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Introduction
With the rise of advanced electronic tracking devices, such as satellite transmitters and
GPS-loggers, scientists have become able to gather detailed data on movement of birds,
allowing unique insights in their ecology and behavior (Seegar et al. 1996; Kays et al.
2015). At the same time it has become clear that attaching tracking devices to birds can
 ơ   ȋǤ ͜͜͞͝Ȍǡ
   ƪ   Ǥ
ǡ            ơ ǡ 
tracking devices in most cases provide the only approach to gather data on movement of
Ǥ  ƪ ǡ
 Ƥơ   ǡ
  ơ Ǥ
Due to the possibility of attaching solar-powered tracking devices which make use
of GPS, and the small chance of the bird losing the device over a longer time period,
harness attachments are the most common attachment method for larger birds, including
raptors (Klaassen et al. 2008b; Vansteelant et al. 2015) and waterfowl (Gladher et al. 1997;
Ƭͣ͜͞͝ȌǤ ǡ ơ 
birds, including reduced survival rates and reproductive success (Ward and Flint 1995;
Ƭͥͥͤ͝Ȍǡ ƪȋ Ǥ͜͞͝͡Ȍǡ 
  ȋ  Ǥ ͥͥͣ͝ȌǤ      ơ 
harness attachment on a single behavioral aspect, only a few studies make an attempt
ơ ȋ Ǥ͜͜͢͞Ȍǡ
ơ Ǥǡơ 
ƥ    
ǡ ơ ȋǤ͜͜͞͝ȌǤ 
ơ  ǡơ  
also carry over across parts of the annual cycle. As an example, timing of migration can be
 ǡơ 
ơ ƤǤ
 ơ Ǧ   
harness attachment itself. Because migratory birds vary in body mass during the year
(Ankney 1982), harnesses may become too tight or too loose, which can cause irritation
for the bird (Chan et al. 2016) and abrasian of the skin (Cappelle et al. 2011). The type of
Ƥ   
ƪ ȋǤ͜͢͞͝Ȍ 
for normal behavior (Wilson and McMahon 2006).
 Ƥǡ
ơ  
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aspects, including survival, migration, and reproduction, in order to gain a complete
ơ  Ǥ
to attach tracking devices to three Arctic-nesting migratory species of geese, including
Greater White-fronted Geese , Brent Geese  , and Barnacle
Geese  . We additionally created control groups of birds equipped with
color bands and neck collars, including color bands with attached geolocators to record
 ǡ   ơ        
groups for survival, timing of migration and reproduction and reproductive output.

Methods
ƤǦȋǤǤǤͤ͜͜͞Ȍ 
ȋ ͠Ǥ͝ȌǤ ȋƪǡǡȌ
to create a sturdy, but smooth, harness that was tubular in shape. We included sliding
   Ƥ
ơǡ  Ƥ
of the loops. Stainless steel rings were used to connect the harness to the tracking device.
 ƤơǦ Ǥ
Full methods and instructions on how to construct and deploy the harness can be found
in Lameris et al. (2017a).

Study species and capture methods
From 2012 to 2014 we equipped in total 111 geese with tracking devices and the harness
we developed. Apart from a tracking device, all birds received metal and color bands for
Ƥ ƤǤ 
equipped with tracking devices was equipped with colour bands or neck bands.
During the winters of 2013/2014 and 2014/2015 in Noord Brabant, The Netherlands,
35 Greater White-fronted Geese (7 males, 7 females, 21 juveniles) were caught in family
groups using a remote controlled clap net (see Kölzsch et al. 2016a). Each bird was
equipped with a plastic, numbered neck band and a 45- g e-obs GPS-GSM transmitter
with the described harness. Another 92 birds were captured and equipped only with neck
bands.
In April and May 2012 on the islands Terschelling and Schiermonnikoog, The
Netherlands, Brent Geese were caught using canon nets and 30 male geese (21 on
Terschelling, 9 on Schiermonnikoog) were equipped with plastic, numbered color bands
and 16 g UvA-BiTS GPS-loggers (Bouten et al. 2012) with a prototype of the harness,
  Ǥơ
 ƪ 
carbon steel instead of stainless steel. In 2014 Brent Geese were caught using canon nets
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on Terschelling, and 6 female Brent Geese were equipped with 19 g UvA-BiTS GPS-loggers
and the standard version of the harness (as described above: including an outer layer of
Telfon and with attachment rings made of stainless steel). For our analysis on return rates,
  ơ 
was too low.

