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Abstract Whaling Commission (2011) has considered whales 
sentient on the basis that they have some level of 

Marine mammal welfare has most frequently been awareness, have some ability to evaluate the actions 
a topic of discussion in reference to captive ani- of others, and have the ability to recall their own 
mals. However, humans have altered the marine actions with associated consequences.
environment in such dramatic and varied ways For wild marine mammals, discussions of the wel-
that the welfare of wild marine mammals is also fare of individual animals are rare, despite substantial 
important to consider as most current publications concern for those in captivity (Brando et al., 2017). 
regarding anthropogenic impacts focus on popu- Instead, evaluations of impacts on wild animals tend 
lation-level effects. While the preservation of the to focus on implications for population viability and 
species is extremely important, so too are efforts subsequent conservation concerns. While these are 
to mitigate the pain and suffering of marine mam- extremely important outcomes, the argument that 
mals affected by noise pollution, chemical pollu- wild animals have intrinsic value means that we 
tion, marine debris, and ever-increasing numbers should also consider their individual welfare. It can 
of vessels. The aim of this review is to define wel- be argued further that humans have a responsibility 
fare for wild marine mammals and to discuss a to address those welfare concerns caused by anthro-
number of key anthropogenic effects that are cur- pogenic impacts, just as for conservation.
rently impacting their welfare. To discuss the effects of human activities on the 

welfare of wild marine mammals, welfare must first 
Key Words: marine mammals, welfare, anthro- be defined operationally. A widely accepted defini-
pogenic impacts, pollution, entanglement, fishery tion of welfare used for domestic and captive ani-
interactions mals defines good welfare as a state in which an 

animal is free from physical injury or disease and has 
Introduction what it wants (Dawkins, 2003). Although this defini-

tion considers “wants” as approximately equivalent 
Intrinsic value refers to an animal’s individual to preferences, many definitions have included the 
worth, which is independent of how others, includ- related concept of “needs.” Basic needs are bio-
ing humans, use the animal (Duncan, 1981; Lavigne logical requirements for certain resources and/or 
et al., 2006). This ethical concept means that the environmental or bodily conditions (Broom, 1986). 
treatment of animals must involve consideration of If an animal has an unmet need, whether behav-
individual well-being, and not simply population ioral or physiological in nature, coping strategies 
viability and ecosystem role (Lavigne et al., 2006). may emerge to fulfill that need (Broom, 1991). For 
To some, this may seem a stretch in terms of the example, hunger is a basic need that can be remedied 
likelihood of being considered outside of animal by an animal finding and consuming food. Under 
welfare fields, but this concept is already included certain conditions, these coping strategies may not 
in many national policy documents and international be sufficient to return the animal to a state in which 
agreements. In terms of marine mammals, both seals coping is not required. In these situations, the animal 
(European Food Safety Authority [EFSA], 2007) can be considered stressed as there is a threat to the 
and whales (International Whaling Commission maintenance of its internal systems (Guyton & Hall, 
[IWC], 2011) have been explicitly considered sen- 1996). When an animal is in a situation where its 
tient by such bodies, and, as a result, their value needs are not being met (e.g., hungry, diseased, or 
beyond humane killing methods must be considered otherwise stressed), its welfare would be considered 
(Lavigne & Lynn, 2011). Although by no means reduced. Additionally, pain and suffering are cen-
the only definition of sentience, the International tral components in definitions of welfare (Brakes, 



151Welfare of Wild Marine Mammals

2004). Pain is linked only with physical stimuli, in animals affected (Kirkwood, 2011). While welfare 
which experience of an aversive sensation is associ- involves considerations of individual animals, the 
ated with perceived tissue damage (Broom, 2001). total number of animals affected by an activity is 
Suffering results from the interactions of physical significant for understanding which impacts to pri-
stimuli, including pain and psychological well-being oritize for management and improvement of welfare.
(Brakes, 2004), and it can include a number of nega- This review is a comprehensive, but not exhaus-
tive emotions (Dawkins, 1980). It may be considered tive, evaluation of a number of anthropogenic activi-
a combination of subjective feelings and lack of con- ties that have been documented to negatively affect 
trol (Broom, 1991). the welfare of marine mammals. While many of 

Welfare, therefore, can be considered as a com- these human activities are frequently reported in 
bination of both the coping status of an animal, terms of their potential to significantly affect the 
including their health, physiological stress, pain, population or species in question, there are also indi-
and suffering status, and the experience of negative cations that the welfare of individual marine mam-
psychological states. Health is clearly an important mals can be reduced. 
component of welfare (Dawkins, 1980; Broom & 
Fraser, 2007) as are presence or absence of physical Anthropogenic Noise
injuries. Coping, and therefore “needs,” are included 
in this definition rather than the concept of “wants” Marine mammals rely heavily on acoustic commu-
because the latter may be less relevant for wild nication for multiple aspects of their life history (i.e., 
compared to captive animals. Experimental stud- navigation, location of objects or conspecifics, for-
ies have examined wants/preferences for various aging, reproduction, and social exchanges; Wright 
resources (e.g., Dawkins, 1977; Delfour & Beyer, et al., 2007). The importance of sound for marine 
2011), which may be difficult to achieve and likely mammal communication suggests that increased 
impractical for most wild marine mammals. Both exposure to anthropogenic noise will have detri-
broad components of this definition can be assessed mental effects on these functions. One of the pri-
using a variety of indicators, and multiple authors mary effects of anthropogenic noise is its interfer-
have emphasized the importance of using more than ence with animal communication, termed acoustic 
one measure to create the most accurate portrait of masking (Clark et al., 2009). By reducing the range 
an animal’s welfare (Dawkins, 2000; Broom, 2011). and clarity of acoustic signals sent and received 

In applying this definition, several other factors when communicating (Wright et al., 2007), acoustic 
should be taken into account to assess the severity masking may contribute to the reduction of marine 
of an anthropogenic activity on welfare. First, the mammal welfare via decreased foraging efficiency 
welfare of an individual animal cannot be catego- and greater energy requirements for communica-
rized dichotomously as good or bad; rather, wel- tion. Despite growing concern, there is an escalat-
fare exists on a spectrum of very good to very bad. ing number of sound sources being introduced to the 
Secondly, welfare can be assessed on different time ocean with the potential to affect marine mammal 
scales, from short- to long-term (Broom, 1991), species. These include, but are not limited to, ship-
similar to the concept of acute vs chronic stress ping/vessel traffic, seismic air gun activity, pile driv-
(Fair & Becker, 2000). For instance, welfare out- ing, and navy sonar (Clark et al., 2009; Moretti et al., 
comes are not directly comparable for one animal 2014; Merchant et al., 2015; Williams et al., 2015).
experiencing substantially decreased welfare for a The effects of anthropogenic noise differ across 
very short period of time and another animal expe- species due to variation in auditory processing and 
riencing slightly decreased welfare on a repeated sensitivities. For example, pinnipeds typically have 
basis. The time scale of an impact is also extremely a high-frequency cut-off in their underwater hearing 
important because different indicators are suitable range between 30 to 60 kHz, whereas odontocetes 
for long- vs short-term assessments. For example, (i.e., toothed whales) exhibit a high-frequency cut-
heart rate and blood plasma cortisol concentrations off between 80 to 150 kHz (National Research 
are common short-term stress and welfare measure- Council [NRC], 2005), suggesting the latter taxon 
ments, whereas immunosuppression and behavioral may be more vulnerable to a greater variety of sound 
habituation/sensitization are more useful as long- types. Vessel traffic contributes a wide range of 
term indicators (Broom, 2011). Welfare impacts, interfering noise to the marine environment, which 
therefore, may be conceptualized by two axes: one can lead to cetaceans modifying their acoustic sig-
representing current welfare on the spectrum of very nals in response. Bottlenose dolphins (Tursiops 
good to very bad, and one indicating the time scale truncatus) significantly increased their rate of vocal-
of the welfare impact. These may alternatively be izations when a boat was approaching (Buckstaff, 
referred to as the intensity and duration of an impact, 2004), and killer whales (Orcinus orca) increased 
respectively (Broom, 2001; IWC, 2011). Finally, it their call signal amplitude as background noise from 
is also important to acknowledge the number of motorized vessel traffic increased (Holt et al., 2009).
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Non-acoustic behavioral changes in response to (Phoca vitulina) when they are exposed to airborne 
vessel noise (i.e., surface behaviors, increased trav- construction noise (Kastak & Schusterman, 1996), 
eling, and disruptions to dives) can occur at a meta- and in California sea lions (Zalophus california-
bolic cost (Holt et al., 2009). When North Atlantic nus), harbor seals, and elephant seals (Mirounga 
right whales (Eubalaena glacialis) were exposed angustirostris) due to underwater vessel noise 
to three playback conditions (vessel noise, whale (Kastak et al., 1999). In areas with pile-driving 
vocalizations, and a synthetic signal designed activity, PTS onset is suggested to occur close to 
to alert that boats were approaching), almost all the sound source, approximately 5 m for cetaceans 
whales exposed to the alert signal ceased any dives and 20 m for pinnipeds (Southall et al., 2007). Even 
in progress and made a sudden, rapid ascent to the temporary hearing loss constitutes a clear reduction 
surface followed by prolonged traveling at the sur- in welfare, and the sudden and unexpected loss of a 
face (Nowacek et al., 2004). These types of behav- major sense may be associated with negative psy-
ioral changes in conjunction with acoustic modi- chological states and stress.
fications can result in high energy expenditure by Determining the behavioral and physical responses 
cetaceans (e.g., Holt et al., 2015). Vessels may also of marine mammals to anthropogenic noise depends 
have an observable impact even at great distances; on species-specific anatomy and ecology. Sound 
for example, dolphin schools continuously adjusted types with varying properties and intensities can 
their travel trajectories such that they increased the have different effects on the responses exhibited 
distance between themselves and approaching ves- (e.g., Finneran et al., 2000, 2001, 2005). In addition 
sels—in some cases, when the vessel was still over to shipping/vessel noise, two other major categories 
9.6 km away (Au & Perryman, 1982). For North of anthropogenic noise are discussed below for their 
Atlantic right whales, ship noise playback condi- unique features and subsequent effects: (1) sonar and 
tions did not elicit a behavioral response, but this (2) seismic activity.
may be due to acclimation to continuous vessel 
noise in the environment (Nowacek et al., 2004). Sonar
Still, any observed or suggested behavioral habitu- The low-frequency sounds produced by military 
ation in response to vessel noise/traffic should not sonar have been the subject of much research 
be assumed to indicate tolerance by the affected because U.S. federal agencies are required to 
animals (Beale, 2007). Ambient noise in marine evaluate the probability of noise-related impacts 
environments may still be perceived as a stressor on marine mammals at both the individual and 
without causing observable behavioral indicators population levels under the Marine Mammal 
of stress (Wright et al., 2007). Overall, behavioral Protection Act (Harris et al., 2017). Animals may 
responses to anthropogenic noise can reduce the perceive sonar sounds as a threat, and they may 
welfare of marine mammals by decreasing feed- exhibit species-specific anti-predator behaviors in 
ing, increasing traveling, and generally inducing response (Nowacek et al., 2004; Curé et al., 2016; 
energetic costs, which have consequences for an Harris et al., 2017). Variation in the behavioral 
animal’s physiological stress status. responses exhibited between and within individu-

