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Abstract: Welfare assessments have been largely successful in improving management and quality
of life for animals in human care. This has prompted an increased interest in their use for free-
ranging wild animals to assess health, environment, and human-induced impacts that influence
policy decisions. The North Atlantic Right Whale (NARW, Eubalaena glacialis) is one of the most
endangered whale species. NARWs constantly face serious injuries and mortalities due to human
activities, which poses both a species conservation and an individual welfare concern. Establishing
a standardized welfare assessment for the NARW is a holistic way to understand the cumulative
effects of anthropogenic activities at both the individual and population levels. To investigate the
potential use of welfare assessments in NARWs, we performed a brief literature review to explore
the history and utility of animal welfare assessments. Following the review, we developed a welfare
assessment tool specific to the NARW. The goal is for biologists to apply this tool to understand
NARW welfare in conjunction with research in the field. Ultimately, the information gained from this
review can aid in public dissemination of the results of human impacts on NARW welfare and may
help influence future conservation policies.
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1. The Plight of the North Atlantic Right Whale as a Welfare Concern

The North Atlantic right whale (NARW, Eubalaena glacialis) is one of the most en-
dangered large whale species and is listed as Critically Endangered by the International
Union for the Conservation of Nature (IUCN) [1]. As of the end of 2019, the population
estimate was 356 individuals, a decline of approximately 25% from their peak abundance
in 2010 [2,3]. Individual NARWs incur serious injuries and death due to human-induced
effects on their ocean habitat [4]. For the 43 individuals that were known to have died
between 2003 and 2018, and for which the cause of death was identified, 88.4% were at-
tributed to human activities (entanglement in fishing gear and vessel strikes) [5]. Not only
are these unintentional NARW deaths a substantial conservation concern for this declining
population, but how entangled animals die is a significant animal welfare concern [6]. To
explore the relationship between animal welfare and conservation science, this paper will
examine welfare assessments created for non-domestic species with the goal of creating a
welfare assessment for NARW.

A slow death is common for entangled large whales. Moore et al. reported that
an entangled NARW suffers for an average of 5.6 months from detection to death, an
underestimation of total entanglement time because of delays in detection [6]. An estimated
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83% of NARWs have been entangled at least once, and approximately 60% of individuals
show evidence of multiple entanglements [7]. The methods by which NARWs can succumb
to gear entanglement include drowning due to inability to surface; starvation caused by
gear wrapped around the head, the rostrum and around the baleen interfering with feeding;
increased energy expenditure due to increased drag from towing gear; and tissue damage
and infection from gear-related trauma [8]. Entanglement in fishing gear is an inhumane
way to die and causes a welfare concern in addition to the conservation threat for the
NARWs [9].

Shipping traffic has increased steadily since 1950 and NARWs, due to their preferred
habitat, are at two orders of magnitude more likely to be struck by vessels compared
to other large whales [10]. From 1970–2006, more than half of the NARW deaths were
attributed to vessel strikes [11]. More recently, in 2020, one of the two deaths was due to a
vessel striking a calf and there were three non-lethal vessel strikes [12]. Ship strikes cause
blunt trauma from the ship’s hull (e.g., fractures and internal hemorrhage), sharp trauma
from the ship’s propellors (often causing wounds and lacerations), or a combination of
both [13]. Not all NARWs struck by ships die immediately. Many suffer due to their injuries
and die after prolonged periods from the cumulative effects of tissue damage, infection,
and starvation [13].

Ocean noise pollution from human activities, including commercial shipping, recre-
ation, military activity, and offshore oil and gas exploration, has also increased dramatically
in recent decades [14]. The coastal and continental shelf regions that have seen the greatest
increases in both background noise and peak intensity sound are core NARW habitat [14].
As NARWs are a highly social species and rely heavily on social communication, the
increased ocean noise has forced NARWs to increase the amplitude of their calls to be
heard by their conspecifics [15]. Increased ocean noise is also correlated with increased
fecal cortisol levels, which are an indicator of stress [16].

The effects of global climate change also impact the survival of the NARWs. NARWs
feed almost exclusively on Calanus finmarchicus, a zooplankton species with an optimal tem-
perature range of 4.5–8.5 ◦C [17]. Rapidly warming deep water along the Scotian Shelf has
decreased abundance and shifted the range of C. finmarchicus northward [17,18]. The north-
ward shift of this main prey source appears to have also driven NARWs northward [18,19].
This change in foraging habitat has been correlated with decreased reproduction and
increased mortality from vessel strikes and gear entanglement [20].

