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Abstract
Over the past half century, wildlife research has relied on technological advances to gain additional insight into 
the secretive lives o f animals. This revolution started in the 1960s with the development o f radio telemetry and 
continues today with the use of Global Positioning System (GPS)-hased research techniques. In the present paper 
we review the history of radio telemetry from its origins with grizzly hears in Yellowstone to its early applications 
in tiger research and conservation in Asia. We address the different types o f data that are available using radio 
telemetry as opposed to using other research techniques, such as behavioral observations, camera trapping, DNA 
analysis and scat analysis. In the late 1990s, the rapid development o f GPS collar technology revolutionized 
wildlife research. This new technology has enabled researchers to dramatically improve their ability to gather 
data on animal movements and ecology. Despite the ecological and conservation benefits o f radio telemetry, 
there have been few telemetry studies of tigers in the wild, and most have been on the Bengal or Amur subspecies. 
We close with an assessment of the current tiger conservation efforts using GPS technology and discuss how this 
new information can help to preserve tigers for future generations.

K ey words: Global Positioning System technology, Panthera tigris, radio telemetry, research methodologies, 
tiger.

INTRODUCTION
Tigers {Panthera tigris Linnaeus, 1758) have been 

studied by researchers and conservationists for nearly 100 
years. Despite the difficulties of collecting data on secre
tive animals without modem technology, early scientists 
pioneered research on tigers and provided a baseline for 
our understanding o f tiger ecology. In the early 1900s, 
Frederick W. Champion recognized that it was possible 
to tell individual tigers apart by their unique striping pat-
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tems and pioneered camera trapping in India (Champion 
1927). Observational data from India supplied research
ers with detailed information on social organization, com
munication and feeding behavior (Schaller 1967). Early 
tiger researchers in the Russian Far East relied on inten
sively snow tracking a few individuals for long periods 
of time (Baikov 1925; Kaplanov 1948; Matyushkin et al. 
1980; Pikunov 1983; Yudakov & Nikolaev 1987). These 
pioneering scientists used their natural history skills to 
provide a strong foundation for future scientists. However, 
there were limitations to the amount and type of data that 
could he collected and, hence, there were limitations to 
our understanding of tiger ecology.

Wildlife research was revolutionized in the early 1960s 
when the Craighead brothers developed a new method of 
gathering data on wildlife from a distance without visual 
contact with the animals being studied. By placing radio
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collars on free-ranging grizzly  bears {Ursus arctos 
Linnaeus, 1758), they greatly increased the quantity and 
quality of data collected, and followed animal movements 
through the densest of forests and mountains (Craighead 
1979). From 1961 through 1968, the Craigheads used this 
innovative approach in Yellowstone National Park, USA 
to efficiently locate, follow and observe 23 grizzlies 
(C raighead  e t al. 1995). P ub lished  data from  th is 
groundbreaking study addressed home ranges, movement 
patterns, reproduction, social hierarchy, mortality patterns 
and food habits, and was used to develop management 
recommendations for the Yellowstone grizzly hear popu
lation (Craighead et al. 1995).

During the 50 years since radio telemetry was first ap
plied to wildlife research, a wide variety of research ques
tions have been addressed that could not have been an
swered using alternate methods (Table 1). This techno
logical approach to w ildlife research has provided an 
amazing array o f opportunities to examine detailed eco
logical and conservation questions related to movement, 
home range, habitat use, survival, productivity, popula
tion estim ation and behavior, as well as other related 
questions (Samuel & Fuller 1994). Studies examining 
animal m ovem ent patterns have been large scale (e.g. 
focusing on migration or dispersal) (Nathan et al. 2003) 
and smaller scale, focusing on spatial and temporal travel 
corridors (Sawyer et al. 2009). Behavioral studies using 
radio telem etry have focused on the daily or seasonal 
activity patterns o f individual animals (Green & Bear 
1990). Studies examining the home ranges of individual 
animals provide quantitative estimates o f area used in 
time and space (Flarris et al. 1990). Using radio telem 
etry to examine habitat use and selection has helped re
searchers to identify and manage important habitat (Mace 
et al. 1999). Applying radio telem etry methods to sur
vival studies has enabled researchers to better differenti
ate between emigration and mortality, something that has 
been difficult to accomplish using other research tech
niques such as cam era trapping and genetic analyses 
(Karanth et al. 2006) (Table 1). Radio telemetry has been 
used effectively to estimate reproductive parameters such 
as litter size, interbirth interval, adult survival and cub 
survival, and causes of mortality (Mace & Waller 1998). 
Population estimation studies using mark-recapture meth
ods have enabled researchers to better estimate popula
tion size (White & Garrott 1990).