As well as behavioral responses to noise, marine als and populations highlights the importance of 
mammals may also experience physical damage to considering the exposure context. The majority 
their auditory systems, which clearly reduces wel- of experimental research regarding the effect of 
fare. When exposed to high-intensity sounds for sonar utilizes artificially simulated sonar signals 
prolonged periods of time, cochlear hairs in mam- transmitted from scaled sound sources on research 
malian ears can fatigue and distort their physical vessels, as control of or access to a machine 
shape, decreasing the affected animal’s hearing sen- that produces a full navy-based sonar signal is 
sitivity (Willott et al., 2001). Hearing loss due to the extremely limited (Tyack et al., 2003). In opportu-
damaged hair cells is considered temporary, provid- nistic exposure studies, however, observations are 
ing the sound exposure is below a certain threshold made around real-world naval activities, which 
in terms of duration and frequency. This effect is reduces the amount of control the experimenter/
termed a temporary threshold shift (TTS) in hearing observer has (i.e., experimental protocols such as 
sensitivity (Finneran et al., 2001, 2005; Nachtigall randomization into control and treatment groups 
et al., 2004). If the sound exposure exceeds this are not possible; Harris et al., 2017) and limits the 
threshold, the cochlear cells can die and cause per- ability to rule out confounding factors.
manent damage and hearing loss, or permanent Recent studies suggest that whales exhibit strong 
threshold shift (PTS) in sensitivity (Finneran et al., avoidance reactions to sonar, with marked reductions 
2000; NRC, 2005). Bottlenose dolphins exposed to in the number of resident animals present during 
short tones resembling sonar pings exhibited TTS sonar activity. Two Blainville’s beaked whales 
at between 192 to 201 dB re 1 mPa2 (Schlundt et al., (Mesoplodon densirostris) experimentally exposed 
2000). TTS has also been reported in harbor seals to a signal resembling mid-frequency active (MFA) 
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sonar terminated their foraging dives, moved slowly Richardson & Würsig, 1997; Weir, 2008). The 
toward the surface, and then moved away from the impacts of these intense sound sources on acous-
sound source (Tyack et al., 2011). Similarly, one tic and non-acoustic marine mammal behavior can 
study documented a reduction of almost 75% in include displacement, increased travel time at the 
beaked whale abundance during sonar operations, surface, possible PTS or TTS, and increasing call 
with a concurrent increase in abundance once sonar signal amplitude and frequency (Richardson et al., 
activity ceased (Moretti et al., 2010). Reduced vocal- 1986, 1999; Richardson & Würsig, 1997; McCauley 
izations detected during sonar activity (McCarthy et al., 1998, 2000; Moore & Clarke, 2002; Wright 
et al., 2011) further suggest an avoidance response et al., 2007; Yazvenko et al., 2007; Weir, 2008). The 
to sonar signals. Together, these data indicate that likelihood of these outcomes is influenced by the 
whales exposed to sonar may experience reduced distance of the animal from the sound source, water 
welfare as a result of disrupted foraging, increased depth, duration of exposure, and other possibly con-
traveling, and potential associated stress. founding variables. Each response is representative 

There is also concern that sonar can cause physical of fatigue, pain, and/or stress in the affected animal, 
harm as it has been associated with a number of ceta- which would all contribute to a reduction in welfare.
cean mass strandings (Rommel et al., 2005; D’Amico The high-energy, low-frequency signals pro-
et al., 2009; Filadelfo et al., 2009). Increased sonar- duced by airgun arrays overlap to a lesser extent 
related strandings have been documented in beaked with odontocete signals as the latter are produced 
whales, occurring a few hours to days after naval at higher frequencies (e.g., 0.5 to 150.0 kHz; 
maneuvers using mid-frequency sonar (Fernández Popper, 1980). However, airgun noise can still 
et al., 2005; Hildebrand, 2009). These whales were span these frequencies (e.g., 0.2 to 22.0 kHz 
affected by fat and gas bubble emboli, presenting range) and be detected by odontocetes at relatively 
symptoms highly similar to decompression sickness long distances (< 10 km) (Madsen et al., 2006b). 
(“the bends”) in human divers (Jepson et al., 2003; Odontocete species exhibit great variation in their 
Fernández et al., 2005). Beaked whales are known to responses to seismic activity. Atlantic spotted dol-
perform deep dives that, when disturbed (i.e., startle phins (Stenella frontalis) maintained a greater dis-
response to sonar), may negatively affect normal tance from the sound source during full-array seis-
physiological nitrogen buffering, triggering the for- mic activity compared to when the guns were off 
mation of nitrogen bubbles that can potentially lead (Weir, 2008). Interestingly, these dolphins would 
to fatal pulmonary emboli (Cox et al., 2006; Tyack approach and bow ride alongside the vessel when 
et al., 2006). The close proximity of naval sonar the airguns were inactive, indicating that avoidance 
activities implicates naval exercises as a main con- responses were short term (Weir, 2008). However, 
tributor to these symptoms (Fernández et al., 2005; if these changes occur on a repeated basis, they 
Hildebrand, 2005); however, there may be other may constitute a significant source of stress and 
possible explanations. Another hypothesis is that the longer-term negative impact on welfare.
navy maneuvers may induce the formation of nitro- The numerous anthropogenic sources of sound in 
gen bubbles through rectified diffusion: the growth the ocean today suggest that there is a high prob-
of microscopic bubbles in the presence of high- ability that many marine mammals could experience 
intensity sounds that can be fatal when formed in TTS at some point in their lives—for some, possibly 
the blood (Crum & Mao, 1996; Wright et al., 2007). even multiple times. This shift in hearing threshold 
Regardless of the mechanism, this severe physical can mean an affected individual will be limited in 
damage certainly decreases the welfare of affected their ability to gather acoustic information, which 
marine mammals due to both death itself and to the could lead to intermittent loss of feeding, mating, 
internal injuries, stress, and likely suffering expe- or socializing opportunities. Perhaps more concern-
rienced prior to death. Welfare will be particularly ing are the welfare impacts on marine mammals that 
poor if there is an extended interval between initial experience permanent hearing damage. These indi-
emboli formation and death. viduals may slowly starve, become separated from 

their social groups, and not be able to efficiently 
Seismic Activity navigate their environment.
Auditory effects from high-intensity sounds such Though some anthropogenic noise sources can 
as seismic activity, drilling, or pile drivers are now be pinpointed as causing specific events of welfare 
known to induce behavioral responses indicative concern to marine mammals, of significant con-
of stress and, thus, reduced welfare in a variety of cern is the potential for many different sources of 
marine mammal species. During seismic surveys, noise to interact over long periods of time. Dramatic 
airgun assays produce high-intensity emissions increases in commercial shipping off California 
at low frequencies (i.e., 0.2 to 22 kHz) that over- have increased low-frequency ambient noise by 2.5 
lap with the call signal frequencies of several spe- to 3 dB per decade (McDonald et al., 2006), and 
cies of baleen whales (Greene & Richardson, 1988; every 6 min during daylight hours a vessel passes 
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within 100 m of the resident bottlenose dolphins in biomarkers in tissue samples from free-ranging and 
Sarasota Bay (Buckstaff, 2004). Long-term, chronic stranded animals can be extremely useful; in many 
effects are more difficult to establish as causing cases, stranded animals can provide brain, liver, 
reduced welfare, but considering that animals are blood, skin, subcutaneous blubber, muscle, and fur 
unable to forage effectively due to shipping noise, samples for analysis. Fecal samples from dolphins 
are displaced by seismic airgun activity, and may and pinnipeds can be analyzed for concentrations of 
experience hearing or tissue damage from sonar, it is porphyrins and OCs, whereas blood samples provide 
highly likely that many marine mammals experience additional data on levels of cortisol and concentra-
reduced welfare as a consequence of anthropogenic tions of heavy metals (Fossi & Marsili, 1997).
noise. To best address concerns regarding the effects 

of chemical pollutants on marine mammal wel-
Pollution fare, it is imperative to better understand the 

relationship between increased concentrations of 
Humans contribute a number of pollutants to the POPs and disease susceptibility (Jepson et al., 
world’s oceans, many of which have potential 2005; Desforges et al., 2016). The chemicals in 
impacts on marine mammals. As with the other this class of compounds are stable, bioaccumula-
issues discussed in this review, however, the wel- tive, highly toxic, and persist for long periods of 
fare of individual animals is not often considered time in the environment (Macdonald et al., 2002). 
when the effects of pollution are reviewed. In Endocrine-disrupting chemicals (EDCs), a type 
light of this paucity, possible welfare implications of POP, disrupt normal endocrine system func-
of both chemical and plastic pollution on marine tions by mimicking and/or blocking the effects of 
mammals are discussed below. endocrine hormones in marine mammals due to 

structural similarities (Colborn et al., 1993; Crisp 
Chemical et al., 1998; Meerts et al., 2001; Jenssen, 2006; 
In the last decade or so, there has been an increase Wright et al., 2007). Endocrine disruption can 
in research that examines the effects of chemical impair thyroid function and cause neurological 
pollutants on marine mammals. High concentra- and cognitive deficits (Schantz & Widholm, 2001; 
tions of persistent organic pollutants (POPs) found Zoeller et al., 2002; Desforges et al., 2016). All of 
in the tissues of multiple marine mammal species the above effects have the potential to reduce wel-
have been associated with impairments in organ and fare through disease and impaired organ function 
immune function, reproduction, and increased strand- overtaxing coping systems, which may contribute 
ings (Reijnders et al., 2009). All of these outcomes to chronic stress and psychological suffering.
reduce physical health and may be associated with In recent history, the number and type of chemi-
pain and suffering, thus also reducing welfare. POPs cal compounds present in the tissues of marine 
are particularly problematic due to their resistance mammals has increased significantly. Several spe-
to physical, chemical, and biochemical degradation cies of marine mammals tested globally in the 
and their environmental bioaccumulation over time 1960s contained traces of five different OC com-
(Jenssen, 2006). These chemical contaminants are pounds, while surveys several decades later in the 
ingested by marine mammal species and accumu- 1990s found over 300 pollutants present (Tanabe, 
late in increasing concentrations in various organs 2002). Blubber samples taken from stranded 
and tissues (Beckmen et al., 2003; Martineau, 2007; California sea lions, harbor seals, and elephant seals 
Wright et al., 2007). Compounds of particular con- between 1994 and 2006 revealed highly elevated 
cern include many types of industrial organochlorines PBDE concentrations (Meng et al., 2009), and skin 
(OCs) such as polychlorinated biphenyls (PCBs), biopsies of free-ranging bottlenose dolphins around 
polychlorinated dibenzofurans (PCDFs), polybromi- the Spanish Canary Islands demonstrated that POP 
nated diphenyl ethers (PBDEs), and perfluorooctane levels showed a marked increase between 2003 and 
sulfonate (PFOS) (Giesy & Kannan, 2001; Ikonomou 2011 (Garcia-Alvarez et al., 2014). All organohalo-
et al., 2002; Herzke et al., 2003; Wolkers et al., 2004). genated compounds were at fatally toxic concentra-