A

Body loop

Neck loop Satellite / GPS tag

Copper ring

B

C

D

Figure 4.1: Schematic design of the harness attachment design and study species. (A) a
schematic design of the harness attachment design with locations indicated where carmping
rings are placed. Before deployment the harness is attached to the front end of the tracking
device (upper picture). During deployment the harness is fastened on the goose by placing the
neck loop over the head and attaching the ends of the body loop to the sides of the tracking
device (under the wing of the bird). The cramping rings are used to adjust the size of the
  Ƥ   Ǥ ȋǦȌ          
and the harness: (B) a male Brent Goose; (C) a family Greater White-fronted Geese and (C) a
female Barnacle Goose.

In June and July 2014 at the Kolokolkova Bay, Russia, 40 adult female Barnacle Geese were
caught on the nest during incubation using a remote controlled clap net, and equipped
with plastic color band and 19 g GPS-loggers (UvA-BiTS, Bouten et al. 2012) with the
described harness. A control group of 40 adult female geese was caught on the nest (22
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Ȍƪȋͤ͝Ȍǡ
plastic color bands (6.6 g total) and an Intigeo C-65 Migrate Tech geolocator (1 g) attached
to the left color band. Because the geolocator weighed only a small fraction of the total
weight of the two color bands, we assume that geese equipped with color rings and a
 ơ Ǥ
the geese in the control group were caught during catches during the molt period rather
than on the nest, we ran analyses separate for the complete control group (40 geese) and
the subset of geese caught on the nest (22 geese; thus in similar state as the geese with
GPS-loggers).

Comparison of parameters
To calculate one-year return rates we collected all resighting data from the focal birds from
www.geese.org, an online platform where observers can submit sightings of individually
marked geese and swans. Observations from volunteer ring reads as well as those made by
the researchers themselves were included. For Barnacle Geese, we calculated return rates
based on birds caught during the molting period one year after equipping the birds with
transmitters, as resightings of birds with GPS-loggers was biased, as we used GPS tracking
ƤƤǤ
We compared the timing of departure and migration speed of Barnacle Geese with
harness attachments and those with geolocators as a control group. UvA-BiTS GPSloggers stored 48 to 288 accurate GPS locations (mean stationary error = 3.23 m, Bouten
et al. 2012) per day. Geolocators are less accurate (error of 1.4 – 4.0 102 km, Lisovski et al.,
2012) and can be used to calculate a maximum of two longitude positions per day. The
Intigeo C-65 geolocators recorded light intensity every 5 min. Data were retrieved at our
study site in the Kolokolkova Bay, Russia, in the summer of 2015. Data from GPS-loggers
were downloaded remotely using a Zigbee two-way receiver unit in the tracker that made
connection to a UvA-BiTS base station and six relays (Bouten et al. 2012). Geolocators were
ƪǤ
 ǦǦƤ
latitude and longitude positions. After retrieving geolocators, data were downloaded and
processed using the program Intiproc (Migrate technology 2014). Further analysis was
carried out using the package ‘GeoLight’ (Lisovski & Hahn 2012) in R 3.1 (R Core Team).
ƤǮǯȋ͜͜͞͠Ȍ
intensity value of 2 (Lisovski et al. 2012) and used to calculate two longitude positions
per day. For both spring migration tracks acquired using GPS-loggers and geolocators we
ȋƤ
ϏͥǏȌ 
ȋƤϏ͟͜ǏȌǤ  
and migrated continuously after departure from the Wadden Sea, the latter position
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was often absent in geolocator data as these geese quickly arrived in the region north of
the Baltic Sea, which is governed by 24 hours of daylight during this period of the year.
For these geese, we took the day after the last day at which we could obtain a longitude
position as the day of leaving the Baltic region. We calculated the speed of migration as
the number of days in between departure from the wintering grounds and departure from
the Baltic region.
We measured reproductive performance of Barnacle Geese with harness attachments
and those with geolocators at our study site at Kolokolkova Bay, Russia (van der Jeugd
2003). We searched for new nests and checked known nests every 2 to 3 days between 31
May and 25 June 2015. Eggs were marked and number of eggs was recorded at every visit.
ƤǤ  
clutches found during egg laying, initiation date was estimated as follows: 1 egg, day of
discovery; 2 eggs, day of discovery minus 1; 3 eggs, day of discovery minus 3, 4 eggs, day
of discovery minus 4 (van der Jeugd et al. 2009). Clutch size was only determined for
nests with the same number of eggs after more than two visits. We measured reproductive
performance of Brent Geese with harness attachments by observing them on their
wintering grounds in the Wadden Sea, the Netherlands, and noting whether they were
accompanied by juveniles.