As a result of these conservation concerns, many tools have been developed to bet-
ter understand the stressors of large whales [21]. These tools range from observational
assessments of body condition, skin condition, and presence of scars to sampling and
analyzing fecal material, respiratory vapor, or skin [1,21,22]. Fecal and respiratory vapor
samples provide information on reproductive status, stress hormones, biotoxins, microbial
communities, immunity, and nutritional status [1]. Biopsies of skin and blubber contribute
additional information on endocrine status, microbiome, immune function, and toxin levels
of large whales [21]. Observational analysis of growth, body condition, skin condition
and wounds by aerial photogrammetry is useful in assessing individual and population
health [1] and determining changes in whales’ growth rates over time [23]. Baleen has
been used to gain a multi-year profile of cortisol levels in NARWs to evaluate stress and
determine reproductive status [24]. Location and movement information are gained from
passive acoustic data [25], mark-recapture using photo-identification data [2], or necrop-
sies [1]. While these tools provide valuable information about the health and conservation
status of the NARW, a more integrative approach to assessing health and general well-being
by incorporating animal welfare assessments will complement existing knowledge.

2. The History of and Relationship between Animal Welfare and
Conservation Science

Definitions of animal welfare science have circulated since 1965 when WH Thorpe first
defined it as the study of veterinary concerns, such as disease and injury, as they interact
with physiological indicators of stress, the change in behavior with pain and discomfort,
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motivation in confinement, and environmental preferences [26]. Since then, a broader
definition of animal welfare science has been adopted to include everything about an
animal’s condition as it lives in its habitat [27]. Animal welfare science serves to answer
the following three questions: (1) are animals conscious?, (2) how can we assess positive vs.
negative welfare in animals?, and (3) how can science improve animal welfare? [18].

In 1964, “Animal Machines” was published, which argued that livestock in the pro-
duction industry were treated like inanimate machines, prompting the formation of the
Brambell Committee in the United Kingdom [27]. The resulting Brambell Report identified
a list of basic freedoms for animals. This list was officially identified as the Five Freedoms
by John Webster in 1993 and comprised of the freedom from thirst, hunger and malnutri-
tion; the freedom from discomfort and exposure; the freedom from pain, injury and disease;
the freedom from fear and distress; and the freedom to express normal behavior [28].
Over time, animal welfare science moved away from preventing negative experiences to
promoting positive experiences by incorporating an animal’s mental state [28]. From this,
The Five Domains Model (FDM) was developed by Mellor and Reid in 1994 [29]. FDM
considers animal welfare as a combination of four domains based on biological function
(nutrition, environment, health and behavior) and a fifth domain which focuses on the
mental state of the animal, or its “psychological well-being” [30].

Throughout its history, animal welfare science neglected to address the welfare of
wild animals. Conservation science developed, in part, to address this gap and originated
from the desire to prevent the extinction of species [26]. Conservation science specifically
examines wild animals at the level of populations and ecosystems and addresses threats
that affect biodiversity and the integrity of biological systems [26].

In contrast, animal welfare science predominantly focuses on individual animals and
their day-to-day experiences. Conservation science assesses the health of the population as
a whole, while welfare science focuses on assessing individual animals to gauge the health
of the entire population [30]. These different approaches to assessing population health
are a challenge to the synthesis of the two fields [30]. While it is difficult to apply both
conservation science and animal welfare science to larger populations, it is more feasible to
evaluate small populations, particularly threatened and endangered species, through both
lenses [31,32]. The term “extreme conservation” has been defined as “efforts targeted to
deliberately increase positive human influences, including the detection and veterinary
treatment of potentially life-threatening conditions and close surveillance of individual
animals” [33]. This practice of extreme conservation has been applied to the NARW through
the efforts of several organizations that monitor individuals, document their behavior and
health status, respond to health emergencies such as fishing gear entanglements, and collect
data to analyze population status [1,33].

