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Preface
This manual presents standards for the use of wildlife radio-telemetry in British
Columbia. It was compiled by the Elements Working Group of the Terrestrial
Ecosystems Task Force, under the auspices of the Resources Inventory
Committee (RIC). The objectives of the working group are to develop inventory
methods that will lead to the collection of comparable, defensible, and useful
inventory and monitoring data for the species component of biodiversity.
This manual is one of the Standards for Components of British Columbia’s
Biodiversity (CBCB) series which present standard protocols designed
specifically for groups of species with similar inventory requirements. The
series includes an introductory manual (Species Inventory Fundamentals, No. 1)
which describes the history and objectives of RIC, and outlines the general
process of conducting a wildlife inventory according to RIC standards,
including selection of inventory intensity, sampling design, sampling
techniques, and statistical analysis. The Species Inventory Fundamentals manual
provides important background information and should be thoroughly reviewed
before commencing with a RIC wildlife inventory. RIC standards are also
available for vertebrate taxonomy (No. 2) and animal capture and handling (No.
3). Field personnel involved in the telemetry should ensure they are thoroughly
familiar with the latter of these standards before engaging in any restraint or
handling of wild animals.
Standard data forms are required for all RIC wildlife inventory. Survey-specific
data forms accompany most manuals while general wildlife inventory forms are
available in the Species Inventory Fundamentals No. 1 [Forms] (previously
referred to as the Dataform Appendix). This is important to ensure compatibility
with provincial data systems, as all information must eventually be included in
the Species Inventory Datasystem (SPI). For more information about SPI and
data forms, visit the Species Inventory Homepage at:
http://www.env.gov.bc.ca/wld/spi/ric_manuals/

It is recognized that development of standard methods is necessarily an ongoing
process. The CBCB manuals are expected to evolve and improve very quickly
over their initial years of use. Field testing is a vital component of this process
and feedback is essential. Comments and suggestions can be forwarded to the
Elements Working Group by contacting:
Species Inventory Unit
Wildlife Inventory Section, Resource Inventory Branch
Ministry of Environment, Lands & Parks
P.O. Box 9344, Station Prov Govt
Victoria, BC V8W 9M1
Tel: (250) 387 9765
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1. INTRODUCTION
Wildlife radio-telemetry may be defined as the transmission of information from
a transmitter on a free-ranging wild animal to a receiver. Wildlife-related
telemetry is also known as radio tagging, radio-tracking or simply ‘tagging’ or
‘tracking’. Advances in the field of wildlife telemetry have made it possible to
acquire detailed data on many aspects of wildlife biology, including habitat use,
home range size, mortality and survivorship, and migration timing and routes.
Since many wildlife species are secretive and difficult to observe, radiotelemetry has provided a valuable tool to learn more about their respective lifehistories. As a result, radio-telemetry studies are very common throughout the
current wildlife literature (see Bibliography).
Despite its popularity, radio-telemetry is inappropriate under many
circumstances. It is an expensive and time-consuming technique which has
proven to be unsuitable for use in some species (due to the animal’s size or lifehistory traits). Despite the frequency with which radio collars and other
transmitters are attached to research animals, surprisingly little is known about
their effects on the behaviour and survivorship of the species in question.
Certain First Nations groups strongly believe that collars and even ear tags
influence behaviour and therefore actively oppose the use of these devices on
game animals. The potential for modified behaviour and differential survival of
radio tagged animals may introduce additional bias and error which could be
reflected in study results. Quite clearly it can also be detrimental to the animal
wearing the tag. The placement of a radio tag on an animal represents a
commitment by the researcher, and there is the possibility that it is done at the
expense of the animal it is placed on. Thus, transmitters should only be attached
when project funding guarantees the ability to monitor a tagged animal for the
life-span of the transmitter.
Given these realities, this manual is intended to provide biologists with some
guidance for using the technique of wildlife telemetry in British Columbia. It is
not intended to be used as a comprehensive ‘how-to’ manual covering all of the
wildlife species in the province, but rather as a general guide covering basic
telemetry equipment, principles of the technique and experimental design, while
providing some general recommendations for the major species groups. It is the
philosophy of the authors that a successful telemetry study is one that adheres to
the principles of experimental design in conjunction with a thorough literary
review, discussion with other biologists and telemetry suppliers, and a strong
familiarity with the focal species. No manual can take the place of thorough
preparation and users are encouraged to utilize all the resources at their disposal
in order to obtain more specific information.
This manual is organized into 7 major sections which reflect the normal scope
of decisions required to plan and initiate a radio-telemetry study.
1. In the first section, discussion focuses on considerations relating to
the licensing required to initiate a telemetry study and the humane
treatment of study animals.
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2. The second and third sections deal with radio transmission.
Fundamental information is presented about the mechanics of radio
transmitters, and protocols and key considerations are provided to
ensure their safe attachment.
3. The fourth and fifth sections focus on signal reception. Information
is presented about options for receivers and antennas, as well, as
recommendations for successful relocation.
4. In the sixth section, the design of radio-telemetry studies is
discussed in relation to specific objectives. General considerations
are presented as are more specific ones for five common objectives
(habitat use, home range, movement pattern, and demographic
studies).
5. Finally, the seventh section provides examples from representative
species groups to illustrate equipment and methods used by other
researchers as well as the results obtained. These examples should
not be confused with recommendations.
It is recommended that experienced researchers be consulted for advice,
particularly for first time studies in new areas or with unfamiliar equipment.
Many important technical problems which can be critical to a telemetry project
are often not recorded in the literature. Consultation with knowledgeable peers
and other experts should be a standard procedure, particularly if the use of new
or “unproven” technologies is proposed. The Internet provides several
interlinked telemetry user contacts. An extensive list of product manufacturers,
Internet addresses and published reports is provided in sections 9 and 10 to
facilitate networking and contacts.

1.1 Ethical Considerations
In British Columbia, it is strongly recommended that all studies involving radiotelemetry of terrestrial wildlife undergo peer and veterinary review prior to
commencement. This review should include examination of inventory
objectives and methods, evaluation of expected ecological impacts, and
provision of permits by the proponent (e.g., telemetry amendment to banding
permit). In addition, experienced reviewers can provide valuable guidance
regarding transmitter weight, attachment method and capture protocol, helping
to avoid problems which have already been solved by other professionals.
Because of the invasive nature of telemetry projects, researchers should be
particularly diligent that proper field procedures are followed. Apart from the
obvious humane considerations, animals which are unduly stressed or
influenced by the capture technique and/or radio tag will not be representative
of normal behaviour for the species. In extreme cases, injury and mortality may
be the end result.
Researchers planning a radio-telemetry study should strive to ensure that study
animals are affected as little as possible by the transmitter, and are handled
humanely and effectively during capture and transmitter attachment procedures.
Capture techniques should be designed to minimize stress to the animal at all
times, and their selection should be based upon an understanding of the
behavioural and physical characteristics of the species to be restrained, the field
2
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conditions under which the procedure will occur, the knowledge and skill of the
persons handling the animals, the goals of the investigation, and the availability
of appropriate equipment and facilities. Capture sessions should be timed to
avoid disturbing animals during their most sensitive periods, such as when they
are breeding or tending young. If chemical restraint is required, it should only
be performed by trained personnel who have successfully completed the
Ministry Chemical Immobilization Training Course. In addition to
administering an immobilizing drug, personnel involved in chemical
immobilization should be capable of monitoring the anaesthetized animal and
providing appropriate support measures should an anaesthesia emergency occur.
As well, any animal which is subjected to general anaesthesia should not be
released or left unattended until it has fully recovered. Specific guidelines for
collection and trapping, restraint and handling, and investigator impact, are
outlined in manual No. 3, Live Animal Capture and Handling Guidelines for
Wild Mammals, Birds, Amphibians and Reptiles. Researchers should be
thoroughly familiar with the content of this manual before commencing any
telemetry work.
Transmitters must be attached in a manner which will minimize any effects on
the study animal. Researchers should take extreme care when fitting harnesses
and collars to ensure that they allow freedom of movement so that an animal’s
movements are not hampered, but are not so loose-fitting as to increase the
danger of entanglement. Additionally, they should exercise caution if using a
new method of transmitter attachment and generally avoid any method which
has been reported to cause adverse effects in the study species or similar
species. Ideally, researchers should test attachment methods on captive animals
before using them in the field. This also allows inexperienced researchers to
become familiar with animal handling and transmitter attachment under
controllable conditions. Zoos, game farms, falconers and wildlife rehabilitators
are possible sources of captive animals on which to test transmitter attachments.
(Note that permission should be obtained from the appropriate government
agency before testing transmitters on releasable rehabilitation animals). More
specifics of transmitter attachment are presented later in this manual.
Public perceptions should also be considered during design of a telemetry study,
as, in some cases, members of the public may be more sensitive to marking
methods and radio-tags than the animals themselves. In some areas, such as
parks, people may be disturbed by the sight of wildlife with fluorescent collars
and ear-tags. Small ear tag transmitters may be more suitable for this type of
location. As a minimum requirement, drop-off collars/ harnesses are to be used
if possible so that tag attachment is not permanent. Implanted transmitters with
external antennas may also cause adverse public reactions. Researchers should
make every effort to educate and reassure the public regarding the effects and
benefits of telemetry equipment on wildlife.
Finally, it cannot be overstated that although this manual provides useful
guidance for the use of radio-telemetry, it is by no means a replacement for
appropriate training and practical experience.
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1.2 Permits and Licenses
Both the federal and provincial governments have responsibilities for wildlife in
British Columbia. It is useful to have an understanding of the jurisdictions of
these different agencies to appreciate the licensing requirements for telemetry
projects of different species.
The Department of Fisheries and Oceans is responsible for all marine mammals
in British Columbia. These will not be covered in this manual.
The B.C. Ministry of Environment, Lands and Parks has sole jurisdiction over
all reptiles, amphibians, and terrestrial mammals in the province. The Ministry
issues sundry permits to biologists who will be capturing, handling and/or
collecting wildlife in the province.
The Ministry also protects the province’s birds, and has sole jurisdiction for a
portion of these, including all raptorial birds, cormorants and pelicans, upland
game birds, kingfishers, corvids, blackbirds, grackles and cowbirds. The
Ministry is responsible for issuing sundry permits for activities involving these
bird groups.
Environment Canada has superseding authority over the remaining portion of
the province’s bird fauna: those birds which are listed in the Migratory Bird
Convention Act (including most migratory songbirds, woodpeckers, waterfowl,
shorebirds, and seabirds). Provincial sundry permits are not required to work
with these; however, it is a good idea to inform local BC Environment offices of
your intended activities to avoid any confusion, particularly as regional offices
tend to receive inquiries from the curious members of the public.
It is generally recommended that birds be banded at the same time as they are
radio-tagged. All birds, other than upland gamebirds (for which the province
issues separate bands), must be banded with a United States Fish and Wildlife
Service (USFWS) band, dispensed through the Bird Banding Office of
Environment Canada, in Hull, PQ. Any researchers attaching transmitters to
birds banded with USFWS bands will need to meet with requirements for
permitting set by the Bird Banding Office. These include letters of approval of
an animal care committee and authorization of Industry Canada (see below).
A federal banding permit is required before any banding of birds is allowed.
Permits may be obtained through the Canadian Wildlife Service in Delta or
directly from the Bird Banding Office in Hull, PQ. Ministry of Environment
biologists may obtain subpermits under the Ministry’s master permit by
contacting the provincial Bird Specialist, Wildlife Branch. Applicants should
allow three months to process applications.
Generally speaking, all terrestrial wildlife radio-telemetry studies in the
province should undergo both peer and veterinary review. Although it is the
intention of the provincial government to establish its own Animal Care
Committee review process, this may not be in place for several years. Formal
Animal Care Committee reviews are currently limited to those provided by the
province’s universities. Where sufficient need is present, formal reviews may be
arranged in advance for external researchers. In the majority of cases, where this

4
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review process is not available, proponents are strongly recommended to
organize their own peer and veterinary review to the satisfaction of the
permitting agencies.
In addition to animal handling permits, licensing is also required to operate a
radio transmitter. Industry Canada (formerly Communications Canada) requires
that each transmitter and receiver be licensed, and assigns the frequencies to be
used (A. Thompson, Industry Canada, pers. comm.). This is necessary to avoid
potential conflicts with air traffic and other frequencies. Industry Canada
recommends that researchers receive confirmation of assigned frequencies
before ordering transmitters. As well, any equipment not manufactured in
Canada must be certified for approval by the Department of Communications.
In cases where the province is funding the project and is consequently
purchasing the equipment, the radio-transmitters should be included under the
provincial government licensing agreement with Industry Canada and thus the
project may not require its own individual license. To ensure this, researchers
must contact:
Telecommunications, Central Services Section, Corporate Services
Division, Ministry of Environment, Lands, and Parks
Applicants for inclusion under the provincial license will be required to provide
details of the number of transmitters, supplier, model number, power, range,
antenna type, location of any non-mobile receiving stations, and the geographic
area of operation. They are also strongly urged to check with other radiotracking projects in the study area in order to avoid duplication of frequencies.
In some cases, it is also recommended to enquire about local frequencies to see
if they are commonly used by paging companies or other annoying sources of
interference.
For projects which require a separate radio license, application should be made
to the closest district office of Industry Canada (Appendix 1). Applicants must
provide the same information as they would for the province. Licenses are valid
for one year, and a fee is charged for each license.
Researchers who wish to build there own transmitters rather than purchasing
commercial ones will likely be subject to additional licensing requirements.
Transmitters must be certified to operate in Canada and this will likely require
extensive testing by an Industry Canada laboratory. Before development of
custom transmitters begins, researchers should contact Industry Canada for
details.
Regulatory requirements for all terrestrial species are summarized in Table 1.
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Table 1. Regulatory requirements for radio-tagging a wild animal in British
Columbia.

MELP=Ministry of Environment, Lands, and Parks; BBO=Bird Banding Office,
Environment Canada.
Species

Regulatory requirements

Terrestrial mammals,
reptiles, and
amphibians

•

Peer & Veterinary Review for MELP

•

BC Sundry permit from MELP

•

Radio transmission license from Industry Canada

Raptors, cormorants,
pelicans, corvids,
upland gamebirds,
cowbirds, grackles,
blackbirds, kingfisher

•

Peer & Veterinary Review for MELP & BBO

•

BC Sundry permit from MELP

•

Banding permit or subpermit from BBO

•

Radio transmission license from Industry Canada

Migratory birds as
listed under Migratory
Bird Convention Act

•

Peer & Veterinary Review for BBO

•

Contact local regional MELP office

•

Banding permit or subpermit from BBO

•

Radio transmission license from Industry Canada

6
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2. TRANSMITTERS
Conventional transmitters consist of an antenna, a power source and a
transmitter unit. Although this combination is fairly fundamental, the specific
components chosen may vary between projects. In light of this, rather than
attempt to recommend a particular type of transmitter, it is likely more useful to
the researcher to describe the basic equipment options which are currently
available for transmitters.

2.1 Antennas
2.1.1 Types of Transmitting Antennas
The two most common transmitting antenna are whip antennas and loop
antennas:
1. Whip antennas
Characteristics: Most frequently used. Omni-directional. Usually stainless
steel with a Teflon coating. Must be light, strong, and generally withstand a
tremendous amount of flexing.
Pros/Cons: Produce more uniform signal over a greater distance than do
loop antennas. Potentially subject to breakage through metal fatigue or
corrosion; however, whip antennas may be sandwiched between layers of a
collar for protection when attached to rough species (e.g., bears).
2. Loop antennas
Use: With collars, tuned to radiate maximum signal at the exact neck
circumference for which they are constructed (±5%).
Pros/Cons: Signal does not travel as far as whip antenna.
•
•

Useful for species which would chew/pull whip antenna.
Wire loop may serve as both collar and antenna.
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2.2 Power Sources
2.2.1 Common Power Sources
1. Lithium and silver batteries
Use: Most commonly used for wildlife transmitters.
Pros/Cons: Potentially cumbersome.
Duration and nature of study must complement characteristics of battery life
which is directly proportional to pulse period and inversely proportional to
pulse width and signal strength (Lessard 1989).
2. Solar Cell
Use: Renewable energy source powered by sunlight.
Pros/Cons: Low weight, long-lived transmitter package.
Not recommended for:
i.