    ͜͞͝͡ǡ   ƪ      
boats. We visually assessed condition and damage on geese carrying harness attachments.
We weighed geese using a spring scale (± 10 g).

Statistical analyses
All analyses were conducted using R 3.0.2 (R Development Core Team 2014). We
compared one-year return rates of birds with the harness attachment and the control
ǤƤ ơ  
regression models that included species, sex, experimental group (harness or control),
 ơ  ȀǤǦ
Mann-Whitney U tests to compare departure date from the wintering grounds, departure
date from the Baltic Sea region, migration speed, nest-initiation dates, and clutch sizes of
Barnacle Geese equipped with harness attachments and their control group, which were
either geese with geolocators or birds without attached devices (i.e., only color bands).
 ǡǡơ  
 Ǥͥ͡τ Ƥ ơ 
sizes (Cohen’s D) for all tests, rather than conducting a post-hoc power analysis (Colgrave
& Ruxton 2003).

82
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Results
Return rates
Geese with tracking devices experienced reduced one year return rates compared to their
ȋ  ƥ ϋǦ͝Ǥ͝͠ψ͜Ǥͤ͞ȋȌǡz = -4.0,  < 0.001, Table 4.1).
ơ ǡ ơ  
and species/sex was not present in the highest ranking models (Table 4.2).
Migratory behavior
   Ƥ  ơ          
Ǧ  Ǧ     Ǥ ǡ  ơ  
suggests that birds with GPS-loggers were potentially slightly delayed (~1 day) in moment
of departure, including the moment of departure from the Wadden Sea region (GPSlogger, N=18: 45 ± 6; geolocator, N = 18: 43 ± 10 days since 1 April; W = 136, d = 0.43, 95% CI
[-0.26, 1.11], P = 0.21) and the moment of departure from the Baltic Sea region (GPS-logger,
N=18: 50 ± 3; geolocator, N=19: 48 ± 3 days since 1 April; W = 138.5, d = 0.47, 95% CI [-0.21,
͝Ǥ͝͡Ȓǡϋ͜Ǥ͢͝ȌǤơ ȋ Ǧǡϋͤ͝ǣ͠Ǥ͡͡ψ
4.60; geolocator, N=18: 5.33 ± 7.84 days; W = 162, d = 0.22, 95% CI [-0.46, 0.90], P = 0.51).
Reproduction
We found that 27 of 40 Barnacle Geese with harness-attached GPS-loggers returned
to breed in 2015 and 20 initiated nests (17 nested successfully). Barnacle Geese with
geolocators also bred successfully, based on 12 found nests out of 40 tagged birds. Clutch
 Ǧơ 
or other birds in the colony (GPS-logger: 4.3 ± 1.0 eggs, N = 18; geolocator: 4.5 ± 0.93 eggs,
N = 11; colony: 4.4 ± 1.2 eggs; N = 351; GPS-logger vs geolocator: W = 80, d = 0.51, 95% CI
[-0.28, 1.31], p = 0.19; GPS-logger vs colony: W = 3307, d = 0.51, 95% CI [-0.36, 0.59], P =
0.64). However, geese with GPS-loggers started laying their eggs on average 2 - 3 days later
than geese with geolocators and other geese in the colony (GPS-loggers: 37.1 ± 1.9 days
since 1 May, N = 18; geolocator: 34.1 ± 2.0 days since 1 May, N = 8; colony: 34.7 ± 2.4 days
since May 1st , N = 216; GPS-logger vs geolocator: W = 106.5, d = 1.35, 95% CI [0.39, 2.31], p
= 0.004; GPS-logger vs colony: W = 917.5, d = 0.67, 95% CI [0.18, 1.16], P < 0.001).
          ǡ   Ƥ
females that returned to the wintering grounds in 2014 nested successfully, as they were
accompanied by juveniles. Tagged males did not nest successfully in 2013, but it must be
noted that this was a year with generally very low nesting success, also for untagged geese.
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0.43
0.29
0.29
0.52
0.83
0.45