The conversation about how an animal interacts with its environment and how human
activities affect animals would not be complete without the discussion of stress. Coined by
Hans Selye in relation to laboratory rats, stress incorporates all the physiological responses
an animal has when it encounters conditions that are outside of its preferred state or outside
of its equilibrium [34]. In the animal welfare science context, a stress response is how an
animal responds to a negative change in its environment [27,34]. Wild animals experience
increased levels of stress due to negative human impacts on their environments, such as
chemical and noise pollution, habitat degradation, or hunting/trapping [34], which are also
relevant to conservation science. Increased stress can decrease reproductive success, reduce
immune function, and inhibit growth—all of which decrease the likelihood of survival
of an individual and, ultimately, a population and species [35]. Chronic stress caused by
human activities is an issue best addressed collaboratively by both animal welfare scientists
and conservationists [30,35,36]. To incorporate animal welfare into conservation science,
here we explore the use of animal welfare assessments for animals under human care and
for free-ranging animals.
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3. Welfare Assessments for Animals under Human Care

Historically, animal welfare assessments focused mainly on livestock and laboratory
animals [27]. The positive effects of such assessments on animal management policies
have driven the use of animal welfare tools in zoo and aquaria settings. In 2015, the World
Association of Zoos and Aquariums (WAZA) called on zoos and aquaria to prioritize high
animal welfare standards for animals in their care; to be leaders, advocates, and advisors in
animal welfare; and to ensure that all zoo and aquaria-housed animals have environments
that exceed their behavioral and physical needs [37].

Since the animal welfare discussions within zoos and aquaria began, there have been
challenges with how to adequately measure welfare in diverse species where biology and
natural history differ greatly or are largely unknown [38]. An initial focus for animal
welfare at zoos was on improving animal husbandry, including nutrition and enclosure
design [39]. More recently, the welfare assessment strategies proposed for animals in zoos
and aquaria not only focus on animal husbandry, but also apply both resource-based (what
resources the animal has or is provided) and animal-based approaches (considers what the
animal looks like physically, how it is behaving and its mental state) [40].

Several welfare assessment tools have been developed over the past decade for use
with non-domestic species. Many of these tools target animals in zoos and aquaria for the
ease of access. Each assessment tool has its strengths, weaknesses, and applicability for use
in free-ranging wild animals; here we will review each and use them as tools to create an
assessment for NARW.

3.1. Zookeeper Ratings as an Animal Welfare Assessment Tool

In 2009, following the push by WAZA to incorporate animal welfare considerations
into zoos and aquaria, many zoological institutions were interested in identifying methods
to evaluate and improve animal welfare [41]. This often meant attempting to validate
qualitative assessments to measure animal welfare. Researchers suggested that the daily
assessments performed by zookeepers should be used to determine animal welfare through
interpretation of the animals’ behavior, posture, attitude, expression, and movement [41].
Institutions such as the Chicago Zoological Society, used the assessments to create a
tool based on the animal-focused measures of welfare that the zookeepers recorded [41].
This meant that existing methods of assessment could be translated into basic welfare
assessments. Similar to animals in zoos, individual NARWs are closely monitored in their
natural habitat. These abundant field data could be utilized as part of a welfare assessment
for these animals.

3.2. The Detroit Zoological Society’s Center for Zoo Animal Welfare (2015)

The Detroit Zoological Society’s Center for Zoo Animal Welfare was created to estab-
lish a framework for animal welfare assessments in zoological institutions to ensure the
well-being of all animals at the individual and institutional levels [39]. The framework has
four components: institutional philosophy and policy; program structure and available
resources; execution; and evaluation [39]. Within the evaluation component, the Detroit
Zoological Society proposed their individual animal welfare assessment tool. This tool is
a series of closed-ended questions to which an evaluator can answer “yes”, “somewhat”,
“no”, “N/A” or “not clear” and then provide notes to support their answer. The questions
ask the evaluator to consider an individual animal’s environment, social groupings, be-
havior, nutrition, and enrichment in conjunction with the individual animal’s autonomy
over those different areas. Since 2015, the Center for Zoo Animal Welfare at the Detroit
Zoological Society, now called the Center for Zoo and Aquarium Animal Welfare and
Ethics, has been involved in many projects focusing on developing tools to help assess and
improve welfare in zoo and aquarium animals.

This framework incorporates the importance of institutional policy and how it relates
to animal welfare. As NARW are free-ranging, institutional policy does not relate to NARW.
The evaluation component of the general framework could be applied to observing animals
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in the field and answering questions about their behavior, nutrition, social groupings, and
environment. Although the results would provide some indication of welfare, they would
not necessarily provide a clear categorization of positive or negative welfare that would be
simple to communicate to both NARW scientists and the general public.

