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Introduction

Climate change, oil and natural gas activities, commer-
cial shipping, oil spills, mining for minerals and other 
human activities are affecting Arctic ecosystem health 
and pose significant threats for its future, including the 
animals and people that live there. Belugas (Delphinapterus 
leucas) inhabiting Arctic and Subarctic regions are no 
exception. It is unclear what effects climate change will 
have on belugas; however, with the loss of sea ice comes 
more opportunity for anthropogenic threats. Increased 

shipping traffic not only increases potential collision and 
injury to whales, but also exposes them to increasing 
sound levels and pollution. The same is true for mining, 
offshore oil and gas exploration, drilling and scientific 
exploration. Predator–prey relationships may shift with 
changes in water temperatures; predators such as killer 
whales (Orcinus orca) may become a more common 
threat to belugas and/or prey availability and distribu-
tion may be altered with the changing water tempera-
tures. Emerging pathogens threaten health and can be 
especially detrimental to smaller populations of belugas. 
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Oil spills and contaminants threaten entire ecosystems. 
A combination of these stressors or cumulative effects of 
multiple stressors on beluga populations may occur with 
harmful effects particularly on smaller populations (Ford 
et al. 2006; Burek et al. 2008; Moore & Huntington 
2008; Kovacs et al. 2011).

Belugas in aquaria are important ambassadors for 
wild whales and aquaria have an opportunity to connect 
the public with whales in the Arctic. Previous research 
has indicated that large, charismatic megafauna (such as 
belugas) have the potential to positively influence the 
public’s connection and behaviour towards conservation 
for individual species and biodiversity in general (Skibins 
et al. 2013). Specifically, aquaria can contribute to the 
public’s general knowledge of beluga conservation with 
programming highlighting their (1) research, (2) exper-
tise in animal care and husbandry and (3) education/
outreach. 

The purpose of this perspective paper is not an exhaus-
tive review of contributions of aquaria to date but to raise 
awareness to beluga stakeholders (including, but not lim-
ited to, wildlife biologists, subsistence hunters, academics, 
non-governmental organizations, federal and state man-
agers and policy-makers) of the capabilities and opportu-
nities for utilizing belugas in aquaria. We also aim to 
demonstrate how key questions about belugas can be 
more easily answered by studying these whales in aquaria 
versus in the wild, thereby contributing to research on, 
and the recovery and conservation of, belugas world-
wide. We highlight the efforts of Mystic Aquarium, CT, 
USA, as a case study to demonstrate how aquaria can 
provide vital scientific information and also make an 
indirect impact to marine mammal conservation through 
outreach to the general public.

Why research with aquarium whales? 

Aquaria offer opportunities for controlled studies that are 
not feasible in the field with wild whales. In the aquar-
ium setting, information is known about individual ani-
mals, including age, sex, life history, growth and 
reproductive stage, diet, blubber thickness throughout 
four seasons, morphometrics (e.g., weight, length and 
girth), health history and current health status. Most of 
this information is not consistently available from wild 
whales. Moreover, animal husbandry personnel who 
daily care for, train and do other work with the whales, 
know each individual’s normal behavioural repertoire 
and can recognize when behaviour or appetite, for exam-
ple, may be abnormal. Environmental parameters, such 
as air and water temperature and water chemistries, are 
also known. Capture–release studies can collect a great 

deal of information from wild whales; however, samples 
are usually from a single point in time and some of the 
health indices, such as complete blood cell counts and 
serum chemistries, may reflect physiological states associ-
ated with the chase and capture, confounding results.

The second major advantage of studying whales under 
professional care in aquaria is that whales can be trained 
for biological sampling. Through operant conditioning 
with positive reinforcement (Ramirez 1999; Kuczaj & 
Xitco 2002; Brando 2010), whales voluntarily participate 
in biological sample collection for health-care monitoring 
and research. The training process allows for the collection 
of blood, breath, saliva, urine, faeces and skin scrapings as 
well as ultrasound and endoscopic examinations. These 
samples provide baseline reference values for individual 
and group animal health and include complete blood cell 
counts, serum chemistry panels, hormones, immune 
function, gene expression and exposure to pathogens, 
among other information. Moreover, these samples pro-
vide a reference to aid in the interpretation of values from 
wild captured–released whales, subsistence-hunted 
whales and free-swimming whales. As tools to better 
understand animal health continue to develop (Unal et al. 
2018; Van Cise et al. 2020; Unal & Romano 2021), archived 
samples are a valuable resource for future studies, e.g., 
preserved DNA/RNA samples to detect pathogens or to 
apply genomic or transcriptomic technologies. 

In addition to biological sampling, whales in aquaria 
are trained to participate in experimental paradigms. 
These paradigms, similar to biological sampling, are 
always achieved through operant conditioning with pos-
itive reinforcement and occur only by voluntary partici-
pation of the whales. Examples of experimental paradigms 
include belugas stationing at the surface (with their blow-
hole exposed to air) to allow the placement of suction cup 
electrodes on the body (whereby auditory brainstem 
responses are measured for acoustic studies) and station-
ing at a certain depth for a determined amount of time, 
followed by surfacing and exhaling for breath collection 
(for diving physiology studies). Whales can be trained for 
even more complex experimental paradigms. Importantly, 
data are collected without confounding variables (e.g., 
ship disturbance, nutritional factors, nearby predators) 
that may be present when studying wild whales.

Case study: Mystic Aquarium 

Established in 1973, Mystic Aquarium is accredited by 
the Association of Zoos and Aquariums, the Alliance of 
Marine Mammal Parks and Aquariums and the 
International Marine Animal Trainers’ Association and is 
certified by American Humane, a national animal 
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welfare organization, for maintaining the highest stan-
dards in animal care, training and welfare. The mission 
of Mystic Aquarium is to “inspire people to care for and 
protect our ocean planet through conservation, educa-
tion, and research”. 

