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Abstract 

Background:  Satellite telemetry studies provide information that is critical to the conservation and management of 
species affected by ecological change. Here we report on the performance and retention of two types (SPOT-227 and 
SPOT-305A) of ear-mounted Argos-linked satellite transmitters (i.e., platform transmitter terminal, or PTT) deployed on 
free-ranging polar bears in Eastern Greenland, Baffin Bay, Kane Basin, the southern Beaufort Sea, and the Chukchi Sea 
during 2007–2013.

Results:  Transmissions from 142 out of 145 PTTs deployed on polar bears were received for an average of 69.3 days. 
The average functional longevity, defined as the number of days they transmitted while still attached to polar bears, 
for SPOT-227 was 56.8 days and for SPOT-305A was 48.6 days. Thirty-four of the 142 (24%) PTTs showed signs of being 
detached before they stopped transmitting, indicating that tag loss was an important aspect of tag failure. Further-
more, 10 of 26 (38%) bears that were re-observed following application of a PTT had a split ear pinna, suggesting that 
some transmitters were detached by force. All six PTTs that were still on bears upon recapture had lost the antenna, 
which indicates that antenna breakage was a significant contributor to PTT failure. Finally, only nine of the 142 (6%) 
PTTs—three of which were still attached to bears—had a final voltage reading close to the value indicating battery 
exhaustion. This suggests that battery exhaustion was not a major factor in tag performance.

Conclusions:  The average functional longevity of approximately 2 months for ear-mounted PTTs (this study) is poor 
compared to PTT collars fitted to adult female polar bears, which can last for several years. Early failure of the ear-
mounted PTTs appeared to be caused primarily by detachment from the ear or antenna breakage. We suggest that 
much smaller and lighter ear-mounted transmitters are necessary to reduce the risk of tissue irritation, tissue dam-
age, and tag detachment, and with a more robust antenna design. Our results are applicable to other tag types (e.g., 
iridium and VHF systems) and to research on other large mammals that cannot wear radio collars.
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Background
Climate change, natural variation, and human activities 
in the Arctic present challenges for polar bear conser-
vation and management [1]. Increased monitoring has 
been recommended to track polar bear subpopulation 

responses to environmental change [2]. Satellite track-
ing has been a standard ecological and conservation 
tool, providing data on a range of vertebrate species over 
broad spatial and temporal scales [3, 4]. While the move-
ments of individual polar bears have been studied using 
satellite telemetry for decades (e.g., [5–9]), these studies 
have almost exclusively collected data from adult female 
polar bears wearing radio collars. This sex bias in the col-
lection of movement data stems from the challenges of 
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instrumenting adult males. The neck diameter of adult 
male polar bears exceeds that of their head and therefore 
radio collars slip off [10]. Tracking of subadult polar bears 
is problematic because the collar circumference is fixed 
upon application, meaning that collars could become 
constrictive as the bear grows. Preliminary studies 
involving satellite telemetry [10] and capture–recapture 
[11] suggested that the size of activity areas of males and 
females did not differ. However, a recent study found that 
movements for male and female polar bears differ during 
the spring [7]. Also, estimates of apparent survival rates, 
which can reflect emigration from the study area, often 
differ between subadult and adult bears [12], suggest-
ing that spatial patterns for polar bears may be related to 
age (e.g., that subadult bears are more likely to disperse 
to new areas). Given these potential sex- and age-related 
differences in movement, there is a need for more infor-
mation on movement of adult male polar bears and sub-
adults of both sexes, to accurately document the ecology 
of this species and its response to environmental change. 
There is also a continuous interest in developing satellite 
tracking devices that are smaller, less visible, and poten-
tially less cumbersome than radio collars [4, 13].

Previous studies have used alternative attachment 
methods for satellite transmitters, with generally short 
duration. These methods include surgical implants [10], 
ear-mounted tags [7], and glue-on tags [14, 15]. In Alaska, 
seven adult male polar bears with implanted subcutane-
ous satellite tags were tracked for an average of 97  days 
(range 30–161 days) during 1996 and 1997 [10, 13]. Subse-
quent studies in Canada where satellite tags were attached 
to the ear of bears had limited success (I. Stirling, per-
sonal communication, 2015). However, polar bears have 
received small, inert ear tags since the 1960s for individual 
identification during capture–recapture studies [16] and 
these tags have exhibited generally high retention rates 
lasting for many years (Ø. Wiig, personal observation). 
This suggests that ear-mounted satellite transmitters, if 
sufficiently small and durable, could be used to track the 
movements of adult male and subadult polar bears.

