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Owl telemetry – a comparison of transmitter 
designs and harness methods for Ural 
Owls (Strix uralensis) in Austria

Telemetria de aves de rapina noturnas – comparação de emissores 
e arneses para coruja dos Urales (Strix uralensis) na Áustria

From 2009 to 2017, 142 young Ural Owls (Strix uralensis) were reintroduced into the moun-
tain forests of the Dürrenstein Wilderness Area of Austria. To monitor owl dispersal and survival, 
110 transmitters, consisting of five transmitter models and three telemetry systems were used. 
These models and systems are compared relative to design, signal transmission rates, attachment 
methods, break-away harness materials and relative costs. The best units were battery powered 
GPS-GSM transmitters with break-away perbunan rings and leg-loop harness mounts. Further 
improvements of predetermined breaking points such as cotton threads and perbunan seal rings 
are still in process. Advancements in transmitter technology have aided the successful reintroduc-
tion of Ural Owls to Austria’s forests. 
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De 2009 a 2017, foram reintroduzidos 142 juvenis de corujas dos Urales (Strix uralensis) 
nas florestas montanhosas da Área Silvestre de Dürrenstein, na Áustria. Para monitorizar a sua 
dispersão e a sobrevivência, foram utilizados 110 emissores, constituídos por cinco modelos de 
emissores e três sistemas de telemetria. Esses modelos e sistemas foram comparados em termos 
de desenho, taxas de transmissão de sinal, métodos de fixação, materiais usados no arnês e cus-
tos relativos. As melhores unidades foram os emissores GPS-GSM alimentados por bateria, com 
anéis de rutura de nitrilo ​​e com montagem de arnês no tarso. Estão em desenvolvimento outras 
melhorias nos pontos de rutura pré-determinados, tais como fios de algodão e anéis vedantes de 
nitrilo. Os avanços na tecnologia de emissores contribuíram para o sucesso da reintrodução da 
coruja dos Urales nas florestas da Áustria.

RESUMO

Palavras-chave: desenho de emissores, métodos de instalação de emissores, pontos de rutura pré-determinados, Área Silvestre 
de Dürrenstein, telemetria de aves de rapina noturnas

Telemetry and its variants, such as geolo-
cators, are increasingly used in field research 
to obtain large amounts of data with rela-
tively little effort (Meyburg et al. 2016, Vlček 
& Schmidberger 2014). Exo et al. (2013) 
describe the benefits of telemetry for record-
ing environmentally relevant animal behav-
ior to inform conservation action. The use of 
telemetry as a research tool to gather infor-
mation must be matched to specific research 
questions and hypothesis testing (Leditznig 
1999, Leditznig & Langer 2017). Examples 
include documenting foraging behaviour 
and habitat use (Kubetzki 2013, Mendel & 
Garthe 2010, Schmajohann 2013).

In the first half of the 20th century the 
Ural Owl (Strix uralensis) (Fig. 1, 2) became 
extirpated in Austria. In 2008, the Research 
Institute of Wildlife Ecology (FIWI) and the 
Dürrenstein Wilderness Area Administra-
tion (DWA) began a Ural Owl reintroduc-
tion project in the DWA. The project used 
transmitter data to estimate survival and 

mortality, document reproduction and breed-
ing dispersal, and to assess the viability and 
connectivity of restored populations (Kohl 
& Leditznig 2012, Leditznig & Kohl 2013, 
Kohl & Leditznig 2017).  Over 10 years 
the DWA worked with Biotrack/Lotek and 
ECOTONE to develop transmitter designs 
suited to the natural history and adaptations 
of the Ural Owl and in steep mountain for-
ests (Kohl & Leditznig 2017). This included 
the development of transmitter mounts and 
harness predetermined breakaway mecha-
nisms to release transmitters when batteries 
expired. This paper discusses the advantages 
and disadvantages of specific telemetry sys-
tems used in the above project. Other telem-
etry attachment systems (i.e., neck, leg or 
implant) are not covered here (Wikelski et 
al. 2015, König et al. 2016). Peer-reviewed 
humane wild animal handling protocols were 
followed to minimize stress to the owls (Kurt 
1995, Leditznig 1999).

Introduction
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Figure 1 - Adult Ural Owl (Strix uralensis) in Austria. Adaptations of owls are challenges for telemetry (photo: Christoph 
Leditznig).