Since the 1990s, a second revolution in w ildlife re
search has been underway with the advent of Global Po
sitioning System (GPS) collar technology (Cagnacci et 
al. 2010; Tomkiewicz et al. 2010). GPS collar technol

ogy has provided many rapid advances to the same tech
niques developed above, especially in the fields o f habi
tat selection and movement modeling, but are also pro
viding ecological insights that were not possible using 
trad itio n a l very  h igh  frequency  (VFIF) technology  
(Cagnacci etal. 2010; Flebblewhite & Flaydon 2010). For 
example, new insights possible through use of GPS col
lars include the ability to estimate kill rates in summer 
for the first time, and detailed information on movement 
paths and dispersal patterns. Regardless o f whether us
ing VFIF or GPS methods, many o f these questions have 
been addressed by researchers with either technology and 
could not have been answ ered using other research  
techniques, such as tracking, camera trapping, scat analy
sis or DNA analysis (Table 1).

During the past 50 years, however, many drawbacks 
o f radio telemetry-based wildlife research have become 
apparent (White & Garrott 1990; Winterstein et al. 2001; 
Flebblewhite & Flaydon 2010). Telemetry-based research 
can be logistically and financially challenging and is not 
always the best option for answ ering m any research 
questions. First, telemetry studies are invasive to the study 
animals, involve the challenges and dangers associated 
with capture (Amemo et al. 2006), and capturing and ra
dio-collaring animals is often controversial among seg
ments of the public. Conducting a radio telemetry study 
requires a high level o f field expertise to obtain accurate 
ground or aerial locations and provides an excellent op
portunity to train and educate local biologists in research 
and conservation techniques. Costs associated with a ra
dio telemetry study include the initial investment of pur
chasing equipment and training personnel, the extensive 
labor costs for field staff capturing animals and obtain
ing ground locations and the aerial telemetry costs to find 
missing or dispersing study animals. Statistically adequate 
sample sizes can be especially difficult to obtain from 
elusive animals that are difficult to capture, occur at very 
low densities and inhabit remote areas, such as tigers. 
This problem is made more acute by the high costs of 
GPS c o lla r  sy stem s (L in d b e rg  & W alker 2007 ; 
Flebblewhite & Flaydon 2010). W hen considering the 
additional costs associated with field personnel salaries, 
travel expenses during monitoring, technical equipment 
and radio telemetry training, GPS collars might not nec
essarily be more expensive than traditional VFIF collars. 
Clearly defining research objectives is an important step 
while determining whether a radio telemetry study is the 
best method of efficiently gathering the desired informa
tion and should be evaluated during the study design 
process. A t the same time, telemetry studies need to be
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flexible and opportunistic. Some early objectives might 
prove to be unachievable, whereas other important con
servation issues might he addressed using the data gath
ered for the original questions (Goodrich & M iquelle 
2010).

In the present paper on tiger research methodologies,

we address the application of telemetry to tiger research 
and conservation. We start with a technical description 
of how radio telem etry works, and the following para
graphs describe its ’ technical aspects. We then review 
the various research projects that have used radio telem
etry to study wild tiger populations and the different re-

Table 1 Advantages o f using VHF-based or GPS-based telemetry compared to other wildlife research methods for addressing different 
tiger ecology and conservation issues

Ecological/
conservation

question
VHF-based or GPS-based data Other methods Citations

Demographic studies 
(e.g. survival and 
reproduction)

Dispersal

Food habits

Home range

Hiunan-wildlife
conflict

Increased precision about timing of 
mortality and reproduction based on 
localized movements of study animals. 
Main method to reliably estimate 
survival rates of adult tigers.

Population dynamics

Ability to locate animals using aerial 
telemetry or satellites far beyond study 
area borders enables researchers to 
differentiate between emigration and 
mortality.

Telemetry gives researchers the ability to 
find areas the tiger has localized its 
movements and safely investigate for 
kills after the tiger has left the area.

Ability to systematically study tigers 
throughout the year and gather location 
data in remote or difficult to access areas 
(especially true for Global Positioning 
System collars).

Telemetry allows managers to track tiger 
movements during all times of the day to 
quickly respond to a threat and reduce 
the potential for human-tiger conflict.

Detailed information allows managers to 
investigate social structure, cohort- 
specific survival rates, movements and 
spacing pattems. Difficult to monitor 
population trend itself except indirectly 
through vital rates.

