pm the tide started to recede,
and while a good number of whales had been directed out away from shore, many
were still stranded or had restranded. A count at 7 pm gave a total of 88 dead and 12
stranded live whales. Of these live whales, two were in very poor condition, having
more than one third of their skin peeled off as a result of desiccation and abrasion;
both these animals were euthanised that evening. Two more died overnight, and the
remaining eight were in such poor condition by Saturday morning that these were
also euthanised.

At 9:45 pm that Friday night, 81 stranded whales were found by a Project Jonah
volunteer, 6 km west of the initial stranding site and only 1 km from the road end.
This group of whales was most likely from those that had been refloated a few hours
earlier. In the past severe injuries (e.g. broken thigh bone, knocked unconscious)
have occurred to people working at night around stranded whales in Golden Bay.
Since then it has been the policy to not work around stranded whales at night. So at
first light, Saturday morning, people began tending to the whales, keeping them wet
and ‘up-righting’ them. By this time 14 of these whales had died, and one more was
to die later in the day. High tide was not expected until 6 pm and the whales needed
to be kept cool and wet until the tide could reach them at about 4 pm. By 9:25 am,
there were about 150 volunteers tending the whales, and this increased to well over
200 volunteers by 11:30 am (Fig. 9.3).

Fig. 9.3 Volunteers keeping stranded long-finned pilot whale (Globicephala melas) wet and cool
at Farewell Spit, New Zealand, February 2015 (Image credit: Murray Hedwig)
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The numbers of volunteers continued to increase through the day with over 400
on-site by 1:45 pm (Daren Grover, Project Jonah, pers. comm.). About 100 volun-
teers in wetsuits were briefed at 3:30 pm on the refloating phase; following this they
proceeded to the whales, where the incoming tide had just arrived. When whales are
first beginning to refloat, people will often endeavour to keep calves paired with the
adult whale it was stranded next to. However, genetic and spatial analysis of stranded
whales has shown that calves are often separated from their mothers at strandings
(Oremus et al. 2013). Half an hour before the forecast high tide time, many of the
larger whales were still not floating and so unable to be moved to deeper water. As
high tides vary with many factors and do not always occur at the height or exact time
predicted, there was no certainty that the tide would rise any further. Therefore,
rather than the usual orderly process of herding whales together then releasing as
one group, whales were urgently moved (some using slings and whale rescue pon-
toons on the larger whales) to a nearby narrow shallow channel that led out to sea
(Fig. 9.4).

The end result was that many of the pods were released individually, rather than
one large group. Earlier, one whale had been moved in a whale rescue pontoon out
to a boat and was used as a ‘lure’ for the other whales. To the staff on the boat, there
was no clear indication whether this ‘lead’ whale had any effect on the remaining
whales or not. The boat stayed with the whales until 7:45 pm, when the whales were
last seen ‘swimming well’ and heading out to sea. The total number of whales

Fig. 9.4 Volunteers guide a pilot whale to deeper water, Farewell Spit 4 pm 14/2/2015 (Image
credit: Nadia Steenhouwer, Project Jonah NZ)
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successfully refloated on this occasion was 66. From the previous evening 12 whales
were unaccounted for and also assumed to have successfully refloated. Out of 198
whales of the initial stranding and over 2 days, a total of 78 whales (39%) were
assumed to have been successfully refloated and swum back out to sea.

9.5 Discussion

There are many theories for the causes of marine mammal strandings; for examples
see those referenced in Evans et al. (2005), Oremus et al. (2013) and Jepson et al.
(2013). Many of these theories are difficult to prove and may or may not be relevant
for Golden Bay. Nearshore topography is often mentioned as a possible cause of
mass stranding. The key topographical features of Golden Bay are its semicircular
shape and gently sloping seafloor. This has often resulted in Golden Bay being
called a ‘whale trap’. Another possibility may be that, because the bay is sheltered
from large ocean swells and has gently sloping beaches, sick whales intentionally
come here to rest (or die) and are followed in by their pod which then strands.

As illustrated by the stranding survival rates in the three Golden Bay examples
detailed in this chapter, the proportion of whales that survive a stranding can be
highly variable. Survival rates at mass strandings for all of New Zealand (1990-
2016) also tend to extremes, with 56% of strandings having no survivors (100%
mortality) and 15% of strandings in which animals all survive (0% mortality). The
survival rates for all documented strandings are spread almost evenly between the
two extremes, indicating that many factors are likely at play in determining the
‘outcome’ for a stranded animal. One key factor influencing mass stranding survival
rate in many cases is likely to be the time elapsed between when whales first strand
and when people start providing care (i.e. wetting and cooling). This factor may
account for the lower survival rates recorded for locations where the human popula-
tion is low and access is difficult (e.g. Chatham Islands, Stewart Island and
Fiordland), compared to the higher survival rates near well-populated and accessi-
ble areas.

Maximising the survival rate of stranded marine mammals is a key focus for
those DOC staff involved in strandings. Current plans to improve stranding survival
rates include trialling a purpose-designed wheeled gantry, built by A-Ward
Attachments Ltd (Auckland, New Zealand), for lifting stranded whales and trans-
porting them across tidal flats. A protocol is in place with Massey University, to trial
the use of ‘on the beach’ blood analysis of stranded pilot whales (similar to what has
been done for dolphins at Cape Cod (Sharp et al. 2014)), to aid in health assessment
and triage of the stranded individuals, and proposals to satellite track refloated pilot
whales to confirm post release survival have recently been discussed. However, the
key factor in maximising mass stranding survival rate is likely to be early detection,
followed by rapid deployment of large numbers of volunteers to keep the whales or
dolphins wet and cool.
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Chapter 10
Social Change in Cetacean Populations
Resulting from Human Influences

Philippa Brakes

Abstract Group living has a number of potential ecological and animal welfare
benefits. The social environment of the 90 or so species (http://www.iucn-csg.org/
index.php/status-of-the-worlds-cetaceans/) of cetaceans is highly diverse, ranging
from the complex third-order alliances of male bottlenose dolphins (Tursiops sp.),
to the matrilineal societies of pilot whales (Globicephala sp.), to the apparently
less social beaked whale species. Nevertheless, even for some beaked whales,
there is evidence of stable group associations. For larger, long-lived or wide-rang-
ing species, such as blue whales (Balaenoptera musculus), there are also important
spatio-temporal considerations for interpretation of behaviour and associations.
As a result of the differing social structures and the opportunity for the transmis-
sion of social information, the relationship between sociality and welfare in this
order of mammals is multifaceted. Sociality and social dynamics have the poten-
tial to influence individual and group welfare in both a positive and negative man-
ner, and there are complex relationships between sociality, the impacts of
human-induced rapid environmental change and the welfare of cetaceans.
E.O. Wilson listed ten ‘qualities’ of sociality. Although used to classify animal
societies according to their degree of sociality, some of these features also provide
a useful roadmap for evaluating the importance of sociality for individual and
group welfare. They are used here to examine the interplay between sociality, wel-
fare and environmental change. The importance of the transmission of social infor-
mation, culture and specific behaviours, such as play, is also explored within the
context of environmental change and cetacean welfare. It is concluded that a more
comprehensive understanding of the social mechanisms operating within and
between cetacean social groups will enable a fuller understanding of the welfare

P. Brakes
Whale and Dolphin Conservation, 38 St. Paul Street, Chippenham, Wiltshire, UK

Centre for Ecology and Conservation, University of Exeter, Penryn Campus, Cornwall, UK
e-mail: philippa.brakes @whales.org

© Springer International Publishing AG 2017 147
A. Butterworth (ed.), Marine Mammal Welfare, Animal Welfare 17,
DOI 10.1007/978-3-319-46994-2_10


http://www.iucn-csg.org/index.php/status-of-the-worlds-cetaceans/
http://www.iucn-csg.org/index.php/status-of-the-worlds-cetaceans/
mailto:philippa.brakes@whales.org

148 P. Brakes

implications of human-induced rapid environmental change. Alongside more tra-
ditional measures of welfare, such as body condition and disease, aspects of soci-
ality may also provide important indicators for establishing welfare condition in
these highly social species.

10.1 Introduction

The behaviour of cetaceans is influenced by both extrinsic and intrinsic factors. An
important extrinsic influence, which potentially affects their welfare, is the social
environment. The social environment has been described as being comprised of non-
random and heterogeneous social interactions (Krause and Ruxton 2002; Croft et al.
2008). The social environment of the 90 or so species (IUCN 2016) of cetaceans is
highly diverse, ranging from the complex third-order alliances of male bottlenose
dolphins (Tursiops sp.) (Connor and Kriitzen 2015), to the matrilineal societies of
pilot whales (Globicephala sp.) (Amos et al. 1993; de Stephanis et al. 2008), to the
apparently less social beaked whale species. Nevertheless, even for some beaked
whales, there is evidence of stable group associations (Fedutin et al. 2015). For
larger, long-lived or wide-ranging species, such as blue whales (Balaenoptera mus-
culus), there are also important spatio-temporal considerations for interpretation of
behaviour and associations (Lomac-Macnair and Smultea 2016).

As a result of the differing social structures and the opportunity for the transmis-
sion of social information, the relationship between sociality and welfare in this
order of mammals is multifaceted. This chapter will first examine how sociality and
social dynamics have the potential to influence individual and group welfare in both
positive and negative ways and then will explore the relationships between sociality,
the impacts of human-induced rapid environmental change (HIREC) (Sih et al.
2011) and the welfare of cetaceans.

10.2 Benefits of Group Living

Group living has a number of potential ecological and animal welfare benefits, which
include: predator defence, cooperative foraging, mating opportunities and reduced vul-
nerability to infanticide (Silk 2007). But living in groups can also incur costs that are
important to welfare considerations: by facilitating the spread of disease, or increased
parasite burdens, or through increased conspicuousness to predators and competition
for resources (Krause and Ruxton 2002). Whilst the interplay between behavioural
ecology and conservation of marine mammals is a developing field (Brakes and Dall
2016), beyond spread of disease or parasites, the importance of sociality is often over-
looked when developing welfare metrics for wild marine mammal populations.
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Group living, and in particular social structure and social information use, can
influence fitness, gene flow and spatial distribution (Wilson 1975; Dall et al. 2005),
all of which may have welfare implications. E.O. Wilson listed ten ‘qualities’ of
sociality: group size, demographic distribution, cohesiveness, patterns of connect-
edness through communication, permeability of movement between social groups,
the extent to which the population contains distinct social units, differentiation into
social roles, integration of behaviour, information flow and the percentage of time
devoted to social behaviour. Whilst these characteristics have been used to classify
animal societies according to their degree of sociality, some of these features also
provide a useful roadmap or framework for evaluating the importance of sociality
for individual and group welfare (see Table 10.1).

Table 10.1 Wilson’s ten ‘qualities’ of sociality (Wilson 1975) and welfare considerations for
cetaceans

Quality Welfare considerations

Group size Welfare benefits may include predator defence, cooperative foraging,
mating opportunities and reduced vulnerability to infanticide (after
Silk 2007). Here ‘group’ is defined as ‘animals that actively achieve or
maintain spatiotemporal proximity’ (after Whitehead 2008). However,
some of these welfare benefits may also be obtained in aggregations,
which are not the result of social interaction but instead result from
patchy resource distribution

Demographic Populations and social groups may to some extent be robust to
distribution fluctuations in demographic distribution (from a welfare perspective),
but this may depend on the extent and duration of parental and
alloparental care and the social role of older individuals in predator
defence or resource acquisition (Johnstone and Cant 2010; Whitehead
2015)

Cohesiveness Wilson (1975) suggested that the proximity of individuals may be used
as an index of sociality. Today the more common measure is the rate
of interactions (Whitehead 2008). If the rate of interactions correlates
with social behaviours, such as cooperative foraging, then it may
follow that successful feeding could be correlated with interaction rate

Patterns of Cetaceans live in an aqueous medium, communicating through sound
connectedness through | and touch, with some species using echolocation. As a result they
communication interpret their world principally through sound. Communication is

central to sociality, and as well as communicating vocally and through
touch, there is some evidence that dolphins may eavesdrop on the
echolocation of others (Gregg et al. 2007). Communication may also
be important for the transmission of information, which may in turn be
relevant to welfare, specifically where this relates to resource

acquisition
Permeability of May be important in relation to the spread of information between
movement between social groups, which may also be relevant to welfare in terms of
social groups information about predators and resource acquisition

(continued)
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Table 10.1 (continued)

Quality Welfare considerations

Distinct social units Potentially relevant to the emergence of unique social behaviours and
cultures. Resilience to environmental change may depend on the
degree of behavioural plasticity exhibited within distinct social units
and how plastic or conservative these social units are (in terms of
information and social structure) in the face of external pressures

(CMS 2014)
Differentiation into Female pilot and killer whales exhibit a post-reproductive phase,
social roles indicating an import role within their social groups (Johnstone and

Cant 2010). This is supported by evidence that post-reproductive
female orcas boost the fitness of kin (Brent et al. 2015). The removal
of individuals with key social roles may have welfare repercussions for
their social group (Williams and Lusseau 2006)

Integration of Whitehead (2008) argues that measuring synchrony may be one way
behaviour to examine integration of behaviour. The welfare implications of
synchronous behaviour in cetaceans have not yet been extensively
examined, but synchrony likely influences energy expenditure whilst
travelling and hunting

It may also be useful to examine how fluctuating asymmetry (FA)
(Tomkins and Andrews 2001; Swaddle 2003) varies in relation to
synchronous and other integrated behaviours. For example, FA may
provide some insights in the distribution of personality types (Fink
et al. 2005) within a social group, with potential consequences for
individual and group welfare

Information flow May be relevant to resilience, particularly in relation to innovative
foraging techniques, resources patches and safe habitat (McNamara
and Dall 2010; CMS 2014)

Time devoted to social | The welfare implications of the proportion of time devoted to social
behaviour behaviour depend on the cost and benefits to the individual of
spending time exhibiting that behaviour, which may be contingent on
the other qualities of sociality identified by Wilson (1975)

For example, female pilot and killer whales exhibit a post-reproductive phase—a
developmental stage extremely rare in mammals—which indicates that these older
females have an important role within their social group (Johnstone and Cant 2010).
This is supported by evidence that post-reproductive female killer whales boost the
fitness of kin (possibly through the transfer of ecological knowledge, for example
about foraging) (Brent et al. 2015). There is also complex interplay between ceta-
cean social structure and the transmission of social knowledge (Cantor and
Whitehead 2013). We do not yet understand the short- and long-term effects on
individual welfare of disrupting such complex social systems.

Nevertheless, the buffering effects of social support are well recognised in our
own species and, it is argued, are also relevant to farm animal welfare (Rault 2012).
Since sociality itself evolved in response to various environmental challenges
(Wilson 1975), it is perhaps to be expected that social support would be relevant to
the welfare of many other species.
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10.3 Social Learning and Social Information Use

For species that learn in social groups, the spread of information through social
learning may be a key determinant of some responses to HIREC (Sih et al. 2011;
Sih 2013). However, the importance of social information and social learning in
relation to animal welfare has received little attention. Nevertheless, social learning
is important in many mammalian species (Thornton and Clutton-Brock 2011), and
it is likely that both opportunities for innovation and transmission of social informa-
tion in the wild have implications for welfare, by enabling resilience to ecological
and anthropogenic stressors. An example is the diversification of foraging strate-
gies, through the use of tools, such as the sponges used by some bottlenose dolphins
to assist foraging (Kriitzen et al. 2014).

As well as providing alternative prey items and potentially a more diverse diet,
diverse foraging strategies could potentially provide latent resilience in the event that
a particular prey type becomes unavailable. In contrast, the southern resident popula-
tion of killer whales (Orcinus orca), which have developed a feeding specialisation
on chinook salmon (Oncorhynchus tshawytscha), may be less resilient to fluctua-
tions in prey abundance as a result of their cultural conservatism (Whitehead 2010).

Nevertheless, whilst social learning acts much faster than the intergeneration
process of natural selection of genes and may play an important role in species’
response to rapidly changing environments, other factors may also be at play. It is
important to distinguish these other influences, such as local enhancement. The
transmission of information in response to HIREC may also lead to maladaptive
behaviours (Tuomainen and Candolin 2011). For example, sperm whale (Physeter
microcephalus) depredation of sablefish from demersal longlines in the Alaskan
fishery may be the result of social learning, but the fishing vessels may themselves
be providing an acoustic cue (Thode et al. 2014). Whilst the welfare outcomes for
these whales remain the same (potential entanglement), understanding the mecha-
nisms associated with the behaviour can provide important insights for mitigation.

10.4 Culture

Social learning can result in persistent behavioural traits within a social group. It has
been argued by Whitehead and Rendell (2015) that culture arising from social learn-
ing is widespread across many cetacean species. They define culture as: information
or behaviours—shared within a community—which are acquired from conspecifics
through some form of social learning.

The relationship between culture and individual and group welfare may be com-
plex. There is good evidence that in some cetacean species, such as sperm and killer
whales, cultural behaviour helps to shape both social relationships and social struc-
ture (Cantor et al. 2015) and potentially helps to develop symbolic markers of group
identity (Whitehead and Rendell 2015). The welfare implications of disrupting
these social systems are not yet well understood.



152 P. Brakes

Although stranding behaviour may have various causes, it has also been sug-
gested that there may be a link between conformist cultures and mass stranding in
some odontocete (toothed whale) species (Rendell and Whitehead 2001). In the
short-term, maladaptive cultural behaviour can evolve much more rapidly that
genetic selection can counter it (Richerson and Boyd 2005; Whitehead 2010). The
transmission of maladaptive behaviour arising as the result of human activities may
have consequences for both individual and group welfare through lack of capacity
to adapt rapidly to human-induced change.

10.5 Human Activities, Cetacean Sociality and Welfare

HIREC is now a widely acknowledged phenomenon (Sih et al. 2011), and there are
few terrestrial or marine habitats that are not in some way affected by human activi-
ties. There are many ways that human activities can influence habitat quality, from
climate change and ocean acidification, pollution, degradation of habitats, to deple-
tion of prey by fisheries. One challenge for evaluating the animal welfare implica-
tions of HIREC is determining which aspects of sociality may be the most vulnerable
to human-induced change and which anthropogenic threats are likely to impact
sociality in the most significant ways. The behavioural domains which may be influ-
enced by HIREC include: communication, foraging, migration and habitat use. The
disruption of any of these behaviours has potential welfare implications.

Acute, direct threats to individual welfare, such as hunting and by-catch, may
result in the removal of individuals that have a specific social role (Williams and
Lusseau 2006). The impact of indirect threats, such as noise pollution, may influ-
ence the welfare of entire social groups in a chronic manner. However, welfare
outcomes may be contingent on the ‘strength’ of the threat, since intense anthropo-
genic noise can result in acute, as well as chronic, welfare issues for cetaceans, and
hunting may have long-term impacts beyond the loss of individual animals. As a
result, there are no rules to follow when considering the impacts of HIREC on ceta-
cean sociality, and each case must be evaluated independently. Nevertheless, there
are some specific issues worth considering.

10.6 Noise and Sociality

One of the most important ways in which sociality, habitat and HIREC intersect for
cetaceans is through the increase of anthropogenic noise in the oceans. Noise may
have particularly profound effects on welfare if it has an influence on habitat selec-
tion or communication. Although ocean noise is a natural phenomenon, there is
evidence that humpback whales (Megaptera novaeangliae) may not be able to cope
with an increase in anthropogenic noise in the same way that they seem able to off-
set fluctuations in natural noise (Dunlop 2016). There is also strong evidence for



10  Social Change in Cetacean Populations Resulting from Human Influences 153

auditory masking in some marine mammal populations (Erbe et al. 2015), which
may result in changes in call rate or frequency. Interference with communication
has unknown welfare implications, but it is conceivable that this type of disruption
could influence cooperative behaviour (such as cooperative feeding strategies) or
limit the ability to find a suitable mate or warn others about the presence of
predators.

10.7 Removals Through Hunting and By-Catch

The welfare issues associated with hunting of cetaceans and incidental by-catch
have been explored extensively (Bass and Brakes 2013). However, there may also
be more subtle effects for social groups which should also be considered. For exam-
ple, the removal of individuals that act as repositories of social knowledge may have
welfare implications for their social group, beyond simple individual removals,
which may have repercussions for subsequent generations, as evidenced in elephant
social groups (McComb et al. 2001; Shannon et al. 2013).