A major barrier to fully understanding the impact tions (Letcher et al., 2010). 
of chemical pollutants on marine mammals is the Marine mammals residing in Arctic regions have 
relative impossibility of experimenting in laboratory shown high susceptibility to many POPs and OCs—
conditions with these animals, as well as the fre- for example, beluga whales (Delphinapterus leucas) 
quent occurrence of confounding factors in the wild in the St. Lawrence estuary have developed bacte-
(Reijnders et al., 2009). Additionally, information is rial infections likely related to exposure to immuno-
lacking on other biological variables affecting sample suppressive contaminants such as PCBs (Martineau 
tissue quality, disease prevalence across species et al., 1988; Jenssen, 2006; Wright et al., 2007). 
and its pathology, and information on interactions There are significant relationships between PCBs 
with other anthropogenic impacts. Nevertheless, and thyroid hormones (Skaare et al., 2001; Braathen 
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et al., 2004) and OCs and cortisol in polar bears effects decrease welfare by reducing the physical 
(Ursus maritimus) (Oskam et al., 2004). Correlated health of an affected animal, likely contributing to 
plasma PCB and progesterone levels in female polar pain and psychological suffering over potentially 
bears may disrupt the normal reproductive cycle long time scales.
and hinder successful mating (Haave et al., 2003), Of all the cetaceans who have ingested debris, 
while male bears experience reduced testosterone approximately half of documented cases involve 
levels with increased concentrations of OCs and plastic pollution (Baulch & Perry, 2014). Unlike 
PCBs (Oskam et al., 2003). Cortisol concentrations other types of pollution, plastic has the potential 
altered by OC levels may inhibit physiological pro- to injure animals regardless of its environmen-
cesses necessary for homeostasis and make the polar tal concentration (Laist, 1997), with even small 
bears less capable of dealing with environmental quantities of ingested plastics having substantial 
stressors (Oskam et al., 2004; Bourgeon et al., 2017). negative effects (e.g., stomach rupture; Jacobsen 
Factories began phasing out novel POPs such as per- et al., 2010). Furthermore, it is likely that, in many 
fluorooctane sulfonate (PFOS) in 2000 due to con- cases, marine mammals experiencing negative 
cerns regarding effects on the metabolism of high encounters with plastic debris may not die imme-
trophic-level predators like the polar bear and ringed diately. Some authors have referred to the poten-
seal (Phoca hispida) (Berthiaume & Wallace, 2002; tial for reduced quality of life as a result of plas-
Bossia et al., 2005). Nevertheless, these compounds tic ingestion (de Stephanis et al., 2013), but the 
have been detected in polar bear tissues (Bossia et al., potential welfare consequences of ingested plastic 
2005) and are known to be associated with decreased debris are not often addressed directly. Possible 
immune and endocrine responses in seals (Hall et al., welfare impacts of both microplastic and macro-
2003; Neale et al., 2005; Frouin et al., 2010). These plastic pollution are discussed below.
effects all relate directly to the health and physiologi- Microplastic Pollution—The two major types of 
cal stress elements of welfare, as well as likely being plastic pollution are classified by size: microplas-
associated with reduced psychological well-being. tics are between 0.3 and 5 m, while macroplastics 
In addition, the accumulative nature of many chemi- are greater than 5 mm in size (National Oceanic 
cal pollutants increases the probability that affected and Atmospheric Administration [NOAA] Marine 
marine mammals experience long-term reductions Debris Program, 2017). While more difficult to 
in welfare. Addressing chemical pollutant concerns immediately observe, microplastics may pose a 
is imperative for improving reproductive success of threat to marine mammal welfare by contributing to 
threatened and endangered species and for ensuring the bioaccumulation of POPs (Teuten et al., 2007), 
that wild marine mammals experience good welfare. which may leach into marine mammal tissues once 

ingested. The potential welfare implications of these 
Plastic Debris compounds have been discussed above, with evi-
Individuals of almost 300 species are affected by dence discussed below regarding the likelihood that 
marine debris globally, predominantly via inges- marine mammals are exposed to toxic compounds 
tion and/or entanglement (Laist, 1997). At least specifically via ingestion of microplastics.
49 marine mammal species have been affected, It is extremely difficult to determine the source 
17 by ingestion only, with a further nine experi- of pollutants in marine mammal tissue; chemi-
encing both ingestion and entanglement (Laist, cals, such as PCBs, may be introduced via a range 
1997). In terms of the number of species affected of sources, including microplastics. Evidence for 
and the frequency of occurrence, entanglement in the role of microplastics comes from concurrent 
marine debris appears to be a more severe threat to detection of microplastics and plastic additives 
marine mammals than ingestion and is discussed in ocean water (Fossi et al., 2012), and subse-
elsewhere in this review. Nevertheless, these data quent detection of these additives in the blubber 
indicate that a large number of marine mammal of stranded fin whales (Balaenoptera physalus). 
species are affected by ingestion. One of the pre- Higher levels of plastic additives in fin whale 
dominant reasons for ingestion is that marine biopsies also coincide with higher microplas-
mammals confuse debris with intended prey and tic concentrations in water samples (Fossi et al., 
consume it as a result. Alternatively, debris may be 2012). Baleen whales, in particular, may ingest 
ingested directly but not intentionally, such as if the large quantities of microplastics directly from the 
animal does not detect the debris while attempting water column and indirectly via contaminated 
to ingest prey items, or during play (Butterworth, prey (Besseling et al., 2015). Additionally, the 
2016). Indirect and accidental ingestion may occur potential for chronic exposure to microplastics is 
when the prey of marine mammals have ingested high in long-lived species like marine mammals. 
debris prior to consumption. In any case, inges- Current evidence suggests that large cetaceans are 
tion has the potential to cause starvation, internal most at risk from toxic microplastic leakage and 
injuries, and toxic chemical leakage. All of these associated welfare concerns, but only preliminary 
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conclusions can be drawn from presently avail- Both blockage and internal injuries from macro-
able data. plastic ingestion have been documented in stranded 

While most marine mammal plastic pollution lit- sperm whales (Physeter macrocephalus), with 
erature focuses on cetaceans, some data are available almost 100 kg of debris recovered from the stom-
for pinnipeds. In this taxon, microplastic exposure achs of two individuals (Jacobsen et al., 2010). In 
most likely comes from consumption of contami- other examples, it seems that ingested plastic has 
nated prey, as the size of plastic particles recovered little observable effect on the ingester and, therefore, 
from seal scats are much smaller than would be little associated reduction in welfare. In a number of 
expected if consumed directly (Goldsworthy et al., cases, plastic debris was found in the stomachs of 
1997; McMahon et al., 1999; Eriksson & Burton, stranded cetaceans along with recent prey with no 
2003). Scat samples, however, may not provide evidence of obstruction of or injury to the digestive 
accurate estimations of pinniped plastic ingestion as tract (Fernández et al., 2009; Mazzariol et al., 2011). 
assessments examining stomach contents have found The potential welfare outcomes of macroplastic 
small pieces of plastic even when seal scats from the ingestion are likely to be highly variable and difficult 
same location showed no evidence of their ingestion to predict without further data.
(Bravo-Rebolledo et al., 2013). In terms of estimated numbers affected, avail-

Macroplastic Pollution—The potential for nega- able data differ greatly across species and are biased 
tive impacts from macroplastics stems from the toward samples from stranded individuals. Although 
physical effects of ingestion as well as toxicity. macroplastic ingestion is detected in almost two-
Macroplastic ingestion can substantially reduce thirds of cetacean species (Kühn et al., 2015), cer-
marine mammal welfare via internal injuries, dis- tain species seem to be more vulnerable than others. 
ease, malnutrition and starvation, chemical leaching, Occurrence of plastic debris in the stomachs of 
and reproductive failure (Derraik, 2002; Butterworth stranded individuals range from 2.3% (of 128) of 
et al., 2012; Lavers et al., 2014), all of which can pre- stranded short beaked common dolphins (Delphinus 
vent the fulfillment of basic needs and vastly overtax delphis; Simmonds, 2012) to between 16 and 28% of 
coping systems. Welfare is reduced by the pain and bycaught La Plata River dolphins (Pontoporia blain-
suffering almost certainly associated with these out- villei; Denuncio et al., 2011; Di Beneditto & Ramos, 
comes, which may take place over long time scales 2014). Variation exists within species, such as harbor 
before healing or eventual death. porpoises (Phocoena phocoena), for which marine 

Ingested macroplastics may cause physical debris was ingested by only 2.2% (of 459) of indi-
damage to internal tissues or lead to starvation via viduals examined in the United Kingdom between 
two possible routes: (1) physical blockage in the 2005 and 2010 (Simmonds, 2012), but in 11.9% (of 
digestive system and/or (2) false satiation sensa- 42) of bycaught or stranded animals in the Black 
tion (Laist, 1997). Some necropsies reveal plastic Sea (Tonay et al., 2007). Eventual outcomes are also 
debris in the digestive system blocking prey items highly varied—for example, 6.3% (of 63) of Florida 
from descending, while others find plastics but no manatees (Trichechus manatus) that ingested debris 
prey, suggesting that the animal had not attempted eventually died as a result (Beck & Barros, 1991), 
to feed since debris ingestion. Various cases have while ingested plastic did not appear to have caused 
been described supporting both of these mecha- complete digestive blockage in any of 30 affected 
nisms. For example, large quantities of plastics have La Plata River dolphins (Denuncio et al., 2011). 
been recovered from the stomachs of minke whale Certain taxa seem to be overrepresented in the mac-
(Balaenoptera acutorostrata; De Pierrepont et al., roplastic ingestion literature, such as beaked whales; 
2005), Blainville’s beaked whale (Secchi & Zarzur, the use of suction feeding by this family of whales 
1999), Cuvier’s beaked whale (Ziphius cavirostris; is thought to possibly make them more susceptible 
Poncelet et al., 2000), and striped dolphin (Stenella to fatal ingestion (Simmonds, 2012). Although pin-
coeruleoalba; Pribanic et al., 1999) carcasses. nipeds have been assessed less frequently than ceta-
In all cases, animals had very thin blubber layers cean species, a recent review determined that 38% 
and were extremely emaciated with no fresh prey (of 32) of seal species occasionally ingest plastics 
in their stomachs, suggesting that ingested plastic (Ryan et al., 2016), increasing their risk of reduced 
could have been responsible for false satiation sig- welfare via internal injuries and/or starvation.
nals that ultimately led to their death. Starvation is Given that much of the data discussed comes from 
a slow way for an animal to die, and it is clearly examinations of stranded individuals, little informa-
associated with the frustration of basic needs, tion is available regarding the ingestion–mortality 
namely hunger, which internal coping systems are interval—an important consideration in relation to 
unable to remedy. Starving marine mammals are welfare implications. Although data are incomplete, 
also highly likely to experience negative psycho- and the extent to which an animal is affected by mac-
logical states and extensive physiological stress, all roplastic ingestion seems to be highly variable, it is 
of which contributes to greatly reduced welfare. clear that damage to internal organs and starvation, 



157Welfare of Wild Marine Mammals

whether eventually leading to death or not, impair the devices are not always effective, however: sea lion 
coping status of affected animals and are associated bycatch in the New Zealand squid trawl fishery 
with pain and suffering. As such, macroplastic inges- was not reduced as a result (Chilvers, 2008). Some 
tion is a significant threat to marine mammal welfare. New Zealand sea lions (Phocarctos hookeri) that 

did make it through the excluder device were found 
Entanglement to have both head and internal injuries (Chilvers, 