Localized movements during 
reproduction might reduce the 
effectiveness of camera trapping, 
observational and snow tracking 
data. Camera trapping yields 
apparent survival, which can 
include emigration. Mortalities 
might never be foimd, limiting the 
value o f survival studies.
Difficulty differentiating between 
emigration and mortality using 
camera trapping. Snow tracking 
(where even possible) has limited 
value during long-distance 
dispersal.
Snow tracking or opportunistic 
sampling to gather data on tiger 
kills. Scat analysis is challenging 
because scat is often difficult to 
locate in thick forests or grasslands 
or sampling is restricted to roads. 
Large gaps in area between sample 
sites during camera trapping efforts. 
Snow tracking only offers 
information on winter use.

Efforts are usually reactionary and 
focused on gathering data after a 
conflict has occurred instead of 
responding to threats to prevent 
conflict from occurring.

Observational or snow tracking data 
offers detailed information during 
short intervals. Camera trapping 
better for monitoring population 
trends, although often with large 
confidence intervals.

Kenney et al. (1995), 
Kerley et al. (2003), 
Karanth et al. (2006) and 
Goodrich et al. (2008)

Smith & McDougal 
(1991), Smith (1993), 
Kerley et al. (2003) and 
Karanth et al. (2006)

Schaller (1967), Miquelle 
etal. (1996), Chimdawat 
et al. (1999), Andheria et 
al. (2007), Kerley & 
Safina (2007) and Wang 
& MacDonald (2009) 
Schaller (1967), Sunquist 
(1981), Yudakov & 
Nikolaev (1987), 
Chundawat et al. (1999), 
Franklin et al. (1999) and 
Goodrich et al. (2010)
Nikolaev & Yudin 
(1993), Goodrich & 
Miquelle (2005), 
Miquelle et al. (2005), 
Johnson et al. (2006) and 
Sangay & Vemes
(2008)
Sunquist (1981), Smith 
& McDougal (1991), 
Smimov & Miquelle
(1999), Karanth et al.
(2006), Barlow et al. 
(2009) and Goodrich et 
al. (2010)

380 ) 2010 ISZS, Blackwell Publishing and lOZ/CAS



Tiger telemetry

search questions addressed in previous studies. Similar 
to the wildlife research revolution experienced as a re
sult o f radio telemetry research techniques in the 1960s, 
GPS technology is presenting another revolution for wild
life biologists. Although examples of GPS-hased research 
on tigers are lacking, studies of other species demonstrate 
what we can expect from tiger research in the future. We 
conclude the paper hy reviewing 4 current projects that 
are applying GPS technology to research and conserva
tion of wild tigers.

REVIEW OF RADIO TELEMETRY 
METHODOLOGIES

Radio telemetry involves following radio signals emit
ted from a transmitter on a study animal. VHF radio trans
m itters are attached to leather and fitted to the study 
animals. The Craighead hrothers originally distinguished 
study animals hy their unique pulse rate on a single radio 
frequency (Craighead & Craighead 1965). Radio trans
mitters used in wildlife work now usually transmit simi
lar pulse ra tes, hut each transm itter em its a unique 
frequency. Signals are transmitted “line-of-sight” from 
the transm itter to the receiver and, as such, vegetation 
and topography might interfere with and hlock reception 
of radio signals (Cochran 1980). The most critical ingre
dient for successful ground telemetry is estahlishing line- 
of-sight between the observer and the transmitter. The 
best way to do this is hy gaining elevation to obtain that 
line-of-sight between observer and transmitter (Anderka 
1987).

The primary methods for locating the transmitters are 
homing in on the signal, aerial telemetry and triangulation. 
Homing m ight he of use to find a dead study animal, a 
slipped collar, dens, nests, or kills, to locate evidence of 
feeding, or to locate an animal when triangulation works 
poorly or animals can he observed without being disturbed 
(i.e. species that roost during the day). Most radio collars 
also include a m ortality sensor whereby the pulse rate 
(heats per minute) changes after the collar has remained 
inactive for a specified time period (usually 4 -6  h), often 
signaling the death of the study animal. Aerial telemetry 
is useful when animals travel into areas too distant or 
difficult (i.e. topography) for ground crews to access, 
when animals exhibit wide ranging movements, or dur
ing dispersal or m igration movements. In many study 
areas, aerial telemetry is the only feasible option and a 
significant portion of the operating budget must he dedi
cated to flight time. Triangulation is the m ost common 
method of locating an animal from the ground, where 2

