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ABSTRACT
Animal-borne electronic instruments (tags) are valuable tools for collecting information on cetacean physiology, behaviour and ecology, and for
enhancing conservation and management policies for cetacean populations. Tags allow researchers to track the movement patterns, habitat use and
other aspects of the behaviour of animals that are otherwise difficult to observe. They can even be used to monitor the physiology of a tagged
animal within its changing environment. Such tags are ideal for identifying and predicting responses to anthropogenic threats, thus facilitating the
development of robust mitigation measures. With the increasing need for data best provided by tagging and the increasing availability of tags, such
research is becoming more common. Tagging can, however, pose risks to the health and welfare of cetaceans and to personnel involved in tagging
operations. Here we provide ‘best practice’ recommendations for cetacean tag design, deployment and follow-up assessment of tagged individuals,
compiled by biologists and veterinarians with significant experience in cetacean tagging. This paper is intended to serve as a resource to assist tag
users, veterinarians, ethics committees and regulatory agency staff in the implementation of high standards of practice, and to promote the training
of specialists in this area. Standardised terminology for describing tag design and illustrations of tag types and attachment sites are provided, along
with protocols for tag testing and deployment (both remote and through capture-release), including training of operators. The recommendations
emphasise the importance of ensuring that tagging is ethically and scientifically justified for a particular project and that tagging only be used to
address bona fide research or conservation questions that are best addressed with tagging, as supported by an exploration of alternative methods.
Recommendations are provided for minimising effects on individual animals (e.g. through careful selection of the individual, tag design and implant
sterilisation) and for improving knowledge of tagging effects on cetaceans through increased post-tagging monitoring.
KEYWORDS: BIO-LOGGING; RADIO-TAGGING; SATELLITE TAGGING; TELEMETRY

1. INTRODUCTION*
The understanding of the biology of cetaceans and their
habitat requirements, and our ability to mitigate threats to
them, are challenged by the difficulty of observing animals
that spend most of their time beneath the water surface, often
in remote areas. This challenge can be at least partly
overcome by using animal-borne monitoring instruments
(bio-logging tags; hereafter referred to as ‘tags’). Depending
on the design, these tags can provide a variety of data,
such as environmental (e.g. water temperature, salinity),
physiological (e.g. heart rate, body temperature) and
*Note: In-text references have been used sparingly here as we aim to offer
recommendations broad enough to be relevant to all those interested in
cetacean tagging, to be as concise as possible, and also to aid readability.
An exhaustive list of references (over 500) related to cetacean tagging is
provided in the Supplementary Bibliography (see Appendix B).
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behavioural (e.g. dive depth and duration, acceleration,
geographic position). Although the first time a tag of
this type was applied to a cetacean was as early as the
1930s (Scholander, 1940), it took several decades and the
advent of VHF transmitters, digital time-depth-recorders
and eventually satellite-linked transmitters, for these tags
to be regularly used in the study of wild cetaceans. Modern
tags can archive data for eventual recovery and downloading,
or they can transmit data via electromagnetic and/or
sound waves. Tags are now a critical component in
advancing cetacean science. Compared with other types of
observations, tags can provide nearly continuous data as
opposed to snapshots in time and are observer-independent.
They have yielded data important for answering basic
science and life history questions and for the management
and conservation of cetaceans, including data on population
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structure and stock discreteness. Tag data have also been
valuable in the development of mitigation measures to
protect cetacean species. For example, they have been used
to document previously unknown migratory routes and
important habitats, to determine the fate of stranded
and rescued animals post-release and responses to
human disturbance, as well as to provide basic knowledge
about cetacean physiology, behaviour and ecology (see
Appendix B for a comprehensive list of references that
document such studies).
The use of tagging in cetacean research has increased
considerably in the past 20yrs (Fig. 1). With tags designed
specifically for cetaceans becoming commercially available
only recently, their use is likely to further increase and
continue to expand our knowledge of cetacean biology.
Tagging does, however, present potential risks to tagged
individuals, so users need to be aware of possible health
and welfare concerns. Tags have the potential to alter the
physiology and behaviour of the tagged animal, and thus the
validity of the interpretation of the data collected. As tag
designs and tagging methods develop, information about the
most successful refinements and innovations should be shared
to facilitate the use of techniques that are most appropriate
for a project and that minimise any potential adverse
effects on tagged animals. The objectives of this paper are to
provide a summary of key topics to consider before tagging
cetaceans and best practice recommendations based on
the experience of the authors and reviews of the literature.
Whilst the intention is that these recommendations are
applicable globally, we recognise that not all of them may be

feasible in all situations. Variations in local laws, customs
and cultures, and the challenges of fieldwork in remote
and difficult environments, can all require adjustments
to the recommendations we propose. Therefore, the
recommendations presented here should not be interpreted as
mandatory but rather as standards to strive for. The text
preceding the key recommendations for each section of this
document is intended to provide additional context and detail
to assist with the adjustment of protocols as possible.
No previous single document has provided guidelines for
cetacean tagging, but there are a few highly relevant
resources that the guidelines presented here are intended to
build upon. The Society for Marine Mammalogy has
published ‘Guidelines for the Treatment of Marine Mammals
in Field Research’ (Gales et al., 2009) that scientists
contemplating tagging of cetaceans should follow. Morton
et al. (2003) provided useful recommendations for refining
telemetry procedures, and although their focus was on
laboratory animals, many of the recommendations are
relevant to cetacean tagging. Casper (2009) provided a
valuable framework for minimising the negative effects of
instrumenting wild birds and mammals, and Mulcahy (2011;
2013) reviewed asepsis and antibiotic usage associated with
implanted electronic tags. Two recent documents have
provided best practice recommendations for the use of tags
with pinnipeds; one for implanted tags (Horning et al., 2017),
and one for external tags (Horning et al., 2019). Specific
recommendations for cetacean tagging can be found in some
recent book chapters (e.g. Lander et al., 2018; McConnell et
al., 2010) and workshop reports (ONR, 2009; Weller, 2008;

Fig. 1. Number of journal articles published between 1993 and 2018 that included some aspect of cetacean tagging. Web of Science,
Scopus and Google Scholar were searched using a broad list of key words to identify scientific papers that included any aspect
of the topic of cetacean tagging, including development of tags, deployment of tags and studies of effects of tags. The full
reference list is provided in the Supplementary Bibliography (see Appendix B).
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Wells, 2005). This document will focus on updating and
clarifying key topics important for cetacean tagging to
provide a resource for researchers, veterinarians, ethics
boards and regulatory agency staff to interpret and
implement high standards of practice, and to identify
necessary training. We hope that this paper will further
efforts to improve tags, attachments and techniques.
1.1 Approach
These guidelines originated with the Cetacean Tag Design
Workshop sponsored by the Office of Naval Research in
2009 (ONR, 2009) and were further developed at the
Workshop on Living Whales in the Southern Ocean in 2012
(Baker et al., 2012), at the 20th Biennial Conference on the
Biology of Marine Mammals in 2013, and at the Workshop
on Cetacean Tag Development, Tag Follow-up and Tagging
Best Practices sponsored by ONR, the International Whaling
Commission (IWC) and the National Marine Fisheries
Service/National Oceanic and Atmospheric Administration
(NMFS/NOAA) in September 2017 (IWC, in press). Each
author has expertise in one or more of the following
disciplines as it relates to cetaceans: general biology, capture
and release, tagging, veterinary medicine and tag technology.
Each author volunteered to participate and has contributed
significantly to the development of the guidelines by
identifying, evaluating and summarising the most current
information on cetacean tagging. The guidelines are not
meant to be a detailed description (or instruction manual) of
methods, but rather provide key recommendations to inform
practitioners and regulators (e.g. animal welfare/ethics and
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permitting authorities) about appropriate methods and
circumstances for tagging cetaceans.
To be most effective, such guidelines need to be readily
available and up-to-date. Therefore, in addition to this
publication, the guidelines will be available on the
cetaceantagging.info website, where a forum will be hosted
for the discussion of modifications and additions to ensure the
document and recommendations reflect current best practices.
2. KEY TOPICS AND RECOMMENDATIONS
2.1 Ethical and legal considerations of tagging
While there are scientific and conservation benefits of
tagging cetaceans (see Supplementary Bibliography in
Appendix B), there can also be negative effects on
individuals (Section 2.7). Therefore, prior to any decision to
use tags, researchers should weigh the positive and negative
factors to determine if tagging is scientifically and ethically
justified. The Bateson cube, comparing animal suffering with
research merit and population benefit, is one good approach
to this decision-making process (McMahon et al., 2012). All
methods available to address identified research questions
(including thorough examination of existing data), should be
evaluated prior to the decision to use tags to ensure that the
data required can best be provided by these instruments. To
help guide those that are considering a cetacean tagging
study, a flow chart of an example decision process is
presented in Fig. 2.
If tagging is justified, effects on the target animals should
be minimised by following the best principles of research
design (Gales et al., 2009). Refinements in tagging

Fig. 2. A recommended approach to guide the decision process for those considering a cetacean tagging study. Additional details are presented in Section 2.2,
including an explanation of what constitutes a ‘reasonable’ tag design for a species.
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procedures, such as using methods that cause no more than
momentary pain or discomfort, reflect elements of good
experimental design encapsulated in the principle of the
Three Rs (Russell and Burch, 1959): Replacement (with
procedures not using animals), Reduction (in the number of
animals used) and Refinement (using methods which
decrease any adverse effect). Tagging studies should only be
conducted when the research or management questions
require new data from live animals, so it is the latter two Rs
that are relevant. For example, researchers must identify a
sample size that minimises animal use while answering the
study objective. In many types of cetacean studies, ideal
sample size is not easily determined or attainable. This is
especially true in tagging studies because of difficult logistics
(e.g. animals that can be hard to find and approach). Further,
estimating the appropriate sample size in advance is
complicated by our limited knowledge of the natural
variability of most of the parameters that tags are being used
to measure. As for any technique, whether the likely
achievable sample size will be sufficient to answer the
research question must be considered before deciding to use
tags. Given how little is known about some species however,
even a sample size of one may provide valuable information
that will inform future research designs or management
questions. Further, due to the wide variation in tag
attachment duration, a larger number of deployments may
be required to obtain the target number of tags with sufficient
attachment duration to answer the research questions.
Nevertheless, when possible, scientists should address
sample size questions with statistical power analyses.
Tagging data collected from similar species will likely be
useful for estimating parameter variability.
This paper assumes that researchers will comply with all
laws and regulations that govern animal care and welfare at
the local, national and international levels. Tagging
procedures may have effects on animals during all phases
(i.e. approach, deployment, on-animal operation, detachment
and post-detachment). Effects should be identified, and
if significant, mitigated where possible and justified
to administration/regulatory/ethical oversight authorities.
Scientists planning to tag cetaceans must also consider
possible unintended effects of tagging activities on the
environment, including capture-release operations and
inadvertent animal disturbance, especially when conducting
research in protected or sensitive areas. Furthermore, tags
include electronics that may be regulated at the local
or federal level, and even though a tag is available
commercially, it may not be legal to use it in some locations
without permits. Other laws and regulations that apply to
cetacean tagging include those that protect the health and
safety of the human participants. Tagging large, wild animals
from small boats is challenging and poses risks to humans
and animals, therefore it is critical that researchers maintain
high safety standards to protect themselves, their study
subjects, other animals and bystanders. Adequate preparation
includes a thorough risk assessment, possession of, and
competency in the use of appropriate safety equipment, and
a contingency plan for emergencies involving either humans
or the study animals. Detailed recommendations regarding
training and qualifications are found in Section 2.5.