3.3. An Animal Welfare Risk Assessment (2018)

Similar to the tool designed by the Detroit Zoological Society’s Center for Zoo Animal
Welfare, Sherwen et al. developed an animal welfare risk assessment [40]. This assessment
combined an institution-level assessment, individual animal monitoring tools, and direct
research. The monitoring tool was based on the FDM [28] and included 20 different
welfare indicators across the categories of environment (both physical and social), behavior,
physical health/nutrition, and husbandry [40]. These indicators included both resource-
based and animal-based measures. The evaluators, predominantly keepers and those
on animal care teams, scored the indicators from 0 (high risk or poor) to 2 (no risk or
good). The use of a Likert scale to measure indicators allowed for a gradient that included
moderate welfare or moderate risk instead of binary high risk/poor or no risk/good. The
use of a numerical system also allowed researchers to score individual enclosures and an
institution as a whole [40], and to better understand the process by which good welfare was
achieved at the institutions they were studying. For the NARW, assigning numerical values
to welfare indicators and developing scores for individuals would facilitate statistical
analyses and comparisons between individuals and between different years.

3.4. Animal Welfare Assessment Grid (AWAG) (2017)

The Animal Welfare Assessment Grid (AWAG) [42] is another FDM-based welfare
assessment tool, with four categories—physical, psychological, procedural, and environ-
mental condition—that are scored from 1 to 10 with 1 being the gold standard. Scores are
then plotted on a cruciform style grid with each category placed on a different arm of the
grid [43]. This tool was originally developed for use in experimental primate research [44]
and has been modified for use on primates and birds in zoological settings [42]. Under
each category, there are criteria to help determine the welfare of individuals or groups
of animals. To validate the modification for zoos, researchers scored the animals on a
scale of 1 (best welfare) to 10 (worst welfare) in a 95-day trial period [42]. Using those
scores, the researchers were able to compare the welfare of the animals throughout the
trial period and against other individuals (primate-specific) in which the AWAG was being
tested [42]. More recently, AWAG has been used on cattle and pigs in experimental settings.
Researchers found that out of the four categories of AWAG, physical, procedural and
environmental were straightforward to measure and they were able to successfully adapt
AWAG for use in experimental cattle and pigs [43]. This flexibility and usefulness with
a variety of species is a strength of AWAG and suggests that it might be useful when
considering the welfare of NARWs.

The AWAG method expanded the numerical scale of Sherwen et al. from 3 to 10 and
turned the scores into a visual representation of welfare. The addition of the graphical
display of welfare scores by category is a powerful and potentially eye-catching method of
sharing information with scientists and the general public. However, a graphic is less useful
for comparing individuals and changes over time and in those situations the numerical
values would be more useful in measuring NARW welfare.

4. Welfare Assessment for Free-Ranging Wild Species

With the development of animal welfare assessments for species under human care,
conservation and animal welfare scientists were interested in incorporating welfare assess-
ments into the conservation of free-ranging wild species. A literature review found that
few welfare assessments for free-ranging wild species and most of these are performed
using the FDM [45,46]. A significant barrier to more widespread implementation is the lack
of a standardized, systematic approach to developing welfare assessments for individual
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species. To aid expert wildlife biologists and conservation scientists to incorporate welfare
assessments in their work, a ten-step method for building a welfare assessment for any
free-ranging wild species has been developed [46]. It guides users through the necessary
types of knowledge needed to create a welfare assessment, such as how to identify indica-
tors of welfare, and how to incorporate those indicators into the FDM [46]. This protocol
would be beneficial in the development of new welfare assessments for species that lack
established tools, such as free-ranging wild cetaceans, including the NARW.

5. Welfare Assessments for Cetaceans

There is a dearth of literature on animal welfare assessments for both cetaceans under
human care and free-ranging wild cetaceans. Two methods currently available are the
Cetacean Welfare Assessment (C-Well) and the Welfare Assessment Tool for Wild Cetaceans
(WATWC) [47,48].

5.1. C-Well

C-Well was the first welfare assessment tool used specifically for marine mammals.
It was developed by Clegg et al. to explore the welfare of common bottlenose dolphins
(Tursiops truncatus) under human care [47]. C-Well is based on Welfare Quality®, an animal
welfare assessment tool for farm animals in the UK. Welfare Quality® evaluated welfare
based on nutrition, housing, health, and appropriate behavior [47]. C-Well expanded upon
the four categories of Welfare Quality®, creating a framework with 11 criteria based on
these categories and 36 measures to evaluate the criteria [47]. Each of the 36 measures
is scored as 0, 1 or 2, with 0 being good welfare and 2 being poor welfare. Many of the
criteria and measures in C-Well overlap to include redundancy so that no important welfare
indicators are overlooked.