or more hearings (preferably 3) are taken at different lo
cations to create an intersection o f hearings, and these 
intersections estimate the tiger’s location. In many study 
areas, a well trained field staff can quickly and accurately 
locate an animal from the ground, often making triangu
lation the most common method o f obtaining locations. 
There is some debate regarding w hether it is better to 
obtain 2 or 3 hearings in rapid succession for triangula
tion (W hite & Garrott 1990; W interstein et al. 2001). 
Regardless, we believe the most critical element to accu
rate ground or aerial telemetry is development of a con
sistent protocol, practical field experience and develop
ment of a test-collar program for training, validation and 
determination of location error (White & Garrott 1990). 
Regardless of the method or species, it is common prac
tice to use test collars to obtain study-specific location 
error rates, and for large-mammal telemetry, ground or 
aerial telem etry location error is often in the 2 -400  m 
range (White & Garrott 1990).

Capture is obviously the most important and first step 
in any telemetry study and involves a great deal o f risk. 
Capturing animals to fit them with radio transmitters is a 
traumatic experience and can he dangerous for animals 
(Amemo et al. 2006), researchers and the public. M ini
mizing the risk to both the study animals and the research
ers is critical, and is best accomplished hy following ac
cepted capture and handling  p ro toco ls for species 
(Gannon et al. 2007) and working with experienced wild
life veterinarians to establish protocols and, ideally, lead 
capture and handling operations. Most developed-nation 
wildlife management agencies and universities now re
quire an approved animal use and capture protocol. A 
capture-related m ortality can result in a suspension of 
research permits and negative public perception, espe
cially for critically endangered species such as tigers. 
Noninvasive studies are free from the need to handle wild 
animals and are often preferred hy the public. However, 
there are limitations to the data available to non-telem
etry based studies and the benefits of telemetry can out
weigh the risks. W hile an animal is anesthetized, every 
effort should he put into gathering as m uch data as 
possible, including blood and hair samples for disease 
and genetic analysis, weight and body measurements, and 
photographs. With proper equipment and trained person
nel present, it is possible to give a com plete physical 
examination, to collect sperm, to perform ultrasounds on 
females to determine pregnancy and body condition, and 
to collect a variety of other data.

When reviewing the published ecological literature for 
benefits and costs of using radio telemetry to address dif
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ferent kinds o f ecological and conservation questions, 
several trends emerge (Table 1). Where information on 
individual tiger behavior, movements, habitat selection, 
p reda to r-p rey  dynam ics, hom e range or dispersal is 
warranted, radio telemetry seems to he the best method
ology  for ga in ing  d e ta iled  in fo rm ation  (Table 1). 
Furthermore, radio telem etry provides detailed demo
graphic data, such as reproductive rates, survival and even 
dispersal rates that can eventually be combined in demo
graphic models to estimate population growth rates and 
trends. Additional strengths include the valuable infor
mation obtained regarding human-wildlife conflicts and 
cause-specific mortality rates, which are really only ob
tained through radio telemetry in any rigorous fashion. 
The downside o f radio telemetry studies usually lies in 
the very small sample sizes obtained in most tiger telem
etry studies (Table 2), which leads to marginal statistical

rigor and strength o f inferences. Furthermore, radio te
lemetry studies are poor at providing rigorous popula
tion estim ates, except when using gross extrapolation 
approaches based on average home range size. In contrast, 
noninvasive studies such as camera-trapping m ark-re
capture studies (Karanth et al. 2006), DNA m ark-recap
ture (M ondol e t al. 2009) or snow tracking surveys 
(Yudakov & Nikolaev 1987) can often provide better sta
tistical rigor for estimating population-level parameters 
such as population size, trend and broad distribution 
(Table 1). Unfortunately, these noninvasive methods pro
vide coarser resolution for individual-level questions. 
Obviously, the best methodological approach would be 
to combine radio telemetry methods in areas at the same 
time as noninvasive population-level studies, where both 
methods would provide checks on each other’s assump
tions (e.g. Apps et al. 2004).

