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Abstract

The remote monitoring of animal behaviour using telemetry and bio-logging has become popular due to technological
advances, falling costs of devices and the need to understand behaviour without causing disturbance to subjects. Over the
past three decades thousands of animals have had their movements tracked by these devices; however, attaching devices to
streamlined bodies raises concerns about energetic costs and effects on vital rates and the reliability of the data collected
(eg survival probability). We encourage researchers to discuss concerns, quantify the possible effects that devices and attach-
ment methods have on subjects and present this work for peer review.

Keywords: animal welfare, bio-logging, conservation, ethics, remote sensing, satellite tracking

Introduction
With advances in technology, especially in the field of

animal telemetry and bio-logging, it is now possible to

investigate the cryptic behaviours of animals (Ropert-

Coudert et al 2009), such as recording the exceptional

diving capabilities of elephant seals (Mirounga leonina)

(Hindell 1991; Slip et al 1994), the behaviours, movements

and migratory patterns of sea turtles (Ferraroli et al 2004;

Hays et al 2004), and the at-sea behaviour of enigmatic

species such as whale sharks (Rhincodon typus) (Graham

et al 2006). Not only do these advances allow unparalleled

and unique insights into behaviour and provide valuable

conservation information for biodiversity managers, but

they are relatively simple to use with typically straightfor-

ward software applications and user-friendly downloads of

data. Consequently, remote monitoring of animal behaviour

is a popular research area of intense investigation (Ropert-

Coudert et al 2009) (Figure 1).

An example of a cause for concern — sea turtles
While the quantity of data collected using these devices is

increasing exponentially (Godley et al 2008), there is a clear

lack of complementary research on the effects of these

devices on the research subjects — which is a cause for

concern — and sometimes limited analysis of work under-

taken in their area by researchers working in the field

(Wilson & McMahon 2006). A pertinent example is in the

field of sea turtle research. Sea turtles are high profile,

charismatic animals that attract much attention from the

public and media alike, while also acting as important envi-

ronmental health indicators (Aguirre & Lutz 2004). This

interest has resulted in a proliferation of studies investigating

at-sea turtle movements and behaviour (Figure 1). These

data may provide a vital tool for future projects monitoring

populations of marine megavertebrates, however it is inter-

esting to note that bio-logging and data-tracking is generally

not used for conservation purposes (Ropert-Coudert et al
2009). Although these numbers account for < 15% of all

satellite-tracking publications; when considered in terms of

actual numbers of sea turtles being monitored then one must

look at www.seaturtle.org. This website allows interested

parties conducting satellite tracking to place a record of their

data on the website. Notwithstanding the fact that not all

parties are willing to do this, since 2003, www.seaturtle.org

has detailed and archived the at-sea movements of 558 sea

turtles (Figure 2), not to mention the movements of 270 sea

turtles currently being tracked.

While there has been a rise in the number of publications

concerned with satellite tracking of sea turtles since the

1990s (Figure 1), only a small number of these have consid-

ered the effect of the device on the animal (Ferraroli et al
2004; Hawkins 2004; Troëng et al 2006; Fossette et al
2008; Godley et al 2008). Ethical and welfare considera-

tions need to be at the forefront of this type of research,

ensuring scientists have accessible data for refining tech-

niques and undertaking ethical practices. Of the few
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published examples, considerable problems have been high-

lighted (Troëng et al 2006). With improved longevity of

both the device and attachment, turtles can now be

monitored remotely for periods of over a year, sometimes

returning to their natal beach years later with the device still

attached (Troëng et al 2006). While it is unclear what

effects such long-term deployments have, there are well-

documented cases in marine vertebrates showing that such

deployments may have detrimental effects in terms of life

history (Massey et al 1988; Wanless et al 1988; Taylor &

Gangopadhyay 2001; Simeone et al 2002a; Whidden et al
2007). For example, it has been noted that animals have

suffered negative consequences from devices when

foraging and breeding (Massey et al 1988; Wilson & Wilson

1989; Croll et al 1996; Ballard et al 2001; Beaulieu et al
2010) as well as decreases in survival rates (Jackson &

Wilson 2002; Dugger et al 2006). However, there is also

good evidence on the short- and long-term effects of devices

which shows no impact on the key life-history traits of

growth and survival, even of the most vulnerable animals

© 2011 Universities Federation for Animal Welfare

Figure 1

Graph detailing (i) the number of animal satellite tracking publications and (ii) sea turtle satellite tracking publications. Data come from
a general search on Web of Knowledge. For (i), the keyword ‘satellite tracking’ was used within publication years 1970 to present.
Results were refined by subject categories pertaining to biology, ecology and the environment. For (ii), the keyword was again ‘satellite
tracking’, within the same time period as (i). A further search within these results was carried out using the keyword ‘turtles’. For both
searches, results were sorted by publication year using the Web of Knowledge results analysis tool.