Early beluga studies at the aquarium were pioneered 
by the late David St. Aubin, a renowned figure in the 
field of beluga research and biology (Fig. 1). Beluga 
research—in the aquarium setting (ex situ) and in the 
field (in situ)—continues to be a major focus of the facil-
ity’s research programme. Mystic Aquarium has a 
research license issued by the US Department of 
Agriculture to conduct research on its animal collection 
and a well-established Institutional Animal Care and Use 
Committee. It also has a team of research scientists, ani-
mal care and husbandry experts, and veterinarians who 
contribute to the research. Its research scientists all have 
joint appointments in the Department of Marine 
Sciences, UConn, where Mystic Aquarium’s state-of-the-
art research laboratories are located. To expand expertise 
and scope, the aquarium works with a formal network of 
scientists (known as scientists-in-residence) as well as a 
Research Advisory Council that provides recommenda-
tions for, and serves as a resource to benefit, the research 
programme. 

Mystic Aquarium contributes to conservation-related 
research of belugas by endeavouring to answer specific 
hypothesis-driven questions related to health about the 
whales under professional care as well as through field 
studies of wild belugas. Moreover, the aquarium’s 
research addresses action items called for in the CIBRP 
(NMFS 2016), a conservation plan for belugas in Cook 
Inlet, AK. Examples of questions and corresponding 
action items addressed in the CIBRP include, but are not 
limited to, the following: (Question) “How does anthro-
pogenic noise such as pile driving and shipping noise 
affect hearing and physiology in belugas”? (Action #30) 
“Describe the acoustic characteristics of different anthro-
pogenic noise sources in Cook Inlet and rate the potential 
acoustic impacts from each type of noise source on 
Cook  Inlet belugas”. (Question) “How does physiology 

change when beluga dive patterns are altered or inter-
rupted by anthropogenic activities?” (Action #45) “Refine 
research techniques, evaluate alternatives, and imple-
ment research methods which minimize harassment, 
harm, and general adverse impacts on Cook Inlet belu-
gas”. (Question) “Can gene expression changes be mea-
sured and monitored in beluga skin through remote 
biopsy in relation to environmental change?” (Action #4) 
“Increase efforts to identify and monitor individual Cook 
Inlet belugas, coordinating photo-identification, strand-
ing data, genetic studies, and body condition assessments 
via biopsy samples of skin and blubber” and (Action #6) 
“Conduct regular biopsy surveys of Cook Inlet belugas to 
monitor changes in condition and reproductive success in 
relation to environmental changes”. 

Additional questions linked to action items in the 
CIBRP are incorporated in the research studies described 
below. The studies focus on health, diving physiology, 
reproductive biology, habitat monitoring and testing of 
prototype telemetry devices and cameras, hearing and 
physiological responses to anthropogenic sound, and 
photogrammetry, and they illustrate how research on 
Mystic Aquarium belugas informs the management and 
conservation of wild belugas. 

Health assessment and monitoring: developing 
assays and reagents as a toolbox for assessing 
beluga health 

There is a need for cetacean-specific reagents and assays 
to assess certain aspects of health as immune system 
function, microbial flora, pathogen exposure, stress, 
reproductive and metabolic hormones and cellular 
responses at the molecular level. Some of the first studies 
characterizing the cetacean immune system, for exam-
ple, were made possible through the cooperation and 
support of native subsistence hunters, who made lym-
phoid organs available to researchers from their beluga 
harvest (Romano et al. 1993, 1994; Romano et al. 2002). 
It soon became clear that cetacean-specific assays, 
reagents, markers and molecular probes were needed to 
further investigate this and other health indices. Through 
the continued opportunity to collect tissues from subsis-
tence-hunted belugas and to obtain blood samples from 
belugas and bottlenose dolphins (Tursiops truncatus) in 
aquaria, specific reagents and assays were developed, 
adapted and standardized to assess immune function and 
health (Romano et al. 1992; DeGuise et al. 1997; Romano 
et al. 1999; DeGuise et al. 2002; Mancia et al. 2007; Keogh 
et al. 2011; Spoon & Romano 2012). In addition, marine 
mammal-specific diagnostic assays were developed to 
detect disease and pathogens such as Brucella, a bacterium 

Fig. 1 Dr David St. Aubin (1952–

2002), renowned for his research 

and contributions to beluga biol-

ogy, was the Director of Research 

and Veterinary Services at the Mys-

tic Aquarium from 1993 to 2002.
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that can cause reproductive failure in marine mammals 
(Meegan et al. 2010; Meegan et al. 2012).

This ever-evolving toolbox contributes to health 
assessments and monitoring for both aquaria-managed 
and free-ranging (including wild captured–released and 
subsistence-hunted) belugas. Health monitoring of differ-
ent beluga populations is important for people consum-
ing belugas for food and has been, and continues to be, 
applied to the subsistence-hunted whales and findings 
reported to the Alaska Beluga Whale Committee as 
opportunities warrant. Moreover, applying this toolbox 
to wild captured–released belugas in Bristol Bay, AK, and 
the Chukchi Sea is allowing for health monitoring over 
time and improves our understanding of the impact of 
environmental and anthropogenic stressors on individual 
whales and populations (Fair et al. 2013; St. Aubin et al. 
2013; Flower et al. 2015; Unal et al. 2018; Bossart et al. 
2019). The information gained through the development 
and validation of health-related reagents and assays facil-
itates interpretation of health measurements and bio-
markers in wild whales. Continued diagnostic assay 
development and validation for microbial communities, 
pathogens and disease agents applies to CIBRP Action 
#25—“Compare data on diseases from Cook Inlet belugas 
with other beluga populations to determine if there are 
abnormal levels or atypical types of disease agents present 
in Cook Inlet affecting Cook Inlet belugas”. Hand in hand 
with pathogen exposure is immune system function and 
comparing immune status of Cook Inlet belugas with 
other beluga populations, which will indicate if Cook 
Inlet belugas are immunocompromised. These studies 
will help reveal the types of disease agents specific to each 
population, including Cook Inlet belugas, and will con-
tribute to CIBRP Action #26— “Determine types and 
sources of disease agents identified to be of concern spe-
cifically to Cook Inlet belugas and assess management 
actions targeted at mitigating the disease agents”. Once 
the pathogens are identified, sources can be investigated 
and mitigation management actions can be put into place.