Researchers should consider the importance of cetaceans
to various groups of people for subsistence, cultural,
scientific and economic reasons. Stakeholders interested in
cetacean tagging projects may include subsistence and
commercial whalers, fishers, cultural leaders and participants
in wildlife tourism. There is, therefore, a need to identify and
work with members of interested communities at all stages
of a project, to convey the research objectives and possibly
to solicit and include research questions raised by local
stakeholders. This may encompass coordination during the
planning stages and, just as importantly, communication
of results both as the project proceeds and at its end.
Consideration of the rights, concerns and interests of
indigenous peoples can be regionally critical, as is
recognition of the value of local and traditional knowledge.
One example of the international acceptance of these
principles is the ‘Agreement on Enhancing International
Arctic Scientific Cooperation’, signed at the 10th Arctic
Council Ministerial meeting in Fairbanks, Alaska, 11 May
2017. Although local and traditional knowledge and use of
cetaceans are important issues far beyond the Arctic, a good
example of guidance for outreach to local stakeholders
can be found in the US National Science Foundation’s
‘Principles for the Conduct of Research in the Arctic’
(https://www.nsf.gov/od/opp/arctic/conduct.jsp).
At the end of this section, as in all subsequent sections of
these guidelines, the main recommendations are summarised
for the section topic in bullet points.
2.1.1 Recommendations for ethical and legal considerations
of tagging
• Determine if tagging is appropriate.
• Consider alternative methods for addressing research
questions.
• Review relevant existing data for the species and area
of consideration.
• Ensure that there is a scientific or conservation
justification for obtaining new data and that those
data are best provided by tags.
•

Follow best practices of research design.
• Develop the research plan with animal welfare as a
high priority.
• Evaluate equipment options and choose the
instrument and attachment that provide the data
needed.
• As much as possible, ascertain required samples sizes
and statistical approaches in advance, obtaining
expert advice if needed.
• Tag the fewest number of individuals necessary in the
least invasive and impactful manner possible to
achieve the project goals.

•

Prepare adequately for field work.
• Conduct a thorough risk assessment in advance.
• Prepare for unexpected risks to the safety of animals
and humans.
• Ensure the capture/tagging team is trained in the safe
and proper procedures for boat approaches (and
capture-release techniques if required) and use of
tagging equipment.
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•

Comply with all applicable local, national and
international legal requirements.

•

Obtain review and approval by an animal ethics
committee, even if not locally required.

•

Reach out to stakeholders, including those with subsistence,
cultural and economic interests in the study subjects, by:
• sharing research goals and soliciting input;
• coordinating during planning; and
• communicating results throughout and at the
completion of the study.

2.2 Tag design and deployment
The first known bio-logging tags deployed on cetaceans were
capillary manometers, which provided a single data point for
the depth of the deepest dive while attached. In the 1930s,
Scholander (1940) and colleagues secured such a tag to a
harness on a harbor porpoise (Phocoena phocoena) and
placed one on a harpoon line to measure the dive depth of a
harpooned fin whale (Balaenoptera physalus). Since then,
both the tags and the methods for attaching them have
improved significantly. However, refinements are still
needed, especially in the way instruments are attached to
cetaceans, so that attachment durations are more consistent,
and therefore more predictable, and provide the required
duration of observations while minimising effects on the
tagged individuals. There is a wide variety of tag designs,
including custom-made tags such as those with external leads
for monitoring physiological parameters, and those that
transmit data from one part of the body to another device
secured elsewhere. Here, the focus is on tags considered a
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single unit for deployment which, based on the method of
attachment, can be either invasive or non-invasive. Invasive
is defined here as a tag attachment that intentionally breaks
the skin, regardless of the degree of the break.
2.2.1 Invasive tags
There are currently three common configurations of invasive
tags (Fig. 3). Each of these include percutaneous implants
(i.e. implants that create and maintain a hole through the skin
until the tag is lost).
Type A = Anchored. Anchored tags are tags with the
electronics package external to the skin, attached
by one or more anchors that puncture and
terminate below the skin. The anchors, often solid
shafts with retention barbs or petals, are designed
to terminate in the internal tissue of the dorsal fin
or in dermal or hypodermal tissue along the
dorsum. Anchored tags are usually deployed using
remote-attachment methods that do not require
restraint of the animal, such as projection from a
crossbow or air-gun, or placement with a pole.
Type B = Bolt-on. Bolt-on tags have external electronics
and one or more piercing anchors. An element of
the tag is attached to the external end(s) of one or
more ‘bolts’ that pierce tissue, creating a tunnel
around the bolt with an entry and exit site (like a
human ear-ring or a pinniped flipper tag). For
example, single-point dolphin tags that trail
behind a v-shaped piece that is ‘bolted’ to the
dorsal fin, or the three-pin design with the tag

Fig. 3. Illustrations of a non-invasive (= no break in the skin) suction cup tag (bottom center) and the three most common configurations of invasive tags, Type
A: Anchored; Type B: Bolt-on; Type C: Consolidated. [Illustrations by Michael Ortiz]
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bolted on one side and a flat plate held on the
opposite side. Another example of a bolt-on
design is sometimes called a ‘spider-legs’ tag,
where the tag sits as a saddle over or near the
dorsal ridge, connected via cables to piercing pins,
rods or bolts. Creating the hole for the bolt
currently requires capture and restraint of the
animal, and manual contact with the skin.
Type C = Consolidated. The electronics and retention
elements are consolidated into a single implanted
anchor. The electronics are typically inside a
metal case, usually a cylinder, designed to be
partially implanted in the body, with only a small
part of the top of the tag and antenna and/or
sensors projecting above the skin. Retention
barbs, or petals, are connected directly to the
implanted package. Puncture of the skin typically
occurs on the body or the base of the dorsal fin
(not the central part of the dorsal fin), and the
distal end of the tag sometimes terminates
internally to the muscle/blubber interface.
Application of these tags does not require restraint
and they are deployed with remote methods.
2.2.2 Non-invasive tags
Non-invasive tag attachments include harnesses, peduncle
belts and suction cups. Suction cups (Fig. 3) are the most
common non-invasive attachment and have been used with
success in many species. Suction cups pose little to no
negative impact on the study animal, but their duration of
attachment typically ranges from a few hours to at most a
few days.
2.2.3 Choice of tag type
When selecting tags and attachment systems, scientists
should explore all design and deployment options, using
scientific journal articles, reports from vendors and by
contacting researchers with extensive tagging experience.
Direct communication is the most valuable way to obtain the
information needed and to access results from unpublished
work.
Key criteria for determining whether a tag is appropriate
for a particular research project include:
(1) ability to provide the type, quantity and resolution of data
required;
(2) being of a reasonable size, shape and configuration for
the species and sex/age class to be studied; and
(3) having the least impact possible on the animals.
2.2.4 Tag design
A reasonable tag design is one that does not pose
unacceptable risks to the health, welfare and reproductive
success of the tagged individual, and that does not
significantly alter behaviour or otherwise affect the tagged
animal in a way that could bias the results. A reasonable
tag should also not interfere with body movements or
appreciably increase energy expenditure. The latter can
partly be addressed by minimising the external dimensions