2008), compromising their individual welfare even 
Becoming trapped by fishing nets and suffocating though they were not immediately killed by the trawl 
under water, choking to death from a plastic pack- net. Severe injuries such as broken jaws could lead 
ing band around the neck, or dying from emaciation to a number of painful and deadly issues, including 
due to dragging fishing gear are all prolonged deaths shock, blood loss, infection, compromised immune 
for many marine mammals. Research on entangle- system, or organ failure (Dolman & Moore, 2017). 
ment has focused historically on how issues such as Nevertheless, continued improvements to excluder 
bycatch in fishing nets affect marine mammals at the devices, such as increasing the size of the device, 
population level. For some species, such as the North could help lower mortality rates, as could regulat-
Atlantic right whale, entanglement in fixed fishing ing where and when fishing takes place (Lyle et al., 
gear has killed enough individuals to be of conser- 2015).
vation concern, with focused attention now given Even when animals are not killed or severely 
to this threat to the population’s existence (Moore, injured, stress from temporary entanglement can 
2013). The experiences of individual right whales reduce an individual’s well-being and may lead 
that are entangled for an average of 6 mo before to prolonged issues. In instances when dolphins 
they succumb to starvation, exhaustion, infection, or are freed from purse-seine tuna nets, mothers 
a combination of these effects is also extremely con- and calves may become separated, which can 
cerning (Dolman & Moore, 2017). This section will result in calf starvation or death due to preda-
discuss welfare concerns associated with entangle- tion. Pregnant females may have spontaneous 
ment in active fishing gear and marine debris. abortions due to increased stress levels from 

entanglement (Dolman & Moore, 2017). In cases 
Entanglement in Active Fishing Gear of prolonged entanglement in fixed fishing gear, 
Bycatch, the harvest of non-target species, is one of marine mammals are highly likely to experi-
the primary conflicts that exists between the fishing ence chronic stress; this has been documented in 
industry and marine mammals (Read, 2008). Even North Atlantic right whales via elevated levels of 
though public concern for dolphins led to dolphin- stress hormone in their fecal matter (Hunt et al., 
safe tuna initiatives, marine mammals are still fre- 2006). This is significant because these animals 
quent victims of bycatch. In the most recent com- in particular are already facing many other stress-
prehensive assessment, global estimates of bycatch ors (e.g., noise pollution). In some populations, 
in the 1990s were over 600,000 marine mammals almost all individuals are affected by entangle-
per year, most of which were caught and asphyxi- ment: 83% of North Atlantic right whales have 
ated in gill-net fisheries (Read et al., 2006). Take been entangled at least once in their lives, with 
reduction plans have helped lower the number of some individuals entangled as many as six times 
marine mammals killed, but accurate reporting of (Moore & van der Hoop, 2012; Dolman & Moore, 
bycatch incidents has been difficult to obtain, and it 2017). This is a large proportion of an endangered 
is thus challenging to discern if such programs have population whose welfare is compromised due to 
helped lower this number (Read et al., 2006). While anthropogenic activity.
threats to population or species survival are of great The entanglement of North Atlantic right whales 
importance, it is also thought provoking to consider has been referred to as a costly life-history stage 
the individual experience of all the whales, dolphins, because entanglements can last several months, 
and pinnipeds that are caught in nets, unable to free yielding long-term effects (van der Hoop et al., 
themselves or breathe. When caught at depth, marine 2017). The fishing gear often creates a large 
mammals may experience decompression sickness amount of drag, which alters swim patterns and 
and other severe injuries that can contribute to pro- reduces welfare by increasing the energy require-
longed stress and pain prior to death by asphyxiation ments of swimming (van der Hoop et al., 2014, 
(Dolman & Moore, 2017). Entanglement, therefore, 2016). In over half of entanglement cases, the rope 
poses a great threat to marine mammal welfare, both was wrapped around the head, reducing foraging 
due to the extremely poor welfare experienced by opportunities even further (Moore & van der Hoop, 
individual animals and the scale of the problem. 2012). Coping strategies are unlikely to be effec-

One solution to trawl fishing gear bycatch is tive in meeting basic needs, such as hunger, in 
to incorporate excluder devices, which help ani- these animals. It is hypothesized that estimates of 
mals escape instead of remaining in the net. These entanglement underrepresent the severity of the 
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problem as many whales may die and sink before often responsible for marine mammal entanglement. 
the entangled whale or entanglement scarring are Documentation of entanglement by man-made 
witnessed by a person (Glass et al., 2010). materials, excluding active fishing gear, is difficult, 

Another welfare concern of long-term entangle- and so incidence estimates likely underrepresent this 
ment is the pain associated with tissue damage issue (Laist, 1997). Rates of entanglement and type 
caused by fishing gear. The fixed fishing gear of material involved vary by geographic location 
responsible for large whales’ entanglement can (Butterworth, 2016): in some areas, fishing gear is 
cause lacerations and scars that penetrate deep the main culprit; while in other areas, plastic twine, 
into the blubber layer (Moore, 2013). Studies rope, packing bands, and monofilament line are 
indicate that bottlenose dolphin skin is very sensi- more likely to cause entanglements. Entanglement 
tive to touch, similar to humans’ touch sensitivity in marine debris affects many marine mammal spe-
(Ridgway & Carder, 1990). Given this known tac- cies and can cause exhaustion, starvation, asphyxia-
tile sensitivity in at least one cetacean species, it is tion, and severe wounds and infections (Laist, 1997; 
likely that pain is experienced by animals that have Baulch & Perry, 2014). All of these outcomes vastly 
wounds penetrating the skin surface. Some of the reduce animal welfare due to the overtaxing of 
ropes entangling North Atlantic right whales have coping mechanisms and probable psychological suf-
cut tissue to the bone and caused unnatural bone fering. Pinnipeds are particularly likely to become 
growth (Moore, 2013). In one case, a rope entan- entangled in debris because they live close to shore-
gled around a whale for 5 mo dissected a portion of lines where marine pollution frequently collects, 
blubber off the animal’s back (Moore, 2014). Not and young animals are likely to become entangled 
only are entangled whales limited in movement, more often due to greater exploratory tendencies and 
speed, and foraging, but they often experience smaller size (Butterworth, 2016).
extreme physical injuries, with substantial associ- Entangled pinnipeds may drown because they do 
ated pain, stress, and negative psychological states, not have the energy to swim back to shore or they 
all of which greatly reduce welfare. may be unable to escape predators (Laist, 1997). In 

Moore and van der Hoop (2012) have been vocal these cases, elevated stress and pain levels contribute 
regarding how marine mammal welfare is affected to poor welfare (Butterworth, 2016). Furthermore, 
by entanglement as this is often overlooked in these instances of entanglement are often not 
favor of associated species’ conservation concerns. recorded because no one observes the entanglement. 
Overall, there is little pressure from the public to Even if animals are able to move while entangled, 
change laws and practices on the basis of welfare they experience greater energetic costs for locomo-
because awareness of the large number of animals tion and may not be able to forage efficiently (Laist, 
entangled in fishing gear is generally minimal. 1997). Entangling marine debris may cause chronic 
When marine mammals drown in fishing gear, wounds and lead to infections or suffocation over 
this process is generally slower than deaths of land time (e.g., elephant seals are known to survive years 
mammals that are killed commercially and recre- with monofilament line cutting into their necks; 
ationally (Moore & van der Hoop, 2012). Even in Butterworth, 2016). Current estimates suggest that 
the case of modern commercial whaling, whales approximately 40,000 seals die annually due to 
are typically killed with efficiency using explosive entanglement in plastic (Butterworth, 2016), indicat-
harpoons (Moore, 2014). While whaling can be just ing that this problem is severe in terms of both the 
as much a threat to conservation as entanglement, welfare of individual animals and its overall scale.
broadly speaking, commercial whaling methods do Many of the problematic plastic loops come 
not inflict the prolonged pain and suffering, nor is from bait boxes used by fishermen (Hofmeyr et al., 
there a reduction in welfare such as in the case of 2002). Possible solutions to reduce pinniped suffer-
entanglement or asphyxiation (Moore, 2014). ing with neck entanglements include educating and 

Changes in the fishing industry will require motivating fishermen to collect and recycle gear 
consumer action, publicity campaigns, new fish- and to switch to more natural and biodegradable 
ing technologies, and policy changes (Moore & material (Franco-Trecu et al., 2017). Similar to the 
van der Hoop, 2012). For example, if harbor por- lack of awareness regarding large whale entangle-
poises can only detect bottom-set gillnets from ments, members of the public are often unaware 
a few meters away, this may be too late to avoid of the extent to which entanglement in marine 
entanglement. Future research should focus on debris causes welfare issues for marine mammals. 
developing technologies to improve the detectabil- Solutions to entanglements require greater public 
ity of fishing gear (Kastelein et al., 2000). awareness, reduced marine debris pollution, and the 

development of new technology to disentangle the 
Entanglement in Marine Debris animals that are found alive. 
Marine debris, including discarded fishing gear, Overall, entanglement due to anthropogenic 
monofilament line, rope, and plastic packaging, is activity negatively impacts the welfare of many 
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marine mammals. Entanglement in the nets of Perceived or actual losses to fishermen as a result 
active fisheries often causes short-term reductions of depredation can lead to further potential sources 
in welfare before the animal dies, while entangle- of decreased welfare. Fishermen may take actions in 
ment in debris or fixed-line fisheries can lead to response to marine mammals engaged in depreda-
long-term entanglement and a prolonged period of tion, including shooting and using small explosive 
poor welfare before the animal is rescued or dies. In devices (Read, 2005). There may be a risk of such 
general, all entangled marine mammals experience actions becoming more frequent as depredation by 
some level of poor welfare as they lack control over odontocetes has been occurring frequently over the 
their movement, are unable to fulfill basic needs past few decades (Read, 2008). For example, killer 
(e.g., breathing, foraging, and reproducing), and whale and sperm whale depredation in a Patagonian 
may experience injury and disease. toothfish Crozet fishery in the southern Indian 

Ocean reduced annual catch by approximately 40%, 
Fishery Interactions a loss of $5 million yearly (Roche et al., 2007), 

which seems likely to put the animals at risk from 
Although fisheries and marine mammals typi- retaliatory measures taken by fishermen. Efforts 
cally interact directly via bycatch, other, nonlethal aimed at managing the impact of marine mammals 
interactions can also contribute to animal welfare on fisheries can include nonlethal and lethal deter-
concerns. There are several documented incidents rents, both of which pose associated welfare risks to 
in which both pinnipeds and cetaceans directly marine mammals.
and indirectly affect fisheries via damage to gear, 
entanglement, and depredation (Pemberton et al., Nonlethal Deterrents
1991; Kemper & Gibbs, 2001; Würsig & Gailey, Nonlethal deterrents available for use in response to 
2002; Kemper et al., 2003). Depredation refers to marine mammal–fisheries interactions include spa-
intentional removal of captured fish from longlines tial management, acoustic, and physical methods 
by marine mammals (Read, 2005, 2008; Gilman (Hamer et al., 2012; Werner et al., 2015). Spatial 
et al., 2007; Powell & Wells, 2011). Longlines management practices consist of closing parts of 
placed near the surface and along the seafloor have fishing grounds for set periods (i.e., static closures; 
lines that branch off with baited hooks attached. Dunn et al., 2014) or closing set areas in response 
Longlines are commonly used for most fish stock, to reaching a catch quota (i.e., move-on rule; Dunn 
such as swordfish and tuna, with a global effort et al., 2014). Triggered closures involve the entire 
of approximately 1.4 billion hooks on longlines fishery closing for a set period in response to reach-
reported in 2000 (Lewison et al., 2004). ing catch quota. While difficult to enforce, if fisher-