Starting in 2007, small satellite transmitters were 
attached to the ear of adult and subadults of both sexes 
during polar bear research in Greenland [14], and similar 
transmitters were attached to adult and subadults of both 
sexes in the USA starting in 2009 [15]. In this paper, we 
present information on the performance and retention 
of these transmitters attached to the ears of polar bears 
across five subpopulations in Greenland, Canada, and the 
USA during spring and autumn 2007–2013. We discuss 
possible reasons for tag failure and make recommenda-
tions for improving the transmitters and attachment 
systems.

Methods
Field work
Bears were live captured and released in the Greenland 
Sea and Denmark Strait (East Greenland) in 2007, 2008, 
and 2011; in Baffin Bay (West Greenland) in 2009, 2010, 
2011, 2012, and 2013; in Kane Basin (Eastern Ellesmere 
Island in Canada and Northwest Greenland) in 2012 and 
2013; in the southern Beaufort Sea in 2009, 2010, and 
2011; and in the Chukchi Sea in 2010 and 2011 (Fig. 1). 
Polar bears at all sites were darted and immobilized from 
an Ecureuil AS350 (Greenland and the southern Beau-
fort Sea), or a Bell 206 LR (Kane Basin and the Chukchi 
Sea) helicopter and then handled according to standard 
procedures [17]. Ages of polar bears were determined 
either from previous capture as a dependent young or 
from reading the cementum growth layers of a pre-molar 
extracted during the immobilization [18]. Adult females 
were defined as bears ≥5 years old and adult males were 
≥6 years old [19].

Transmitters
We tracked polar bears using two types of ear-mounted 
satellite transmitters (hereafter referred to as platform 
transmitter terminals, or PTTs): the SPOT-227 and 
the SPOT-305A (Wildlife Computers, Redmond, WA, 
USA). Three slightly different models of the SPOT-227 
(i.e., SPOT-227B, SPOT-227C, and SPOT-227D) were 
used (Table 1 and Additional file 1: Table S1). All PTTs, 
including the SPOT-305A used only in Kane Basin and 
Baffin Bay in 2013, were cast in epoxy and based on the 
SPOT5 generation PTTs.

The three SPOT-227 (Fig.  2a) models deployed in 
2007–2012 were of similar size and weighed 60–70  g 
including the attachment system (Table  1). The total 
mass depended on model and antenna reinforcement. 
The SPOT-305A (Fig.  2b) was smaller, more elongated 
and weighed about 40 g including the attachment system. 
All models had a 17.5-cm-long, and ca. 1-mm-wide, flex-
ible “whip” antenna made of stainless steel (ca. 2 g). On 
the SPOT-227s the antenna was positioned at the center 
(SPOT-227B), half-way between the center and the distal 
end (SPOT-227C), or at the distal end (SPOT-227D) of 
the flat upper side of the PTT so that the antenna pro-
truded perpendicular to the back side of the ear when 
attached (i.e., pointing away from the bear’s head; Fig. 2a). 
On the SPOT-305A, the antenna was attached at the dis-
tal end so that it protruded parallel to the long axis of the 
earlobe toward the bear’s neck when attached (Fig.  2b). 
The PTT included a temperature sensor that measures 
the temperature inside the tag. The temperature meas-
ured is usually higher than the external temperature due 
to heating of the PTT by the bear’s body temperature. 
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Temperature measurements were made immediately 
prior to each transmission and sent to the satellite.

In 2007, we used an attachment system for the SPOT-
227B that consisted of a stainless steel base plate with a 
soldered 4-mm-wide stainless steel pin glued with two-
component epoxy to the transmitter base. The pin was 
mounted through a hole in the earlobe of the bear and 

secured with a steel washer that sat on the inner side 
of the earlobe. A nut was screwed onto the pin to hold 
the washer in place (Fig. 3a). The base plate and washer 
were covered with about 1.0 mm rubber coating to pre-
vent direct contact between metal and skin. From 2008 
to 2012, the attachment system of SPOT-227 models was 
modified to a male screw inserted into a female end of the 
pin (Fig. 3b). The attachment system of the SPOT-305A 
consisted of a 4-mm-wide epoxy pin as a fixed part of the 
PTT. This pin went through the earlobe and was held fast 
by a plastic washer inside the ear orifice (Fig. 3c).