Health assessment and monitoring: 
neuroimmunological response to 
environmental and anthropogenic stressors 

It is now generally accepted that stressors as perceived by 
the nervous system, can affect the immune system and 
an organism’s ability to fight off disease and infection 
(Tausk et al. 2008). Tissues from subsistence-hunted 
belugas enabled identification of an anatomical link 
between the nervous and immune systems in the beluga 
(Romano et al. 1994; Romano et al. 2002), whereby hor-
mones and neurotransmitters released during response to 
a stressor(s) could have an effect on the immune system 

and the animal’s ability to fight off infection and disease. 
However, very little is known about the stress response in 
cetaceans, let alone the immune system. Knowledge in 
both regards is important for understanding how differ-
ent anthropogenic and environmental stressors impact 
health in belugas and cetaceans in general. 

In order to study the physiological response to stress-
ors and impact on the immune system, Mystic Aquarium 
conducts controlled studies on belugas under professional 
care, subsistence-hunted belugas and wild captured–
released cetaceans. Examples include, but are not limited 
to, studies addressing the physiological response to sound, 
transport, introduction to novel environments and chase, 
capture and restraint (Romano et al. 2004; Bossart et al. 
2008; Reif et al. 2009; Schmitt et al. 2010; Spoon & 
Romano 2012; St. Aubin et al. 2013; Fair et al. 2014; 
Thompson et al. 2014; Fair et al. 2017; Unal et al. 2018). 
Taking advantage of opportunistic events in the aquarium 
setting, such as out-of-water clinical examinations or 
procedures, transport and introduction to new social 
groups, enables the study of the hormones released, their 
timing, duration and magnitude (Schmitt et al. 2010; 
Spoon & Romano 2012; Unal & Romano 2021). These 
measures in response to known ‘stressors’ serve as refer-
ence for values obtained in wild whales and enables the 
characterization of stressors on a scale given the physio-
logical response (for example, levels of stress hormones 
observed after controlled exposures to impulsive sound 
are less than levels observed in stranded cetaceans 
[Romano et al. 2004; Romano unpubl. data]). 

Measurements obtained from aquarium belugas can 
provide a frame of reference for similar measurements in 
wild whales, aiding in the interpretation of data from 
wild captured–released belugas, subsistence-hunted 
belugas or biological samples obtained remotely from 
wild whales, e.g., skin biopsies, breath, faeces and enable 
pinpointing immune function differences both between 
and within populations. In addition, signals of temporal, 
spatial and seasonal change for health-related biomark-
ers (e.g., hormones, gene expression) are also obtain-
able from aquarium belugas. Hormone, immune and 
other health-related data are currently being analysed by 
Mystic Aquarium scientists, who are working with 
blood, skin, breath, faeces and other material from belu-
gas, including endangered belugas (Cook Inlet and St. 
Lawrence Estuary belugas). The researchers will com-
pare these to aquarium whales to potentially reveal 
health deficiencies in endangered wild populations due 
to pollutants, microbes, and/or stressors that can poten-
tially be mitigated with management practices. In addi-
tion to Actions #25 and #26, referred to earlier, this 
effort contributes to CIBRP Actions #4 and #6: “Increase 
efforts to identify and monitor individual Cook Inlet 
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belugas, coordinating photo-identification, stranding 
data, genetic studies, and body condition assessments 
via biopsy samples of skin and blubber” and “Conduct 
regular biopsy surveys of Cook Inlet belugas to monitor 
changes in condition and reproductive success in rela-
tion to environmental changes”. 

Health assessment and monitoring: developing 
novel non-invasive techniques 

Blood is often a ‘gold standard’ for measuring certain 
health indices in animals (and people), but extracting it 
requires handling and restraint, unless the animal is 
trained to allow sample collection. However, blood can-
not be obtained from wild belugas without capture, an 
event that can cause changes in the very hormones and 
other health indices that researchers seek to measure.

Mystic Aquarium scientists continue to develop and 
validate assays for detecting hormones, immune and 
transcriptional activity in saliva, breath, faeces and skin as 
alternatives to blood (Thompson et al. 2014; Flower et al. 
2015; Richard et al. 2017; Unal et al. 2018). Development 
of these techniques is only possible by obtaining samples 
on a regular basis from aquarium whales for laboratory 
and biological validation (Fig. 2). The goal is to transition 
these less invasive techniques to free-ranging belugas, as 
has been done in other cetaceans (Rolland et al. 2005; 
Acevedo-Whitehouse et al. 2010; Hunt et al. 2013; 
Apprill et al. 2017). Testing how breath samples are col-
lected under controlled conditions, for example, will help 
determine the number of breaths needed to detect a hor-
monal or molecular signal and how high the collecting 
device needs to be above the blowhole and has the poten-
tial to improve the methodology for collecting (with 
drones or poles) samples from wild whales.