There is good evidence from mitochondrial DNA that the calves of some species
of baleen whale learn migration routes from their mothers (Carroll et al. 2011;
Baker et al. 2013; Carroll et al. 2014). This social learning is thought to happen at a
key stage in calf development. If this process is interrupted by significant removals
through hunting, this may result in the loss of cultural knowledge, potentially an
impediment to range recovery following exploitation (Clapham et al. 2008). In
addition to the conservation issues associated with loss of cultural knowledge (CMS
2014), there are also related welfare concerns, particularly if knowledge about criti-
cal feeding habitat or safe havens from predators is lost.

In addition to the potential to remove key individuals who act as repositories for
cultural knowledge, removing individuals from social groups has other welfare
implications, such as leaving behind dependents. The plight of suckling calves
whose mothers have been killed is often considered a welfare priority, but there may
be other dependents within social groups which rely on social support, such as
elderly or injured individuals, although these individuals may be difficult to iden-
tify. In addition, for those species that exhibit alloparental care (Best et al. 2015;
Sakai et al. 2016), the welfare consequences of disruption to social networks are not
yet well understood.

10.8 Pollution

The oceans are now replete with xenobiotic compounds (non-biological, chemical
compounds foreign to living organisms). Residing at the top, or near the top of food
chains, cetaceans are particularly vulnerable to bioaccumulation of chemical pollut-
ants (for a full discussion of anthropogenic threats to cetaceans, see Brakes and
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Simmonds 2013). Marine debris is also an increasing area of concern, although the
full extent of the threat from ingested plastics and other marine debris remains
unclear (Simmonds 2012). Some welfare implications are evident, through entan-
glement and ingestion, but the implications of pollution for sociality, and resulting
impact on welfare, are unknown. We do know that pollution and marine debris can
degrade habitat quality which may have implications for how whales and dolphins
use space, and it has been argued that such effects deprive wildlife of ‘life-sustaining
habitat’ (Paquet and Darimont 2010).

In addition, there is some evidence that certain types of chemical pollution may
cause immunosuppression and reproductive impairment (Reijnders 1996; Houde
et al. 2005), which may have implications for the social transmission of disease
within and between social groups and potentially, reproductive behaviour.

10.9 Disturbance and Anthropo-Dependence

Persistent disturbance from vessel activity can lead to habituation or displacement
from critical habitat. Research with North Atlantic right whales has indicated that
whilst they showed little or no behavioural response to approaching vessels, they
reacted mildly to the vocalisations of conspecifics and strongly to an experimental
alert signal (Nowacek et al. 2004).

On the other hand, HIREC can also provide novel foraging opportunities for
cetaceans, e.g. through provisioning (i.e. supplying opportunities for foraging, such
as from trawler discards) (Mann and Kemps 2003) or cooperative fishing (Daura-
Jorge et al. 2012). Such activities can create what has been termed anthropo-
dependence (CMS 2014). Over time these human influences could change social
structure and behaviour (Donaldson et al. 2012; Ansmann et al. 2012) or potentially
create vulnerability within the social group involved, if the human activity were to
change or cease.

10.10 Human Influences on Play Behaviour

Play is a widespread behaviour in mammals and there are many examples of
object play among wild odontocetes (Kuczaj and Eskelinen 2014). Play has an
important role in ontogeny (an organism’s development). It is essential for social
development and for learning motor skills that will be important for survival
(Janik 2015). It is also important for developing social relationships and under-
standing social dynamics and may be an important aspect of alliance formation.
As aresult, although play frequency may decrease with age, play may have a role
in ensuring good welfare of an individual throughout their life cycle (Held and
Spinka 2011).
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Fig. 10.1 Tail-walking behaviour in a bottlenose dolphin from Port Adelaide, Australia, learnt
during rehabilitation in captivity, and transmitted some years later through a social group when the
individual was returned to the wild. The behaviour may be play, but its transmission could poten-
tially develop into an ethnic marker within the social group. Image credit: Mike Bossley

It is easy to misinterpret apparently exuberant behaviour in dolphins as play, but
some behaviours, such as bow riding or creating bubble rings, in the absence of
alternative explanations do strongly point towards play (Janik 2015) (Fig. 10.1).

Whilst there are few empirical studies on how play behaviour in cetaceans may
be disrupted in the wild by human activities, disturbance and harassment are some
of the activities most likely to have long-term effects on play behaviour. Marine
mammals exhibit play behaviour under a wide range of natural circumstances, but
where baseline data are available, cases of chronic disturbance should be examined
for influence on diversity and frequency of play among all age cohorts.

10.11 Morality, Sociality and Welfare

It has been argued cogently that species other than our own have the capacity for
moral behaviour and that morality has the potential for evolutionary advantage
(Broom 2006). Moral behaviours include behaviours such as cooperation,
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empathetic and justice behaviours, where moral behaviour is defined as ‘a suite of
interrelated other-regarding behaviours that cultivate and regulate complex interac-
tions within social groups’ (Bekoff and Pierce 2009; Pierce and Bekoff 2012). The
manner in which sperm whales moderate the use of their echolocation clicks (the
most powerful sonar in the animal kingdom) has been suggested as an example of
moral agency in cetaceans. In some regions these whales hunt in fairly compact
groups, and it is thought that the potential risk of harming a conspecific through this
intense sound production, specifically damaging others hearing, may be mitigated
by socially learnt ‘codes of conduct’ within the group (for more examples of poten-
tially moral behaviour in cetaceans, see Whitehead and Rendell 2015).

On first inspection, the topic of animal morality seems tangential to the issue of
animal sociality and animal welfare. Nevertheless, a closer examination reveals
some important intersections. Since social relationships and networks can add pro-
ductivity to certain activities (Corning 2012), it follows that such productivity may
have welfare implications and may be contingent on individuals within a network
sticking to some rules of engagement. It is also conceivable that a threshold popula-
tion size would be required for a particular moral framework to develop and be
maintained within animal societies. Arguably, there is some reciprocal adaptive
advantage between moral behaviours and living in social groups, in that sociality is
required for the development of moral codes and moral codes themselves can assist
social living and individual welfare.

Hal Whitehead argues in relation to mass stranding of some odontocete species
that ‘cultural group conformity in movement patterns may override an individual’s
survival instincts when the group gets into trouble’ (further described in Brakes and
Simmonds 2013). This suggestion that social cohesion may override individual
interests is conceptually challenging and certainly very difficult to test empirically.
But such intense cohesion could potentially have adaptive advantage in other cir-
cumstances, and if accurate, this could also have far-reaching welfare implications
in terms of social group size and composition.

10.12 Cognition, Human Influences and Welfare

It is argued that the responses of wildlife to human influence, and human environ-
mental change, are governed by cognitive processes ranging from perceptual pro-
cesses to learnt behaviour. A better understanding of these cognitive processes can
be utilised to reduce human impacts on wildlife (Greggor et al. 2014). By the same
rationale, if cognition underlies a behaviour that is relevant to welfare, then under-
standing these cognitive processes may help in achieving better welfare outcomes
for wild cetaceans.

Greggor et al. (2014) argue that mitigation methods used to stop birds colliding
with human structures, such as wind farms, will only be effective if they are reliably
perceived by the birds and that this perception is rapidly learnt (both of which are
cognitive processes). Their argument is that ‘cognitive theory can thus help predict
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how best to manipulate and exploit attentional biases, innate responses, and learning
tendencies to enhance conservation efforts’. The question then, from the perspective
of the social aspects of cetacean welfare, is: how can a better understanding of ceta-
cean cognitive processes inform mitigation efforts from human impacts such as
entanglement, or in areas where there is a high risk of ship strikes, so that nets,
approaching boats or hazardous habitat can be reliably perceived, and the associated
danger rapidly learnt by individuals, reacted to and then possibly transmitted?

10.13 Conclusions

Sociality is important for evaluating the impact of human activities on animal wel-
fare (see Table 10.2). For highly social species, which demonstrate high-order cog-
nitive capacities, such as cetaceans, this may be a particularly important
consideration. Knowledge about sociality may lead to better understanding of their
cognitive processes, and this may in turn facilitate better mitigation methods for
protecting individual and group welfare.

There is an indisputable and important link between animal welfare and conser-
vation outcomes. Collaboration between these two fields and incorporation of some
of the emerging knowledge on cetacean sociality are likely to enable better out-
comes for individuals, social groups and potentially populations.

Broom argues that the term humane can be applied where the treatment of ani-
mals is such that ‘their welfare is good to a certain high degree’ (Broom 2013). With
our developing understanding of the complexity of some cetacean societies and the
importance of certain associations for individual and group welfare, human activi-
ties in the ocean cannot be determined as ‘humane’ (using Broom’s definition) if
they interfere with social structure and processes. A better understanding of how
human activities influence the welfare of cetaceans will only be achieved when
aspects of sociality are also taken into consideration, alongside the range of more
traditional welfare indicators such as body condition, wounding and disease.

Table 10.2 Summary of importance of social living for cetacean welfare

Positive Negative
Resilience to change and adaptation Conservative cultures may hinder adaptation and
through social learning resilience

Potential for spread of maladaptive behaviour
through social learning

Individuals may act as repositories of Vulnerability from removal of repositories of social
social knowledge for the social group knowledge or individuals with specific role
Potential for alloparental care in some Vulnerability of some cohorts and dependents if
species ‘carers’ are removed

Predator defence and foraging Foraging competition

cooperation

Disease transmission
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Chapter 11
Cetaceans in Captivity

Rob Lott and Cathy Williamson

Abstract Several species (and over 3000 individuals) of small cetacean are held in
captivity around the world, primarily for public display and entertainment. Scientific
evidence strongly supports concerns about individual animals’ welfare, including
mental and physical health. Conditions in captivity cannot meet an individual’s bio-
logical needs, and restricted space, a limited social environment, artificial surround-
ings and behavioural restrictions all contribute to stress and early mortality. Wild
cetacean populations in some countries are targeted by live captures to supply the
public display industry, presenting a risk to conservation as well as welfare. Public
opinion is shifting on cetacean captivity and may signal a change in the way ceta-
ceans are held in captivity in the future.

11.1 Introduction

The capture and confinement of cetaceans presents a challenge to marine mammal
welfare. The most commonly held cetaceans in captivity are belugas (Delphinapterus
leucas), bottlenose dolphins (Tursiops truncatus or Tursiops aduncus) and orcas or
killer whales (Orcinus orca). Other species, including finless porpoises
(Neophocaena phocaenoides), harbour porpoises (Phocoena phocoena), Indo-
Pacific humpbacked dolphins (Sousa chinensis), Irrawaddy dolphins (Orcaella bre-
virostris), Pacific white-sided dolphins (Lagenorhynchus obliquidens), Risso’s
dolphins (Grampus griseus) and short-finned pilot whales (Globicephala macro-
rhynchus), are among those species which are also held in captivity (Couquiaud
2005; Ceta-Base 2016a).
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While a few of these small cetacean species are held for research or even military
purposes, the vast majority are held for public display and entertainment in stand-
alone commercial facilities (‘dolphinaria’) or as exhibits in zoos or aquaria (Reeves
and Fisher 2005). The majority of such facilities use the cetaceans in circus-style
shows featuring tricks that bear little resemblance to the types of behaviour seen in
wild cetaceans or which present a trained or choreographed version of ‘wild-type’
behaviours. An increasing number of facilities also offer interaction programmes
where members of the public feed, touch or enter the cetacean enclosure to wade or
swim with the individuals held (Whale and Dolphin Conservation 2015).

At least 3000 individual cetaceans are held in more than 50 countries around the
world and in well over 300 facilities (Ceta-Base 2016a). In most countries where
cetaceans are held, there is no official reporting system, and so the exact numbers of
captive animals are hard to determine (Whale and Dolphin Conservation 2015;
Whale and Dolphin Conservation Society 2009).

Welfare science is a growing field, and it is only recently that the first steps have
been taken to quantify and systematically measure welfare among captive cetaceans
(Clegg et al. 2015). Nevertheless, scientific evidence strongly supports a number of
concerns relating to mental and physical health among captive cetaceans, all of
which can have potentially negative impacts on an individual’s welfare or wellbeing
and, ultimately, on the animal’s health and mortality (Rose 2014; Waples and Gales
2002; Maas 2000; Small and DeMaster 1995a). 111 health is difficult to diagnose in
captive cetaceans (Rose et al. 2009) as clinical signs are often very subtle or are
masked. It is not uncommon for dolphinarium staff to find an individual who is
initially lacking in appetite, dying one or two days later and before any cause can be
determined or treatment administered (Blake 2012). Furthermore, the lack of col-
lated available data on captive cetaceans, and of their physiological, behavioural,
survival and reproductive data (Whale and Dolphin Conservation 2015), currently
makes effective welfare assessment problematic.

The primary threat to a cetacean’s welfare in captivity is the zoo or aquarium’s
inability to provide a species-specific environment that meets an individual animal’s
biological needs (Whale and Dolphin Conservation 2015). Restricted space, a lim-
ited social environment, artificial surroundings and behavioural restrictions all con-
tribute risk factors for stress, may contribute to abnormal behavioural changes,
affect the health of the animals, necessitate the use of tranquilisers and result in
early mortality in some animals (Maas 2000; Noda et al. 2007; Knight 2013).

11.2 Restrictive Space

In the wild, cetaceans are almost always in motion, even when resting. Many travel
great distances every day, in search of food and for other activities. This is natural
behaviour, for which they have adapted physically and behaviourally. Captive
facilities provide only a fraction of the space across which a cetacean would travel
in the wild (Tyack 2009). Bottlenose dolphins can travel tens of kilometres a day
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CAPTIVE

An orca at SeaWorld would have to swim the circumference
of the main pool more than IO times to match the
equivalent daily distance travelled in the wild.

Fig. 11.1 The equivalent daily distance travelled in the wild by an orca cannot be achieved in a
captive facility. Image credit: Kimberley Palfi for Whale and Dolphin Conservation

(Mate et al. 1995) with home ranges often exceeding 100 km? (Sprogis et al. 2015).
A wild orca pod can cover over 160 linear kilometres a day, foraging and socialis-
ing (Baird 2000).

Even in the largest facilities, such as those at SeaWorld parks in the United States,
a captive orca, for example, would need to swim around the perimeter of its tank
1400 times each day to cover the distance of its wild counterpart (Fig. 11.1). Pool
depth is also severely restricted, as is the ability to swim at high speed. A common
feature of captive orca ‘society’ (the social arrangements of a group kept in captivity)
is the presence of dominant, often aggressive, hierarchies (Hargrove 2015). Restrictive
enclosures offer no opportunities for subordinate whales to escape any given situa-
tion in order to diffuse an altercation. Similar threats are also known to exist for
bottlenose dolphins and belugas in captivity (Waples and Gales 2002; Evans 2015).

Space may be further limited in captivity by the introduction of visitors to the
cetacean’s environment in ‘swimming with dolphins’ and other interaction pro-
grammes. Close contact between cetacean and human individuals in these pro-
grammes has potential to lead to the transmission of disease (Couquiaud 2005;
Geraci and Ridgway 1991; Waltzek et al. 2012; Buck and Schroeder 1990; Hunt
et al. 2008).
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11.3 Limited Social Environment

Cetaceans are highly social, forming wide-ranging communities and societies built
on complex structures and with individual interdependence formed from strong
social bonds (King and Janik 2015; Krasnova et al. 2014; Blasi and Boitani 2014;
Cantor and Whitehead 2013; Whitehead 2011).

In captivity, the social environment is severely limited. Individuals sharing a
pool are often unrelated, may have been collected from widely different loca-
tions or may even be from different species or subspecies (Rose et al. 2009), and
these mixtures of animals may not, therefore, share a common dialect. This may
hinder their ability to exchange information and, as a result, limit social bonding,
as individuals may not recognise the sounds or signals made by one another
(Fig. 11.2).

Waples and Gales (2002) noted that psychological stressors in captive dolphins
can be linked to social interactions between individuals, and this can result in
aggression, injury, illness and impacts on the ability to rear calves and even result in
death, where, in a limited physical environment, social pressures can escalate and
social encounters intensify with limited opportunity to escape. These authors rec-
ommend that group structure in captivity should resemble that found in the wild.
But captivity cannot provide the fluidity of group composition experienced by wild
cetacean populations or provide the space to allow cetaceans to disperse from one
another during conflict, avoidance mechanisms which are probably essential to
reduce stress and violent encounters (Frohoff and Packard 1995).
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Fig. 11.2 Individuals sharing a pool are often unrelated, perhaps hindering their ability to
exchange information with one another. Image credit: Lee Harrison
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Research has shown that orca societies have developed strong bonds between
group members with individuals rarely spending more than a few hours apart from
one another (Bigg et al. 1990). In this respect, they may be more highly bonded than
humans. Orcas, like other dolphin species, can recognise themselves in a mirror
(Delfour and Marten 2001), a trait that researchers attribute with being self-aware.
This indicates that these animals probably have complex knowledge of themselves
and their environment and so are likely to have thoughts about themselves and the
world around them (Reiss and Marino 2001; Butterworth et al. 2013). Cetaceans are
also considered to possess unique ‘dialects’ and have evolved a rich culture which
is passed down through generations (Ford 1989).

The historic reputation of orcas as ruthless killers (Hoyt 1990) has given way to
a greater appreciation of a creature that scientists now believe may be second only
to humans in terms of behavioural, linguistic and ecological diversity and com-
plexity (Rose 2014). Life in a small tank removes huge portions of the animals’
capacity to make decisions, to judge situations focussed on feeding, social interac-
tion or mobility, and profoundly limits ‘choice’ for these complex, sentient beings.
They are denied key life strategies such as the ability to hunt, to explore and to
migrate.

11.4 Aggression

A striking feature of orca society is the virtual absence of overt aggression within
and between pods and ecotypes and also existence of a culture of cooperation and
team work that prevails among groups of animals (Spong and Symonds 2000).
The only recorded incident of a wild orca attacking a human occurred in 1972
when a Californian surfer, possibly mistaken for a seal, was bitten by an orca
before being rapidly released (Lodi News-Sentinel 1996). The last 50 years have
generated a long catalogue of aggressive acts by captive orcas towards each other
and their trainers (Kirby 2012). Tilikum and Keto, male orcas held by SeaWorld,
were implicated in the deaths of four humans (including three trainers) as docu-
mented in Gabriela Cowperthwaite’s powerful, ground-breaking film, Blackfish
(Fig. 11.3).

In 2015, a beluga died at a SeaWorld park after developing an infection in his
jaw that was fractured during what was described as an ‘interaction’ with two
other whales (Evans 2015). Visitors are also at risk of cetacean aggression. In
2008, three tourists were injured while swimming with dolphins in Curacao after
a bottlenose dolphin breached on top of them, seemingly deliberately (Rose
et al. 2009; Marine Connection 2008). A number of such incidents have been
reported in the media around the world, with many others likely going unre-
ported (Vail 2012).
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Fig. 11.3 There are no accounts of orcas deliberately attacking humans in the wild. In captivity,
there are many recorded incidents of aggression by captive orcas towards each other and their
trainers, some fatal. Image credit: Kimberly Palfi for Whale and Dolphin Conservation

11.5 Early Pregnancy and Calf Separation

In captivity, because of the artificial nature of the environment and the fact that
calves of a number of cetacean species held in captivity are often separated from
their mothers at a young age, whales and dolphins cannot learn the skills important
to survival or essential nursing skills necessary to care for their own young (Rose
et al. 2009). High rates of neonatal mortality are considered a major problem in
captivity (Van Lint et al. 2006).

In the wild, orcas typically have their first calf at around 14 years of age and
subsequent calves at intervals of approximately five years (Olesiuk et al. 2005). In
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captivity, however, orcas have routinely become pregnant—including via artificial
insemination—much earlier (Hargrove 2015). At Loro Parque in the Canary Islands,
Kohana, a female orca, became pregnant at just seven years of age and gave birth to
Adan, a male, in 2010. In 2012, Kohana became pregnant again by the same male
and gave birth to a female, Vicky. This young orca mother had two calves by the age
of 10 and rejected them both. One theory as to why she did this is that she had no
idea what to do with them as she herself was removed far too early from her own
mother. This ‘de maternalisation’ is likely to be due to failure of one generation to
‘teach’ the next generation maternal skills. The calves had to be hand-reared by
trainers, but, tragically, Vicky died in 2013 at just 10 months of age (Batt 2012).

The captive orca industry has a shallow gene pool (a limited number of reproduc-
tive animals), leading to many accounts of inbreeding. The father of both of
Kohana’s calves was in fact her uncle. Both Adan and Vicky were blood related to
over 80% of the orcas held at SeaWorld, and Vicky and her mother shared the same
grandfather (Batt 2012).