The SPOT-227B and D models had two M3 batter-
ies (capacity 1500 mAh) that theoretically allowed for 
50,000 transmissions, the SPOT-227C had two 7PN 
batteries (capacity 1500 mAh) that allowed for 40,000 
transmissions, and the SPOT-305A had a single M1 bat-
tery (capacity 1000 mAh) that allowed for 33,000 trans-
missions. When operated in low temperatures, these 
estimates should be reduced by around 25% (Wildlife 
Computers, personal communication) giving maximum 
number of transmissions of 37,500, 30,000, and 24,750, 

Fig. 1  Study area and tagging locations where 145 ear satellite transmitters (PTTs) were mounted on polar bears. See also Additional file 1: Table S1 
for further information on number of PTTs mounted in each area

Table 1  Model and dimensions of ear satellite transmitters 
(PTT) mounted on polar bears

The bears were tagged in East Greenland, Baffin Bay, Kane Basin, the southern 
Beaufort Sea, and the Chukchi Sea, 2007–2013

PTT model PTT size with-
out attachment 
system (mm)

PTT weight with-
out attachment 
system (g)

Total 
weight (g)

SPOT-227B 41.0 × 30.0 × 17.5 42 Ca. 60

SPOT-227C 43.5 × 30.0 × 22.3 48 Ca. 70

SPOT-227D 45.1 × 30.0 × 20.0 45 Ca. 70

SPOT-305A 51.0 × 23.0 × 15.0 35 Ca. 40
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respectively. All PTTs were programmed to transmit 
daily during field activities (about 1 month after deploy-
ment) which allowed researchers to relocate tagged 
bears. For the months following field activities, PTT 
duty cycles [i.e., the time a PTT is transmitting (e.g., 4 h) 

during a given period of time (e.g., 24 h)] and transmis-
sion frequency varied depending on research objectives, 
from 4 to 24 h per day, every day to every 4th day, and 
140–250 transmissions per day (Table 2). Transmissions 
not used during 1 day were allowed to be transferred to 

Fig. 2  Ear satellite transmitter (PTT) mounted on polar bears. a SPOT-227. Note the antenna is protruding perpendicular to the ear. b SPOT-305A. 
Note the antenna is protruding along the ear and neck

Fig. 3  Attachment system for ear satellite transmitters (PTTs) mounted on polar bears. a SPOT-227B used in 2007. A pin was mounted through a 
hole in the earlobe of the bear and secured with a steel washer that sat on the inner side of the earlobe. A nut was screwed onto the pin to hold the 
washer. b SPOT-227B in 2008–2012. A male nut was screw into a female end of the pin to hold the washer. c SPOT-305A. A plastic pin was held fast 
by a plastic washer inside the ear orifice. Transmitters a and c were retrieved from polar bears in Greenland both with antennas broken at base
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the next day; that is, the normal ceiling of daily transmis-
sions was increased by the addition of unused transmis-
sion from the previous day. Within their normal duty 
cycle, PTTs were programed to not transmit when a 
wet–dry sensor indicated the PTT was submerged. Rep-
etition rates (number of seconds between each trans-
mission) varied between 43.5 and 90 s (Table 2). For the 
PTTs deployed in Greenland and Canada, the repetition 
rate was decreased if the animal was at sea to increase the 
probability of a good transmission reaching the satellite, 
while the USA PTTs had a fixed repetition rate.

PTTs were attached to an ear on adult and subadult 
(including 2  years old) polar bears of both sexes. We 
considered bears ≥2 years of age to have earlobes thick 
and sturdy enough to carry a PTT. Transmitters were 
placed on the caudal, convex aspect of ear pinnae to pre-
vent potential irritation of the auricular cartilages and 
external ear canal and to minimize potential for hearing 
impairment.

Data analysis
Data on locations and PTT status were collected via the 
Argos Location Service Plus system (Argos, Toulouse, 
France). Information on PTT status was extracted from 
the data by the Wildlife Computers Data Analysis Pro-
grams 3.0 (www.wildlifecomputers.com). To assess PTT 
status, we used the following parameters from that pro-
gram: (1) transmits: the total number of transmissions 

generated by the PTT at any time, (2) BattVoltage: voltage 
generated by battery (or batteries) during transmission, 
and (3) temperature: external temperature measured by 
the PTT just prior to transmission.