These novel non-invasive techniques may be useful 
for controlled sound exposure studies to more effectively 
study the impacts of noise pollution. During hearing 
studies, for example, instead of having to halt recordings 
of non-invasive AEPs to obtain a blood sample (Romano 

et al. 2004), a breath sample may be easily and efficiently 
collected while an animal remains in the hearing study 
layout position, reducing interference with the hearing 
study and reflecting more immediate measurements spe-
cific to the noise exposure. Sound limits of different 
anthropogenic noises (e.g., pile-driving, ships, etc.) can 
be determined based not only on the whales’ auditory 
response but also on other physiological responses and 
reported to wildlife managers and environmental poli-
cy-makers. The development of non-invasive techniques 
for assessing and monitoring health in belugas contrib-
utes to CIBRP Actions #4, #6 and #45: “Increase efforts to 
identify and monitor individual Cook Inlet belugas, coor-
dinating photo-identification, stranding data, genetic 
studies, and body condition assessments via biopsy sam-
ples of skin and blubber”; “Conduct regular biopsy sur-
veys of Cook Inlet belugas to monitor changes in condition 
and reproductive success in relation to environmental 
changes” and “Refine research techniques, evaluate alter-
natives, and implement research methods which mini-
mize harassment, harm and general adverse impact on 
Cook Inlet belugas”.

Dive physiology 

Altered dive behaviour in response to anthropogenic 
activity and noise has also been reported in cetaceans. 
Bottlenose dolphins (Lusseau 2003) and humpback 
whales (Megaptera novaeangliae; Corkeron 1995; Schaffar 
et al. 2009) increased dive behaviour in the presence of 
whale-watching boats, while beaked whales (Ziphius cavi-
rostris) have displayed ‘unusual’ foraging dives and altered 
characteristics of dive ascent and post-dive interval fol-
lowing exposure to ship noise (Aguilar Soto et al. 2006) 
and sonar (Tyack et al. 2011). These and other anthropo-
genic activities may serve as stressors (Fair & Becker 
2000; Tarlow & Blumstein 2007) interrupting dives as 
well as adaptation mechanisms used in diving, leaving 
cetaceans more susceptible to injury and disease. While 
this has been documented in other cetacean species, 

Fig. 2 Belugas are trained for (a) blood, (b) saliva, (c) breath and (d) faecal collection through operant conditioning with positive behavioural reinforcement.
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little  information is available on belugas. Avoidance 
behaviours, including diving, have been observed in 
belugas’ response to the presence of large ships, such as 
icebreakers (Richardson & Wursig 1997), and small 
boats (Thompson, pers. obs. 2014, 2016). Environmental 
changes, such as warming surface waters related to cli-
mate change are also reportedly leading to some beluga 
populations making deep (>1000 m) and extended 
(>20  minutes) dives more often (Hauser 2016; Hauser 
et al. 2018). This has highlighted the need to understand 
the relationship between health and diving physiology in 
belugas, and the potential impact of altered dive behaviour 
on health in response to human activities, e.g., shipping, 
and the changing environment. Data from these studies 
could contribute information to set limits and restrictions 
on shipping, including designated times of the year ships 
are allowed in certain areas, duration, shipping routes 
and lanes, ship speeds, etc.

Mystic Aquarium scientists are studying how marine 
mammal immune cells function during diving and how 
additional stressors may alter this function, influencing 
marine mammal health. Beluga blood samples can be 
exposed to simulated dives using a pressure chamber and 
the responses of immune cells to changes in pressure 
measured (Thompson & Romano 2015, 2016). Blood and 
breath samples are also obtained from aquarium whales 
after active dives (dives including swimming underwater 
from point A to point B to point C) versus stationary 
dives (stationing on a target at depth) to determine the 
influence of breath-hold and activity level on response of 
the immune system during diving (Thompson & Romano 
2021 [this special cluster]). 

Insight into the relationship between diving and 
health, via immune responses, will allow us to better 
interpret the effect of a changing Arctic environment on 
belugas. For example, some beluga populations are mak-
ing deep and extended duration dives more often, likely 
to reach prey in deeper waters (Watt et al. 2016; Hauser 
et al. 2018). If such activities are pushing animals to, or 
beyond, their physiological limits more and more often, 
the risk of immune dysfunction and, therefore, injury or 
disease may be increased. Additionally, the impact of a 
sudden change in behaviour in response to human activ-
ity (e.g., loud noise), combined with the simultaneous 
acute physiological stress response, on immune function 
is unknown. 

Consideration of how these altered behaviours relate 
directly to immune function and health can inform man-
agement decisions involving resources such as commer-
cially valuable prey species or regulating human activity 
in biologically important habitats. If belugas are already 
immune-compromised, it is important to know whether 
routine dive behaviours then become more challenging 

and leave animals more susceptible to injury or disease. 
For example, in Cook Inlet, which is not a deep-water 
habitat, belugas may change the duration of dives or 
inter-dive intervals in response to potential stressors, 
such as ship traffic. At Mystic Aquarium, the relationship 
between dive duration and immune function can be 
investigated under controlled conditions with belugas 
that are trained to dive. While much more work is 
needed to describe the response of immune cells to the 
natural challenges of diving, so that we can then evalu-
ate the impact of unusual behaviour on whales, aquari-
ums offer a unique resource for both in vitro and in vivo 
studies. By investigating diving physiology under con-
trolled conditions on aquarium whales with known div-
ing parameters and conditions and/or simulating dives 
(exposing blood cells to pressure in vitro) and determin-
ing changes in cellular response (see Thompson & 
Romano 2021), these diving studies contribute to CIBRP 
Action #45—“Refine research techniques, evaluate alter-
natives, and implement research methods which mini-
mize harassment, harm, and general adverse impacts on 
Cook Inlet belugas”. 