Wild orca offspring in the most studied populations stay with their mothers for
life, with some matrilines consisting of four generations (Ford et al. 2000). SeaWorld
has removed 19 orca calves from their mothers, including one at 10 months, one at
20 months and one at 24 months; and only two of these removals were on medical
grounds (Hargrove 2015). Jett and Ventre (2015) demonstrated that captive orcas
face the highest risk of dying between the ages of two and six and speculate that
avoiding the separation of mothers and calves may reduce this figure.

11.6 Environmental Quality and Complexity

Orcas are the most widely distributed cetacean on the planet and probably the most
widely distributed large mammal in the world after humans (Rice 1998). Clans of
orcas roam every ocean of the world and most seas. They range from the polar ice
edges to the tropics and from the shoreline to the deep, open ocean. These opportu-
nistic predators have evolved sophisticated strategies to thrive in most marine eco-
systems (Baird 2000). Scientists now recognise several different ecotypes of orcas
around the world (Bigg et al. 1990; Pitman and Ensor 2003).

Bottlenose dolphins, comprising more than one species, are also widely distrib-
uted, consuming a large variety of different food and inhabiting a range of environ-
mentally complex environments (Wells and Scott 2009).

Belugas inhabit Arctic or sub-Arctic environments and have adapted ecologi-
cally and behaviourally to these extreme conditions (O’corry-Crowe 2009).

A man-made tank can never replicate the complexity, expanse, choice and range
of habitats in the ocean environment nor meet the full range of an individual ceta-
cean’s biological capacities and the range of exposure to the physiological adapta-
tions with which the animal is equipped. In captivity, cetaceans cannot be provided
with an environment that simulates their natural habitat. Water is chemically treated,
often with chlorine, which prevents the placing of live fish (feeding of live prey such
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as fish is unlawful in many countries) and plants into their tanks and can also present
health problems if used excessively or incorrectly (Couquiaud 2005). Tank water is
also filtered to prevent the build-up of excrement and other waste, and most of the
tanks holding cetaceans are smooth sided, small and empty of stimuli, perhaps to
facilitate cleaning. Tanks lack species-specific enrichments (Couquiaud 2005) such
as sand, rock, plants and changes in surface texture and depth, and, with nothing to
use their anatomical and physiological adaptations on, many of the features which
make cetaceans unique (their telos) become redundant, including the capacity to
fully utilise their natural use of sound through echolocation (Au 2009). Some dol-
phinaria also provide only indoor facilities, lacking exposure to natural light and to
natural daylight hours or daylight light patterns.

Captive cetaceans are often kept in climates to which they are not adapted
(Couquiaud 2005), even to the extent of belugas, an Arctic species, being held in sea
pens in the naturally warm seawater off the Turkish coast (Williamson 2008). Sea
pens, while potentially offering greater environmental diversity and therefore a
more enriched environment (Ruiz et al. 2009; Ugaz et al. 2013), have often been
located in water that is too shallow, too warm and subject to tropical storms and in
areas where pollution is a problem (Rose et al. 2009). Water quality can also be a
problem in indoor tank environments, and many countries which regulate captive
cetacean facilities include a number of water quality parameters that must be fol-
lowed to comply with the law (Williamson 2006).

11.7 Noise

Cetaceans are highly adapted acoustic animals, living with the capacity to make
sense of the complex auditory world of the ocean. Noise in the captive environment
can have a potentially dramatic impact on their behaviour and physiology, in some
cases causing them to refuse to eat (Couquiaud 2005). Noise is carried faster in
water (Wright et al. 2007), and the loud music of shows and adjacent rides in facili-
ties located in theme parks adds to, and contributes to, the noise of pumps and filters
(Couquiaud 2005). The European Association for Aquatic Mammals (2009) recom-
mends that mechanical equipment that produces sound in close proximity to dol-
phins should be isolated acoustically.

11.8 Behavioural Restrictions

In captivity, many of the choices available to individuals in the wild are removed.
Food, shelter and medical care are provided, and breeding is usually controlled by
the holding facility (Couquiaud 2005). Stereotypic behaviours, behavioural evi-
dence of stress and high rates of infection and poor health are common among
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wide-ranging carnivores when they are denied sufficient space to carry out natural
behaviour (Clubb and Mason 2003).

Orecas in the wild display a whole range of different adaptive behaviours, from
‘spy hopping’ to tail slaps and breaching (Jefferson et al. 2008). They are also one
of the fastest moving creatures in the ocean, capable of swimming at speeds of over
20 km/h (10.8 knots) (Ford 1989). Orcas possess one of the largest brains by volume
in the animal world and have developed some highly complex and sophisticated
hunting strategies, which vary from region to region and also in the approaches
taken to the targeted prey (Ford 2009). Perhaps the most spectacular behaviour is
that witnessed among orcas in Antarctica, where certain populations use a hunting
technique known as ‘wave washing’, in which the orcas work cooperatively to create
a wave to flush a seal off an ice floe (Visser et al. 2008; Pitman and Durban 2012).
Another hunting technique known as ‘carousel feeding’ has been perfected by orcas
off the coast of Norway. This technique involves orcas cooperatively herding schools
of herring into a tight ball and driving them towards the surface, then picking off
individual fish that have been stunned by tail slapping (Simild and Ugarte 1993).

Bottlenose dolphins show a high capacity for problem-solving and tool use (Whale
and Dolphin Conservation 2016a). Some members of a population in Australia have
been documented carrying sponges on their beaks to protect them from sea urchins
when foraging on the sea floor (Whale and Dolphin Conservation 2016b).

Belugas have a sophisticated sonar system, which helps them move around in
shallow water, and are one of the most vocal of cetaceans. They sometimes travel
hundreds of miles upstream in rivers to reach their summer calving grounds (Whale
and Dolphin Conservation 2016c¢).

The one-dimensional caricature of cetacean behaviours which is demonstrated to
the public in marine parks around the world, where all choice and decision-making
has been removed, pays a great disservice to these cognitively outstanding crea-
tures. Dysfunctional, socially disparate cetacean groupings are coupled with a lack
of space, low environmental stimuli, no capacity to hunt or forage in a realistic way
and combined with the spectacle of stereotypical behaviours such as jaw popping,
bar chewing, repetitive swimming and motionless logging at the pool surface (Jett
and Ventre 2011; Frohoff 2005).

11.9 Stress

Stress is reported to severely affect the health of cetaceans in captivity. Symptoms
which are associated with stress include weight loss, lack of appetite, anti-social
behaviour (including aggression), self-destructive behaviour, reduced breeding suc-
cess, arteriosclerosis, stomach ulcers, blood cell count changes and increased sus-
ceptibility to diseases and increased mortality rates (Rose et al. 2009; Romero and
Butler 2007; Frohoff 2004; Schmitt et al. 2010; Fair and Becker 2000; St. Aubin and
Dierauf 2001).
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Handling, restraint, confinement, transport, isolation or crowding and an artifi-
cial diet are risk factors for stress in captive cetaceans and, ultimately, lead to mea-
surable reductions in their life expectancy (Maas 2000; Noda et al. 2007; Thomson
and Geraci 1986). Waples and Gales (2002) describe three cases of illness or death
in the space of one year among a group of captive bottlenose dolphins in Western
Australia. These animals were most likely suffering from stress as a result of
changes in social relationships, aggression from other dolphins and loss of social
support. Schmitt et al. (2010) found that stress hormones (concentrations of plasma
adrenocorticotropic hormone (ACTH), cortisol, and aldosterone) increased signifi-
cantly in captive belugas during routine physical examination, and similar effects
have been recorded in captive porpoises (Desportes et al. 2007).

11.10 Use of Tranquilisers

Psychotropic drugs are often used in the care of captive cetaceans (Knight 2013).
The most commonly used is Diazepam (Valium® and generics), a benzodiazepine
drug which veterinary staff use to facilitate the handling of whales and dolphins for
certain procedures, such as clinical diagnostic tests (including bacteriological swab-
bing and blood sampling) and transport. Depending on the dose, benzodiazepines
can be used to reduce anxiety and excitability and also to control stereotypical
behaviours (Knight 2013).

Marine parks such as SeaWorld report that drugs such as benzodiazepines are
used by the facility veterinarians for the care and treatment of the marine mammals
they hold (Cornell 2011). At the Rimini dolphinarium in Italy, irregularities in the
administration of tranquilisers were cited as one of the factors which resulted in the
permanent closure of the facility by the public authorities (Cronin 2014).

As voluntary breathers, cetaceans must be conscious and awake to breathe
(Lyamin et al. 2008). Diazepam can decrease the responsiveness of the respiratory
system (Khan 2014), and so this possible side effect in whales and dolphins is of
particular concern. Diazepam is also used to encourage feeding in some captive ani-
mals, as it appears to act by enhancing the taste and flavour of food (Dowling 2015).
Its use on captive dolphins, however, is questionable, as research indicates they can
only taste salt (Zhu et al. 2014).

11.11 Early Mortality

Female orcas in the wild can live to an estimated maximum of 90 years with a mean
expectancy of 46 years. Male orcas live an estimated maximum of 70 years with a
mean of 31 years (Olesiuk et al. 2005). Bottlenose dolphins can live for up to
50 years in the wild (NOAA Fisheries 2016).
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Small and DeMaster (1995b) found that mortality rates of captured bottlenose
dolphins increased by six times immediately after capture and that this mortality
rate did not drop down to the ‘base captive mortality rate’ for up to 35-45 days. Two
studies from the 1990s (Small and DeMaster 1995a; Woodley et al. 1997)
demonstrate higher annual mortality rates for bottlenose dolphins (5.6 and 5.7%
annually) and orcas (6.2% annually) in captivity than in the wild (bottlenose dol-
phins 3.9% and orcas 2.3% annually).

In a 2015 study by Jett and Ventre, looking at captive orca mortality on a global
scale since 1961, it was found that nearly two-thirds of orca deaths occurred in the
first five years of a whale’s captivity. Orcas in US facilities fared better than facili-
ties in other countries, with a median survival rate of 12 years, and since 1985,
captive orca survival has improved but still lags far behind their wild
counterparts.

Data is lacking to enable a clear comparison in mortality rates between wild and
captive belugas, although Woodley et al. (1997) indicated that there was increased
mortality in captivity. Re-evaluation of ageing techniques in belugas from the wild
has put the maximum life span of belugas at 60 years (Stewart et al. 2006). In cap-
tivity, belugas routinely die before the age of 30 (Rose et al. 2009).

Considering that, in captivity, cetaceans receive veterinary care if they are
found to be sick, do not have to hunt for food, are not exposed to pollution in the
natural marine environment (but may be exposed to long term chemical exposure
in tank water) and are protected from predators; it seems probable that other fac-
tors are playing a role in reducing the annual survival rates for cetaceans in
captivity.

11.12 Threats to Wild Populations

Cetaceans rely on well-organised groupings for, inter alia, foraging, defence against
predators and transmission of specialised behaviour between generations (Whitehead
et al. 2004). The capture of cetaceans from wild populations for live display in cap-
tivity currently occurs in only a handful of places around the world, including
Russia and Japan (IUCN 2015; International Whaling Commission 2014, 2015).

The removal of key individual cetaceans, animals crucial to social cohesion in
cetacean populations, may have long-term implications for population viability
(Lusseau and Newman 2004; Williams and Lusseau 2006). Reeves et al. (2003)
noted that live removals are equivalent to killing, as the individuals brought into
captivity can no longer help maintain the genetic inputs to their wild
populations.

Live capture operations for public display typically target young female ceta-
ceans whose temperament makes them easier to handle in aquaria (Rose et al. 2009).
The bias in wild populations which results from taking into captivity young females
is another cause for conservation concern (Williams and Lusseau 2006).
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11.13 Beluga Captures

In the Russian Far East, belugas are captured in the Sakhalin—Amur region in the
Sea of Okhotsk under a quota set by the Russian government (Shpak and Glazov
2013), capture being for display in aquaria in Russia and overseas. The belugas are
targeted as they congregate in the relatively warm coastal waters during the summer
months where they breed, forage and moult (Shpak et al. 2010), and selected ani-
mals are taken from a population estimated at just under 4000 individuals (Shpak
and Glazov 2014).

In 2013, 81 beluga individuals were captured and transported to holding facilities
in Russia prior to onward transfers to national and international aquaria. Thirty-four
whales are believed to have died during capture, seven died at the holding facilities
and three considered to be at risk of death were released (Shpak and Glazov 2014).
Based on available knowledge, and noting that more research was needed, an inde-
pendent scientific review panel looking at proposed removals of belugas from this
population calculated the sustainable annual removal to be 29 individuals, way
below current capture levels (Reeves et al. 2011). Concerns continue to be raised by
local and international beluga scientists that the captures are unsustainable
(International Whaling Commission 2014, 2015).

During capture, belugas are approached in shallow waters by the capture team in
boats, encircled using seine nets while surrounded by further boats. Once within the
confines of the net, any belugas deemed at risk of entanglement are wrapped in the
net and held at the surface or tied to the side of one of the boats. The net (and the
belugas trapped inside it) is then pulled to shore (Georgia Aquarium 2012). The
stress involved in this process for these self-aware and socially aware whales,
approached by boats, trapped in nets and pulled to shore, is reported to be severe (St.
Aubin and Geraci 1992; Curry 1999; Butterworth et al. 2013). Footage of beluga
captures in Russian waters from the late 1990s showed very crude methods of cap-
ture and transport that put the individuals targeted at considerable risk of injury or
death (Woodyer 2012).

11.14 Box Out Case Study: Georgia Aquarium Application
to Import Wild-Caught Belugas

In 2012, Georgia Aquarium applied to the US National Marine Fisheries Service
(NMFS) to import 18 belugas captured in Sakhalin Bay for public display. While
the application requested ownership of the belugas by Georgia Aquarium, the
Aquarium planned for 15 whales to undergo immediate transfer to other US facili-
ties, including three SeaWorld parks, under ‘breeding loans’ (Georgia Aquarium
2012). Following a public comment period, in which members of the public were
invited to submit their views on the proposed import, and which resulted in approxi-
mately 9000 responses (NOAA Fisheries 2015), the NMFS denied Georgia
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Fig. 11.4 Belugas captured in Russia are held in inadequate holding pen conditions. Image credit:
Lloyd Hannemann

Aquarium its import proposal. The agency based its decision on the impact of live
captures on the population, its belief that allowing the import would contribute to
demand to capture further belugas for the United States and worldwide and its
determination that five of the belugas proposed for import were potentially still
nursing young and not yet independent at the time of their capture (NOAA Fisheries
2015). The Aquarium appealed this decision, but it was upheld in the US District
Court of Atlanta (Georgia Aquarium Inc. vs. Penny Pritzker, 2015). The Sakhalin—
Amur population of belugas has subsequently been included in the US Marine
Mammal Protection Act as a ‘depleted’ population, now well below 60% of its
historic abundance, which means imports are now prohibited (Whale and Dolphin
Conservation 2016d). Meanwhile, captures for aquaria in China and other countries
continue, with individuals exported from Russia to be held in wholly inadequate
conditions (Fig. 11.4).

11.15 Japanese Drive Hunts

In Japan, annual quotas are given by the Japanese government for the killing and
live capture of over 2000 small cetaceans in what are known as ‘drive hunts’
(Butterworth et al. 2013). Individuals are herded out at sea with small fishing ves-
sels, and through the use of underwater noise, these groups of animals are driven
towards the shore, where they are netted off and then removed alive for display in
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aquaria or killed for meat or other products (Butterworth et al. 2013; Vail 2015).
Several species are targeted for live capture from the hunts, including bottlenose
dolphins, false killer whales, Pacific white-sided dolphins, Risso’s dolphins and
short-finned pilot whales (Ceta-Base 2016b).

The prolonged and stressful process involved in the drive hunts during the herd-
ing offshore, dragging by the tail fluke alongside the capture boats, confinement in
the netted-off cove and removal from the water and their pod mates (many of whom
may go on to be killed), sometimes over many hours or even days, is likely to be
have profoundly severe welfare impacts (Butterworth et al. 2013; Connor 2007).

Concerns regarding the sustainability of the drive hunts in Japan have been
expressed by the International Whaling Commission and other scientific bodies
(International Whaling Commission 1993; Kishiro and Kasuya 1993; IUCN 2015;
Wells 2012; Marsh 2013). In 2014, the International Whaling Commission’s
Scientific Committee reported that the issue of total removals in the drive hunts
needed to be more critically examined and incorporated into population assess-
ments. It also noted that there was a lack of current accurate data on both stock
identity and size for the bottlenose dolphins in the waters off Taiji, where the hunts
take place (International Whaling Commission 2015).

11.16 Orca Captures

The first orca captures occurred in the Pacific Northwest of America in the early
1960s and continued until the mid-1970s when this practice was banned under state
law (Pollard 2014). During this early capture period, 55 orcas were taken for display
in marine parks. In 1976, the capture teams turned their attention towards Iceland,
where 54 whales were taken over the next 13 years (Williams 2001). During the
1980s and 1990s, Japan was also active in supplying orcas to its marine parks—
none of the 20 captured orcas taken during this time have survived (Jacobs 2006).
The Russian government issues annual catch quotas for orcas (up to 10 per annum)
for both the domestic market and export overseas (FEROP 2016), and today Russia
remains the only country in the world where wild orca captures continue for the
aquarium trade.

11.17 Conclusions: The Future for Captive Cetacean Welfare

Public opinion is shifting on cetacean captivity. Evidence of poor cetacean welfare
has been brought to the attention of the millions of viewers of documentaries such
as Blackfish and The Cove, and a majority of young Americans opposing cetacean
captivity (Racanelli 2016). Concern for captive orcas has led this quantum shift in
perspective (Whale and Dolphin Conservation 2014). In March 2016, in response to
what he referred to as the changing mind-set of society and a shrinking customer
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base, SeaWorld’s Chief Executive Officer, Joel Manby, announced an end to orca
breeding at SeaWorld (Munarriz 2016).

Research reveals concerns for other species too, with a majority of UK holiday-
makers indicating opposition to seeing whale and dolphin shows (Payne 2014) and
discomfort about dolphin welfare expressed by people who had swum with them in
captivity (Curtin and Wilkes 2007).

The number of facilities holding cetaceans in some parts of the world, including
Europe, is declining (Whale and Dolphin Conservation 2015). However, in other
parts of the world, including China and the Caribbean, it is increasing (China
Cetacean Alliance 2015; Vail 2014).

Discussion is now focused on what alternatives exist for the thousands of indi-
vidual bottlenose dolphins, orcas, belugas and other species currently in captivity.
While a return to the wild under strict criteria may be possible for some (Williamson
2014), others may be too physically or mentally altered by long term captivity to
survive without human care. Plans are now underway to create cetacean sanctuaries,
offering individuals the chance to live out the remainder of their lives in enclosures
in a natural cove or bay, protected from storms and pollution, where their health and
welfare needs can be taken care of in a more naturalistic environment, without per-
forming in shows, and with public observation strictly controlled or from a distance
(Williamson 2016). This may be the future for cetaceans currently in captivity, a
future which has the potential to address many of the threats to cetacean welfare
presented by their current confinement in captivity.

For further information on captive cetacean welfare, news stories, blogs and up-
to-date statistics, please visit whales.org/captivity.
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Chapter 12
Assessing the Welfare of Cetacea

Isabella L.K. Clegg and Andy Butterworth

Abstract Most of the species from the order Cetacea appear to possess advanced
cognitive abilities and close social networks and are also likely to experience dif-
ferent affective states comprising of more than just basic emotions. Welfare
describes a balance of positive and negative affective states experienced by an indi-
vidual, and this balance is a good indicator of how it perceives the surrounding
environment. In this chapter, we discuss how the first steps in cetacean welfare
science are being taken to establish this as a discipline. We discuss the pertinent
areas of cetology that merit investigation to form the basis of possible cetacean
welfare measures. In this arena of welfare assessment, much of the existing work
comes from farm animal science, and this previous experience offers potential
tools and techniques which could be adapted for cetaceans. We review these
sources of information, make suggestions for relevant investigations and discuss
how assessment of cetacean welfare might be accomplished.