While many other welfare assessments use similar parameters and scoring methods
to measure welfare, Clegg et al. used measures specific to marine mammals [47]. This
provided an example of parameters that would be important to examine and include when
developing a NARW-specific welfare assessment. As C-Well was designed for common
bottlenose dolphins under human care, many parameters such as absence of pain associated
with management procedures and criteria relating to the enclosures are not applicable
to NARWs.

5.2. The International Whaling Commission and the Welfare Assessment Tool for Wild
Cetaceans (WATWC)

Considering the focus on animal welfare in zoos and aquaria, the International Whal-
ing Commission (IWC) developed a working group focused on the welfare of cetaceans im-
pacted by human activity in the ocean [48]. The issues of special concern were non-hunting
activities, including entanglement, ship strikes, whale watching, marine debris/litter, and
habitat degradation and related matters [49]. In 2016, the working group reviewed the wel-
fare threats to cetaceans and concluded that the FDM is applicable to evaluate free-ranging
wild cetacean welfare [49]. The working group participants used a scale of 0 (no impact) to
2 (major impact) to score how both acute and chronic events affected cetacean welfare for
four of the five domains. The environmental domain was left out, as it was deemed more
relevant to cetaceans under human care [49].

The recommendation by the IWC working group to use the FDM for assessing free-
ranging wild cetacean welfare was further expanded by Nicol et al. (2020) with the Welfare
Assessment Tool for Wild Cetaceans (WATWC) [48]. The WATWC focused on how a single
event can affect free-ranging wild cetacean welfare. In comparison to the IWC model, the
WATWC included all five domains, and added how long an event will affect the domains,
event re-occurrence, and how the event will affect the lifespan of the animal [48]. The
assessment also included a section where evaluators rated their confidence in their scoring.
WATWC separated the objective and subjective measures of animal welfare while still
emphasizing how physiological and environmental factors interact to produce different
welfare states [48]. WATWC further supported the utility of the FDM for free-ranging



J. Zool. Bot. Gard. 2021, 2 734

cetaceans, such as the NARW, when the developers stated FDM is more useful for free-
ranging animals than either Welfare Quality® or the Five Freedoms.

6. Introduction of the North Atlantic Right Whale Welfare Assessment Tool

With the increasing threats to NARWs, welfare assessments should be included as a
tool to better understand the overall condition and stressors affecting individuals. As the
abilities to detect steroid and thyroid hormones in fecal matter and baleen have developed,
there is more evidence to demonstrate that individual NARWs are subjected to substantial
stress [49]. To further document the causes and degree of stress, we developed a prototypic
NARW-specific welfare tool intended for use by field biologists to assess welfare in real
time. The welfare scores can then be combined with other objective data such as stress
hormone levels, reproductive status, biotoxin levels, and growth analysis to provide a more
complete indication of the welfare status and overall health of the NARW individuals and
population [21,22,24,26].

6.1. Development of a Prototypic NARW Welfare Assessment Tool

As a result of the literature review, we identified several ways to structure animal
welfare assessment tools. The two options we evaluated for free-ranging wild cetaceans
were the FDM [28], which is the basis for many welfare assessment tools; and the Welfare
Quality® framework, which is the basis for C-Well [47]. The C-Well and Welfare Quality®

frameworks were designed for animals under human care and upon review were not
easily adaptable to free-ranging wild cetaceans. Thus, we designed our welfare tool using
the FDM framework because it provides a structure that is easily transferrable to free-
ranging wild species and has consistently proven to be a useful guide in measuring animal
welfare [39].

It is difficult to accurately assess some of the categories of the FDM in free-ranging
wild species. We included health and behavior data in the NARW assessment because
they are routinely collected in a standardized, quantifiable manner by field researchers.
The health section of the proposed NARW welfare assessment tool is based on the Visual
Health Assessment developed by Pettis et al. (2004) [22]. This health assessment used
photographs of NARWs taken by researchers to establish a health score based on skin
condition (including the presence of wounds or scars), body condition, presence of rake
marks, and presence of cyamids surrounding the blowholes [22]. The behavior section
of the NARW welfare assessment was developed based on common behaviors, sighting
observations, and environmental interactions defined in the North Atlantic Right Whale
Consortium Photographic Database/Catalog Submission document [50]. We included
behaviors or observations that were clearly defined or quantifiable (for example feeding,
social interactions, swimming activity). We included specific environmental and human
interactions in the behavioral section because they are also well-defined observations.