Reproductive biology 

Harsh environmental conditions, the seasonal nature of 
when whales can be observed and the high costs of getting 
to the whales and conducting field research make observ-
ing beluga behaviour in the wild extremely difficult. It is 
especially difficult to observe reproductive behaviours in 
wild belugas and virtually impossible to pair reproductive 
behaviour with physiological measurements in wild belu-
gas. We do not know the beluga reproductive behavioural 
repertoire, including the courtship sequence, vocaliza-
tions, how belugas signal interest, receptiveness and read-
iness to mate with potential partners, and how mate 
choice is expressed or exerted. It is also unknown how 
courtship behaviours influence hormonal staging for 
reproduction and pregnancy and how hormonal state 
influences courtship and reproduction behaviour. 

Aided by the aquarium’s Arctic Coast habitat layout and 
the large underwater viewing windows, Mystic Aquarium’s 
scientist-in-residence, Justin Richard, is addressing these 
knowledge gaps by observing behaviour and recording 
vocalizations before, during and after the breeding season 
and tying those behaviours to reproductive status, as indi-
cated by hormones and ultrasound. Through positive 
behavioural reinforcement, whales’ reproductive organs 
can be monitored via ultrasound and reproductive hor-
mones can be measured by obtaining voluntary samples of 
blood, urine and breath. These biological measurements 
can be paired with behavioural ethograms to answer ques-
tions about the mating and breeding of belugas. 
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Aquaria maintaining male belugas have contributed to 
studies that investigate and monitor seasonal fluctuations 
in testes size and reproductive hormones under con-
trolled conditions to contribute to knowledge on male 
beluga reproduction (Richard et al. 2016; Richard et al. 
2017). Data can be collected on belugas throughout the 
entire year, yielding insights into baseline rhythms and 
seasonal fluctuations of the reproductive system, which is 
challenging to understand in wild belugas. 

Studies such as these build up our overall knowledge 
of beluga breeding, birthing and calf-rearing and the crit-
ical early life stages. Understanding beluga mating strate-
gies will be useful to wildlife managers in making 
management decisions to support breeding among wild 
populations of belugas, especially smaller populations 
such as Cook Inlet. Sex- or age-biased removals can dis-
rupt social structures and mating systems, especially in 
small populations, reducing fecundity and causing popu-
lation declines (e.g., Ginsburg & Milner-Gulland 1994; 
Stubberud et al. 2019). Given their social structure and 
exposure to anthropogenic influences, belugas may be 
particularly vulnerable to these types of disruptions 
(Wade et al. 2012). Through the study of aquarium belu-
gas, Richard et al. (2021 [this special cluster]) find evi-
dence that beluga mating strategies may not be strictly 
polygynous, providing a foundation for future investiga-
tions in wild belugas that may be useful for explaining 
the lack of recovery in small populations and ensuring 
the sustainability of subsistence-hunted belugas, in which 
large males are often targeted. 

Tracking, monitoring and testing telemetry and 
camera prototypes 

Given environmental changes and anthropogenic chal-
lenges, tracking and monitoring belugas in the wild is 
becoming critical for collecting important information on 
whales, such as movements in relation to changing ice 
patterns and anthropogenic stressors (Citta et al. 2013; 
Hauser et al. 2014; Hauser et al. 2015; Vacquie-Garcia 
et al. 2018). The technology in tracking and sensing 
devices deployed on marine mammals—for measuring 
environmental parameters like temperature, salinity and 
location as well as monitoring dive frequency, depth and 
movements—is constantly being improved but can be 
expensive (Hauser et al. 2015; Laplanche et al. 2015; 
Nowacek et al. 2016; Goldbogen et al. 2017). 

In collaboration with Mystic Aquarium’s scien-
tist-in-residence, Greg Marshall, inventor of Critter Cam®, 
Mystic Aquarium tested a camera on one resident beluga 
to gain as much information as possible before the device 
was deployed on a wild beluga (Fig. 3). One whale was 
trained to station and receive the camera, which was 

adhered via suction cups. Tests were run to determine the 
optimal placement on the body. Two different-sized pro-
totypes were tested. Adherence was tested utilizing dif-
ferent sizes and configurations of suction cups. 
Observations were made while the whale was swimming 
normally and when it voluntarily engaged in rigorous 
activity, such as breaching and swimming fast, to test the 
device’s limitations. Such tests and proofs-of-concept 
allow scientists to perfect devices before deploying them 
on wild whales, improving the chances of successfully 
monitoring wild whales. These technologies, paired with 
knowledge of environmental changes and anthropogenic 
human activities (e.g., pile-driving, mineral extraction, 
sonar, oil spills), can provide patterns of movement and 
diving, as well as acoustical signals before and after these 
activities. Mitigation measures can be put into place 
(Wade et al. 2006; Kennedy et al. 2014) to limit the neg-
ative effects on belugas.

Hearing and physiological response to 
anthropogenic sound 

The critical habitat of the Cook Inlet beluga is concen-
trated near Anchorage, the largest urban area in Alaska. 
The whales in this area are exposed to a wide variety of 
noise stressors, including mining, dredging, military 
 operations, oil and gas development, transportation and 
shoreline development (Castellote et al. 2018). Noise can 
affect foraging, hearing, navigation and reproduction in 
cetaceans (Halliday et al. 2017; Putland et al. 2017). It is 
important to understand how these noise stressors effect 
hearing and communication, behaviour and health. In 
controlled studies of beluga and bottlenose dolphin, 
exposure to impulsive and tonal sounds activated a phys-
iological response, with changes in immune function 
(Romano et al. 2004) that could have negative conse-
quences on health.

