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ABSTRACT

The capture-release of odontocetes allows for tag deployment which provides an opportunity to study behaviour and habitat use by
free-ranging animals, as well as clinical assessment of the animal and tissue collection. This review recognises those elements that are
common to most capture and tagging projects, identifies collective knowledge of animal and human health concerns during handling of
odontocetes and provides guidelines for safer handling techniques. Handling during tagging projects can involve chase, capture, restraint,
manipulation, tag application, often removal from the water and release at the capture site. The risk of injury during capture will be reduced
by using experienced personnel, adequate technical support and proper equipment. For the duration of the handling process, the animal’s
stimulus response should be monitored aswell asits cardiovascular and respiratory function. Stress response of the odontoceteis monitored
by behavioural assessments, physiological monitoring and/or blood sampling. Possible complications from tag placement may include
infection at the implant site leading to tag failure, behavioural aterationsin response to tag placement and tag rejection. During handling
of an odontocete, there is the potential for disease transmission between humans and the animal. Exposure to diseases is minimised by

wearing protective clothing and gear and exercising caution when working around the animal’s blowhole.
KEYWORDS: DISEASE; LIVE-CAPTURE; RADIO-TAGGING; SATELLITE TAGGING; STRESS

INTRODUCTION

Tagging and tracking odontocetes allows biologists and
wildlife managers to study behaviour and assess habitat and
resource use by free-ranging animals. Current techniquesfor
long-term (e.g. longer than a week) tag attachments to
smaller odontocetes require that animals are captured and
heldfor abrief period of timewhilethetagisattached (Irvine
et al., 1982; Wirsig, 1982; Tanaka, 1987; Tanaka et al.,
1987; Scott et al., 1990; Martin et al., 1993; 2001; Hanson et
al., 1998; Hanson and Del.ong, 1999; Martin and Smith,
1999; da Silva and Martin, 2000; Ferrero et al., 2000;
Richard et al., 2001). Capture of animals for tag deployment
also provides an opportunity for clinical health and body
condition assessment of the animal (Wells et al., In press),
determination of gender, collection of teeth for age
determination (Hohn et al., 1989), evaluation of contaminant
burdens (Schwacke et al., 2002) and assessment of
reproductive condition (Wells, 2003). This review attempts
to identify those elements that are common to most capture
and radio- and/or satellite-tagging projects, to codify
collective knowledge regarding animal and human health
concerns and to provide guidelines for safer handling
practices. This document is intended as a reference for
experienced researchers and a resource for inexperienced
researchers contemplating new projects, but is by no means
a comprehensive review of specific projects or all
odontocete species to be tagged. It should be kept in mind
that the capture and handling of odontocetes can vary greatly
amongst and within species and locations and that different
species may have some different handling and monitoring
requirements. Although this review describes procedures
requiring varying skill levels and makes recommendations
regarding their application, reference to this document
should not be considered a substitute for including
experienced personnel in the field party. A general rule of

thumb is that the degree to which an animal is compromised
increases with the amount of handling and the length of time
that the animal is handled. An individual anima may not
display any obvious outward signs of being compromised
beyond a threshold from which it cannot recover, as
evidenced by the occasional sudden death of an animal that
otherwise outwardly appearsto betolerating handling. Thus,
handling should be kept to the minimum necessary to
complete the research objectives.

Clearly, capture-releaseis not the only option and in cases
where capture and handling is not feasible or a short-term,
less invasive attachment is desired, remote deployment
methods such as suction cups and barbed or toggled
attachments may suffice especially for larger cetaceans (e.g.
blue whales (Balaenoptera musculus), northern bottlenose
whales (Hyperoodon ampullatus), bowhead whales
(Balaena mysticetus), Dall’ s porpoise (Phocoenoides dalli),
fin whales (Balaenoptera physalus), humpback whales
(Megaptera novaeangliae), killer whales (Orcinus orca),
narwhals (Monodon monaoceros), northern right whales
(Eubalaena glacialis) and sperm whales (Physeter
macrocephalus) — Watkins et al., 1984; 2002; Watkins and
Tyack, 1991; Baird, 1994; Baird and Hanson, 1997; Mate et
al., 1997; 1998; 1999; 2000; Hooker et al., 2000; Laidre et
al., 2002). Although remote attachment methods are not
reviewed here, thisreview will give researchers faced with a
choice of methods more information on the tradeoffs
involved with a capture and handling technique.

Handling during tagging projects can involve chase,
capture, restraint, manipulation, tag application and often
removal of the animal from the water, followed by release at
the capture site. Several health concerns should be kept in
mind during these phases:

(1) physical injury of both humans and animals during the
handling process,
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(2) the physical and physiological effects of capture on the
animal;

(3) possible complications from tag placement;

(4) the potential for disease transmission between humans
and animals.

These concerns are addressed and suggestions are provided
tominimisediseasetransmission and injury toal individuals
involved. Methods are outlined for assessing and monitoring
the animal during handling and tagging in the field.

Evolution in the marine environment, as a herd animal
subject to predation, provides marine mammals with unique
adaptations to cope with acute, short-term stressors and
maintain homeostasis (St Aubin and Dierauf, 2001).
However, some aspects of tagging operations, such as
restraint in a siing and close proximity to humans, fall
outside of the normal range of adaptation. The immediate
and long-term effects of handling on the hedth and
behaviour of these animals is unclear, but given the
considerable cost for each tag deployment and subsequent
data collection and the implicit assumption that the tagged
animal s are representative of the population of interest, close
monitoring of the animal’s biological parameters and risk
reduction during handling become important.

RISK OF INJURY DURING HANDLING

Capture

The capture itself can be dangerous to both humans and the
animals. Several techniques for capturing and handling
white whales (Delphinapterus leucas) and other small
odontocetes have been described. Seine nets have been used
to capture species such as bottlenose dolphins (Tursiops
truncatus —Asper, 1975), killer whales (Orcinus orca) and
botos, or Amazon River dolphins(Inia geoffrensis —daSilva
and Martin, 2000). Breakaway hoop nets have been
successfully used in capturing bottlenose dolphins and
porpoises (Ridgway, 1966; Asper, 1975; Hanson, 1998). In
certain  areas, pilot whaes (Globicephala melas
—Heide-Jargensen et al., 2002) and white whales (Sergeant
and Brodie, 1969; Martin and Smith, 1992) can be driven to
shore at low tide or into shallow water where they can be
grounded or captured with a hoop net over the head (Orr et
al., 2001). Entanglement in adrift or set-net has been used to
capture white whales (Orr et al., 2001) and narwhals (Dietz
and Heide-J¢rgensen, 1995; Dietz et al., 2001), and an
encirclement technique along with high speed net
deployment has al so been used to capture whitewhalesin the
Cook Inlet, Alaska region (Ferrero et al., 2000) and pelagic
dolphin schoolsin the eastern tropical Pacific Ocean (Perrin
et al., 1979; Jennings et al., 1981). A human handling a
cetacean may be struck by a thrashing tail or rostrum, or
injured by netting or restraining devices. Removing it from
a net or other capture device can aso be stressful or
traumatic to the animal and operators. Handlers can
eliminate much of their own risk by minimising carel essness
and planning handling practices with forethought. Once
restrained, white whales, as well as narwhals, seldom
continue to struggle for more than afew minutes (Orr et al.,
2001; Heide-Jargensen, pers. comm.). Smaller species such
as harbour (Phocoena phocoena) and Dall’s porpoise may
struggle (Norris and Prescott, 1961) for a longer period of
time than larger species such as white whales and killer
whales (Walker, pers. comm.). In contrast to most
odontocetes, botos are much more comfortable laying on
their side than on their bellies and consequently struggle less

(da Silva and Martin, 2000). Tucuxis (Sotalia fluviatilis),
however, are more nervous than botos when being handled
(Martin, pers. comm.).