Figura 1 - Adulto de coruja dos Urales (Strix uralensis) na Áustria. As adaptações das aves de rapina noturnas são um desafio 
para a telemetria (Foto: Christoph Leditznig).
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Figure 2 - Young Ural Owl (Strix uralensis) in Austria. Young owls were released at about 90 d old and tracked with telemetry 
(photo: Christoph Leditznig).

Figura 2 - Coruja dos Urales juvenil. Os juvenis foram libertados com uma idade de cerca de 90 dias e seguidos por telemetria 
(foto: Christoph Leditznig).

Figure 3 - Primeval Forest Rothwald in the Dürrenstein Wilderness Area, Austria (photo: Hans Glader).

Figura 3 - Floresta Virgem de Rothwald na Área Silvestre de Dürrenstein, Áustria (foto: Hans Glader).
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RADIO- 
TELEMETRY
(TAIL FEATH-
ERS MOUNT-

ING)

RADIO- 
TELEMETRY
(PELVIS HAR-

NESS MOUNT-
ING)

SATELLITE
TELEMETRY

GPS-GSM-        
TELEMETRY

(SOLAR- 
POWERED)

GPS-GSM-        
TELEMETRY

(BATERY- 
POWERED)

Mounting tail pelvis pelvis pelvis pelvis

Weight 17 g 23 - 27 g 20 g 27 g 31 g

Proportion 
weight (800g)

2.1 % 2.8 % 2.5 % 3.3 % 3.8 %

Costs  
transmitter

200 € 250 € 2,500 € 1,150 € 720 €

Follow-up costs 
/ transmitter / 
month

ca. 400 € ca. 400 € 5 € 13 € 13 €

Follow-up costs 
/ transmitter / 
year

ca. 5,000 € 
(travel expenses, 
mileage allow-

ance)

ca. 5,000 € 
(travel expenses, 
mileage allow-

ance)

60 € 160 € 160 €

Work associated 
with telemetry 
technology

Radio-Telemetry 
& data process-
ing & transfer to 
server (web map 

& database)

Radio-Telemetry 
& data process-
ing & transfer to 
server (web map 

& database)

Data processing 
& transfer to 

server (web map 
& database)

Data processing 
& transfer to 

server (web map 
& database)

Data processing 
& transfer to 

server (web map 
& database)

Working hours 
/ transmitter / 
year

approx. 140 approx. 140 approx. 40 approx. 40 approx. 40

Transmission 
period

1 year 1.5 years 1.5 years
1 month without 

sun exposure, 
else several years

1.5 to 2years

Number of used 
transmitters

18 46 3 5 38

Years 2009, 2010 2010 - 2014 2012 (2013) 2013 since 2014

Characteristics
Discovery of 

nest box broods
Discovery of tree 

hole broods

Advantage(s)

timely search, 
relatively low 
burden for the 

bird

timely search, 
reception over 
larger distances

Data  
transmission

GSM data 
transmission, (in 
theory: transmis-

sion duration)

GSM data trans-
mission, costs, 
less emissions, 
data handling, 
brood search, 
temperature 
measurement

Disadvantage(s)

Personnel 
expenses, travel 
expenses, emis-
sions, transmit-
ter loss before 

breeding season

Personnel 
expenses, travel 
expenses, emis-

sions, transmitter 
loss before 

breeding season, 
antenna bitten off 

by owl - signal 
became weaker

Cost, inaccuracy, 
data handling, 
search difficult

Use of solar 
panel not possi-
ble due to owl 

plumage

Search harder / 
delayed, transfer 

stop when in 
breeding cavity

Table 1 - Comparison of the different transmitter models - a summary.