12.1 Introduction

Increasing our understanding of cetacean welfare is essential if we want to progress
in our research, conservation, care and protection of these animals. The available
research suggests that most of the species from the order Cetacea appear to possess
advanced cognitive abilities and close social networks and thus are also likely to
experience different affective states comprising of more than just basic emotions.
Overall welfare is a balance of positive and negative affective states where affective
states are made up of moods and emotions formulated in response to events in the
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surrounding environment. In previous chapters, we have been presented with the
many environmental threats experienced by wild cetaceans and aspects of public
display environments that have been called into question for captive cetaceans.
Assessments of welfare will be necessary to understand the impacts of such con-
texts, from the animals’ perspective, and hence to work towards reduction of these
impacts. Although cetacean welfare science is not yet an established discipline,
there are pertinent areas of cetology that can form the basis of possible welfare
measures. In this arena of welfare assessment, much of the existing work comes
from farm animal science, offering potential tools and techniques which could and
can be adapted for cetaceans. In this chapter, we review these sources of informa-
tion, make suggestions for potentially relevant future investigations and discuss how
assessment of cetacean welfare might be accomplished.

12.2 The Science of Assessing Animal Welfare

Before we delve into the topic of cetacean welfare, and how we might assess it, we
must understand the progression of terrestrial welfare measurement and discuss the
difficulties associated with the assessment of an animal’s welfare. The study of ani-
mal welfare has now developed into a multidisciplinary science (Ohl and van der
Staay 2012; Webster 2005), with species-specific measures that comprise compre-
hensive welfare assessments (Blokhuis 2008; Botreau et al. 2007; Webster 2005).
Welfare assessments have developed to the point where they now attempt to mea-
sure the quality of the animal’s life in its surroundings, and so, although wild animal
welfare assessments are not yet regularly applied, there exist assessment methods
which could certainly make measurement of wild animal welfare feasible and could
offer the possibility to provide insights into the animals’ capabilities to adapt to
changing environments.

12.3 Welfare Criteria and Measures

Welfare assessments exist in many forms and are capable of providing varying
levels of detail, dependent on the time allocated for assessment and the welfare
model the framework is based on. The ‘Five Freedoms’ principle (Farm Animal
Welfare Council [FAWC] 1992) has been commonly used to assess welfare, and
recent efforts follow this basic structure by expanding the categories used (e.g.
WelfareQuality®, Blokhuis 2008). In the WelfareQuality® assessment system, to
maximise the potential for standardisation between different species and meth-
ods of assessment, it was designed so that all assessments would use an agreed
set of criteria, which then contained a number of species-specific measures. The
criteria were devised to be ‘minimal, exhaustive, independent, and agreed by
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stakeholders’ (Botreau et al. 2007). The work of WelfareQuality®, and other sim-
ilar research, has encouraged a transition towards the use of ‘animal-based mea-
sures’ and has stimulated cross-species application of welfare assessment
frameworks (Veissier and Miele 2015), with a recent increase in studies measur-
ing zoo animal welfare using assessment techniques originally created to assess
farmed animals (Barber 2009; Whitham and Wielebnowski 2013; Clegg et al.
2015).

When validating welfare indicators within assessments, i.e. confirming that they
are ‘measuring what we want them to’, there is widespread agreement that an appro-
priate approach is to cross-correlate results from behavioural and physiological
measures, and if possible cognitive measures, to affirm that the true welfare state is
being described (Désiré et al. 2002; Webster 2005; Boissy et al. 2007; Whitham and
Wielebnowski 2013). Previously, only indicators of negative welfare were present
in assessments, and the absence of these ‘negative’ indicators was taken to mean the
animal had good welfare (Yeates and Main 2008). However, positive experiences
and states are now recognised to be (at least) as important as negative states in their
contribution to overall well-being (Fraser and Duncan 1998; Boissy et al. 2007,
Yeates and Main 2008), and thus it is considered important (where they exist) to
assess indicators of positive affect (see reviews by Boissy et al. 2007; Yeates and
Main 2008).

12.4 Animal-Based Measures

Increased importance is now given to animal-based measures over resource-based
measures (Whitham and Wielebnowski 2013). Animal-based measures, also called
outcome measures, are parameters measurable directly from the actual animal,
such as certain behaviours, physiological measures or disease incidence levels.
Resource-based measures, or input measures, are those which provide information
on the resources or procedures applied to the animals, for example, the space
within the enclosure, quality of bedding, husbandry procedures or type of food
provided (Webster 2005; Veissier et al. 2008). Animal-based measures are gener-
ally considered to be valid welfare indicators as they reflect the ‘outcome’ of what
has actually happened to the animals, rather than judging the ‘likely outcome’ of
provision of a certain resource. However, animal-based or outcome measures are
sometimes less easy to carry out—they may require close observation of the ani-
mals over a period of time, or examination of, for example, lesions or changed
disease levels in the animals; therefore, outcome measures have been considered
by some to be less ‘feasible’ than resource-based measures. Currently, existing
assessment protocols which aim to focus on animal-based measures use these
wherever possible and supplement them with resource-based measures in order to
comprehensively fulfil the overall set of criteria (Rushen et al. 2011; Whitham and
Wielebnowski 2013).
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12.5 Zoo Animal Welfare Assessment

This chapter is concerned with the welfare of wild animal species, whether main-
tained in the wild or in captivity, and the zoo welfare literature is likely to be
more relevant to this area than that which comes from the assessment of domes-
tic or laboratory animals. Zoological institutions and aquaria (hereafter zoos) are
only recently embracing welfare science and its applications, although they have
been responding to increased public concern by aiming to exceed minimum stan-
dards and by publishing their experience in the management of the many species
they maintain (see review by Whitham and Wielebnowski 2013). It has been
acknowledged that there is much potential for adapting farm animal welfare
measures to zoo animals (Swaisgood 2007; Hill and Broom 2009; Mason and
Veasey 2010). As a means to achieve this, especially considering the huge spe-
cies diversity seen in captivity, welfare scientists are starting to be employed by
zoos or permanently associated with them (Barber 2009; Maple 2007). So far
zoo welfare research has focussed predominantly on elephants (Veasey 2006;
Maple 2007; Mason and Veasey 2010), using cortisol as a stress measure (Pifarré
et al. 2012; Shepherdson et al. 2013; Ugaz et al. 2013), as well as studies on the
effects of enrichment and its impacts on behaviour (Carlstead and Shepherdson
2000). The only proposal for a comprehensive welfare assessment for captive
zoo animals has been for bottlenose dolphins (Tursiops truncatus), where Clegg
etal. (2015) adapted a welfare assessment framework originally devised for farm
animals (WelfareQuality®) to this species. We will expand upon the details of
this project and the other few existing studies on cetacean welfare in the follow-
ing sections.

12.6 Existing Cetacean Welfare Studies

12.6.1 Studies Focussed on Cetacean Welfare in Captivity

Studies expressly investigating welfare in captive or wild cetaceans are scarce
(Clark 2013; Ugaz et al. 2013; Clegg et al. 2015). Although the welfare of captive
cetaceans seems to be an important topic of debate in public and the media
(Grimm 2011; Jett and Ventre 2015), this interest has not stimulated an equivalent
level of research thus far. Gygax (1993), Frohoff and Packard (1995) and Galhardo
et al. (1996) were the first to look at the behaviour of dolphins in terms of what it
might indicate about welfare, but conclusions were often contradictory to each
other in terms of the function, and welfare implications, of certain behaviours.
Waples and Gales (2002) provided useful observations correlated with physiolog-
ical data from Indian Ocean bottlenose dolphins (Tursiops aduncus) that were
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experiencing social stress, and these authors proposed some initial indicators of
poor welfare, although they did not label them as such. Although the behavioural
findings of these studies were presented anecdotally, they described how inap-
petence, the incidence and severity of rake marks (superficial wounds from teeth
of another dolphin, Scott et al. 2005), aggressive behaviours and social isolation
were the main indicators accompanying severe social stress. Furthermore, these
authors recorded changes in white-blood cell profiles (eosinopenia, lymphopenia
and neutrophilia), weight loss and gastric ulceration (two out of three subjects) in
their study animals. Collection of salivary cortisol has recently been confirmed as
a useful sampling method with dolphins (Pedernera-Romano et al. 2006), and
while Ugaz et al. (2013) correlated levels of salivary cortisol with potential
behavioural welfare indicators in bottlenose dolphins, the choice of behaviours
studied by these authors may not have been the most relevant to welfare (e.g.
swimming depth, swimming direction). One investigation proposed that decreased
vocalisation rate could be a measure of poor welfare in belugas (Delphinapterus
leucas), although this study only examined two subjects (Castellote and Fossa
2006).

For captive killer whales (Orcinus orca), the small number of peer-reviewed,
published studies related to welfare focus on mortality rates as opposed to behav-
ioural indicators, and there is a marked lack of research on the behaviour of killer
whales in captivity in general. Two recent studies on killer whale longevity in cap-
tivity when compared to the wild presented findings in direct contrast with each
other (Jett and Ventre 2015; Robeck et al. 2015). In a study by Jett and Ventre
(2012), it was suggested that increased surface behaviour of captive killer whales
compared to wild counterparts put them at higher risks of mosquito-borne diseases,
but argued this using personal observations, and unfortunately did not present
behavioural data. Otherwise, there are no published studies investigating behav-
ioural or physiological indicators of stress, welfare or affective states in killer
whales.

Recently a comprehensive welfare assessment for a cetacean species was pro-
posed: the C-Well® assessment for bottlenose dolphins (Clegg et al. 2015). The
authors adapted the well-established farm animal assessment WelfareQuality®, to
dolphins, using literature reviews, veterinary and professional expertise, and test-
ing of the practical application of these assessment methods on 20 animals in three
different facilities. The result was that 36 measures (Table 12.1) were proposed, 21
(58%) of which were animal-based and were capable of yielding individual wel-
fare scores, comparable in many different ways (e.g. by measure, by criteria, when
compared by pool, sex, age class and similarity of facilities). The C-Well® assess-
ment may be seen as an initial step in the area of captive cetacean welfare assess-
ment, with validation occurring through solicitation of expert opinion. The
measures proposed are (as yet) unweighted, i.e. they are all given the same degree
of ‘impact’, and the early use of these measures may stimulate research questions
for future studies and prompt other researchers to contribute to work in this area.
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12.6.2 Studies on Cetacean Welfare in the Wild

As mentioned previously, research on the welfare of wild animal species is quite sparse,
and this is likely due to a combination of feasibility problems such as access, repeatable
sampling and also perhaps a perceived lack of human ‘responsibility’ for welfare issues
in wild animals, despite the suggestion that human impact on wild animal populations
is increasing very significantly (Kirkwood et al. 1994). Wild cetaceans are no exception
in the paucity of published welfare information. A common, direct, interaction between
wild cetaceans and humans is whale-watching tourism, and researchers have endeav-
oured to quantify the impact of tourist boat activity on the animals, often finding that
multiple cetacean species show mild to strong avoidance responses (e.g. killer whales:
Williams and Ashe 2007; bottlenose dolphins: Bejder et al. 2006; minke whales
(Balaenoptera acutorostrata): Christiansen and Lusseau 2015). Demonstrating further
that this avoidance is salient and directly related to boat activity, a number of studies
showed that population-level indicators, including reproductive rate and abundance,
declined in both mysticete and odontocete species exposed to high levels of whale-
watching activities (Bejder et al. 2006; Christiansen and Lusseau 2014). However, as
yet, researchers have not focussed on applying direct, animal-based welfare measures
in these contexts, although discussions supporting this approach are starting to take
place (Swaisgood 2007; Ohl and van der Staay 2012).

Unfortunately, humans also interact with wild cetaceans in more lethal ways and
these situations at least have spurred studies focussed on assessing the animals’ welfare,
albeit at the point of death. Butterworth et al. (2013) empirically evaluated dolphin
welfare in the Taiji drive hunts, and several studies have argued against whaling mysti-
cete species on the grounds of animal welfare concerns (e.g. Kestin 1995; Gales et al.
2008). Entanglement in marine debris can have many and varied lethal and non-lethal
effects, and Butterworth et al. (2012) applied the Five Freedoms principles to discuss
how entanglement affects individual animal welfare in cetaceans among other species.
Cassoff et al. (2011) reviewed the causes and effects in cases of mysticete entanglement,
where the majority of animals suffered protracted deaths, and concluded that entangle-
ment may be one of the ‘worst forms of human-caused mortality in any wild animal’.

Given the lack of published, validated animal-based measures of welfare, in the
next two sections, we discuss the potential areas where such indicators may be
found for both captive and wild cetaceans.

12.7 Animal-Based Welfare Measures
for Cetaceans in Captivity

12.7.1 Inputs and Outcomes in the Captive Environment

We will start this part of the chapter by looking at what kinds of resources and
management protocols are provided in the cetaceans’ environment in captivity, i.e.
assessed by resource-based measures, in order to highlight what kinds of outcomes
are seen in the animal, i.e. the possible animal-based measures.
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Legislation from around the world regulates the environment of cetaceans main-
tained for public display. This legislation is based on grouped resource-based require-
ments, with associated thresholds above which animal welfare is assumed to be good/
acceptable (e.g. Animal Welfare Act (AWA 1966) in the USA and Council Directive
1999/22/EC in Europe). These laws dictate aspects such as the space required, water
quality and facility hygiene levels, but the requirements are viewed as minimum stan-
dards by many institutions (McBain 1999; Joseph and Antrim 2010). Although ani-
mal-based measures are more reflective of actual welfare, resource-based measures
are still likely to be a very important way to assess animal facilities, since the large
variation in facility types in which cetaceans are kept worldwide is likely to differen-
tially and very significantly impact their welfare (Joseph and Antrim 2010). However,
animal-based measures could, and perhaps should, now be considered for inclusion in
recommendations and codes of conduct, if not in the legislation as well, and we pro-
pose some possible categories of outcome measures in Fig. 12.1. It is worth noting that
this large variation in display facilities, as well as the diversity of cetacean species kept
in captivity, means that much research with large numbers of animals is needed to start
to explain the variation and develop effective animal-based measures. Application of
animal-based measures of cetacean welfare could improve the accuracy of resource-
based measures, e.g. space provided, where animals’ behavioural and physiological
responses to different pool sizes can aid in establishing accurate thresholds. Animal-
based indicators of welfare can be either behavioural, health-related or cognitive, and
correlating data from these three categories can help to validate measures during the
development process of a welfare framework (based on the ‘triangulation’ principle,
Webster 2005). Furthermore, including measures from these categories confirms the
comprehensive nature of the assessment where the hypothetical aim is to cover all
aspects of the animal’s life within the measures. Correlating such measures gives us an
indication of the emotional responses of the animal which make up its affective states
(Webster 2005; Boissy et al. 2007), with overall welfare being a balance of positive
and negative affective states (Spruijt et al. 2001; Watters 2014).

Input measures Outcome measures
Water quality Social behaviour

Space available Body condition

Diet Abnormal behaviour
Noise levels Disease levels

Training protocol Behaviour during training

©lsabella Clegg 2016

Fig. 12.1 Diagram showing examples of input (resource based) and outcome (animal based) mea-
sures of welfare which could constitute a welfare assessment for cetaceans in captivity (Image
credit: Isabella Clegg)
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12.7.2 Behavioural Measures of Welfare

Behaviour is likely to be one of the most direct and significant expressions of welfare
state in cetacean species (Waples and Gales 2002; Joseph and Antrim 2010), and
regular behavioural monitoring is considered as crucial when aiming to understand
welfare status of animals kept in zoos (Maple 2007; Watters 2014). Since cetaceans
are generally highly social animals, social behaviour will likely be an important ani-
mal-based measure of welfare (Clegg et al. 2015). Social group composition in cap-
tivity is somewhat artificial, as this is decided by the zoo staff and management
(Clegg et al. 2015), and the importance of social groupings is often overlooked in
captive animal regulations, although efforts in some facilities are being made to
model compositions on wild groups (Wells 2009). Being highly social means that
there are many opportunities for poor welfare from social stress, as has been shown
in studies with bottlenose dolphins (Waples and Gales 2002). Conversely, successful
grouping of animals may have benefits and possibilities for good welfare through
social bonding and development of relationships. Research has already suggested
how affiliative contact behaviour in dolphins such as contact swimming and pectoral
fin rubbing might be related to positive emotions, as well as describing how they
might be quantified (Dudzinski 2010; Kuczaj et al. 2013). Play behaviour is common
in both juveniles and adults in dolphin species and likely indicates positive affective
state (Kuczaj and Eskelinen 2014). On the whole play is considered a measure of
positive welfare, but difficulties with its quantification have impeded its use in other
species’ welfare assessments thus far (Boissy et al. 2007; Held and Spinka 2011).
Cetacean species under human care may experience positive welfare states through
provision of enrichment, mainly due to their cognitive abilities (Herman 2012), their
tendency to play and their innovative behaviours (Kuczaj and Eskelinen 2014).
Recently it was shown that captive dolphins increased certain vocalisations during a
cognitive task only when cooperating and succeeding (Eskelinen et al. 2016), sug-
gesting that vocal behaviour could be a source of welfare measures as with other
animals (Manteuffel et al. 2004). Future captive welfare studies could maintain focus
on inputs and outcomes as described in Fig. 12.1: to give an example, regarding
enrichment, input measures would be the type/quantity/frequency of enrichment pro-
vided, and the outcome measures would be whether the dolphins are motivated to
interact with the objects and whether the interaction is comprised of positive, calm
and affiliative behaviours, or otherwise (Delfour and Beyer 2012; Hoy et al. 2010).
Indicators of social stress in captive cetaceans have been reported, such as social
isolation (excluded from/avoiding the group), inappetence, inactivity, high rates of
aggression and abnormal repetitive behaviour (ARB) (Galhardo et al. 1996; Waples
and Gales 2002; Clegg et al. 2015), and thus behaviours representative of these
states are all potential animal-based welfare measures. Stereotypic behaviour, a type
of ARB, has been proposed as a welfare measure for cetaceans, but the lack of pub-
lished research on the frequency and context of such behaviours means more work
is needed before the measure can be established with an agreed value (Clark 2013;
Clegg et al. 2015), especially as terrestrial research has found that in some cases
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animals with stereotypies have better welfare since they use it as a coping response
(Rushen and Mason 2008). The quantification of rake marks on the body as an indi-
rect measure of aggression levels was proposed by Clegg et al. (2015) as a welfare
indicator, based on the premise that bodily damage is a common animal-based mea-
sure for farm species (e.g. WelfareQuality® 2009a, b, ¢). Figure 12.2 shows the grid

Fig. 12.2 Photographs showing the process of quantifying wounds and rake marks for use in the
C-Well® assessment for bottlenose dolphins (Tursiops truncatus); descriptions taken from Clegg
et al. (2015). (a) The grid indicates the six body regions utilised in the calculation, including ANT/
anterior dorsal, ANT?2 anterior ventral, MDI mid-dorsal, MID2 mid-ventral, POST1 posterior dor-
sal and POST2 posterior ventral; (b) the wound percent cover range and relevant welfare score for
the dolphin in each image. Score 0, <15% new wounds and <30% old wounds; score 1, <10-15%
new wounds and >30% old wounds; and score 2, >15% new wounds
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used in the analysis of wounds and rake marks (estimates of old and new marks are
made within further subdivisions of the grid) and the corresponding welfare scores
(demonstrated by examples). Given that space is inherently limited in captivity, the
link between aggression, rake marks and social stress may be different than that in
wild contexts (Scott et al. 2005), but repeatedly quantifying rake marks over time
and in conjunction with aggressive behaviour frequency and social isolation would,
it is assumed, reveal the appropriate thresholds linked to welfare.

It is important to briefly discuss the role of ‘natural’ behaviour in welfare assess-
ment, which is usually defined as the repertoire seen in free-ranging animals in the
wild. Although a traditional view is that an animal not seen to be performing natural
behaviours has poor welfare, as many authors have pointed out, absence of such
behaviour should not be a welfare measure per se, since wild and captive animals do
not experience the same environmental stimuli (e.g. predation, lack of food,
environmental opportunities) which cause the performance of these behaviours
(Dawkins 1980; Veasey 2006; Webster 2005). However, research is needed into
whether there are natural behaviours in cetaceans which represent ‘behavioural
needs’, i.e. those which are stimulated even in absence of the associated stimuli, and
preference and motivation tests could perhaps answer these questions (Veasey
2006). An alternative would be to use outcome-based measures related to the rich-
ness of the environment and to measure the diversity of behaviours (Carlstead and
Shepherdson 2000; Swaisgood 2007)—measures which would indicate whether the
surroundings are stimulating for the animal.

12.7.3 Health-Related Measures of Welfare

In his triangulation model of animal welfare, Webster (2005) originally proposed
physiological welfare measures as one of the key areas to be measured, due to their
potential for assessing emotional responses (Boissy et al. 2007), but in this current
chapter, we discuss health and associated physiological measures of dolphin wel-
fare, since many previous studies have considered health as an important aspect of
an animal’s overall welfare (e.g. Dawkins 2006; Hill and Broom 2009; Mason and
Veasey 2010; Held and Spinka 2011). Furthermore, health measures may have
increased species-specific relevance to cetaceans, since most species appear to mask
or conceal symptoms of pain and disease as much as possible (Castellote and Fossa
2006; Waples and Gales 2002). For this reason, the use of health measures may
reveal potential welfare problems which have been ‘masked’ by the animals and
may have the potential to detect problems before changes are seen in behavioural
parameters.