Fig. 3 A Crittercam® is tested on a beluga residing at Mystic Aquarium 

before deployment on wild whales. 
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The aquarium setting allows for investigation of the 
impact of anthropogenic sound on beluga hearing and 
physiology. In collaboration with Mystic Aquarium sci-
entists-in-residence, Aran Mooney, of the Woods Hole 
Oceanographic Institution, and Manuel Castellote, of 
the University of Washington and Alaska Fisheries 
Science Center, NOAA, preliminary proof-of-concept 
hearing studies were carried out on one beluga at 
Mystic Aquarium under controlled conditions. The 
whale was trained to station and accept suction cup 
electrodes to measure non-invasive AEPs. An audio-
gram was obtained to compare with wild belugas 
(Castellote et al. 2014; Mooney et al. 2018). Moreover, 
a controlled noise exposure experiment was carried out 
in which the whale was exposed to the low levels of 
anthropogenic noise (ships and pile-driving) that regu-
larly occur in the Cook Inlet beluga critical habitat. 
Although the level is below the regulatory acoustic 
exposure threshold, the aquarium study suggests that 
the noise can mask beluga hearing sensitivity and has 
the potential to compromise vital functions, such as for-
aging, in wild belugas. This study contributes to CIBRP 
Action #30—“Describe the acoustic characteristics of 
different anthropogenic noise sources in Cook Inlet and 
rate the potential acoustic impacts from each type of 
noise source on Cook Inlet belugas”. AEPs carried out 
on whales in Bristol Bay showed similar audiograms to 
that of the beluga at Mystic Aquarium (Mooney et al. 
2018; Castellote, pers. comm.). 

Utilizing trained whales in aquaria will help us 
understand the effects of noise to which belugas are 
subjected in the wild and aid in management and con-
servation by providing data to help with mitigation 
measures, for example, informing the regulation of 
industrial underwater noise emissions. Controlled stud-
ies with whales in aquaria can help answer questions 
about different sounds of interest, quantify frequencies 
that are masked (if they are masked), and determine the 
difference in dB between baseline thresholds and 
masked thresholds. They will also allow us to quantify 
the directional hearing abilities of belugas in order to 
address how masking release could be achieved by a 
beluga turning its head away from the noise. 
Furthermore, using non-invasive biological sampling, 
e.g., collecting breath and saliva, will permit us to mea-
sure the physiological responses to sound more effi-
ciently than using blood samples (Romano et al. 2004).

Studies to inform photogrammetry 

Photogrammetry, a technique that uses quantitative 
measurements from photographs, has been utilized to 
collect cetacean measurements, such as length, growth 

and body condition, to infer health information on indi-
vidual cetaceans or to determine group abundance and 
structure (Jaquet 2006; Webster et al. 2010; Cheney et al. 
2017). More recently, surveys with UAVs are replacing 
more expensive aerial surveys to monitor cetacean popu-
lations at risk (Durban et al. 2018). Photogrammetry 
with UAVs has recently been used for monitoring beluga 
populations such as those in Cook Inlet and the St. 
Lawrence Estuary. Getting the most out of such surveys 
requires reliable reference measurements of healthy male 
and female whales in good body condition, at different 
ages. Ascertaining reproductive status and identifying 
pregnant whales in a population are also key in deter-
mining the health, reproductive success and viability of 
beluga populations. 

Mystic Aquarium and other facilities that care for belu-
gas are participating in a study to provide longitudinal 
photogrammetry and morphometric data from known 
individual belugas, to inform photogrammetry studies of 
wild beluga populations, such as the St. Lawrence Estuary 
(Vergara et al. 2019; Fig. 4) and Cook Inlet whales. This 
study contributes to CIBRP Actions #5 and #14: “Determine 
annual mortality and reproductive rates of Cook Inlet 
belugas” and “Monitor body condition of living and 
deceased Cook Inlet belugas to assess the presence/absence 
of nutritional distress or nutritional-related mortalities and 
determine the percentage of necropsied Cook Inlet beluga 
with mortalities attributed to nutritional distress”. The data 
will aid in developing a minimally invasive method to 
assess body condition in beluga whales in the wild using 
photographs taken with UAVs. Wildlife biologists will be 
able to better interpret and equate photogrammetry mea-
surements with reference values from known healthy 
whales at different life stages.

Animal care and husbandry 

In addition to research, aquarium professionals have years 
of experience and expertise in animal care and husbandry, 
including such aspects as animal handling, animal 
behaviour, biological sampling, preventive and rehabilita-
tive veterinary care, formulas for raising calves, diets, 
nutrition and more. Aquarium animal husbandry profes-
sionals and veterinarians have played key roles in the res-
cue, rehabilitation, relocation and release of stranded 
marine mammals, resulting in successful tracking and 
monitoring for several months and, in some cases, evi-
dence that the whales rejoined larger groups of similar 
species (Nawojchik & St. Aubin 2003; Tyson-Moore et al. 
2020; Ready et al. 2021). This expertise in animal han-
dling, veterinary medicine and biological sampling are 
key assets during capture–release studies of belugas. 
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One of the most prominent success stories is the recent 
case study of Tyonek, a stranded Cook Inlet beluga calf 
that was rescued and brought to the Alaska SeaLife 
Center for rehabilitation (Goertz et al. 2021 [this special 
cluster]). Led by the Alaska SeaLife Center, aquaria in the 
US with beluga expertise were involved in the care and 
rehabilitation of this calf. Aquaria staff provided hands-on 
care and handling, a nutritious formula to feed the calf, 
parameters with which to estimate his age and weight 
data against which to measure his progress. Aquaria also 
allocated funds for the care of the calf. The Cook Inlet calf 
recovered having contributed to our knowledge of wild 
beluga neonates—including pathogens, hearing and var-
ious physiological and metabolic parameters—and how 
to save stranded beluga calves. The case is promising for 
future rehabilitation efforts with the potential for release 
back into the wild. 