Tabela 1 - Comparação dos diferentes modelos de emissores - resumo.
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Study Area

The Dürrenstein Wilderness Area (DWA - 
3,500 ha; 600 to 1,878 m a.s.l), including the 
400 ha Primeval Forest Rothwald (Fig. 3), 
offered ideal Ural Owl habitat with a rela-
tively high abundance of deadwood and tree 
cavities. The DWA is classified as IUCN Strict 
Nature Reserve Category Ia, IUCN Wilder-
ness Area Category Ib and an UNESCO Nat-
ural World Heritage Site. Tree species present 
include Norway Spruce (Picea abies), Euro-
pean Silver Fir (Abies alba) and European 
Beech (Fagus sylvatica). European Larch 
(Larix decidua) and the Sycamore Maple 
(Acer pseudoplatanus) were also important 
tree species present. Sycamore Maple and 
Norway Spruce form cavities used by owls 
and other wildlife. The DWA is ideal habitat 
for other owls (Tengmalm’s Owls Aegolius 
funereus) but also for woodpeckers (White-
backed Woodpecker Dendrocopos leucotos). 
Geologically it is part of the Northern Lime-
stone Alps with an annual precipitation of 
1,700 to 2,400 mm. Two Ural Owl release 
aviaries were located at 725 and 785 m a.s.l. 
and transmitter-marked owls dispersed up to 
150 km (Kohl & Leditznig 2017).

Monitoring Tools

From 2009 to 2017, 110 transmitters (five 
models, three systems) were used to monitor 
success of the Ural Owl reintroduction proj-
ect (Fig. 4) and yielded more than 14,000 
owl positions (Fig. 5). Radio-telemetry Tail 
Mount (RT1), Radio-telemetry Pelvis Mount 
(RT2), Satellite Telemetry (ST), GPS-GSM 
Solar (GTS) and GPS-GSM Battery (GTB) 
transmitters were used with various mount-
ing methods and associated predetermined 
breaking points (Table 1).

Transmitter weight should not exceed 
a maximum of 5% of bird body weight 
(Brander & Cochran 1969, Barron et al. 
2010, Naef-Daenzer et al. 2005) but this may 
not apply to every bird species or mounting 
method. Hence, as a precaution, we chose not 

to exceed 4% of Ural Owl weight (range 2.1 
to 3.8%). An 800 g owl mass was used to cal-
culate the relative transmitter weight (Table 
1) as it was between that of light males (600 
g) and larger females (>1,000 g).

Results and Discussion

The five telemetry transmitters used 
between 2009 and 2016 differed in terms of 
technical and financial parameters that were 
important for the Ural Owl recovery proj-
ect (Table 1; Kohl & Leditznig 2017). The 
advantages and disadvantages of each type 
and attachment and release mechanisms are 
discussed below (see also Table 1).

Transmitter Systems

Radio-telemetry Tail Mount 
(RT1) and Radio-telemtry Pelvis 
Mount (RT2) Transmitters

Eighteen Biotrack radio-telemetry trans-
mitters (RT1) were attached to the central tail 
feathers (Fig. 9). The duration of these units 
was up to one year.  Forty-six slightly heavier 
Biotrack radio-telemetry transmitters (RT2) 
were attached with the pelvis harness mount-
ing method (Fig. 10). The duration of these 
units was up to 1.5 years. For RT1 and RT2, 
RX 98 hand-held receivers with hand-held 
H directional external antennas (Followit 
Lindesberg AB, formerly Televilt) were used 
to locate owls by signal triangulation; one 
RX 98 receiver had an integrated antenna. In 
addition, three round car antennas and two 
recording units were used. A Lotek/Biotrack 
hand receiver and automatic recording units 
were also used to track frequency of visits of 
young owls to feeding tables.

These units were light weight and rela-
tively inexpensive. They enabled accurate 
and prompt relocations facilitating transmit-
ter recovery, especially RT2s with stronger 
batteries. The stronger RT2 signals could be 
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Figure 4 - Number of Ural Owls (Strix uralensis) released in Austria with and without transmitters.

Figura 4 - Número de corujas dos Urales libertadas na Áustria com e sem emissores.

Figure 5 - Number of daily Ural Owls (Strix uralensis) positions per transmitter type in Austria (2009-2017).

Figura 5 - Número de posições diárias registadas por tipo de emissor na Áustria (2009-2017).



245

Comparação de emissores e arneses para coruja dos Urales na Áustria

Figure 6 - Cotton thread predetermined breaking point (photo: Adrian Äbischer).

Figura 6 - Ponto de rutura predefinido em fio de algodão (foto: Adrian Äbischer).

Figure 7 - Perbunan seal ring predetermined breaking points (photo: Christoph Leditznig).

Figura 7 - Pontos de rutura predefinidos feitos com anéis vedantes de nitrilo (foto: Christoph Leditznig).