During capture and handling procedures, a cetacean
sometimes incurs physical injuries such as abrasions,
lacerations, contusions, or injuries resulting from
malpositioning or unruly behaviour (Spraker, 1982). The
risk of some of these injuries may be reduced by using
skilled, experienced personnel and adeguate technical
support and proper equipment to handle the animal,
removing or covering hazardous objects in the work area,
and placing padding around its body (sand, foam pads, or
other appropriate material) if it is fully or partially removed
from the water.

Monitoring of animals caught in a net

In net captures, there are significant risks of death if an
animal is trapped below the water surface for too long, or of
aspiration of water into thelungsif theanimal istrapped near
the water’s surface and allowed to struggle for a prolonged
period (Walker, pers. comm.). If a significant volume of
water has been aspirated at the water's surface while
struggling in a net, the animal may have difficulty getting
sufficient oxygen into its bloodstream and may die during
handling or after release. Further, aspiration of seawater into
the lungs may introduce infection that can result in
pneumonia. On the other hand, cetaceans trapped below the
surface may not struggle at al or give little indication of
entanglement. A capture team should remain aware of the
possibility of multiple entanglements, and that an apparently
single animal may have been accompanied by one or more
animal s unseen below the surface. Thefollowing procedures
should be undertaken to reduce these risks:

(1) netsin the water should be watched continuously for
movement or dips in the floatline and should be
patrolled regularly in cases where the full length is not
visible from a single vantage point;

(2) inmurky or turbid water, where thefull depth of the net
is not visible from the surface, the net may be raised
periodically until the lead line is visible or,
dternatively, the cork line may be closely observed for
movement or sinking;

(3) nets should not be left in the water unattended and
should be removed from the water when not in use;

(4) mesh size should be selected to limit the risk of
capturing non-target animals;

(5) net dimensions should be limited to the minimum
necessary for the operation to reduce the chance of
multiple captures (e.g. during captures of whitewhales,
limited water visibility has prevented detection of
non-target animals trapped under the surface with the
target animal);

(6) entangled animals should be quickly supported and
removed from the net;

(7) team size should be sufficient to provide the
appropriate number of people for support of each
animal in the water, assuming the maximum number of
animals likely to be caught in each set, with at least
enough additional people held in reserve on a mobile
vessel to get to aplace where another animal strikesthe
net;

(8) the field team should make contingency plans for
handling multiple captures, releasing excess animals,
captures of mother-calf pairs, and net handling, while
the team is occupied with tagging of captured
animals,
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(9) capture operations should not be conducted in marginal
weather conditions;

(10) the person responsible for setting and retrieving the net
should have a high level of familiarity with the area,
including water depth, current patterns, tide, seafloor
type, presence of entangling objects and non target
individuals, etc;

(11) every effort should be made not to set anet around very
young calves and their mothers, or other potentially
compromised individuals, unlessthey are the targets of
the study as nursing calves are especially sensitive to
capture and handling;

(12) a cetacean found entangled should be brought quickly
to the surface and supported with its blowhole well
exposed and protected from waves washing over —if
the animal does not clear its blowhole and begin
breathing normally, or it begins breathing in a weak,
laboured or unusual manner, respiration can sometimes
be stimulated by light splashing of the forehead region
with water.

The design of the net (e.g. length, depth, mesh size and
twine, type and size of lead and float lines, single panel or
multipanel, how it hangs) is dependent upon the speciesto be
captured and the field situation. There is no substitute for
experience with nets and capture techniques. Rather than
incurring unnecessary risk, prolonged trial and error should
be avoided by consulting knowledgeable researchers
involved with a similar species and field setting. Even with
the best advice, however, it can take several field seasons to
develop a reliably efficient and safe technique for a novel
situation (Ferrero et al., 2000; Orr et al., 2001). A simulated
capture, using the boats and equipment, may help avoid
errors during the actual event.

Moving and restraining a captured odontocete

An animal should be lifted using an appropriately designed
sling. A compartment syndrome can develop if an animal is
restrained without appropriate support. This syndrome is a
condition in which increased pressure within alimited space
compromises the circulation and function of the tissues
within that space (e.g. muscle compressed by an ill-fitting
sling), as a result from trauma, prolonged recumbency or
physical activity (Matsen, 1975). In order of preference:

(1) the animal should be restrained and moved while fully
supported in water;

(2) the animal should be restrained by a dling, stretcher or
straps, or intentionally grounded and held or moved
while partially supported in water;

(3) inwater that isover the handlers' heads, the anima may
be placed on floating mats for disentanglement and
monitoring;

(4) once on a mat, the anima may be towed to the
processing vessel or shorelineg;

(5) depending on its weight, the animal should be either
carried in a sling or stretcher or restrained and moved
while properly supported on a sponge rubber mattress
(e.g. placed on the deck of a ship, a pallet, gurney, or
sledge — a hoist can lift the animal onto the processing
vessel);

(6) if on abeach, the animal can be carefully dragged on a
tarp or blanket if the substrate is reasonably smaooth.

The animal’s comfort can be maintained during tagging and
blood drawing by: protecting the eyes and blowhole from
direct sunlight, dirt and debris; allowing theflipperstoliein
anatural position either tucked or extended; keeping the skin

moist; and distributing and minimising pressure to the
abdominal and thoracic cavities. Care should be taken to
ensure that water does not enter the blowhole, as cetaceans
do not have a mechanism to expel water from the lungs.
Further, water may carry infectious microorganisms into the
lungs. Pressure can be minimised by padding as discussed
above, or in the case of intentional grounding, by grounding
the animal at the deepest depth that till allows necessary
control of theanimal. If sand or debris adheresto the corneal
surface, the eyes should be rinsed with salt water. If the
substrate allows, holes can be dug under theflippers, or if the
animal isto be held in a dling or stretcher, holes are cut to
allow theflippersto protrude. A pressure sprayer providesan
excellent way to keep a cetacean’ s skin moist throughout all
procedures, but buckets and sponges work as well.
Moistened towels may aso be used. When the air
temperature and humidity are high, and if the water
temperature is significantly higher than typical for the
species, the water being used for moistening should be
cooled if possible.

Physical and chemical restraint or sedation

Physical restraints should be made of pliable material and be
broad enough to avoid pressure points. Cargo lifting straps
(5-10cm width), broad nylon straps (5-10cm width), canvas
or nylon dlings that are fleece or foam covered, head nets
with foam covered rims and tail ropes with garden hose
dleeves are some examples of restraints. Tail ropes may also
be made of heavy cotton or 3.5cm soft braided nylon.
However, if the animal is struggling, nylon rope might create
burns unless covered by a protective material such asahose.
Restraints should be simple and convenient to use, and, most
importantly, easy and quick to remove when the procedureis
completed, or if the animal should be immediately released.
Restraints should be checked regularly to ensure they are not
too tight. If the restraint squeezes, lifts, bears the weight of
the animal or puts even moderate pressure along the length
of the animal, then the animal should be checked at regular
intervals (e.g. every 5mins) and shifted if possible to
redistribute its weight avoiding subsequent pressure sores.
Finally, some thought should be given asto how the restraint
will fall off theanimal if it should swim away with arestraint
device still in place.