Figure 2

Graph detailing the number of turtles tracked on www.seaturtle.org, on a year-by-year basis. Monitoring data were retrieved from the
archive section of www.seaturtle.org.
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most likely to be impacted by carrying devices (McMahon

et al 2008). Although there are obvious caveats in

comparing device effects and welfare across species, it

would seem prudent to investigate the potential life history

impacts that these devices may be having on turtles espe-

cially given the longevity of the deployments. Duration of

sensor attachment is not the only consideration; other

concerns include the consequence of capture and restraint

during attachment, and the potential increase in the energy

budget required to find and to store food. Also, concerns

exist for breeding and maintenance due to drag from the

attached sensor, as observed in fur seals (Arctocephalus
spp) (Boyd et al 1997) and penguins (Wilson et al 1986;

Culik & Wilson 1991, 1992). 

Animal Welfare 2011, 20: 515-521

Table 1   Potential effects of device attachment.

Stage of device deployment Concern Mitigation

Capture The capture process includes:
• Selection;
• Capture;
• Restraint; and
• Release (Casper 2009)
• NB Animals see the capture process as 
predation and is therefore probably the most
stressful event an animal can experience

• Researchers must possess the skills to 
undertake each component of the capture
process, or seek specialised support (Murray &
Fuller 2000; Gannon & Sikes 2007; Casper 2009)
Actions may include:
• Limiting handling times;
• Sensory deprivation; and
• Invoking the use of safe, fast-acting anaesthesia
agents (Casper 2009)
• NB Not all drugs and methods are equal, an
area in need of research

Device type • Size and shape, potential drag effect • Smaller equipment is recommended for use on
animals, but attention needs to be paid to a
series of other aspects (Withey et al 2001)
• Streamline equipment for aquatic and flying 
animals (Obrecht III et al 1998)

• Positioning, not allowing for natural mobility • Ensure that placement does not impair 
insulation, preening, feeding or sleep posture
(Smith et al 1998)

• Colour, predator attraction • Camouflage/conform to animals pelage, may
influence behaviour and vulnerability to predation
(Casper 2009)

• Instrumentation, may cause drag • Reduce size or internalise within the device,
some devices can cause drag and effect foraging
(Wilson et al 1990; Elliott 2008)

Attachment method • Attachment can occur through various 
methods, with some components having the
potential for harm (Casper 2009)
• Physical problems include skin abrasion, 
impairment of movement, feather loss and 
necrosis under the unit (Sykes Jr et al 1990;
Godfrey et al 2003; Ackerman et al 2004)

• A review of device attachment methods is
needed. This has become a fertile field which
needs to be addressed and can be done under
controlled conditions, eg zoos
• Do not attach over injuries, may cause necrosis
• Small amounts of quick-setting inert glue that
does not generate excessive heat during curing;
may cause burning of the underlying integument
(Sykes Jr et al 1990; Foster 1992)
• Avoid harness attachments for field 
deployments where possible. However, there is
evidence that harness attachments can be 
effective in some taxa (Hays et al 2004)

Timing and attachment duration • Timing, eg effects are most pronounced when
device is attached during the breeding season
rather than at the beginning or end of the 
breeding season (Sohle et al 2000)