Table 2 Summary o f published scientific papers that used radio-collared tigers, showing study area, duration, subspecies, the number 
o f collared tigers and the general ecological questions addressed. No published papers have used Global Positioning System collars to 
date

Study area Duration Tiger
subspecies

Number of collared 
tigers Ecological questions Citation

India January 1990 to 
February 1992

Bengal 4 (3 M, 1 F) Behavioral correlates 
of predation

Karanth & Sunquist 
(2000)

Nepal December 1973 to 
April 1974

Bengal 1(F) Interspecific
competition

Seidensticker (1976)

Nepal December 1974 to 
September 1976

Bengal 7 (3 M, 4 F) Social organization Sunquist (1981)

Nepal 1972 to 1989 Bengal 31 Reproduction Smith & McDougal 
(1991)

Nepal January 1977 to June 
1987

Bengal 26 Dispersal Smith (1993)

Russia January 1992 to 
November 1994

Amur 11 Food habits Miquelle etal. (1996)

Russia 1992 to 2000 Amur 19 (4 adult M, 8 adult 
F, 7 cubs)

Effects of roads and 
human disturbance

Kerley et al. (2002)

Russia January 1992 to 
December 2000

Amur 9F Reproductive
parameters

Kerley et al. (2003)

Russia 2001 to 2003 Amur 4 (2 M, 2 F) Translocation Goodrich & Miquelle 
(2005)

Russia Febmary 1992 to 
January 2005

Amur 42 Survival rates and 
mortality

Goodrich et al. (2008)

Russia Febmary 1992 to 
December 2006

Amur 19 (5 M, 14 F) Spatial stmcture Goodrich et al. (2010)

F, female; M, male.

382 ) 2010 ISZS, Blackwell Publishing and lOZ/CAS



Tiger telemetry

RADIO TELEMETRY IN TIGER 
RESEARCH

Radio telemetry research techniques were first applied 
to tigers on the Smithsonian-Nepal Tiger Ecology Project 
in Royal Chitwan National Park, Nepal in 1973 to pro
vide a comprehensive understanding of the tiger in its 
n a tu ra l h a h ita t (S e id e n s tic k e r e t al. 1974). This 
groundhreaking research project provided some of the 
m ost detailed  in form ation  on tiger ecology to date 
(Seidensticker 1976; Sunquist 1981; Smith & McDougal 
1991; Smith 1993; Smith et al. 1998). This team devel
oped the first protocols to safely capture and immohilize 
free-ranging tigers (Seidensticker et al. 1974; Smith et 
al. 1983) and hegan radio-tagging tigers and other large 
mammals in Royal Chitwan. Once collared, the team was 
ahle to study the life history, movements and activity of 
these secretive, solitary animals in much more detail than 
had heen possible w ith traditional m ethods (Schaller 
1967; Tahle 1). By closely monitoring the tigers of Royal 
Chitwan, researchers were ahle to better understand ti
ger ecology and to develop conservation recommenda
tions necessary to maintain tigers in the hahitat fragments 
where tigers still live in Nepal (Seidensticker 1976).

Mel Sunquist and James L. David Smith continued the 
tiger research in Royal Chitwan with an examination of 
tiger movements and social-spatial behavior (Sunquist 
1981), dispersal of tigers (Smith 1993), and potential ef
fects o f poaching (Kenney et al. 1995; Tahle 2). Radio 
telemetry methods were used to address daily and sea
sonal movement patterns in relation to foraging, repro
ductive activity and territoriality (Sunquist 1981; Smith 
& McDougal 1991; Smith 1993). By comparing telem 
etry locations of different sex and age classes, tiger so
cial interactions were examined hy calculating the dis
tance between animals radio tracked on the same day 
(Sunquist 1981). Feeding habits of tigers were also ex
amined and incorporated into the first assessment of the 
im pact o f tigers on prey populations (Sunquist 1981). 
Using radio telemetry techniques, the research team ex
amined several questions related to tiger dispersal be
havior and estim ated the population structure o f the 
Chitwan and surrounding populations (Smith 1993; Smith 
et al. 1998). These early studies in the Nepal/India area 
in the Terai arc set the foundation and, to this day, the 
hulk of radio-collared tiger research has come from these 
areas.

Radio telemetry has heen used in the tropical dry for
ests of the Panna Tiger Reserve, India (Chundawat et al. 
1999) and in the tropical forests o f Nagarahole National

Park, India (Karanth & Sunquist 2000) to examine tiger 
ecology and interspecific competition (Tahle 2). Panna 
Tiger Reserve represents an im portant hahitat type for 
tigers in India and differs from the tropical moist forests 
and alluvial grassland/subtropical m oist deciduous for
est types found in other tiger reserves in the Indian sub
continent (Seidensticker & McDougal 1993; Karanth & 
Nichols 1998; Chundawat et al. 1999). This once exten
sive hahitat type has heen severely fragmented and de
graded hy human disturbance and heavy cattle grazing 
(Chundawat et al. 1999). Research in Panna focused on 
tiger prey requirements, hahitat suitability, movements 
and activity pattems in an effort to identify critical eco
logical needs of tigers living in the tropical dry forests of 
India (Chundawat et al. 1999). K aranth and Sunquist
(2000) used telemetry to examine the role of competition 
between different predators for space use, movement and 
activity pattems, hunting techniques and social stmcture.