Figure 8 - Radio-transmitter type 1 – central tail feathers mounting method (photo: Christoph Leditznig).

Figura 8 - Rádio-emissor tipo 1 - método de fixação nas retrizes centrais (foto: Christoph Leditznig).
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Figure 9 - Radio-transmitter type 2 – pelvis harness mounting method. Photo taken after the perbunan seal ring predeter-
mined breaking point separated and showing half of the antenna removed by a Ural Owl (Strix uralensis) (photo: Christoph 
Leditznig).

Figura 9 - Rádio-emissor tipo 2  –  método de fixação por arnês pélvico. Foto tirada após a quebra do anel vedante de nitrilo 
(ponto de rutura predefinido) e com metade da antena removida pela coruja dos Urales (Strux uralensis) (foto: Christoph 
Leditznig).

Figure 10 - Satellite transmitter attached by a pelvis harness mount to an adult Ural Owl (Strix uralensis) (photo: Wilhelm 
Leditznig).

Figura 10 - Emissor de satélite montado com o método de fixação por arnês pélvico num adulto de coruja dos Urales (Strix 
uralensis) (foto: Wilhelm Leditznig).
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Figure 11 - One of several solar-powered GPS-GSM-transmitters tested on Ural Owls (Strix uralensis) showing a feather shield 
and two solar panels (photo: Christoph Leditznig).

Figura 11 - Exemplo de um tipo de emissor GPS-GSM alimentado a energia solar testado na coruja dos Urales (Strix uralensis), 
mostrando o protetor das penas e dois painéis solares (foto: Christoph Leditznig).

Figure 12 - GPS-GSM-transmitter backpack mounting method with internal predetermined breaking point (photo: Christoph 
Leditznig).

Figura 12 - Emissor GPS-GSM com montagem no dorso (tipo “mochila”) com ponto de rutura predefinido (foto: Christoph 
Leditznig).

Figure 13 - The first battery-powered GPS-GSM-transmitter used on Ural Owls (Strix uralensis). The soft cover was destroyed 
when owls bit it within a few days (photo: Christoph Leditznig).

Figura 13 - O primeiro emissor GPS-GSM alimentado por bateria usado na coruja dos Urales (Strix uralensis). A cobertura 
macia foi destruída pelas corujas em poucos dias (foto: Christoph Leditznig).
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Figure 14 - The hard-covered battery-powered GPS-GSM-transmitter that withstood owl bites (photos: Christoph Leditznig).

Figura 14 - Emissor GPS-GSM alimentado por bateria com cobertura rígida que resistiu às  bicadas das corujas (fotos: 
Christoph Leditznig).

Figure 15 - The final battery-powered GPS-GSM-transmitter design in use since 2014 (photo: Ingrid Kohl).

Figura 15 - Versão final do emissor GPS-GSM alimentado por bateria, usado no projeto desde 2014 (foto: Ingrid Kohl).
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detected up to 50% farther than RT1 signals. 
Stronger signals resulted from slower sig-
nal frequency and a longer signal duration. 
Three transmitter signals types could be dis-
tinguished: rest, activity and inactivity (nest-
ing, transmitter loss, mortality). The asso-
ciated Lotek/Biotrack receiving unit better 
detected signals whereas Followit receivers 
were lighter and easier to handle.

Disadvantages included short detection 
range and battery life (RT1) and early tail 
feather moulting (RT1) which limited the 
location of post-release roosts, nest cavities 
and breeding areas. RT2 batteries lasted up 
to 1.5 yr and with the pelvis mount enabled 
more owl relocations. It was difficult to track 
owls in mountainous areas and with inac-
tivity signals. In 2011, up to 21 young Ural 
Owls were relocated daily which took > 10 
person hours per day. This generated high 
fossil fuel emission and fuel and time cost 
while driving about 50,000 km over 4 years 
by three research team members. Mountain-
ous terrain often shielded signals precluding 
relocating marked owls, and owls often dam-
aged antennae reducing detection distance.

Satellite (ST) Transmitters  
(Fig. 11)

Three light weight (20g) pelvis mounted 
North Star satellite transmitters with 
ARGOS data transmission and storage were 
used in 2012 and 2013. These units enabled 
the tracking of wide-ranging owls and assess-
ment of reintroduction program with an 
automatic low-cost data collection system 
that saved the project staff time and money. 
A hand-held receiver could be used to search 
for signals.