We calculated the total transmission life of PTTs as 
the number of days between deployment and the last 
location of any class calculated by Argos for that trans-
mitter. Possible battery exhaustion was assessed in two 
ways. First, we used the number of transmissions gener-
ated by the PTT during its total life and compared that 
to the manufacturer’s theoretical maximum. Second, we 
used the last battery voltage received from the PTTs as 
a measure of performance and compared that to 2.7  V, 
which is the lower limit for the PTT to function (i.e., bat-
tery exhaustion) (Wildlife Computers, personal commu-
nication). When new, PTTs had a transmission output 
voltage greater than 3.0 V (Wildlife Computers, personal 
communication). A last battery voltage less than 2.9 
was taken as an indication that the battery was close to 
exhaustion.

We examined the temperature data given by PTTs 
for sudden drops that could indicate that the PTT had 
detached from the bear and was transmitting from the 
ground or sea ice. If temperature decreased suddenly to 
below +5  °C and remained low, we investigated the data 
further. If the temperature was low until end of transmis-
sions, we assumed the PTT had been detached (example 
readings in Additional file 2: Fig. S1). We also performed a 

Table 2  Duty cycle protocol of ear satellite transmitters (PTT) mounted on polar bears

The bears were tagged in East Greenland, Baffin Bay, Kane Basin, the southern Beaufort Sea, and the Chukchi Sea, 2007–2013
a  Three PTTs transmitted every second day
b  Repetition rate in water/on land
c  One PTT had repetition rate 60

Area Year Every day Every 2nd 
day from

Every 4th 
day from

Working hours 
per day

Maximum daily 
transmissions

Repetition 
rate (s)

East Greenland, Baffin Bay, 
and Kane Basin

SPOT-227B

2007 1 March–31 May 1 June 16 150 45/90b

2008 1 March 16 140 42.5/87.5b

2009 1 April–31 May 2 June 14 150 56/86b

2010 22 March–19 April 23 April 14 150 45/90b

2011 1–30 April 2 May 13 150 90

2012 4–20 April 24 April 13 150 43.5/88.5b

Baffin Bay and Kane Basin
SPOT-305A

2013 5–19 April 23 April 13 150 44.5/89.5b

Southern Beaufort Sea
SPOT-227B

2009 Deployment date–a – 4 200 56

2010 Deployment date– – 4 200 56

Southern Beaufort Sea
SPOT-227C

2011 Deployment date– – 4 200 90c

Chukchi Sea
SPOT-227B/SPOT-227D

2010–2011 March–June 1 July – 4 250 90

http://www.wildlifecomputers.com
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visual assessment of position data (i.e., whether the tag was 
moving in a manner suggesting it was attached to a bear 
or drifting on sea ice) to refine our assessment. A PTT was 
classified as being on a bear from the day of deployment 
to the day with reception of data just prior to the date the 
PTT was classified as being detached from the bear.

Performance of PTTs attached to bears was explored 
in two ways. First, by functional longevity defined as the 
number of days PTTs transmitted while still attached 
to polar bears. Second, performance was also meas-
ured by the percentage of high-quality positions gener-
ated by the Argos system (http://www.argos-system.
org/manual/), calculated as: (number of locations with 
location class ≥1) * 100/(all locations; location class 
3 + 2 + 1 + 0 + A + B + Z).

We pooled the data from the SPOT-227B, SPOT-
227C, and SPOT-227D models which were similar in 
size (denoted SPOT-227) and used a three-way ANOVA 
to explore difference in performance between SPOT-227 
and SPOT-305 PTTs taking possible sex and age varia-
tion into consideration. We excluded PTTs deployed in 
the USA (SPOT-227: n = 58) from these analyses because 
they were programed differently (i.e., with a higher num-
ber of maximum daily transmissions and lower repetition 
rates) than the PTTs applied in Greenland and Canada. 
We explored seasonal differences in performance of 
SPOT-227 PTTs deployed during spring and autumn 
using the US PTTs, because 9 of 10 of the autumn PTTs 
were deployed in the USA. For statistical tests, we ana-
lyzed the percentage variable untransformed and trans-
formed by the logit transformation (log(y/(1  −  y)) to 
improve normality [20]. The two methods gave the same 
results, and we report only the untransformed data under 
“Results” section.

To evaluate possible effects of the ear-mounted PTTs 
on the condition of the ear, and to help determine rea-
sons for PTT failure, we compiled and summarized all 
available information from bears that were fitted with ear 
tags and subsequently killed by subsistence hunters or 
recaptured during fieldwork.

Statistical analyses were performed by SPSS version 
21.0.0.0.