Tiger research in the Russian Far East was historically 
limited to winter when snow tracking allowed research
ers to glimpse into the secret lives of tigers. Snow track
ing tigers can provide valuable information on movement 
pattems, food habits, home ranges and marking behavior 
(Yudakov & Nikolaev 1987). In 1992, the Flornocker 
W ildlife Institute and the Sikhote-Alin Reserve hegan 
radio telem etry-hased research on Amur tiger ecology 
under the Siberian Tiger Project (Miquelle et al. 1996). 
Today, the Wildlife Conservation Society and the Sikhote- 
Alin Reserve continue this effort as the longest mnning 
telemetry research and conservation effort conducted on 
wild tigers (Tahle 2). The Siberian Tiger Project has used 
radio tracking to study social stmcture (Goodrich et al. 
2010), food habits (Miquelle et al. 1996), reproduction 
(Kerley et al. 2003), m ortality (Goodrich et al. 2008), 
impact o f humans and roads (Kerley et al. 2002), trans
location  o f  tigers to alleviate tiger-hum an  conflicts 
(Goodrich & M iquelle 2005) and improvement of cap
ture and anesthetic protocols (Goodrich et al. 2001). The 
advancement in our knowledge o f tiger ecology and be
havior that this research project has accomplished has 
guided and greatly enhanced conservation projects in the 
Russian Far East and north-east China.

To understand some o f the differences in the use of 
tiger telem etry in tiger research, we reviewed the pub
lished scientific studies on tigers that used radio telem 
etry (Tahle 2). We did not include unpublished reports or 
theses because o f the difficulty in locating them in an 
unbiased manner. We summarized, hy tiger subspecies, 
the study area, the duration o f the study, the number of 
tigers’ radio collared and the main ecological questions
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addressed, with the goal o f synthesizing tiger telemetry 
studies across their range (Tahle 2). On average, pub
lished tiger radio telemetry studies lasted 7.2 years, and 
used 15.7 tigers during each study, with an average of 2. 
2 radio collared tigers/year (Tahle 2). No puhlished stud
ies have used GPS collars yet, although we note that a 
recent PhD thesis (Barlow 2009) used 2 GPS collars. The 
m ain ecological questions have related  to predation 
p a tte rn s , in te rsp e c if ic  co m p e titio n , su rv iv a l and 
reproduction, spatial structure and social organization 
(Tahle 2). From this hrief review, several important fea
tures of previous tiger telemetry studies are apparent: (i) 
tiger studies have relied on very small sample sizes from 
a classic experimental design viewpoint to address im 
portant ecological questions; (ii) long-term studies are 
needed to acquire enough data to gain reliahle ecological 
insights hecause, for example, tigers are long-lived and 
ecological dynamics take tim e (Goodrich & M iquelle 
2010). This review highlights the challenges of applying 
radio telem etry to the study o f tiger populations, and 
emphasizes that in the future, tiger radio-collaring projects 
should strive to capture and radio collar as many indi
viduals as possible, and commit to long-term monitoring 
to understand tiger ecology.

GLOBAL POSITIONING SYSTEM 
COLLAR TECHNOLOGY AND THE 
FUTURE OF TIGER TELEMETRY

In the years since the Craigheads developed radio 
telemetry, technological advances have consistently im 
proved the systems while reducing the overall size of the 
transmitters and batteries, enabling researchers to place 
longer lasting transmitters on increasingly smaller spe
cies (Winterstein et al. 2001). Recently, researchers have 
joined telemetry with GPS systems to revolutionize the 
amount and type of data that can he gathered (Tomkiewicz 
et al. 2010). We can now collect data from great distances, 
24 h a day, during had weather, and without disturbing 
the research animals, reducing the potential to affect ani
mal behavior. GPS telemetry was originally used on large 
mammals such as elephants (Douglas-Hamilton 1998), 
m oose (Rodgers et al. 1996) and hears (Schw artz & 
Arthur 1999) hecause only large species could carry the 
large units. As the technology continues to develop, 
smaller units are available for smaller species and larger 
units are equipped with longer lasting batteries. GPS col
lars can also come with remote data retrieval systems, 
such as UHF data uploads in the field (usually from 
aircraft), the bidirectional Global System for M obile