When three belugas showed up in Narragansett Bay, 
RI, and headed to Long Island Sound in May 2015, 
Mystic Aquarium’s animal rescue and research teams 
tracked them, monitored their behaviour and promoted 
their safety through education efforts. Educational mes-
saging was distributed to harbour masters and marinas 
throughout Long Island Sound, informing boaters to 

maintain a safe distance from the whales, an instruction 
that may have been particularly decisive during the 
crowded holiday weekend. The team sent photographs 
(Fig. 5) to Robert Michaud, of the Group for Research 
and Education on Marine Mammals, a non-profit orga-
nization based in Canada, to determine if any of the 
whales were in the St. Lawrence Estuary image database. 
They also worked with NOAA scientists to obtain remote 
skin biopsies. One of the whales was identified as being 
from the endangered St. Lawrence Estuary stock. The 
whales were  spotted off the coast of Nova Scotia several 
weeks later. Out-of-habitat belugas may become more 
frequent because of climate change, requiring similar 
local mobilization by aquaria as well as rapid interna-
tional cooperation. 

Education and outreach 

Aquaria are uniquely positioned for education and out-
reach. Studies have documented increases in zoo and 
aquaria visitors’ knowledge about, and perception of 
connection to, animals, as well as pro-conservation 
behaviours (Skibins et al. 2013; Pearson et al. 2014; 
Jensen et al. 2016; Mellish et al. 2019). In 2019 alone, 

Fig. 4 UAV photographs are simulated with photographs taken by a camera mounted on a pole at height. (a) Belugas are trained to swim underneath the 

camera. (b) Example of a resulting photograph. (c) Morphometrics are recorded to pair with photographs. 
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Mystic Aquarium enabled over 4000 aquarium patrons, 
school students, campers and Scouts direct engagement 
with beluga-focused educational programming. 
Additionally, some 800 000 aquarium visitors annually 
are given the opportunity to be engaged and educated 
(Miller et al. 2013) on belugas through exhibit interpre-
tation; most of these people would otherwise never get 
to see live belugas. Mystic Aquarium’s beluga-focused 
educational programmes provide an opportunity to edu-
cate visitors about the climate change-related and 
anthropogenic threats affecting marine mammals, con-
servation efforts and federal US regulations (such as the 
Marine Mammal Protection and Endangered Species 
Acts) that protect marine mammals and ecosystems, 
while simultaneously engaging visitors in memorable 
experiences. Each programme concludes by reinforcing 
the importance of maintaining healthy oceans and 
marine mammal populations and our collective respon-
sibility for this. 

Special interactive programmes bring people closer to 
belugas, allowing them to interact with the whales, learn 
details about their behaviours and training, and engage in 
dialogue with the whale trainers. These experiences can 
be transformative, enhancing participants’ appreciation 
for whales and deepening their engagement with the 
issues facing these animals in the wild, as has been shown 
for other zoo and aquarium species (Miller et al. 2013; 
Skibins et al. 2013).

Along with other aquaria, Mystic Aquarium engages 
the public beyond its campus through virtual or on-site 
participation in the Belugas Count event, an all-day citizen 
science celebration of Cook Inlet belugas for the public in 
Anchorage, AK. The event is sponsored by NOAA and its 
partners to raise awareness of the endangered Cook Inlet 
beluga whale with the intent of fostering awareness and 
stewardship. Mystic Aquarium has provided viewing of 
research whale training sessions online and presentations 
illustrating how aquarium whales contribute to knowl-
edge that benefits their wild counterparts. 

A science-based educational and cultural 
exchange programme for Alaska Native and 
Native American youth 

Special educational programmes that highlight belugas 
evolved from ongoing research partnerships with the 
community of Point Lay, AK, and the NSB-DWM. Mystic 
Aquarium scientists work with Robert Suydam (NSB-
DWM) and the community of Point Lay to collect and 
analyse life history and health information from Chukchi 
Sea belugas to establish baseline information and provide 
comparative data for Cook Inlet and other beluga stocks. 
Based on this research, an educational and cultural 
exchange programme was established for Alaska Native 
and Native American youth. The major goals of the pro-
gramme are to: (1) stimulate interest and excitement 
about science via hands-on learning; (2) introduce stu-
dents to educational opportunities and careers in science; 
(3) enable the cohort to learn and share their traditions 
and culture; and 4) foster the realization that each partic-
ipant can be a resource to her or his community for the 
management and sustainability of belugas and other 
marine resources.

The programme begins in Point Lay, when Mystic 
Aquarium and NSB-DWM scientists conduct fieldwork 
on wild belugas during the summer. The youth assist with 
live capture, tagging, sampling and release studies of 
belugas and the collection of data and samples from sub-
sistence-harvested belugas. Subsequently, the youth 
travel to Mystic to participate in hands-on beluga 
research, analyse samples collected and learn what the 
samples reveal. Students also participate in learning 
activities focused on beluga biology, the local marine 
environment, other aspects of science and husbandry and 
various career opportunities, and they visit local and 
regional historical and cultural sites (Fig. 6). Culture is 
exchanged and shared among the cohort, with time spent 
at the Mashantucket Pequot Museum and Research 
Center and the Mashantucket Pequot Reservation. 
During their visit to the reservation, the students have an 

Fig. 5 The three out-of-habitat belugas were photographed for identifying characteristics of their dorsal ridges. One of the whales was confirmed as 

being from the St. Lawrence Estuary, Canada.
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opportunity to interact with tribal members and partici-
pate in native crafts, dance and sports. Following the pro-
gramme, the students are encouraged to return to Mystic 
Aquarium or to work with the NSB-DWM as research 
interns, participate in other science programmes and sci-
ence camps and conferences, pursue higher education, 
and share their learning experience with other youth and 
their communities. The cohort from November 2019 had 
the opportunity to attend the Alaska Beluga Whale 
Committee meeting in Anchorage and present their 
experiences there. The desired outcome of the pro-
gramme is engagement and education that leads towards 
local involvement in the management and sustainability 
of belugas. 