The calculation of Body Condition Scores (BCS) employs measurements of fat
cover on animals’ bodies and is often used in farm animal welfare assessments
(Welfare Quality® 20092, b, c; Roche et al. 2009). In the past, BCS of cetaceans has
been conducted in a few studies using descriptive scales and without reference to
photographic scales or use of standardised graphics (e.g. North Atlantic right whales
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Dolphin Body Condition Scoring

(1) Emaciated

Fig. 12.3 Body condition score graphic for bottlenose dolphins (Tursiops truncatus) developed by
Clegg et al. (2015)

(Eubalaena glacialis), Pettis et al. 2004). However, recently, the first two stan-
dardised protocols for BCS were published for short-beaked common dolphins
(Delphinus delphis) (Joblon et al. 2014) and bottlenose dolphins (Clegg et al. 2015,
Fig. 12.3). Further investigation into the degree of change in BCS that correlates to
changes in welfare is needed, similar to research with cows clarifying the link (Roche
et al. 2009). The link between other health measures and welfare state in cetaceans
similarly needs to be clarified before their use in assessments. One approach would
be to consider that only departures from health that cause a change in affective state,
i.e. how the animal feels, can be considered as sufficient to cause poor welfare, in line
with ‘feelings-based’ welfare definitions of authors including Fraser et al. (1997),
Spruijt et al. (2001) and Mason and Veasey (2010). When an animal performs ‘sick-
ness behaviours’, which in cetaceans may appear as lethargy, logging (remaining
stationary at the surface), deliberate social isolation or inappetence (Joseph et al.
1986; Sweeney and Ridgway 1975), the illness or disease can be related to a decrease
in welfare. Haematological indices can be used to measure some parameters of dis-
ease, and are used in human and animal health studies and in clinical diagnosis as
‘markers’ of disease progression. However, haematological measures are difficult to
use in welfare evaluations due to the invasive requirement to collect blood samples,
which is likely to interfere with unimpeded behaviour assessment, and also as a
result of high inter- and intra-individual variation. Nevertheless, baseline and disease
haematological profiles for both wild and captive cetaceans continue to be published
(Dierauf and Gulland 2001; Thomson and Geraci 1986; Wells 2009), and if associ-
ated with accompanying behavioural data, it is possible that blood sampling could
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Fig. 12.4 Photographic reference scale for assessment of squinting in bottlenose dolphins
(Tursiops truncatus), as part of a welfare-related measure of eye disease developed by Clegg et al.
(2015)

contribute to welfare information in some specific circumstances—perhaps where
animals have had blood collected for clinical diagnostic purposes.

In farm animal studies, welfare measures related to health include presence of
diarrhoea, skin inflammation, skin lesions, respiratory rate, lameness, lying time,
eye conditions and coughing (Welfare Quality® 2009a, b, c). Clegg et al. (2015)
adapted some of these measures for use in 7. truncatus welfare assessment (skin and
eye condition, coughing). Standardised measurement of eye condition and squinting
in captive cetaceans (Clegg et al. 2015, Fig. 12.4) in conjunction with water quality
parameters (resource-based measures) could confirm whether a relationship between
the outcome (health measure) and the input (water quality) exists; this finding could
be of real value in steps towards the prevention of disease and the improvement of
welfare conditions (Joseph and Antrim 2010).

In welfare studies of other species, cortisol and corticosterone have been used as
physiological indicators of stress and affective state (Webster 2005). Serum cortisol
levels are often measured in cetaceans as part of blood analyses (Suzuki et al. 2003),
and measuring cortisol from saliva or ‘blow’ (expired air) samples is now also being
investigated, with the obvious advantage that the potential confounding factor of
stress during sampling is diminished (Ugaz et al. 2013). These sampling techniques
are still in the early stages of validation, with a major problem being water contami-
nation, but varying collection protocols and analytical techniques holds much prom-
ise for combatting this issue (Atkinson et al. 2015). However, a recent review
(Atkinson et al. 2015) warned that terrestrial animal stress models might not always
be applicable to marine mammals, and these authors presented evidence to suggest
that neuroendocrine hormones may be regulated very differently in cetaceans and
called for increased research effort on this topic.

12.7.4 Cognitive Measures of Welfare

Cognitive measures of welfare are the least well-established category within wel-
fare assessments, perhaps due to the high degree of experimental control and
involvement required to conduct cognition studies (Mendl and Paul 2004; Paul
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et al. 2005; Mendl et al. 2009). Cognitive measures aim to show how behavioural
and physiological responses to environmental stimuli are situated within cognitive
processes, which are known to regulate, as well as be regulated by, emotions (Désiré
et al. 2002; Paul et al. 2005; Boissy et al. 2007). The study of these phenomena
appeared to experience a breakthrough with successful methodologies being estab-
lished to assess judgement bias in animals, and Mendl et al. (2009) review the
results from species tested using these methods to date. On the whole, animals
experiencing environmentally induced reductions in welfare are more likely to
judge ambiguous stimuli negatively, whereas animals in good or enriched environ-
ments tend to judge more optimistically (Mend]l et al. 2009). The protocols used in
these studies are generally physically non-invasive, but do require the animal to be
trained (for possibilities of training see a review on the progress with marine mam-
mals in captivity, Brando 2010), and so this area of cognition and welfare research
does hold potential for cetaceans. Apart from measuring welfare, cognitive tests of
these kinds may further our knowledge of animal consciousness, which represents
only a minor aspect of most current welfare research (Mendl and Paul 2004;
Herman 2012).

Anticipatory behaviour preceding food consumption is closely related to dopa-
minergic activity and has been shown to increase the positive value of the following
consummatory (consumption) event (Spruijt et al. 2001; Boissy et al. 2007).
Anticipatory behaviour reflects the intensity of ‘wanting’ the food, which is sepa-
rate to the present-moment pleasure taken in consuming the food, and this phenom-
enon (anticipation of consumption) been proposed as a measure of welfare (Boissy
et al. 2007), and may have promise for zoo animal assessment (Watters 2014). An
initial study on anticipatory behaviour in bottlenose dolphins found that they dis-
play significant anticipatory behaviour before feeding sessions (Jensen et al. 2013),
and a recent study of false killer whales (Pseudorca crassidens) indicated that cer-
tain vocalisations increased in conjunction with anticipatory behaviours (Platto
et al. 2015).

12.7.5 The Human-Animal Relationship (HAR) and Welfare

One understudied aspect of cetaceans’ lives in captivity merits discussion here in
terms of potential positive and negative welfare impacts and the potential for wel-
fare measures: the Human—Animal Relationship (HAR). We are just starting to
understand how much the HAR affects animals: farm species studies show clearly
that a positive HAR is likely to increase welfare and a negative HAR decreases it
(see review by Waiblinger et al. 2006), and this seems also to be the case with zoo
animals (Hosey 2008; Whitham and Wielebnowski 2013). A positive HAR between
owners and dogs has been shown to invoke oxytocin release in both parties and
forms part of a feedback loop which may have facilitated the co-evolution of
human—dog bonds (Nagasawa et al. 2015).
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12.7.5.1 Potential for Negative and Positive Welfare

Cetaceans under human care are fed their daily food intake in multiple sessions of
operant conditioning (Brando 2010; Jensen et al. 2013), and therefore a routine part
of their day is spent with those who conduct the sessions: the animal care staff/train-
ers. This HAR may be salient for the animals, in terms of the extended time the
humans and animals spend in close contact, and the fact that captive cetaceans are
considered undomesticated (Brando 2012). There is likely to be a strong association
between type of training and HAR (Brando 2010). The majority of cetacean facili-
ties use positive reinforcement training to teach (human) desired behaviours (Brando
2012; Jensen et al. 2013), and the technique of positive reinforcement training pio-
neered in cetacean facilities has now spread to other animal industries (Laule et al.
2003). This type of training may be conducive to good welfare (and/or to reductions
in adverse welfare impacts) through establishment of a positive bond between the
trainer and animal, providing a stimulating and safe environment, and ensuring vol-
untary cooperation from the animal (Laule et al. 2003; Brando 2012). There is evi-
dence that training sessions, especially those using positive reinforcement
techniques, are also cognitively enriching (e.g. with other animals: Laule et al.
2003; Bassett and Buchanan-Smith 2007; Dorey et al. 2015; cetaceans: Brando
2012; Clark 2013). In the only study of its kind, Perelberg and Schuster (2009)
showed that outside of feeding sessions, their group of bottlenose dolphins was
willing to perform behaviours asked by the trainers, where the only reinforcement
was human applause and furthermore that they approached humans voluntarily to
receive rubs and petting. Cetacean species are known to be very tactile in their inter-
actions with each other (Dudzinski 2010; Kuczaj et al. 2013), and thus this might be
a significant aspect of HARSs they form in captivity. Some studies investigating dol-
phins’ behavioural repertoires in response to guest—dolphin interactions found an
increase in play and behavioural diversity following the sessions, which the authors
tentatively took to mean that the animals did not view the interaction negatively
(Trone et al. 2005; Miller et al. 2011). Schmitt et al. (2010) found that stress hor-
mones in belugas showed no change between levels before or after wade-contact
guest interactions or from baseline levels.

However, there are some captive facilities worldwide that continue to use nega-
tive reinforcement or positive punishment training (see Brando 2012 for definitions),
and here we discuss the potential impacts on welfare. Other types of training are
centred on forced cooperation, and although there are no published data for ceta-
ceans, we may assume that the invoked feelings of fear, frustration and aggression
might be similar to those of farm and laboratory animals who interact with humans
in this way (Waiblinger et al. 2006; Bassett and Buchanan-Smith 2007; Brando
2012). Inappetence in captive cetaceans may be an extreme consequence of a poor
HAR or disinterest in training sessions and is a strong indicator of poor welfare for
cetaceans (although it has many other causal factors including health and social
reasons, Waples and Gales 2002). The presence of unfamiliar humans in the ceta-
ceans’ environment is an additional type of HAR that may influence welfare: Hosey



12 Assessing the Welfare of Cetacea 199

(2008) provides a useful matrix and model developed for zoo animals describing
how various HARs with familiar and unfamiliar humans can coexist (Hosey 2008).
Studies focussing on cetaceans’ responses to unfamiliar humans have found mixed
results, where some found negative behaviours such as avoidance and aggression to
increase during training sessions (Samuels and Spradlin 1995; Kyngdon et al. 2003;
for positive behaviours see Trone et al. 2005; Miller et al. 2011).

12.7.5.2 Human-Animal Relationship-Based Welfare Measures

Increased research into measuring cetacean HARs in captivity would help to clarify
mixed findings from past studies and provide insight about the significance of HAR
to welfare, results of which may also translate to wild contexts, such as tourists
swimming with cetaceans. Clegg et al. (2015) proposed a simple approach-
avoidance test, adapted from farm animal assessments, for measuring the HAR of
bottlenose dolphins where the response to a trainer (outside of training sessions)
was tested. This test and the study protocol described by Perelberg and Schuster
(2009) are types of preference tests (similar to Dorey et al. (2015) with Canis lupus
spp.) and could be developed further to include measures of motivation to interact
with humans. Anticipatory behaviour before sessions could give insights to ceta-
ceans’ perception of HARs, but studies would need to disentangle this from the
desire for food acquisition. Future studies might develop ethograms of cetacean
approach, avoidance and frustration behaviours in HAR contexts (Waiblinger et al.
2006), and potential confounding factors could be controlled, for example, interspe-
cific social behaviour during sessions, behaviour of guests and type of guest interac-
tion may influence HAR, as well as the duration and frequency of sessions.
Standardised, detailed recordings of appetence levels and accompanying behaviours
during training sessions could be conducted at all facilities, since inappetence is a
potential measure of a poor HAR, social stress or disease: all strong negative wel-
fare indicators. Whitham and Wielebnowski (2009) review how keeper ratings of
animal behaviour and well-being may be used as assessment tools, and since most
cetacean facilities already take these kind of records on a daily basis, efforts could
be made to standardise and utilise this kind of routinely collected data.

12.8 Animal-Based Welfare Measures for Cetaceans
in the Wild

In this section, we refer to Fig. 12.1 as a guide when discussing potential outcome-
based measures of welfare for wild cetaceans. However, identifying specific inputs
and outcomes in the wild setting is more difficult since the quality of observations,
the number of repeated observations per individual, the use of physiological sam-
ples and human interaction with the animals are some of the variables in practice,
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and controlling for these variables is unlikely to be fully feasible in many situations
(Dudzinski 2010). Long-term studies generally collect individual behavioural and
life history data, with physiological and genetics parameters if possible (Wells
2009), and thus should be a focal point for past studies and future wild cetacean
welfare research.

12.8.1 Behavioural, Health-Related and Cognitive Measures
of Welfare

Behavioural measures of cetacean welfare are, in principle, non-invasive, feasible
in several species and less ‘expensive’ to conduct (as they require little in the way
of equipment or laboratory diagnostic tests, although are fairly labour intensive):
thus, they have the potential to become important in evaluating the welfare of wild
cetaceans. As with their captive counterparts, social behaviour is likely to provide
indicators of welfare state, and social network analysis has been well used in stud-
ies to evaluate the bonds within cetacean groups (Lusseau 2003). Stanton and
Mann (2012) showed how the development of early social networks can predict
survivability, where fewer social bonds in early life resulted in a decrease in fit-
ness in bottlenose dolphins, suggesting that the number and quality of social
bonds an individual has may be linked to longer-term welfare. Other, shorter-term
measures of social behaviour described earlier in Sect. 12.7.2 could be applicable
for measuring positive and negative welfare of wild cetaceans (e.g. contact swim-
ming, rubbing, aggressive behaviours), and similar validation protocols could be
used to correlate these behaviours with other indices. The rake mark quantifica-
tion protocol developed by Clegg et al. (2015), based on the fact that rake mark
cover can be used as a proxy for aggression levels (Scott et al. 2005; Orbach et al.
2015), could be applied as a welfare measure for wild cetaceans. Since many
odontocete species maintain social hierarchies which are partially sustained
through play and aggression, and in which conspecifics are ‘raked’ (MacLeod
1998; Visser 1998), a high level of rake marks could indicate those animals expe-
riencing social stress or a reduction in fitness (Waples and Gales 2002; Orbach
etal. 2015; see Sect. 12.7.2 for potential link with welfare), and the quantification
method proposed for captive dolphins by Clegg et al. (2015) (Fig. 12.2) could be
applicable to wild dolphins.

Epidemiological parameters have potential as health-related welfare mea-
sures for wild cetaceans, since they are likely to represent the outcome of chronic,
long-term and population-driven welfare states. However, such parameters are
likely to have only limited feasibility as shorter-term assessments for individu-
als. Population measures such as longevity and reproductive rate would be most
useful for welfare assessments if they were used in conjunction with other data
(Swaisgood 2007; Barber 2009): examples from the farm animal literature show
that assessment of reproductive success alone can be very misleading if used
alone to imply good welfare (Dawkins 1980). A recent study (Christiansen and
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Lusseau 2015) examined body condition, behaviour and foetal growth rate in
minke whales, Balaenoptera acutorostrata, and used these population measures
to assess the impact of whale watching, and although welfare was not expressly
discussed, their conclusions provide support for assessing the long-term affec-
tive states of wild cetaceans. Data on individual or population-level disease
parameters, already being collected in wild cetacean health assessments (e.g.
Reif et al. 2008; Schwacke et al. 2014), could be correlated to behaviours in
future studies to identify sickness behaviours and poor welfare indicators.

Pack (2010) discusses the progress of cognition research in wild cetaceans and
emphasises how in the future collaborations between wild and captive fields will
maximise our understanding and the value of the conclusions attributable to the
data, as has been the case with cognition studies in non-cetacean species. Cognitive
welfare measures for wild cetaceans might seem to be unlikely in terms of practi-
cality, and certainly controlled, experimental settings are not as readily possible
as they are in captivity, but nevertheless these are promising areas which merit
further research. One of these is the occurrence of lateralised behaviours, a result
of the differential processing of information by the two hemispheres of the brain
(Rogers 2010; Leliveld et al. 2013). Thus far, studies in other species indicate that
when stressed, the right hemisphere may be used preferentially (Rogers 2010).
Leliveld et al. (2013) suggest that the right hemisphere processes negative emo-
tions, including anxiety and fight or flight responses, and the left deals with posi-
tive emotions. Although the link between lateralised behaviours and welfare is not
yet clear (Rogers 2010), this phenomenon could be a source relevant information
about affective states and furthermore is relatively easy to measure in wild ceta-
ceans: examples can be found in humpback whales (Megaptera novaeangliae),
grey whales (Eschrichtius robustus), belugas, killer whales and bottlenose dol-
phins during various behaviours (Kasuya and Rice 1970; Silber and Fertl 1995;
Clapham et al. 1995; Sakai et al. 2006; Karenina et al. 2010, 2013). In the research
with the closest links to affective states, Karenina et al. (2010, 2013) found that
during nonthreatening situations, belugas and killer whales (Orcinus orca) posi-
tioned calves on their right side, with killer whales favouring the left side as the
situation became increasingly threatening, and Sakai et al. (2006) found that in
affiliative flipper rubbing behaviour, the left pectoral fin and eye were used more
by Tursiops aduncus. In this arena of research, there are indications that laterality
in certain behaviours may be linked to affective state and welfare, but further
work is needed to be able to unravel the potential environmental and evolutionary
causal factors.

12.8.2 Welfare Measures Related to Human Interactions

There is a need to monitor the welfare of wild cetaceans specifically as result of
human interactions or their related activities (Butterworth et al. 2012). We have
already reviewed some of the studies that have investigated the disturbance or pain
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inflicted on cetaceans by humans (e.g. Cassoff et al. 2011; Butterworth et al. 2013),
but in this section of the chapter, we emphasise the need for researchers to tackle the
problem of assessing the welfare of animals affected by acute human interactions.
Welfare is an all-encompassing, multidimensional aspect and thus incorporates
many different areas of science (Dawkins 2006), and, although human-impact stud-
ies on cetacean do examine some of these elements separately, bringing them all
together in a ‘holistic’ or integrated way could aid in understanding the effects of
the issue in real time (Butterworth et al. 2012). Ohl and van der Staay (2012) explain
how welfare assessments of wild animals need to be more dynamic and flexible to
really answer questions about wild animal welfare and that the adaptive value of
welfare states must be considered. We discuss a few examples below: situations
where welfare frameworks could aid in the management and conservation efforts
related to human-inflicted welfare issues.

There are a small number of studies which assess welfare as a by-product of their
main questions of interest. Christiansen and Lusseau (2015) correlated health-,
behavioural- and population-level welfare measures to assess non-lethal impacts of
whale watching. Similar approaches have been seen in the research conducted to
assess the effects of the provisioning (daily feeding) of a wild population of bottle-
nose dolphins in Australia. In these studies, behaviour and population parameters
were combined with long-term ontogenetic data, to suggest that reproductive rate is
lowered in provisioned females and that mother—calf behaviour is significantly dif-
ferent (Mann et al. 2000; Mann and Kemps 2003). In situations such as entangle-
ment, tourists swimming with wild cetaceans, and anthropogenic noise, measures of
poor welfare could be identified, and behavioural indicators of frustration, distress
and fear might be used. Collaborations between captive and wild animal researchers
may help to reveal potential welfare indicators for some species, with an example
being Dudzinski et al.’s (2012) study on pectoral fin rubbing frequency—applicable
in both wild and captive settings, although the focus in the study as presented was
exploration of function of the behaviour, as opposed to use of the behaviour as a
measure of welfare.