and the forces imposed by the tag, primarily drag and lift.
This applies to all parts of non-invasive tags and the external
parts of invasive ones. Design features that improve
hydrodynamics will reduce metabolic cost and may also
reduce predation risk and the possibility of entanglement or
premature tag detachment or failure. The shape and
characteristics that result in minimal drag are not necessarily
obvious, so focussed testing of different designs is
recommended, which can be done empirically and/or by
simulation using computational fluid dynamics. In
environments where bio-fouling is likely to occur and long
attachment durations are needed, making the external portion
of tags smooth (e.g. with a slick coating) can reduce
attachment ability of marine organisms (bio-fouling) and
therefore prevent an increase in drag while protecting
external sensors on the tag. An external part of the tag should
be labeled with an ID# and researcher contact information
to facilitate identification by beach combers in case a tag
washes up on shore, or by stranding responders if a tag is
still attached to a cetacean that strands while carrying a tag.
Tags that generate sound, e.g. to transmit data underwater
or to facilitate acoustic tracking, may have unanticipated
effects on cetaceans. Despite having a low duty cycle, these
transmitters may be audible to the tagged animal (and
possibly also to its predators) and could cause startle or other
behavioural responses. The sounds generated by these tags
should be assessed in the context of the hearing range,
sensitivity and integration time of the target species and their
predators, as well as the likely ambient noise level, to the
extent that these are known. Pilot trials with cetaceans in
captivity and with devices containing additional behavioural
sensors may help to evaluate the acceptability of the acoustic
output.
Non-invasive tag attachments are those that are not
designed to penetrate the skin. These include suction cups,
harnesses and peduncle belts. Non-invasive tags, especially
those attached with suction cups, may often be the best
choice when short-term tag attachment is all that is required.
However, even though these tags are classified as noninvasive, some of these methods can nevertheless cause
negative effects on animals, so a reasonable non-invasive tag
design should aim to minimise adverse effects, such as
excessive drag. Harnesses that encircle the body can impose
significant drag loads, an increased risk of entanglement
and lead to skin chafing (Scott et al., 1990). Therefore, the
use of harnesses is not recommended with free-ranging
cetaceans. Peduncle belts are still experimental but placing
an object on part of the body that moves as much as the
caudal peduncle presents obvious challenges that have yet
to be resolved, including the potential for altering the
biomechanics of swimming and/or skin chafing. In many
cetaceans, the peduncle is laterally compressed with a
hydrodynamically efficient shape, the drag of which could
be strongly affected by a belt. Non-invasive tags are most
commonly attached with suction cups, and the number and
arrangement of the cups should be part of the design and
testing. The shore hardness or durometer of the material used
to make the suction cups is important as attaining the best
suction is a balance between stiffness to maintain shape and
softness to achieve a good seal with the skin. The volume of
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the cup should be considered as this relates to the suction, or
vacuum, pressure that can be achieved inside the suction cup.
Although a greater vacuum pressure is likely to allow the tag
to resist greater external forces that might dislodge a suction
cup, it is important to consider whether excessive vacuum
pressure can cause complications such as blistering or
hematomas below the cup (Shorter et al., 2014). A suction
cup that does not cause significant discomfort is also likely
to reduce the possibility that the tagged animal will
intentionally remove the tag.
Many non-invasive tags are archival and must be retrieved
to recover the data; the tag must therefore float upon release
and some system(s) to track the tag must be incorporated
(e.g. VHF beacon and/or Argos transmitter). The tracking
antenna needs to be oriented correctly, i.e. free of the water
surface, after the tag releases, requiring that floatation is
integrated strategically into the tag package. Finally, while
non-invasive tags are sometimes dislodged by other animals,
they can remain attached for relatively long periods of time
(e.g. 24+ hrs), so many of these tags incorporate an automatic
release system to facilitate retrieval.
For invasive tags, whilst it is generally preferable to use
the smallest sizes possible for both external and internal
parts, smaller is not always better. For example, the ability
of an implanted anchor or bolt to resist withdrawal by
external forces is likely to be positively related to its length.
Further, the retention elements for anchored or consolidated
tags are typically designed to anchor in or under a particular
tissue and therefore need to be long enough to reach the
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target tissue, whether it be blubber, muscle or in the central
tissue of the dorsal fin or ridge. However, the maximum
depth of penetration and placement on the body require
careful consideration to ensure the sharp, rigid elements of
the anchor do not damage bones or internal organs. Most tags
are implanted on the dorsal surface of cetaceans where
the closest bones are the vertebral processes (neural spines
and transverse processes) and the ribs (Fig. 4). In small
cetaceans, these structures may only be a few centimeters
below the skin. In larger cetaceans the distances are greater,
but age, season and body condition can alter these distances
within a species. Therefore, attention to a tag’s intended
maximum depth of penetration and the anatomy, size and
body condition of the target animal is critical. Figs 4 and 5
illustrate the basic anatomical features to be aware of when
placing tags in the typical places on a representative mysticete
(humpback whale) and an odontocete (killer whale).
Tags should be constructed of materials that are
biocompatible and safe for skin contact (for external parts)
or long-term implantation in mammalian tissue (for
implanted parts), regardless of the anticipated retention time.
Although most tags with implanted parts are likely to be fully
shed within a few months, there are reports of implanted tags
or parts of tags that have been retained within the tissue of
cetaceans for many years. Therefore, for the implanted parts
of tags it would be prudent to choose materials that are not
likely to cause significant complications that could harm the
tagged cetacean if retained permanently. Material choices
should also consider the corrosive nature of the tag

Fig. 4. Schematic illustrations of a humpback whale (top) and killer whale (bottom); both based on non-pregnant adult females. Anatomical features are shown
in a cut-away sagittal section and a transverse section at the level of the body where invasive tags are most often attached. In the sagittal sections, many
tissues, including muscles and connective tissue, have been omitted for clarity. [Illustrations by Uko Gorter]
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Fig. 5. Schematic illustrations of representative tag implants in situ, based on the transverse sections of a humpback whale (A) and a killer whale (D), drawn
to the same scale, as illustrated in Fig. 4. Left (A and B): The humpback whale transverse section with an implanted Type C (Consolidated) tag. Right (C
and D): The killer whale transverse section with an implanted dart from a Type A (Anchored) tag. Note that the expanded boxes (B and C) are not drawn to
the same scale; they have been scaled so that the blubber layer thicknesses, which are different for the two species, appear at the same size in B and C. The
implants are drawn here as if they entered the tissue at a 90° angle to the plane of the penetrated skin, which results in the maximum possible depth of
penetration, even though most Type C tags and Type A anchors enter at a smaller angle. The term blubber includes the dermal and hypodermal layers of the
integument. The subdermal sheath is the fascia layer of interwoven collagen fibers surrounding the axial musculature (Pabst et al., 1990). [Illustrations by
Uko Gorter]

environment, inside and outside of the body. Comprehensive
guidance on the topic of biomaterials can be found in
Ratner et al. (2013), and recommendations for conducting
biocompatibility evaluations for implant devices are
presented in the International Standard ISO 10993-1:2018,
‘Biological evaluation of medical devices – Part 1:
Evaluation and testing within a risk management process’.
2.2.5 Sterilisation
All implanted parts of a tag must be thoroughly cleaned of
particles and chemical contaminants (e.g., machining oils
that are often not removed by manufacturers) by washing
and rinsing, and then must be sterilised before implantation.
In the past, disinfection (reduction, but not complete
elimination, of pathogen contamination) of implanted tags
was common practice, yet likelihood of infection at tag sites
was unknown due to minimal opportunity for post-tagging
assessment of animals. Sterilisation means the killing or
removal of all microorganisms, including viruses, fungi,
protozoa and bacterial spores. Low level disinfection can
only kill most vegetative bacteria, some (enveloped) viruses
and some fungi; intermediate level disinfection can eliminate
most bacteria (vegetative and mycobacteria), most fungi and
most viruses; and high level disinfection (HLD) can destroy
all microbes, with the exception of some bacterial spores
(see Govindaraj and Muthuraman, 2015). With enhanced
understanding of the response of tissues to tag insertion (see
Fig. 6), coupled with improved animal welfare standards
globally, full sterilisation, as required for surgical implants
used in humans and domestic and laboratory animals, is now
recommended. Although infection at tag sites can result from
organisms entering the tag site at any time after insertion,

sterility at the time of implantation is important, as this is the
time when blood vessels can be cut during tag insertion,
allowing direct entry of pathogens into the blood stream
should they be present. As improvements are made to
attachment methods, attention should be paid to developing
anchors that are not likely to carry skin and its associated
microbes deep into the implant site.
Sterilisation of all implantable tag parts is recommended,
while any other part of the tag that contacts the implantable
pieces of the tag or the whale should be treated with HLD. A
variety of sterilisation methods exist, based on heat, radiation
or chemical exposure, but dry heat and steam sterilisation
are not safe for most electronics. Chemical gas sterilisation
is thus a good choice for tag sterilisation. Gas sterilisation
with ethylene oxide (EtO) can be used and is widely
available in human and veterinary clinics. After EtO
sterilisation, approximately 24hrs of off-gassing is required
before tag deployment because EtO is toxic. Additional
chemical sterilants include hydrogen peroxide, peracetic
acid, glutaraldehyde and hydrogen peroxide/peracetic acid
mixtures (FDA, 2015; Rutala et al., 2008), but care must be
taken when using these on tags to ensure that all exposed
parts of the tags are compatible with the chosen chemical.
For example, HLD concentrations of hydrogen peroxide
and peracetic acid can degrade Buna N (nitrile rubber), but
Viton rubber and EPDM are resistant to these chemicals.
Each chemical must be used at a specific temperature,
concentration and contact time period for effective
disinfection or sterilisation. For example, when soaking
devices by immersion in a 2.4% glutaraldehyde solution,
HLD conditions will be reached in 45mins at 25°C, but 10hrs
of soaking is required to achieve sterilisation (FDA, 2015).
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Fig. 6. Schematic diagram of the succession of potential physiological responses to application of an invasive tag. Text in the demarcated boxes describes
stages of responses, italic text describes the processes occurring during progression between these stages.

Ideally, the sterility of the implanted parts of a tag should
be maintained until deployment. This is often difficult in
field situations, but with care and forethought, sterility can
be maximised (Mulcahy, 2013). Shrouds, hoods, bags,
sheaths or other sterile covers, and sterile gloves can be used
to minimise environmental contamination of the tag.
Additionally, packaging or containers with peripheral
handles could be designed to facilitate easy, aseptic handling
of implantable components without sterile gloves. Training,
practice and experience with aseptic technique will
help ensure compliance. As soon as sterile wrappings
are removed, surfaces begin to accumulate contaminants
in a time-dependent fashion, at a rate influenced by
the environment in which they are being used (Dalstrom
et al., 2008). At some point, the surfaces may become
contaminated enough to require HLD or re-sterilisation. The
length of time that adequate sterility is maintained can be
extended by protecting the implantable surfaces with waterimpermeable sterile drapes, wrappings or containers until
immediately prior to use. We suggest that a conservative
approach is to disinfect or re-sterilise after a few hours of
exposure to air. In field situations, availability of sterile
gloves, bags, tape and handling instruments, as well as baths

for HLD solution immersion, can be useful in maintaining
sterility of tags. If the penetrating elements of a tag become
contaminated (e.g. implant parts come into direct contact
with nonsterile surfaces, including missing the target animal
and landing in seawater), they should be re-sterilised prior
to use.
To address the potential for infection associated with
percutaneous tag deployment, antibiotic coatings have been
added to some tags with implanted parts (Mate et al., 2007).
The efficacy of antibiotic use in reducing tag site infection
is unclear (due to the spectrum of potential organisms
involved, including fungi). It may potentially have
deleterious effects on beneficial flora and can enhance
development of specific antibiotic resistance, and thus use
should be conducted with caution and be subsequently
evaluated. Any use should only occur after thorough research
and in conjunction with improvements in implant preparation
and implant technique, use of microbial resistant materials
and implant sterilisation. The choice of antibiotic agents and
dosage should be determined in consultation with a
veterinarian and be effective in killing the range of organisms
of concern. A comprehensive review of antibiotic use with
electronic tag implants in fish provides recommendations
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that are applicable to tag implants in cetaceans (Mulcahy,
2011). The use of antimicrobials does not preclude the need
to sterilise the implantable portions of a tag.
2.2.6 Tag operation
Researchers should check that tags are operating properly
after receiving them from the manufacturer, and again in the
field, prior to deployment. For multi-sensor tags, researchers
should develop a protocol for testing each sensor in the tag
for correct operation prior to deployment. For all types
of transmitting tags, researchers are encouraged to
carry receivers to check for transmissions from the tag
immediately after deployment, which is important for
troubleshooting problems later. Well-documented field
procedures greatly aid in diagnosing problems. All relevant
deployment data should be recorded in real-time (Section
2.8), either on ‘traditional’ data sheets or by electronic
means. Photographs and videos should be taken of the tag
deployment to document the tag attachment site on the body
of the animal in sufficient resolution for subsequent
evaluation of the condition and placement of the tag (see
Section 2.7).
Dedicated follow-up studies should be conducted
whenever possible, to assess tag effects and the fate of tags.
This is especially important when using new or significantly
modified tags and attachment designs (see below). However,
even designs with a long history of successful performance
have some probability of failure. Tags that transmit data or
use a radio beacon to aid recovery may cease transmissions
for a variety of reasons, including failure of the tag
electronics or battery, tag damage or loss, or animal mortality
(Hammerschlag et al., 2014; Hays et al., 2007). Sometimes
it is possible to infer the likely cause from data that were
transmitted prior to cessation or it is obvious from visual
evidence (either from direct observations or photographs).
However, in most cases, tags cease transmitting and the
cause is never known. Table 1 lists some of the possible
causes for lack of transmissions and observable signs or
clues that are sometimes found in data or diagnostic
messages transmitted by the tag, or from analysis of
photographs (also see Section 2.7).
Tag failure can be defined as those events other than the
cessation of transmissions at the expected end of the battery
life or tag loss by the expected foreign body response with
eventual tag detachment or outward migration of retention
elements (or the whole tag in the case of Type C tags). The
possibility of tag failure (i.e. cases where there is evidence
that the tag electronics or mechanicals, including the
retention elements, have failed; Table 1), should be discussed
during the planning stage. An acceptable tag failure rate
should be decided in advance, and if that failure rate is
exceeded, a comprehensive review of technology and
procedures should be conducted (Morton et al., 2003). The
conditions under which most cetacean tags will operate are
extreme, and therefore what constitutes an acceptable failure
rate for each cetacean tagging study should be evaluated in
advance and published with the other study results (Section
2.8). A summary of any tag failures experienced during the
study along with the suspected causes should also be
published.