• An area in need of investigation regardless of
the subject species

• Duration, increasing duration may exacerbate
effects

• As short as is necessary to answer the key
question (Wilson & McMahon 2006)
• Drop-off collars might be considered, although
these have limitations and need monitoring
(Strathearn et al 1984; Soderquist 1993)
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General effects of device attachment
While data are limited on the effects devices may have, it is

prudent to consider the potential effects. These can be split

into four main categories: (i) those arising from the capture of

the animal (Croll et al 1991); (ii) the type, which includes

shape, size and colouration, of device; (Wilson & Wilson

1989; Bannasch et al 1994; Ropert-Coudert et al 2007); (iii)

the attachment method (Bannasch et al 1994; Fossette et al
2008); and (iv) the timing and duration of the device attach-

ment (Watanuki et al 1992; Ropert-Coudert et al 2000)

(Table 1). In Table 1 we summarise the concerns regarding

device attachments and some of the solutions that might be

considered to mitigate these effects. Of the concerns high-

lighted, all may increase energy consumption and therefore

possibly compromise fundamental life history traits, such as

survival and breeding probability (Wilson & Wilson 1989;

Wilson & McMahon 2006; Godley et al 2008). In the interest

of sound and unbiased research that provides accurate and

representative data, or indeed information that can be

assessed in the context of the effect it has on animal life

history, it seems prudent to take all of the aforementioned into

account when studying the behaviours of wild animals. In our

assessment, capture is one of the most likely issues requiring

to be addressed when fitting devices to animals (Murray &

Fuller 2000; Gannon & Sikes 2007; Casper 2009).

In the first instance, we would urge researchers to quantify

the effects of capture on animals and then to go on to inves-

tigate the mitigating effects of sedatives and anaesthetic

agents used for immobilisation. There have been cases in

which internal implantation has been investigated, however

this seems only to be of merit over the longer term (Green &

Bradshaw 2004). There is limited research examining the

steps of the surgical procedure (capture, sedation, laparo-

tomy, and implantation) and results are not well known

(Beaulieu et al 2010a,b). However, for immobilisation to

occur, bodies and agencies that regulate research need to be

aware of the importance of experimentation with chemical

agents in wildlife research and need to acknowledge and

indeed accept a degree of responsibility for studying wild

animals. A hands-off approach (preservation) to conserva-

tion is simply not pragmatic in the present biodiversity crisis. 

Addressing all parties
In the light of the previous argument, we advocate an active

animal welfare research role for researchers, scientific

ethics and governing bodies, NGOs and animal welfare

advocates, in the pursuit of sound study of the effects of

device attachment and research (in general). These are

necessary components of gathering vital conservation

information (McMahon et al 2007). Yet many researchers

often see the ethics’ process as a hurdle to conducting

research; once overcome, less attention is paid to the

effects of devices on animals. So, while not questioning the

necessity for research and the need to attach devices to wild

animals, eg using our case study of sea turtles, we are,

however, concerned by the number of animals being

subjected to study and the paucity of information on the

capture and effects of the devices made publicly accessible

from these studies in terms of published peer-reviewed

papers. Moreover, as the financial investment and costs

involved in the application of these sensors diminish, it is

likely that in the future we will see continued increases in

the numbers of sea turtles (and for that matter, other

animals) being tracked (Figures 1 and 2).

Of paramount importance in this debate is the answer to the

question: why is there such a lack in quantification of the

effects of these applications on animal behaviour and

welfare? One potential answer could be the multifaceted

nature of conservation. Conservation has many parties

involved (eg scientists, veterinarians, NGOs, welfare and

conservation groups) and emotions can therefore run high

especially when the animals being studied are charismatic

(Jabour-Green & Bradshaw 2004; McMahon et al 2006).

All these groups have different agendas, all of which are

commendable, but sometimes the true objective can be

missed (McMahon et al 2006; Wilson & McMahon 2006).

How do all parties reach this common goal in a unified

way? The answer is with good conservation practice (see

Figure 3) that includes the presentation of data on the effect

handling and devices have on animals in a clear, uniformly

quantifiable way. Indeed, in many cases it seems that this

information may already exist but has not yet been analysed

and presented in terms of assessing research impacts. For

example, there are studies where animals have been tracked

for long periods of time and the information from these

studies has provided vital information about the ranges of

turtles and the potential hazards they encounter, eg by-catch

(Hays et al 2004). Consideration could also be given to the

evaluation of device impacts as part of the ethics process,

encouraging researchers to explore device effects further as

part of ongoing ethical considerations and not as an after-

thought, or worse, not a thought at all. It would seem

prudent that information from such studies on return rates

and measurements of the effects of the attachments can be

useful to other researchers. Perhaps such retrospective

analysis of data — with welfare in mind — prior to carrying

out further studies will not only introduce a more cautionary

approach to prospective experimental work, but also

produce some much-needed information regarding the

welfare of these animals.