Nocturnal species

ii. Species active under heavy cover.
iii. Species which occupy burrows or caves.
iv. Aquatic species which frequently dive (e.g., turtles)

2.2.2 General Considerations
The battery capacity, operational life and duty cycle requirements determine the
radio frequency energy the transmitter circuitry can generate and deliver to the
antenna (Beaty 1990). The theoretical relationship between battery capacity,
current drain and operational life is expressed by the equation:

Battery _ Capacity (milliampdays)
= PackageLife(days)
Avg _ Current _ Drain _ of _ Transmitter (milliamps)
Discussion of transmitter range tends to focus on “Line of sight” (LOS) range.
This is the maximum unobstructed distance between transmitter and receiver
which produces an adequate signal. Range may be influenced by environmental
conditions and geographic factors. High humidity, heavy fog, heavy rain, wet
snow, and intervening vegetation will absorb energy from the signal. Radio
waves reflecting from rock outcrops or water bodies will also reduce the
signal’s energy due to phase cancellation (Beaty 1990). Increasing the
transmitter power output by four times results in a doubling in LOS range, and a
subsequent fourfold decline in battery life.
8
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In general, larger batteries equate to increased weight, increased life, and
increased range. The relationship between battery life and signal range is an
inverse one. A transmitter which emits a signal which can be received at long
distances will not last as long as one which puts out a shorter-range signal. For
wide-ranging species it may be preferable to use long-range, short-life tags,
whereas for a study of species with small home ranges, long-lasting tags with
shorter ranges may be more appropriate. The range and life of a transmitter is
dependent on the size of the battery, which in its turn depends on the size of the
study animal and the method of transmitter attachment. The best trade-off
between weight, life and range of a transmitter will depend on the particulars of
each study.

2.3 Transmitters
Transmitters (tags) are available as complete units (including attachment
options such as collars) or as components which are assembled and finished by
the researcher. (Note: transmitters which are not assembled commercially may
be subject to additional testing and certification requirements through Industry
Canada.) Manufacturers generally package transmitter units in a metal can
and/or cover them in an acrylic or epoxy resin coating to protect them from the
elements (e.g., salt water) and from being damaged by the teeth, beak or claws
of the animal.

2.3.1 One-stage and Two-stage Transmitters
Transmitters are available as one- or two-stage circuits. One-stage transmitters
are useful for many applications due to their simple design and consequent low
weight (as low as 0.5 g or less). Two-stage transmitters consist of a basic
oscillator plus an amplifier, and must be powered by a minimum of 2.4 volts.
Two-stage transmitters are larger, more complex and often more powerful than
single-stage units. Functionally speaking, choosing between a one- or two-stage
transmitter has several implications (Table 2).
Table 2. A comparison of one-stage and two-stage transmitters (adapted
from Kenward 1987).

One-stage transmitter

Two-stage transmitter

•

Relatively inexpensive

•

Relatively expensive

•

Tend to weigh less.

•

Tend to weigh more.

•

Less range for a given weight of
tag.

•

Greater range for a given weight
of tag.(1-2 x).

•

Longer life for a given weight of
tag (3-4 x).

•

Shorter life for a given weight of
tag.
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Generally speaking, two-stage radio transmitters are best suited for wideranging animals, including birds, which are large enough to carry them. Animals
which are too small to carry a two-stage transmitter, or have localized, relatively
short movement patterns, can carry one-stage transmitters.

2.3.2 Types of Transmitter Activation
1. Positive Magnetic Shut-off Switches
Characteristics: A magnet is taped to the outside of the transmitter to
prevent it from activating. The magnet is removed when the transmitter is
deployed and transmission begins.
Pros/Cons: Simple activation. Not suitable for very small transmitters.
More expensive than an unfused connection.
2. Unfused Battery Connection
Use: Unfused connection must be soldered closed to activate transmitter.
Connection should then be covered with a protective epoxy.
Pros/Cons: Light weight - often used with very small transmitters (e.g., 0.5
g) to keep weight down. Requires practice to activate quickly. Connection
leads may break if worried (i.e. if transmitters are exercised during storage).
Increased time required for activation; soldering and epoxying can be
difficult in the field. Cannot be deactivated if research animals are not
successfully captured.

2.3.3 General Protocols
Ideally, transmitters should be stored on a wooden shelf with at least 2.5 cm
distance between magnets on different collars to ensure that the magnets do not
cancel one another out and activate the transmitters (Decker 1988). A stored
transmitter should also be exercised 2 to 3 days/month in order to prevent the
build-up of a ‘passivation layer’ on the battery electrodes. A receiver should be
used to check that all magnets are in place and all transmitters are turned off.
Small transmitter tester units are also available from several suppliers.
A detailed log should be kept of each transmitter unit (including those in
storage) giving receipt dates, storage times, testing and results, deployment date,
number of relocations and any notes on unusual signal characteristics or animal
behaviour (see Appendix for sample). If the transmitter fails, the log is
invaluable when the failure is analysed by the manufacturer.
Transmitters may be refurbished (replacing the battery, canister, antenna and
attachment and testing all components) or retrofitted by re-working a transmitter
to new specifications, (e.g., changing a deer tag to a moose tag; Decker 1988b).
Both of these procedures are best done by the company from which the
transmitter was originally ordered.
Proper care and maintenance of transmitters is critical to justify the often
expensive costs of field studies. There is little point in wasting opportunities to
10
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place radio tags on animals because the tag has failed to work for the desired
time period.

2.3.4 Specialized Transmitters
Platform Terminal Transmitters (PTTs)
ARGOS Platform Terminal Transmitters (PTTs) differ from conventional VHF
transmitters in that they emit a much more complex and larger transmission
which is repeated at longer intervals and received by an ARGOS satellite
(Burger 1989b). PTTs can transmit diverse data such as temperature, activity
count, dive count, length of last dive, time spent out of water, etc. Transmitters
may be programmed to collect and compile data and then transmit it at specified
times when the satellite’s orbit takes it overhead. PTTs do not transmit the
animal’s location; this is calculated by the satellite or an Earth station from two
or more transmissions. ARGOS satellite systems offer up to 20 locations per
day (dependent on the transmitter’s geographical position, Shaw 1991) with
accuracies from 150 to 1000 m. Some researchers have reported that marked
variations in accuracy and sampling frequency may occur within and among
studies (Keating et al. 1991). Users may obtain data collected by the satellite
either electronically (via modem or telex) or in the form of computer disks or
tapes or hard copies. At present, PTT transmitters are available in weights as
low as 25 g (from Toyocom, see Suppliers List).
Global Positioning System Transmitters
A GPS (Global Positioning System) transmitter locates itself by receiving and
triangulating signals from at least 3 of 26 possible satellites, then transmits its
position (the animal’s position) to the user. The accuracy of GPS location
systems may vary with the density of the forest canopy (Rempel et al. 1995).
GPS transmitters can also be programmed to compile location data for a
specified length of time, then transmit all of the data at once when contacted by
a special receiver operated by the user. In this way, several weeks of location
data can be recovered during a single relocation flight. GPS transmitters can
also be combined with the ARGOS system to download their data via satellite.
At present, the size of GPS transmitters (1800g) limits their use to larger
animals such as wolves and moose.
Wildlink
Wildlink radio transmitters store activity data in a computer within the radio
collar (Kunkel et al. 1991). The user can communicate with the collar’s
computer by transmitting signals to a collar-mounted receiver, and can control
the transmission of stored data to a standard wildlife telemetry receiver. These
collars may also be equipped with remotely-controlled tranquilizer darts to
allow recapture of animals (Mech et al. 1990). Limitations include failure of
immobilization due to frozen drugs during excessively cold periods.
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2.3.5 Special Options
Radio-telemetry may also be used to provide information other than the
animal’s location. Virtually any information which can be expressed as a
variable voltage can be transmitted (Osgood, no date). However, each additional
component will add to the weight of the package and decrease its operational
life.
Activity sensors
Activity sensors vary the transmitter pulse rate (Pulse Interval Modulation or
PIM) according to the animal’s activity. There are two types of sensors: realtime and time-delay (Burger 1988).
Real-time sensors change the pulse rate instantaneously with the animal’s
activity. The orientation of a tip-switch built into the transmitter determines the
specific pulse rates. In this way, the researcher is able to distinguish activities
such as perched versus flying or head up versus head down. Alternatively, a
‘relative activity’ type sensor will provide an increase in pulse rate as the
animal’s activity increases. The researcher must calibrate the pulse rate to
specific activities or behaviours by correlating the pulse rate with visual
observations of the animal’s behaviour. Pulse interval timers provide accurate
means of determining pulse rates. Transmitters with real-time sensors are also
available with two distinct pulse rates which give an active/inactive signal.
In time-delay sensors, the tip-switch is incorporated with a counter. The
transmitter pulse rate changes only if the switch is not triggered within a
specified period of time. This type of sensor is most commonly used for
mortality studies, but is also used to indicate hibernation or activity versus
inactivity. Delay times for the counter may be set from seconds to several days.
Researchers should keep in mind that the slower pulse rates are also more
difficult to triangulate than faster rates, and that if a predator or scavenger
moves the collared animal’s body, the mortality switch may be delayed.
Transmitters with variable pulse rates also use more power than those with
steady rates.
Temperature and light sensors
VHF temperature sensors may be used to monitor either the animal’s body
temperature or the environmental temperature. Body temperature data may be
useful in determining health or reproductive status, and ambient temperature
may also be utilized for habitat selection or hibernation studies. Transmitters for
body temperature may be placed subcutaneously, internally, within the inner
ear, cloacally, or vaginally (Burger 1989). Transmitters for ambient or den
temperature may be placed on a regular collar or harness. Size or weight
limitations and the data precision required will also affect transmitter type and
placement.
Temperature data are transmitted via PIM. The relationship between
temperature and pulse rate must be carefully calibrated over the range of
temperatures which the transmitter could encounter. Since this relationship may
change as the transmitter ages, transmitters should be recalibrated at the end of
the study. Temperature sensing transmitters may also be used to detect
12
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mortality. However, researchers must keep in mind that a carcass in direct
sunlight may not initially register a temperature appreciably cooler than a live
animal.
Pulse rates of light level indicator transmitters are controlled by a light sensor
mounted within the transmitter. This allows researchers to calculate the amount
of time spent under cover or in a burrow.
Pre-programmed Duty Cycles
Transmitters are available from several manufacturers which contain
programmable microcontrollers. These allow the researcher to specify on/off
cycles to increase battery life. When the transmitter is deactivated, it goes into a
“stand-by” mode in which its power requirements can be reduced to 10% of its
normal power usage. Using this technology, a transmitter can be programmed to
turn itself off in the fall, during an animals period of hibernation, and then
reactivate itself again come spring. Its life can also be prolonged by alternating
active and inactive days. For a long term study, two ear-tag transmitters can be
programmed so that one will turn itself on after the other is expected to fail.
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3. TRANSMITTER ATTACHMENT
There are many different ways to physically attach transmitters to wildlife.
Some species such as grizzly bears or wolverines require very sturdily-built
transmitters and attachment systems. Special consideration is also needed for
transmitters fitted to prey species. While a snowshoe hare may not be
particularly hard on a transmitter, a lynx which captures the hare may damage
the transmitter so that the researcher may be unable to locate it. Researchers
studying species which spend a lot of time in the water (e.g., beaver) must
ensure that transmitters and their attachment system will stand up to frequent
immersion. The best attachment option for a particular study must be chosen on
the basis of the body type, shape, size and lifestyle of the study species and the
type of data required by the researcher. Provincial standards for Wild Animal
Capture & Handling must be consulted prior to any capture, restraint, or
transmitter attachment.

3.1 General Protocols
Researchers are strongly urged to follow these recommendations with regard to
attachment of radio tags (after Bertram 1980 and White & Garrott 1990):
Rules for wildlife transmitter attachment
1. Always carry a spare tag, to replace a dying tag or to test receiving
equipment.
2. Routinely record the signal pulse rate of tags, to detect the slowing
which precedes cell failure.
3. Tag more than one animal in a social group, in case one tag fails.
4. Treat all animals with the utmost respect.
5. Use the smallest possible transmitter package when instrumenting
any animal. Although it may vary for some species, generally no tag
should exceed 5% of an animal’s body weight. For some animals,
such as bats, 4% may be a more appropriate proportion.
6. Transmitter packages which are placed on animals which are
dependent on cryptic coloration should be as inconspicuous as
possible.
7. Transmitters and their attachments should be tested on captive
animals before they are tested on free-ranging animals. Test animals
should be the same sex and age as the intended wild animals, and
researchers must anticipate potential difficulties due to changes in an
animal’s size, morphology, or behaviour over the course of its life.
8. Transmitters should always be tested both before and after
attachment to ensure that they are working correctly and that the
magnets have been removed.
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9. Allow several days or up to one week for newly instrumented
animals to acclimate to a transmitter before collecting data about
“normal” behaviour.
10.Whenever possible, avoid instrumenting animals during their
reproductive period, as many species appear to be particularly
sensitive to disturbance at this time.
11.Seriously reconsider placing a transmitter on any animal that appears
to be in poor body condition or impaired in some other way, unless it
is particularly meaningful to the study to follow that specific
individual. Recaptured animals showing adverse effects from
transmitters should not be retagged. Researchers should not sacrifice
the individual for the sake of a larger sample size

Once transmitter attachment is complete, the animal should be carefully
observed before release. Short-term behaviours such as scratching at the
collar or attempting to shake off a tag will generally cease when the animal
becomes accustomed to carrying the transmitter. These behaviours should be
distinguished from more serious effects such as improper balance, impeded
movement or shifting harnesses which will require intervention. It is an
unfortunate reality that many of these problems and behaviours will not be
apparent or manifest until the animal is actually released and is difficult to
recapture. This only serves to emphasize the importance of thorough
research, preparation and testing beforehand.

3.2 Collars
3.2.1 Protocols - Materials
Collars are the most common form of transmitter attachment for mammals.
Collars should be made of materials which :
•
are durable;
•
are comfortable and safe for the animal;
•
can withstand extreme environmental conditions;
•
do not absorb moisture; and
•
maintain their flexibility in low temperatures (Burger 1989c).
Common collar materials are butyl belting, urethane belting, flat nylon webbing,
tubular materials, metal ball-chains, PVC plastic, brass or copper wire and cable
ties.

3.2.2 Protocols - Fitting
The transmitter package may be situated either under the animal’s neck or on
top of it. Collars must be properly fitted for the comfort and safety of the
animal. A collar should fit snugly to prevent it coming off or chafing the animal
as it moves, but it must also be sufficiently loose as to be comfortable and not
interfere with swallowing or panting. To reduce the risk of chafing on the neck,
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collars should generally be fastened at the side, with any metal fittings covered
or smoothed on the inside surface of the collar. Neck circumference will vary
according to species, age, sex and sometimes the season. Transmitter
manufacturers usually have records of collar sizes previously used for various
species.
Collar thickness and width are important considerations. Width of the collar will
affect how the transmitter sits on the animal’s neck. Some researchers prefer
narrower collars because there is less surface area in contact with the animal.
Others prefer wider collars for better weight distribution (Burger 1989c). One of
the most important considerations should be the possibility of the collar getting
caught up in vegetation. This is a particularly important consideration with
small mammals (especially those that burrow).
Expandable collars and harnesses are mandatory in those cases where it is
necessary to allow for growth in young animals or for species which undergo
neck swelling (e.g., male ungulates in rut) (Hölzenbein 1992). Braided nylon
over surgical tubing and nylon web with elastic folds are offered as expandable
collars by one company. Expandable collars should not be used unless they are
well tested, as poorly designed collars can be very problematic. In the past,
certain collars have stretched prematurely as a result of social interactions or
behaviours such as neck rubbing. As a result, there is always the possibility of
transmitter loss, icing up in winter, or of the collar becoming snagged by
branches or even the animal’s own legs.

3.2.3 Protocols - Removal & Recovery
Breakaway or “rot-away” collars are strongly recommended in cases where the
researcher does not intend to recapture the animal and remove the collar.
Breakaway collars or harnesses incorporate a link of material which is designed
to break away and allow the transmitter to drop off after a pre-determined
interval. Breakaway links should be environmentally degradable material or
electronic links controlled by timers or radio receivers. Environmentally
degradable materials which have been used for this purpose include cotton
thread and sections of cotton fire hose or cotton spacers on large mammal
collars (Karl and Clout 1987; Hellgren et al. 1988). These weak links may also
function to break and free the animal if the collar/harness is snagged on a
branch. However, it is important to consider that the breakaway collar or
harness does not impair the movement or activities of the animal during the
period in which it is being shed. For example, a breakaway bird body harness
could easily impair wing movement as it is lost and result in mortality. Radio
and timer-controlled breakaways may be jammed by freezing or dirt, and also
add to the size, weight and complexity of the transmitter package.
Where appropriate, it is recommended that collars and harnesses be marked in
order to enhance their visibility. Paint or non-metallic reflective materials may
be sewn or glued to collars and harnesses; however, this is likely not appropriate
for cryptic species. Metallic tape or foils should not be used as they will detune
the transmitting antenna. Adhesive tapes should also not be used as they are not
very durable and may foul fur or feathers. For game species or urban studies it
may also be helpful to mark a contact phone number on the collar. Colour-coded
collars are also available from telemetry equipment manufacturers.
August 6, 1998
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3.3 Other Common Methods of Attachment
As it is not possible to establish detailed protocols for all methods of
attachment, this section presents a selection of commonly used methods and
some key considerations surrounding successful deployment.