Communication (GSM) network, or satellite-horne data 
uploads through the ARGOS platform  (which requires 
user fees) or newer Iridium technology (Tomkiewicz et 
al. 2010). Furthermore, many collar manufacturers pro
vide remote release mechanisms that are designed to fa
cilitate recovery of the GPS collar without requiring re
capture o f the animal in the field. This new technology 
enables researchers to collect a large number of high qual
ity data within a short time period compared to traditional 
VFIF telem etry (Cagnacci et al. 2010; Flehhlewhite & 
Haydon2010).

Global Positioning System telem etry has helped re
searchers to address similar research questions as with 
VFIF with more accuracy and less bias (Tahle 1), hut has 
also opened new avenues for research in wildlife ecol
ogy and conservation. Resource selection studies are now 
relying on GPS technology to provide fine scale infor
mation on the types of resources and habitats selected hy 
research animals (Manly et al. 2002). Long distance m i
gration routes can now he accurately mapped using GPS 
telem etry (M eyhurg et al. 2003; L ittaye et al. 2004; 
Thirgood et al. 2004). Flome range studies using GPS 
telemetry have provided an abundance of location data 
that has led to new analytical m ethods (M oorcroft & 
Lewis 2006; Kie et al. 2010). Studies focusing on sur
vival and reproduction have henefitted from using GPS 
collars hy finding calving GPS collared caribou {Rangifer 
tarandus caribou Gmelin, 1788) or tracking wide-rang
ing en d an g ered  C a lifo rn ia  condors (G ym nogyps  
californianus Shaw, 1797) (Gustine et al. 2006; Woods 
et al. 2007). Research into animal movement pattems has 
greatly henefitted from the advances in GPS technology 
(Moen et al. 1996; Dagom et al. 2000; Blake et al. 2001). 
Researchers using GPS collars have gained insight into 
helping mitigate hum an-w ildlife conflicts (Dodd et al. 
2007; Graham et al. 2009). GPS telemetry is also help
ing researchers better understand the potential conse
quences o f  clim ate change on w ild life  populations 
(Durner et al. 2009). As GPS technology continues to 
develop and become more affordable, more researchers 
will he ahle to harness the power of these methods and 
continue to build on the progress that has heen made.

Although the benefits o f GPS telemetry m ight seem 
obvious, many of the disadvantages are not. The 2 main 
disadvantages are technical failures and high collar cost. 
First, all technology fails. W hen planning a GPS collar 
study, collar failure and malfunction must he plarmed for, 
as almost no study occurs w ithout some level o f total 
collar failure, hut typically ranges from 10-50% (Johnson 
et al. 2002; Gau et al. 2004; Flehhlewhite & Flaydon
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2010). GPS failure can result in com plete loss o f the 
collar, reductions in battery life expectancy, reduced fix- 
rate (Frair et al. 2010), or failure in the collar retrieval 
(Hehhlewhite et al. 2007) or 2-way communication sys
tem (e.g. ARGOS, Iridium, GSM or UHF). Currently, 
GPS collars are significantly more expensive than tradi
tional VHF collars. D epending on the features o f the 
collar, costs can reach US$8000 per collar before adding 
the costs o f transferring data via satellites. As with any 
new technology, costs are already beginning to decline 
and we expect this trend to continue. As a result of these 
high costs for collars, budget constraints could potentially 
force researchers to reduce their sample sizes, sacrific
ing strong population-level inferences (Hehhlewhite & 
Haydon 2010). Many researchers believe the GPS collar 
revolution is both a blessing and a curse for biologists. 
The process of removing biologists from the field, where 
th ey  tire le s s ly  track  th e ir  s tudy  sp ec ies  in  th e ir  
environment, is creating biologists that only read about 
natural history and can only relate to points on a com
puter screen. This might lead to biologists that have no 
field sense of their study population, or to biologist mak
ing false assumptions about their data, or how represen
ta t iv e  th e ir  sam p le  is o f  th e  e n tire  p o p u la tio n  
(Hehhlewhite & Haydon 2010). Therefore, even w ith 
GPS-hased studies, accompanying field research should 
he prioritized to better understand the critical resources 
(e.g. food, shelter and ungulate prey for tigers) available 
to GPS collared animals, so as to better understand the 
mechanisms underlying movements and behavior.