7
21
21
6
40

For this comparison only the subset of control birds caught on the nest is used as a control group

Winter 2013/2014 – Winter 2014/2015 & Winter
2014/2015 – Winter 2015/2016
Winter 2013/2014 – Winter 2014/2015 & Winter
2014/2015 – Winter 2015/2016
Winter 2013/2014 – Winter 2014/2015 & Winter
2014/2015 – Winter 2015/2016
May 2012 – May 2013
May 2014 – May 2015
June 2014 –August 2015

Greater White-fronted
Goose (males)
Greater White-fronted
Goose (females)
Greater White-fronted
Goose (juveniles)
Brent goose (males)
Brent goose (females)
Barnacle goose (females)

Return rate

Sample size
tagged birds
7

37
15
40
22 (1)

66

13

0.78
0.93
0.55
0.55

0.70

0.69

-0.81
-0.65
-0.40
-0.38

-1.37

-1.34

Sample size
Return rate ƥ 
control group
13
0.62
-0.37

-0.065

0.669

0.395

~S

~S+A+T

~ S + T + S*A

0.900

0.182

~ S + T + T*S

0.673

~S+T

~T

Intercept

Return rate

1.47**

1.36*

1.15**

1.38*

0.88*

Species (S)

-0.64

Sex/Age (A)

-0.71

-1.13***

-0.38

-1.14***

-1.14***

Treatment (T)

-1.17

Treatment*
Species (T*S)

-1.04

Treatment*
Sex/Age (T*A)

8

6

3

6

2

Degrees of
freedom
4

Table 4.2: Final binomial logistic regression models for return rates over species (S), sex and age groups (A), attachment treatment (T), the
  ȋȝȌ ȋȝȌǤƥ 
ǡƤ ơ ȋώ͜Ǥ͜͡ǣȝǢώ͜Ǥ͜͝ǣȝȝǢώ͜Ǥ͜͜͝ǣȝȝȝȌǤ

1

Time frame of measurement

Species

Table 4.1: Return rates of birds equipped with harness-attached tracking devices (tagged birds) compared to their control groups, equipped
with color bands or neck collars. For each return rate, the time frame of measurement is given over which the return rate has been measured,
 ƥ  ǡ Ǥ
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ơ    

ơ 
For the 18 Barnacle Geese with harness-attached GPS-loggers which we recaptured during
molt, we were able to assess physical damage on the geese caused by the harness, as well as
overall condition and weight of the bird. Of 18 geese, 12 were either not damaged, missing
some down feathers in the armpits or had some broken back feathers below the logger.
Four geese had both slightly damaged armpits and broken back feathers and two birds
ơǡǤ
ơ Ǧǡ 
color-rings (GPS-logger: 1621 ± 120 g, N = 18; geolocator: 1645 ± 103 g, N = 22; color-bands:
1620 ± 137g ; N = 3186; GPS-logger vs geolocator: W = 237, d = 0.34, 95% CI [-0.31, 0.99],
P = 0.29; GPS-logger vs colony: W = 1720, d = 0.05, 95% CI [-0.44, 0.53], P = 0.85). The
ƪ
outer loops.
Although all 14 observed male Brent Geese with harness-attached tracking devices
had a mate after the initial catch in 2012, only 36% of those males returned with their
͜͟͞͝ȋƤ
that spring period). Of the six females with harness-attached tracking devices in 2014, all
returned with their mate.
Of seven families of White-fronted Geese equipped with harness-attached tracking
devices, the parents of two families separated within a week after tag attachment. Only
one of the six tagged juveniles in those two families was not shot or predated during
ǤƤǡ
the parents of those families returned to the wintering grounds together in the following
year.