In general, once a cetacean is properly restrained, it tends
to cam down (time frame is variable by species). In some
instances sedation may be used to assist in restraint. In very
rare instances, chemical immobilisation may be needed,
which has been accomplished by careful use of various
chemical agents (Joseph and Cornell, 1988; Reidarson et al .,
1998). While chemical immobilisation should not be
administered to animals that are to be immediately released,
they may be useful in cases where the animal is fractious or
longer duration procedures are anticipated. Sedatives and
other chemical agents are ideally only administered by
veterinarians, as several of these agents are controlled
substances and response of an animal to them may, at times,
require resuscitation or other medical intervention such as
administration of reversal agents. The risk of using a
sedative, tranquiliser or other chemicals on a potentialy
stressed odontocete must be weighed against the benefits
gained from using such agents to achieve a research
objective. Temperature and respiration should be monitored
at regular intervals. Adeguate positioning of the animal is
needed to prevent ischemiaor compartment syndrome dueto
inappropriate weight bearing. Whereit isnot feasibleto have
aveterinarianin thefield, at least one member of the tagging
team should be trained by a veterinarian to estimate proper
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doses, identify symptoms of overdose, and be prepared to
abort tagging efforts if the anima is in unacceptable or
life-threatening distress. Precapture training and preparation
can reduce the risk of loss of a valuable research animal,
decrease the time and effort involved in capture, ensure the
release of a healthy animal and improve the quality of the
resulting data.

PHYSICAL AND PHYSIOLOGICAL EFFECTS ON
THE ODONTOCETE

One of several methods may be used to monitor a cetacean’s
condition throughout the handling process. A collective
group of signs must be monitored since no one sign will
necessarily indicate trouble. Once caught, the animal should
be observed for a period of time (5-10mins), during which
time minimal data gathering may begin, to seeif it becomes
immediately distressed. When a period of observation is not
feasible or significantly prolongs the holding time, one
member of the team should be given the responsibility to
monitor the animal closely. Theindividual should record the
specific times of respirations and note the strength of breaths
and body posture, particularly asthe animal isbeing brought
aboard the boat or beached and preliminary measurements
are being taken. Depending on the primary objectives of the
project, the most critical procedures should be donefirst (e.g.
length measurements, photographs, blood drawing) in the
event the animal has to be released back to the water
prematurely. Ananimal in distress may exhibit an arching of
the body (e.g. flukes and head bent upward while breath
holding) often followed by thrashing, or may have very
shallow, erratic respirations (Walker, pers. comm.). If so, it
should be splashed with a bucketful of seawater over the
melon to stimulate breathing. If there is no response, it
should be returned to the water (with the potential for drug
administration) and monitored until it returns to normal. It
can then be released or evaluated for tagging. Behavioural
criteria such as response to stimuli can be assessed as
follows.

Assessing stimulus response

An animal should appear to be aware of its surroundings and
respond fairly readily to stimuli. Gentle tapping near the eye
should €elicit ablink (Geraci and Lounsbury, 1993). A blank,
unresponsive ‘stare’ warrants real concern and should
prompt immediate action to be taken by the individual
monitoring the animal.

Monitoring cardiovascular function

Cardiovascular and respiratory function can be roughly
evaluated in the field by monitoring heart and respiratory
rates, respectively (Table 1). A stethoscope (for smaller
species e.g. harbour or Dall’s porpoise) or hand (larger
species e.g. bottlenose dolphin and larger) may be placed
firmly in the axillary region (where the pectoral flipper joins
the body wall; Fig. 1) to detect a heartbeat and determine
heart rate (Geraci and Lounsbury, 1993). In small species,
one can sometimes see a heart rate ‘flutter’ externally in the
axillary region just behind the pectora flipper. Heart rate
may also be monitored with a heart rate sensor that allows
data to be recorded and stored continuously during the
handling process. Heart rate can and should vary
considerably, even under normal conditions. For example,
the heart rate of a bottlenose dolphin increases to a rate of
70-100 beats per minute (bpm) just after inspiration. Asthe
animal continuesto hold itsbreath, heart ratefallsto between
30-40 bpm until the next breath (Ridgway, 1972). The rate
will remain low regardless of the length of the apneustic
plateau. Thus anormal respiratory rate of 2-3 timesaminute
will be accompanied by an increase, then decrease in heart
rate as just described (Ridgway, 1972). If this normal sinus
arrhythmiais absent, a pulsethat is rapid or weak signalsthe
onset of cardiovascular deterioration (i.e. shock,
hyperthermia).

Monitoring of respiratory function

Monitoring of respiratory function should begin as soon as
theanimal is captured in the net. Respiratory rate for smaller
speciesisusually 2-3 respirations per minute (rpm), but may
increase to 6-8 rpm in excited individuals, and 1-2 rpm for
larger species (Geraci and Lounsbury, 1993). The researcher
should comeinto the field with the best avail able knowledge
of average and maximum breath intervals for the species.
Irregular or increased respiratory rate (i.e. >10 and 6,
respectively) can signal respiratory fatigue and distress. In
some species, however, respiratory intervals may become
prolonged. In bottlenose dolphins, for example, an interval
between respirations that extends to >1-1.5min with little
respiratory chest movement occurring, is cause for concern.
These ‘ineffective respirations may require immediate
action on the part of the individual monitoring the animal.
Changing the animal’s position (e.g. from lateral to sternal
recumbency) and splashing water on the melon can improve
the respiratory rate and quality. One should also watch for a
cetacean keeping its blowhole open and breathing in arapid,
shallow manner that often indicates stress. If this behaviour
occursor theanimal’ s respiration ‘ shutsdown’, sometimesa

Table 1

Physical parameters for monitoring condition of cetacean during handling process
(adapted from Ridgway, 1972).

Parameter Normal range

Interpretation of abnormal values

Heart rate (bpm') ~ 70-100 (after inspiration)
30-40 (during breath hold)

Respiratory rate ~ 2-3 (resting smaller species)
(rpm’)
6-8 (excited smaller species)
1-2 (resting larger species)
3-6 (excited larger species)
Body temperature  36.5-37 (small to medium
°C) species)

<30 = hypothermia
>100 = hyperthermia or shock

>8 = distress (respiratory fatigue or hyperthermia)
>6 = distress (respiratory fatigue or hyperthermia)

<35.6 = cardiovascular collapse®
>40 = impending hyperthermia

'bpm = beats per minute (depends on size of species, as smaller animals may have faster rates);
“rpm = respirations per minute (depends on size of species, as smaller animals may have faster rates);
“white whales and some larger whales may have lower core body temperatures.
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Fig. 1. Head-on and lateral views of odontocetes demonstrating
placement of stethoscope or hand on the thoracic wall in the axillary
region for heart rate determination (arrows).

light spraying of the head region with water will stimulate
resumption of a normal respiratory pattern. Splashing a
sponge full of water directly over the blowhole area will
often stimulate a respiration when the dolphin is ‘breath
holding’ (i.e. holding its breath longer than a minute). If
these methods are not successful, the animal can be placed
back in the water, and if it settles down, an attempt to finish
the needed procedures can be made in the water.
Alternatively, it may be prudent to release the animal
without further procedures once the animal resumes normal
respiratory patterns.