While lethal marine mammal–fishery interac- ies adhere to their specific regulations, these deter-
tions, such as bycatch, have been discussed in a rents have the potential to be effective (Werner et al., 
previous section of this review, animals who sur- 2015). Spatial models such as predictive forecasting 
vive interactions with fisheries can also experience (identifying areas of high fishery–marine mammal 
reduced welfare. This can occur via several possible conflict through habitat modeling; Passadore et al., 
mechanisms, including injuries from gear, retalia- 2012, 2015) and near real-time monitoring (instan-
tion by fishermen, and the use of deterrents. If ani- taneous detection of marine mammals near fishery 
mals break free from the longline hooks from which via tagging or acoustic monitoring; Thode et al., 
they attempted to consume captured fish, hooks 2005) are promising possibilities for minimizing 
often remain lodged in their tissues (Werner et al., marine mammal–fishery interactions. If successful, 
2015). The now extinct baiji (Lipotes vexillifer) was these models would theoretically reduce the number 
at high risk of being snagged by “rolling hooks” of animals that are exposed to nonlethal interactions 
on the Yangtze River bottom (Turvey et al., 2007). with fisheries while also reducing the incidence of 
These injuries pose short-term risks to welfare as any effects on welfare. Still, these spatial models 
they inherently involve tissue damage and perhaps are currently limited to short-term forecasts for lon-
associated pain and suffering. Depending on the gitudinal datasets (Werner et al., 2015).
length of time that these injuries take to heal, if at In cases where nonlethal deterrents are used by 
all, these may become long-term welfare concerns. fisheries, there are method-specific ways in which 
Depredation may also result in changes to the diet, animal welfare may be affected. Acoustic deterrents 
foraging behavior, or geographic distribution of include jamming in which noise is utilized to inter-
various species of marine mammals (Gilman et al., fere with an animal’s ability to echolocate (Mooney 
2007). These changes could reduce welfare if they et al., 2009). In theory, acoustic harassment causes 
result in increased incidence of basic needs going short-term physical discomfort to the animals via 
unfulfilled such as if use of different geographic playbacks of predator signals or alarms intended 
areas result in worsened physical condition from to promote negative behavioral responses (Götz & 
non-ideal prey and/or increased predation risk. Janik, 2015). If these signals do cause the intended 
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discomfort, then the animal’s welfare would be One of the main methods used to lethally cull 
reduced based on the pain and potential negative marine mammals is shooting with a firearm. To 
psychological states experienced. The physical dis- facilitate the effectiveness of shooting, regulations 
comfort caused is intended to deter the animals from are typically in place regarding the conditions under 
the area, and this method is employed frequently by which an animal can be shot, the features of the fire-
fisheries (Tixier et al., 2014). Alternatively, acous- arm used, and the qualifications of the shooter. Gray 
tic decoys attempt to divert the approach of marine and harbor seals can be legally shot in the UK to pro-
mammals from fishing operations using sound tect a fishery as long as the firearm meets govern-
emissions that mimic predators (Thode et al., 2012, mental criteria and the shooter has a police-endorsed 
2015). These may still create stress and reduce wel- firearm certificate (Scottish Office of Agriculture, 
fare to the animal, but to a lesser extent than deter- 1997). Still, conclusions that can be drawn about the 
rents that can cause physical harm. However, the welfare of shot animals are limited by incomplete 
potential for physical damage (i.e., exceeding TTS) data. In 2005 and 2006, only 9% of UK shot seal 
could result in hearing damage or deafness (PTS), carcasses were retrieved, a relatively small propor-
which would affect welfare beyond the temporary tion when one considers that, on average, 317 seals 
physical discomfort intended (Götz & Janik, 2013). were shot per year between 2011 and 2015 (Marine 

Scotland, 2016). Of the 37 necropsied individuals, 
Lethal Deterrents 10.8% showed injuries suggesting that they had not 
Lethal deterrents deployed by fisheries most often died immediately (Nunny et al., 2016), but necrop-
involve culling—the intentional reduction in size of sied individuals may also not be representative of 
a target population (Jewell & Holt, 1981). Culling all shot animals (Scotlandʼs Rural College [SRUC] 
is not always lethal, but nonlethal approaches, such Wildlife Unit, 2012). Shooters may report and/or 
as relocation, have been of limited use due to their recover the carcasses of only those seals that have 
general ineffectiveness and high cost (Lavigne, been shot well, and injured seals may swim away 
2003). There is little evidence, however, that lethal (Nunny et al., 2016). Thirty-five percent of 37 nec-
marine mammal culls have the intended effect of ropsied gray seals across three seasons were preg-
reducing conflict with fisheries. Namibian fur seals nant (Nunny et al., 2016), and most harbor seals were 
(Arctocephalus pusillus) have been culled since killed during the pupping season (Butler et al., 2008), 
1993 with the justification of relieving pressure which raises the possibility that shot seals may be 
on fishery stocks. Current quotas are set at 91,000 lactating females foraging alone at sea away from 
seals per year (Ministry of Fisheries and Marine their dependent pups (Marine Scotland, 2014). As 
Resources, 2008), but there has been no assessment mother–pup separation before the pup has weaned 
of the effectiveness of the cull (Bowen & Lidgard, is associated with very low pup survival rates 
2011). Icelandic gray seal (Halichoerus grypus) (Anderson et al., 1979; Osinga et al., 2012), shooting 
culls intend to reduce competition with cod popula- a seal has potential negative welfare consequences 
tions, but no change in cod biomass has been docu- for two animals. An abandoned, dependent seal pup 
mented (International Council for the Exploration of that starves will experience greatly reduced welfare, 
the Sea [ICES], 2009) alongside the 6% decrease in both in terms of its inability to cope with hunger and 
seal population size per year (Hauksson & Bogason, the possible associated negative psychological states, 
1997; Hauksson, 2007). Nevertheless, perceived until death, regardless of the effectiveness with 
marine mammal–fishery interactions have contrib- which the targeted seal is killed. The UK additionally 
uted to documented culls in at least 15 countries, lacks an independent system to verify the numbers of 
involving at least three cetacean species (United seals shot (Nunny et al., 2016).
Nations Environment Programme [UNEP], 1999) In some culls, marine mammals are trapped and 
and eight pinniped species (Bowen & Lidgard, then euthanized in a controlled setting. This can 
2013). Unlike the hunting of marine mammals, culls be advantageous from a management perspective 
do not often consider the consequences for animal as traps can be set up near the target fishing gear 
welfare. There is no mention of evaluating the pro- to target relevant individuals, while diminishing 
posed culling methods with regards to their humane- the chance that animals will be nonfatally injured 
ness in the United Nations’ protocol for evaluating (Westerberg, 2010). From a welfare perspective, it 
culling proposals; only guidelines for evaluating is important to assess how long animals are trapped 
the cull’s effect at the population level are provided before being euthanized as trapped individuals could 
(UNEP, 1999). Obviously, inherent in killing an experience substantial stress and negative psycho-
animal is a reduction in its welfare. However, when logical well-being, as well as potentially injuring 
death is the intent, potential welfare issues concern themselves if they attempt to escape. In one study, 
the effectiveness of the killing method and the extent new trap models, which were developed to catch gray 
to which an animal experiences physical injury and seals raiding Swedish salmon traps, were required 
associated pain and suffering prior to death. to take animal welfare into account to be approved 
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by the Swedish Environmental Protection Agency assess their potential impact on populations and 
(Konigson et al., 2013). The authors, however, individual animals. They can be categorized as blunt 
did not provide details regarding how the trapped or sharp force trauma, or as minor or major injuries. 
seals were killed or results from the examinations Blunt force trauma injuries typically lack external 
for signs of stress. California sea lions have been signs and are thought to be caused by collision with 
trapped and euthanized in the Columbia River using a vessel’s hull (Campbell-Malone et al., 2008). This 
cages that trap animals when they haul out (Oregon type of trauma manifests in injuries such as frac-
Department of Fish and Wildlife, 2013). Only indi- tures, massive bruising, and hemorrhages, with mor-
vidually identified sea lions that fulfil the criteria for talities predominantly attributed to blood loss and/
permanent removal are not released, which consisted or severe head trauma (Moore, 2013). Sharp trauma 
of 102 individuals between 2008 and 2015, most of most likely results from collisions with ship pro-
which were removed via chemical euthanasia, and pellers and typically manifests in regularly spaced 
a few by placement into zoological facilities (U.S. external gashes that can completely or partially 
Army Corps of Engineers, 2016). When in use, sever appendages (Knowlton et al., 2001; Moore, 
traps are monitored to determine when a sea lion has 2013). The frequency with which these two types of 
been captured, and traps are locked when not in use injury occur may differ between species: 29 of 31 
(Oregon Department of Fish and Wildlife, 2013). stranded fin whales had been killed by sharp trauma, 
Thus, welfare issues are most likely to arise in the while blunt trauma was solely responsible for seven 
interval between trapping and sedation/euthanasia  of ten right whale deaths (Knowlton et al., 2001).
due to stress experienced and/or the occurrence of Minor injuries may include infection, scar-
self-injury while trying to escape, aside from the ring, blood loss, and avoidance of wound contact 
obvious reduction in welfare associated with any (Campbell-Malone et al., 2008), while major injuries 
lethal action. Evidence is currently sparse regarding can comprise deep tissue damage, significant blood 
the trapping-euthanasia window, thus limiting the loss, broken bones, and complete appendage sever-
extent to which accurate conclusions can be drawn ance, all of which are generally considered lethal 
regarding the welfare of affected marine mammals. (Knowlton & Kraus, 2001). Injuries that initially 

appear minor can become severe; infections may 
Collisions enter shallow cuts and cause more extensive tissue 

damage (Costidis et al., 2013). In some cases, the 
Vessel Strikes classifications used to describe observed injuries 
Fatal collisions between marine mammals and ves- may also mask their possible welfare implications. 
sels have been recorded since the late 1800s, but Cole et al. (2006) did not consider injuries severe 
the number of collisions did not increase substan- unless they were likely to lead to mortality, even if 
tially until top speeds and overall number of vessels injuries prevented the whale from performing behav-
dramatically increased after 1950 (Knowlton et al., iors necessary for feeding and swimming.
2001). In general, most mortalities and severe inju- Lethal Strikes and Severe Injuries—Death as 
ries are associated with collisions with vessels 80 m a consequence of lethal marine mammal–vessel 
or more in length (Knowlton et al., 2001) or ves- collisions clearly results in reduced welfare for the 
sels traveling at 14 kts or greater (Carrillo & Ritter, struck animals. The number of marine mammals 
2010); although under certain circumstances, slower affected by severe, and ultimately fatal, ship strike 
and smaller ships can also be lethal (Ritter, 2012). injuries varies greatly between populations. For 
The ability to determine the risk posed by vessel North Atlantic right whales, at least 20% (of 25) 
strikes to marine mammals is limited by the likeli- of carcasses recovered between 1970 and 1989 
hood that most ship strikes go unreported; one survey had serious injuries consistent with ship collisions 
suggested that this is the case for at least three out of (Kraus, 1990), while 72% (of 29) of confirmed 
four collisions in southeastern Alaska (Neilson et al., baleen whale strikes along the eastern U.S. coast 
2012). Most assessments of vessel strikes refer to were fatal (Cole et al., 2006), and percentages 
potential impacts on affected marine mammal pop- range from around 10 to 15% for cetaceans in 
ulations. It has been argued, however, that humans several other locations (Jefferson, 2000; Douglas 
have a responsibility to mitigate and prevent colli- et al., 2008; Carrillo & Ritter, 2010). Manatees 
sions to prevent whales from experiencing extended may experience severe strikes with relatively high 
suffering in the time between being struck and dying frequency, with 24.3% (of 2,940) of Florida man-
(Neilson et al., 2012). The extent to which struck atee deaths attributed to vessel strikes between 
animals experience reduced welfare depends on the 1993 and 2003 (Lightsey et al., 2006). As evi-
type, severity, and duration of their injuries. denced by these reports, vessel strikes are inher-