Results
A total of 145 polar bears were instrumented with ear-
mounted PTTs during this study. Eighty-six PTTs were 
deployed in East Greenland, Baffin Bay and Kane Basin 
in 2007–2013, 30 were deployed in the southern Beau-
fort Sea in 2009–2011, and 29 were deployed in the 
Chukchi Sea in 2010–2011 (Additional file  1: Table S1). 
All PTTs were deployed during spring except nine which 
were deployed in the Southern Beaufort Sea during 

August–October 2009 and one which was deployed in 
East Greenland in August 2011.

Performance of PTTs during their total transmission life
Three PTTs (all SPOT-227) were excluded from the anal-
ysis because they lasted for less than 24 h, likely due to 
electronic failure. The remaining 142 PTTs had a mean 
transmission life (i.e., from deployment until last loca-
tion received) of 69.3  days (median =  56.5, SD =  60.7, 
range =  5–515). The mean number of transmission for 
SPOT-227 PTTs was 8681 (n  =  123, median  =  5888, 
SD  =  9048, range  =  1024–55,552) and for SPOT-305 
PTTs was 3948 (n  =  19, median  =  3072, SD  =  4784, 
range = 2014–23,040). Both mean values were consider-
ably less than the theoretical maximum number of trans-
missions according to the manufacturer, although several 
individual tags approached or exceeded the theoretical 
maximum (four SPOT-227 with >30,000 transmissions 
and one SPOT-305 with >23,000 transmissions).

Four PTTs had battery voltage less than 2.8  V at the 
last transmission and five PTTs had battery voltage 
between 2.9 and 2.8, indicating they were all close to bat-
tery exhaustion. These last five PTTs also provided close 
to the maximum number of transmissions (see above), 
indicating that battery exhaustion might have caused 
these to stop. Voltage below 2.9 occurred 106–515 days 
after deployment. The mean number of transmissions 
for SPOT-227 was 32,864 (n  =  8, median  =  34,176, 
range  =  7424–55,552, SD  =  17,963). One SPOT-305A 
had 23,040 transmissions. Three of these PTTs were 
still on the bear when they stopped. The other 133 PTTs 
(94%) had a voltage between 2.9 and 3.8 V at last trans-
mission, suggesting that the majority of PTTs failed for 
reasons other than battery exhaustion, including loss of 
the tag and antennae breakage.

Of the 142 PTTs, 34 (24%) demonstrated a decrease 
in temperature before they stopped transmitting which, 
combined with position data, indicated that they had 
likely detached from the bear (Additional file 3: Table S2). 
Thirty-one of these were SPOT-227 (25% of 123 SPOT-
227) and three were SPOT-305A (16% of 19 SPOT-305A). 
There was not a significant difference in frequencies of 
the two types of tags that apparently detached from bears 
(Yates’ X2 = 0.108, df = 1, P > 0.05). The period between 
the assumed PTT detachment and the end of transmis-
sions varied between 0 and 409  days (see Additional 
file 4: Fig. S2).

Performance of PTTs when attached to polar bears
The 123 SPOT-227 PTTs had a mean functional longev-
ity (i.e., number of days from deployment until the last 
location received while the PTT was still attached to a 
bear) of 56.8  days (median =  50.0, SD =  34.2). The 19 

http://www.argos-system.org/manual/
http://www.argos-system.org/manual/


Page 7 of 11Wiig et al. Anim Biotelemetry  (2017) 5:9 

SPOT-305A PTTs had a mean functional longevity of 
48.6 days (median = 38.0, SD = 32.6). A distribution plot 
of the functional longevity is shown in Additional file 5: 
Fig. S3).

Comparing the performance of the SPOT-227 and 
SPOT-305A (Table  3), we found no effects of sex 
(F = 0.761, df = 1, 76, P = 0.386) but a possible effect of 
age (F = 4.101, df = 1, 76, P = 0.046) on functional lon-
gevity, with PTTs on subadults transmitting for a shorter 
time than adults. No difference between the two PTT 
types was detected (F = 0.169, df = 1, 76, P = 0.682). We 
found no effects of sex or age for the proportion of high-
quality positions (F =  0.018, df =  1, 76, P =  0.894 and 
F = 2.517, df = 1, 76, P = 0.117, respectively). However, 
the SPOT-227 PTTs gave a higher proportion of high-
quality positions than the SPOT-305A PTTs (F = 9.490, 
df = 1, 76, P = 0.003).

We found no difference (F  =  1.357, P  =  0.249) in 
the functional longevity of SPOT-227 PTTs deployed 
in spring (n =  49, mean =  55.4  days, SD =  32.5) and 
autumn (n = 9, mean = 41.3 days, SD = 38.2).