2.2.7 Tag deployment
Protocols for the successful deployment of tags are as
important as the appropriate design, selection and preparation
of equipment. Those considering tagging cetaceans should
carefully research attachment methods, fully plan their
research design including the selection of which individuals
should be tagged (Section 2.6) and obtain adequate training
(Section 2.5). Whether tagging free-swimming cetaceans
(Section 2.3) or captured and restrained animals (Section
2.4), a plan for the tagging operations should be developed
in advance and shared with all participating personnel.
Tags should be deployed using methods and equipment
that are appropriate to the study species and the sex and age
class of targeted individuals. For tags that are deployed on
unrestrained animals where there is incomplete control over
attachment location, suitability of the penetration depth of
anchors over the entire potential attachment surface of the
body should be considered. Planning, patience and practice
are necessary to ensure that tags are applied where intended.
Projectile devices, such as pneumatic or chemical
propellant rifles and crossbows are commonly used to deploy
tags onto free-swimming (unrestrained) animals. Projectile
devices can be quite powerful; therefore, it is important to
adjust the force according to the weight and aerodynamics
of the tag and distance to the animal. Poles, whether held or
thrown, can also result in tags being delivered with a
substantial amount of force. With many pneumatic and
chemical propellant devices, adjustments can be made during
an approach. Projection force should be no more than
required for accurate flight and sufficient implantation.
Implant force, whether on a tag at the end of a pole or the
end of a projected tag carrier, should not exceed that required
for the implanted parts of the tag to reach their designed
penetration depth when launched from the expected distance.
Projected tag packages are typically not very aerodynamic
in the deployment configuration, meaning that their velocity
will slow significantly over the range of likely distances
between the tagger and the target animal. Therefore, if no
adjustments are made to the initial projection velocity, then
the impact force at close tagging distances will be much
greater than at longer distances. Too much force can cause
excessive tissue trauma, limiting retention, exacerbating
wounds and potentially damaging the electronics.
Consolidated tags should have an adequate section of
increased dimension (like the head of a nail) to limit
penetration depth, so that excessive deployment force does
not cause the tag to implant deeper than designed.
Excessively deep implantation can cause unacceptable injury
to the animal and prevent tag transmission if the wet/dry
sensors or the base of the antenna are also implanted.
However, using too little force will result in incomplete
penetration, causing shorter retention duration. More detail
is presented in Section 2.3 on boat approach for tagging freeswimming cetaceans.
Tag deployments on captured and temporarily-restrained
animals are performed under controlled conditions, allowing
accurate and consistent tag placement. Restraint and manual
placement of tags allows researchers to choose an exact
attachment site, but even for well-studied species, there is
currently no consensus on what part of the dorsal fin or body
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is optimal for attachment, so additional research on
morphology, physiological function and hydrodynamics of
potential attachment sites is required. Trocars, drill bits or
other instruments used to pierce tissue should be cleaned and
sterilised before each use consistent with the sterilisation of
implantable tag components described in Section 2.2.5.
Other opportunities for sampling (blood, morphometrics,
tissues) are available with a temporarily-restrained animal,
and the pros and cons of longer holding times should be
considered in deciding whether to collect health assessment
data when tagging is the primary purpose. Likewise, when
the primary purpose of capture and temporary restraint is to
collect health assessment or physiological data, the purpose,
type and pros and cons of tagging should be thoroughly
considered before deciding to include tagging in the project.
More detail is presented below in Section 2.4 on capturerelease methods.
2.2.8 Identification of tagged individuals
Whenever possible, researchers should obtain data so that
the tagged individual can be identified in the future,
especially after the tag has detached. For many individuals,
this can be done with photographs or video of the anatomical
features that allow individual recognition in that species,
such as the dorsal fin, saddle patch, fluke, callosity, barnacle,
or colouration patterns. For poorly marked animals,
photographs are more likely to produce recognisable images
than video, but a genetic sample may be the only way to
identify an individual later. Genetic sampling has the
advantage that it can permit sex determination, and it can
allow identification even when post-mortem decomposition
makes visual recognition impossible, or if markings change
such that the individual may not be recognisable from
subsequent photos. Biopsy dart sampling and tagging can
sometimes be performed at nearly the same time (by two
different operators) and some tag deployment devices (e.g.
a tag holder on the end of an arrow or pole mounted next to
a biopsy dart) perform simultaneous tagging and skin
collection. In other cases, multiple approaches can be made
to collect skin samples by biopsy dart sampling during a
separate approach from tagging, but the additional stress to
the animal of another close approach should be considered.
This consideration may be especially relevant for noninvasive short-term (e.g. suction cup attached) tags for which
the period of disturbance could represent an important
fraction of the deployment time.
2.2.9 Development of new equipment and methods
Refinements of all aspects of cetacean tagging are important,
and innovation in tag attachment technology and procedures
is encouraged. However, new equipment must be tested, and
its effective and consistent operation should be demonstrated
before use on live animals. For attachment elements,
especially invasive ones, testing should include tissue
surrogates (such as fiber-reinforced rubber or foam blocks)
and carcass tissue. For equipment that will be deployed by
projectile devices, testing using whole carcasses, or at least
large tissue blocks representative of the characteristics of in
situ tissue, should be conducted. Such tests will allow for the
determination of the appropriate projection velocity at a
given distance to the animal, which is necessary to ensure

proper implantation while minimising tissue damage and tag
breakage.
Innovation is also required for non-invasive attachments.
Many multi-sensor tags, especially those recording audio and
video, can record for a longer duration than most suction
cups will remain attached. Therefore, increasing the duration
of suction-cup attachments would be valuable. To address
this need, suction cups with microtextures and adhesives are
being considered, but these may still have effects that should
first be explored with tissue surrogates. For all non-invasive
tags, initial deployments on cetaceans under human care
are encouraged because detailed observations of tag
performance and effects on the animals can be more easily
conducted.
Efforts to improve tag electronics, sensors, batteries and
antennas, while much needed, can introduce unanticipated
failures. New tag designs should be tested in a manner that
replicates, as closely as reasonably possible, the conditions
under which they will be used in the field (e.g. temperature,
pressure, salt water and UV light exposure). The effects of
rapid acceleration and deceleration on the tag during tag
deployment should also be evaluated.
Researchers should be extremely cautious when deploying
a new tag attachment design on individuals sensitive
to disturbance, especially endangered populations. Most
refinements and improvements in tagging equipment and
methodology build on previous knowledge and are therefore
often modifications of proven technology, limiting the
potential for unanticipated effects. However, more substantial
innovations may be necessary to provide longer attachment
durations to address research questions without increasing the
effects on tagged individuals. After thorough testing in the
laboratory and under simulated field conditions with tissue
surrogates and/or carcass tissue, radically new attachment
designs must be shown to be safe and effective on a similar
species/population before being applied to one at risk. In such
pilot studies, the opportunity for resight observations is
critical (see Section 2.7 for more details on the need for pilot
and follow-up studies and how they should be designed).
2.2.10 Recommendations for tag design and deployment
• Researchers must choose appropriate tags, tools and
methods by reviewing previous work and obtaining
advice from others with hands-on experience in cetacean
tagging, preferably with similar species.
•

All elements of the tags must be a reasonable (detailed
above) size, shape and configuration for the species, sex
and age class that will be targeted.

•

Tag configurations should produce the desired data with
the least impact possible to the tagged individual for the
necessary duration of attachment.
• Tags should minimise: trauma; energetic costs;
interference with body movements; predation risk;
risk of entanglement; and interference with social
interactions.

•

Implanted elements should be:
• constructed only of materials known to be
biocompatible and safe for long-term implantation
(regardless of the intended duration of implantation);
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•

•

thoroughly cleaned and sterilised (not simply
disinfected) and maintained sterile until deployment;
and
be of a small enough size and placed appropriately so
there is no risk of contact with bones or internal
organs upon deployment.

•

Researchers should ensure that tags are operating before
heading to the field, and if possible, shortly before and
after deployment.

•

Tagged individuals should be identified.
• Obtain photographs of the tag attachment site and of
identifying features of the animal, provided this does
not greatly extend the disturbance to the animal.
• Whenever possible, obtain a tissue sample for
genetics to aid future identification.

•

Refinement and innovation of tags and tagging methods
are strongly encouraged but should proceed with caution.
• Testing of new equipment and methods should be
thorough and should include tissue surrogates and/or
carcass testing before application to live animals.
When feasible, such as for non-invasive tags,
consider deployments with cetaceans under human
care.
• New tags and attachment designs that are so
substantially different from previously deployed
designs that effects cannot be predicted must be
shown to be safe and effective on a similar species
before applying to endangered species or populations.
• Dedicated follow-up observations should be
conducted whenever feasible, but especially when
using new or significantly modified attachment
designs.
• An acceptable tag failure rate should be determined
before tagging, and if exceeded, protocols should be
reviewed.