3.3.1 Tail Mounts
Description
Tail Mounts are attached to the tail feathers of a bird. In different studies, they
have been glued (including wax) or sewn to a bird’s rectrices or attached to
them with cable ties or alligator clips (Bray and Corner 1972; Kenward 1987).
Key Considerations
Transmitters attached to tail feathers are lost when the bird moults. Rectrices
should be handled gently while the transmitter is being attached as stresses to
the base of the feather may result in its being moulted prematurely.
Considerations should be made with respect to the organism’s life history.
Depending on how an animal uses its tail, a tail mount may be inappropriate
(e.g., woodpeckers - antenna may snag in bark of a tree).

3.3.2 Implantable Transmitters
Description
Implantable transmitters are best suited for species:
•
•
•

whose necks are not well-defined (e.g., snakes),
whose heads are smaller than their necks (e.g., male polar bears),
which might be impeded by an external transmitter (esp. burrowing
animals),
• which are sensitive to external attachment (i.e. amphibians),
• which are young and expected to grow.
They are also used for certain biotelemetry applications (especially body
temperature). Implants are sealed with neutral (biologically inert) epoxy, resin,
or wax, and implanted into the body cavity or under the skin. The antenna may
be left external to the body, implanted under the skin or it may be contained
entirely within the implant unit.
Key Considerations
Despite the initially invasive nature of this technique, one of the key advantages
of implants is that they may be much less irritating (if implanted correctly) to
the animal than an external tag. Implanted transmitters have a fairly limited
range. Those with an implanted antenna will have an even shorter range, but
will be less subject to damage or infection than transmitters with external
antennas. Transmitters are also expensive to implant as they generally require
that researchers employ a qualified veterinarian. Animals may also need to be
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held for a protracted period in order to recover from the effects of a general
anaesthetic.

3.3.3 Backpack Modules
Description
Backpack modules are attached to the animal by a harness, which is often run
through tubular passageways on the transmitter pack (Nicholls and Warner
1968; Jackson et al. 1985; Ward and Flint 1995). Harnesses may be made from
soft Teflon ribbon, plastic-coated wire, metal beads, plastic beads, surgical
tubing or polyester soft stretch elastic.
Key Considerations
The style of harness used depends on the study species, and it is generally
necessary to test a harness style on captive specimens before using it in the
field. Some manufacturers offer ready-made harnesses to fit the more common
species. Elastic harnesses will eventually degrade and free the animal from the
transmitter and biodegradeable sutures can be used to release harnesses from
aquatic animals. Kenward (1987) states that it is best to avoid the use of
harnesses for a species that can be tagged any other way, as the animal may
potentially wear the harness for the duration of its life, and even the best-fitting
harnesses may eventually snag.

3.3.4 Adhesive Transmitters
Description
Adhesive transmitters may be glued onto an animal’s body, often its back, with
cyanoacrylate glue, false eyelash cement, surgical bond (skin cement) or other
glue-like substances. Titan Seabird Glue is used by one researcher to attach tags
to Dunlin (P. Shepherd, Simon Fraser Univ., Burnaby, B.C., pers. comm.). In
birds, the area is usually prepared by trimming feathers to 2 to 5 mm in length.
Carapace mounts are typical with turtles while other reptiles have had tags taped
to their tales. Mammals can have them glued directly to the fur (e.g., bats, voles)
or sometimes the fur is removed before attachment. Typically the whip antenna
runs dorsally and caudally to the long axis of the body.
Key Considerations
Depending on the type of adhesive used, the tag will generally detach itself.
Preparation of an attachment site on the animal may require clipping/shaving
which may induce additional stress and potential physiologic problems, such as
interference with thermoregulation or flight. Aggressive grooming of adhesive
transmitters may shorten their active life further than limits imposed by the
power supply.
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3.3.5 Necklace Packs
Description
Necklace packs are often used on upland game birds. These packages simply
hang down on the breast of the bird, supported by light flexible cable or cord
around its neck. The cord is run through a sleeve to protect the bird’s neck.
Key Considerations
This system is probably the easiest and quickest to mount, resulting in shorter
bird-handling time. Necklace must be long enough to allow the animal to
swallow large food items without choking.

3.3.6 Eartag Transmitters
Description
Although originally designed for use on polar bears, eartag transmitters have
since been used on other species of bear and ungulates (Telonics). They are
particularly favoured for large animals with changing neck girth (e.g., juveniles,
male cervids). A round design and foreshortened antenna allow the transmitter
to rotate freely while remaining in place.
Key Considerations
This type of transmitter can range over 3 km given ideal conditions (flat
landscape, open vegetation, dry environment). Long antennas should be avoided
as they can annoy the animal.

3.3.7 Miscellaneous
Descriptions
Numerous other techniques have been used to attach transmitters to animals. For
example, meshwork vests with transmitters attached have been used on birds
(Lawson et al. 1976). Numerous other examples can be found in Chapter 7.
Key Considerations
If an attachment design is new, it is critical to test it adequately, preferably on
animals in enclosures before conducting a study in the wild. It is important to
keep in mind, however, that a captive animal may not have the same physical
demands as a free-ranging one. For example, a captive raptor may tolerate a
certain attachment technique, but a wild bird will have to fly and hunt with it.
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4. RECEIVERS
4.1 Receivers
4.1.1 Equipment
The function of a receiver is to receive the signal picked up by the antenna (to
which it is connected by a coaxial cable), amplify it, and make it audible to the
user. Receivers are available in a variety of sizes, weights and prices from a
number of national and international suppliers. Study needs will determine
whether data collection is best done manually by field personnel or whether an
automated receiving station should be set up. Receivers are powered by
replaceable and/or rechargeable batteries, and may also be equipped with a
cigarette-lighter adapter for connecting to a vehicle’s electrical system. Some
models are equipped with scanners which may be programmed to switch
between a number of different frequencies; this is ideal for studies with a
number of animals which tend to wander. Strip-chart recorders or data loggers
may also be incorporated into a receiving system, and are particularly useful for
automated receiving stations.

4.1.2 Protocols - Handling
Receivers may be damaged by static electricity from clothing or car seats and by
radiated power from voice communication systems (Crow 1988). To prevent
this damage:
•
clothing and vehicle seats should be treated with antistatic fabric softener
(especially during cold weather);
•
receivers should be turned off and the antenna disconnected when getting in
and out of vehicles and when using voice communication systems; and
•
roof-mounted antennas should be separated from transceiver antennas.
It is also worthwhile to note that receivers are sensitive to moisture. This is an
important consideration when try to locate animals in the rain.
It can be useful to adjust a receiver up or down in order to identify the best or
most functional frequency for a given transmitter. It is not uncommon for a
transmitter’s best frequency to be slightly different from the one identified by
the manufacturer. As well, a transmitter’s frequencies may drift slightly.

4.2 Antennas
Receiver antennas may be hand-held or mounted on a vehicle roof, aircraft or
boat. A Yagi antenna is a directional ‘gain’ type antenna which uses a number
of parasitic directors in front of the ‘driven’ element (the one connected to the
coaxial cable) and a reflector behind the driven element in a defined
mathematical relationship (Jones 1990). Directional antennas such as Yagis or
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‘H’ antennas concentrate the radiated energy to the front of the antenna. Minor
lobes to the sides and rear are also produced.
Antenna beam width refers to the radial distance between the angles at which an
antenna is held in which an audible signal is received (the ‘directionality’ of the
antenna). The greater the number of elements, the smaller the beam width. For
example, a 3-element Yagi antenna has a beam width of 60o in the horizontal
orientation, and a 2-element H antenna has a beamwidth of 100o in the
horizontal orientation. Both antennas have wider beam widths in the vertical
orientation (Burger 1991).

4.2.1 Protocols
Regardless of the type of antenna, the elements must remain straight and
parallel to one another to ensure maximum receiving efficiency. Antennas are
tuned to a particular frequency, and antenna elements are only interchangeable
if they are the same length as the original elements, and are interchanged
between antennas of the same frequency range. Maintain antenna elements in
perfect alignment; badly damaged elements are likely beyond repair.

4.2.2 Types of Receiving Antennas
Handheld
The most commonly used hand-held antennas are the Yagi and the ‘H’ antennas.
Hand-held Yagis have 2 to 5 elements. Each additional director element
increases the distance from which the antenna can pick up a signal. Loop
antennas are small, hand-held antennas which are useful for close-in tracking of
1 km or less.
Boat or vehicle-mounted antennas
Large directional antennas with 5, 8 or 14 elements are usually used as vehicle
mounted antennas or at fixed sites. Omni-directional (bipole) antennas may be
mounted on a vehicle and used to determine the general vicinity of an animal. A
precise location can then be determined with a directional antenna.
Aircraft-mounted Antennas
Both Yagi and H antennas have been used for relocating animals from the air.
Antennas are mounted on fixed-wing aircraft with brackets designed to fit struts
on commonly used types of aircraft. The operator uses a switch box to listen
through the left or the right antenna or both to determine the direction of the
incoming signal. The receiving system can be connected to the aircraft intercom
system so everyone in the aircraft can hear the transmitter. Brackets to mount an
antenna on a helicopter skid are also available (Telonics).
Brackets must be chosen carefully as strut sizes may vary within the same
model of aircraft. The antennas should be centered on the struts with the tips of
the antennas facing fore and aft, with the front of the antenna facing out toward
the wing-tip and slightly downward (about 30o below the horizontal axis of the
wing, Jones 1988). Some researchers recommend orienting the antennae at 90o
to each other. Duct tape is often used to attach antenna coaxial cables along the
22
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outside of the wing and through windows or vents into the cabin. Antenna /
coaxial cable attachments should also be secured or taped as they can become
loosened by constant vibration and jeopardize the results of the flight. All
equipment attached to aircraft is governed under aviation law and requirements
may vary according to ownership, use and location. Researchers must ensure
that their equipment and their means of attachment comply with the appropriate
aviation standards.
Fixed-Site Receiving Stations
Automatic direction finding systems incorporate a rotating antenna, a fluxgate
compass and a receiver/datalogger that automatically determines and stores
bearing and signal strength information on a particular animal for downloading.
Very large antennas with many elements may be installed at a fixed receiving
station. Antennas at fixed sites are subject to lightning strikes and therefore
should be well-grounded. Fixed receiving stations require some prior knowledge
of the animal’s range to ensure the best placement.

August 6, 1998

23

Wildlife Radio-telemetry

5. RELOCATING WILDLIFE
5.1 Ground versus Aerial Monitoring
Determining whether a ground survey, aerial survey or a combination of these
monitoring techniques is most appropriate will depend on the objectives of the
study, the specific species biology, and terrain as well as budget constraints.
Aerial monitoring is most efficient for sampling animals that live in inaccessible
mountainous terrain or disperse long distances and require searching over large
geographic areas. Ground relocations allow more detailed observations of an
animal to be made, and are less expensive than relocation flights.
Local climate and weather patterns can be also be an important factor in
determining the suitability of ground versus aerial monitoring. Locating animals
by aircraft may be largely restricted if seasonal weather is unsuitable for
telemetry flights, as is the case in certain coastal areas. In contrast, other regions
of the province may experience winter snowfall which will limit mobility to
such an extent that aerial monitoring is the sole option.
Table 3 outlines some of the specific advantages and disadvantages of either
method.
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Table 3. General uses of and advantages/disadvantages of ground and
aerial monitoring.

General
Uses

Pros/Cons

Ground Monitoring

Aerial Monitoring

•

•

Animals which are larger, carry
more powerful transmitters, and
move greater distances.

•

Studies of migration and dispersal.

•

Studies in rugged/inaccessible
terrain.

•

Expensive but efficient way to scan
for numerous animals over a large
area.

Animals which are slowmoving, sedentary, unwary,
and/or characterized by
relatively short movements or
predictable distribution.

•

Inexpensive but labour and time
intensive.

•

Particularly useful for locating a
specific transmitter of known
frequency

•

Depending on mobility of focal
species, actual sighting may
require harassment

Especially efficient for locating
large numbers of tagged animals
quickly.

•

Aircraft safety considerations may
render direct observation
impractical under some
circumstances.

•

Errors can be large (>.5 km) for
locations without direct observation

•

Accuracy testing may be
appropriate (depending on study
objectives)

•

Requires weather conditions which
are favorable for flying

•

•

Error can be minimal; often a
product of the observer’s ability
to plot the animal on a map

5.2 Accuracy of Locations
The accuracy of a radio-location varies with habitat type and may result in
biased estimates of observed habitat use. A common source of error is signal
bounce. Signal bounce occurs most frequently in mountainous terrain where a
signal is deflected by a mountain, resulting in potential errors of many
kilometres. The most effective way to overcome signal bounce during ground
tracking is to take many bearings from several different places. When all signals
appear to be coming from the same point then there is a good chance that the
animal has been located correctly. However, if the signals are coming from a
number of different points then signal bounce is likely still occurring (White
and Garrott 1990).
Visual observations of radio-located animals provide the best confirmation of
the accuracy of the relocation data. For large animals, a reasonable proportion
of locations should be confirmed by direct visual observations (some biologists
use >30% as a general rule; however, this may not be practical in all cases). In
new study areas or with species which cannot be observed on a regular basis, it
is strongly recommended that triangulation be used with an assessment of aerial
fixes made using collars placed in known locations. Such trials can test the
consistency and accuracy of triangulation using various personnel and methods
under various environmental conditions. Results of the trials can be used to
26
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identify problems (e.g., signal bounce) and ensure that methods are adjusted to
reliably obtain accurate radio locations.
When relocating wildlife in the field, most users judge the angle over which the
signal sounds loudest, determine a bearing by mentally bisecting that angle, and
follow the bearing to move closer to the signal. The process is repeated until the
animal can be seen or its location can be inferred. The latter may be
accomplished by circling the signal to determine a bounded area in which the
focal animal must occur, tracking the animal to an obvious habitat or landscape
feature, or by sandwiching the animal between the receiver and an apparent
obstacle.
Alternatively, if the researcher wishes to avoid disturbing the animal, or if
locations must be determined at night, the process of triangulation may be used.
This requires finding the intersection of two or more bearings to determine one
location. An error polygon can be calculated around the point estimate, resulting
in a measure of precision equivalent to the area of the polygon. The size and
shape of the error polygon is determined by:
1. the accuracy of the directional antennae;
2. the distance between the two receiving points;
3. the distance of the transmitter from the receiving points;
and
4. the angle of the transmitter from the receiving points.
The most accurate estimate of an animal’s location is obtained by receiving
fixes that are closest to the animal and at 90o from each other. To reduce the size
of the error polygon, three bearings can be taken and the animal’s location
estimated from the centre of the intersections. The error polygon formed by
three radio bearing lines should be small enough to accurately place the animal
in a single habitat polygon. If the location is near an edge, additional bearings
should be obtained to accurately locate the animal on the map.
Where possible, standard telemetry base points should be established, marked
and numbered by personnel experienced in use of radio-telemetry equipment.
New observers should be familiarized with the base points and standard
triangulation procedures by an experienced person. Triangulation of animals
which are moving will produce large polygons (less accurate locations). For this
reason, it is difficult to accurately determine locations of fast-moving nocturnal
wildlife such as owls. If triangulation is used to determine wildlife positions,
error measures should be calculated and reported along with the study results
(Springer 1979; Saltz and Alkon 1985; Schmutz and White 1990; Saltz 1994).
White and Garrott (1990) provide a useful compilation of error calculations for
telemetry.

5.3 Protocols
5.3.1 General Guidelines
The following guidelines should be adhered to when relocating animals (adapted
from Page 1982):
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1. Ensure that you use an antenna which is matched to the frequency
transmitted.
2. As a general rule, the antenna elements should be oriented in the same
direction as the transmitter antenna (i.e., when relocating a caribou wearing
a radio-collar with a vertically-oriented whip antenna, the receiving
elements should also be held vertically).
3. Hold antennas as high as possible or mount them on poles. Keep antennas at
least 2 m away from all other objects, especially those which are large and
metal objects, as these will cause detuning of the antenna.
4. Make use of null signals as well as peak signals to determine the direction
to a transmitter. Using a 2-element antenna, the signal should be weakest
when the tips of the elements point directly at the transmitter.
5. Make use of hills and other places of high elevation from which to receive
signals.
6. Know your study area. Whenever possible take bearings through the flattest
terrain with the least vegetation.
7. Take repeat bearings over a short time period, especially if the animal is
active.
8. Get as close to the animal as possible. Attempt to confirm locations with
direct observations.
9. Avoid sources of interference.
10. Take as many bearings as practical.