Body temperature monitoring
Body temperature can be monitored when practical to do so
by insertion of a flexible temperature probe into the anal
opening (at least 15-25cm or more depending on the
anima’s size). With the animal properly restrained, another
person can reach under the animal and insert the probe. In
males, one must avoid placing the probe near the gonads to
prevent afalse reading of hypothermiadue to the presence of
avascular plexusthat coolsthe testes (Rommel et al., 1994).
If insertion of a probe is not practical, the pectoral flippers,
flukes and dorsal fin may be felt frequently to help assess
changes in body temperature. This is the most commonly
used method to monitor body temperature in a field setting.
In small to medium-sized species, the norma body
temperature range is 36.5°-37°C. Temperatures below
35.6°C signa the onset of hypothermia or cardiovascular
shock in some species (Geraci and Lounsbury, 1993).
Hyperthermia is less likely to occur during capture and
handling of cetaceansif proper procedures are followed and
the team is vigilant in monitoring the status of the animal.
Although hyperthermia may damage al organ systems, the
nervous and reproductive systems are the most sensitive
(Fowler, 1996). This is less likely to happen in the polar
latitudes. Clinical signs of hyperthermia observable in the
fieldinclude ashallow, rapid respiratory rate, increased heart
rate, increased body temperature (>40°C) and decreased
blood pressure. The core body temperatureisone of the most
sensitive and accurate measures of an animal’ s change above
its thermal neutral-zone into hyperthermia. If the animal’s
temperature rises more than 1.5-2°C, cold water or crushed
ice should be applied to the flukes, flippers and dorsal fin.

The ability to monitor blood pressure may be impractical or
limited in afield setting. Preventative measures are usualy
the best approach, such as providing shade and keeping the
animal cool, particularly if longer procedures are
anticipated. It is also advisable to keep handling procedures
as brief as possible and, if practical, try to schedule captures
in the early morning when the ambient temperature is
cooler.

A member of the technical support team should be trained
to record respiration times — thetime will allow the recorder
to inform appropriate staff when an inordinately long time
has passed sincethelast breath — and heart rate, although the
latter may be difficult to monitor depending on the species
and blubber thickness. Ideally, vita signs for an animal
should be recorded continuously over the entire span of the
event (e.g. every 5-10mins during each hour, or preferably,
continuously) with directions to notify the veterinarian of
any changes in that animal’s baseline rates. Subtle changes
may be difficult to recognise, so it may be necessary to rely
more on trends over time or other indicators (e.g. behaviour,
posture, alertness, reflexes, analysis of blood sample in the
field if practical) to ensure the anima’s status is not
deteriorating.

STRESS RESPONSE MONITORING

A stress response brought about by chase and capture has
been shown to trigger changes in the hematological and
plasma chemical constituents of some cetaceans (St. Aubin
and Geraci, 1988; 1989). These physiological imbalances
may impair an animal’s immune system, rendering them
more susceptible to pathogenic organisms that otherwise
might not pose a threat. Changes in blood constituents were
noted in two white whales caught for tagging and then
recaptured several days (19 and 24) later for removal of data
loggers (St Aubin et al.,, 2001). Both animals showed
evidence of white blood cell responses consistent with
inflammation and stress. Since the interval between chase
and collection was the same for the two whales, the observed
hematological changes were assumed to be due to tissue
damage and repair from satellite tag application. The
response of blood constituents to handling and tagging
operations suggests that these procedures represented an
immune system challenge under these conditions.
Behavioural assessments may be used in the field to
recognise acute stress. Anxiety is one of the most common
manifestations presented by animals under stress, although
passivity may also be asign aswell asincreased respirations
(Hanson et al., 1998). It is prudent to try to minimise the
chase duration and expedite handling procedures to prevent
acute intense or prolonged stress. Although a suspected case
of capture myopathy was reported by Colgrove (1978), it is
rarely encountered in cetaceans (Schroeder et al., 19853).
Individualsresighted or recaptured after several months or
years appear to be completely healed (Orr et al., 1998)
suggesting that for at least some individuals, handling
activities do not severely compromise survivability.
However, no direct comprehensive, controlled studies on
cetaceans have been conducted to determine if survivability
has been compromised to some extent. Long-term
survivability and reproduction of bottlenose dolphins studied
in Sarasota Bay, Florida, for more than 30 years does not
appear to have been compromised due to capture-release
techniques utilised in that project, given that more than 40%
of the dolphinsfirst tagged in 1970-1971 were still observed
more than 30 years later, and the population size of the
resident dolphin community has increased significantly
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during this period (Wells, 1991; 2003). Furthermore, health
assessment and monitoring of four generations of resident
bottlenose dolphins have not found any complications from
capture-release. Blood sampling of individuals before (e.g.
as soon after capture as practical) and several days after
tagging would alow for evaluation of the physiological
impact of these activities on stress indicators in the blood.
This would require more sample handling but is of great
research value. Some other cetacean species, however, may
not be as resilient or as easily handled as bottlenose
dolphins.

Treating shock and allergic reactions

The use of medications to treat shock, potential infection or
allergic reactions is rarely needed. They may be used under
conditions where quick release is not possible and there will
be an extended period of time before the animal can be
returned to the environment. Corticosteroids may be used to
treat shock during which time an animal’ s condition may be
declining rapidly (i.e. body temperature <35°C, respiratory
rate >8bpm). Epinephrine can be used for adverse or
alergic reactions to other medications administered such as
antibiotics. Signs of an alergic reaction may include:
agitation, increased heart rate, difficulty in obtaining blood
samples due to circulatory collapse, possible swelling at an
injection site or of soft tissues of the head. Once trested, the
tagging team should support the animal until it is stable (e.g.
respiratory rate and body temperature have normalised),
after which tagging procedures should be aborted and the
animal released. If it is not feasible to have a veterinarian
available during tagging procedures, it may be logistically
difficult or impossible to obtain timely veterinary support in
an emergency Situation at a remote tagging site.

POSSIBLE COMPLICATIONS FROM TAG
PLACEMENT

Tag attachment systems range in impact from suction cups,
to surgical implantation of attachment pins or the entire tag,
to attachment of the tag by barbed spear. Except for the
suction cup, each of these involves piercing of the skin and
blubber and possibly other structures as well. Health
considerations include maintenance of aseptic conditions at
the tag placement site during deployment, preventing
introduction of microorganismsinto the pin tract, preventing
pressure necrosis by the tag and its pins, minimising tissue
reaction to the tag materials with subsequent tag rejection
and promoting wound healing (see Irvine et al., 1982; Scott
et al., 1990; Wells, 2002).

Dermatological effects of tag attachment

Several studies have characterised the rate of cutaneous
wound healing in bottlenose dolphins (Brown et al., 1983;
Bruce-Allen and Geraci, 1985; Geraci and Smith, 1990) and
white whales (Geraci and Bruce-Allen, 1987; Geraci and
Smith, 1990). Cutaneous wound healing was found to take
place at a quicker rate in bottlenose dolphins than in white
whales. Geraci and Smith (1990) stated that two principal
factors decrease the life of an implant: infection and
movement in the tissue. Infection may be minimised by
including a slow-release, broad-spectrum antibiotic in the
implant and preventing contamination while embedding the
implant. Movement of atag or attachment pin or spear within
a tissue can be decreased by careful engineering of the
attachment to distribute pressure and minimisejerking dueto
variation in hydrodynamic drag such as during exit and

re-entry of the tag during a breathing cycle. With an
implanted tag, this can be accomplished by embedding the
head of the tag deeply and with a sufficient number of
anchors to stabilise the implant within the tissue. Much is
still unknown about the effects of epidermal thickness,
ambient temperature, salinity and stress on cutaneous wound
healing. Thesefactors could haveimplicationswith regard to
healing of wounds caused by placement of transmitter
devices.

Steps to help minimise implant rejection during
attachments using surgically implanted pins

A suggested procedure for skin preparation, bolt placement
and tissue boring is described below. This may not be
feasible in al cases, but before a researcher chooses to
simplify the suggested procedures, careful thought should be
given to weighing the importance of speed and convenience
of the tagging process against the increased risk to the
animal. As noted earlier, an animal compromised during
handling may not behave in a manner representative of the
population, thus providing data that are possibly misleading
and wasting a research opportunity.