2.3 Boat approach for tagging free-swimming cetaceans
The protocols for boat approaches will vary depending on
multiple factors, including species, weather conditions, the
type of tagging and the type of boat. However, vessel
approaches for tagging are typically closer to the animals
than vessel approaches for other cetacean research activities
(e.g. photo-identification and biopsy sampling), and thus
there is an increased risk of disturbance (and potential injury)
to the cetaceans being approached, as well as risks to human
safety. Serious accidents have occurred during tagging
operations and appropriate caution must be taken. There are
several basic principles that should be applied to all boat
approaches for tagging free-swimming animals. All crew
should be prepared for accidents, including being familiar
with safety gear, as well as emergency communication and
rescue protocols. The appropriate safety equipment will vary,
but key items such as personal floatation devices, helmets
for those operating in small boats and rough seas, and
emergency locator beacons should be considered. For boats
tagging larger whales in remote areas, operation of a second,
safety/support boat should be considered. When the use of a
second vessel is not feasible, a float plan should be filed and
check-in times with someone on shore should be scheduled.
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When operating in challenging environments, such as in cold
waters or rough seas, even more stringent safety protocols
should be considered, such as limits on the distance from an
assistance vessel.
Boat approaches should be undertaken in a way to
minimise risk to both the cetacean and the personnel on
board. Vessel/cetacean collisions could occur either by
the vessel striking the animal or by the animal striking the
vessel, including potentially breaching onto a vessel. Both
possibilities can be minimised with the use of a boat driver
with extensive experience in driving in close proximity to
cetaceans as well as familiarity with the behaviour of the
species being approached. Cetacean responses to vessel
approaches vary dramatically by species, by population, by
age or sex, and even by individual. Thus, the experience of the
boat driver with the behaviour of the target and similar species
is key to minimising harassment and ensuring safety. Such
experience can improve deployments and reduce risk by
providing more steady approaches involving the slowest
possible speed, minimal throttle adjustments and fewest course
changes while near the animal. Furthermore, the ability of the
crew to recognise behaviours or escalating patterns that may
indicate the potential for the animal striking the vessel can be
as important as familiarity with the vessel controls to minimise
the chances of the vessel striking the animal.
Good communication between the boat driver and tagger
(e.g. direct concise dialogue, hands-free headsets) and other
crew members is paramount for the boat driver to be aware
of other animals in a group or behaviour of individuals not
visible to the driver beyond the target individual. Such
communication also increases general safety aboard the vessel.
The tagger will usually have both hands on the deployment
device, thus may not be holding onto the boat. Unexpected
rapid acceleration or deceleration could have significant
consequences for the tagger, crew and animals near the boat.
Minimising disturbance to that required to deploy a tag
should be a goal of vessel approaches. Disturbing non-target
animals in a group during the approach may be necessary to
deploy tags on some species, but patience and caution can
minimise approach-related disturbance. Care is especially
important if approaching groups with calves. Criteria for
when to terminate tagging attempts on an individual or group
should be agreed upon before starting fieldwork, and all
personnel on board should be familiar with the criteria.
Example criteria include repeated display of behavioural
cues that would be interpreted as strong avoidance. The total
disturbance to recognisable individuals over a field season
should be kept within pre-agreed limits. In field sites in
which multiple research groups are approaching the same
animals, whether for tagging or other research requiring
close boat approaches, there should be communication
between the groups to assess and minimise the total
disturbance on individuals.
2.3.1 Recommendations for boat approach for tagging
free-swimming cetaceans
• Vessel approaches should be undertaken in a way that
minimises risk to the personnel on board and minimises
harassment and risk of injury of cetaceans being
approached/tagged.
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•

Be prepared for accidents: safety and first aid equipment
should be on board always, and the tagging crew should
have first aid, ‘man overboard’ and general emergency
response training.

•

Clear communication and rescue protocols should
be agreed before tagging efforts commence, and all
personnel on the boat should be familiar with the
protocols.

•

Boat drivers should have as much prior experience as
possible with the behaviour of the species being tagged,
especially any species-specific risks of dangerous
response, and need to be aware of all individual animals
in a group, not just the target individual.

•

Approaches should be made at the slowest feasible speed
and at angles of approach that will minimise possible
collisions with either target or non-target individuals.

2.4 Capture-release and tagging of restrained animals
2.4.1 Rationale for capture-release
Although capture-release techniques in general involve
greater risk to animals and to people than remote tagging
techniques that do not involve restraint and handling, for
some cetacean species of smaller body size or whose
behaviour does not allow for remote tagging, capture-release
may be the more effective option. Responses to capture vary
by species, and risks must be weighed carefully against the
benefits of tagging. Temporarily restrained animals provide
opportunities for careful and optimal placement of tags for
long-term attachment and collection of information and
samples not available using remote tag deployments. Sex can
be determined, age can be estimated, ultrasound can be used
to measure blubber stores as a proxy for body condition or
for assessing reproductive status, blood, blow, swabs and
other samples can be collected for health assessment and life
history analyses (Townsend et al., 2018). Disinfection of the
tag attachment site should occur just before surgical tag
attachment. Local anesthesia should be used for small
odontocetes when time permits, especially for multiple
piercings, and in other cases at the discretion of the
consulting veterinarian.
Because of logistical and safety considerations, capturerelease efforts typically are limited to smaller odontocetes,
and a variety of species have been tagged during capturerelease operations, conducted either specifically for tagging,
or as part of a broader research programme, such as
population health assessments. Larger odontocetes and most
mysticetes are not good candidates for this approach.
Response to capture and handling differs by cetacean species
but can also differ by individual within a species.
2.4.2 Methods for capture-release
As summarised by Loughlin et al. (2010) and Asper (1975),
specific capture techniques have been developed for different
species, habitats and situations. In shallow water, large-mesh
seine nets have been deployed to corral or create barriers to
enclose small groups of animals. Individual belugas have
been caught in shallow water by driving animals into nets
and by leaping from a boat and placing a hoop net around
them. In intermediate water depths, fishing structures such

as weirs have been used to contain porpoises. In deep water,
break-away hoop nets have been used to catch individual
bow-riding cetaceans of a range of sizes (Asper, 1975). Purse
seines and surface gillnets have been used to capture
individuals or groups of small cetaceans in deep, open waters
(Loughlin et al., 2010). The duration of active pursuit should
be minimised, and a limit should be determined in advance,
along with a limit on the number of capture attempts made
on an individual. Tagging of restrained cetaceans may occur
on the deck of a boat, on a floating mat alongside a vessel,
or in shallow water. One variant of tagging restrained
animals occurs when stranded or rescued animals are tagged
prior to release.
2.4.3 Recommendations for capture-release
• Capture teams must be very experienced with the capture
and restraint techniques and familiar with how the gear
might behave under different environmental conditions.
•

An experienced marine mammal veterinarian should be
included as part of the capture-release team.

•

Safe capture-release sites should be scouted and selected
in advance whenever possible. For shallow water
encircling seine net situations, a capture site should be
free of underwater obstacles, with minimal currents and
mud.

•

Duration of pursuit should be as short as possible.

•

Disturbance to non-target animals should be minimised.
When possible, the numbers of animals involved in
capture attempts should be limited to those targeted for
tagging.

•

Weather conditions, tides and daylight should be suitable
for the entire length of a capture-release event, for animal
and human safety.

•

Presumed mother/calf pairs should be avoided unless part
of the research goals; they should not be separated during
capture or handling, and they should be released together.

•

The animal should be able to breathe at will, with
unimpeded access to the surface; respiration rate and
behaviour should be monitored carefully and capture
attempts abandoned if necessary.

•

Identify and assess potential stressors before proceeding
with capture or handling (e.g. vulnerability from life
history or physiological state such as extreme young/old
age, compromised health).

•

If feasible, establish contingency plans to recapture
tagged animals and remove tags if health or behavioural
problems associated with the tags become evident and
the risks related to re-capture are outweighed by the need
to remove the tag.

2.4.4 Recommendations for restraint and handling
• Include more personnel than the number needed to
handle the expected number of captured individuals at
any given time and include a dedicated veterinarian
to monitor each individual cetacean throughout the
procedures.
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•

Restraint and handling should be at the minimum level
and for the briefest time required to conduct the
procedures safely and humanely, which requires an
efficient handling plan with organised tool kit and data
forms, and a practiced team.

•

Restraint system should provide for the animal’s comfort
(padded, shaded, quiet) and allow rapid, safe, controlled
release of the animal in the event of problems.

•

Airways should not be obstructed during restraint for
tagging.

•

Careful monitoring should occur throughout the restraint
period, including respiration interval/effectiveness
(with pre-defined species-specific thresholds triggering
veterinary response), heart rate (including assessing sinus
arrhythmia), eye appearance, colour/response of the
mucous membranes of the mouth, vocalisations and
general behaviour.

•

Thermal stress to the animal should be avoided by
keeping it shaded, wet and cool.

•

General anesthesia should not be used, but emergency
medications should be readily available. The attending
veterinarian should be highly familiar with indicators,
drug administration and recovery protocols for the
species being handled.

•

A basic health assessment should be conducted when
feasible without greatly increasing restraint time,
including blood collection, physical exam, ultrasonic
pregnancy and lung health check, morphometrics and
sampling for genetics. To assess response to handling,
blood can be analysed in near-real-time for parameters
such as lactic acid. Determination of late term pregnancy
provides guidance on duration and method of handling
and procedures to be used but should not necessarily
preclude tagging with currently available small tags.