5.3.2 Aerial Surveys
The following guidelines for aerial surveys are adapted from Gilmer et al. 1981.
Equipment
• Safety equipment (First aid kit, survival kit, etc.)
• List of animals and frequencies to be located during flight (include
notes on frequency drift)
• Clipboard, pencils, pens
• Maps and RIC data forms (or other with similar fields)
• Camera and film
• Communication radio (air to ground)
• Test signal transmitter
• Timepiece
• Receiver
• Scanner
• Auxiliary power supply
• Headphones
• Switchboxes
• Extra coaxial cable (proper length with connectors)
• Antennas and mounts
• Tool kit for mounting antennas (wrenches, screwdriver, pliers)
• Duct tape, electrical tape
• Extra bolts, washers
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Procedures - Pre-flight
1. Obtain a good set of maps and air photos of the project area. It can be useful
to have both large and small scales.
2. Define the area which is to be searched for animals before the flight. If the
Project Area is large, it may be useful to break it down into smaller Study
Areas which can be effectively searched within an allotted time.
3. Primary power sources for receivers should be fresh and fully charged at the
start of the survey.
4. An up-to-date list of transmitter frequencies should be carried, including the
location of each animal from the previous search (as this may be a useful
starting point).
5. Set up receiving equipment (this should be done with the pilot who has the
ultimate responsibility for its safety):
• Attach mount with antennas to aircraft.
• Run coaxial cables into cabin.
• Hook up switch boxes and receiver.
• Use duct/electrical tape to secure connections and cables where
appropriate.
• Test system, make sure switch box functions correctly.
• Check programmed frequencies and dwell time.
Procedures - In Flight
1. Begin the search with the switch box set to “both” allowing the crew to
listen for animals on either side of the aircraft.
2. At the outset of the flight, it may be beneficial to test equipment by making
use of a test transmitter which is left at a known location on the ground.
3. Depending on the nature of the focal species and the objectives of the study,
it may be useful to begin searching at the last recorded location for each
animal. If this is unsuccessful, a more systematic, transect-based search
design should be utilized (see item 8).
4. When a signal is detected, the control switch should be moved to “left” and
then to “right” to determine from which side of the aircraft the signal is
coming.
5. Once the direction has been determined, the pilot should turn the aircraft in
the direction of the transmission. This will result in a temporary “null”
signal until the aircraft flies close enough to the transmitter that the signal
becomes audible again.
6. At this point, it should be possible to “home-in” on the transmitter position.
Again, the operator changes the switch box from “left” to “right” to
determine which side of the aircraft the transmitter is on. The operator will
then identify an area on the appropriate side over which the pilot should
begin a wide circle.
7. By moving the switch “right” and “left”, the operator should be able to
determine if the transmitter is within the area being circled. The circle may
then be tightened, and focused based on the strength of the signal and the
knowledge of the species habitat preferences.
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8. Whenever possible, flight crews should attempt to verify an animals
presence through direct observation.
9. For searches of a large number of highly mobile animals over a large area, it
may be more appropriate to use a systematic method, using a scanner and
parallel transects. For such searches, biologists should be aware of the
limitations of receiving equipment to effectively scan for animals in a fastmoving aircraft. To this end, the formula below will calculate the maximum
number of animals that may be effectively scanned for on a survey flight
(for more information, see Gilmer et al. 1981).

NC = MDxGSx

3600
SR

where: NC=maximum number of animals which can be searched for
MD=minimum detection distance parallel to the aircraft’s direction
of movement
SR= receiver scan rate
GS= maximum ground speed of aircraft
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6. STUDY DESIGN
6.1 General Considerations
Despite the wide range of possible research questions which a radio-telemetry
study can address, the provincial wildlife inventory program requires that all
telemetry work be focused on issues of species abundance and distribution.
Within the context of the wildlife inventory program, radio-telemetry should be
used as part of an inventory project to address at least one of the following
objectives:
1. Provide information about the use and/or selection of landscape/habitat by a
species (section 6.3).
2. Provide locations of key habitat elements (e.g., hibernacula, nests) which
are required to facilitate conservation of a species (section 6.3).
3. Provide descriptions of home ranges, including their size, position, density,
and/or composition in terms of habitat (section 6.4)
4. Provide an assessment of population size, such as through the use of biascorrecting indices for other RIC-approved surveys, or population dynamics,
such as studies of mortality and survival (section 6.5).
Assuming research objectives, including hypotheses, have been declared and
deemed compatible with the objectives above, a researcher should also consider
a number of additional questions before embarking on a study involving radiotelemetry.
•

•

•

•

•

Is radio-telemetry the best method to address the project objective or
hypothesis? Are less expensive alternatives available? If so, do the
differences in the type and quality of data collected using radio-telemetry
warrant the associated expense?
How many animals will need to be radio-tagged to provide a meaningful
conclusion to the project hypothesis? Can the study species be captured in
sufficient numbers to provide an adequate sample size? In the event of low
capture success, will the decline in statistical power render the results
meaningless?
Can a radio tag provide a useful measure of the study variable(s) with levels
of accuracy which are adequate for the project? Will the resulting data be in
format conducive to analysis?
Can the study species carry a radio tag without undue detrimental effects?
Can the study species carry a tag of sufficient size to possess adequate range
and tag life?
Is the project’s budget sufficient to cover tags and monitoring equipment?
Will staffing levels be adequate to ensure proper monitoring of study
animals on an adequate monitoring schedule?

If the answer is negative or unknown for any of the above, the use of radiotelemetry techniques should be reconsidered. Despite the attraction of radioAugust 6, 1998

31

Wildlife Radio-telemetry
telemetry as an inventory technique, it is very expensive, labour intensive, and
potentially stressful to animals. Its application should be limited to those
situations where it is most warranted.
If the use of telemetry techniques seems valid, the researcher should undertake a
literature review of the subject area. S/he should be looking for previous
examples of tag types and successful attachment techniques, for the taxonomic
group concerned. The investigator should consult with several suppliers of
telemetry equipment and researchers experienced in the area in order to
determine tag type and attachment method. Much research in telemetry is
experimental and many people have not published the results, thus contacting
experienced researchers can be very productive.

6.2 Sampling Considerations
Radio-telemetry studies must take into account two measures of sample size 1)
the number of individuals followed, and 2) the number and timing of relocations
of each individual. Data points gathered for individuals are used in home range /
habitat use analysis whereas the number of tagged individuals is usually used
with more typical statistical testing. This distinction is very important: one
cannot expect to answer many questions by obtaining large samples of
relocation data for one animal. The number of animals tagged must be adequate
for statistical tests since it is the animal and not the number of locations that is
the true sample size. There is a compromise to be reached between numbers of
animals tagged and numbers of relocations per animal. Biases to one or the
other are usually not desired. However, Alldredge and Ratti (1992) stated that
‘it is doubtful that random sampling can be achieved in practice in most studies
with radio-tagged individuals’.
The number of animals of each age and sex which are sampled is determined by
the objective or hypothesis being tested. For example, if only data on mature
animals are desired, then the researcher does not have to sample younger
animals. Studies of populations which are not easily divided into meaningful sex
or age classes are more reliant on assumptions of homogeneous catchability. To
illustrate, some wildlife species may be very difficult to sex and/or age under
field conditions. Under these circumstances, the researcher may be forced to
assume that the sample of tagged individuals adequately represents the study
population. All such assumptions should be explicitly stated when the study
results are reported.
Seasonal considerations are also a factor in many wildlife studies. If the study
objectives are to examine winter range size of white-tailed deer, the researcher
must monitor study animals throughout the winter. If the objectives are to
document total home range size, study animals must be monitored throughout
the year. Hibernating species will not require monitoring throughout most of the
winter, unless study objectives include the collection of physiological data
through biotelemetry. Other species may exhibit circadian patterns in behaviour
and/or habitat use. Radio-locations must be a random sample of the animal’s
behaviour. This can be accomplished by sampling at random times or by
sampling at regular intervals.

32

August 6, 1998

Wildlife Radio-telemetry
Researchers must ensure that they collect enough data to address project
objectives, and do not rely on general inferences to interpolate between
relocation data points when it is inappropriate (e.g., determining home range of
a species when data were only collected for a portion of the year). Preliminary
sampling (or pilot study) is an excellent way to determine the suitable sample
size (relocation points) for a particular project. For example, in a home range
study, a researcher can create asymptotic curves (home range size vs. number of
data points) to evaluate whether additional relocations of an animal improve the
description of its home range. Obviously, the number of relocations which are
possible in a project will be dictated by more than good science; logistical
considerations such as accessibility, size of study area, staff levels, behaviour of
animals (e.g., migratory nature), and other factors will all play a role. Similarly,
the number of animals which are tagged (i.e., the sample size needed for
statistical testing) will influence the quality of conclusions drawn from a
project. The number of individuals required to test a hypothesis should be
determined a priori using power tests. The number of animals which can
actually be tagged will be the product of factors such as the project budget, the
number of separate transmitter frequencies possible in the project’s assigned
frequency range, and the natural history of the organism. As an example of the
latter, if the objective is to determine the home range of an animal which lives
in social groups such as herds or packs, it may be only necessary to tag one or
two individuals in order to document the movements of an entire group.
When contingent with objectives, researchers should attempt to design
telemetry projects in a manner that is logistically efficient. Thoughtful planning
can help to minimize travel time and maximize relocations collected per trip
while taking advantage of existing access within a study area (particularly when
locations must be obtained at night). In some cases, this may be accomplished
by tagging animals in the same general vicinity so that several radio locations
can be obtained in a single outing. Obviously, the relocation efficiency must be
properly balanced with study design and objectives. For example, the objective
of quantifying turtle nest sites within British Columbia can not be realized by
tagging only in the Peace River area. However, it is not always clear how best to
distribute radio tags between multiple study areas. Although having numerous
study areas will provide more complete coverage of a landscape, in certain
situations, having many animals tagged within each study area can allow more
information to be obtained for the same time and travel costs.

6.2.1 Data Forms and Data Collection
Provincially-standard protocols for collecting and recording information should
always be used. Certain detailed information recorded in the field may depend
on the nature of the project, but, at a minimum, should include information
specified in the accompanying data forms. This includes detailed physiological
information, particularly for large animals which are captured. In addition to
information on data forms, the position of each animal should generally be
plotted on an air photo or topographic/habitat map. For habitat-use studies,
specific information on the habitats used may also be collected (generally using
an Ecosystem Field Form) and, at a minimum, observers should attempt to
estimate the Broad Ecosystem Unit in which an animal occurs.
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At the end of each field trip, the researcher should review all radio locations to
ensure all data are adequately recorded. This may involve coding data into a
computer (or the Species Inventory data system) for later analysis. For detailed
descriptions of minimum data requirements, see the attached data forms. In
general, data can be subdivided into four groups.
•
Physiological data Includes vital signs and morphometric information
collected from captured animals.
•
Visit Characteristics Includes date and environmental characteristics of
relocation trips, such as temperature, cloud cover, wind speed, and
precipitation.
•
Observation characteristics Includes information about animals which are
relocated. At a minimum, this should include time, animal’s UTM grid
location, sex/age classification, observation type (air, ground, remote),
observation accuracy (sighted, accurate fix, weak signal, vague etc.), and
possibly activity, group size, or other characteristics which are specific to an
individual animal (snow depth, snow sinking depth, site position, distance
from cover, etc.);
•
Habitat information Includes as a minimum, Broad Ecosystem Unit, but
may also include biogeoclimatic zone, biophysical habitat class, seral stage,
dominant vegetation cover (crops, tree species), and/or reference to a
standard ecosystem description form (e.g., Ecosystem Field Form or Ground
Inspection Form ).
All data should be entered into computer data files on an ongoing basis to
determine trends, erroneous data points, number of fixes needed, appropriate
time intervals, etc. Periodically (at the end of each seasonal time period, if
applicable) data collected should be tabulated and inspected using frequency
distribution functions to identify incorrect codes and correct errors. Scatter plots
of radio location points should also be examined to identify and verify outliers.
Original notes of personnel collecting the data should be available to assist in
correcting ambiguous data.
If applicable, radio location data should be compared for males and females,
between age groups or between study areas and combined if no significant
differences are found. Data should only be pooled where appropriate, which will
depend on the specific objectives of the study. Possible pseudoreplication errors
may result from:
•
inadequate representation of individuals, sexes or ages;
•
inadequate representations of different seasons;
•
inadequate representation of circadian patterns;
•
inadequate representation of different habitats;
•
pooling individuals that differ in space use; and
•
using autocorrelated data.
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6.3 Habitat Utilization Studies
Radio-telemetry can provide detailed information about an animal’s use of
habitat. Expected proportions of use (radio locations) in each habitat are
calculated based on the relative availability of each habitat in the study area.
Investigating habitat preference or critical habitat features are common themes
among many studies. To make conclusions about how a population uses habitat,
a researcher must carefully consider the objectives of the study and ensure
adequate representation of all classes of individuals within the study population.
In many studies both sexes must be represented among the tagged animals, as
habitat use of males and females may be quite different. Researchers must also
ensure that the location of capture is not biasing the selection of individuals for
sampling. As an example, if a researcher wished to investigate the choice of
roost sites by Barn Owls, a capture program based on mist-netting owls inside
buildings would bias the sampling to birds which choose human-made over
natural roosts. A better capture method might involve capturing foraging owls at
night while they were away from their roost site. Traps set in a particular habitat
or at a particular time might be more successful at capturing one sex or age over
another. The researcher should carefully classify each animal captured before
deciding whether to attach a radio tag. A common practice among many
researchers is to randomly sample populations whenever possible.
Some species may exhibit circadian patterns of habitat use, occupying nocturnal
or crepuscular habitats which differ substantially from daytime ones. To obtain
an accurate picture of habitat use, radio locations may need to be split between
day and night within in each season (Beyer and Haufler 1994). Sampling should
also be done under all weather conditions and in all seasons as habitat use may
vary. Habitat use may also vary between years (Schooley 1994). Ideally, a fixed
schedule of sampling should be devised and adhered to. This schedule can still
be random. For example, the researcher could randomly select dates within a
given period of time to track animals, randomly select areas for capture, etc. The
most important thing is that organisms are not being monitored simultaneously
with a circadian rhythm of some description. For example, if moose always
water at dawn then one would not always collect data at dawn. This would bias
the results.
A fundamental feature of many of the parametric analysis programs is
independence of radio locations. Several methods or definitions of this concept
have been put forth. In one study it is assumed that radio location points are
independent if sufficient time has elapsed to allow the animals to redistribute
themselves (McNay et al. 1994). While another study uses the minimum time it
takes for an animal to cross its home range as the basis for a test for the
minimum interval between relocations which gives spatial independence
(Swihart and Slade 1985). White and Garrott (1990) state that sufficient time
must pass between relocations for an animal to move from one end of its home
range to the other. More frequent locations or continuous tracking may be
required to document intensity of use, dispersal, daily movement patterns, social
interactions, weather effects, and for detailed studies on habitat selection where
habitat patches are small. For example, more frequent locations may be required
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to document daily movements from cover to foraging areas and back in early
morning.
Habitat classification associated with relocation data points can be measured in
several ways. It can be recorded in the field (when the animal is relocated or at a
later date when the observer travels to the study area) or one can physically plot
the location on a habitat map and transcribe the habitat type from the map.
Observers should be trained to identify habitat type in the field. If, for some
reason, the this is not possible, then a protocol should be in place to either mark
the location physically or have the observer plot the position accurately on a
detailed map. This becomes an issue especially during night work. Generally,
habitat types should be defined using Broad Ecosystem Units while for more
detailed work the Ecosystem Field Form should be used. For more information
on standards for habitat description, consult Species Inventory Fundamentals,
No. 1.
Although all radio-tracking studies must contend with uncertainty in animal
relocations, those which evaluate habitat use/selection must also recognize the
potential for error in habitat discrimination and delineation. As the number of
habitats increases, multiple comparison error rates also increase so the number
of habitats considered should be limited in the study design (Bibby et al. 1992).
The choice of study area boundaries can also bias results where habitat features
or types are aggregated, but boundaries are unimportant if habitats are regularly
or randomly distributed (Porter and Church 1987).
Radio-telemetry error can introduce bias into a habitat selection study by
misclassifying the habitat an animal actually used. The ability to detect habitat
selection depends on the size of habitat patches, telemetry error, and the number
of locations. This occurs most frequently when habitat patches are small relative
to the size of the radio-location error polygon (Nams 1989). The error polygon
formed by three radio bearing lines should be small enough to accurately place
the animal in a single habitat polygon. If the location is near an edge, additional
bearings should be obtained to accurately determine which habitat is being used.
However, as the size of the error polygon is known, the probability that a
location may be misclassified based on distance to nearest habitat boundary can
be estimated.
If large telemetry errors are anticipated (e.g., habitat patches are small) then
external validation of the locations should be tested using randomly located
transmitters to determine the effect of telemetry error on habitat use.
Another important consideration is to determine the Type I and Type II error
rates. The Type I error rate is the probability of rejecting the null hypothesis
when in fact it is true and a Type II error is the probability of accepting the null
hypothesis when it is false. Type II error is also referred to as the power of the
statistical test. In general, the sample size determines the power of the test and
should be calculated before the study begins. There are costs associated with
both Type I and Type II errors. A Type I error would result in a significant
difference in proportional selection when habitats are actually selected
according to availability and could result in costly management programs to
protect erroneous “critical” habitats. The implication for studies that lack
sufficient power to reject the null hypothesis (Type II error), is that it is possible
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to conclude that a certain habitat type is not important when in fact it is.
Although most researchers choose a standard Type I error rate of 5%, the Type
II error rate should be set according to the perceived cost of the error. Some
authors suggest a Type II error rate equal to the Type I error (Peterman 1990),
others have suggested 10 to 20% is acceptable (Snedcor and Cochran 1980). For
RIC wildlife inventory, Type I error (α) should generally be set at 5% (0.05)
while Type II (β) is set at 20% (0.2) although this may vary depending on
objectives.