Before placing a tag, a site must be chosen that is
reasonably devoid of blood vessels so there is minimal
impact to heat-exchanger vessels and the genera blood
supply of the area (Lander et al., 2001). To accomplish this,
thedorsal fin (or ridge, if working with afinless species such
as white whales) of a dead specimen should be examined. It
is recommended to use a sterile hypodermic needle to probe
anticipated pin sites to determine if major blood vessels,
particularly arteries, are present before actual pin placement
on a live anima (Chilvers et al., 2001; Lander et al.,
2001).

Prior to any puncture or pin placement, the skin surface
should be cleaned properly with an antiseptic such as
isopropyl alcohol or 10% Povidone-lodine solution
(Poviderm Solution, Vetus c/o Burns Veterinary Supply,
Inc., Dallas, Texas)! (Westgate et al., 1998), then the area
should be surgically scrubbed twice. Thistechniqueinvolves
starting at the point of pin placement and, using small
circular scrubbing movements, working circumferentially to
the periphery, being careful not to touch the centre of the
scrubbed area with the same gauze sponge once it has
reached the outer limits of the sterile field. Thiswill prevent
contamination of the sterile field's centre with organisms
from the periphery. Upon completion of the first scrub, a
second should be completed in the same manner. In afield
situation, a researcher may find it chalenging to maintain
sterility of the pin placement site while working with alive
anima in a less than ideal environmental setting (e.g.
seawater washing over the sides of the boat or deck).

Theareaof pin placement isthen locally anesthetised with
lidocaine HCI 2% with epinephrine 1:100,000 using a 21 or
22-gauge needle. Some individuals have found this to be
more effectively accomplished using an injector needle gun
(Miltex Inc., Bethpage, New Y ork?). In larger species such
as the killer whale, difficulty may be encountered trying to
inject directly into the tough dermis. Alternatively, the
anesthetic agent may be injected into the base of the dorsal
fin using a 2-inch 19-gauge needl e so that the anesthetic may
be drawn up the fin from the injection site. Following
placement of the local anesthetic, another surgical scrub of
the areais performed following the same technique asfor the
first two. All equipment (tags, pins, bolts) is cleaned with

1 Use of trade names does not imply endorsement by the National
Marine Fisheries Service.
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isopropyl alcohol prior to utilisation. Holes for pins are
typically established using specialised hole cutters, similar to
a laboratory cork borer, that have been cleaned and
disinfected prior to each use. The borehole should be made
slightly smaller in diameter than the pin to be used to reduce
bleeding and loosening at the tag site and to prevent
disruption of the healing process (Hanson, 2001). If nuts are
used on the ends of the pins to secure the transmitter
package, one must be cautious not to overtighten the nuts as
compression and ischemic necrosis may occur at the
attachment site. A small amount of triple antibiotic ointment
(i.e. polymixin B-bacitracin-neomycin) may be applied to
the tag entry point. Injections of antibiotics are not routinely
given after tag placement unless the animal has sustained
numerous abrasiong/lacerations during capture.

Behavioural effects of tag placement

There are reports of telemetry devices leading to changesin
behaviour of an animal subject through increased drag or
discomfort of the attached instrument package (Irvine et al.,
1982; Tanaka, 1987; Tanakaet al., 1987; Scott et al., 1990).
Increases in drag from 12-15% to as much as 27% are
reported for a dorsal fin mount tag on a harbour porpoise
model (Hanson, 1998). Wirsig (1982) found that
radio-tagged dusky dolphins (Lagenorhynchus obscurus)
were not bothered by the transmitters, but seemed to swim
slower than normal after two or more days post-tagging.
Foraging and attendance behaviour of female Antarctic fur
seals (Arctocephal us gazella) was atered with instrumented
animals, but the biological significance and long-term
effects of telemetry devicesis unclear (Walker and Boveng,
1995; Boyd et al., 1997). Dorsally attached transmitters did
not seem to affect behaviour in white whales (Richard et al.,
1997).

POTENTIAL FOR DISEASE TRANSMISSION

Although there are few reports of disease transmission
between marine mammas and humans (Geraci and
Ridgway, 1991), one must always be aware of the possibility
of being exposed to new diseases (e.g. Buck and Schroeder,
1990; Tryland, 2000). Many bacteria are shared by humans
and cetaceans, and some cause disease in both, however,
there is not an excessive hedth risk to humans from
association with cetaceans. Early studies (Johnston and
Fung, 1969) suggested humans could be asource of infection
to cetaceans in a captive environment, but it is not certain if
the samerisk exists during handling of wild animals. Severa
species of bacteria have been recovered from stranded
cetaceans that have been associated with a variety of
infections in humans (Buck, 1984). Similarly, marine
mammals harbour microflora that are commensal and
usually pose no health threat under normal circumstances.
Under conditions of stress the animal may be debilitated or
immunosuppressed and be predisposed to infection by these
organisms or others encountered in the environment.
Exposed mucous membranes and cut skin surfaces are
especially proneto potential pathogens. The same may apply
to humans handling the animals.

Most bacteria associated with marine mammals are not a
public hedlth concern. More thorough discussions of
potentially zoonotic diseases between humans and marine
mammals are available in Geraci and Ridgway (1991),
Higgins (2000) and Cowan et al. (2001), however, a few
warrant special mention here since they are more commonly

recognised pathogens of humans (Schroeder et al., 1985b;
Suer et al., 1988; Pamer et al., 1991). These organisms
could be infectious for persons with compromised immune
function or could be inoculated into cuts, bites or abrasions.
Infections with Brucella sp. have been reported in cetaceans
(Ross et al., 1996; Miller et al., 1999). Although there have
only been two published reports of amarine Brucella isolate
infecting ahuman (Brew et al., 1999; Sohn et al., 2003), one
should recognise its zoonotic potential. Mycobacterium
marinum has been transmitted to a human via a dolphin bite
on afinger and thus should be considered zoonotic (Flowers,
1970). Blastomycosis infection of a veterinarian’s hand
followed examination of an infected bottlenose dolphin
(Cates et al., 1986). Erysipelothrix rhusiopathiae is a
pathogen that causes cutaneous infarcts or generalised
septicemia in many species of cetaceans and contributes to
pain, swelling and/or more generalised illness in humans
(Medway, 1980). This pathogen was once thought to be the
cause of seal finger, but subsequent studies have implicated
a mycoplasma (Stadtlander and Madoff, 1994). Marine
morbilliviruses have not shown to be infectious to humans
(Cowan et al., 2001).

Steps to minimise exposure

Personnel handling cetaceans must exercise caution to
diminish exposure to potentially hazardous microorganisms.
Care should be exercised when working around the head
region of cetaceans. One should avoid being in the path of
the blowhole exhalation due to the risk of exposure to
microorganisms, particularly those that are known to be
human pathogens. Cases of such transmission have not been
demonstrated, nevertheless, the potentia still warrants
mention. Surgical masks may be worn if handlers will
potentially be exposed directly in the face to a cetacean’'s
breath or bodily fluids. However, thisis often not arealistic
option in the field setting especially during activities such as
capture and release. Exposed mucous membranes and cut or
abraded skin surfaces are especially prone to potential
pathogens. Gloves and other gear such as strong, heavy
footwear should be worn to protect against abrasions, cuts
and bites. Personnel should avoid touching their eyes and
face during handling to minimise transmission of an
organism to mucous membranes. Handlers should
thoroughly wash their hands in disinfectant between and
after handling animals. Immunocompromised or pregnant
field staff should avoid direct exposure to cetaceans.

In the very rare instances of infection acquired from a
cetacean, the infection may begin subtly following an
encounter with the animal. If an infectious condition is
suspected, the handler should present the history of contact
with amarine mammal to the physician, asthe clinician may
not think to ask about such an exposure.