12.8.3 Welfare Evaluations During Strandings

Strandings may be caused by humans’ agency, or by other factors, and when humans
try and rehabilitate stranded animals, welfare questions are inevitably raised. With
single strandings, the first question usually concerns the animal’s chances of sur-
vival and whether or not efforts to treat it are futile (Butterworth et al. 2004). In this
case, monitoring indicators of system functioning, alertness and vital signs are cru-
cial for decisions made concerning the animal’s welfare, and some of this data has
been collected during past stranding events (e.g. Greenwood and Taylor 1980).
Butterworth et al. (2004) examined 12 indicators of sensibility and 6 of vitality in
multiple captive cetacean species, to be used as the basis for assessment of viability
in stranding situations. Measuring hearing capabilities in stranded cetaceans has
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been recently advised to assess suitability for rehabilitation and discover the poten-
tial reason for stranding (André et al. 2007). In mass stranding events, resources are
limited, and care is often allocated after a triage process. In the triage assessment,
rapid analysis of each animal’s ‘need versus probability of success’ is made.
Proficiency in conducting physiological, behavioural and anatomical animal-based
measures, by the multiple team members present, would potentially be useful and
may save animals’ lives. Other welfare indicators such as body condition, wound
severity or rake mark cover could provide information about the health state prior to
stranding, which may also indicate the likelihood of survival post-refloating or
release and, also potentially, information on the cause of stranding (Joblon et al.
2014). Some standardised protocols for these measures have been proposed (Joblon
et al. 2014; Clegg et al. 2015) and could be adapted for a wider range of species.
When applied in stranding situations, welfare assessment tools may aid in ethical
decision-making, helping to ensure that resources are used efficiently and animal
suffering is minimalised.

12.9 Recommendations for Developing Measures
of Cetacean Welfare

Research towards developing cetacean welfare measures must, because of their
nature, be conducted in situ (Dawkins 2006), i.e. in the facilities or environments
inhabited by the animals, and must look for measures and approaches specific to the
species in question (Botreau et al. 2007; Hill and Broom 2009). The layout and
organisation of zoological institutions mean they might already be well prepared to
conduct in situ assessments of the animals in the captive environment. The animals
are often visible and identifiable in their enclosures, there are multiple daily interac-
tions with the keepers, and there are systems of individualised care and record-
keeping (Barber 2009). Underwater windows in captive cetacean facilities are
useful for behavioural observations (Dudzinski 2010), and therefore welfare assess-
ment and thus extra considerations must be made for facilities without windows.
Behavioural monitoring of captive cetaceans will likely be of utmost importance in
welfare evaluations and should be conducted regularly and thoroughly (Waples and
Gales 2002; Clegg et al. 2015). In the wild, conditions are more difficult for measur-
ing welfare, but long-term studies of cetacean populations could more readily
answer some welfare-focussed questions. Such studies of wild populations often
have access to individual animals’ life history, genetics, past behaviour, photo-
graphic records and, sometimes, physiological records as well (Wells 2009).
Inclusion of welfare assessment protocols as part of ongoing research in well-
studied wild populations might form the best starting point for investigation of wel-
fare indicators in wild cetaceans.

In the previous sections, we have suggested research areas for potential behav-
ioural, health-related and cognitive welfare measures, and we now give our final
considerations to how best to validate measures once they have been identified. This
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is a challenging process, since when researching welfare in a relatively understudied
arena there are not any validated measures to correlate with newly proposed mea-
sures (Boissy et al. 2007). Using lessons drawn from farm animal welfare research,
in certain contexts, it is possible to explore the effects of perceived increases or
decreases in welfare, which occur ‘naturally’ within the day-to-day environment of
the animals (Désiré et al. 2002). Farm animal research has created a specifically
focussed set of welfare measures for use during farm animal transport (e.g. Bradshaw
et al. 1996), and this approach could also be considered for cetacean studies.
Castellote and Fossa (2006) used transport of cetaceans between facilities, which
occurs for breeding purposes or social group changes, to study vocal activity as a
potential welfare measure and also to examine other potential measures of welfare
status, including salivary cortisol and respiratory rate. Other welfare-altering and
impacting situations which captive cetaceans may experience include medical exam-
inations (Schmitt et al. 2010), mixing new groups together (Waples and Gales 2002)
and situations where the animal is showing inappetence (Waples and Gales 2002).

Conversely, it may also be possible to conduct measurements in contexts where
welfare is likely increased, for example, during feeding events (Platto et al. 2015),
times of enrichment provision (Boissy et al. 2007; Clark 2013) and tactile interac-
tions with humans, if these can be further confirmed to offer positive welfare poten-
tial (Perelberg and Schuster 2009). As mentioned in earlier sections of this chapter,
research could be conducted into cognitive measures such as tests of judgement
bias, to determine whether the biases in dolphins vary with welfare state, as has
been demonstrated in other species. If this proves to be the case, then cognitive
assessment methods may have strong potential to validate other measures taken in
conjunction and could be utilised in the validation of a range of measures (Mendl
et al. 2009). Contexts for validating wild cetacean welfare measures could be
anthropogenic disturbances (e.g. Butterworth et al. 2012; Christiansen and Lusseau
2015), periods of social stress (e.g. hierarchy change; see review in Waples and
Gales (2002)) and situations of environmental change. Valid welfare measures from
either the wild or captivity could, and perhaps should, be applied during collabora-
tive studies between the two settings, and the potential synergy may strengthen the
meaning of outcome measures of welfare (Dudzinski 2010; Pack 2010).

Another approach to validation perhaps only relevant to captivity is to apply a
range of non-validated assessments at different animal establishments and to inves-
tigate whether the results correlate to other welfare-related information about the
facility (e.g. mortality rates, reproductive rates, government resource-based assess-
ments, rate of serious human/animal incidences). This approach is starting to occur
with farm animals (e.g. Temple et al. 2011) and would be feasible for cetaceans
using assessment systems such as that described by Clegg et al. (2015).

Cetacean welfare assessments, especially in captivity, have potential to benefit
the animals themselves if they can highlight situations and practices correlated to
positive welfare states (Clegg et al. 2015) and can help to promote change to reduce
negative impacts. As has been suggested with other species kept in zoos (Veasey
2006; Whitham and Wielebnowski 2013), objective data on cetaceans’ welfare in
captivity could result in improved future regulations, or in some cases, prohibiting
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of some practices or management methods, and might help the public to make
informed consumer decisions about whether (or not) to visit and support captive
cetaceans. Wild cetaceans are facing increasingly significant anthropogenic threats,
and validated measures of cetacean welfare may aid in revealing poor welfare of
individual animals (e.g. entanglement, Cassoff et al. 2011), or threats of poor
welfare to populations, and potentially stimulate public support for conservation
efforts. Since welfare encompasses many different areas of science, cetacean wel-
fare research based on objective, animal-based assessment methods could advance
our knowledge and understanding of these animals in both the wild and captivity.

12.10 Conclusions

Animal welfare science can provide tools and frameworks which can aid in the
assessment of cetacean welfare. There are only a few studies that have considered
measuring cetacean welfare in captivity, and the concept is not yet discussed for
those in the wild. Combining behavioural, health-related and cognitive measures of
welfare is likely to be the best way to reveal valid indicators, and we may find that
social behaviour, anticipatory behaviour, cortisol and cognitive bias experiments
could yield the first welfare measures of captive cetaceans. Social behaviour, assess-
ment of rake marks, population parameters and visual laterality have potential for
use as wild animal indicators. Collaborations between wild and captive researchers
would increase the chances of identifying welfare indicators that are meaningful
and considered by a wide group of stakeholders to be valid. The next logical steps
in this progressive process are that, after identifying an initial group of potential
cetacean welfare indicators, they are validated through practical application, and the
correlations between measures explored. The implications of an agreed and estab-
lished set of measures of cetacean welfare would be widespread, with the potential
for direct benefits to the animals themselves, more accurate information for the
public, greater support for conservation and the reviewing and improvement of
regulations.
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Chapter 13
The Welfare Impact on Pinnipeds of Marine
Debris and Fisheries

Andy Butterworth and Sue Sayer

Abstract Uncounted, and usually unobserved, numbers of the animals that live in
the oceans find themselves snared, trapped or entangled in lost fishing gear, mono-
filament line, nets, rope, plastic packaging and packing bands from crates, or become
hooked on discarded fishing gear, or ingest human marine debris. Seals, sea lions
and walrus (the pinnipeds) seem particularly susceptible to entanglement in marine
debris—their exploratory natures may make this more likely, or perhaps they come
upon plastic waste and rope on the shoreline to a greater extent than the other fully
aquatic mammals. Pinnipeds meeting with plastic, either in the sea or on the shore-
line, may carry debris wrapped around themselves for long periods. They often die
as a result, sometimes from major chronic wounds. Although a wide range of the
global species of seals can be affected by marine debris, some species are much
more significantly affected than others. The key seal species affected by entangle-
ment are monk seals, fur seals and California sea lions. Seals which become entan-
gled or who ingest marine debris may be subjected to distress, pain, trauma, infection,
skin and muscle lesions and compromised ability to move, feed and carry out normal
behaviour. For these reasons marine debris has the capacity to present a significant
and global issue with respect to animal welfare, as well as to more immediately
apparent concerns regarding habitats and the quality of the marine environment.

13.1 Introduction

Uncountable and unobserved in many cases, large number of pinnipeds are becom-
ing tangled, or trapped, in discarded or lost fishing gear, net, rope, packaging and
monofilament fishing line, or are hooked on fishing equipment (Convention on
Biological Diversity 2012). Pinnipeds may be captured as by-catch and die (e.g. in
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live operational fishing gear—mostly gill and trawl nets) or become live entangled
(mostly in storm damaged or discarded ghost fishing gear) with consequent welfare
implications. The pinnipeds appear particularly susceptible to entanglement in this
kind of marine waste; perhaps they encounter net, rope and waste on shorelines and
in coastal waters more than the oceanic marine mammals. As highly intelligent
mammals, pinnipeds appear curious about their environment and so likely to inves-
tigate materials floating in the water column, particularly juvenile animals when
playing. Seals, walrus and sea lions meeting with waste or ghost fishing gear (ghost
gear is abandoned, lost or otherwise discarded fishing gear—ALDFG—which con-
tinues to ‘fish’in an indiscriminate way), in the shallow water of the coast or on the
shore, may carry this material wrapped around them for a long period and some-
times die from the penetrating wounds caused by the rope and line. A broad range
of species can be affected by entanglement, but some are much more commonly
seen wrapped with rope, net or marine debris than others, especially monk seals, fur
seals, grey seals and California sea lions. Seals wrapped or trapped in loops of
marine debris may experience pain, fear, skin lesions and infection and sometimes
deeply incised wounds from rope or line, which can amputate limbs, and cut down
to bone (Fig. 13.1). The lines or fragments of net can interfere with their ability to
move and perform natural behaviours—to keep up with conspecifics, to hunt, to for-
age, to mate and to move through the water at speed. Entanglement may also lead to
complications such as oedema in pregnant females with the potential for reducing

Fig. 13.1 Live juvenile grey seal with deep open wound from trailing trawl net freed by the British
Divers Marine Life Rescue. Image credit: Sue Sayer, Cornwall Seal Group Research Trust
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survival and fecundity. Entangled debris presents a global animal welfare concern,
and the recent launch of the Global Ghost Gear Initiative by World Animal Protection
(WAP 2016) is the first major organisational initiative with a direct focus on marine
debris in relation to animal welfare. Debris can damage local habitats by smothering
rock and seabed substrates, resulting in the need to animals to alter their feeding
behaviour. Many pinniped species have telescopic necks that improve their ability to
accelerate forward to snatch prey, and with many entanglements occurring around
the neck and head area, this ability can be severely reduced. The natural panic reac-
tion for some pinnipeds is to spin their bodies and this can further entangle them in
fishing gear. Different types of entangling materials have different impacts.
Monofilament net or line tends to incise deeply through skin and into flesh, caused
by the animal’s movement alone and then by subsequent growth. Multifilament net
may be more prone to harbour bacteria and so likely result in infection—one grey
seal was known to have died within 128 days of his last pre-entanglement sighting
as aresult of trawl net (Sayer et al. 2015), whilst others have been known to live over
14 years with presumed monofilament wounds. Post-mortems have shown that flesh
and skin can completely regrow over the entangling material (Sayer et al. 2015).

Marine debris may also be a source of chemical pollutants in the sea; plastics
may release plasticisers and additives, which can cause toxicity in top predators
when these toxins accumulate in their marine food.

Marine debris is found in all corners of the oceanic world, but the reporting of
the effects on pinnipeds is not uniform and is linked to the number of ‘observers’
who report entangled animals (Fig. 13.2). Perhaps because of the patchiness of

Fig. 13.2 Adult female grey entangled seal dead and decomposing, undetected whilst alive. Image
credit: Liz Clark, Cornwall Seal Group Research Trust



218 A. Butterworth and S. Sayer

reporting rates, there is almost no reported and published information on pinniped
entanglement in some parts of the world. Moore et al. (2013) reported that post-
mortems of dead and live stranded pinnipeds correlate with the distribution of
human impacts including fishing gear entanglement, boat strikes and malicious
gunshot wounding. Harcourt et al. (1994) suggest that published rates of entangle-
ment are likely to be underestimates, because they report only animals seen when
they come onto shore and do not report or detect those animals which die out at
sea (Fig. 13.3). Both of these authors note that inaccessibility, delayed discovery
and human safety concerns for access to places where these animals are found
may limit the accurate reporting of the cause of death and so result in under-
reporting of animals dying as a result of marine debris and entanglement.
Assumptions are often made about similarly entangled animals being the same
individual, and only detailed photo identification research can reveal the true
extent of this issue.

There are big variations in the geographical spread of research into marine
debris and its potential effects on animals. The 2012 Convention on Biological
Diversity report (CBD 2012) identifies this imbalance and indicates the numbers of
reports reviewed which concern entanglement in debris in a wide range of species
(not only pinnipeds) from different oceans: They report ‘Americas (North and
South) (117), Australasia (56), Europe (52), Africa (12), Antarctic (7), Asia (6) and
Arctic (5).

Fig. 13.3 Litter raft of mixed materials including lost fishing gear and a dead grey seal. Image
credit: Mike Stephens, Cornwall Seal Group Research Trust
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Estimates for animal entanglement and ingestion rates rely on reports of animals
seen alive, or which have only recently died (otherwise the carcases become too
decomposed for full analysis); therefore, the scale of this issue is likely to be
seriously underestimated. If animals die unseen, as will be the case for many, pos-
sibly even the majority, of animals, then they will not be reported. Dead stranded
animals with ghost fishing gear around their necks have been observed to decom-
pose in such a way as leading to headless carcasses which further clouds accurate
reporting. As Cole et al. (2006) say— ‘Our greatest concern remains the number of
animals we never saw’.

Overall comments on the reporting variability for entanglements are made by
Butterworth et al. (WSPA 2012). And even if regional reporting bias is taken into
account, it is apparent that some areas produce higher risks of ingestion and entan-
glement than others, and so it is possible that highly targeted action in these areas of
high risk might act to ameliorate localised marine debris impacts and that it may be
worthwhile to focus resource and work to create improvements in these areas. The
reported ‘hotspots’ for entanglement of pinnipeds are the western coast of the USA,
sea lions and fur seals; the eastern coast of Australia, fur seals; the south African
coast, fur seals; and the Celtic and North Seas, where the gulf stream is known to
bring large amounts of debris, grey seals.

13.2 A Short History of Marine Debris

When the explorer Thor Heyerdahl crossed the Atlantic Ocean in 1970, he was so
concerned about the marine debris that he observed on the oceans that he submitted
a report to the United Nations 1972 Stockholm conference on the Human
Environment (United Nations 1972). Marine litter is defined by the United Nations
Environment Programme as ‘any persistent, manufactured or processed solid mate-
rial discarded, disposed or abandoned in the marine and coastal environment’, and
the United Nations Environment Programme of 2005 (United Nations 2005) esti-
mated that 6.4 million tonnes of ‘litter’ end up in oceans every year. Estimates for
the total amount of marine debris now present in the oceans vary, but, on average,
around 300,000 items of litter and debris are estimated to be present per km? of
ocean surface (NRC 2008). Marine waste and debris comprise plastics, metal, glass,
rubber, paper and objects comprised of multiple man-made substances such as
packaging boxes, bottles, fishing nets and floating accumulations of mixed waste
material bound together into litter rafts (Fig. 13.3).

Plastic dominates marine litter because it is usually either neutrally buoyant or
slightly denser than sea water, and because of its longevity. The top debris items
collected between 1989 and 2007 were (ICC 2008)

‘Cigarettes/cigarette filters: 24.6%, Bags (paper and plastic): 9.4%, Caps/lids: 9.1%, Food
wrappers/containers: 8.9%, Cups/plates/forks/knives/spoons: 7.2%, Plastic cans: 4.6%,
Straws/stirrers: 4.4%, Rope: 2.1%’.
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Wilcox et al. (2016) listed the potential impacts of various forms of marine debris
on marine mammals from the highest rank (risk) to the lowest rank: ‘Buoys/traps/
pots; Monofilament line; Fishing nets; plastic bags; Butts (cigarette butts); Plastic
utensils; Balloons; Plastic caps; Food packaging; Plastic food lids; Straws/stirrers;
Takeout containers; Hard plastic; Cans; Cups and plates; Glass bottles; Beverage
bottles; Paper bags’.

‘Plastics’ are made from synthetic organic polymers—common forms of plastic
include polyesters, polyethylene aramids and acrylics, polyethylene terephthalate
(PET), polypropylene, nylon and high-density polyethylene (HDPE). Most rope,
monofilament line and fishing net and a large proportion of packaging material are
manufactured from plastic, sometimes woven, braided or plaited, to increase its
strength as a fibre. Rope, monofilament line and net are specifically designed for use
in the sea, are very strong, are resistant to degrading by saltwater and sunlight, and
are resistant to abrasion. Plastics are usually neutrally dense or buoyant in the sea
and float at the surface or sink only slowly in the water and can be carried by ocean
currents. Nylon monofilament fishing line was first sold in 1939 (New World
Encyclopedia 2016), and since that time monofilament plastic line has become
much stronger, almost invisible in water (monofilament lines have low optical den-
sity) and extremely strong. Fishing lines are strong when related to their thickness,
and this thin strength can result in extreme tissue damage when animals become
entangled. Some plastics may last for up to 600 years in the sea, and because of their
durability and longevity, abandoned, lost or otherwise discarded fishing gear
(ALDEFG) or derelict fishing gear (DFG), nets, lines, lost traps, floats with line, rope
or net attached and monofilament fishing line (sometimes with hooks) are a particu-
lar concern for animal welfare.

‘Packing bands’ are extremely strong (by design) and are used to close contain-
ers and packages. They are usually made from polypropylene, nylon or polyester,
often reinforced with other plastic fibres, and they are not only strong and resistant
to degradation but are commonly formed into loops (around the original container),
and these looped structures more commonly trap animals, particularly pinnipeds,
than straight lines or ropes. Loops of packing band are seen in a wide range of loop
size, and each type of loop may represent a particular hazard to a species or age
group of seal or sea lion.

The US National Marine Debris Monitoring Program (Sheavly 2007) indicated
that 17.7% of marine litter found on beaches came from ocean activity, with a large
proportion of debris linked with fishing, including nets, fish baskets, fishing line,
rope, buoys, floats, pots and traps. In the UK, fishing-derived marine debris includes
nets, buoys, line and floats, and is the second largest source of marine debris after
litter from beach visitors (Marine Conservation Society [MCS] 2007). Sayer and
Williams (WAP, 2015) identified differences in the fishing gear found lost at sea
(buoys and floats, 41%; trawl net, 17%; monofilament net, 14%; rope, 12%; others,
9%; pot related, 6%, and monofilament line, 1%) to that recorded on land (beaches)
in the same area (monofilament line, 29%; rope, 26%, pot related, 11%; trawl net,
11%, others, 10%; buoys and floats, 8%; monofilament net, 5%)—this representing
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akind of ‘selection’ for some types of fishing-related gear to be more likely to occur
as lost in the sea. Marine debris comes from a wide range of other man-made
sources; from intentional and unintentional waste tipping from shipping, including
fishing vessels; from accidental or deliberate dumping of domestic, commercial or
industrial waste into the sea from the land; from waste blown from shore or from
boats; and from land-based debris or waste moving down rivers and into the sea
after storms or floods.

The manufacturing origin (however, not the disposal location) of many objects
can be determined from the barcode that the object carries (the initial three letters of
the code indicate the manufacturing country). Santos et al. (2005) reported the
source of debris found on beaches in Brazil and found that the country of origin of
identifiable objects was ‘USA 12.2%, Italy 7.6%, South Africa 6.4%, Argentina
6.0%, Germany 5.6%, United Kingdom 4.6%, Taiwan 4.4%, Singapore 3.6%, Spain
3.6%, Malaysia 3.1%, with ‘others’ 35.2% and ‘unidentified’ 7.6%"’.

Barcode tracing for plastic debris shows that marine debris can be found 10 years
later and 10,000 km from its origin (Barnes et al. 2009).