Classifying Vessel Strike Injuries—Injuries likely ently biased by reliance on stranding data, which 
resulting from physical interactions with vessels includes a predisposition toward more accessible 
must be described and classified to subsequently and populated areas (Douglas et al., 2008).
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Stranding data also provide little information for 7% (of 12 individuals) of extant North Atlantic 
regarding strike–mortality intervals. This period is right whales (Kraus, 1990; Campbell-Malone et al., 
important for determining the extent to which wel- 2008). Smaller cetaceans are also affected: 2.8% (of 
fare is reduced while animals are still alive. A marine 213) of the Indo-Pacific humpback dolphins (Sousa 
mammal killed instantly upon collision experiences a chinensis) in the Pearl River Estuary, Hong Kong 
shorter duration of reduced welfare while alive than an (Jefferson, 2000), and 6% (of 714) of the known 
individual who survives for days or even years before bottlenose dolphins in Indian River Lagoon, Florida 
dying from collision-related injuries. Only a few case (Bechdel et al., 2009), have observable marks from 
studies provide information regarding strike–mortality vessel impact injuries. Along the eastern U.S. coast 
intervals. Campbell-Malone et al. (2008) documented between 2000 and 2004, 27% (of 29) of vessel 
two North Atlantic right whales that died, likely from strikes involving several baleen whale species were 
infections after healed wounds from previous vessel confirmed to be nonfatal (Cole et al., 2006); and in 
collisions re-opened because their girth expanded Alaskan waters alone, more than 75% (of 108) of 
during pregnancy. In another example, a killer whale reported vessel–whale collisions between 1978 and 
calf struck by a vessel propeller was seen alive for 2011 were nonfatal (Neilson et al., 2012). Although 
15 d post collision despite severe injuries but is now data are not comprehensive, the extent to which 
presumed dead (Ford et al., 1994). A bottlenose dol- marine mammals experience minor ship strike inju-
phin calf survived for at least a month with three open ries and associated reductions in welfare seems to 
wounds on the peduncle and fluke, one of which cut vary greatly across populations and locations.
as deep as the spine (Dwyer et al., 2014). Death may Given the paucity of available data, the extent of 
have ultimately been caused by a combination of fac- long-term welfare implications of nonlethal vessel 
tors such as emaciation, infection, and internal inju- strikes is difficult to assess. Photographic data offer 
ries. Marine mammals that experience ultimately fatal a non-invasive tool for reliable re-identification of 
ship strike injuries may suffer substantial threats to individual animals, but the focus is usually only on 
their ability to cope prior to death, including physical dorsal fins and flukes. Scarring or injuries may not 
injuries, pain, stress, and associated negative psycho- be observed if located on less visible, less photo-
logical states, all of which constitute reduced welfare. graphed body parts such as the peduncle, a known 

The negative welfare implications of an extended location for strike injuries (Knowlton & Kraus, 
injury–mortality interval are clear for the hit indi- 2001). Recording injuries and their progression 
vidual, but the potential negative impacts on mothers (healing or not) relies on repeated regular sightings 
when a dependent calf is killed, and vice versa, must of affected individuals. The outcome and injury 
also be considered. In Florida, Mazzoil et al. (2008) status for a ship-struck whale is often unknown 
reported on a lethal vessel collision with a bottlenose (Neilson et al., 2012; Ritter, 2012), allowing the 
dolphin whose dependent calf subsequently died less distinct possibility that a substantial proportion 
than 3 wks later due to a combination of pneumonia, of injured whales go unobserved, and subsequent 
chronic stress, and starvation resulting from the loss welfare implications are underestimated.
of its mother. Thus, major welfare considerations 
associated with lethal vessel–marine mammal colli- Renewable Marine Energy Structures
sions include the severity of injuries experienced, the To date, little data exist regarding possible welfare 
strike–mortality interval, and non-struck individuals risks associated with marine renewable energy 
that may be affected by the struck animal’s death. sources such as tidal and wind turbines. Extant 

Nonlethal Injuries—Nonlethal injuries may research has focused on noise produced by these 
result from both blunt and sharp force trauma. structures rather than risk of physical collisions or 
These injuries will have minimal effect at the popu- behavioral responses associated with the structures 
lation level but will have impact on the welfare of (e.g., Madsen et al., 2006a). Still, there is some con-
individual animals via the physical injuries them- cern regarding the potential for collisions of marine 
selves, reduction in physical health, physiological mammals with tidal turbine blades, in much the 
stress and pain, and any associated psychological same way that wind turbines cause mortalities for 
suffering. Nonlethal injuries are difficult to docu- many bird species (e.g., Smallwood et al., 2009). 
ment because struck animals are often not sighted In marine mammals, these concerns are generally 
or individually identified, and long-term monitor- raised in relation to the population-level impacts 
ing requires injuries to be observable. What data and associated conservation concerns (Simmonds 
do exist are not comprehensive and typically come & Brown, 2010). Welfare concerns related to these 
from longitudinally studied populations or reported structures are similar to those for vessel collisions in 
collisions. For example, only 2% (of 150) of pho- terms of whether strikes cause mortality, the length 
tographed gray whales (Eschrichtius robustus) had of the strike–mortality interval, and the effects of 
visible scars clearly sourced as from vessel colli- nonlethal injuries on animal health. These outcomes 
sions (Bradford et al., 2009), while the same was true will depend on several factors such as specific 
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turbine design, blade speed and location, and fea- marine mammals, but these laws are often broken 
tures of the affected marine mammal species. or not well-enforced; and even when followed, eco-

In the absence of available data, several studies tourism can still have an impact on marine mam-
have modeled the likelihood of various outcomes if a mals and their welfare (Bejder & Samuels, 2003).
marine mammal were to come into contact with tidal Measures of the impacts vessel traffic and tourism 
turbines. In one model, an estimate was made for the have on marine mammals differ between taxa. For 
most severe possible strike from an OpenHydro turbine cetaceans, their dive duration distribution has been 
blade on a killer whale (Carlson et al., 2012). Though used to infer the extent of stress experienced, with 
preliminary with several assumptions, this model increased dive and decreased surface interval dura-
predicted that blade impact would not be expected tions indicative of increased stress (Seuront & Cribb, 
to cause permanent injury to an adult killer whale 2011). Pinniped behavioral responses are readily 
because soft tissue would absorb the strike force with- documented because of their terrestrial haulouts, 
out penetrating the skin. This finding contrasts with typically used for resting and pupping. “Flushing” 
comparisons to ship propeller strikes on marine mam- pinnipeds move from the haulout to the water, 
mals for which data suggest that blubber is not suffi- which reduces time spent hauled out and, therefore, 
cient to provide injury protection from a large impact decreases resting. Rapid flushing of multiple animals 
(Wilson et al., 2006). Some evidence suggests that the may separate mothers and pups or cause pup injury 
likelihood of marine mammals encountering renew- or death via trampling (Cates & Acevedo-Gutierrez, 
able energy structures is high (Wilson et al., 2006), 2017). Repeatedly disturbing nursing pups may have 
while other models predict high levels of avoidance, substantial negative impacts on weight gain/main-
resulting in low predicted numbers of potential col- tenance and, ultimately, survival (Harding et al., 
lisions (Davies & Thompson, 2011). However, such 2005). Physiological effects associated with these 
models typically assume that marine mammals will behavioral responses can lead to acute and/or chronic 
not be attracted to or repelled by the structures. stress (Bejder & Samuels, 2003).

Marine renewable energy structures might have General vessel traffic differs from tourism activi-
noncollision impacts on marine mammals. These ties due to the former’s more passive interaction with 
include behavioral changes in response to increased marine mammals in that vessels may pass by animals 
vessel traffic around the site and structure presence without intending to seek them out. Nevertheless, in 
(Dolman et al., 2007). It is difficult to tease apart response to such traffic, bottlenose dolphins have 
the effects of a structure’s physical presence from been observed to stop foraging and begin traveling, 
the noise it generates to determine the extent of as well as to cluster closer together (Miller et al., 
non-noise impacts. Research on the extent to which 2008). Killer whales have also been observed to 
the physical presence of marine renewable energy reduce foraging behavior when vessels are within 
structures affects marine mammals is in its infancy, 400 m, which is estimated to reduce their energy 
thus limiting the conclusions that can currently be intake by 18% (Williams et al., 2006; Lusseau et al., 
made about possible welfare implications. 2009). Cetacean dive durations tend to increase in 

the presence of vessels, indicating a stress response 
Vessel Traffic and Tourism Harassment (Ng & Leung, 2003; Miller et al., 2008). Dusky dol-

phins (Lagenorhynchus obscurus) in New Zealand 
Vessels affect marine mammals not only via colli- showed changes in certain behaviors depending on 
sion, but also via passive traffic and active vessel the season and time of day (Lundquist et al., 2012), 
harassment (Pirotta et al., 2015). Short-term behav- and also decreased their time feeding and social-
ioral responses exhibited by marine mammals izing when boats were present (Dans et al., 2008). 
exposed to commercial, recreational, and tourism As is seen in cetaceans, pinnipeds generally exhibit 
vessel traffic include reduced resting, foraging, and greater disturbance with increased vessel proximity. 
socializing, as well as changes in breathing patterns For example, three-quarters of harbor seals flushed 
(Bejder et al., 1999; Lusseau, 2003; Stockin et al., when cruise ships passed within 200 m of Alaskan 
2008). In some cases, vessel traffic escalates into haulout sites (Jansen et al., 2010). Current evidence 
active harassment of marine mammals. This often suggests that flushing is more prevalent for pinni-
occurs in conjunction with the lucrative ecotourism peds in areas with less vessel traffic, likely due to 
industry, driven by the public’s interest in seeing a lack of habituation to vessels (Cates & Acevedo-
charismatic species such as marine mammals in the Gutierrez, 2017). There may also be indirect nega-
wild. While ecotourism activities provide a plat- tive consequences of habituation to repeated expo-
form for education about marine mammals and con- sure such as decreased vigilance responses to natural 
servation efforts, they are not without consequence predators (Olson & Acevedo-Gutierrez, 2017). 
for the animals subjected to the public’s fascination. More severe disturbance can be caused when 
Laws and regulations exist in some places to curtail tourism vessels actively approach and/or interact 
the extent to which the public can interact with wild with marine mammals, even for the most apparently 
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passive tourism activities. Seals exhibit greater flush- and changes in habitat use (Spradlin et al., 1998; 
ing in response to approaching boats than to those Bejder & Samuels, 2003; Bejder et al., 2006) that 
passing by (Jansen et al., 2010), and they are more may lead to poor physical health and chronic stress. 
likely to flush when disturbed by quiet, slow-moving As a result, these anthropogenic activities can be 
vessels such as kayaks and other nonmotorized boats considered likely to reduce the welfare of marine 
(Cates & Acevedo-Gutierrez, 2017); approaching mammals, particularly those individuals exposed 
boats provide minimal opportunity for pinnipeds to regularly and repeatedly to disturbance. Current 
have advance warning of their presence (Johnson & data likely underestimate the effects of vessel pres-
Acevedo-Gutierrez, 2006). These responses suggest ence as assessments are generally made after dis-
that quiet, slow-moving tourism vessels may actually turbance has already begun, and individuals with 
pose the greatest source of disturbance to pinnipeds. lower disturbance tolerances may have already left 
This is particularly significant given that, in some the studied sites.
areas, regulations prohibit vessels from approaching Non-vessel interactions with marine mammals 
pinnipeds within a certain buffer zone, but kayakers also have potential effects on welfare. These activi-
frequently disregard these rules (Johnson & Acevedo- ties include supervised and unsupervised interac-
Gutierrez, 2007). Similar disregard of regulations is tions both in and out of the water. For example, 
documented elsewhere. Tour boats in Port Phillip disturbance of manatees by swimmers has been 
Bay, Australia, frequently violate restrictions placed documented in overwintering areas, with these ani-
on the amount of time boats are allowed in proxim- mals exhibiting less resting and nursing when more 
ity to dolphins and the amount of time swimmers are people were in the water, and exhibiting avoidance 
allowed in the water (Scarpaci et al., 2003), increas- by moving into sanctuary areas (King & Heinen, 
ing the likelihood of disturbance. Some groups of 2004). Dolphins may also spend less time nurs-
cetaceans, such as the southern resident killer whales, ing calves and more time traveling when increased 
are so popular that they may be surrounded by tens of numbers of swimmers are present (Stensland & 
boats at a time (Williams et al., 2009). Berggren, 2007). As resting and nursing both fulfill 