As an example of the benefits of GPS collars to tiger 
research, in 2005, the Snndarhans Tiger Project hegan 
collaring tigers to estimate the density, population size 
and movement patterns o f the Bangladesh Snndarhans 
tiger population (Barlow 2009). For years, research ef
forts in the Snndarhans w ere ham pered hy the thick 
vegetation, tidal fluctuations and maze of waterways in 
this mangrove hahitat (Singh 1999). By placing GPS col
lars on tigers, researchers in the Snndarhans were ahle to 
monitor tigers in this difficult terrain and to increase un
derstanding o f tiger ecology, population status and hn- 
m an-tiger conflict (Barlow 2009). Despite extensive ef
forts and expense, researchers were only ahle to capture 
and GPS collar 2 tigers over the study (Barlow 2009). 
Although the first 2 GPS-collared tigers provided criti
cal new insights into tiger ecology, the challenges expe
rienced hy Barlow (2009) provide some realistic expec
tations for GPS-hased studies of tigers in the next decade. 
GPS data collected from this study has heen used to miti
gate tiger-human conflicts and to help develop a national

tiger action plan for Bangladesh in ways that would have 
heen more challenging with only VHF or with no data 
(Barlow 2009).

The Siberian Tiger Project first attempted to use GPS 
collars in 2007, hut for various reasons these collars did 
not meet expectations and we continued to use VHF col
lars for several years. Early GPS collars suffered from 
the extreme temperatures of the Siberian winter, damage 
from tigers and general collar failure, similar to early ex
periences of GPS collars on other large camivore species 
(Gan et al. 2004; Hehhlewhite et al. 2007). In 2009, we 
revisited the use of GPS collars for use in estimating kill 
rates and monitoring dispersal activities. Because of lo
gistical challenges in locating and approaching radio
collared Amur tigers in the wild, we opted for Iridium 
upload GPS collars that allow the Siberian Tiger Project 
to access telem etry locations rem otely, a m ethod that 
m ig h t he s im ila rly  ad v an tag eo u s for o th e r tig e r  
researchers. A critical component o f m odem  tiger con
servation requires an understanding of thresholds of prey 
availability that can sustain viable tiger populations (e.g. 
Chapron et al. 2008). A critical component of this is the 
relationship between prey availability and tiger kill rates, 
the functional response of predators to prey (Nilsen et al. 
2009; Merrill et al. 2010). GPS collars have heen used to 
estim ate k ill rates in  both cougars {Puma concolor  
Linnaeus, 1771) and wolves {Canis lupus Linnaeus, 1758) 
(Sand et al. 2008; Knopff et al. 2009). As prey popula
tions in the Russian Far East continue to decline (D. G. 
Miquelle, unpublished data), gaining a better understand
ing of tiger-prey relationships will benefit conservation 
initiatives in the area. Understanding dispersal patterns 
o f tigers, particularly female tigers, is important to de
veloping conservation plans for the potential coloniza
tion of suitable tiger hahitat in China (Li et al. 2010).

Several projects in Southeast Asia are also beginning 
to harness the power o f GPS collars for tiger research 
and conservation efforts. The Thailand Tiger Project based 
at the Khao Nang Rum Wildlife Research Station is work
ing to secure a future for tigers in Thailand and surround
ing areas through careful research, responsible manage
m ent and community outreach (Thailand Tiger Project 
2010). This research project is using GPS collars to moni
tor movement pattem s through travel corridors, repro
duction and dispersal into new territories (Thailand Ti
ger Project 2010). As this project continues over the next 
few years, more information will he gathered to help con
serve tigers in Thailand. GPS collars are currently being 
used on translocated tigers in Sumatra to allow land man
agers to track tiger movements, to compile data on areas
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that are o f particular importance to tigers in the area and 
to reduce the potential for hum an-tiger conflict (J. M. 
Goodrich, pers. comm.).

CONCLUSIONS
In conclusion, we are excited ahout the recent advances 

in GPS-hased wildlife research and look forward to ap
plying these new methods to support current conserva
tion initiatives in tiger ranges. We acknowledge that GPS 
or VHF radio telemetry technology is not the answer for 
all ecological and conservation questions hut are encour
aged hy the opportunities GPS telem etry offers (Tahle 
1). By comhining the advantages offered hy GPS telem
etry with traditional VHF radio telemetry, and through 
hasic field work, conservationists could make great ad
vances in understanding tiger ecology and this know l
edge can he applied to current efforts to preserve the 
w orld’s remaining wild tigers.
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