6.3.1 Data Analysis
Occurrence of animals by habitat type should be summed for each seasonal time
period. Expected use should be based on an accurate tabulation of habitat
quantities in each study area. Standard use/ availability analyses (Johnson 1980;
Marcum-Loftsgaarden 1980; Neu et al. 1974) are often used to determine if
observed use is significantly different from expected. It is important to be
familiar with the assumptions implicit within these types of analysis,
particularly as calculating the strength of habitat selection may be a product of
the researcher’s estimate of how much habitat is actually available. Although
statistical techniques required to measure habitat use/availability remain
controversial, compositional analysis (Aebischer et al. 1993) or standardized
selection ratios (Manly et al. 1993) are recommended as analytical techniques
because they address some of the more serious pitfalls associated with
traditional use/availability analysis. For a complete discussion on the
advantages and disadvantages of different statistical methods, see Alldredge and
Ratti (1986, 1992).
Proportions of habitat use are not independent (e.g., if an animal spends more
time in habitat A then it must spend less time in habitat B). Therefore, tests that
assume independence of habitat cannot be used (Freidmann 1937; Aebischer et
al. 1993).
Observations gathered during data collection can be most useful to determine
the habitat attributes most important to animals. It is easier to understand what
animals are doing at the time of field observations than from inspecting a table
of numbers.

6.3.2 Locating Specific Habitat Features
Radio transmitters may be utilized to locate specific habitat features such as
nests, dens or roosts for other types of studies. For example, applying temporary
tags to birds during the nesting season allows researchers to locate nests easily.
The nest can be located in a day or two, and when the tag drops off it can be
placed on another bird. This technique may be used to identify similar habitat
features for other species, such as bat roosts, snake hibernation dens, or
amphibian breeding sites.
The use of radio-telemetry to find habitat features may become especially
important in British Columbia with the implementation of the Forest Practices
Code. Included in the Code are provisions for the protection of specific habitat
features which are critical to the viability of certain species and subspecies
through the designation of Wildlife Habitat Areas. Under the Code,
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conservation of these taxa, which include numerous species at risk, is closely
tied to habitat, and is contingent on the ability of provincial biologists to locate
critical habitat features, such as roosts, hibernacula, or breeding sites. Radiotelemetry may be the most efficient way (and in some cases, the only way) to
locate these features.
Biologists using telemetry to locate specific habitat features will need to take
extra care when attaching transmitters to breeding or reproductive organisms
(where this is deemed feasible). Such an exercise should not be taken lightly, as
organisms of interest for such study are frequently red- or blue-listed, and
poorly planned capture or handling can easily be disruptive to survival and
successful reproduction. Additionally, researchers following tagged animals
should exercise similar care when making observations in and around critical
habitat features. Use of these features frequently occurs at those points in a
species life cycle when it is particularly vulnerable to disturbance. It is of little
use to locate the new nest of a red-listed bird only to have it abandoned shortly
thereafter.

6.4 Home Range Determination
Studies of home range size usually seek to obtain a mathematical determination
of home range size for representative animals in a population. Sample sizes are
dependent on the study objectives, analysis methods and several biological
parameters such as social structure. As previously mentioned, which particular
subset of the population is sampled is dependent on the research objectives
(e.g., whether or not to include different age/sex classes.)
Sample size as it pertains to number of relocations can be determined through
pilot studies and asymptotic plots. Locations of each animal are used to
calculate a home range size (see Data Analysis) which is recalculated each time
the animal is relocated. Graphs for different ages/sexes/individuals may be
compared to see how much variation exists between different groups, and what
number of relocations is necessary to differentiate between groups. If there is
little variation between animals of different sexes or ages, it may not be
necessary to allocate sampling effort between different classes (i.e., increase
number of tagged individuals). However, if, for instance, males are found to
have a significantly larger home range size than females, a study concerned with
determining average home range size for the species should allocate sampling
efforts between the sexes according to the naturally-occurring sex ratio in the
population (this would occur if individuals are randomly sampled). A safeguard
against sex/age class differences is to randomly sample the population (this only
works if the objective is a general home range over all sex/age classes
combined). However, if the objective is to document differences between
age/sex classes then equal representation should be met in order to meet
requirements of the necessary statistical tests.
Preliminary sampling at random or systematic points in time also aids in
determining circadian patterns of the study species. Preliminary sampling
should be based on the natural history of the organism (i.e., try to sample
throughout the time when the animal is active). For example, it may be
important to identify the roosts of certain birds; however, prolonged radio
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tracking of sedentary, roosting birds throughout the night may yield little useful
information.
Possible differences due to habitat quality should also be identified during
preliminary sampling. A Barn Owl in lush old-field habitat may require a
significantly smaller home range than an owl in poorer-quality habitat. By
testing for differences between characteristics of individuals and characteristics
of the habitat, the researcher can often control for many variables other than the
one under study.
Some authorities have concluded that approximately 30 relocations per
individual will provide an adequate sample size for home range determination
for many applications (Kenward 1987). This number is highly variable however
so each researcher should test this during their pilot study (the asymptotic plot
method provides a straightforward approach).

6.4.1 Data Independence
One problem with multiple relocations of the same individual is that the
relocations may not be statistically independent, which may lead to
underestimations of home range size (McNay et al. 1994). Lack of
independence may be due to migratory movements or to infrequent movements
due to unique places in the home range (e.g., periodic visits to a salt lick), or to
sampling protocol (see above). Knowledge of the behaviour of the study species
is necessary in order to interpret unusual movements and decide whether or not
to include outlying fixes in home range calculations.

6.4.2 Data Analysis
An animal’s home range size, shape, and position is often represented by joining
the outermost fixes for that animal to form a minimum convex polygon (Mohr
1947). Outlying fixes (representing rare excursions) may unduly influence the
polygon’s shape and size to produce a misrepresentation of the space actually
used by the animal (McNay et al. 1994). Analysis models which allow for data
clumping (Don and Reynolls 1983), harmonic mean methods (Neft 1966; Dixon
and Chapman 1980; Kenward 1987), ellipses (Jennrich and Turner 1969),
cluster analysis, core convex polygons (Kenward 1987) or kernel estimation
methods (Naef-daenzer 1993) may provide better representation of the data. The
test of any method of depicting home range is the significance of its results in
terms of the animal’s use of space.
On a related topic, distances between consecutive radio locations of an
individual are often used as an index of the total daily movement for that
individual (Laundré et al. 1987). Rates of movement are often compared
between demographic groups or time periods. However, perceived movement
distances determined by daily locations may not necessarily be correlated with
actual distances moved (Laundré et al. 1987). It is recommended that
researchers planning to use telemetry data in this way, do preliminary sampling
to compare data from once/daily locations with that obtained from round-theclock hourly monitoring. If there is little correlation, the results obtained from
daily locations will not be valid.
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6.4.3 Software Packages for Home Range Estimation
The minimum convex polygon (MCP) method should only be used to determine
the boundaries of a home range whereas the grid-cell approaches (e.g., harmonic
mean (HM), adaptive kernel (AK)) are more suited to analyzing the ” internal
anatomy” or structure of the home range. Choosing the most appropriate home
range estimator will largely depend on the distribution of the relocation data. If
the locations are distributed in a uniform manner (i.e., there is no centre of
activity) then the MCP can be used to estimate home range size. On the other
hand, if the locations are not uniformly distributed (which is usually the case),
then non-parametric techniques such as HM and AK are more suitable assuming
adequate sample sizes have been taken. Most of the computer programs
available will determine if your data set meets the assumptions required to use a
parametric home range estimator as well as test for independence of
observations. Determining which non-parametric method to use will vary with
the study objectives and how accurately the home range is depicted. In general,
the HM and AK techniques provide the most precise estimates; however,
relatively large sample sizes (>100) are required.
Software packages for estimating home ranges have recently been reviewed by
Larkin and Halkin (1994). Table 2 is adapted from data in their paper. Table 2 is
not a complete list of existing packages. Users are encouraged to contact the
Wildlife Telemetry Clearinghouse home page for more information (see
resources list).
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Table 4. Some software packages for analysis of home range. (modified
from Larkin and Halkin 1994).

Package Name

Reference

Non/Parametric
Techniques

CALHOME

J. Kie

both

DC80

Dixon and Chapman 1980

both

DIXON

Dixon and Chapman 1980

nonparametric

HOMERANGE

Ackerman et al. 1990

both

KERNELHR

Seaman and Powell 1991

nonparametric

Map and Image

Skrdla 1992

nonparametric

McPAAL

Stüwe and Blohowiak 1985

both

MICRO-DIXON

Timossi and Barrett 1985

nonparametric

RANGES IV

Kenward 1990

nonparametric

SEAS

none avail.

both

Wildtrak
(Macintosh)

Gorman 1993

both

White and Garrott

White and Garrott 1990

both

6.5 Demographic Studies
Radio-telemetry may be used to improve the quality of other wildlife surveys
which attempt to estimate population size and composition. This is because
during a survey, observers will be able to assess the number of unseen radiotagged animals which were known to be in the study area. This knowledge can
be used to correct survey results for visibility bias (the failure to observe all
animals during an aerial survey). The degree of visibility bias depends on a
variety of factors including, the amount of vegetative cover, animal behaviour,
animal size and coloration, observers, weather, and equipment. Radio equipped
animals allow estimation of this bias since instrumented animals known to be in
an area can be recorded as seen or not seen.
Radio-telemetry is often used to improve accuracy of classification counts of
species which may be classified by means of survey flights (most big game
species). Radio tags are placed on individuals of known sex and age.
Classification counts done from aircraft can then be combined with relocation
of tagged individuals. Whether or not the tagged animals are visible from the air
provides a means of calculating sightability indices to be used as correction
factors for the classification counts (Simpson et al. 1993). The use of radio
collars enhances survey accuracy because:
•
radio collared animals can be monitored after the survey to determine
whether any left or entered different survey areas;
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•
•
•

the movements and behaviour of collared animals can be monitored to
assess their detectability relative to unmarked animals;
the loss of marked animals can be detected; and
relocating marked animals immediately after a survey area is completed
allows determination of the reasons that animals were missed.

More sophisticated sightability correction models have been developed for
surveying large mammals using radio collared animals to correlate sightability
with other parameters recorded during surveys such as group size, activity, snow
cover and vegetation cover for animals observed (Unsworth and Garton 1991).

6.5.1 Mortality & Survival
In theory, radio-telemetry techniques should enable the importance of causespecific mortality factors to be determined because tagged animals can be
located soon after death and the agent of mortality ascertained (Heisey and
Fuller 1985). In practice, it is often difficult determine the cause of mortality
due to difficulties accessing the carcass soon enough after death and to
distinguish mortalities from other tag losses such as tag failure and animal
dispersal.
It is extremely important that the capture and attachment of a radio tag to the
study animal does not affect its probability of death. Researchers engaging in
this type of study should employ proper capture methodology and ensure tag
attachment does not influence survivability by either evaluating the effects of
tag attachment on mortality or using only tag types and attachment methods
which have been previously proven to be unbiased. It is also important for
researchers to re-evaluate their methods whenever an iatrogenic or researcherinfluenced mortality occurs.
Defining adequate sample sizes for mortality studies is done by preliminary
sampling to determine the variance in survivorship. Survival rates are estimated
from the number of transmitter-days, the number of mortalities due to particular
causes, and the number of days in the chosen interval of time over which daily
mortality rates are assumed to be constant (Heisey and Fuller 1985). A study
design described by Pollock et al. (1989) allows for new animals to be added to
the tagged population after the study has begun.
The fate of lost tags and causes of mortality should be ascertained as closely as
possible for results to be credible. Estimates of radio failure rate may be made
by keeping accurate records of pulse rates of each transmitter over time,
although some transmitters may not change overtly prior to failure, and so this is
not always reliable. Kenward (1987) chose to classify as mortalities any tags
which were lost a) well before the end of their expected cell life b) with no
slowing or irregularity in their signals, and c) without subsequent recapture or
resighting. Depending on the situation and the study species, this may not
always be appropriate as transmitters will fail without warning and study
animals will disperse beyond the limits of the study area. It is important that
researchers divulge whatever assumptions they choose to make with regard to
mortality, and, in some cases, they will have to accept that the fate of some
individuals will remain unknown.
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Also, “the time needed after marking for adjustment to a transmitter package,
physical recovery from capture, stress or injury or resumption of normal social
bonds (especially for young animals) should not be included in survival
calculations” (Hersey and Fuller 1985).
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7. REVIEW BY SPECIES GROUP
This section contains a literature review of different transmitter techniques and
their relative success when used on different groups of species. It is intended to
provide as much information as possible about what has worked in the past and
what has not for different species. It is impractical to standardize transmitter
attachment for all of British Columbia’s species. In light of this, all telemetry
projects should operate within the general protocols outlined in the previous
chapters; however, specific details of transmitter attachment will vary from
project to project. Inclusion of a method in this review should not be equated
with a recommendation.

7.1 Amphibians
Amphibians pose a number of interesting challenges when it comes to telemetry
because:
•
they are usually aquatic;
•
most are relatively small in size;
•
their epidermis is very fragile;
•
their skin is usually quite damp and serves a respiratory role in many
species, making it inappropriate for skin cements or glues;
•
their bodies may expand as a defensive response when captured, making
certain attachments difficult to fit; and
•
amphibians are often nocturnal and must be tracked in the dark.
Because of these difficulties, telemetry has had limited use in this group in the
past. However, new techniques and technology are resulting in an increase in
the popularity of amphibians in telemetry studies. Much work is still
experimental and very few techniques have been adopted by the majority of
amphibian researchers.