CONCLUSION

Anecdotal evidence suggests that most capturing and
tagging of odontocetes occurs without incident to either the
animal or the handler. Handlers must be aware, however, of
the potential health risks to both cetaceans and humans.
These risks will be reduced by including knowledgeable,
experienced personnel in al aspects of the project, keeping
handling times to the minimum necessary to safely complete
the objective, careful planning which includes contingencies
for potentia problems, having adequate personnel and
equipment on hand to meet the contingencies, as well as
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maintaining vigilance when monitoring the animal’s
condition throughout the handling process. It isimportant to
use caution when working around the animal in order to
avoid cuts, abrasions and other wounds that might facilitate
the transfer of a potential pathogen between cetaceans and
humans. Carein handling procedureswill result in fewer lost
animals and more reliable data.

ACKNOWLEDGEMENTS

The authors would like to thank Brad Hanson, Tony Martin,
Michael Scott, Bill Walker and Randy Wells for their
insights and helpful comments on the manuscript. Karna
McKinney of the Alaska Fisheries Science Center Graphics
Unit kindly prepared the figures. Reviews of this document
were made by Brian Fadely and Kim Shelden, both
biologists at the National Marine Mammal Laboratory
(NMML) of the Alaska Fisheries Science Center, NMFS,
NOAA. Doug DeMaster, Jim Lee and Gary Duker provided
valuable reviews as did Stephen Raverty, Ministry of
Agriculture, Food and Fisheries, Abbotsford, British
Columbia, Canada. Finally, the authors would like to thank
Sam Ridgway, an anonymous reviewer and Greg Donovan
for very constructive comments and suggestions. This report
was funded by the Nationa Marine Fisheries Service,
Contract # 40-AB-NF-112103.

REFERENCES

Asper, E.D. 1975. Techniques of live capture of smaller Cetacea. J.
Fish. Res. Bd Can. 32(7):1191-6.

Baird, R.W. 1994. Foraging behaviour and ecology of transient killer
whales (Orcinus orca). Ph.D. Thesis, Simon Fraser University,
Burnaby, BC, Canada. 157pp.

Baird, R.W. and Hanson, M.B. 1997. Dall's porpoise diving behavior
and reactions to tagging attempts using a remotely-deployed
suction-cup tag, August 1996. Annual report to MMPA, Office of
Protected Resources (F/PR) NOAA. pp.43-54. Marine Mammal
Protection Act and Endangered Species Act implementation program
1996. AFSC Processed Report 97-10.

Boyd, I.L., McCafferty, D.J. and Walker, T.R. 1997. Variation in
foraging effort by lactating Antarctic fur seals: response to simulated
increased foraging costs. Behav. Ecol. Sociobiol. 40:135-44.

Brew, S.D., Perett, L.L., Stack, J.A. and MacMillan, A.P. 1999. Human
exposure to Brucella recovered from a sea mammal. Vet. Rec.
144:483.

Brown, W.R., Geraci, J.R., Hicks, B.D., St Aubin, D.J. and Schroeder,
J.P. 1983. Epidermal cell proliferation in the bottlenose dolphin
(Tursiops truncatus). Can. J. Zool. 61:1587-90.

Bruce-Allen, L.J. and Geraci, JR. 1985. Wound hedling in the
bottlenose dolphin (Tursiops truncatus). Can. J. Fish. Aquat. <ci.
42:216-28.

Buck, C.D. and Schroeder, J.P. 1990. Public health significance of
marine mammal disease. pp. 163-73. In: L.A. Dierauf (ed.) CRC
Handbook of Marine Mammal Medicine: Health, Disease and
Rehabilitation. 1st. Edn. CRC Press, Boca Raton, Florida. 735pp.

Buck, J.D. 1984. Microbiological observations on two stranded live
whales. J. Wildl. Dis. 20:148-50.

Cates, M.B., Kaufman, L., Grabau, J.H., Pletcher, JM., Cates, R. and
Schroeder, J.P. 1986. Blastomycosis in an Atlantic bottlenose
dolphin (Tursiops truncatus). J. Am. Vet. Med. Assoc.
189:1148-50.

Chilvers, B.L., Corkeron, P.J., Blanshard, W.H., Long, T.R. and
Martin, A.R. 2001. A new VHF tag and attachment technique for
small cetaceans. Aquat. Mamm. 27:11-5.

Colgrove, G.S. 1978. Suspected transportation-associated myopathy in
adolphin. J. Am. Vet. Med. Assoc. 173:113.

Cowan, D.F., House, C. and House, JA. 2001. Public hedth. pp.
767-75. In: L.A. Dierauf and F.M.D. Gulland (eds.) CRC Handbook
of Marine Mammal Medicine. 2nd. Edn. CRC Press, BocaRaton, FL .
1063pp.

da Silva, V.M.F. and Martin, A.R. 2000. A study of the boto, or
Amazon River dolphin Inia geoffrensis in the Mamiraua Reserve,
Brazil: operation and techniques. pp. 121-31. In: R.R. Reeves, B.D.
Smithand T. Kasuya(eds.) Biology and Conservation of Freshwater
Dolphins in Asia. IUCN, Gland, Switzerland and Cambridge, UK.
152pp.

Dietz, R. and Heide-Jargensen, M.P. 1995. Movements and swimming
speed of narwhals, Monodon monoceros, equipped with satellite
transmitters in Melville Bay, northwest Greenland. Can. J. Zool.
73(11):2106-19.

Dietz, R., Heide-Jgrgensen, M.P., Richard, P. and Acquarone, M. 2001.
Summer and fall movements of narwhals (Monodon monoceros)
from Northeastern Baffin Island towards Northern Davis Strait.
Arctic 54(3):244-61.

Ferrero, R.C., Moore, S.E. and Hobbs, R.C. 2000. Development of
beluga, Delphinapterus leucas, capture and satellite tagging protocol
in Cook Inlet, Alaska. Mar. Fish. Rev. 62(3):112-23.

Flowers, D.J. 1970. Human infection due to Mycobacterium marinum
after a dolphin bite. J. Clin. Pathol. 23:475-7.

Fowler, M.E. 1996. An overview of wildlife husbandry and diseasesin
captivity. ci. Tech. Rev. Off. Int. Epiz. 15:15-22.

Geraci, J.R. and Bruce-Allen, L.J. 1987. Slow process of wound repair
in beluga whales, Delphinapterus leucas. Can. J. Fish. Aquat. Sci.
44(9):1661-5.

Geraci, JR. and Lounsbury, V.J. 1993. Marine Mammals Ashore —A
Field Guide For Srandings. Texas A&M Sea Grant Publication,
Galveston, Texas, USA. i-xi+305pp.

Geraci, J.R. and Ridgway, S.H. 1991. On disease transmission between
cetaceans and humans. Mar. Mammal Sci. 7(2):191-4.

Geraci, JR. and Smith, G.J.D. 1990. Cutaneous reponse to implants,
tags and marks in beluga whales, Delphinapterus leucas, and
bottlenose dol phins, Tursiops truncatus. Can. Bull. Fish. Aquat. Sci.
224:81-95.

Hanson, M.B. 1998. Design considerations for telemetry tags for small
cetaceans. Annual report to MMPA, Office of Protected Resources
(F/PR) NOAA. pp.37-49. Marine Mammal Protection Act and
Endangered Species Act Implementation program 1998. AFSC
Processed Report 98-10.

Hanson, M.B. 2001. An evaluation of the relationship between small
cetacean tag design and attachment durations: a bioengineering
approach. Ph.D. Thesis, University of Washington, Sesdttle,
Washington. 208pp.