2.5 Training/qualifications of personnel
Having qualified personnel participating in tag deployment
projects (as taggers, boat drivers, photographers, data
recorders) or capture-release, is paramount for the safe and
successful use of these methods. Inexperience or lack of
familiarity with any of the many steps involved can present
real risks to the health and safety of the study animals and
humans alike, as well as compromise data quality. As it may
often be difficult to obtain the necessary training and
supervision, people wishing to begin tagging or capturerelease operations should approach those with extensive
tagging experience, and those with experience should offer
opportunities to gain experience and training.
2.5.1 Importance of training for remote tagging
Considerable attention is often given to the qualifications of
the tagger, who may bear the most obvious risks and
responsibility for a successful remote deployment, particularly
when powerful projectors (e.g. crossbows, pneumatic or
black-powder guns) are employed. However, the success of
the tagger is directly related to the skill and experience of
the boat driver. A boat driver not familiar with the behaviour
of the species of interest, the boat (that must have suitable
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characteristics for safely approaching whales) or the specific
requirements of the tag deployment will greatly reduce the
chances of a successful attachment and increase the chances
of injury to animals and personnel (e.g. through poor tag
placement or vessel/cetacean contact). Thus, adequate
training is essential for all methods prior to their use.
Minimum training and competency qualifications for
tagging will vary depending on the type of tag being
deployed and the species being tagged. However, certain
basic principles apply to all tagging scenarios, and
researchers considering tagging should ensure that their
protocols address these principles so that the entire team is
adequately trained to safely and effectively deploy tags. The
specific recommendations below apply most to taggers and
boat drivers, but it is important that all personnel aboard the
boat are prepared to assist and that their actions do not
jeopardise the safety of the study animals, the other
researchers, or themselves. The entire tagging team should
consider conducting training deployments aboard the tagging
vessel, targeting a simulated cetacean (e.g. a floating target).
2.5.2 Importance of training for capture, handling, tagging
and release
Well-trained and experienced personnel can greatly expedite
the process, and they can detect adverse situations and other
problems early, contributing to safe release of the animals.
Training should include literature review, mentoring,
familiarity with the species from field observations, direct
experience with the target and related species, and practicing
techniques without animals present.
2.5.3 Recommendations for training of taggers
• Spend time observing, photographing, or engaging in
other data collection techniques on the study population
to become familiar with the general behavioural patterns
of the species of interest.
•

Become familiar with use of all equipment used in tag
deployment through repetition (including use of the tag,
tag attachment elements and deployment device):
• practice deployments on land with a dummy tag
projected at a target placed at different distances and
angles; and
• practice boat approaches and deployments aboard the
tagging vessel, or one that is similar, with a dummy
tag and floating target, preferably in conditions (e.g.
comparable sea state and vessel speeds) that will
likely be encountered during your research.

•

For taggers deploying tags onto free-swimming animals
using a projection device (e.g. crossbow, pneumatic rifle):
• be competent with biopsy sampling of the target
species or similar species; and
• complete a firearms or archery safety course or
receive instruction from an individual experienced in
the safe handling of firearms or crossbows and
practice until proficient.

•

New taggers should conduct initial deployments under
the supervision of an experienced individual who can
provide feedback and assess when qualified to proceed
unsupervised.
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2.5.4 Recommendations for training of boat drivers
• Become proficient in the safe operation and handling of
the vessel used for tagging before approaching cetaceans.
•

Spend time observing, photographing, or engaging in
other data collection on the study population to become
familiar with the general behaviour of the species of
interest.

•

Have prior experience driving near cetaceans during
biopsy sampling or other data collection methods that
require specific positioning of the boat.

•

For tags that require approaches closer than 5m to large
cetaceans, the boat driver’s first approaches for
deployment should be supervised by an experienced
individual (which could include the tagger), who can
provide feedback and assess when qualified to operate
unsupervised.

2.5.5 Recommendations for training in capture, handling and
release methods
• Spend time observing, photographing, or engaging in
other data collection techniques on the study population
to become familiar with the general behavioural patterns
of the species of interest:
• under free-ranging conditions; and
• during handling.
•

Become directly familiar with the physical characteristics
and field conditions of the capture site, and/or engage
local experts.

•

Become familiar with all aspects of the equipment used
in tag deployment through repetition (including use of
the tag, tag attachment elements) to expedite process and
minimise time animal is restrained.

2.6 Selection of candidates for tagging
2.6.1 Conservation status
Some basic research questions, especially physiological
ones, might effectively be addressed by studying any one of
many different species. In such cases, the selection of a
candidate species/population should take into consideration
their conservation status, population size, trends in
abundance and geographic range. The use of the most
invasive techniques in endangered or declining populations
should be considered only if less invasive tags are not able
to provide the necessary data for the project (that must have
identified conservation benefits). These may include pilot
or feasibility studies, which are described in more detail
in Section 2.7. One option to providing safeguards and
minimising risks of negative effects in a threatened
species/population might be to tag only males, if they are
representative of the population from the perspective of the
research questions. This may not always be feasible,
however, especially in species that are not sexually
dimorphic, or where the sex of only a few animals is known
through individual identification. Furthermore, there may be
cases where males are more sensitive than females to adverse
effects of tagging. Therefore, this should be evaluated on a
case-by-case basis.

2.6.2 Timing
There are times when cetaceans may be more vulnerable to
potential adverse effects of tagging and tagging operations.
These include periods when animals are fasting (e.g. the
breeding season) or when seasonal or cyclical temporal
environmental stressors (e.g. El Niño or harmful algal
blooms) can affect food availability, body condition or health
status. The objectives of some studies may require tagging
during these times, therefore it is important to consider the
timing and location of tagging to fully appreciate the risks
during periods when animals may be more sensitive to
potentially negative effects of tagging.
2.6.3 Age class
Tagging of calves/young-of-the-year (often identified by
their small size and behaviour), especially with invasive
techniques, should be well justified and only conducted
under special circumstances. Disturbance and the energetic
effects of tagging will likely have greater impacts on calves.
Tagging of females with calves, however, can be a valuable
way to address certain questions. Disturbance associated
with tagging approaches, tag deployment and from tag
effects, however, could restrict suckling opportunities and
disrupt social bonds between mother-calf pairs. If tagging of
mothers is required, special care must be taken to avoid
separating mothers and calves. Conservative protocols
should be developed (e.g. avoid tagging of mothers with
neonates [e.g. animals with fetal folds], restrict tagging
attempts to a short period of time compared with animals of
other sex/age classes, abort tagging attempts if behavioural
indicators of disturbance are detected).
2.6.4 Physiological status and health
The health of the population should be considered so that
potential stressors from tagging (disturbance, tag effects)
do not further compromise the health of individuals in the
population. Tagging studies should use available data from
longitudinal studies on age, sex, reproductive condition
and/or prior reproductive and health history, to select target
animals (when such animals can be easily identified in
the field). In such cases, taggers should collaborate with
research groups conducting longitudinal studies to ensure
that as much knowledge of individuals as possible is
considered in the study design to minimise risks to the
population. In some types of studies, a more random sample
may be appropriate.
Potential effects of tagging may vary with animal age, sex,
reproductive status, health and social status and level of
exposure to environmental and anthropogenic stressors.
When selecting individuals to tag, care should be taken to
select animals in apparent good health, unless there is strong
justification for using tags to monitor sick or injured animals.
For typical tagging projects, individuals to avoid include
those with evidence of emaciation (e.g. post-nuchal
depressions, visible ribs or scapula), higher than normal
external parasite load, unusual skin conditions, presence of
significant pre-existing wounds (e.g. from an entanglement,
predator bite, or ship strike) that have not healed or are of an
unknown extent, or that are displaying unusual behavioural
or respiratory patterns. For those populations for which there
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is significant longitudinal (long-term) information and
individuals are easily identified in the field, candidates for
tagging could be evaluated before going into the field, and/or
in the field before deploying a tag. The a priori development
of criteria for assessing each individual and making a tag/notag field decision is recommended.
There are occasional circumstances when the decision to
tag a compromised animal may be intentionally made to
monitor its movements and survival. For example, cases of
individual cetaceans that have been refloated after stranding,
or that have been herded or harassed to move them from
out-of-habitat situations or ice entrapments, may require
monitoring post intervention to evaluate the success of the
methods used. Entangled animals might require tagging to
facilitate location and disentanglement efforts on subsequent
days. In these rare but often highly publicised events, the
decision to tag, choice of tag type to use, evaluation of
alternative methods to achieve goals and monitoring efforts
should be evaluated on a case-by-case basis, preferably by a
group of experts with pertinent expertise in the species’
biology, tagging technology and veterinary medicine.
Tagging a compromised animal may be justified for
identifying the cause of poor health within a population, or
a population decline, or the monitoring of a specific
individual for its health assessment or the need to improve
its welfare.
2.6.5 Multiple tags
Attaching more than one tag at a time, or tagging the same
individual repeatedly, may be useful to address some
questions. In certain cases, deploying two tags at the same
time can be used to assess tag failure rate. It is important,
however, to note that this inevitably increases the disturbance
to the individual due to increased tagging effort, a larger
number of attachment points and added drag. When
considering tag deployment on an animal that was tagged in
a previous field effort, if possible, first assess the health of
the individual between tagging events, and for invasive tags,
assess wound healing of the implant sites. In instances where
individuals have been tagged multiple times, assessing the
state of wound healing in these individuals should be a
priority to better understand potential effects of multiple tag
deployments.
2.6.6 Recommendations for selection of candidates for
tagging
• Selection of species/populations for tagging.
• Basic (as opposed to applied or species-specific)
research questions should be addressed in healthy
species/populations.
• Tagging of endangered/threatened or declining
species/populations should be conducted with the
least invasive technique possible that will provide the
necessary data over a sufficient observation period.
• To avoid impacts on females in endangered/
threatened populations, consider whether tagging
males only is a feasible option that can address the
questions.
• Tagging of endangered/threatened populations should
generate data that are useful in guiding actions that
lead to an improvement in their conservation status.

•

•
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Avoid tagging populations with known health
problems and in locations and/or time periods when
animals are expected to be more vulnerable, unless
the project objectives require this.

Selection of individuals for tagging.
• Consider sex, age, health and reproductive history in
the selection of individuals to tag, ensuring the
selection criteria do not compromise the goals of the
study.
• Tag deployment should be focused on animals in
apparent good body/health condition. Develop pretagging evaluations criteria for a tag/no-tag decision
in the field.
• Tagging of individuals in poor health should only be
considered if tagging has the potential to significantly
improve welfare or if necessary for conservation
goals that require such data.
• Tagging calves/young-of-the-year should be carefully
justified, especially if invasive techniques are required.
• Develop conservative tagging protocols for calves
and females with calves.
• If deployment of multiple tags on one individual
is necessary, ensure the animal is in good health
condition and use the least invasive tags possible.
• Prioritise collection of follow-up health data from
individuals that are tagged multiple times.