Discussion
Ǧ    ơ 
 ǡơ  ơ 
sexes. Reduced return rates of geese with harness attachment compared to a control group
can be partly explained by birds not returning to their original wintering or breeding
grounds, but we argue that this is largely the result of a reduced survival. In addition
        ơ    ǡ     
 ǡơ  Ǥ
  ǡƤ
and a high probability of being observed if alive. Individual Brent Geese return to the
island of Terschelling every spring, and due to the open landscape and high observation
ơǡ ͜͜͝τ  Ǥ
holds for Greater White-fronted Geese, due to the good visibility of the neck collars
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combined with a good network of voluntary ring-readers in the Netherlands. We observed
female Barnacle Geese at their breeding colony, to which female geese are known to
return to every year (Karagicheva et al. 2011), and we maximized our observation and
 ơ ǤǦ
were never detected in subsequent years, supporting the conclusion that detection rate
was high and non-observed individuals were likely dead. Lower return rates should thus
indeed represent lower survival rates.
However, male geese tend to follow the female year-round, and can thus change
wintering area when divorcing their original partner. Divorce rates are however extremely
ȋ͟τ Ȍ Ƥ
long-lasting partnerships (Ens et al. 1996). We found that divorce rates for male Brent
Geese and Greater White-fronted Geese with harness-attached tracking devices were
unexpectedly high, and increased divorce rates have also been reported for female Brent
Geese with transmitters (Ward & Flint 1995) and neck collars (Lensink 1968). Attachment
       ơ         ǡ   
Ǥ Ƥ
to be of lower quality, as these birds experienced relatively low reproductive success and
it is suggested that pairs where one of the birds is tagged forego breeding (Green et al.
͜͜͞͞Ǣ Ǥ ͜͜͟͞ȌǤ  ǡ   ơ     
output as they more often seem to mate with younger, inexperienced partners (Leach
& Sedinger 2016) and birds are less likely to survive while being divorced (Nicolai et al.
͜͞͝͞ȌǤ             ơ   
ơǡ 
Ǥơ   Ǧ Ƥ ǡƤ
high divorce rates for male Brent Geese but not for female Brent or Barnacle geese. These
ơ     
rather than males, and the choice of which birds are being tagged can thus importantly
ƪ   Ǥ
Besides potential shifts in wintering grounds for divorced male geese, decreased
return rates of individuals equipped with harness-attached tracking devices likely
 Ǥơ 
return rates and survival in geese (Ward & Flint 1995; Dzus & Clark 1996; Garrettson
Ƭ  ͥͥͤ͝Ȍǡ    Ƥ  ơ  ȋ Ǥ ͜͜͟͞Ǣ
Fleskes 2003). These latter studies measured return rates over a shorter time span. An idea
about additional causes of death from geese equipped with harness attachments could be
gained from the Greater White-fronted Geese in this study, of which out of 35 birds, 14
had been retrieved as shot and 7 as predated by large birds of prey or fox during the spring
migration following tag deployment. The increased susceptibility of bird with attached
tracking devices to being predated or shot, can potentially be attributed to changes in
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behavior, notably an increasing time spent preening (Enstipp et al. 2005). In addition, we
  Ǧ Ƥ    ƪ ǡ
ƪȋǤ͜͜͞͝ȌǤ ƪ 
 ƪ ƪ ǡ
Ǥơ ǡ
      Ƥ      
(Ward & Flint 1995),
   ơ ǡ
Ǧ ơ    Ǥ          
individual data on migration timing gained from geolocators, we can convincingly show
that harness attachments cause only a slight delay in timing of migration departure for
  Ǥơ Ƥ 
between individuals. At the same time, the migration speed of these birds was not
ơ Ǥ  ǡ          found that
birds with harness-attached tracking devices arrived 19 days later on the breeding grounds
in comparison to the population mean (Hupp et al. 2015). This is ascribed to a higher cost
of migration, which is also suggested by models from Pennycuick et al. (2012). Also, we
found a 2-3 day delay in laying date for Barnacle Geese with harness attachments, which
is slight in comparison with earlier studies on Mallards  with harness
attachments, which were delayed between 8 – 14 days (Pietz et al. 1993; Rotella et al. 1993).
ǡƤơ    ǡ  
  ơ  ȋǤͥͥ͟͝Ǣ
Ǥͥͥ͟͝Ǣ Ƭͥͥͤ͝ȌǤơ 
ǡơ 
 Ƥơ   
attachment and females in control groups.
             ơ    
devices on birds (White et al. 2013; Barron et al. 2010), and show that harness-attached
 ơ Ǧǡ
    Ǥ   ơ      
       Ǥ      Ƥ  
tracking device attachment does delay timing of reproduction, and possibly timing of
ǡ  ǡ    ơ Ǥ
  ơ 
and reproduction for birds equipped with tracking devices (Hupp et al. 2015; Pietz et al.
ͥͥ͟͝ǢǤͥͥ͟͝ȌǡƤ  
 Ǥ ǡơơǡ
stress that researchers make a good consideration which birds they equip with tracking
devices.
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