Hanson, M.B. and Del.ong, R.L. 1999. Movements of atagged harbor
porpoise in inland Washington waters from June 1998 to January
1999. Annual Report to MMPA, Office of Protected Resources
(F/PR) NOAA. pp.85-95. Marine Mammal Protection Act and
Endangered Species Act implementation program 1998. AFSC
Processed Report 99-08.

Hanson, M.B., Baird, R.W. and DelLong, R.L. 1998. Movements of
tagged Dall's porpoisesin Haro Strait, Washington. Annual Report to
MMPA, Office of Protected Resources (F/PR) NOAA. pp.111-120.
Marine Mammal Protection Act and Endangered Species Act
implementation program 1997. AFSC Processed Report 98-10.

Heide-Jargensen, M.P., Bloch, D., Stefansson, E., Mikkelsen, B.,
Ofstad, L.H. and Dietz, R. 2002. Diving behaviour of long-finned
pilot whales Globicephala melas around the Faroe Islands. Wildlife
Biology 8(4):307-13.

Higgins, R. 2000. Bacteria and fungi of marine mammals: a review.
Can. Vet. J. Res. 41:105-16.

Hohn, A.A., Scott, M.D., Wells, R.S., Sweeney, J.C. and Irvine, A.B.
1989. Growth layers in teeth from known-age, free-ranging
bottlenose dolphins. Mar. Mammal Sci. 5(4):315-42.

Hooker, SK., Baird, R.W., Al-Omari, S., Gowans, S. and Whitehead,
H. 2000. Behavioural reactions of northern bottlenose whales
(Hyperoodon ampullatus) to biopsy darting and tag attachment
procedures. Fish. Bull., U.S. 99:303-8.

Irving, A.B., Wells, R.S. and Scott, M.D. 1982. An evaluation of
techniques for tagging small odontocete cetaceans. Fish. Bull.
80(1):135-43.

Jennings, J.G., Coe, JM. and Gandy, W.F. 1981. A corral system for
examining pelagic dolphin schools. Mar. Fish. Rev. 43:16-20.

Johnston, R.G. and Fung, J. 1969. Bacterial flora of wild and captive
porpoises: an inquiry into health hazards to man. J. Occup. Med.
11:276-7.

Joseph, B.E. and Cornell, L.H. 1988. The use of meperidine
hydrochloride for chemical restraint in certain cetaceans and
pinnipeds. J. Wildl. Dis. 24:691-4.

Laidre, K.L., Heide-Jargensen, M.P. and Dietz, R. 2002. Diving
behaviour of narwhals (Monodon monoceros) at two localitiesin the
Canadian High Arctic. Can. J. Zool. 80:624-35.



J. CETACEAN RES MANAGE. 6(1):53-62, 2004 61

Lander, M.E., Westgate, A.J., Bonde, R.K. and Murray, M.J. 2001.
Tagging and tracking. pp. 851-80. In: L.A. Dierauf and F.M.D.
Gulland (eds.) CRC Handbook of Marine Mammal Medicine. 2nd.
Edn. CRC Press, Boca Raton, FL. 1063pp.

Martin, A.R. and Smith, T.G. 1992. Deep diving in wild, free-ranging
beluga whales, Delphinapterus leucas. Can. J. Fish. Aquat. <ci.
49(3):462-6.

Martin, A.R. and Smith, T.G. 1999. Strategy and capability of wild
belugas, Delphinapterus leucas, during deep, benthic diving. Can. J.
Zool. 77:1783-93.

Martin, A.R., Kingsley, M.C.S. and Ramsay, M.A. 1993. Diving
behavior of narwhals (Monodon monoceros) on their summer
grounds. Can. J. Zool. 72:118-25.

Martin, A.R., Hall, P. and Richard, P.R. 2001. Dive behavior of belugas
(Delphinapterus leucas) in the shallow waters of western Hudson
Bay. Arctic 54:276-83.

Mate, B.R., Nieukirk, S.L. and Kraus, S.D. 1997. Satellite-monitored
movements of the northern right whale. J. Wildl. Manage.
61(4):1393-405.

Mate, B.R., Gisiner, R. and Mobley, J. 1998. Loca and migratory
movements of Hawaiian humpback whales tracked by satellite
telemetry. Can. J. Zool. 76:863-8.

Mate, B.R., Lagerquist, B.A. and Calambokidis, J. 1999. M ovements of
North Pacific blue whales during the feeding season off Southern
California and their southern fall migration. Mar. Mammal Sci.
15(4):1246-57.

Mate, B.R., Krutzikowsky, G.K. and Winsor, M.H. 2000.
Satellite-monitored movements of radio-tagged bowhead whales in
the Beaufort and Chukchi seas during the late-summer feeding
season and fall migration. Can. J. Zool. 78:1168-81.

Matsen, F.A. 1975. Compartmental syndrome. A unified concept. Clin.
Ortho. Relat. Res. 113:8-14.

Medway, W. 1980. Some bacterial and mycotic diseases of marine
mammals. J. Am. Vet. Med. Assoc. 177:831-4.

Miller, W.G., Adams, L.G., Ficht, T.A., Cheville, N.F., Payeur, JP.,
Harley, D.R., House, C. and Ridgway, S.H. 1999. Brucella-induced
abortions and infection in bottlenose dol phins (Tursiops truncatus).
J. Zoo Wildl. Med. 31(1):100-10.

Norris, K.S. and Prescott, J.H. 1961. Observations on Pecific cetaceans
of Cdifornian and Mexican waters. Univ. Calif. Publ. Zool.
63(4):291-402 + pls. 27-41.

Orr, JR., St. Aubin, D.J.,, Richard, P.R. and Heide-Jargensen, M.P.
1998. Recapture of belugas, Delphinapterus leucas, tagged in the
Canadian Arctic. Mar. Mammal Sci. 14(4):829-34.

Orr, JR., Jog, R. and Evic, D. 2001. Capturing and handling of white
whales (Delphinapterus leucas) in the Canadian arctic for
instrumentation and release. Arctic 54:299-304.

Palmer, C.J., Schroeder, J.P., Fujioka, R.S. and Douglas, J.T. 1991.
Saphylococcus aureus in newly captured Pacific bottlenose
dolphins (Tursiops truncatus gilli). J. Zoo Wildl. Med.
22(3):330-8.

Perrin, W.F., Evans, W.E. and Holts, D.B. 1979. Movements of pelagic
dolphins (Stenella spp.) in the eastern tropical Pacific asindicated by
results of tagging, with summary of tagging operations, 1969-76.
NOAA Technical Report NMFS SSRF-737 (unpublished). 14pp.

Reidarson, T.H., Harrell, JH., Rinaldi, M.G. and McBain, J. 1998.
Bronchoscopic and serologic diagnosis of Aspergillus fumigatus
pulmonary infection in a bottlenose dol phin (Tursiops truncatus). J.
Zoo Wildl. Med. 29:451-5.

Richard, P.R., Martin, A.R. and Orr, J.R. 1997. Study of summer and
fall movements and dive behaviour of Beaufort Sea belugas, using
satellite telemetry: 1992-1995. Environmental Studies Research
Funds Report No. 134. 26pp.

Richard, P.R., Heide-Jgrgensen, M.P., Orr, JR., Dietz, R. and Smith,
T.G. 2001. Summer and autumn movements and habitat use by
belugas in the Canadian high arctic and adjacent areas. Arctic
54(3):207-22.

Ridgway, S.H. 1966. Dall porpoise Phocoenoides dalli (True):
observations in captivity and a sea Norsk Hvalfangsttid.
55(5):97-110.