Disadvantages included a high initial cost 
and large relocation inaccuracies (one in 
Atlantic Ocean). Small-scale owl movements 
in mountain valleys often resulted unsuitable 
signals. Batteries lasted up to 1.5 yr and pro-
vided signals for about 1 hr/day at a low rate 
(1 per min) and made obtaining relocations 
difficult and lengthy. All the aforementioned 
made it impossible to find nest cavities.

GPS-GSM Solar (GTS) 
Transmitters

Five GTS specially designed pelvis mount 
solar powered SULA and URAL units were 
developed by ECOTONE and DWA (Fig. 8, 
12, 13, 14, 15, 16, 17) to incorporate Ural 
Owl natural history and plumage. The advan-
tages and disadvantages below also apply to 
the one back-pack mount GTS used on an 
adult bird in 2014 (Fig. 13).

The GTS unit had two small solar panels 
that failed to charge its battery due to unfa-
vorable weather, owls roosting by day in dark 
forests, and especially feathers obscuring 
solar panels. If GTSs had worked they could 
have provided reliable locations in the moun-
tainous study area, enabled the tracking of 
wide-ranging owls and assessment of the 
reintroduction program, and the automatic 
low-cost data collection would have saved 
staff time and money. They were relatively 
light (27 g) and well suited for Ural Owls. 
The initial cost of these units was relatively 
high. Unfavorable GTS positions prevented 
GPS or GSM network reception and hence 
transmitter relocation. This resulted in much 
time spent searching for transmitters.

GPS-GSM Battery (GTB) 
Transmitters

GTBs were used since 2014 and are still 
in operation providing location data of 
released Ural Owls (Fig. 8, 14, 15, 16, 17). 
GTB weight was higher (31g) and only used 
on owls 750 g or heavier. For both the GTS 
and GTB units, position coordinates and 
temperatures were stored daily and trans-
mitted every 4 days over the GSM net and 
downloaded. After downloading the data 
were processed, stored in a database and 
displayed on a DWA internal web map.

Advantages of these 31 g units included reli-
able automated telemetry signals in the moun-
tainous study area. Tracking wide-ranging owls 
and assessment of reintroduction program was 
possible due to an operational battery life of 
1.5 to 2 yr. The automatic low-cost data collec-
tion saved project staff time and money. 
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Figure 16 - Battery-powered GPS-GSM-transmitter attached to a Ural Owl (Strix uralensis) by the pelvis harness mount 
(photo: Christoph Leditznig).

Figura 16 - Emissor GPS-GSM alimentado por bateria, montado numa coruja dos Urales (Strix uralensis) através de arnês 
pélvico (foto: Christoph Leditznig).

Figure 17 - An active Ural Owl (Strix uralensis) natural tree cavity nest located by telemetry (photo: Christoph Leditznig).

Figura 17 - Ninho ativo de coruja dos Urales (Strix uralensis) numa cavidade natural localizado por telemetria (Foto: Christoph 
Leditznig).
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Disadvantages included relatively heavier 
unit weight and high acquisition costs. More 
time was spent searching for transmitters 
when they were in an unfavorable position 
for network reception and they had infre-
quent (every 4 d) data transmissions. It was 
difficult to find nest sites in natural tree cavi-
ties as the units switched off when owls were 
breeding.

Mounting Systems

Central Tail Feather Mount
RT1s were mounted to the base of the two 

central tail feathers (Fig. 9). A sliced straw 
was slipped over the two central tail feath-
ers and the tube, which was attached to the 
transmitter, was pulled over the feathers. 
After the straw was removed the transmit-
ter was tied and glued to the feather bases. 
This attachment method is suitable when the 
weight of the transmitter is relatively low. 
There was no risk of bodily injuries such as 
harness abrasion or ingrowth and the trans-
mitter was easily released when the tail feath-
ers moulted. Other advantages included its 
relatively simple and fast mounting process 
(ca. 15 min/owl; see also Bowman & Aborn 
2001). Disadvantages included occasional 
damage to the central tail feathers and early 
transmitter release due to premature moult of 
the supporting feathers.