Environment, nutrition and mental state are difficult to measure for free-ranging
wild species, particularly for marine mammals in the ocean environment. Although these
categories have been considered in other welfare assessments, specific data are not always
easy to interpret and include in a welfare assessment due to the variability of the natural
environment of the NARW. Environmental variables such as water and air temperature,
weather, presence of pollutants, and boat traffic change throughout the course of the day,
and the effects of changes in these parameters on NARWs are not established. Mental
state was designed to be inferred from the collection of data from the other categories [28].
Inference of mental state of the NARW is not currently possible, but with evolving research
it may be possible to use cortisol, microbiota, or other physiologic measurements for this
purpose. Future iterations of this assessment tool may be able to examine the feasibility of
including specific welfare indicators pertaining to the environment and mental state and
how they impact NARW health and welfare.

Nutrition was partially assessed through body condition score (BCS) and feeding
behaviors. The addition of prey data, such as prey quality and abundance, was included
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to approximate the dietary records that are included in welfare assessments designed
for animals under human care. As previously mentioned, climate driven ocean changes
have led to alterations in feeding behaviors and reproduction in NARWs, in part due
to decreased abundance and change in distribution of their primary zooplankton food
source [18]. This decrease in prey abundance was considered similar to underfeeding an
animal under human care, which would imply negative welfare. A method of counting
plankton using an optical plankton counter (OPC) has been validated and could be used to
estimate prey abundance as part of this assessment [51].

In addition to total food intake, prey quality is also an important measure of nutrition.
NARWs not only specifically eat C. finmarchicus but they also prefer to consume the copepod
when it is in Stage V of its life cycle [52]. During this stage, the copepod has a high lipid and
total energy content [52,53]. Results of mathematical modeling suggest that for a region
to be a suitable NARW feeding habitat the C. finmarchicus in the area need to provide a
minimum energy density of 3 kJ/m3 [53]. Measuring the energy content of NARW prey
provides a key indicator of feed quality and therefore nutritional welfare, so this parameter
was included in the prototypic tool presented here [51]. While these data may not be readily
available when observing NARWs in the field, there are several plankton monitoring
programs such as Atlantic Zone Monitoring Program (AZMP), Continuous Plankton
Recorder (CPR) and Marmap/Ecomon that can be used to add the information [54]. In
future iterations of this assessment tool, it would be useful to develop normal ranges for
other markers of nutrition such as vitamin and nutrient levels in the blood and feces.

In addition to the categories of health and behavior, we added a category for the
collection of primary information such as individual ID number, sex, age or age class, date
and time, and location of the sighting. The prototype of the NARW welfare assessment
tool can be found in Tables 1 and 2.

Table 1. Prototype of the NARW welfare assessment Page 1. Total health and behavior scores
are determined by adding numeric values of the corresponding section. Total Welfare Score is the
combined Total Health Score and the Total Behavior Score. A negative score means negative welfare,
0 means neutral welfare, and a positive score means positive welfare. For a detailed description of
the parameters used in the health assessment, please refer to Pettis et al., 2004 [22].

NARW Welfare Assessment

Basic Information

Individual ID #:
Date and Time of Sighting (MM/DD/YYYY, 00:00):

Location of Sighting (latitude and longitude or area code):
Sex: MALE/FEMALE/UNKNOWN (circle one)

Age (or age class if unknown):

Welfare Assessment

Health

Skin Condition: GOOD (0) vs. POOR (−1)
Rake Marks: FEW (0) vs. SEVERAL (−1)

Cyamids: NONE TO FEW (0) vs. MANY (−1)
Baleen Damaged: NO (1) vs. YES (−1)

Entangled: YES (−1) vs. NO (0)

Nutrition

Body Condition: GOOD (1) vs. MODERATE (0) vs. POOR (−1)
Prey quality (energy content in J/C5):

Prey abundance (in C5/m3):
Prey score: >3 kJ/ m3 (1) vs. 3 kJ/ m3 (0) vs. <3 kJ/ m3 (−1)

Behavior *

Aggressive/Avoidance/Injured Score (each behavior = −1):
Investigative/Neutral Score (each behavior = 0):
Play/Feeding/Mating Score (each behavior = 1):

Welfare Score

Total Score for Health:
Total Score for Nutrition:
Total Score for Behavior

Total Welfare Score:

* See Page 2 for list of behaviors comprising each of the following categories.
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Table 2. List of behaviors (Page 2) under each category of the NARW welfare assessment tool (positive behaviors, neutral
behaviors and negative behaviors). Each observed behavior is recorded under the associated behavior category and
contributes its corresponding value to the overall behavior score.