Both internal and external evaluations indicate that 
the youth are positively impacted by their experiences. 
For example, students were given a pre-survey to deter-
mine their state of knowledge of key concepts covered 
during the programme as well as attitudes towards sci-
ence. The same survey was given to the students after 
the programme. Most students showed an increase in 
knowledge and rated attitudes toward science higher 
than in the pre-survey. Moreover, the external 

independent evaluator and consultant report (Harkins 
2012) indicated that through the duration of the pro-
gramme: students increased their understanding of the 
week’s science content, such as beluga husbandry, 
marine mammal adaptations, DNA, blood sampling and 
other tests, necropsy and marine environment explora-
tion; students used more science terminology; students 
learned more substantially from hands-on explorations 
than they did from presentation-style activities; students 
were able to identify similarities and differences between 
Iñupiat and Mashantucket Pequot cultures; and many of 
the cross-cultural experiences during the programme 
were spontaneous among the cohort, such as sharing 
and demonstration of games and dances. 

Mystic Aquarium Research Experiences for 
Undergraduates Site 

Mystic Aquarium is the only aquarium that currently has 
a National Science Foundation supported Research 
Experiences for Undergraduates site, which supports the 
training of 10 undergraduate students annually during 
the summer months. Research is conducted at UConn’s 

Fig. 6 High school youth from villages on the North Slope of Alaska (Point Lay, Wainwright, Utqiagvik, Point Hope) and local tribal youth (Mashantucket 

Pequot Tribal Nation (Mashantucket, CT) and the Narrangansett Tribe (Narrangansett, RI) participate in a science-based educational and cultural exchange 

programme hosted by the Mystic Aquarium. (a) Students participate in beluga interactive programmes to learn about beluga biology and research and 

conservation efforts. (b) Students participate in hands-on science, e.g., examining and counting beluga blood cells under the microscope. (c) Students 

visit local historic sites such as the Charles W. Morgan, the last ship of an American whaling fleet maintained at the Mystic Seaport. (d) Students collect 

biological and environmental data as part of a research cruise on Long Island Sound (Project Oceanology, Groton, CT). (e-g) Indigenous traditions and 

culture are shared, including Native dress and dance.
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Avery Point campus, in Groton, which currently hosts 
Mystic Aquarium’s laboratories and collaborative partner 
UConn’s Department of Marine Sciences. Over the next 
three years, it is anticipated that 30 students, primarily 
from underrepresented groups and schools with limited 
research opportunities, will be trained in the programme. 
Students will learn how research is conducted, will pres-
ent their findings for both scientific and public audiences 
and may present the results of their work at scientific 
conferences. 

The Research Experiences for Undergraduates pro-
gramme focuses on how global change, such as climate 
change, affects marine organisms and their ecosystems. 
Mystic Aquarium and UConn scientists, who specialize in 
aquatic animal physiology, behaviour and ecological 
 processes, mentor the students. Field trips to Mystic 
Aquarium are a major component of this immersive expe-
rience, including educational tours, animal and ecosystem 
exhibit observations, job shadowing, the responsible con-
duct demanded by ethical research, and science commu-
nication. To date, four students have had research 
experiences focused on belugas and three of them partici-
pated in field research in Alaska. The Mystic Aquarium 
Research Experiences for Undergraduates programme is 
evaluated by each cohort through Undergraduate 
Research Students Self-Assessment, an online survey 
instrument for use in evaluating student outcomes of 
undergraduate experiences in the sciences that is recom-
mended by the National Science Foundation. The follow-
ing are examples of featured conceptual elements and 
Mystic Aquarium’s aggregate scores for the first three 
years of the programme (2017–19): “personal gains 
related to research” (range 4.5 - 4.9 out of 5.0), “gains in 
skills” (range 3.6 - 4.7 out of 5.0), “attitudes and behaviours 
as a researcher” (range 4.1 - 4.9 out of 5.0), “thinking and 
working like a scientist” (range 4.2 - 4.9 out of 5.0). The 
high scores indicate that the programme is having a posi-
tive effect on undergraduates (Westen & Larsen 2015). 
Students are currently being tracked over time. The 
majority of students who have graduated from university 
have gone on to graduate school or have secured jobs in 
the fields of science, technology, engineering or math.

Conclusion 

There has never been a time in history when the conser-
vation and understanding of belugas and other cetaceans 
has been more important than it is today. Climate change, 
pollution, offshore oil and gas exploration, shipping and 
other anthropogenic factors threaten beluga populations 
and, especially, the recovery of endangered stocks. Aquaria 
can provide unique opportunities that inform and support 

the conservation of wild belugas through research, exper-
tise in care and husbandry and engaging and educating 
people of all ages and backgrounds to promote a sense of 
responsibility that will inspire conservation-based actions 
for belugas, other marine species and our oceans. In this 
constantly changing environment, the future of belugas is 
in all of our hands. It is only through working together 
and combining our diverse expertise and resources that 
we can gain ground with meaningful research, recovery of 
endangered populations, and management of belugas to 
ensure their sustainability for generations to come. 
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