7.1.1 Frogs and Toads
Ingested tags are either force fed or hidden within food items. Behavioural
change has been exhibited in individuals that have been equipped with too large
a transmitter (Kenward 1987). However, several studies have used ingested tags
quite successfully with both frogs and toads (Kenward 1987). Oldham and Swan
(1991) force fed 2.5 g transmitters to fourteen adult Common Frogs (Rana
temporaria) and Common Toads (Bufo bufo). The transmitters were
regurgitated in 2 to 13 days in the frogs, and 2 to 38 days in the toads. The
authors felt they were able to get useful short term data using this technique
although it is unclear whether the transmitters influenced the animals’
behaviour.
Surgical implants can be used in longer term studies provided the animal is
large enough to accommodate the tag. For example, Red-legged frogs (Rana
aurora) have not been implanted due to size constraints (N.J. Scott, National
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Biological Service, San Simeon CA, pers. comm.). Implantation is typically
characterized by a lateral incision directly into the coelomic cavity (Sinsch
1988; Seitz et al. 1992). A common anaesthetic used for surgical procedures in
amphibians is MS-222 (Sandoz; Ethyl-m-amnobenzoate-methane-sulphonate)
used at a concentration of 200 to 300 mg/l (Bonath 1977). Recovery periods
vary between studies, but Seitz et al. (1992) were able to release animals back to
their place of capture after only a few hours. This procedure requires training
prior to its use in the field.
Rathbun and Murphey (submitted) have developed a waist-belt made of ball or
beaded chain which has been used on California Red-legged Frogs (Rana
aurora draytonii). Preliminary studies suggest that aluminum is the best
material since it does not corrode or weigh as much as brass (Rathbun and
Murphey 1993). The transmitter normally sits dorsally, but is unaffected if it
rotates to the ventral position. This procedure takes approximately five minutes.
There is a small danger of the chain becoming snagged on vegetation and it may
cause irritation of the skin if the chain is too tight. Some frogs have slipped out
of their belts following weight loss occurring towards the end of the dry season
(Scott, pers. comm.).
Bartelt (1994) has developed a single harness belt for use with more terrestrial
frogs and toads. This harness consists of soft, surgical grade polyethylene tubing
that fits around the waist of the animal. This particular belt caused severe skin
abrasions in Oregon Spotted Frog (Rana pretiosa) after one month, so it is not
recommended for highly aquatic anurans in studies which will exceed one
month. Western Toads (Bufo boreas) however, have slightly thicker skin and
did not exhibit abrasions like R. pretiosa. The condition of telemetered
individuals should be checked every two weeks. This technique is inexpensive,
like that of Rathbun, but it probably advantageous in that the harness can be
sized precisely in the field, it is very lightweight (0.01 g), and has been known
to break off the animal after three to four months in water (or when the animal
outgrew it).
Bartelt (pers. comm.) has also tried other techniques which involved using
elastic straps. He found that these other methods affected behaviour or caused
localized edema and are not recommended.
Transmitters may also be housed in a small pocket on the back of the vest with
the antenna trailing behind. Any loose-weave elastic fabric (e.g., spandex) that
allows air transfer is a suitable material (Anderka and Angehrn 1992). Others
have used plastic (silicon) tubing (Loman, pers. comm. in Rathbun and
Murphey) and latex rubber straps and bands (Van Nuland and Claus 1981;
Fukuyama et al. 1988; Richards et al. 1994). The system develop by Van
Nuland and Claus (1981) for the Common Toad (Bufo bufo) involved passing
each of the animal’s legs through different perforations in a piece of latex,
creating a harness to hold the transmitter on the toad’s back. No discernible
effects on the toad or any noticeable changes in behaviour were observed but
the harness occasionally caused a skin irritation and could be displaced in dense
vegetation. Girdle material has also been successful as a harness with toads
(Kingsmill 1991).
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7.1.2 Salamanders and Newts
Surgically implanted transmitters have been successfully used on Pacific Giant
Salamanders (Dicamptodon tenebrosus) greater than 10 cm (snout to tail), and
Northwestern Salamanders (Ambystoma gracile). Transmitters (1.85 g) have
been surgically implanted in Ambystoma (anaesthetized with MS-222) by
making as small an incision as possible in the peritoneal cavity. Individuals of
25 to 30 g were preferred for implantation although animals as small as 20g
were also used. Wounds are reported to heal in about 8 to 10 days following
surgery (A. Stringer, Univ. of Washington, Seattle WA, pers. comm.). Suture
material should be of a non-absorbable type in order to avoid improper healing;
however, it is important to note that there are many different types of nonabsorbable suture, only some of which are suitable for amphibians. Researchers
will often keep study animals in the lab until recovery is complete (Mallory,
pers. comm.).
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7.2 Reptiles
7.2.1 Snakes
By far, the majority of snake telemetric studies use implant methods. Obviously,
body shape plays an important role in this and also the manner in which snakes
digest food (i.e. large bolus moves down the body after ingestion and makes it
difficult for external attachment devices to remain secure, given the stretching
of the skin). Implants also usually afford the researcher the ability to measure
body temperature. This method is limited, however, to larger snakes because of
restrictions in size availability of implantable tags (L. Norman, Univ. of
Victoria, Victoria, BC, pers. comm.). Generally, transmitters in snakes are kept
at 5% of body mass, but some suggest that perhaps 3% would be a better figure
to limit impact on snake behaviour (D. Parizek, SW Rodents, Vail, AZ, pers.
comm.). Norman (pers. comm.) found that she could not implant any snakes
under 60 g, which biased her study to the largest snakes in the population she
was working with (i.e., adults, females, and larger species). Some researchers
have experienced problems with stiff subcutaneous antennas in the past (N.J.
Scott, National Biological Service, San Simeon, CA, pers. comm.), but antennas
are now more flexible. Most implantable tags come equipped with whip
antennas so that an adequate signal range can be achieved. Secor (1994) reports
ranges of 250 to 600 m in his studies.
At least three types of anaesthetic have been used in British Columbia studies:
isofluorane, halothane and methoxyfluorane. Use of inhalant anaesthesias
should be preceeded by consultation with a veterinarian familiar with the
species in question. It is important to understand that the immune system and
surgical healing in poikilotherms is affected by their ambient temperature, and
thus recovery from implantation will take longer than in birds or mammals.
Because of this, the seasonal timing of surgical implants is also an important
consideration.
Many species of snakes within British Columbia have been outfitted with
implants including the Common Garter Snake (Thamnophis sirtalis), Western
Terrestrial Garter Snake (T. elegans), Western Rattlesnake (Crotalus viridis),
and Gopher Snake (Pituophis catenifer) (C. Shewchuk, Univ of Victoria,
Victoria, BC, pers. comm). These are based mainly on size of species and
abundance. For example, the Northwestern Garter Snake (T. ordinoides) has not
been implanted because of its small size (Norman, pers. comm.).
Most researchers use either intra- or extraperitoneal implantation by making a
small incision on the mid-lateral area of the snake with the whip antenna
running up the longitudinal axis (direction varies between researchers).
Some researchers have experienced problems with infections developing at the
implant site (up to 75% , W. Card, Dallas Zoo, Dallas, TX, pers. comm.;
Norman, pers. comm.). Chances of infection can be markedly decreased with
proper surgical technique (e.g., using sterile instruments, suturing incision
properly, making sure transmitter parts are biologically inert, not implanting a
snake that is close to shedding its skin). K. Larsen (Alberta-Pacific Forest
Industries, Inc., Boyle AB, pers. comm) noticed high degrees of scar tissue
48

August 6, 1998

Wildlife Radio-telemetry
around implanted transmitters, and suspected that a transmitter may deterred
female reproduction in his study. Norman (pers. comm.) used extraperitoneal
implantation and reported that occasionally transmitters slip up the side of the
animal and may even push out through the initial incision site or break through
the skin.
Forcibly inserting transmitters so that they are ingested, has also been tried with
snakes (Fitch and Shirer 1971; Fitch 1987; Lutterschmidt and Reinert 1990).
Plummer and Congdon (1994) tested the possibility that intragastric placement
may be a satiation stimuli, but found this not to be so in the Racer (Coluber
constrictor) populations they tested.
A limited number of studies have used external attachment sites (Ciofi and
Chelazzi 1991; Rathbun et al. 1993). Transmitters were taped to the tail skin of
snakes with poor success.
7.2.2 Lizards and Skinks
Telemetry is difficult with lizards and skinks because few attachment sites are
available. Most work has been done on slow moving “sit-and-wait” lizards and
very little has been done on active species (T. Doan, Univ. of S. Florida, Tampa,
FL, pers. comm.). In British Columbia, we have one very rare, slow moving
species, the Pigmy Short-horned Lizard (Phrynosoma douglassi) and three
quick ones: the Western Skink (Eumeces skiltonianus), Northern Alligator
Lizard (Elgaria coerulea) and the introduced European Wall Lizard (Podarcis
muralis). To our knowledge, none of these species have been tagged in British
Columbia. It is unlikely that anyone would ever embark on a study of
Phrynosoma within B.C., since only two specimens have ever been recorded
within the province (Gregory and Campbell 1987).
Implants have the advantage of being concealed and remove any likelihood of
an animal getting caught on vegetation. However, the major limitation
associated with lizard implants is that body size dictates which species can be
implanted. Although in past smaller implants have been associated with a
decrease in the duration of battery power, new technology has allowed for the
development of increasingly efficient and smaller power sources. Perhaps in a
few years, technology will be at a stage where transmitters are small enough to
make most, if not all, lizard species implantable.
Fast moving species can be more challenging to track than slower ones, and
implants may create further difficulties. Range is reduced with the helical
antenna and this can be further compounded by dense vegetation (Doan, pers.
comm.). Many implant studies are concerned with internal body temperature as
well. This method is well suited to this goal but more recently Bouskila (BenGurion Univ. of Negev, Beer-Sheva, Israel, pers. comm.) developed an external
package which can be used to measure body temperature (see below).
External transmitters can be very practical when long term continuous
monitoring is not needed. They offer a great advantage in that transmitters can
be reused on several individuals with relative ease and can be removed and
deactivated to save batteries. External attachment also minimizes chances of
infection due to experimental manipulation.
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External transmitter may be mounted with backpacks or adhesive mounts, in
those situations where implantation is not possible or desired. Several designs
have been used to attach transmitters to lizards. One of the newest methods for
backpack attachment in lizards has been developed by Fisher and Muth (1995)
with the Flat-tailed Horned Lizard (Phrynosoma mcalli), a congener of P.
douglassi. The method involves attaching the transmitter to polypropylene
pleating tape, and using polyurethane elastic to form harnesses for attachment
dorsally behind the neck. Packages that approach 25% body weight have been
used in P. mcalli, and this appears to be approximately equal to the mass of an
egg clutch in this species (Pianka and Parker 1975; Fisher and Muth 1995).
Captive lizards resumed feeding immediately after transmitter attachment, and
released lizards also resumed “normal” activities.
Munger (1984) used a similar system to Fisher and Muth except that he used a
loop antenna to secure the transmitter to the body. This is similar to the method
employed by Muth et al. (1978) with desert iguanas (Dipsosaurus dorsalis).
Individuals were outfitted with a rectangular package that was mounted slightly
anterior to or between the forelegs with the antenna passing anteriorly and over
the base of the neck. A yoke closely followed the body contour and fit snugly
around the neck to prevent snagging. This method was designed specifically to
alleviate abdominal constriction during egg development; however, the authors
note that a simple “waist collar” would be suitable for non-gravid individuals,
with the transmitter attached to a belt and mounted against the lizard’s lower
back (Muth et al. 1978).
Some researchers have had success using tape to secure transmitters to the tail
(Houston et al. 1995). There is, however, the possibility that this makes the
animal more obvious to predators (S. Burgin, Univ. of W. Sydney, Hawkesbury,
Richmond, Australia, pers. comm.). Bouskila (pers. comm.) used externally
attached transmitters (above the base of the tail) with cloacal probes to measure
body temperature, a measure which previous to this relied upon implants. These
were attached temporarily by gluing a Velcro patch at the dorsal base of the tail
and then doing the same with the transmitter, for ease of removal. Researchers
interested in this technique should be aware that some lizard species are capable
of shedding their tails and this presents certain problems during handling and
attaching these units, as well as for maintaining them.
7.2.3 Turtles
Most turtle researchers employ carapace mounts with few exceptions (Galbraith
et al. 1987; Kaufmann 1995). We have included references for several nonnative species of turtles and tortoises because the techniques are applicable to
turtles found within B.C. Freshwater turtle species in the province are
essentially limited to the Painted Turtle (Chrysemys picta), a blue-listed species
found in portions of southern B.C. Although there have been sightings of other
freshwater species (e.g., Snapping Turtle) in the province, these are not known
to occur in established populations. Recently however, several populations of
the introduced Red-eared Slider (Chrysemys scripta) have established
themselves (C. Shewchuk, Univ. of Victoria, Victoria, B.C., pers. comm.).
The predominate way to attach a transmitter to a turtle is by mounting the tag on
to its carapace. Different techniques of accomplishing this have met with
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varying levels of success depending upon life-history traits, age, and size of
study animals. Mounting a transmitter on top of a turtle provides an obvious
possibility for utilizing solar power; however, Scott (National Biological
Service, San Simeon, CA, pers. comm.) reports difficulties with this approach as
each time a turtle dives, the signal is switched off, making it difficult to locate
individuals. Care must always be taken when fastening objects to the carapace
to minimize any interference effects on mating (Holland, pers. comm). As well,
antennas should be kept as short as feasible to minimize snagging on vegetation
(de Solla, Holland, pers. comm.).
In terms of attachment, one method has been to use drilled holes and wire to
attach transmitters (S. de Solla, Univ. of Guelph, Guelph, ON, pers. comm).
Other researchers have used “five-minute” epoxies to secure the transmitter to
the carapace; however, both submersion and ultraviolet light are suspected to
cause degradation and detachment of the unit within 2 to 12 weeks (Rathbun et
al. 1992; D.C. Holland, Fallbrook, CA, pers. comm; R.A. Saumure, McGill
University, Montreal, PQ, pers. comm). Carter (Virginial Poly. and State Univ.,
Blacksburg, VA, pers. comm.) uses a liquid vinyl coating (e.g., Pastidip ) over
epoxy to ensure waterproofing of the attachment site, whereas other researcher
choose alternatives such as PC-7 (a water-resistant epoxy paste available in
most hardware stores) or dental acrylic. Wilson (Univ of S Florida, Tampa, FL,
pers. comm.) found that when transmitters were glued to the carapace in
juvenile tortoises that the shell deformed somewhat near the transmitter site.
Saumure (pers. comm.) attempts to avoid interfering with shell development by
first making a well out of silicon before applying PC-7 adhesive so that when
the transmitter is pressed into place, the resin will not cross over a scute line and
impede growth. In addition, when it is time to remove the transmitter, it can be
gently pried loose in one piece with no residue.
Brown (1990) has used thermistor (a resistor which is sensitive to changes in
heat) implantation in order to gather data on internal temperature. Studies with
larger oceanic turtles (e.g., Green) have used subcutaneous implants (inguinal
region) in the past, but this method has largely fallen out of use with recent
advancements in adhesive technologies. A few researchers have used
esophageal ingestion as a means of measuring internal body temperatures (S.
Eckert, San Diego State Univ., San Diego, CA, pers. comm).
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7.3 Small Mammals
7.3.1 Small Rodents
Collars have been used on a variety of species. In some cases, they provide
surprisingly strong signals; Douglass (1989) reported a signal range up to 160 m
with collar transmitters fitted on deer mice. Typically, collars for rodents have
consisted of a radio package encased in some sort of plastic tubing with the
antenna circling the neck. However, in some instances an encasing material was
not used in the collar design. The design of rodent collars should strive to
minimize any potential for snagging. For example, Mahon (Simon Fraser Univ.,
Burnaby, B.C., pers. comm.) reports that 25% of voles and mice in his study
died as a consequence of getting caught up in vegetation. Other reported
problems associated with rodent collars include: transmitter loss, neck irritation
and/or hair loss, restricted movement through burrows and/or dense vegetation,
increased ectoparasite load beneath the collar and changes in behaviour
(Hamley and Falls 1975; Madison 1977; Smith and Whitney 1977; Filipovich
1983; Eagle et al. 1984). Because radios are external, they can also be damaged
by extreme weather conditions, mechanical wear (Eagle et al. 1984), and / or
mutual grooming episodes (Madison 1977). Todd (Univ. of Herfordshire,
Hatfield, UK, pers. comm) reports habituation to collars within one day in wood
mice.
Jumping mice have been radio tagged using glue-on methods (“superglue”) to
the back (Wunder, Colorado State Univ., Fort Collins, CO, pers. comm). The
package was frequently dislodged at 3 to 4 days. Range was reported as
approximately 80 m even when the animal was 0.6 m underground.
Subcutaneous implants have been used in small mammals since 1964 (Rawson
and Hartline 1964). However, intraperitoneal implants were found to be
superior and used successfully with a variety of species (Neely and Campbell
1973; Smith and Whitney 1977; Smith 1980a,b; Koehler et al. 1987). Eventual
adhesion of implanted capsules transmitters to peritoneal structures was noted
following abdominal implantation in beavers in one study (Guynn et al. 1987).