Animal welfare implications
We do not intend to criticise or question the research or the

proponents performing the work, however we do suggest

ways in which researchers can improve their practices.

Hopefully, when considered on an individual basis, a

reasonable case can be made for each animal carrying

remote sensors. However, if the goal is to conserve animal

populations then the research community must become

more strategic in their research and be willing to evaluate

their methods more frequently. For example, in those

instances where specific areas or species suffer a scarcity of

information, there is a case for researchers being more

specific in their application of remote sensing equipment.

Our approach advocates as much as possible to be learnt

from as few animals as possible and is closely aligned to the

© 2011 Universities Federation for Animal Welfare
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3Rs approach — a framework used widely in the animal

research and husbandry fields, however limited in wildlife

research. For example, an ISI Web of Science search with

the keywords ‘3Rs’ and ‘animal’ and ‘wild’ returns no

results. As outlined by Russell and Burch (1959), the 3Rs

framework recommends reducing the number of animals

used in experiments, while remaining statistically

relevant, refining procedures to minimise pain and distress

in experimental subjects and providing for their well-being

based on their behavioural needs, and replacing experi-

ments involving whole animals with in vitro models such as

tissue and cell culture wherever possible. It is with the 3Rs

in mind that researchers should undertake some basic

measures prior to beginning their research (Figure 3): (i) are

the methods being employed the least invasive and how can

the effects of the capture process be minimised (Murray &

Fuller 2000; Gannon & Sikes 2007; Casper 2009); (ii) how

can animal welfare impacts be minimised and what methods

of attachment are best suited to the animal (Withey et al
2001); (iii) what are the best attachment methods and how

can the effects of the methods be minimised (Sykes Jr et al

1990; Godfrey et al 2003; Ackerman et al 2004); and (iv)

what is the minimum duration that the device should be

fixed to the animal and are there alternatives that could be

investigated (Wilson & McMahon 2006). 

We encourage those researchers attaching devices to

animals to consider our broader framework so that

animal welfare concerns are explicitly incorporated into

future research. This broader framework includes the 3Rs

principles when considering, undertaking and assessing

the effects of devices on animals, in the interests of

sound unbiased research.
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Flow chart detailing good conservation
practice.

https://doi.org/10.1017/S0962728600003158 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003158