Behavior

Aggressive/Avoidance/Injured or Dead
(−1) Investigative/Neutral (0) Play/Feeding/Mating (1)

Live stranded Calf with another Medical Intervention
With predatory shark Calf with unphotographed whale Pregnant (if live)

Aggressive vessel Mom with unphotographed calf Disentangled
Avoidance to approaching platform Gunshot Disentanglement attempt

Fluking (entangled whale) Bubbles Line gone
Not fluking (entangled whale) Curious Approach Disentangled partially

Reaction to sampling or platform Defecation Coordinated Feeding
Sick whale Head lift Echelon Feeding

Trapped in weir Head push Unspecified type of feeding
Oil slicks Head tilt Surface or skim feeding

Calf Alone Human presence near a whale Subsurface feeding
Linear travel Mom cradling calf

Logging Probable nursing
Mooing Focal animal

Mouth open Intromission
Mud Surface Active Group

Posturing Belly to Belly
Racing dive Body contact

Random subsurface movement Breaching
Shivering/Jell-o Chin Breach

Spyhopping Belly up
Underwater exhalation Flippering/flipper slapping

Unusual behavior Lobtailing
Lunge
Rolling

Tail breach
Play

6.2. The Importance of a Welfare Tool

This is the first attempt to develop a welfare assessment tool for the NARW and has
identified some key areas where more information is needed and where future versions
can improve. The importance of this tool relies on its ability to compile and communicate
data concerning the NARW population in a way that is easily understood by diverse
audiences. While much of the data needed to complete this assessment already exists, it is
likely in different databases. This welfare tool will help collect that information to provide
a more holistic view of how health, nutrition, and behavior interact to influence NARW
welfare. Once the necessary data have been gathered and welfare scores calculated for
NARW individuals, it will become easier to disseminate the findings to the public. The
lack of action to conserve the NARWs is largely due to a complete lack of pressure from
consumers. One of the main barriers to conservation of marine mammals, especially the
NARW, is the lack of visibility. Moore and Van der Hoop (2012) summarize this issue
well in the following quote: “Consider the likely difference in response if the results of
long standing right whale entanglements (i.e., emaciation, starvation, chronic pain and
infection) were observed on a daily basis by humans as they went about their lives in
urban, suburban and rural communities rather than remaining out of sight at sea. If the
equivalent fixed fishery traps and nets were to be set on land, with a comparably slow and
painful death for wildlife, the responsible industry could be subject to consumer revolt,
irrespective of whether there was an actual law concerning such an interaction” [8]. A
welfare assessment specific for the NARW provides an enhanced ability to frame the plight
of the NARW as a welfare concern. It also presents a different approach to conservation
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messaging and ultimately leads to greater public understanding and consumer pressure to
take the necessary actions to save the NARWs from extinction.

6.3. Next Steps

Our suggested welfare assessment tool is designed for use by field biologists to mea-
sure NARW welfare in conjunction with other methods of quantifying stress as it relates to
health, such as fecal, respiratory and baleen sample hormone profile analysis [1,24]. Inter-
observer reliability should be determined by providing standardized training and having
different observers use the tool to evaluate the welfare of the same individual animal. This
will help improve the applicability and accuracy of the tool. Once the tool has undergone
testing and validation it will be used to measure NARW welfare in the field, without wait-
ing for biological test results. This will allow for timely evaluation of individual welfare
and will contribute to improved understanding of the NARW species status.

7. Conclusions

The increasing number of NARW serious injuries and deaths resulting from human-
induced causes is both a conservation concern and an animal welfare concern [9]. By
reviewing the literature, we have identified appropriate frameworks for large whale welfare
assessments. We developed a prototypic welfare assessment tool for NARWs. Once
validated, this NARW welfare assessment tool can be used in conjunction with existing
objective measures of health to integrate understanding of welfare and health in a critically
endangered species.
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