Vessel disturbance may cause physiological basic needs, this disturbance can decrease animal 
stress responses. Even with low-level vessel distur- welfare. Chronic disturbance may also contribute 
bance, individuals may experience chronic stress if to physiological stress and the experience of associ-
disturbed repeatedly over time (Seuront & Cribb, ated negative psychological states.
2011). Additionally, the energetic cost incurred Additional harassment of marine mammals 
by increased traveling and decreased foraging and occurs when individual members of the public 
resting may lead to chronic stress (Bechdel et al., attempt interactions on their own. These instances 
2009). When physiological impacts have been mea- include high-profile news stories such as tourists in 
sured directly, the potential for chronic stressors are Spain passing around a baby dolphin to take self-
often not assessed, at least in part because of the ies, leading to the dolphin’s death (Wordern, 2017), 
difficulty in documenting their effects long-term. and a similar event in Argentina (Holley, 2016). In 
No association was found between vessel occur- Peru, a beached dolphin died after a couple posed 
rence and killer whale fecal stress hormones once with it for pictures, pretended to ride it, and even 
the delay in hormone excretion was accounted for, urinated on it (Ward, 2015). It is highly likely that 
but possible cumulative effects over time were not these animals experienced extreme physiological 
assessed (Ayres et al., 2012). Pinnipeds physiologi- and psychological stress until they died and, thus, 
cally require a certain amount of time hauled out to suffered greatly reduced welfare. In areas where 
meet their resting needs (Brasseur et al., 1996). As a pinnipeds frequently haul out, there is an increas-
result, they may experience chronic stress if vessel ing trend to take pictures with sleeping and resting 
traffic repeatedly causes them to flush (Cates & animals, especially young pups. Harassment of pin-
Acevedo-Gutierrez, 2017), particularly in cold loca- nipeds can lead to mothers abandoning their pups, 
tions where pups who spend too much time in the displacement from convenient haulout areas, stam-
water experience thermal stress (Jansen et al., 2010). pedes during avoidance behavior, and ingesting 

Both vessel traffic and tourism boats are therefore unnatural food (Newson & Rodger, 2007). These 
generally associated with marine mammals spend- outcomes are likely to reduce welfare via physical 
ing less time resting and feeding. These are both injuries, pain, and suffering experienced, or if ani-
behaviors that meet basic needs, so this disturbance mals cannot fulfill basic needs such as feeding and 
requires animals to engage in coping strategies. resting. Consequently, government agencies have 
Resultant increases in energy output, in combina- issued press releases and campaigns to explain that 
tion with decreased feeding efficiency, may lead to this behavior is illegal, that young animals may be 
suboptimal levels of nutrition and/or disease. There abandoned by their mothers, and that these interac-
is some evidence of long-term behavioral changes, tions can be very stressful and energetically costly 
including habituation and sensitization to vessels, for the animals (Addessi, 2016).
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Although its long-term effects are uncertain, populations for subsistence purposes (IWC, 2018a). 
repeated interactions and provisioning of wild Under the original 1946 International Convention 
marine mammals can be detrimental to their wel- for the Regulation of Whaling, the IWC (2018b) 
fare. Resident dolphins near Panama City Beach, allows whaling for scientific research, and take 
Florida, are fed food that could make them sick of whales under this provision is referred to as 
(Samuels & Bejder, 2004). Feeding wild dol- scientific whaling. Across all these hunting types, 
phins also allows them to associate boats and methods involve an initial chase phase, deployment 
people with food, thus increasing the risk of of a primary killing method, and, in some cases, 
boat strikes or other injuries (Samuels & Bejder, delivery of a secondary killing method (Whale and 
2004), which have their own associated welfare Dolphin Conservation Society [WDCS] & Humane 
concerns. In settings of controlled provisioning Society of the United States [HSUS], 2003). 
by government-sanctioned organizations, there The IWC (1992) defined humane killing as 
is mixed evidence on the effects of provisioning methods causing death “without pain, stress or 
wild dolphins with fish. While there do not seem distress perceptible to the animal.” However, the 
to be short-term consequences for the dolphins at IWC Scientific Committee’s review process for 
Tangalooma, Australia, there is a lower survival scientific whaling proposals do not require ethical 
rate of offspring from provisioned mothers and or welfare evaluations (IWC, 2018c). While the 
behavioral changes associated with provisioning efficacy of killing methods in whaling are some 
for the dolphins in Monkey Mia, Australia (Neil & of the most efficient and best documented of all 
Brieze, 1998). Though some harassment incidents the topics covered by this review, several organi-
are short-term events leading to very poor welfare zations have repeatedly argued that current whal-
or death, an overall increase in vessel traffic and/ ing methods do not meet the standards of humane 
or harassment is likely to reduce the welfare of a killing (WDCS & HSUS, 2003).
large number of individuals in the long-term. The effectiveness of the killing methods them-

selves is typically well-documented. A less- 
Hunting recognized potential welfare concern involved in 

whaling is the chase phase. Whaling vessels must 
Whaling and sealing are types of hunting specific get close enough to the hunted animal to deploy a 
to marine mammals and refer to the pursuit and primary killing method, a time frame that tends to 
killing of these animals for utilization of their parts take longer in aboriginal hunts (Øen, 1999). Chased 
or products made from these parts. While killing cetaceans are highly likely to experience physical 
an animal ultimately equates with poor welfare, in exertion, negative emotional states, and stress given 
cases where the intent is to cause death, the most that they have not undergone strong selection for 
relevant welfare issues concern the “humaneness” the physiological capacity for extended periods of 
of the killing process. Unlike the other issues dis- high-speed swimming (Maas, 2003) and that stress 
cussed in this review, the welfare of hunted whales is experienced when an animal’s control systems 
and seals has been a focus of these activities. As are overtaxed (Broom & Johnston, 1993). In cases 
a result, there is a relatively large amount of data where cetaceans are chased but a killing method 
regarding the effectiveness of hunting and kill- is not successfully deployed, it is possible that the 
ing methods in relation to their effect on animal animal may experience further reductions in welfare 
welfare. Indeed, there is a general consensus that if they develop exertional myopathy (EM). In non-
hunting methods are highly effective, with mini- marine mammal taxa, this syndrome is associated 
mal time between their initial deployment and with extreme exertion and stress and has negative 
animals becoming insensible (Moore, 2014). Of physiological consequences (Williams & Thorne, 
concern is the substantial variation in the wel- 1996) such as necrosis of muscle tissue and resul-
fare consequences of hunting between individual tant fatal scarring (Jubb et al., 1993). What data are 
marine mammals. The two most common types available for marine mammals suggest that extreme 
of marine mammal hunts are whaling and sealing. stress reactions occur in many cetacean species 

during chasing and capture contexts (Thomson & 
Whaling Geraci, 1986; St. Aubin & Geraci, 1988).
In 1986, the IWC declared a moratorium on com- The effectiveness of the killing methods used in 
mercial whaling, although several nations are whaling are described elsewhere in the literature 
opposed to this ban and continue whaling opera- (Øen, 1994; Kestin, 1995; Knudsen & Øen, 2003) 
tions. All modern whaling falls into one of three cat- but are briefly discussed here as they clearly pertain 
egories: (1) commercial, (2) aboriginal, and (3) sci- to the welfare of hunted animals. Time between ini-
entific. In commercial whaling, parts or products tial deployment of a killing method to the whale and 
from caught whales are sold commercially, whereas death is known as “time to death” (TTD) and iden-
aboriginal whaling is carried out by indigenous tifies the window of time during which the whale 
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may experience suffering (Butterworth, 2004). In Finally, the IWC does not currently regulate 
general, present criteria for defining TTD are likely the hunting of small cetaceans and, as a result, the 
to provide overestimates (IWC, 1984; Øen, 1994; welfare of animals in these hunts is of greater con-
Knudsen & Øen, 2003), which corresponds with cern. In the Faroe Islands, several hundred pilot 
an overestimate of the extent to which welfare is whales (Globicephala melas) are killed each year 
reduced. Currently, the most common primary kill- (Lonsdale, 2004). After being herded, often for sev-
ing method in commercial and scientific whaling is eral kilometers, whales are secured by one of two 
the exploding penthrite harpoon. When a penthrite methods: (1) a steel whaling hook, which is being 
harpoon is shot into a whale, the barbs extend to phased out due to welfare problems (Faroe Islands 
anchor it in the whale’s body, causing a wound at Department of Fisheries, 1991), and (2) a rounded 
least 20 cm wide (Kestin, 1995), followed by pen- hook. This latter tool is inserted into the blowhole 
thrite grenade detonation (Knudson & Øen, 2003). (Olsen, 1999), which risks tissue damage, internal 
A whale that is harpooned but not rendered imme- bleeding, and obstruction of breathing (Lonsdale, 
diately dead or unconscious, therefore, has experi- 2004). Animals are then rendered insensible by using 
enced extensive tissue damage, is highly likely to a knife to cut the spinal column (Olsen, 1999). In the 
experience significant suffering (van Liere, 2004), Japanese hunt of the Dall’s porpoise (Phocoenoides 
and has greatly reduced welfare. A broad concern dalli), harpooned individuals are attached to buoys 
is that these methods were originally developed while the hunt continues. As a result, there are few 
for and tested on the small minke whale but are checks in place to ensure that harpooning has caused 
now used for much larger species (Brakes, 2004). permanent loss of consciousness. Furthermore, por-
Despite these apparent limitations, the average poises with calves are frequently targeted, but calves 
TTD for minke whales is between 2 to 3 min (IWC, are not taken, and so will ultimately die (Perry, 
2003), which is a relatively narrow window of time 1999). The lack of regulation of these hunts is, there-
in which animals experience reduced welfare. There fore, of substantial welfare concern.
is still substantial variation in these times, however, 
with some whales remaining alive for more than Sealing
30 min after the initial strike (Papastavrou, 2006). Although sealing occurs elsewhere in the world, 
More welfare concerns remain for aboriginal whal- the Canadian seal hunt has received perhaps the 
ing activities in which a lower proportion of tar- greatest amount of public attention in terms of 
geted whales are successfully killed and TTDs are marine mammal welfare and is also one of the 
longer (e.g., between 5 and 35 min; IWC, 2009). most well-researched. As with whaling, the killing 
Collective hunts have particularly long TTDs, with of marine mammals inherently reduces their wel-
some hunts taking 300 min to kill a targeted minke fare, but for hunting purposes, the effectiveness 
whale (Anonymous, 2003). Overall, aboriginal of methods for rendering animals insensible is the 
whaling provides the most concern regarding the primary welfare concern. The two main methods 
amount of time in which struck whales are likely used in the Canadian seal hunt are the hakapik 
to experience stress, physical injury, and suffering and rifle (Anonymous, 2000). The hakapik is a 
prior to death. wooden club with a metal cap used to strike seals 