Twenty-six bears that were instrumented with ear-
mounted PTTs were recaptured during tagging opera-
tions during subsequent years (n  =  21) or were killed 
by subsistence hunters (n =  5) (Additional file  6: Table 
S3). Six of these bears (23%) still had the PTT in the ear 
[recapture or kill dates were 54–1120 days after deploy-
ment (mean =  529, SD =  365)]. The antenna was bro-
ken off at its base on all six tags that were recovered (five 
SPOT-227 and one SPOT-305A).

The ear-mounted PTT had been detached for 19 of 
the recaptured or killed bears, and no information on 
the PTT was available for one bear. For three of these 
recaptures, the hole in the ear where the PTT had been 
attached had healed (two of them had only a small scar). 
In 10 other bears (nine recaptured and one killed), the 
ear was split but healed. In eight cases (seven reported 
by scientists and one reported by hunter), there was no 
apparent injury to the ear and in two cases no informa-
tion on possible injury was reported by the hunter. In 
three of the six cases where the PTT was still attached, 
the ear was inflamed (all harvested bears, of which one 
also was inspected by a scientist).

Discussion
Satellite tagging studies provide critical data, which often 
cannot be obtained in any other manner, on the move-
ments, habitat use, and life history of many free-ranging 
wildlife species [4, 21]. These data are particularly impor-
tant to the conservation and management of species such 
as polar bears that are experiencing rapid environmen-
tal change. Diagnosing tag performance and retention 
is necessary to improve the transmitter technology and 
attachment systems [3]. In the present study, the perfor-
mance of ear-mounted PTTs designed for polar bears was 
poorer than the theoretical life time of batteries and the 
assumed total number of transmission specified by the 
manufacturer. Factors accounting for this performance 
may be grouped into three categories: (1) loss of the PTT 
from the bear, (2) antenna failure, and (3) battery life.

Table 3  Performance of SPOT-227 and SPOT-305A of ear satellite transmitters (PTTs) mounted on subadult, adult, male 
and female polar bears

The bears were tagged in East Greenland, Baffin Bay, and Kane Basin in the period 2007–2013. Differences in functional longevity and percentage of high-quality 
locations were not significant for age and sex groups pooled (P > 0.05, see text)

Transmitter N Functional longevity (days) Percentage of high-quality locations 
(LQ ≥ 1)

Mean Median SD Mean Median SD

SPOT-227

Subadult males 14 52.4 42.0 22.9 67.25 71.86 11.25

Subadult females 9 43.2 45.0 20.1 68.32 69.77 11.78

Adult males 39 68.6 63.0 39.5 63.07 64.96 11.83

Adult females 3 33.0 38.0 8.7 62.73 64.06 5.71

SPOT-305A

Subadult males 5 25.4 22.0 16.1 55.70 57.89 7.39

Subadult females 2 22.0 22.0 17.0 58.26 58.26 7.29

Adult males 10 61.1 59.0 31.0 49.87 48.52 14.25

Adult females 2 70.5 70.5 50.21 48.71 48.71 11.31

Total

SPOT-227 65 60.0 52.0 34.9 64.68 66.48 11.50

SPOT-305A 19 48.6 38.0 32.6 52.17 53.10 11.64
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We evaluated the functional longevity of ear-mounted 
PTT tags, defined as the number of days that tags pro-
vided location data while attached to bears. The mean 
functional longevity of 56.8 and 48.6 days for the SPOT-
227 and the SPOT-305A PTTs, respectively, was too low 
for ecological studies that require data on the movement 
of individual animals across seasons or years. A drop in 
temperature before the tag stopped transmitting was 
observed in 24% of PTTs. This suggests that some PTTs 
were dropped from the bears and continued to transmit 
from the ground or sea ice. Differences in PTT functional 
longevity between age groups might indicate that PTTs 
on subadult bears, which have smaller ears, had a ten-
dency to fail earlier than those deployed on larger bears. 
This suggests that larger tag-to-ear size ratios might be 
associated with reduced PTT attachment times, which 
emphasizes the importance of developing smaller tags. 
However, shorter functional longevity in subadults than 
in adults could also be related to differences in behavior.