Pelvis Harness Mount
RT2s, STs, GTSs and GTBs were attached 

to the lower back of the bird with two Tef-
lon straps placed around the legs in the groin 
area (Fig. 7, 10, 11, 12, 16, 17; Rappole & 
Tipton 2009). This pelvis mount enabled the 
quick (10 min/owl) use of heavier transmit-
ters with stronger transmitter signals and 
longer reception range. There was little plum-
age damage and less nutrition-related size 
variation in the pelvis region compared to the 
backpack mounting method. However, new 
plumage growth under the transmitter would 
not occur until after the transmitter detached. 
In one case an autopsy of a recovered owl 

revealed a healed skin abrasion caused by an 
overtightened leg loop but that the abrasion 
was not the cause of death.

Backpack Mount
One backpack mount transmitter (Fig. 13) 

was tested on a captive adult Ural because 
of the known risks such as injury or mortal-
ity due to fluctuations in pectoral muscle size 
and damage to new feather growth (Hirons 
et al. 1979, Morton et al. 2003, Robert et al. 
2006, Bedrosian & Craighead 2007, Peniche 
et al. 2011, Michael et al. 2013). This attach-
ment method can accommodate heavier radio 
transmitters with stronger transmitter signals 
and longer reception range. However, Ural 
Owl feathers covered the recharging panels 
of solar-powered transmitters (Äbischer pers. 
comm. 2011) and it took longer to attach the 
transmitter (>30 min/owl).

Predetermined breaking points

It is important to install a breaking point 
in the transmitter mount to release it at the 
end of the expected transmission period to 
free the owl unharmed and to retrieve the 
transmitter. For the pelvis harness mounts 
predetermined breaking points located at the 
junction of the teflon loop included cotton 
threads (Fig. 6), perbunan seal rings (Fig. 7) 
or metal staples (aluminium sleeves), depend-
ing on the expected transmitter life (Kohl & 
Leditznig 2017). Unfortunately there were 
no such mechanisms available for backpack 
mounts to avoid the risk of harness entangle-
ment with the body or wings.

Pelvis (and backpack) mounting: 
Cotton threads

Sewing a cotton thread (Fig. 6) to the tef-
lon harness was successfully used on Eagle 
Owls Bubo bubo in Switzerland (Äbischer 
et al. 2010, Äbischer pers. comm. 2011) 
however, Frey (pers. comm. 2017) reported 
that Bearded Vultures (Gypaetus barbatus) 
"greased" the threads which prevented the 
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dissolution of the threads beyond the desired 
release date. All but two cotton thread break-
ing points used in this project separated after 
about a year thereby prematurely releas-
ing transmitters and precluded the location 
of most post release broods. One Ural Owl 
carried its transmitter half a year after its 
first breeding season, and another carried its 
transmitter for 3 years. We concluded that 
abiotic conditions, wing movements and the 
biting of threads resulted in premature sep-
aration and transmitter loss and that this 
method was not reliable.

Perbunan seal rings
Perbunan or rubber seal rings were used 

(Fig. 7, 8) on Bearded Vultures (Hegglin 
pers. comm. 2011, Néouze et al. 2016, Frey 
pers. comm. 2017). These rings are threaded 
through a tube on the transmitter and fatigue 
fractures form over time where they bend 
due to abiotic influences, such as temperature 
fluctuations. After the rubber breaks, the pel-
vis mounted transmitters become loose and 
fall off. However, to stay within acceptable 
transmitter unit weight limits only thin Per-
bunan rings could be used resulting in pre-
mature transmitter loss and limited location 
of post-release broods.

Rubber band
A rubber band predetermined break-

ing point inside the transmitter cover was 
developed by ECOTONE and WMA for the 
backpack transmitter (Fig. 13). In theory, 
the rubber band should enable flexibility to 
accommodate variation in breast muscle size 
over time, a break in the rubber band should 
release both rear Teflon straps simultane-
ously.  However, backpack mounted trans-
mitters were not used after one trial assess-
ment with a captive Ural Owl.

Aluminium sleeves
A new breaking point system is being tested 

on five transmitters in consultation with 
ECOTONE that consists of an aluminum 
sleeve that holds the teflon straps together.  It 

is unknown how long it will take for the tef-
lon straps to abrade and release. Therefore, 
until the release times for this method are 
documented, two small perbunan seal rings 
are being used as breaking points for all other 
Ural Owl transmitter units. 