2.7 Assessing effects with follow-up studies
During the planning stages of any cetacean tagging project,
researchers should consider the likely effects on the tagged
animals and their population. If tags or tagging cause adverse
effects on physiology and health, the results of the study may
be invalid due to alteration of the animal’s behaviour by the
procedure itself. The potential effects of tagging include
behavioural and physiological changes, infection, pain
and mortality; they may be short-term (minutes to days),
medium-term (days to months), or long-term (months to
years).
Behavioural effects include short-term responses to the
boat approach and tag deployment, but might also include
longer-lasting effects, such as avoidance of the area where
tagging occurred, anomalously slow or fast movements, or
unusual diving behaviour, such as extended surface time. The
presence of the tag may increase drag or the risk of
entanglement or biofouling. For invasive tags, physiological
effects (Fig. 6) may include the foreign body response, local
healing processes and other more serious consequences such
as abscesses, granulomas, haematomas, bone fractures,
systemic infections or reduced reproductive success. Noninvasive tags with attachments not intended to break the skin,
can also have physiological effects due to skin chafing,
haematomas resulting from strong suction cups, or excessive
drag. Tagged animals may experience discomfort or pain at
some point over the course of the research. In the worst-case
scenario, invasive tagging could lead to the death of the
tagged individual, from acute trauma at the time of
attachment (due to tag hitting vital organs), inward migration
of the tag through time, or systemic infection. Capture and
temporary restraint of animals can also lead in exceptional
circumstances to extreme behavioural/physiological
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responses and mortality. Unanticipated issues can arise, such
as an increase in the vulnerability of the tagged animals (e.g.
because of a previously unrecognised prey shortage), or a
defect during manufacture of the equipment discovered after
tag application, and therefore some of the impacts may not
be recognised until after tags have been deployed (or never
discovered).
Due to the range of potential impacts, whenever tagging
effects are likely to be unpredictable or significant,
deployments should start with a pilot study using a
precautionary approach, with limits on the initial numbers
of deployments and the rate at which tags are deployed to
allow time for assessment of initial results and effects. To
adequately assess the effects of tagging, follow-up studies
using photography, health assessments and post-mortem
examinations are required. A few such studies have
generated valuable information on behavioural effects, the
wound healing process and the fate of individuals (Andrews
et al., 2015; Balmer et al., 2011; Best et al., 2015; Gendron
et al., 2015; Heide-Jørgensen et al., 2017; Norman et al.,
2018; Robbins et al., 2013; Wells, 2013). However, existing
data with which to assess effects remain limited, even for
some frequently tagged species and tag types that have a long
history of use. While follow-up monitoring may not
be feasible or warranted in all cases, it is especially
recommended when projects use a substantially new tag
design, target an individual/species/population of particular
concern, or in circumstances when existing knowledge on
effects may not apply.
2.7.1 Designing an effective follow-up study
Follow-up studies aim to assess animal behaviour, tag
site tissue responses, health and condition of the tagged
animal and the appearance/condition of the tag when it is
still present on the animal. They can be enhanced by
collaborations among population biologists, veterinarians,
naturalists and whale watching operators and the group that
deployed the tags. When planning a follow-up study for a
new or significantly modified tag design, the best option is
to choose a species/population that has been the subject of
a long-term demographic study with a comprehensive
catalogue of known individuals and a high individual resighting rate. This will greatly improve the ability to assess
both short- and long-term tagging effects, although the
need to tag such individuals must be justified. Although
challenging, a tagged individual can potentially be found and
observed at systematic intervals using telemetry data while
the tag is still transmitting. This may only be practical in
projects in which the study population is resident in an area
or expected to pass by accessible sites. Opportunistic
re-sightings can also be valuable, particularly regarding longterm effects after tags are no longer present or transmitting.
Such data may be available from individual identification
catalogues and/or facilitated by enlisting a collaborating
network of knowledgeable observers in the areas used by
tagged individuals. However, opportunistic data are likely to
be of lower quality and to span a narrower range of data
types than available from planned re-sightings. Occasionally,
tagged animals may strand, so coordination amongst the
tagging community and the stranding network is essential to

ensure examination of stranded animals includes thorough
documentation of the tag site and health status of the animal
(see Section 2.8).
Researchers should attempt to obtain relevant baseline
data from a ‘control’ sample of individuals that can be
compared to the tagged animals. In species with strong social
bonds, the control sample should typically be members of
the same social group, because re-sighting probabilities and
exposure to environmental factors that may influence wound
healing and other responses can vary among social groups.
These measures will help to differentiate tagging effects from
other intrinsic or extrinsic causes of variation among
individuals.
Behavioural assessments should be based on an ethogram
that is relevant to the species and, where applicable, type of
habitat. Assessments should occur in real-time whenever
possible, but simultaneous collection of high definition video
can allow for retrospective viewing and assessments. Ideally,
observations should include the immediate response to
deployment, as well as extended pre- and post-tagging
observations to facilitate the detection of significant tag-related
effects. However, monitoring the behaviour of an individual
prior to tagging can be challenging because it may not be
possible to predict in advance which individual will ultimately
be tagged. Focal follows that are limited to the period after
tagging can still be valuable for assessing the nature and
duration of some tag responses and for diagnosing tag failures
related to deployment. However, researchers should consider
the possible effect of the vessel on animal behaviour and either
maintain adequate distance or use an alternative method (e.g.
unmanned aerial vehicles) to make visual observations or
video recordings to prevent unnecessary disturbance. Some
tags collect frequent data on dive depth, foraging duration,
speed and direction of travel, or overall activity level such that
short-term responses can be studied based on changes in those
parameters over time. However, many tags do not have these
capabilities and tag-related responses may manifest in ways
that tags cannot detect.
The best way to directly quantify physiological effects is
by conducting a thorough health assessment of a well-known
individual before tag attachment, monitoring the individual
via observations through the duration of tag attachment
and conducting a follow-up assessment after tag loss. Such
health assessments can include blood analysis, ultrasound
examination, hormonal status, microbial culture and in some
cases histological examination of tissue. However, access
to most tagged cetaceans will be limited and so reliable
methods for assessing effects through remote observation
need to be developed and applied when feasible. Assessment
of microbiome and hormonal status can be achieved through
collection of blow, faecal, or tissue samples. Hormone
levels in these samples can be used to evaluate stress
(corticosteroids) and reproductive status (progesterone). For
a review of potential methods that could be applied, see Hunt
et al. (2013).
High-resolution photographs of the tag site should be
taken at the time of deployment and during each re-sighting.
Images should be zoomed-in as close as possible and at
several angles to the tag site. Images should also be taken of
the entire animal and with a wide field of view around the
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tag site to evaluate skin and body condition. Tagging projects
should also consider ways to enhance and quantify
information later obtained by photographs and observation.
For example, features such as etched rings on the body of
consolidated tags can improve the precision of visual
estimates of penetration depth and tag rejection.
A systematic scoring system can be used to standardise
assessments of the tag site and animal health from
photographs or video stills, with numerical scores applied to
features of varying severity. An example is presented in
Table 2 (see also Norman et al., 2018). Tag site features that
can be scored include the presence, size and shape of raised
skin areas and/or depressions at and around the tag site,
extent of skin loss around the tag, tissue extrusion, changes
in skin pigmentation or texture, wound margin integrity
and the presence, characteristics and extent of cyamid
distribution. By contrast, some tag site features, such as
haemorrhage, serious discharge or inflammatory exudate,
may be difficult to consistently detect in photographs as
these are readily washed from the tag site during animal
movement. Overall health scoring from photographs should
also consider body condition, skin condition and cyamid
distribution, and any known species-specific health
indicators (e.g. Pettis et al., 2004). If a consistent time series
of photographs is available, evaluation of whether the tag
site changes are increasing or decreasing may assist in
detection of tag site responses through numerical scoring of
photographs. Prior to scoring, image quality should be
explicitly evaluated and accounted for to minimise errors
in interpretation. Similar assessment of healing of other
types of injuries (e.g. shark bites) may also be useful for
comparison of wound healing processes.

Once data are scored, appropriate qualitative and
quantitative approaches should be used to assess the
progression of changes in features over time and to predict
their severity. Mark-recapture statistical models can also be
used to quantify survival and reproduction relative to control
groups and tag-associated covariate data. However, the
effectiveness of the latter depends on sample sizes and
detection probabilities that can be challenging to achieve in
tagging studies.
2.7.2 Recommendations for follow-up studies
• Follow-up studies are desirable to assess tag effects. They
are recommended in these situations:
• when using completely new or substantially modified
tag attachment designs;
• when tagging species whose characteristics might
limit the transferability of results from effects studies
conducted on other species;
• when tags are deployed on individuals/species/
populations of particular concern; and
• when evidence emerges to suggest that tags are not
performing as expected (see Section 2.2).
•

Follow-up studies should be designed in advance and
incorporate the elements below.
• Be based on robust statistical methods, especially
given likely limitations on sample size and statistical
power for determining effects. Sample design should
include a cohort of control (un-tagged) animals for
comparison.
• Include dedicated re-sighting attempts to evaluate the
individual, preferably at pre-determined intervals.
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•

Promote opportunistic re-sighting by fostering
collaborations with population biologists, veterinarians,
naturalists, whale watching operators and stranding
responders working with the same animals or in the
same area.
Include behavioural observations (preferably in realtime and video) based on an ethogram that is relevant
to the species and local habitat.
Include high-resolution photographs of the tag, tag
site and as much of the entire animal as possible, from
multiple angles, as well as of other body areas critical
for body condition and health assessments.
If feasible, include systemic health assessments (e.g.
metabolomics, stress and reproductive hormone
assessment, in blow samples, feces, biopsy tissue).

•

•

•

•

A systematic scoring system using pre-established
criteria should be used to assess tag attachment site and
overall animal health.

2.8 Reporting and data sharing
Despite the accelerating use of tags in cetacean studies,
tagging is still an evolving and experimental field, with
developments in some cases occurring without broad and
timely sharing of information on successful innovations, or
their instructive failures. Therefore, the scientific and
regulatory communities would benefit from learning the
details of what did and did not work. Specifically, reports
and publications that include tagging results should provide
details on the tags used (maximum dimensions, volume,
frontal surface area, mass), especially for implanted parts
(including maximum implant depth), manufacturer, specifics
of materials and configuration, the deployment method and
equipment, the basic metrics of tag performance (attachment
duration, data telemetry throughput or other relevant tag
operation results) and information on tag effects. Those
involved with tagging, including tag designers and
manufacturers, should also be encouraged to share more
detailed information on failures, whether electronic,
mechanical, attachment or deployment related. Details and
rationales for excluding data collected in the first hours or
days after tagging (e.g. to reduce data bias from disturbance
and/or a tagging locale effect), should be fully explained for
consideration by others.
Research groups working on the same population should