Ridgway, S.H. 1972. Homeostasis in the aguatic environment. pp.
590-747. In: S.H. Ridgway (ed.) Mammals of the Sea: Biology and
Medicine. Charles C. Thomas (Publishers), Springfield, IL. 812pp.

Rommel, SA., Pabst, D.A., McLellan, W.A., Williams, T.M. and
Friedl, W.A. 1994. Temperature regulation of the testes of the
bottlenose dolphin (Tursiops truncatus): Evidence from colonic
temperatures. Journal of Comparative Physiology B —Biochemical
Systemic and Environmental Physiology 164(2):130-4.

Ross, H.M., Jahans, K.L., MacMillan, A.P., Reid, R.J., Thompson,
P.M. and Foster, G. 1996. Brucella species infection in North Sea
seal and cetacean populations. Vet. Rec. 138:647-8.

St Aubin, D.J. and Dierauf, L.A. 2001. Stress and marine mammals. pp.
253-69. In: L.A. Dierauf and F.M.D. Gulland (eds.) CRC Handbook
of Marine Mammal Medicine. 2nd. Edn. CRC Press, Boca Raton, FL.
1063pp.

St Aubin, D.J. and Geraci, J.R. 1988. Capture and handling stress
suppresses circulating levels of thyroxine (T4) and triiodothyronine
(T3) in beluga whaes (Delphinapterus leucas). Physiol. Zool.
61(2):170-5.

St Aubin, D.J. and Geraci, J.R. 1989. Adaptive changes in hematologic
and plasma chemical constituents in captive beluga whales,
Delphinapterus leucas. Can. J. Fish. Aquat. Sci. 46(5):796-803.

St Aubin, D.J., Deguise, S., Richard, P.R., Smith, T.G. and Geraci, J.R.
2001. Hematology and plasma chemistry as indicators of health and
ecological status in beluga whales, Delphinapterus leucas. Arctic
54:317-31.

Schroeder, J.P., Parker, H.R., Giri, S. and Cates, M.B. 1985a. Effects of
simulated transports on prostaglandin levels in Tursiops truncatus.
Proceedings of the Sixteenth International Association of Aquatic
Animal Medicine, Tacoma, WA. pp. 65-72.

Schroeder, J.P., Wallace, J.G., Cates, M.B., Greco, S. and Moore,
P.W.B. 1985b. A Vibrio alginolyticus tissue infection in Tursiops
truncatus. J. Wildl. Dis. 21:437-8.

Schwacke, L.H., Voit, E.O., Hansen, L.J., Wells, R.S., Mitchum, G.B.,
Hohn, A.A. and Fair, P.A. 2002. Probabilistic risk assessment of
reproductive effects of polychlorinated biphenyls on bottlenose
dolphins (Tursiopstruncatus) from the southeast United States coast.
Environ. Toxicol. Chem. 21(12):2752-64.

Scott, M.D., Wells, R.S,, Irvine, A.B. and Mate, B.R. 1990. Tagging
and marking studies on small cetaceans. pp. 489-514. In: S
Leatherwood and R.R. Reeves (eds.) The Bottlenose Dolphin.
Academic Press, San Diego, California. 653pp.

Sergeant, D.E. and Brodie, P.F. 1969. Tagging white whales in the
Canadian Arctic. J. Fish. Res. Bd Can. 26(8):2201-5.

Sohn, A.H., Probert, W.S,, Glaser, C.A., Gupta, N., Bollen, AW.,
Wong, JD., Grace, E.M. and McDonad, W.C. 2003. Human
neurobrucellosis with intracerebral granuloma caused by a marine
mammal Brucella spp. Emerging Infect. Dis. 9(4):485-8.

Spraker, T.R. 1982. An overview of the pathophysiology of capture
myopathy and related conditions that occur at the time of capture of
wild animals. Chemical immobilization of North American wildlife
—proceedings of the North American symposium: Chemical
immobilization of wildlife, 4-6 April 1982, Milwaukee, Wisconsin.
The Humane Society of Wisconsin, Wisconsin. pp.83-116.

Stadtlander, C.T.K.-H. and Madoff, S. 1994. Characterization of
cytopathogenicity of aquarium seal mycoplasmas and seal finger
mycoplasmas by light and scanning electron microscopy. Intern. J.
Med. Microb., Virol.,, Parasitol.,, Infect. Dis. (Germany)
280:458-67.

Suer, L.D., Vedros, N.A., Schroeder, J.P. and Dunn, JL. 1988. The
latest disease of aquatic organisms Erysipelothrix rhusiopathiae.
II/Enzyme immunoassay of sera from wild and captive marine
mammals. Dis. Aquat. Org. 5:7-13.

Tanaka, S. 1987. Satelliteradio tracking of bottlenose dol phins. Nippon
Suisan Gakkaishi 53(8):1327-38. LFS.

Tanaka, S., Takao, K. and Kato, N. 1987. Tagging techniques for
bottlenose dolphins Tursiops truncatus. Nippon Suisan Gakkaishi
53(8):1317-25. In English.

Tryland, M. 2000. Zoonoses of arctic marine mammals. Infectious
Disease Review 2:55-64.

Walker, B.G. and Boveng, P.L. 1995. Effects of time-depth recorders
on maternal foraging and attendance behavior of Antarctic fur seals
(Arctocephalus gazella). Can. J. Zool. 73:1538-44.

Watkins, W.A. and Tyack, P. 1991. Reaction of sperm whales
(Physeter catadon) to tagging with implanted sonar transponder and
radio tags. Mar. Mammal ci. 7:409-13.

Watkins, W.A., Sigurjonsson, J., Wartzok, D., Maiefski, R.R., Howey,
P.W. and Daher, M.A. 1984. Fin whale tracked by satellite off
Iceland. Mar. Mammal Sci. 12:564-69.

Watkins, W.A., Daher, M.A., DiMarzio, N.A., Samuels, A., Wartzok,
D., Fristrup, K.M., Howey, PW. and Maiefski, R.R. 2002. Sperm
whale dives tracked by radio tag telemetry. Mar. Mammal <ci.
18(1):55-68.

Wells, R.S. 1991. The role of long-term study in understanding the
social structure of a bottlenose dolphin community. pp. 199-205. In:
K. Pryor and K.S. Norris (eds.) Dolphin Societies, Discoveries and
Puzzes. University of California Press, Berkeley, California
396pp.

Weélls, R.S. 2002. | dentification methods. pp. 601-8. In: W.F. Perrin, B.
Wirsig and J.G.M. Thewissen (eds.) Encyclopedia of Marine
Mammals. Academic Press, San Diego,CA. 1414pp.



62 NORMAN et al.: REVIEW OF ANIMAL AND HUMAN HEALTH CONCERNS

Wells, R.S. 2003. Dolphin social complexity: lessons from long-term In press. Bottlenose dolphins as marine ecosystem sentinels:
study and life history. pp. 32-56. In: F.B.M. de Waal and P.L. Tyack developing a health monitoring system. Ecology and Health
(eds) Animal Social Complexity: Intelligence, Culture, and Westgate, A.J., Read, A.J., Cox, T.M., Schofield, T.D., Whitaker, B.R.
Individualised Societies. Harvard University Press, Cambridge,MA. and Anderson, K.E. 1998. Monitoring arehabilitated harbor porpoise
640. using satellite telemetry. Mar. Mammal Sci. 14(3):599-604.

Wells, R.S., Rhinehart, H.L., Hansen, L.J., Sweeney, J.C., Townsend, Wirsig, B. 1982. Radio tracking dusky porpoisesin the South Atlantic.

F.I., Stone, R., Casper, D., Scott, M.D., Hohn, A.A. and Rowles, T.K. FAO Fish. Ser. (5) Mammals in the Seas 4:145-60.