Perhaps one of the most significant welfare on the top of the head when ice conditions are such 
concerns associated with whaling is that of whales that the sealer can approach on foot, while a rifle 
which are struck but are subsequently “lost” in is used when ice conditions are not safe for sealers 
that they are not captured and killed (Brakes & to make their approach. The hakapik may actually 
Fisher, 2004). Outcomes for these whales could be better from a welfare perspective because seals 
be highly varied, but even nonlethal injuries may can be immediately checked for signs of con-
still be extremely debilitating for the animal due sciousness, and, in general, this method appears 
to significant blood loss, organ damage, muscle to cause unconsciousness almost immediately 
or limb atrophy, and eventual starvation (Brakes (Daoust & Caraguel, 2012). Indeed, some argue 
& Fisher, 2004). Of major concern is the lack of that shooting seals from boats is never an accept-
strike limits for all hunts, with the exception of able method as seals, by definition, cannot be 
the Alaskan bowhead whale (Balaena mysticetus) immediately checked for signs of consciousness 
and West Greenland minke whale hunts (Brakes and, if necessary, be struck again (Fielder et al., 
& Fisher, 2004; IWC, 2011). Given the large 2001; Butterworth et al., 2007).
wounds known to be caused by the penthrite har- Sealing methods share similarities with those 
poon (Kestin, 1995; van Liere, 2004), struck and used in whaling in that they are broadly studied and 
lost whales are highly likely to experience exten- considered to involve some of the fewest welfare 
sive physical injury, pain, and, therefore, reduced concerns of all the issues discussed in this review. 
welfare, potentially for however long it takes for The well-researched nature of this activity dem-
the wound to heal, if at all. onstrates that there is still a substantial amount of 
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variability in the welfare outcomes experienced Southern right whales (Eubalaena australis; Leaper 
by hunted seals. Although some assessments indi- et al., 2006). Changes in climate that lead to shifts 
cate that the skull of almost every clubbed seal in prey availability can result in nutritional defi-
is completely crushed, rendering those animals ciencies linked with late-term pregnancy or lacta-
immediately unconscious (Daoust & Caraguel, tion failures, eventually leading to calf starvation 
2012), other hunts exhibit lower levels of certainty (Leaper et al., 2006). Furthermore, cetacean strand-
in welfare outcomes (Fielder et al., 2001). In one ing events in Australia have been linked to large-
example, 5% of 280 seals killed required more than scale climate events (Evans et al., 2005). Increases 
one rifle shot before being brought onboard sailing in strandings could be due to shifts in prey or an 
vessels, increasing the time the animal spent experi- increase in frequency and strength of storms, which 
encing pain and suffering prior to death (Daoust & can cause exhaustion or confusion (Evans et al., 
Caraguel, 2012). Sealers also do not always check 2005). In either scenario, the welfare of the indi-
seals for consciousness (Butterworth et al., 2007), viduals involved was likely greatly reduced. 
raising the possibility that they remain able to expe- Prey abundance and accessibility are also a pri-
rience physical injury, pain, and suffering for longer mary topic of concern for polar-dwelling marine 
periods of time than current estimates indicate. mammals. As their habitats are undergoing dra-

Overall, even when the killing of marine mam- matic changes with the melting of the ice caps, cli-
mals is intentional, several whaling and sealing mate change will affect polar marine mammals far 
methods are used that still produce variable out- beyond the iconic starving polar bear. Some species, 
comes and have the potential for a death that is not such as the walrus (Odobenus rosmarus), rely on 
instantaneous and likely painful in many instances. ice for haulout sites that are relatively close to prey. 
Improving methods and regulations for killing and Without ice as a place to rest, walruses may have to 
enforcing these regulations can all lead to better swim great distances to access food, exceeding their 
welfare outcomes for affected marine mammals. energy stores and becoming emaciated to the point 

of starvation (Metcalf & Robards, 2008). Research 
Climate Change has already revealed the poor body condition of 

many walruses and the tendency for females to aban-
The impacts of climate change on marine mammals don their calves, resulting in many calves starving 
have not received as much attention from research- or drowning from exhaustion (Metcalf & Robards, 
ers or the public compared to other anthropogenic 2008). Significant effects are expected as the Arctic 
impacts. Perhaps this is because climate change is ice cap melts and permits increased human activity, 
responsible for a plethora of changes that vary by including more industry, fishing, shipping, and oil 
geographic location and can impact species in dra- and gas drilling, in areas that were previously dif-
matically different ways. The connection between ficult to access (Ragen et al., 2008). In turn, these 
human actions causing the issue and the outcome activities will bring increased noise and chemical 
of suffering marine mammals is much less direct. pollution, entanglement, and potential for vessel 
Increases in sea surface temperatures (SSTs) and strikes (Burek et al., 2008; Moore & Huntington, 
melting of the ice caps can lead to welfare issues, 2008). Increased competition from invasive spe-
including starvation, strandings, increased incidence cies and incidence of disease is expected to occur as 
of disease, poor health, and further exposure to organisms that were previously limited in range by 
anthropogenic threats (Le Boeuf et al., 2000; Evans the ice and cold temperatures shift closer to the poles 
et al., 2005; Burek et al., 2008; Ragen et al., 2008). (Burek et al., 2008; Moore & Huntington, 2008).

Starvation occurs due to changes in prey distribu- The health of marine mammals around the world 
tion and abundance. A decrease in the prey of gray will also be affected by changing global tempera-
whales due to higher SSTs likely led to high mortal- tures. For example, manatees are expected to shift 
ity and fewer successful births of these whales in their range further northward with warming global 
1999 (Le Boeuf et al., 2000). Dead whales, many of ocean temperatures. These marine mammals use 
which were emaciated females, were found along warm-water refugia during winter months and short-
their migration route from Mexico to California. term weather changes, but the changing climate has 
It was hypothesized that the whales were not able led to a loss of these refugia, as well as changes to 
to find enough food to prevent starvation during sea grass beds and increases in toxic algal blooms 
the long, energetically costly migration (Le Boeuf (Edwards, 2013). As a result, there have been 
et al., 2000). Starvation along a long migration route increasing numbers of manatees experiencing cold 
is likely to be a painful experience—not only for the stress, which can cause emaciation, dehydration, 
whales who died, but also for the ones that survived skin lesions, gastrointestinal disorders, and death 
but were emaciated to the extent that it hindered (Edwards, 2013). If hundreds of manatees died 
reproductive success. Additionally, climate change from cold stress in 2010 alone (Edwards, 2013), it 
has implications for the population dynamics of is likely that many others also suffered decreased 
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physical health and increased stress, decreasing routine health assessments include freeze-branding, 
their overall welfare. While the climate changing is drilling through the dorsal fin to attach a single-
not an unnatural process, humans have accelerated pin satellite-linked transmitter tag, and removing a 
the rate of change beyond that to which many spe- tooth, all without mention of even temporary wel-
cies can adapt. The impacts of climate change are fare impacts to the individual (Balmer et al., 2011). 
widespread and difficult to curtail; however, the cur- Many sea otters (Enhydra lutris) experienced flipper 
rent literature reveals how little is known about the injuries from transmitter tags, implants sometimes 
effects of climate change on marine mammal wel- caused internal bleeding or prevented wound heal-
fare and how much more research needs to be done. ing in sea otters and pinnipeds, and branding caused 

changes in behavior for several days that suggested 
Marine Mammal Research a sea lion was in pain (Walker et al., 2012). Despite 

these findings, pain management was only men-
Some research on wild marine mammals may have tioned in a few recent studies. 
negative impacts on their welfare, even though, ironi- The welfare of many marine mammal subjects 
cally, the overall goal of research is to help the stud- is impacted by the use of tags, biopsy methods, 
ied animals. Most research concerning anthropogenic and branding. These methods can cause tissue 
impacts on marine mammals is focused on species- damage, pain, stress, and are likely associated with 
level conservation issues with less attention to individ- negative psychological states. In some instances, 
ual welfare. Consequently, much research is needed these reductions in welfare only last minutes; 
on welfare impacts of marine mammal research to while in others, research-related injuries may per-
ensure that the potential for harm is minimized. sist for years or even be fatal. Though research on 

In particular, tagging and tissue sampling meth- marine mammals can provide valuable informa-
ods pose potential welfare concerns, including tion regarding population dynamics, habitat use, 
physical injury, stress, and disruption to animal and health, it is important to consider the welfare 
behavior. An evaluation of biopsy sampling found of the studied individuals. Improving the welfare 
that bottlenose dolphins had a larger behavioral of these animals may require pain management 
reaction when the biopsy tissue sample was larger when applicable, using the least destructive or 
and that biopsy wounds took approximately 23 d least painful technique possible, and developing 
to heal (Krützen et al., 2002). Although wounds new technologies that improve the research pro-
are not generally substantial, any physical injury cess and minimize risks to the animals involved.
and potential associated pain constitutes reduced 
welfare. One common dolphin died after it was hit Conclusions
with a biopsy dart, which is likely due to extreme 
stress or vertebral trauma as this individual had The oceans, once seemingly too vast to be affected 
only 7 mm of blubber near the dorsal fin (Bearzi, by humans, are now polluted by noise, chemicals, 
2000). Even when wounds appear to heal properly, and marine debris. There is an ever-increasing 
tissue sampling or tag deployment may be a stress- number of fast moving cargo ships, fishing vessels, 
ful event, especially when combined with other and whale-watching boats full of people waiting for 
everyday stressors. Baumgartner et al. (2015) found a glimpse of wild animals. As concern for marine 
that dermal tag attachment in bowhead whales was mammal welfare expands, substantial research and 
minimally disruptive, but prolonged dives and outreach efforts have focused on how anthropogenic 
increased respiration rates were observed for 1 to activities impact wild populations. Still, the effects 
1.5 h after the tagging event, which suggests at least of human activity on the welfare of wild marine 
mild stress is associated with tagging. A review of mammals remain a growing concern. When the wel-
marking and tagging methods found no clear con- fare of individual animals is considered, it is clear 
sensus regarding the extent of large whales’ behav- that anthropogenic impacts have led to starvation, 
ioral reactions to tagging (Walker et al., 2012). increases in disease, physical injuries, asphyxiation, 

Use of telemetry tags on large whales may cause and, at times, painful deaths.
histological reactions, secondary health impacts, and The good news is that humans are working on 
may be painful if the tag penetrates into the muscle solutions to decrease many of the negative welfare 
(Moore et al., 2013). Tissue swellings and depres- issues we created for marine mammals. New tech-
sions were observed when tagged baleen whales nology is being developed for fishing, shipping, and 
were resighted several years after initial tagging research. Every piece of trash removed from the 
(Calambokidis, 2015). Further, many types of dorsal ocean and every observed law means there are fewer 
fin tags deployed during routine health assessments marine mammals becoming entangled or being 
can cause tissue destruction, with freeze branding harassed by tourists. As we recognize ourselves as 
the least destructive in the long-term (Irvine et al., a primary contributor to poor animal welfare, in the 
1982). Still, even contemporary procedures for wild and in captivity, we must also grasp that we have 
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both the capacity and the responsibility to offer solu-
tions that improve the welfare of marine mammals.
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