7.3.2 Bats
Fenton et al. (1985, 1993) tagged bats using 0.9 g transmitters attached to the
lower mid back with “skin bond” cement. These transmitters had a range of 2.5
to 4.0 km, but other studies using the same techniques, only reported a 1 km
range (Brigham and Fenton 1986). The same method was used by Brigham
(1991) with Big Brown Bats (Eptesicus fuscus) in B.C. The package used in his
study was 6% body weight and the study animals showed no adverse effects.
Most bats lose their transmitter 1 to 20+ days after attachment (R. Barclay,
Univ. of Calgary, Calgary, AB, pers. comm.).
Lancaster et al. (1992) glued transmitters to the heads of bats using eyelash
adhesive. The head fur was first removed using a hair removal lotion (“Neet”).
This study was done under controlled conditions (i.e., captivity) and signal
range was only 3 m. Grindal (pers. comm., Axys Environmental Consulting
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Ltd., Calgary, AB) notes that exposing the skin beneath a bat’s fur is generally
unnecessary for transmitter attachment and potentially detrimental to a wild bat.
Hair removal lotion should not be used. Caution should also be exercised when
using eyelash adhesive as Fry (Minneapolis, MN, pers. comm.) reported
“considerable damage to the skin” under the transmitter.
Fenton et al. (1985) radio tagged bats using 4.5 g transmitters attached by
collars. These transmitters had a range of 10 km.
7.3.3 Insectivores
Little telemetry work has been done on this group, probably because of their
fossorial nature and small size. Most studies use radioactive substances to track
as opposed to telemetry (Meese and Cheeseman 1969). Gorman and Racey
(1992) glued transmitters to the dorsal surface of the tail. Radio signals were
readily detectable through the soil and an accuracy of +/- 0.25 m was reported.
Collars have been used by Rado and Terkel (1989) on mole rats (a subterranean
rodent) with some success. One type of collar failed because the transmitter
protruded too far from the collar, and interfered with movement in the tunnel.
Their second, more streamlined type was more successful, and had a range of 30
to 100 m from within the mole tunnel. Merritt (Carnegie Museum, Pittsburgh,
PA, pers. comm.) reports that many animals cannot forage properly with collars
on.
Implants have been used by Gorman and Racey (1992). The transmitters were
placed intraperitonealy, by a mid-ventral incision, in moles anaesthetized with
halothane.
More recently, McShea (Smithsonian Institute, Front Royal, VA, pers. comm)
has implanted Star-nosed Moles (Condylura cristata) and Merritt (pers. comm.)
has implanted shrews. Merritt reports close to 100% survivorship following
surgery using inhalant anaesthesia.
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7.4 Furbearers and Large Carnivores
Radio collars are the most popular method for attaching transmitters to most
furbearers and large carnivores (Anderka 1987). Collars have been used
successfully on coyote (Babb and Kennedy 1987), fisher (Arthur 1988), marten
(Hodgman et al. 1994), wolverine (Whitman et al. 1986), lynx (Schwartz and
Becker 1988), bobcat (Knick 1990), snowshoe hare (Keith et al. 1984; Boutin
and Krebs 1986), raccoon (Jordan et al. 1986; F. Lebebvre, Univ. de
Sherbrooke, Sherbrooke, PQ, pers. comm), black bear (Schwartz and
Franzmann 1991), grizzly bear (Hamilton and Archibald 1985), wolves
(Peterson et al. 1984; Fuller and Snow 1988), and cougar (Beier 1995). Design
of transmitter attachments for large carnivores should be extremely sturdy and
long-wearing, as these animals are very powerful.
Although they have been successful in many past studies, collars may not be the
best choice for every situation. Rigid collars of metal wire are not recommended
for mammals which live in burrows or crevices, as the collars may become
lodged and result in the animal’s death (Skirnisson and Feddersen 1985). G.
Mowat (Nelson, BC, pers. comm.) notes that collar fitting is critical for
mustelids, as the difference between head and neck circumference is very small.
Melquist and Hornocker (1979) attempted to use collars on river otter, but
reported problems with collar loss, poor reliability and neck irritation. They
recommended the use of implants in this species, an approach used in later
studies (Melquist and Hornocker 1979, Reid et al. 1986). Implanted transmitters
have also be used for beaver (Gyunn et al. 1987), striped skunks (Rosatte and
Kelly-Ward 1988), mink (Eagle et al. 1984), muskrats (Lacki et al. 1989),
marmots (A. Bryant, Nanaimo, B.C., pers. comm.; van Vuren 1989), wolverines
and kits (J. Krebs, Nelson, BC), and a number of canids (Green et al. 1985).
However, some negative effects of implants have been reported (Woolf et al.
1984). Implanted transmitters have been used on grizzly bears (Philo et al.
1971) and black bears (Jessup and Koch 1984), as have ear-mounted
transmitters (Serveen et al. 1981).
Expanding breakaway collars have been used on young black bears (Strathearn
et al. 1984) and coyote pups less than six weeks old (Andelt 1985). In the latter
case, the pups lost their collars very quickly so implants were used instead. The
implants had poor range, so when the pups reached three months old, they were
fitted with standard radio collars.
Harnesses are generally not practical for use on most medium-sized mammals
due to the danger of entanglement. However, expandable harnesses have been
used on bobcat kittens (Jackson 1985; Blackwell et al. 1991). Backpackmounted satellite transmitters are available for use on wolverine and foxes
(Burger and Carroll 1994).
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7.5 Ungulates
Collars are the preferred method of attaching transmitters to ungulates in most
situations. Collars have been used on caribou, mule, white-tail and black-tail
deer (Gillingham and Bunnell 1985; Harestad 1985), moose (Simpson et al.
1995), elk (Edge and Marcum 1989), mountain goats and mountain sheep
(Krausman et al. 1989). Expandable collars have been used on deer fawns
(Keister et al. 1988) and moose calves (Boertje et al. 1987), but may be lost
prematurely due to grooming activities (Schulz and Ludwig 1985). Bighorn
sheep rams may damage transmitter crystals during head-butting contests during
the rut, so Krausman et al.(1989) placed two transmitters on each collar that
was fitted on a mature ram.
As some ungulate species are wide-ranging, satellite collars are a practical
means of tracking individuals over long distances (Craighead and Craighead
1987; Fancy et al. 1989; Keating and Key , n.d.). However, current sattelite
collar designs are heavy, and anecdotal information suggests that animals may
become very disturbed by the weight of the collar continually hitting their chins
each time the put their heads down to graze.
Levine (Merlin Systems Inc., Meridian, ID, pers. comm.) reports that testing of
a subcutaneous implant for elk is underway. The implant is designed to be
inserted under the skin between the shoulder blades, and is being tested as an
alternative to visible transmitter attachments such as collars.
Ear-tag transmitters (Bartmann et al. 1992) have also been used on deer.
Implanted biotelemetry transmitters have been used in mule deer and mountain
sheep (Stemp 1982; Garrott and Bartmann 1984). Vaginal implants have
recently been used in plains bison in Yellowstone National Park to determine
time of partuition or abortion.
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7.6 Birds
7.6.1 Web-footed birds
A variety of transmitter mounting methods has been tried on these species.
Collars have been used on Redheads and Marbled Murrelets (Sorenson 1989; A.
Derocher, Ministry of Forests, Vancouver Forest Region, pers. comm.).
Transmitters have been sutured to the backs of Mallard ducklings (Mauser and
Jarvis 1991), adult ducks (P. Pietz, National Biological Service, Jamestown,
ND, pers. comm.; Wheeler 1991), Rhinoceros Auklets and Marbled Murrelets
(G. Davoren, Univ. of Victoria, Victoria, B.C., pers. comm.). Giroux et al.
(1990) used tail-mounted transmitters on waterfowl. Morris and Burness (1992)
used transmitters epoxied to metal leg bands to locate Common Terns.
Implanted transmitters with external whip antennas have been used successfully
on Mallards and Canvasbacks (Korschgen et al. 1996). Nasal-saddle mounted
transmitters have been used on this group of birds (Swanson and Keuchle 1976),
but have been found to cause behavioural changes (Perry 1981). Harnessmounted transmitters (Dwyer 1972) have also been reported to have adverse
effects (Greenwood and Sargeant 1973; Amlaner et al 1978; Perry 1981).
Harnesses also produce drag and possible loss of insulation in water birds
(Kenward 1987).
Satellite transmitters attached as backpacks have been designed for use on
swans and geese (Burger and Carroll 1994).

7.6.2 Shorebirds
C. Marn (Oregon State Univ., Corvallis, OR, pers. comm.) has sutured <1.5 g
transmitters to the backs of newly-hatched American Avocets and Black-necked
Stilts, and reports no problems due to infection. Glue-on transmitters seem to be
the preferred method of instrumenting birds in this group. R. Butler (Canadian
Wildlife Service, Delta, B.C., pers. comm.) glued 0.8 g transmitters to the backs
of Western Sandpipers, and M. Robert (Canadian Wildlife Service, Sainte-Foy,
PQ, pers. comm.), and P. Shepherd (Simon Fraser Univ., Burnaby, B.C., pers.
comm.) used the same technique on Yellow Rails in Quebec and Dunlin on the
Fraser River, respectively.

7.6.3 Raptors
Tail-mounted transmitters are generally the choice of most researchers working
with raptors. Sodhi et al. (1991) reported no apparent effects of tail-mounted
transmitters on Merlins, and Taylor (1991) reported no effects on Barn Owls.
Backpack-mounted transmitters with elastic-web or Teflon harnesses have been
used with species such as Barn Owls (Andrusiak 1994), Boreal Owls (Hayward
et al. 1993), Bald Eagles (Garrett et al. 1993), and Red-tailed Hawks (Demarchi
and Searing 1995). However, Foster et al. (1992) reported deaths and lifethreatening abrasions caused by improperly fitting harnesses on Spotted Owls.
Harnesses which place the transmitter ventrally on the breast of the bird have
also been used on owls, but had adverse affects on the birds (Nicholls and
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Warner 1968). Solar-powered transmitters may be useful for diurnal raptors
which commonly hunt in open areas (Snyder et al. 1989). Backpack-mounted
and neoprene-harnessed satellite transmitters have both been used on Peregrine
Falcons (S. Feliciano, pers. comm.).
Some telemetry suppliers offer bewit-mounted transmitters which are attached
to a raptor’s tarsi via a bewit. “Bewit” is a falconry term which refers to a piece
of prestretched leather which is normally used to attach a bell to a raptor’s leg.
This method of attachment is not recommended for hard-stooping birds as the
shock may damage the transmitter T. Weiss (Saarbruecken, Germany, pers.
comm.) used this type of attachment on an eagle, but observed that the antenna
seemed to always be in contact with the bird’s toes. He also felt that the bird’s
ability to capture prey may have been compromised.
Poncho-mounted transmitters and necklaces similar to those used on game birds
have proven to be useful in studies on Burrowing Owls (Haug and Oliphant
1990; D. Grier, Univ. of Guelph, Guelph, ON, pers. comm.). Patagial tags have
been used on California Condors (Ogden 1985).

7.6.4 Game Birds
Game birds have frequently been studied with the use of radio-telemetry (Hill
and Robertson 1987). Poncho-mounted transmitters have been used on many
game bird species (Amstrup 1980; Pekins 1988). Solar-powered transmitters
mounted on herculite ponchos worked well on Ring-necked Pheasants (Leif
1994). Burger et al. (1991) used bib-mounted transmitters and reported that
heavier transmitter weights were correlated with decreased survival. Slaugh et
al. (1990) and Lutz et al. (1994) used backpack transmitters on Chukar and
Attwater’s Prairie-chicken, respectively with apparent success, but harnessmounted transmitters have been reported to have adverse effects on Red Grouse
(Boag 1972) and Woodcock (Ramakka 1972). Sharp-tailed Grouse have been
fitted with radio collars (Marks and Marks 1987). Necklaces have gained favour
for use on game bird species in recent years (Riley and Fistler 1992).

7.6.5 Herons and cranes
This group of birds has long legs which are suitable for attaching leg-mounted
transmitters (Melvin et al. 1983). Implants have also been used on Sandhill
Cranes (Klugman and Fuller 1990). Backpack-mounted satellite transmitters
have also been used on Sandhill Cranes by B. Johns (Canadian Wildlife Service,
Saskatoon, SK, pers. comm.).

7.6.6 Swallows, Swifts and Goatsuckers
We could not find any reference to swift radio tagging in the literature. Glueons have been used by Brigham (1989) with Barn Swallows, but he found that
the tags affected foraging in a negative manner. Brigham (1989b, 1992) has
used a backpack comprised of two elastic hair bands knotted in a figure-eight
pattern and slipped over the wings in Common Nighthawks and Common
Poorwills. Both of these species have bred successfully wearing radio tags
which are attached in this manner, suggesting that the transmitters do not have
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negative effects on their behaviour (Csada and Brigham 1994b; Wang et al.
1995).

7.6.7 Passerines, Pigeons and Doves
Five % of body weight is the generally accepted size for avian telemetry work,
but the rationale behind this figure is really not known (Caccamise and Hadin
1985). Certain studies of thrushes and warblers have had apparent success using
weights between 5 to 10% (Graber and Wunderle 1966; Knittle et al. 1985;
Cochran et al. 1987). Caccamise and Hedin (1985) have developed data which
suggests that small passerines can handle a greater transmitter:bird weight ratio
because they are more aerodynamically suited than larger birds.
Raim (1978) pioneered some of the first passerine work. He glued transmitters
interscapularly to cowbirds using a piece of cloth glued to the skin and feathers
and another piece glued to the transmitter. This technique was duplicated by
Sykes et al. (1990) who trimmed the feathers of Common Yellowthroats and
Kirtland’s Warblers to within 1 to 3 mm prior to mounting transmitters via
chiffon fabric. They report little success when using only adhesive without the
fabric layer. However, Walters (Univ. of Victoria, Victoria, B.C., unpubl. data)
had very good success without using any fabric with his work on Orangecrowned Warblers, Pygmy and Red-breasted Nuthatches, and Hermit Thrushes.
Perhaps this difference is related to the adhesive used: Walters used
cyanoacrylic glue whereas Sykes et. al. (1990) were using latex eyelash
adhesive. For the Kirtland Warbler work, however, Sykes et al.(1990) switched
to skin bond cement which they found held longer, dried quicker, and was
generally easier to use. Walters (unpubl. data) has found that birds can be
tagged in less than 10 minutes with the adhesive method, and batteries usually
give out long before the tag falls off. In another version of this attachment
technique, Sykes et al. (1990) used Velcro in addition to the chiffon fabric.
They found it was not as aerodynamically sound as the other method and do not
recommend it.
Other researchers working on Red-winged Blackbirds have gone one step
further to not only glue the transmitter, but suture it in place (Martin and Bider
1978). For suturing, inhalant anaesthetics, such as isofluorane, can be used in
consultation with a veterinarian. The advantage with this method of attachment
is that it is unaffected by moult, unlike adhesive methods alone (Martin and
Bider 1978).
Sykes et al. (1990) found median retention was 24 days for transmitters
mounted using adhesive and cloth. As well, when the transmitter fell-off, it
pulled the attached feathers out of the folicle with it. This stimulated new
feather growth within 2 to 4 days, producing fully-formed feathers in 17 to 24
days. Winker et al. (1990) report that tags fell off Wood Thrushes after 40 days
because of feather growth. Zebra Finches, whose feathers were plucked during a
study by Langman (1973), dislodged the transmitter within 3 to 7 days. It is
usually recommended that feathers be cut, as opposed to plucked, to guard
against this stimulated growth pattern.
Knittle et al. (1985) report an unbelievable range of 13 km for their 1.1 gram
tags when signals were received by aircraft at altitudes of 500m to 1500m.
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Ground tracking ranges were significantly less with values of 400 m to 8 km
depending on terrain. This is in marked contrast to Langman (1973) whose
finches’ transmitters had a range of 3 m during physiological experimentation.
Harnesses have rarely been used with passerines, mainly due to weight
constraints. Sykes et al. (1990) designed one for use with Common
Yellowthroats (neck and abdominal loops), but found adhesive methods to be
superior. One characteristic of harnesses is that they rarely fall off, compared
with adhesive methods; this can be advantageous for data collection but also
detrimental to the long term well-being of the subject animal.
Traditional harnessing methods such as wing loop or neck loops have met with
less favour in recent years due to problems with behavioural changes. In the
past, studies have reported harness slippage in approximately 10 to 15% of
tagged birds, generally resulting in immobilization of the study animal (Rappole
and Tipton 1991).
Rappole and Tipton (1991) have developed a harness method that they claim
allows faster processing time and longer tag retention. Their method involves
slipping looped ligature material over each thigh with the transmitter sitting
dorsally over the synsacrum. The method only works well with species that have
long, external thighs, so it will not be effective on ducks or doves.
Implant work with doves has begun by Schulz (Missouri Dept of Conservation,
Columbia, MO, pers. comm.). Mourning Doves have been outfitted with
subcutaneous and intra-abdominal transmitters. External antennas pass through
the skin or body wall and thus yield a better signal for detection by the
researcher.
Besides the interscapular gluing method, Knittle et al. (1985) have used tail
mounts (base of the four central tail feathers) with Pine Siskins, MacGillivray’s
Warblers and Yellow Warblers. This method proved satisfactory during their
study, but premature loss of tail feathers poses a potential problem. This method
has not been adopted by any other researchers, as far as we are aware.
The more traditional raptor technique of rectrice attachment has been used
successfully on Northern Shrikes (Atkinson 1993). This method differs from
Knittle et al.’s (1985) as the transmitter is tied to the central retrices rather than
glued.
Another form of tail mount has been used in Gray Jays where the tag has been
attached to the two central retrices with duct tape. Barnard (Norwich Univ.,
Northfield, VT, pers. comm.) has usually had the batteries fail before the tag has
become dislodged.