share information on the individuals that are tagged to
facilitate follow-up, prevent unintended repeat tagging and
to reduce cumulative impact on individuals and their
population. Researchers should also share the identity of
tagged animals, or photographs of tagged but unidentified
individuals, with stranding coordinators and response groups
to increase the likelihood that previously tagged animals can
be recognised in advance of necropsy. In some cases, for
example bottlenose dolphins and humpback whales, regionwide collaborative individual identification catalogues exist
that could expedite notification to researchers about a sighted
or stranded, previously tagged individual. This would
facilitate the collection of additional data relevant to tagging
effects, including examination of the tag attachment site. See
Appendix A for recommendations regarding the necropsy
and dissection of the tag implant site for a previously tagged
cetacean.
A ‘tagging database’ that includes information on
individual animals, health assessments, tag data and photoidentification would greatly improve the ability to quantify
potential tagging effects; such a database would also help in
determining whether new tagging studies should be
contemplated or if sufficient data already exist to answer a
particular question. With the broader acceptance of the need
to make government-funded data publicly available, more
data repositories are becoming available. However, many of
these repositories do not have the capability to host the
essential data and photographs that should be included in a
comprehensive cetacean tagging database, so until the
cetacean tagging community or an academic society
establishes an appropriate repository site, individual
researchers could host the information on their own websites
and make its existence known to interested parties. Wherever
possible, this information should be provided in a machinesearchable form using standard data formats. An example of
the data fields that could be included in such a form is
provided in Table 3. If real-time posting of movement data
is contemplated, researchers should consider the potential
for unintended use of telemetry data (Hammerschlag et al.,
2014), but in most cases the ability to follow animals in realtime will engage the public and outweigh disadvantages. As
with most decisions regarding tagging of cetaceans, the pros
and cons must be weighed, but with use of best practices,
researchers should be able to ensure that benefits dominate.
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2.8.1 Recommendations for reporting and data sharing
• All tagging reports/publications should include:
• details on tag manufacturer, size, shape, materials
and configuration, especially of implanted sections
(including the maximum implant depth);
• photographs of the tags from multiple angles;
• information on deployment method, including
devices used (note power of projectile devices, or
velocity);
• information on tag performance, including at least
mean/median and range of attachment duration;
include numbers of tags that failed and when and how
they failed;
• information on whether a follow-up study was
conducted and, if so, provision of numbers of resights and details of any unexpected issues that
occurred, including photographs; and
• information on data exclusion and inclusion criteria.
•

Researchers should deposit metadata describing tag data
holdings and any information from which to assess effects
(e.g. including key photographs for individual ID and of
tag and tag site) into publicly accessible data portals.
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APPENDIX A
RECOMMENDATIONS FOR NECROPSY AND DISSECTION OF THE TAG IMPLANT SITE FOR A
PREVIOUSLY TAGGED CETACEAN
This protocol will help taggers, stranding responders and
necropsy teams investigate the effects of tagging and
integrate ante mortem history of the stranded individual with
postmortem findings. Information obtained from using this
protocol will also be valuable to all others involved with
cetacean tagging, including researchers, veterinarians and
marine mammal managers, especially as we strive to
understand implant-tissue interactions and healing processes,
and to improve tag design and deployment methodology. The
authors of these guidelines may be contacted for additional
advice, collaborative proposals and recommendations
of other resources. For those unfamiliar with some of
the methods recommended below, we strongly recommend
working with stranding coordinators, other marine
mammal research scientists with tagging expertise and
regional veterinary diagnostic pathologists, prior to
dissection of a tag implant site. If local resources are not
available to accomplish the post-necropsy examinations
of the implant site tissue block as detailed in steps 11–15
below, shipment of an entire tissue block to a marine
mammal pathologist is recommended; please contact the
authors of these guidelines to discuss collaborative
opportunities.
When a previously-tagged cetacean is confirmed dead or
a tag is observed on initial examination of a stranded animal
and a postmortem examination is scheduled, the principal
investigator (PI) or other representative of the study that
deployed the tag should provide stranding and necropsy
responders with annotated photographs of the animal,

highlighting the anatomic site of attachment. They should
also provide images and specifications of the model of tag
deployed, especially the shape and dimensions of the
implanted parts. The tagging project PI should collaborate
closely with responders and provide shipping supplies
(containers and labels) and courier account numbers to
facilitate shipping of tissues to diagnostic laboratories or
marine mammal pathologists. Responders should review the
photographs to confirm the tag implant site, if possible, prior
to commencing the necropsy (although this may not be
logistically feasible in some situations). In addition to
following conventional necropsy protocols, include a scale
marker with the Field ID# and date in each photograph, and
avoid obscuring the areas of interest in the field of view.
Document gross findings in a necropsy report and include
photos and sketches. If the tag implant site is partly or
completely healed, then steps 5–15 may not all be necessary
or possible. However, whenever the tag implant site can be
identified, we recommend that all steps be followed, even
for carcasses that are not fresh.
(1) Photo-document the animal and the tag site. Photograph
the tag site from three different perspectives: (a) wide
angle images of the carcass to place the tag location in
anatomic context; (b) intermediate scale images to
illustrate adjoining tissues and potential changes; and (c)
external macroscopic images of the implant site to detail
host response. Rulers or other objects that may lend scale
to each image are imperative.
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•

These photographs will be used to help assess overall
impact of the tag and to make more precise
measurements of the exact tag placement than could
be made from photographs of the live animal and will
be invaluable to the taggers and others.

(2) Compile as complete a set of morphometric data as
possible from the animal.
• See, for example, Chapter 10 in Geraci and
Lounsbury (2005) and Appendix F in Pugliares et al.
(2007).
(3) Collect a 1.0 × 0.5cm × full depth skin sample including
the dermis, away from the implant site and freeze it in
a sterile container for genetic analysis.
(4) If possible, measure the straight-line and curvilinear
distance between the tag implant site and the tip of the
rostrum.
(5) Swab the implant wound aperture. If no parts of the tag
are visible, and if the implant site is open (patent), or in
the early stages of resolution, five sterile (Teflon or
cotton tip) swabs should be obtained prior to excision
of the implant site tissue block. Collect two of these
swabs from the external aperture and three swabs from
deeper in along the penetration tract. The swabs should
be collected as gently as possible to avoid tissue
damage. Place one of the external swabs and two of the
deeper swabs in transport media for routine
microbiology (bacteriology and fungal culture). If the
microbiology samples will be submitted to a diagnostic
lab within 24–48 hours, they may be chilled and
shipped on ice; otherwise they may be frozen, although
this will reduce the viability of the bacteria. One
external and one deeper swab for microbiome studies
should be placed in sterile containers and either chilled
for immediate transport or frozen (preferably in liquid
nitrogen) for later submission to a laboratory. If
RNAlater or other tissue stabilisation or culture media
are available, these may be suitable alternatives and the
swabs should be maintained chilled. If swabs are not
available in the field, tissue and swabs may be collected
later at the lab from the excised implant site tissue block
(step 6).
(6) Excise the implant site and surrounding tissue, to
include unaltered tissue at the edges of the block, for
diagnostic imaging and subsequent lab analyses (steps
11–15). If no parts of the tag are externally evident,
outline a 20 × 20cm square around the original implant
site and excise the skin and blubber around the site
down to and including underlying muscle. If the tag (or
parts of the tag) are present, they should be retained in
situ within the surrounding soft tissues excised as a
block; include at least 10 cm of tissue beyond all
margins of the implant. Depending upon the body
curvature or potential swelling at the tag site, additional
tissue may need to be incorporated into the excised
sample to ensure all altered tissue is within the block.
Photograph the cut surfaces and examine them for any
discoloration or other abnormality.

(7) After excising the implant site tissue block, if abnormal
tissues are observed beneath or in the vicinity of the
implant site, collect specimen swabs or tissue samples
(using a sterile blade) from those areas for subsequent
laboratory analyses. Samples of regional or local lymph
nodes and any associated gross lesions in the underlying
or adjoining soft tissues may be collected and chilled
or frozen for microbiology, with subsamples preserved
in formalin for microscopic evaluation. Document gross
lesions with photographs and include a scale marker
with field number.
(8) If feasible, retain the excised block on ice, and arrange for
subsequent examinations within 48 hours (steps 11–15).
(9) If conditions during necropsy do not permit the full
execution of steps 5–8, collection of a single sample,
measuring at least 2 × 2cm on the surface, cut down to
the full thickness of skin and blubber, including a
margin of the implant site, would be valuable. If the
tissue sample can be submitted to a diagnostic lab
within 24-48 hours after collection, the sample may be
secured in a sterile plastic bag, chilled on wet ice or gel
ice packs and submitted for evaluation; on receipt, the
tissues may be subsampled for molecular studies and
microbiology as well as representative subsamples
preserved in formalin. If the carcass is condition code
2 or 3 and only a single portion of tissue is available,
this sample may be subdivided (dissected in half) on
site, with a portion chilled (if laboratory analysis is
likely with 48h, otherwise frozen) and retained for
microbiology and molecular studies and a formalin
fixed sample for histopathology. If late code 3 or 4, the
tissue may be preserved in formalin for diagnostic
evaluation.
(10) The necropsy of the whole animal should be completed
by conventional protocols and systemic pathology
recorded with appropriate tissue samples archived for
additional studies.
(11) Back at the lab, and before further sectioning of the
excised tag implant site tissue block, obtain precise
measurements, photographs, radiographs (x-rays), CT
and, if possible, MR scans, to document the degree of
tissue penetration by the tag, possible implant structural
failures (if any parts were retained), and any associated
inflammatory exudate or tissue necrosis.
(12) Serial slices (every 5–10mm; bread-loafing) through the
tissue block should be made parallel to the long axis of
the tag implant tract, examining each cut surface for any
abnormalities or retained tag elements. These slices
should be placed on a cutting board in sequence
for photography (with scale) and further analyses.
Preservation of multiple representative samples in
10% formalin and separately at –80°C (no formalin)
is required for additional histopathologic and
microbiologic analysis. If a significant portion or an
entire Type C tag or anchor from a Type A tag (e.g., a
LIMPET dart), or rod, pin or bolt from a Type B tag
remained implanted, instead of starting serial slices
from one margin of the tissue block, start by cutting
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along opposing margins of the percutaneous tag body
or dart from the surface of the skin down to the bottom
of the tissue block, separating the tissue block in two.
The approach should expose the tag tract from the skin
through the blubber (and possibly muscle) and facilitate
removal of half of the excised tissue block, gently
separating tissue from implant protrusions, such as
retention petals. The two halves can then be sectioned
serially as above.
(13) Swab the penetration site and any parts of the tag or
implanted pieces that are encountered during serial
sectioning of the tissue block with bacteriology and dry
swabs, and place swabs and tag parts in separate sterile
containers for microbiology, microbiome studies and
potential mechanical or metallurgic analyses.
(14) Label each tissue slice with a laundry tag or other
identifier, then fix abnormal tissue and surrounding
normal tissue. Ensure that the laundry tag clip is placed
as far away from the site of interest, so that it does not
damage visibly abnormal tissues.
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(15) Have an experienced veterinary pathologist examine the
sections and if the tissues are sufficiently well
preserved, follow-up transmission electron microscopy
may be considered.
(16) Ensure a full report is collated with gross, histological
and ancillary (imaging, microbiology) diagnostic
findings.
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