520 McMahon et al

Ballard G, Ainley D, Ribic C and Barton K 2001 Effect of
instrument attachment and other factors on foraging trip duration
and nesting success of Adelie penguins. The Condor 103: 481-490
Bannasch R, Wilson R and Culik B 1994 Hydrodynamic
aspects of design and attachment of a back-mounted device in
penguins. Journal Of Experimental Biology 194: 83-96
Beaulieu M, Ropert-Coudert Y, Le Maho Y and Ancel A
2010a Is abdominal implantation of devices a good alternative to
external attachment? A comparative study in Adelie penguins.
Journal of Ornithology 151: 579-586
Beaulieu M, Thierry A, Handrich Y, Massemin S, Le
Maho Y and Ancel A 2010b Adverse effects of instrumenta-
tion in incubating Adelie penguins (Pygoscelis adeliae). Polar
Biology 33: 485-492
Boyd IL, McCafferty DJ and Walker TR 1997 Variation in
foraging effort by lactating Antarctic fur seals: response to simu-
lated increased foraging costs. Behavioural Ecology and Sociobiology
40: 135-144
Casper R 2009 Guidelines for the instrumentation of wild birds
and mammals. Animal behaviour 78: 1477-1483
Croll D, Jansen J, Goebel M, Boveng P and Bengtson J
1996 Foraging behavior and reproductive success in chinstrap
penguins: the effects of transmitter attachment. Journal of Field
Ornithology 67: 1-9
Croll D, Osmek S and Bengtson J 1991 An effect of instru-
ment attachment on foraging trip duration in chinstrap penguins.
Condor 93: 777-779
Culik B and Wilson R 1991 Energetics of under-water swim-
ming in Adelie penguins (Pygoscelis adeliae). Journal of
Comparative Physiology B: Biochemical, Systemic, and Environmental
Physiology 161: 285-291
Culik B and Wilson R 1992 Field metabolic rates of instru-
mented Adelie penguins using double-labelled water. Journal of
Comparative Physiology B: Biochemical, Systemic, and Environmental
Physiology 162: 567-573
Dugger K, Ballard G, Ainley D and Barton K 2006 Effects of
flipper bands on foraging behavior and survival of Adelie penguins
(Pygoscelis adeliae). The Auk 123: 858-869
Elliott KH, Davoren GK and Gaston AJ 2008 Increasing
energy expenditure for a deep-diving bird alters time allocation
during the dive cycle. Animal Behaviour 75: 1311-1317
Ferraroli SJ, Georges Y, Gaspar P and Le Maho Y 2004
Where leatherback turtles meet fisheries. Nature 429: 521-522
Fossette S, Corbel H, Gaspar P, Le Maho Y and Georges
J 2008 An alternative technique for the long-term satellite track-
ing of leatherback turtles. Endangered Species Research 4: 33-41
Foster CC 1992 Survival and reproduction of radio-marked
adult spotted owls. Journal Of Wildlife Management 56: 91-95
Gannon WL and Sikes RS 2007 Guidelines of the American
Society of Mammalogists for the use of wild mammals in research.
Journal of Mammalogy 88: 809-823
Godfrey JD, Bryant DM and Williams MJ 2003 Radio-
telemetry increases free-living energy costs in the endangered
Takahe porphyrio mantelli. Biological Conservation 114: 35-38
Godley B, Blumenthal J, Broderick J, Coyne A, Godfrey
MM, Hawkes L and Witt M 2008 Satellite tracking of sea tur-
tles: where have we been and where do we go next? Endangered
Species Research 4: 3-22

Graham RT, Roberts CM and Smart JCR 2006 Diving
behaviour of whale sharks in relation to a predictable food pulse.
Journal of the Royal Society Interface 3: 109-116
Green J and Bradshaw C 2004 The ‘capacity to reason’ in con-
servation biology and policy: the southern elephant seal branding
controversy. Journal for Nature Conservation 12: 25-39
Hawkins P 2004 Bio-logging and animal welfare: practical refine-
ments. Memoirs of the National Institute for Polar Research 58: 58-68
Hays GC, Houghton JDR, Isaacs C, King RS, Lloyd C and
Lovell P 2004 First records of oceanic dive profiles for
leatherback turtles, Dermochelys coriacea, indicate behavioural
plasticity associated with long-distance migration. Animal Behaviour
67: 733-743
Hindell MA 1991 Some life-history parameters of a declining
population of southern elephant seals, Mirounga leonina. Journal of
Animal Ecology 60: 119-134
Jabour-Green J and Bradshaw CJA 2004 The ‘capacity to rea-
son’ in conservation biology and policy: the southern elephant seal
branding controversy. Journal for Nature Conservation 12: 25-39
Jackson S and Wilson RP 2002 The potential costs of flipper-
bands to penguins. Functional Ecology 16: 141-148
Massey B, Keane K and Boardman C 1988 Adverse effects
of radio transmitters on the behavior of nesting least terns.
Condor 90: 945-947
McMahon CR, Bradshaw CJA and Hays G 2006 Branding
can be justified in vital conservation research. Nature 439: 392
McMahon CR, Bradshaw CJA and Hays GC 2007 Applying
the heat to research techniques for species conservation.
Conservation Biology 21: 271-273
McMahon CR, Field IC, Bradshaw CJA, White GC and
Hindell MA 2008 Tracking and data-logging devices attached to
elephant seals do not affect individual mass gain or survival. Journal
of Experimental Marine Biology and Ecology 360: 71–77
Murray D and Fuller M 2000 A critical review of the effects of
marking on the biology of vertebrates. In: Boitani L and Fuller TK
(eds) Research Techniques in Animal Ecology: Controversies and
Consequences pp 15-64. Columbia University Press: New York, USA
Obrecht III H, Pennycuick C and Fuller M 1998 Wind tun-
nel experiments to assess the effect of back-mounted radio trans-
mitters on bird body drag. Journal Of Experimental Biology 135: 265
Ropert-Coudert Y, Baudat J, Kurita M, Bost CA, Kato A,
Le Maho Y and Naito Y 2000 Validation of oesophagus tem-
perature recording for detection of prey ingestion on captive
Adelie penguins (Pygoscelis adeliae). Marine Biology 137: 1105-1110
Ropert-Coudert Y, Beaulieu M, Hanuise N and Kato A
2009 Diving into the world of biologging. Endangered Species
Research doi 10.3354/esr00188
Ropert-Coudert Y, Knott N, Chiaradia A and Kato A 2007
How do different data logger sizes and attachment positions affect
the diving behaviour of little penguins? Deep Sea Research Part II:
Topical Studies in Oceanography 54: 415-423
Russell WR and Burch C 1959 The Principles of Humane
Experimental Technique. Methuen: London, UK
Slip DJ, Hindell MA and Burton HR 1994 Diving behaviour of
southern elephant seals from Macquarie Island: an overview. In:
Le Boeuf BJ and Laws RM (eds) Elephant Seals: Population Ecology,
Behaviour, and Physiology pp 253-270. University of California
Press: Berkeley, USA