7.6.8 Woodpeckers
Nesbitt et al. (1978) were some of the first researchers to tag woodpeckers.
They glued the transmitter interscapularly with a cotton fabric cushion between
transmitter and bird. Tags weighed approximately 6.5 to 9% body weight.
Several others have used the technique since (Odom et al. 1982; Hooge 1991;
Bull et al. 1992; E. Walters, Univ. of Victoria, Victoria, B.C., unpub. data; C.
Steeger, Ymir, B.C., unpub. data); but without the piece of cotton fabric. Tags
were secured with cyanoacrylic glue (“superglue”) in most cases.
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The work by Odom et al. (1982) with endangered Red-cockaded Woodpeckers
was not very successful, and they suggest that glue-on transmitters impaired the
function of an already stressed bird. Their study was compounded by the fact
that they were tagging relocated individuals.
One bird in Walters’ studies was found to be unable to exit its cavity with the
transmitter on its back. The tag jammed against the roof of the cavity,
effectively trapping the bird within the hole. The entrance had to be slightly
enlarged (2 mm) to enable the bird to exit (Walters, unpub. data). This problem
should be considered with any method when cavity-nesting species are
involved.
Harnesses have been used mostly with Pileated Woodpeckers (Renken and
Wiggers 1989; Bull et al. 1992; Mellen et al. 1992; Bull and Holthausen 1993;
R. Bonar, Weldwood of Canada Ltd., Hinton, AB, pers. comm). The package is
held to the bird with Teflon ribbon and sits dorsally in the mid-region of the
back. The harness extends around the body on both the anterior and posterior
edges of the wing to hold the package in place mid-dorsally. Broken or bent
antennas caused by Pileated Woodpecker preening were reported by Mellen et
al. (1992).
A comparison of harnesses with glue-on methods was made by Hooge (1991) in
Acorn Woodpeckers. He found that harnesses decreased flying behaviours even
when compared to heavier packages applied with adhesive. As well, attachment
time increased markedly as did the chance of entanglement when using
harnesses.
Several studies have used the tail-mount method to monitor woodpeckers
(Goggans et al. 1988). The transmitters are attached to the underside of one
central tail retrix by a series of nylon ties extending along the feather shaft.
Some researchers have reported whip antennas becoming stuck in bark when
this method is used with woodpeckers, a family of birds which normally forage
on trunks using the tail as a brace.

60

August 6, 1998

Wildlife Radio-telemetry

8. GLOSSARY
ABSOLUTE ABUNDANCE: The total number of organisms in an area.
Usually reported as absolute density: the number of organisms per unit area or
volume.
BIODIVERSITY: Jargon for biological diversity: the variety of life forms, the
ecological roles they perform, and the genetic diversity they contain (Wilcox
1984 cited in Murphy 1988).
CURRENT DRAIN: The rate at which a power source is exhausted.
GLOBAL POSITIONING SYSTEM (GPS): Electronic device which
determines its location utilizing signals from satellites.
“H” ANTENNA: A two element, H-shaped directional, receiving antenna.
HOME RANGE: The area required by an animal throughout a specified period
of time, usually a season, a year, or a lifetime.
LINE OF SIGHT (LOS): The maximum unobstructed distance between
transmitter and receiver which produces an adequate signal.
LOOP ANTENNA: A loop-shaped antenna used to send a signal from a radiotransmitter. Loop antennas may also be used to receive signals within a 1 km
radius.
ONE STAGE TRANSMITTER: The simplest radio transmitter design which
utilizes a single pulse capacitor to govern signal pulses.
OPERATIONAL LIFE: The period of time for which a radio-transmitter will
produce a signal of sufficient quality to allow it to be tracked with a receiver.
PERIOD: The interval between signals.
PRESENCE/NOT DETECTED (POSSIBLE): A survey intensity that verifies
that a species is present in an area or states that it was not detected (thus not
likely to be in the area, but still a possibility).
PROJECT AREA: An area, usually politically or economically determined, for
which an inventory project is initiated. A project boundary may be shared by
multiple types of resource and/or species inventory. Sampling generally takes
place within smaller study areas within this project area.
PULSE: A single signal (i.e. one “beep”) from a radio-transmitter.
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PULSE INTERVAL MODULATION (PIM): The ability of a transmitter to
vary its pulse rate, usually in conjunction with animal behaviour.
RANDOM SAMPLE: A sample that has been selected by a random process,
generally by reference to a table of random numbers.
REAL TIME SENSOR: A sensor which instantly alters the pulse rate of a
transmitter as its position is changed. (Generally as the result of a change in
behaviour of a tagged animal).
RELATIVE ABUNDANCE: The number of organisms at one location or time
relative to the number of organisms at another location or time. Generally
reported as an index of abundance.
SIGHTABILITY CORRECTION MODEL: A mathematical equation used to
correct the results of a wildlife survey in an attempt to eliminate visibility bias.
SIGNAL: The audible, repeated pulse from a radio transmitter.
STRATIFICATION: The separation of a sample population into nonoverlapping groups based on a habitat or population characteristic that can be
divided into multiple levels. Groups are homogeneous within, but distinct from,
other strata.
STUDY AREA: A discrete area within a project boundary in which sampling
actually takes place. Study areas should be delineated to logically group samples
together, generally based on habitat or population stratification and/or logistical
concerns.
SURVEY: The application of one RIC method to one taxanomic group for one
season.
SYSTEMATIC SAMPLE: a sample obtained by randomly selecting a point to
start, and then repeating sampling at a set distance or time thereafter.
TAG: A radio transmitter.
TWO STAGE TRANSMITTER: A radio transmitter which incorporates a
simple amplification stage to increase power output.
TIME DELAY SENSOR: Sensor which changes its pulse rate if an internal
switch is not triggered for a specified period of time. Often used in mortality
studies.
WHIP ANTENNA: A flexible transmitting or receiving antenna which is
anchored at one end.
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YAGI ANTENNA: A directional receiving antenna composed of lateral boom
to which elements are attached so that they lie perpendicular to the boom and
parallel to one another.
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9. REFERENCES
9.1 Internet Resources
Biotelemetry Resources
http://www.biotelem.org/
Biotelem Listserver Home Page
http://www.bgu.ac.il/life/bouskila/telemetry.html
Wildlife Telemetry Clearinghouse
http://www.uni-sb.de/philfak/fb6/fr66/tpw/telem/telem.htm
Illinois Natural History Survey Wildlife Ecology
Software Server (telemetry data analysis programs)
http://nhsbig.inhs.uiuc.edu/

9.2 Telemetry Equipment Manufacturers
Note: The inclusion of any manufacturer on this list should in no way be
interpreted as an endorsement of their products.
AVM Instrument Company, Ltd.
2356 Research Drive, Livermore, CA , USA 94550
Phone: +1.510.449.2286 Fax: +1.510.449.3980 Emerg. 24h Fax: +1.510.7362528
e-mail: avmtelem@ix.netcom.com
Advanced Telemetry Systems Inc.
470 1st Ave. No., Box 398, Isanti, Minnesota, USA 55040
Phone: +1.612.444.9267 Fax: +1.612.444.9384
e-mail: 70743.512@compuserve.com
Biotrack (note: as of July 1998 Biotrack had not been approved for use in Canada)
Stoborough Croft, Grange Road, Wareham, Dorset , UK BH20 5AJ
Phone: +44.929.552.992 Fax: +44.929.554.948
Custom Electronics of Urbana, Inc.
2009 Silver CT. W., Urbana, Illinois, USA 61801
Phone: +1.217.344.3460 Fax: +1.217.344.3460
Custom Telemetry Co.
1050 Industrial Drive, Watkinsville, Georgia, USA 30677
Phone: +1.706.769.4024 Fax: +1.706.769.4026
Holohil Systems Ltd.
112 John Cavanagh Road, Carp, Ontario K0A 1L0
Phone: +1.613.839.0676 Fax: +1.613.839.0675
Lotek Engineering Inc.
115 Pony Drive, Newmarket, Ontario L3Y 7B5
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Phone: +1.905.836.6680 Fax: +1.905.836.6455
e-mail: telemetry@lotek.com
Mariner Radar Ltd.
Bridleway, Campsheath, Lowestoft, Suffolk, England NR32 5DN
Phone: +44.502.567195 Fax: +44.502.567195
Merlin Systems, Inc.
445 W Ustick Rd, Meridian, Idaho 83642
Phone:+1.208.884.3308 Fax:+1.208.888.9528
E-Mail: merlin@cyberhighway.net
Microwave Telemetry Inc.
10280 Old Columbia Road, Suite 260, Columbia, Maryland, USA 21046
Phone: +1.410.290.8672 Fax: +1.410.290.8847
e-mail: Microwt@aol.com
Mini-Mitter Co., Inc.
P.O. Box 3386, Sunriver, Oregon, USA 97707
Phone: +1.503.593.8639 Fax: +1.503.593.5604
e-mail: rrushmmtr@aol.com
Televilt International AB
Box 53 S-711 22 Lindesberg, Sweden
Phone: +46.581.17195 Fax: +46.581.17196
Telonics.
932 East Impala Avenue, Mesa, Arizona USA 85204-66990
Phone: +1.602.892.4444 Fax: +1.602.892.9139
Toyocom *(see note below)
20-4, Nishi-Shimbaxhi 3-chome, Minato-ku, Tokyo, Japan 105
Phone: +03.3459.7320
Fax: +03.3436.1434
Toyocom Chicago
Phone: +1.708.593.8780 Fax: +1708.593.5678
Toyocom LA
Phone: +1.714.668.9081 Fax: +1.714.668.9158
* Although Toyocom manufactures Argos transmitters for use in biotelemetry, they are
normally not interested in small projects requiring custom manufacturing.
Wildlife Materials Inc.
Route 1, Box 427A, Carbondale, Illinois, USA 62901
Phone: +1.618.549.6330 Fax: +1.618.457.3340
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11. APPENDIX
Appendix A. References by Topic.

(Numbers correspond to entries in the bibliography).
GENERAL

180
376
466

10
230
382
501

12
264
405
506

31
276
414
540

37
300
423
547

87
318
452
569

96
326
456
570

125
335
457

142
369
458

106
170
526

108
194

117
195

127
229

128
263

EQUIPMENT/TECHNIQUES

146
267

57
151
279

88
161
315

101
162
443

IMPLANTED TRANSMITTERS/BIOTELEMETRY

216
302
410
500

38
219
321
415
508

85
234
323
428
509

92
257
324
439
514

100
280
360
450
532

141
282
372
453
536

152
284
396
496
538

204
288
404
497
571

210
296
409
498
579

254
343
357

SATELLITE TRANSMITTERS

255
345
358

86
270
347
399

113
271
348
479

153
272
349
510

169
273
350
511

197
277
351
524

204
293
355
565

221
339
356
576

133

201

269

310

466

503

11
109
175
252

21
114
178
256

22
133
181
258

45
134
185
269

71
136
205
286

89
137
222
287

SOFTWARE
1
HOME RANGE

91
144
245

1
99
167
251
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325
460
512

328
461
513

332
462
520

363
468
538

365
474
574

377
489
582

379
499
583

421
505
584

459
507
585

55
420

83
431

89
482

123
487

126
496

168
504

228
549

44
59
84
117
192
297
391
500

48
60
95
124
193
302
393
517

49
61
97
145
194
327
400
536

50
63
98
154
247
334
402
549

51
64
104
160
248
367
417
574

52
65
108
165
268
368
418

246

294

389

451

532

540

6
99
220
339

7
130
227
361

27
138
242
363

33
156
261
381

36
167
292
386

66
171
329
407

MORTALITY

384
568

46
419
573

ACTIVITY/BEHAVIOUR

53
67
110
166
283
374
429

32
56
68
115
173
289
383
435

35
58
69
116
176
295
389
494

DEMOGRAPHICS
174

239

HABITAT SELECTION

81
178
332
494

2
82
199
335

3
94
217
337

DISPERSAL, MIGRATION

132
188
329
435

33
133
202
364
476

36
143
223
371
486

58
153
225
380
518

78
158
269
385
521

89
163
292
390
522

105
164
303
418
534

129
183
304
421
587

131
186
320
424

28

42

72

73

74

75

76

HERPTILES
19
114
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77
170
269
371
418
454
515

78
173
280
377
424
476
519

91
175
281
378
432
477
530

95
188
303
391
433
480
533

102
213
321
393
435
488
534

133
231
324
397
441
494
535

161
241
332
410
442
500
573

162
242
360
416
448
508
574

163
245
364
417
450
513

32
153
289
483

39
179
294
484

100
193
295
485

113
220
313
509

126
225
318
532

130
247
323

143
272
361

217

251

257

295

415

478

21
296

40
439

46
453

55
471

141
482

210
531

UNGULATES

144
274
451

29
151
275
481

LARGE CARNIVORES
33

174

516
MEDIUM-SIZED MAMMALS

216
537

9
249
580

17
265

SMALL MAMMALS

206
370
497

27
218
379
498

71
288
384
512

101
298
396
563

131
316
401

138
329
426

158
330
436

165
331
463

185
367
494

4
108
544

5
155
545

59
156

60
290

61
299

62
362

63
541

68
542

15
38
53

20
43
54

23
44
56

24
47
70

25
48
79

26
49
93

BATS

104
543

MARINE MAMMALS

34
50

8
35
51
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97
116
147
166
187
207
240
268
308
334
348
358
437
472
525
556
571

98
117
148
169
189
214
244
291
309
336
349
383
438
473
528
557
572

99
119
149
172
192
223
246
292
310
339
350
389
440
487
529
558
575

103
122
150
176
197
226
248
293
311
340
352
390
445
489
536
559
576

107
124
151
177
200
234
253
297
312
341
353
398
447
510
551
560
578

110
129
154
182
201
235
254
301
314
342
354
400
465
511
552
561
579

111
132
159
183
202
237
255
305
320
343
355
402
467
514
553
564
581

112
145
164
184
203
238
260
306
327
345
356
425
469
518
554
565
586

115
146
165
186
204
239
266
307
333
347
357
428
470
524
555
566
587

196
412

212
455

231
504

346
517

359
549

373
550

22
388

39
395

80
408

99
409

168
446

178
475

215
502

39
493

41
495

232
504

236

321

338

411

WEB-FOOTED BIRDS

374
567

16
375

140
403

CRANES, HERONS
284
SHOREBIRDS
233
RAPTORS

267
527

14
387
562

GAME BIRDS

449

116

2
492
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PASSERINES, PIGEONS, DOVES, GOATSUCKERS

69
199
285
413
586

4
81
208
290
427
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19
82
209
302
430

30
120
211
344
431

57
121
243
363
444

64
160
250
366
464

65
190
262
368
523

66
191
282
385
549

67
198
283
394
577
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Appendix B. Sample log form for radio-transmitter unit.

Make

Model

Serial Number

Frequency

Date of Purchase

Wildtrack

CR-57

000398932983

179.45

Jan 20/1996

Testing
Date

Pulse?

Strength

Quality

Comment

01/20/96

Yes

Good

Good

Working fine.

02/28/96

Yes

Good

Good

Working fine.

10/20/96

Yes

Variable

Good

Pulse seems inconsistent.

12/18/96

Yes

Weak

Poor

Needs repair and servicing.

01/15/97

Yes

Good

Good

Working fine.

02/12/97

Yes

Good

Good

Working fine.

Deployment
Spp

Date
Deploy

Date Last
Transmit

Date
Recover

Total #
Relocate

Reason for Failure

WOLV

03/01/96

06/01/96

06/19/96

11

Torn off.

Comment Collar found in boulder field. Leather had been torn through next to clasp. Still
transmitting fine.
WOLV

03/03/97

Comment
Repair/Service Record
Date Repaired/
Serviced

Technician, Company

Description

10/15/96

Smith Shoe Repair

Repair torn leather collar.

01/10/97

Wildtrack, Vancouver

Servicing and new battery.
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