Marine litter in the ocean slowly breaks down into small particles, and these
plastic pieces are now found in the water and marine sediments across the world.
The Great Pacific Oceanic Gyre has debris estimated to have a mass of 100 mil-
lion tonnes, and this is particularly concentrated into an area the size of France
and Spain together (Sheavly 2007). Before the 1980s, relatively small quantities
of marine litter reached the Southern Ocean. Today, there is now movement and
accumulation of marine litter across the whole southern hemisphere, and signifi-
cant amounts of marine debris have moved towards Antarctica (Barnes 2005).
Plastic tends to break down rather slowly in the marine environment. Wang et al.
(2016) report that the effects of UV-B radiation and exposure to oxygen, and auto-
catalytic degradation of plastic in the low temperatures of the sea is very slow
when compared to degradation in the terrestrial environment. Zalasiewicz et al.
(2016) state that degraded plastic is so widespread in ocean sediments that
degraded plastic may become a key future geological indicator of the Anthropocene
(current time, time of mankind).

One perceived route to reduction of marine debris, and hence having the poten-
tial to reduce wildlife entanglement, is through educational programmes. Pearson
et al. (2014) report a survey used to assess the familiarity of the Australian public in
coastal communities with an initiative called ‘Seal the Loop’—an educational pro-
gramme aimed at protecting seals from marine litter. A majority of the participants
in the study were familiar with the education programme, but 32% of the partici-
pants were not able to explain what the risks of marine debris to wildlife actually
were. The respondents also underestimated the actual impact on wildlife numbers,
however, this study did conclude that ‘learning something new about the impact of
marine debris did change waste disposal behaviours’. A lost fishing gear recording
scheme in Cornwall, UK, saw the removal of 50 tonnes of lost fishing gear recorded
in a 12-month period, with an assessed reduction in serious risk posed to grey seals
from 47 to 26% (Sayer and Williams 2015).
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13.3 Plastic Waste Impacts on Animal Welfare
Through the Entanglement of Pinnipeds

For many people, a description of an animal as having ‘good welfare’ might include
the animal being ‘well’ (i.e. not unwell) and also that the animal had the potential
for ‘well-being’—or, at least, not subject to high levels of distress or high frequen-
cies of interference. With regard to a state of ‘good welfare’, disease or physiologi-
cal or anatomical damage, injury and trauma would provide potential welfare
challenges. Sandoe and Simonsen (1992) used the term ‘cost of coping’ implying
that emotional distress, pain or increased levels of physiological or disease-related
challenge would have a ‘cost’ to the animal and that if this cost was great, or in some
cases excessive, then the animal would be less likely to ‘cope’. Prolonged failure to
cope would probably result in suffering.

For wild animals, entanglement in a loop of rope, a discarded net or a packing
band could represent a severe compromise to their ability to cope and so induce suf-
fering. The entanglement could result in altered; feeding behaviours, use of food
sources, social interactions and breeding patterns, hunting or foraging patterns and
territorial or animal-human interactions.

For an individual animal, the capacity to cope (or not) would depend on the
severity of the entanglement and whether the entanglement caused restriction of
movement or, in some cases; trauma, skin lesions, wounds and an altered ability to
swim, mate or feed. The size, locality, physiology, feeding habits, behaviours and
types of marine debris found in the sea around different pinniped species will affect
whether entanglement happens, how and when it takes place, at what age (linked to
body size and inquisitive behaviour) and with what debris items. Entanglement
could be ‘acute’, causing sudden and severe welfare problems such as asphyxiation,
or trapping underwater, or ‘chronic’, in which the welfare impacts may increase
over time through incisive wounds, susceptibility to infection and long-term restric-
tion of behaviours.

A large number of seal and sea lion species are recorded to have been entangled,
with 58% of all species of seals and sea lions reported by Boland and Donohue
(2003). The incidence rate of entanglement for seal and sea lion species is reported
to be from 0.001 to 5% annually of the local seal population, with notably high
levels of entanglement of up to 7.9% in California sea lions from Mexico (Harcourt
et al. 1994). Williams et al. (2011) report high entanglement rates for northern ele-
phant seals (Mirounga angustirostris), Steller sea lion (Eumetopias jubatus) and
harbour seal (Phoca vitulina) around the coast of British Columbia. A study of
Bering Sea northern fur seals estimated that 40,000 seals were killed by marine
debris entanglement each year (Derraik 2002). Rates of entanglement in grey seals
in South West England are of a similar magnitude, averaging 3.1% between 2000
and 2013 (Sayer et al. 2015).

When seals become entangled, this can involve a ring of packing strap, or a frag-
ment of fishing net, or a loop of monofilament line—which commonly forms a col-
lar around the neck, or less commonly a loop around the central abdomen. The loop
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becomes tighter as the seal grows and may become deeply trapped in the skin. This
is because the animal cannot remove it due to its tension or the directional hair of the
coat (which is flattened against the body in the direction of least water resistance).
If the seal is adult, the loop can cut into the tissues of the flipper or the neck and may
become firmly embedded in the skin, subcutaneous fat or muscle and sometimes,
finally, into bone. If the loop becomes deeply enmeshed or embedded, then it is
unlikely that the seal can ever remove it. Most entanglements are in young animals,
maybe because they are more curious, inquisitive and exploratory than adults, or
perhaps because they are naive feeders, less familiar with the hazards represented by
fishing net fragments, or packing band loops. Young seals with severe constrictions
may have feeding restricted to the point of starvation. Loop ligatures can cause
amputation of the flippers, or create wounds open to infection, which limit the likeli-
hood of survival. The constriction around the neck can embed in the tissues and
finally cause strangulation as the animal grows into the noose. Because plastic-
based rope, net and packaging bands are so durable, after death, the debris can
returned to the sea, with the potential to entangle other animals (WSPA 2012).

Trailing entangling materials have a tendency to cause asymmetrical wounds
as they catch under the animal’s body during locomotion on land, causing deeply
incised wounds at the back of the neck when the animal moves on land. Longer
trailing materials can have a significant impact on survivorship, with longer trail-
ing material lengths associated with poorer survival rates (Sayer et al. 2015).
Entangled seals will experience increased drag during swimming (Boland and
Donohue 2003). Derraik (2002) describe how northern fur seals (Callorhinus
ursinus) entangled in even small net fragments of as little as 200 g in weight expe-
rience a fourfold increase in the energetic requirement to compensate for drag
caused by altered water flow. This drag effect restricts movement and may ulti-
mately lead to the exhaustion or drowning of the animal. Where stellar sea lions
(Eumetopias jubatus) in Alaska and British Columbia ingest lost fishing line with
hooks attached, the hooks and lures lodge in the animal or can damage the mouth
and the digestive tract and reduce the animal’s capacity to forage and feed
effectively.

13.4 Severity Scoring for Pinniped Interactions
with Marine Debris

In human medicine, scoring scales are used to describe wounds and to enable
clinicians to gauge and communicate how the wounds are healing. The Red Cross
has a classification of war wounds, used to describe wounds based on their visual
appearance (not based on what caused them) (Coupland 1992). Work has been
initiated on the assessment of entanglements in marine mammals. At the 2007
NOAA/NMEFS (NOAA 2007) Serious Injury Technical Workshop, held in Seattle,
a hierarchical descriptive scale for entanglement injuries to marine mammals was
proposed:
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“Serious—gear-related injury; ingestion of gear; trailing gear (e.g. flasher or lure), when
it has the potential to anchor or drag, or when it is wrapped around the animal; gear
attached to the body with the potential to wrap around flippers, body, or head; foreign bod-
ies penetrating into a body cavity;

Multiple wraps around the body; missing flippers—front and back flipper (serious), for
both otariids or phocids; deep external injuries.”

“Non-serious—gear-related injuries; hooked in the lip; hooked in flipper, etc. with minimal
trailing gear that does not have the potential to wrap around body parts, accumulate drag,
or anchory freely swimming animals encircled by purse seine nets.”

“Grey area—gear-related injuries (less clear how serious the welfare impact is): hooked in
head (serious injury could be assumed, but it depends on several factors, including where
on the head the hooking took place, the depth of the hooking, the type of hook, etc.); animals
stressed by being encircled or trapped (e.g., purse seine); animals released without gear
following entanglement (this designation depends on the extent of the injury or how long
the animal was submerged, how long the gear was on the animal, and the degree of
restraint).”

Other impacts of interactions with humans were also discussed: ‘Pinniped
brought onto a vessel’ (this was considered in this report to be ‘non-serious’) and
the severity for the animal of being brought up onto a boat which depended on how
the animal was brought up, e.g. in net, or a roller (a fishing boat net handling
device), or through the power block (the powered device used to haul a net onto the
deck).

Some scenario examples of ‘serious scores’ are provided to illustrate the possible
welfare impacts, which could cause severe welfare insults, and based on descrip-
tions of observed seal entanglements from Spraker and Lander (2010):

“Rope fragment wrapped around shoulder, strands had cut through the muscles of the right
shoulder and halfway through the mid-portion of the humerus.
Material wrapped around upper neck, line had cut through the lower half of trachea.
Line wrapped around mid-neck, had cut through all dorsal muscles of the neck exposing
the dorsal spinal processes of the cervical vertebrae.”

Successful trials were conducted to assess the risks posed to marine life by lost
fishing gear by Sayer and Williams (WAP, 2015). Firstly, risk was assessed in
terms of likelihood of marine life interaction with the lost fishing gear—described
as ‘possible’ (P) if seals/birds used the area routinely, ‘likely’ (L) if seals/birds
were within 5 m of the item and ‘witnessed’ (W) if they were observed touching
the item; otherwise the risk was assessed as ‘unlikely’ (U). Secondly, risk was
assessed according to the likelihood of marine life entanglement in the lost fishing
gear—described as ‘possible’ (P) if the item was looped/meshed or a balled mass,
‘likely’ (L) if they were within 5 m of a looped/meshed or balled item and ‘wit-
nessed’ (W) if marine life was seen entangled; otherwise the risk was assessed as
‘unlikely’ (U). The two risk ratings were combined into the following categories:
UU, UP, PU, PP, LU, LP, LL, LW, WL and WW. Categories PP + (PP, LP, LL, LW,
WL or WW) were considered to pose a serious threat to marine life (especially
seals and birds).
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13.5 Fur Seals

Hofmeyr et al. (2002) recorded 101 fur seals (Arctocephalus spp.) and five southern
elephant seals (Mirounga leonina) entangled over a period of 10 years on Marion
Island in the Southern Ocean. These authors describe how 67% of the materials
causing the entanglement came from the fishing industry. Polypropylene packaging
straps (associated with the fishery) were the most common material causing entan-
glement, followed by fish trawl netting. These authors also noted longline hooks
embedded in animals and that fishing line entanglements only started to be seen
after longline fishing started in 1996 in this area. Hofmeyr et al. (2002) estimated
that 0.24% of this population of fur seals were entangled each year. Hofmeyr et al.
(2006), in a further study of Antarctic fur seals (Arctocephalus gazella) between
1996 and 2002 on Bouvetgya, an Antarctic island, reported entanglement rates from
0.024 to 0.059% and concluded that these rates were relatively low when compared
to other pinniped populations because, they suggested, of the isolation of the site.
This 2006 study found that more than two-thirds of materials causing entanglement
were from fisheries sources.

Spraker and Lander (2010) estimated the causes of mortality in northern fur
seals (Callorhinus ursinus) in the Alaskan St. Paul Islands. These authors describe
combinations of the pathological effects of entanglement, with trauma and asphyxi-
ation being caused by net fragments or packing band loops. In one case a heavily
entangled living animal was dragging a decomposing seal in the same piece of
entangling net.

Lawson and co-workers carried out a study on a series of beaches from the islands
around the coast of Southern Australia, where there is an estimated Australian fur
seal (Arctocephalus pusillus doriferus) population of about 30,000 animals (Lawson
et al. 2015). Between 1997 and 2012, 138 entanglements were reported and the
entangling debris was collected. In the debris, 50% (n = 69) of the objects were plas-
tic twine or rope, which included trawl nets; 20% (n = 27) were packing straps,
plastic bags and balloon strings; 17% (n = 24) were monofilament fishing line (which
included gill nets); and 8% (n = 11) were rubber litter items. This study also recorded
the characteristics of the entangling material; its ‘type, colour, mesh size, overall
mass, number of threads, whether the item was braided, twisted, knotted, if it was
monofilament, and the number of strands for all entanglement items’. White plastic
packaging straps were the most common (67%, n = 6) of the packing strap entangle-
ments; 61% (n = 43) of rope entanglements were with green-coloured material,
whilst grey- and white-coloured rope accounted for lower percentages of entangling
material at 10% (n = 7) and 9% (n = 6), respectively. For the monofilament line
entanglements, most of the monofilament was clear or green in colour (52% and
26%, respectively). Information on the location, date, age of the seal (pup, juvenile,
adult) and the type and severity of the injury (whether the wound was cutting deep
into tissue or was a surface wound) was also compiled. Analysis of this carefully col-
lected data indicated that the majority 94% (n = 46) of entanglements involved pups
or juvenile seals, with more pups (53%) than juveniles (41%) being entangled.
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Mclntosh and others, working at Seal Rocks, South-Eastern Australia,
reported 359 entangled Australian fur seals and showed that the most common
entanglement materials were from commercial fisheries and that entanglements
were most frequent in pups and juveniles (MclIntosh et al. 2015). Entanglement
was most commonly observed from July to October, when the animals approached
weaning. Using generalized additive mixed models (GAMMs), these authors
estimated that 1.0% (CI = 0.6—1.7%) of the local population was entangled each
year.

The loop diameters of entangling materials, which entangled Antarctic fur seals
from a study at Bird Island, South Georgia, are described by Waluda and Staniland
(2013). They reported material found entangling 90 animals, with loops from 11 to
69 cm in diameter (with a median diameter of 18 cm). These authors found that loop
diameter was closely related to age class. Pups were more commonly entangled in
small loops (median = 15.5 cm), and juveniles and adult females were entangled in
loop diameters of about 17 cm (adult females = 17 cm, juveniles = 18 cm). Adult
males were more likely to be snared in large loops (median = 34 cm). These authors
report that juveniles were five times more likely to be snared than adult females.
They propose that younger animals meet entangling material through inquisitive
play. Adult males were least likely to become entangled, which may be because of
the shape of their broad muscular necks and also their relatively small numbers
within the total population and also potentially due to differences in their feeding
and exploratory behaviours. This report notes also that if entanglement is fatal to a
juvenile, then individuals prone to entanglement will possibly have been selected
out of the population. This study also identifies that more ‘very severe’ entangle-
ments occurred in the (Southern) winter, and these authors speculate that this may
be due to changes in the ability to observe and report entangled animals, rather than
a true alteration in entanglement rate. During winter, the animals are hauled out
onto the shoreline and are thus more readily observed. This report also suggested
that there has been a decline in the number of seals snared in packaging bands at
Bird Island across the period of the study. In *1988/1999—58% of entanglements
were with packing bands, between 1989 and 1994 this fell to 46%, and between
1994 and 2013 the proportion was 39%’. These authors suggest that the Commission
for the Conservation of Antarctic Marine Living Resources (CCAMLR) ban on
packaging bands, which began in 1995, may have started to have a reducing, but not
complete eliminating, effect on the rate of packing band entanglements. Other stud-
ies suggest that the rate of entanglement of Antarctic fur seals (Arctocephalus
gazella) halved over the 5-year period (1990-1994) after the introduction of
MARPOL Annex V (in 1973, the International Maritime Organization IMO adopted
the International Convention for the Prevention of Pollution from Ships, now known
as MARPOL, which has been amended by the Protocols of 1978 and 1997 and kept
updated with relevant amendments) (IMO 2016); however, polypropylene packing
straps, synthetic fibre rope and fishing net fragments were still found to be common
debris items which entangled seals in all the years of this study (Arnould and
Croxall 1995).
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Page et al. (2004) indicate that, in New Zealand, fur seals are most commonly
entangled in loops of packing tape and pieces of trawl net originating from the rock
lobster and trawl fisheries. These authors (Page et al. 2004) published entanglement
rates for Australian sea lions and New Zealand fur seals in derelict fishing gear and
in other marine debris. In 2002, the authors calculated that the Australian sea lion
entanglement rate was 1.3% of the population annually, and the New Zealand Fur
seal entanglement rate was 0.9%. Australian sea lions were commonly found to be
entangled in monofilament line or net (rather than any other entangling materials),
and these fishing materials appeared to be most likely derived from the local shark
fishery.

On St. Paul Island, in the Alaskan Pribilof Islands, northern fur seal (Callorhinus
ursinus) entanglement rates were studied by Fowler (1987), and various objects were
found to entangle these animals around their necks, shoulders and flippers, with an
estimated incidence rate of about 0.4% annually. The majority of these entangle-
ments were with trawl nett fragments and plastic packing bands. This author noted
that entanglement was more common in young animals, which were ‘sometimes
observed entangled together in groups attached to the same large items of debris’.

Shaughnessy (1980) reports entanglement in Cape fur seals (Arctocephalus
pusillus), in the period 1972-1979. The majority of the entangling objects were
around the seals’ necks, with the incidence rate recorded at the Cape Cross colony
of 0.56-0.66% per year. Animals were entangled with ‘string, rope, fishing net,
plastic straps, monofilament line and rubber O-rings’, with a rate of entanglement
estimated to be 0.4% annually of the population. These authors estimated 15,000
seal entanglements to take place each year and that 5700 of these animals would die
as a result of their entanglement. Zavadil et al. (2007) reports northern fur seals
(Callorhinus ursinus) on St. George Island to have an estimated entanglement rate
of 0.06-0.08% annually for pups and with the maximum entanglement rate occur-
ring in October with up to 0.11% of the population entangled just before weaning.

New Zealand fur seals (Arctocephalus forsteri) in the Kaikoura region of New
Zealand breed close to a busy tourist and fishing area and become entangled in lost
net and plastic waste (Boren et al. 2006). Entanglement rates are described in Boren
et al.’s study as being in the range of 0.6-2.8% annually, with green trawl net pieces
(42%) and plastic strapping bands (31%) being the most common entangling items.
These authors also report that, perhaps due to the high density of ‘observers’ in this
area, nearly half of the entangled seals were caught and released from their entan-
glement (43%) and that post-release monitoring has shown that the likelihood of an
individual surviving is high, even after a significant entanglement wound.

Hanni and Pyle (2000) describe 914 California sea lions (Zalophus california-
nus), Steller sea lions (Eumetopias jubatus), Pacific harbour seals (Phoca vitulina),
northern elephant seals (Mirounga angustirostris) and northern fur seals (Callorhinus
ursinus) reported as entangled at South-east Farallon Island, in North California,
between 1976 and 1998. The most common entangling materials were monofila-
ment line and net, heavy fishnet, other net, salmon fishing lure and line, fish hooks
and line, packing straps, other miscellaneous marine debris and ‘constriction’
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(where no actual material could be seen, but material was presumed to be present,
hidden in the fur or in a wound, with a circular indentation or wound present around
the head, neck or torso).

13.6 Elephant Seals

Campagna et al. (2007) discuss the impact of entanglement on Southern elephant seals
(Mirounga leonina) in relation to the characteristics of the wounds around the neck
caused by monofilament fishing lines. In this study, entangled elephant seals were
caught, and, where possible, the material was removed. The monofilament line found
was typically 1.3—1.5 mm thick and was tied into a loop with a knot, presumably by the
original fisherman. In some animals the entangling line still had lures or hooks attached,
and the configuration of hooks and lures was typical of that found in gear used for local
squid fishing. However, they do suggest this to be an underestimate, as observations
were made at a time of year when juveniles were not present. These authors discuss
how the monofilament line entanglement becomes a deep chronic wound associated
with infection and note the severe consequences for the animals affected, and they
judge, from the depth of the wounds, that entangled seals may have lived for months or
even years with the monofilament line cutting into the neck tissues.

13.7 Sea Lions

In Australia, it is estimated that 1500 Australian sea lions (Neophoca cinerea) die
annually from entanglement, mostly from snaring in monofilament gillnet from the
shark fishery located where the sea lions forage (Page et al. 2003).

In California, Dau et al. (2009) report 1090 seal entanglements, of which 11.3%
were related to fishing gear and with a particularly high incidence of fishing gear
entanglement injury observed in the San Diego region. Zavala-Gonzélez and Mellink
(1997) report entanglement in California sea lion (Zalophus californianus) from a
population which extends from British Columbia to Mazatlan in Mexico, including
populations from the Gulf of California. The population of sea lions in the Mexican
part of range area is estimated at 74,467 along the Pacific coast and 28,220 and in
the Gulf of California, and these authors report annual entanglement rates in this
region of 2.24% (which could equate to approximately 2300 animals annually).