While the causes of tag detachment in these cases are 
unknown, several lines of evidence provide insight into 
this question. Inflammation was noted in the ear pinnae 
of three of the six polar bears that still had an attached 
transmitter when they were harvested by subsistence 
hunters. Although we were not able to obtain a veteri-
nary assessment of these cases, we note that the three 
tags had been on the bears for 416, 483, and 745  days, 
values that are well above the average duration of tag 
retention (Additional file 6: Table S3). These findings sug-
gest the importance of (i) continued assessment of the tag 
attachment system, to reduce the potential for inflamma-
tion; and (ii) development of an attachment system that 
will cause the tag to detach after a predetermined period. 
The relatively high proportion of recaptured bears with 
an ear pinna that was split (10 with split ear of a total 
of 26) suggests that some transmitters were detached 
by force causing trauma to ear pinna. We speculate that 
the bears tore the transmitters from the ear using their 
paws or the transmitters became caught on objects in the 
bears’ surroundings. For example, in Svalbard bears have 
been observed on two occasions with their plastic ear 
tags attached to discarded fishing nets on the beach (Ø. 
Wiig, personal information). In spring, polar bears often 
plunge head first into seal breeding lairs to catch ringed 
seals [22], or put their head into ringed seal breath-
ing holes, which can be surrounded with sharp ice. This 
behavior might tear the PTT out of the ear. Also, during 
spring adult males engage in fights for mating partners 
and often inflict severe wounds on each other [14, 23]. 
Hence, it is possible that PTTs could have been damaged 
or torn from the earlobe during such fights.

Polar bears move in and out of water and often expe-
rience humid condition at subfreezing temperatures 

during spring. This may cause a buildup of ice around 
the PTT, on the whip antenna or on the stainless steel 
post, making the PTT more likely to fall off or be an irri-
tant to the bear. The use of metal ear tags in polar bears 
for identifying individuals had previously been sug-
gested as the cause of infection as a result of freezing/
irritation [16]. SPOT-227 PTTs deployed in spring did 
not have different longevity than those deployed dur-
ing the ice-free season in the autumn. However, a sepa-
rate study reported that 5 SPOT-227 ear PTTs that were 
attached to adult male polar bears in the Foxe Basin in 
August 2008 (n =  4) and 2009 (n =  1) had a retention 
rate of 97.6 (SE = 11.2) days (V. Sahanatien, University 
of Alberta, personal information). This is more than 
twice as long as the 9 PTTs deployed in autumn in East 
Greenland (n =  1) and southern Beaufort Sea (n =  8). 
The importance of icing and feeding behavior on tag 
functional longevity is uncertain.

It is important to note that all the 19 bears that were 
recaptured without the PTT had an ear that was com-
pletely healed, including the 10 bears that had incurred 
a split in their ear pinna. Such injuries have rarely been 
observed for polar bears marked with inert plastic identi-
fication ear tags, suggesting that PTT size and weight are 
likely a contributing factor to the shedding. One would 
expect that a heavier PTT (SPOT-227) would cause 
greater irritation to the bear’s ear and therefore be shed 
earlier than a lighter PTT (SPOT-305A). However, we 
found no difference in the functional longevity of the two 
PTT types and no difference in frequency of detachment. 
It is also important to note that inert plastic ear tags, 
which weigh only about 6 grams, have exhibited gener-
ally high retention rates on polar bears, often lasting for 
many years and rarely causing injury (Ø. Wiig, personal 
observation). We therefore conclude that the weight of 
ear-mounted PTTs must be considerably less than 40 g, 
the lightest tag deployed in the current study, to improve 
retention and avoid irritation to the bear.

Antenna breakage is proposed as a second important 
contributing factor in early failure of the PTTs. Loss of 
the whip antenna means the PTT can no longer trans-
mit data to the satellites. Although our ability to assess 
antenna function was limited by the relatively small num-
ber of PTTs that were recovered after deployment on a 
bear, in this study all six PTTs that were still on a bear 
at recapture had lost the antenna. Comparison between 
PTT types was not possible due to small sample sizes 
(five SPOT-227 and one SPOT-305A were recovered). 
The flexible whip antenna is subject to various physical 
impacts including icing. The movement of the bear’s head 
when walking and running makes the antenna prone 
to flexing, which at low temperature may cause metal 
fatigue and increased risk of breakage at the base. We 
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hypothesize that ice buildup on the antenna can exacer-
bate this effect. Also, the feeding and breeding behavior 
as described above might contribute to antenna breakage.