© 2011 Universities Federation for Animal Welfare

https://doi.org/10.1017/S0962728600003158 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003158


Assessing the effects of remote sensing   521

Smith BL, Burger WP and Singer FJ 1998 An expandable
radiocollar for elk calves. Wildlife Society Bulletin 26: 113-117
Soderquist T 1993 An expanding break-away radio-collar for
small mammals. Wildlife Research 20: 383-386
Sohle IS, Moller H, Fletcher D and Robertson CJR 2000
Telemetry reduces colony attendance by sooty shearwaters
(Puffinus griseus). New Zealand Journal of Zoology 27: 357-365
Strathearn S, Lotimer J, Kolenosky G and Lintack W 1984
An expanding break-away radio collar for black bear. The Journal
of Wildlife Management 48: 939-942
Sykes Jr PW, Carpenter JW, Holzman S and Geissler PH
1990 Evaluation of three miniature radio transmitter attachment
methods for small passerines. Wildlife Society Bulletin 18: 41-48
Taylor AH and Gangopadhyay A 2001 A simple model of
interannual displacements of the Gulf Stream. Journal of
Geophysical Research-Oceans 106: 13849-13860
Troëng S, Solano R, Díaz-Merry A, Ordoñez J, Taylor DR,
Evans D, Godfrey D, Bagley D, Ehrhart L and Eckert SA
2006 Report on long-term transmitter harness retention by a
leatherback turtle. Marine Turtle Newsletter 111: 6-7
Wanless S, Harris M and Morris J 1988 The effect of radio
transmitters on the behavior of common murres and razorbills
during chick rearing. Condor 90: 816-823

Watanuki Y, Mori Y and Naito Y 1992 Adelie penguin
parental activities and reproduction: effects of device size and
timing of its attachment during chick rearing period. Polar
Biology 12: 539-544
Whidden S, Williams C, Breton A and Buck C 2007 Effects
of transmitters on the reproductive success of tufted puffins.
Journal of Field Ornithology 78: 206-212
Wilson RP, Grant WS and Duffy DC 1986 Recording devices
on free-ranging marine animals: does measurement affect foraging
performace. Ecology 67: 1091-1093
Wilson RP and McMahon CR 2006 Measuring devices on wild
animals: what constitutes acceptable practice? Frontiers in Ecology
and the Environment 4: 147-154
Wilson RP and Wilson M 1989 A peck activity record for birds
fitted with devices. Journal of Field Ornithology 60: 104-108
Wilson RP, Spairani H, Coria N, Culik B and Adelung
D 1990 Packages for attachment to seabirds: what color do
Adelie penguins dislike least? The Journal of Wildlife
Management 54: 447-451
Withey JC, Bloxton TD and Marzluff JM 2001 Effects of tag-
ging and location error in wildlife radiotelemetry studies. In:
Joshua JM and John MM (eds) Radio Tracking and Animal Populations
pp 43-75. Academic Press: San Diego, USA

Animal Welfare 2011, 20: 515-521

https://doi.org/10.1017/S0962728600003158 Published online by Cambridge University Press

https://doi.org/10.1017/S0962728600003158