Conclusions

In the first nine years of the project more 
than 13,500 locations of Ural Owls were 
registered by telemetry (Fig. 5, Table 1). The 
GTBs were the optimal telemetry system for 
assessing the Ural Owl reintroduction proj-
ect and are still in operation and gathering 
position data (Kohl & Leditznig 2017). GTBs 
provided precise positions and automatically 
transmitted stored GPS and temperature data 
but were difficult to relocate as they did not 
send recovery-specific radio signals. Repeated 
same position signals and decreased tem-
perature indicated transmitter recovery was 
needed. GTBs were also successful with 
Barn Owls (Brandt 1999) and Eagle Owls 
(Äbischer et al. 2010).

Transmitter and Mounting Methods 
Effects

Negative effects of transmitter or mount-
ing methods are rarely reported which makes 
it difficult to learn from past studies. Teleme-
try should not affect animals (Kenward 1987). 
The low impact of tail mounted radio trans-
mitters has made it popular, including in Eagle 
Owl and Ural Owl reintroduction programs 
(Frölich 1986, Schäffer 1990). Tail feathers are 
only temporarily damaged if the transmitters 
are sutured to them. However attachment of 
a transmitter to growing or recently grown 
tail feathers resulted in their premature moult 
(Leditznig 1999) and only light transmitters 
with a relatively short range can be used. 
Smaller solar-powered transmitters can now 
also be used (e.g. http://www.ecotone-teleme-
try.com/en) but transmission duration is lim-
ited by the tail feather moult cycle.
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Backpack mounted radio transmitters have 
been used for decades (Exo 1987, Larsen et 
al. 1987, Nicholls & Fuller 1987, Exo 1988) 
but negative effects were not published. This 
mounting method is still common, especially 
for solar-powered and satellite-based trans-
mitters (Herzog 2014, Meyburg et al. 2016, 
Néouze et al. 2016, Stickroth 2016, A. Gam-
auf pers. comm. 2014, N. Schönemann pers. 
comm. 2016). Consideration of breast mus-
culature condition is particularly important 
when using backpack mounts to avoid dam-
aging birds (Peniche et al. 2011, Robert et 
al. 2006, Michael et al. 2013, Bedrosian & 
Craighead 2007, Morton et al. 2003). 

Peniche et al. (2011) examined 345 Red 
Kites Milvus milvus (1989 to 2009) as part 
of a reintroduction project using tail mounts 
(203 kites, 1989 to 2000) and backpack 
mounts (143 kites, 2000 to 2009). Since 
2009, 180 dead kites have been autopsied. 
Four of 18 dead kites with backpack mounts 
carried the transmitters significantly longer 
than the others and were deemed to have 
died from harness related injuries such as 
lesions. There was no death among the birds 
who carried the transmitters for the average 
duration or for an under-average length of 
time. No injuries were found among tail-
mounted Red Kites. It is likely that additional 
harness-related deaths occurred due to unre-
corded recoveries of dead far-migrating kites.

Äbischer (pers. comm. 2011) did not detect 
any injuries on 40 young Eagle Owls with 
backpacks. All transmitters dropped off with-
out problems using cotton thread predeter-
mined breaking points. When contacted the 
telemetry company ECOTONE stated they 
lacked experience with owls and suitable 
predetermined breaking point mechanisms 
(Iliszko pers. comm. 2017). Such research 
and development is needed, especially with 
Bearded Vultures where backpack transmit-
ters have been observed hanging down hav-
ing failed to fall.

Pelvis mounts (leg-loop, hip-pack, Rappole 
mounting; Rappole et al. 2009) are relatively 
safer. Bowman & Aborn (2001) used back-

pack and pelvis mounts on Florida Scrub-
Jays (Aphelocoma coerulescens) and con-
cluded that only those with pelvis mounts 
did not significantly change their behavior. 
Pelvis mounts can be used successfully on 
small birds such as kingfishers (Kesler 2011) 
as well as on larger birds (Bearded Vulture, 
Néouze et al. 2016). Pelvis mount transmit-
ters are located near a bird’s centre of gravity, 
perhaps enabling birds to better accommo-
date the resulting added physical forces from 
the transmitter’s weight.