A survey reported by the National Oceanic and Atmospheric Administration
(NOAA 2012) indicates that packing bands cause more than 50% of neck entangle-
ment in Steller sea lions (Eumetopias jubatus) in Alaska. A survey of 386 Steller sea
lions (Eumetopias jubatus) in South-east Alaska and northern British Columbia
reported an estimated incidence annual rate of entanglement of 0.26% (Raum-
Suryan et al. 2009). These authors reported that the common materials causing
entanglement were packing bands (54%), large rubber bands (rubber packing bands)
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Fig. 13.4 California sea lion (known as Shammyrock) is seen here with an entanglement on
March 16, 2014. Image credit: The Marine Mammal Center

(30%), pieces of net (7%), rope (7%) and monofilament fishing line (2%) (Fig. 13.4).
This study also looked at the incidence of fishing gear ingestion or entanglement for
these Steller sea lions and reports that ‘salmon fishery flashers and lures (80%),
long-line gear (12%), hooks and line (4%), spinners or spoons (2%), and bait hooks
(2%)> comprised the major items found. Raum-Suryan et al. also describe a local
education campaign— ‘Lose the Loop!’—which promoted cutting of entangling
loops of fishing material and elimination of packing bands from local waste to help
prevent entanglements.

13.8 Monk Seals

Donohue and Foley (2007) assess the influence of storm weather on monk seal
entanglement in the North Pacific Ocean. They describe how, for the 23 years lead-
ing up to 2007, monk seal entanglement increased during episodes of severe weather
associated with El Nifio. They propose that ocean current processes linked with El
Nifio may contribute to changes in entanglement potentially because of introduction
of new marine debris along with the changes in the ocean currents. The Hawaiian
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monk seal (Neomonachus schauinslandi) is an endangered species breeding only on
six small islands and atolls in North-west Hawaii. Between 1996 and 2000, an ini-
tiative in this area aimed to reduce the amount of derelict fishing gear in the reefs
close to the breeding sites for these seals (Boland and Donohue 2003) and a total of
195 tonnes of derelict fishing gear was removed from the area. Karamanlidis (2000)
found that entanglement in abandoned nets was having a measurable effect on the
population of monk seals (Monachus monachus) in the Mediterranean, and this
author reported that the use of gillnets posed a significant threat to this endangered
population of monk seals around the Desertas Islands off Madeira.

13.9 Grey Seals and Common Seals

Entanglements of grey seals (Halichoerus grypus) on the Dutch coast in the period
between 1985 and 2010 are described by Hekman and Osinga (2010). They report
that entanglement was relatively (relative to population size) more commonly
observed in grey seals than common seals (Phoca vitulina) (about twice as often in
the grey seal), and that in both species more of the entangled seals were males and
that entanglement was more likely to occur in juveniles. ALDFG (lost fishing gear)
was the most common entangling material, and the numbers of grey and common
seals seen entangled and reported were believed to be only a small portion of the
number of animals affected because of the animals assumed to be lost and unde-
tected at sea.

Allen et al. (2012) report the physiological and anatomical effects of debris
entanglement on grey seals (Halichoerus grypus) in Cornwall, UK, between 2000
and 2008. They describe how an under-reported aspect of entanglement is the effect
of increased drag from trailing material and the increased foraging time required to
feed because of the raised metabolic demands created by the entangling material.
Allen et al. discussed the animal welfare impact of the entanglement injuries and
report the types of injuries sustained by the animals to be ‘“constriction” (43%);
“wound” (7%); “constriction and wound” (14%); “evident” (visible entanglement
but wound type unclear, 36%)’. Allen et al. (2012) estimated that entangled seals
form 8.7% of the seals recorded in the Cornish photo identification database (up to
the end of 2011) and that of 58 seals showing evidence of entanglement in the data-
base, 37 (64%) had visible lesions showing a constriction or an open wound, or both
(Figs. 13.5, 13.6, 13.7, 13.8, 13.9, 13.10, and 13.11). These authors estimate entan-
glement rates in these seals to have declined from 5% (annually) of sightings in
2004 to 3% in 2011 and that entanglement had a significant impact on survivorship.
A report (Sayer et al. 2015) extending and summarising this dataset obtained
between 2000 and 2013 (262 animals) reported a mean annual rate of 3.1% of ani-
mals observed to be entangled. In contrast to other studies, most entangled animals
were adult (62%), with an approximately even split between males and females.
When visible, the entangling material was identified (n = 92), and all but one was
fishery related with the majority being monofilament (72%) (Fig. 13.7) or trawl net
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Fig. 13.5 Adult female grey seal severely injured with constricted open wound, Isles of Scilly.
Image credit: Rebecca Allen, Cornwall Seal Group Research Trust

Fig.13.6 Juvenile grey seal in a packing band with which she was observed playing. Image credit:
Dave McBride, Cornwall Seal Group Research Trust
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Fig. 13.7 (Post-mortem) monofilament lesion in an entangled grey seal. Image credit: Sue Sayer,
Cornwall Seal Group Research Trust and James Barnett, University of Exeter/Cornwall Wildlife
Trust Marine Strandings Network

Fig. 13.8 Juvenile grey seal entangled in plastic packing material— later successfully rescued.
Image credit: Simon Bone, Cornwall Seal Group Research Trust
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Fig. 13.9 Juvenile grey seal being rescued from trawl net by the British Divers Marine Life Rescue
and the Cornish Seal Sanctuary. Image credit: Sue Sayer, Cornwall Seal Group Research Trust

Fig. 13.10 Adult male grey seal named ‘Railway Arch’ has lived with a partly healed entangle-
ment wound for 13 years. Image credit: Sue Sayer, Cornwall Seal Group Research Trust
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Fig. 13.11 Galapagos fur seal (Arctocephalus galapagoensis) with neck entanglement. Image
credit: Juan Pablo Muiioz

(11%) (Figs. 13.1 and 13.9). Entanglements were observed around the neck (89%),
body (2%), head (1%), mouth (2%), flipper (1%) and across multiple parts of the
body (5%). The length of the trailing material and the presence of deeply constricted
wounds were both significantly linked to reduced survivorship. Almost twice as
many non-entangled seals survived over 10 years compared to those with deep
constrictions. Rescues have routinely been performed successfully (n = 30) in this
area in conjunction with the British Divers Marine Life Rescue and the Cornish Seal
Sanctuary (Figs. 13.1 and 13.9). Post rescue photo identification of rescued, reha-
bilitated and released disentangled animals shows at the time of writing they can
survive for long periods (up to 7 years is recorded by Sayer et al. 2015).

13.10 Conclusions

Pinnipeds are visible barometers of the spectrum of marine animals which can
become snared, entangled, trapped or caught in marine debris. Seals are more visible
than many marine animals because of their partial terrestrial habit. Marine plastic in
the form of net, rope, monofilament line and packing bands can cause entanglement
in a wide range of pinniped species, sometimes with severe consequences. There is
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the potential for severe acute welfare impacts on the individual animals through
starvation and highly restrictive entanglement and some animals live for months or
years (up to 16 years in one study of grey seals) with chronic deep incised wounds
from net, packing band or monofilament line/net looped entanglement. Entanglement
lesions can become chronic wounds, with deep infection that have debilitating con-
sequences for the individual animal and leading to premature death in others.
Plastic is a ‘new’ challenge to these animals, man-made and entering the ocean
in large quantities during the last century, and with an apparent dramatic rise in
quantity, spread and effect particularly in the last 20 years. Plastic is probably very
long lived in the sea (we don’t yet know how long in practice), and there are plastic
objects floating in the sea which have travelled thousands of kilometres. The effects
of marine debris are not just aesthetic; marine debris has the potential to cause sig-
nificant, widespread and ‘hidden and unreported’ animal suffering, through wound-
ing, constriction, amputation, drag, infection, compromised feeding and ingestion.
The pinniped species most likely to be affected by entanglement are fur seals, monk
seals, California sea lions, grey seals, common seals and monk seals. Entanglement
rates described in the literature range up to 7.9% of local populations annually (see

Table 13.1 Summary tabulation of reported entanglement rates for the pinniped species found in
different ocean regions—the rate of entanglement (estimated % of population annually), the net,
plastic and fishing line (% of reported entanglement cases for each category respectively) and the
published source of the data

Rate of
Ocean entanglement Fishing
region Species/subspecies | (%) Net Plastic | line Published source
North-east | Steller sea lion 0.26 7 54 2 Raum-Suryan
Pacific et al. (2009)
Northern fur seal 0.4 65 19 Fowler (1987)
Northern fur seal 0.08-0.35 39 37 9 Allen and
Angliss (2014)
Eastern Californian sea lion |0.08-0.22 19 25 14 Stewart and
Central Yochem (1987)
Pacific Californian sea lion |3.9-7.9 50 33 Harcourt et al.
(1994)
Northern elephant | 0.15 19 36 33 Stewart and
Yochem (1987)
Harbour seal 0.09 33 Stewart and
Yochem (1987)
Northern fur seal 0.24 50 Stewart and
Yochem (1987)
Steller sea lion 4 4 Hanni and Pyle
(2000)
Central Hawaiian monk seal | 0.7 32 8 28 Henderson
Pacific (2001)
South-west | Kaikoura fur seal 0.6-2.8 42 31 Boren et al.
Pacific South (2006)

(continued)
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Table 13.1 (continued)

Rate of
Ocean entanglement Fishing
region Species/subspecies | (%) Net Plastic | line Published source
North-west | Grey seal 3.1-5 Allen et al.
Atlantic (2012)
South-east | Antarctic fur seal 0.024-0.059 48 18 Hofmeyr et al.
Atlantic (2002)
Antarctic fur seal 0.4 46-52 Arnould and
Croxall (1995)
Cape fur seal 0.1-0.6 50 Shaughnessy
(1980)
South-west | Southern elephant | 0.001-0.002 36 64 Campagna et al.
Atlantic seal (2007)
Australian fur seal | 1.9 40 30 Pemberton et al.
(1992)
New Zealand fur 0.9 29 30 3 Page et al.
seal (2004)
Australian sea lion | 1.3 66 11 6 Page et al.
(2004)
Western Antarctic and 0.24 17 41 10 Hofmeyr et al.
Indian subantarctic fur seal (2002)
Ocean

Table 13.1)—with packing bands; fragments of lost net, rope, monofilament line
and net; fishery flashers and lures; longline fishing gear, hooks and line; and bait
hooks as the common and recurrent entangling materials in a number of seal and sea
lion species.

The spread of plastic material in the ocean leaves seals entangled and, through
entanglement and injury, sometimes results in their death through acute or chronic
lesions, and this is a welfare concern. Entanglement results from human activity
which was not anticipated or directly intentional, but which nonetheless is having a
significant effect on animal welfare.
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Chapter 14
Loss of Habitat: Impacts on Pinnipeds
and Their Welfare

Sheryl Fink

Abstract Pinnipeds around the world have been affected by habitat loss as a result
of climate change and anthropomorphic activity, such as marine and coastal devel-
opment. In addition to the physical reduction of available habitat, pinnipeds are
impacted by secondary effects of habitat loss, such as disease and changes in prey
availability. The impacts of global climate change are thought to be the most wide
reaching, with changes in the availability and stability of sea and pack ice habitat
expected to be most significant for at least 11 ice-associated species. Potential
impacts on pinniped welfare occur as a result of changes in distribution and migra-
tion patterns, increased pup mortality, reduced foraging success, and decrease in
body condition. Reductions in survival due to increased storm activity, increased
exposure to disease and parasites, and human development have also been observed.

14.1 Introduction

While overexploitation is considered to have been the most important factor affect-
ing the abundance and welfare of marine mammals historically, habitat destruction
and fragmentation have become increasingly important threats to pinnipeds around
the world.

Being relatively large and highly mobile marine species, pinnipeds are often
thought to be less affected by habitat loss than many terrestrial animals. However,
most have specific habitat needs for breeding or feeding. Identifying and quantify-
ing habitat loss is challenging in marine environments, and understanding the
impact on individual welfare is complex. Regardless, it seems clear that diminishing
and deteriorating habitat are having a negative impact on the welfare and abundance
of many pinniped species (Kovacs et al. 2011).
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Of growing concern is the impact of climate change, which is resulting in a direct
loss of ice habitat for many ice-associated pinniped species but may increase the
availability of land-based habitats for others. Loss of ice and warming ocean tem-
peratures occurring as a result of climate change will alter marine food webs, which
will affect the distribution and availability of prey and result in changes to seals’
foraging habitat and success. Ocean acidification, a result of increased carbon diox-
ide in the atmosphere, may also impact ice-associated seal survival and recruitment
through disruption of food webs dependent on calcifying organisms (Kovacs et al.
2012). Rising sea levels are expected to result in reductions in available shoreline
habitat for some pinniped species.

Other indirect impacts of climate change include induced habitat loss (Cooper
et al. 2006), which will have a negative effect on pinniped welfare, increased disease
and parasite risk (Karamanlidis et al. 2016), and increased impacts from human
traffic and development in previously inaccessible areas (Skeate et al. 2012).

Apart from climate change, habitat loss continues to occur as a direct result of
human activity, primarily coastal and marine development. Mineral, oil, and gas
extraction, renewable energy development (Davis 2010; Tougaard et al. 2009), and
practices such as aquaculture (Kemper et al. 2003) and the repeated use of mobile
fishing gear have the potential to destroy or degrade areas of critical habitat (Skeate
et al. 2012). Pinniped welfare may be compromised, and survival and reproductive
rates may fall as a result of increased risk of entanglement in fishing gear (please see
Chap. 13 this volume), exposure to chemicals that reduce immune system function
or reproduction, and exposure to new pathogens or noise pollution (Harwood 2001).
Even disturbance from tourism may pose a risk to seal welfare by forcing them to
abandon preferred breeding or resting habitats (Johnson and Lavigne 1999b).

While it would be difficult to cover all sources and examples of pinniped habitat
loss in this chapter, we address a few of the better known examples and species.
Although little has been published on the welfare impacts of habitat loss, it is assumed
that changes resulting in increased mortality, reduced pup survival, and decreased
body condition will have negative welfare impacts for individual animals.

14.2 Climate-Driven Losses of Habitat

Global climate change is the most pervasive threat to pinnipeds worldwide, and cli-
mate-driven habitat losses are the most wide reaching in impact. The consequences of
climate change on marine mammals have been increasingly documented in recent
decades, with direct loss of sea ice habitat recognized as a prominent threat to Arctic
marine mammals (Ragen et al. 2008, Tynan and DeMaster 1997; Simmonds and Isaac
2007, Laidre et al. 2008, 2015, Moore and Huntington 2008, Kovacs et al. 2011, 2012).

It is well documented that the earth’s atmosphere is warming, causing regional
adjustments in temperature, wind, ocean circulation, precipitation, ice cover and
sea level, and pH balance, which are amplified in the polar regions (IPCC 2013).
The extent of Arctic sea ice is now more than two million square kilometres less
than it was in the late twentieth century (Kinnard et al. 2011). The declines in Arctic
sea ice extent and thickness resulting from these changes are expected to continue
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into the future at increasing rates (IPCC 2007, 2013), with predictions suggesting
that we are rapidly moving toward a seasonally ice-free Arctic (Overland and Wang
2013). Climate change is also affecting Antarctic habitat and ecosystems, although
patterns have been very different in various sectors, with some areas experiencing
increases in ice extent while others exhibiting a decrease. Central West Antarctica
is one of the most rapidly warming regions on earth (Bromwich et al. 2013).

Sea ice habitats are unique in that they are spatially extensive, have few surface
predators, and are virtually free of disease vectors (Kovacsetal. 2011). Forice-associated
pinnipeds, ice acts as a physical platform, a marine ecosystem foundation, and a barrier
to non-ice-adapted marine mammals and human commercial activities. Sea ice (and its
loss) is an important factor in marine ecological dynamics, influencing productivity,
species interactions, population mixing, gene flow, and pathogen and disease transmis-
sion (Post et al. 2013). The direct loss and deterioration of sea ice is the most obvious
and immediate threat to ice-associated pinnipeds, particularly those in the Arctic.

14.3 Impacts of Climate Change-Induced Habitat Loss
on Pinnipeds

Both Arctic and Antarctic seal species have evolved traits that depend on the larger-
scale predictability of pack ice development, movements, persistence, and extent.
Although accustomed to interannual fluctuations in ice and prey availability, ice-
associated pinnipeds are vulnerable to a fast-changing environment and ill equipped
to respond quickly to permanent or complete habitat loss as a result of climate
change (Laidre et al. 2008; Moore and Huntington 2008).

Climate-driven habitat loss is expected to be most significant for ice-breeding
pinniped species that require long periods of stable ice late in the spring season and
specialist feeders who rely on prey species that are sensitive to changes in ice.

In the Arctic, seven pinniped species are considered ice associated, relying on ice
to at least some extent for survival: ringed (Pusa hispida), bearded (Erignathus
barbatus), spotted (Phoca largha), ribbon (Histriophoca fasciata), harp (Pagophilus
groenlandicus) and hooded seals (Cystophora cristata), and walrus (Odobenus ros-
marus). Of these, the walrus, ringed seal, and bearded seal are considered to be ice
dependent and restricted to spatial and temporal domains influenced by sea ice.

In the Antarctic, four species of seal are closely tied to the presence of pack ice
and require certain sea ice characteristics to complete their life cycle: the crabeater
seal (Lobodon carcinophagus), Weddell seal (Leptonychotes weddellii), leopard
seal (Hydrurga leptonyx), and Ross’s seal (Ommatophoca rossii). These species
rely on sea ice for critical portions of their life history and have demonstrated sen-
sitivity to small changes in the sea ice environment. Climate change-driven impacts
on prey distribution may also impact the ice-tolerant Antarctic fur seal (Arctocephalus
gazella) and southern elephant seal (Mirounga leonina L.) (Siniff et al. 2008), who
winter and forage in open water and marginal ice zones but reproduce on land.

Many pinniped species have already been affected by reductions in the geo-
graphic extent, seasonal duration, and stability of sea and pack ice (Siniff et al.
2008; Kovacs et al. 2011), and these impacts are expected to intensify. Changes in
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ice directly reduce the habitat available for seals that give birth and molt on sea ice,
hide from predators or seek protection from inclement weather within ice fields, or
eat ice-associated fish and other prey (Kovacs et al. 2011). This loss of available
habitat can be expected to affect welfare through negative impacts on foraging suc-
cess, breeding success, body condition, and mortality rates (Moore and Huntington
2008; Kovacs et al. 2011). Some of the impacts of ice habitat loss on pinnipeds that
are likely to have welfare considerations include changes in distribution and migra-
tion patterns, increased pup mortality, decreased foraging success resulting from
greater distances to food or changes to food webs, increased use of land-based
haulouts, increased exposure to disease and contaminants, and increased exposure
to human development and traffic (Tynan and Demaster 1997; Kovacs et al. 2011).

14.4 Changes in Distribution, Migration, and Abundance

Changes in the distribution and migration routes of some pinniped species are
already occurring and are expected to continue, and this will ultimately alter popu-
lation structure and genetic exchange rates. Ice habitat loss means many pinniped
species will experience compression of their range concurrent with a loss of suitable
breeding or foraging habitat, potentially resulting in population reductions. At the
same time, subarctic and temperate pinniped species are likely to exhibit northward
expansions of their ranges, which may place competitive pressure on endemic arctic
species, further reducing their available habitat and putting them at greater risk of
predation, disease, and parasite infections (Kovacs et al. 2011).

The manner and degree to which pinnipeds may adapt their behaviour, or relo-
cate their breeding areas, in response to changing ice conditions, is still highly
uncertain. Some species may be able to adapt; however species which are fixed in
their traditional spatial and temporal cycles, and unable to shift, may be threatened
with extirpation (removal or uprooting from a locality) or extinction (Kovacs et al.
2011). Major declines in abundance or pup production have already been docu-
mented for hooded seals in the Northeast Atlantic harp seals in the White Sea and
ringed seals in Hudson Bay, which have largely been attributed to climate change
impacts on ice conditions (Kovacs et al. 2012).

14.5 Increased Pup Mortality

In the complete absence of ice, female harps seals may move to find suitable ice
outside of their historical pupping areas. However, if ice is present, females will
give birth on ice insufficiently thick to persist throughout the nursing period, result-
ing in high levels of pup mortality (Stenson and Hammill 2014). There is no evi-
dence that harp seal females have successfully adapted to give birth on land. In 2010
and 2011, poor ice conditions in the Gulf of St. Lawrence, Canada, resulted in
mother harp se