The percentage of high-quality positions from the 
SPOT tags in the present study was about twice as high 
as the percentage of high-quality positions received from 
similar SPOT tags used on walruses as reported by [24]. 
The SPOT-227 PTTs provided a higher percentage of 
high-quality positions than the SPOT-305A. The qual-
ity of estimated positions in the Argos system is partly 
dependent on the number of uplinks made and on the 
signal strength of those uplinks [25]. In turn, the signal 
strength is dependent on the battery performance as well 
as the quality and position of the antenna. The antenna 
on the SPOT-227 was attached centrally or laterally 
on the flat upper (“outward facing”) side of the PTT so 
that it was protruding perpendicular to the back side of 
the earlobe and therefore pointing away from the bear’s 
head, whereas the SPOT-305A antenna was attached at 
the distal end of the PTT so that it was protruding par-
allel to the long axis of the earlobe and the neck. Thus, 
the antenna of the SPOT-305A was in closer proximity 
to the bear’s body. One reason the antenna position was 
moved from the flat upper side on the SPOT-227, to the 
distal end on the SPOT-305A, was to “hide” the antenna 
along the ear and neck of the bear, potentially affording 
better protection for the antenna when a bear drove its 
head into seal lairs or breathing holes. Therefore, lower 
performance of the SPOT-305A could be due to the volt-
age standing wave ratio effect, which leads to a reduc-
tion in effective radiated power from the antenna due to 
the antenna’s close proximity to a large conductive mass 
[26–28]. Jay et  al. [24] noted that misalignment of the 
antenna along the body of the walrus of their “tether tag” 
may have been responsible for poor transmission perfor-
mance in relation to “post tags” and “implant tags,” which 
had antennae that protruded almost perpendicular to the 
surface of the animal.

We used the data from the total duration of PTT trans-
missions, independent of whether the tags were attached 
to bears, to analyze the role of battery life in determin-
ing tag performance. Only nine of the 142 PTTs (6%) 
had a final voltage reading close to the lower voltage 
needed for transmission. We therefore conclude that bat-
tery exhaustion is not a major reason for failure of ear-
mounted PTTs in polar bears. We can only speculate that 
the wide range of dates before the indication of battery 
exhaustion was reached may reflect variability in perfor-
mance of the battery/electronics. A study investigating 
the performance of small, externally positioned PTTs on 
walruses similarly found that battery exhaustion was not 
the likely cause for early failure [24, 29]. Due to lack of 

recaptures, however, these studies were not able to dis-
tinguish between failures that may have been caused by 
antenna breakage, transmitter damage, or tag loss.

Conclusions
Based on a sample of 145 ear-mounted PTT tags 
deployed on free-ranging polar bears, factors account-
ing for failure of the transmitters were grouped into three 
categories: (1) loss of the transmitter from the bear, (2) 
antenna breakage, and (3) battery life. Thirty-four PTTs 
showed signs of being detached from the bears before 
they stopped transmitting, indicating that detachment 
was an important aspect of failure. All six PTTs that 
were still on the bear at recapture had lost the antenna, 
which indicates that antenna breakage was a significant 
contributor to PTT failure. Finally, we conclude that bat-
tery exhaustion was not a major reason for failure as only 
three of 142 PTTs showed signs of low battery voltage 
while still attached to bears.

The average functional longevity of ear-mounted PTTs 
in our study was 55.7 days. Our findings may be used to 
target the most important factors contributing to early 
tag failure. We suggest that much smaller and lighter ear-
mounted transmitters are necessary to reduce the risk 
of tissue irritation, tissue damage, and tag detachment. 
A more durable antenna is needed to reduce breakage, 
likely caused by repetitive flexing and potentially exacer-
bated by ice buildup. Use of solar cells for power could 
potentially reduce size and weight, and allow for tracking 
bears during spring and summer where sunlight prevails 
for nearly 24 h per day in the Arctic. We also recommend 
development of a non-permanent attachment system 
that is durable but, when subjected to direct force (e.g., 
when a bear pushes its head into a seal breathing hole), is 
designed to cause the tag to detach without causing tis-
sue damage to the ear. New ear tag technology could be 
tested out on captive polar bears. Although bears in cap-
tivity will not endure similar climate and habitat condi-
tions as bears in the wild, tests with captive bears could 
be insightful to better evaluate a suitable weight, size, 
and attachment system. With the improvements out-
lined here, we believe that ear-mounted PTT tags have 
the potential to provide critical data on the movements, 
habitat use, and life history of all sex and age classes of 
polar bears, with the additional benefit of being less visi-
ble and less cumbersome than radio collars. Although the 
current study focused on tags that use the Argos system, 
many of our recommendations likely apply to tags that 
use other radio-tracking technologies (e.g., iridium or 
VHF). Furthermore, our general findings are likely appli-
cable to any research using ear-mounted satellite tags to 
track animals that cannot accommodate radio collars.
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