All transmitter mounting methods should 
be monitored carefully and reported on. One 
Ural Owl in our study with a pelvis-mounted 
transmitter was found dead with a healed 
skin abrasion in the groin area due to the 
Teflon harness. While this abrasion did not 
cause the owl’s death it presumably affected 
its behaviour.

Transmitter Weight

Special attention must be paid to ensur-
ing that the 5% rule does not apply to every 
mounting method or bird species (Brander 
& Cochran 1969, Barron et al. 2010, Naef-
Daenzer et al. 2005). While birds of prey and 
owls can carry heavier loads such as prey, this 
does not apply to all birds. Scherzinger (pers. 
comm. 2017) reported that in the Bavarian 
Forest grouse were tracked with 12 g trans-
mitters, well below the 200 g or 5% max-
imum, taking into account a more realistic 
limit based on the species life history. It is also 
important to consider the nutritional status of 
birds. Annual weight fluctuations of 20% are 
possible suggesting the lowest weight be used 
to calculate acceptable transmitter weight. 
Bowman & Aborn (2001) showed that jays 
with backpack-transmitters that were only 
2% of body mass traveled short distances on 
foot rather than un-marked birds flying the 
same route.

It is important to consider which trans-
mitter model can be used depending on the 
maximum transmitter weight, the mounting 
option and the tracking objectives. More 
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options are available, in general, the larger 
the bird. The large Bearded Vulture can be 
equipped with a large satellite transmitter 
with multiple solar panels, a large battery 
and comprehensive data storage media. In 
addition, a VHS transmitter can be inte-
grated into this transmitter enabling locating 
the transmitter manually over land after the 
transmitter drops or if the bird dies. For our 
study, the 31 g GPS-GSM-transmitter was the 
5% weight limit for lower weight Ural Owls 
and only owls >700 g were used.

Position of Transmitter

The shape and position of the transmitter 
on the body of the bird must be streamlined 
to reduce drag to minimize impacts to flight 
(or swimming) and life-sustaining behaviors 
such as preening (reaching the oil gland), 
foraging, courtship, copulation, breeding or 
other essential movements or behaviors. The 
animal’s welfare must come first, so the trans-
mitter or harness must not harm the animal 
directly or indirectly, e.g. by tangling or caus-
ing injury.

Measuring Reintroduction Project 
Success

It is difficult to definitively measure suc-
cess in reintroduction programs for small 
at-risk populations. Statistically robust con-
clusions require large sample sizes, such as 
those from England on Red Kites (Peniche et 
al. 2011). Smaller programs tend to provide 
inconclusive anecdotal evidence of success. 
The potential confounding effect of transmit-
ters is another potential barrier to measuring 
outcomes (A. Gamauf, Honey Bussards, pers. 
comm. 2015, Meyburg et al. 2016, Thomson 
& Kaatz 2010). A multi-year study on Prai-
rie Falcons (Falco mexicanus) (Steenhof et al. 
2006) with backpack transmitters could not 
documented short-term effects of transmit-
ters on breeding success and behavior could 
but the survival rate for birds with transmit-
ters was lower than that for birds without 

transmitters (49% vs. 87%) over the same 
period. Bowman & Aborn (2001) showed 
that Florida Scrub-Jays (Aphelocoma coe-
rulescens) with backpack transmitters flew 
less, were busier and were more susceptible 
to predators. In contrast, the telemetry of 
White Storks (Ciconia ciconia) in Switzer-
land is carried out successfully (http://www.
storch-schweiz.ch/361.html). Studies using 
pelvis mounted transmitters (Mong 2005, 
Kesler 2011, Mallory et al. 2008, Hegglin 
pers. comm. 2011) or tail feather mounts 
(Leditznig 1999) indicate that these methods 
did not negatively affect breeding success. 
Twenty-three of 107 released Ural Owl with 
transmitters were found dead but transmit-
ters were not found to be the cause of death. 

If, after careful consideration, researchers 
decide that the use of telemetry is necessary 
then further consideration of the type, trans-
mission duration, and predetermined break-
ing points are important relative to the wel-
fare of the birds involved. It is imperative that 
an examination of the potential role of the 
transmitter and mounting system in the death 
of marked birds be conducted and published. 
Promoting awareness that a telemetry project 
is underway is important, especially for the 
reintroduction of extirpated or endangered 
species, as this may inhibit illegal poaching 
or poisoning of birds of prey including larger 
owls.
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