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Summary 
 

Four New Zealand falcons were fitted with GPS tags in March and Apríl 2007 in order 
to track their daily movements in Marlborough vineyards. Testing of the units showed they 
had a short recording time due to their small batteries. Only four data sets have been 
collected. This was mainly affected by the difficulty of recatching falcons for GPS removal. 
The data shows extensive movements of juvenile falcons.  It also shows the home-range area 
of one-year old female – 3.165km2.  
This trial study brought some interesting results but the technique needs to be improved for 
future research.    

 
Introduction  

 
Thanks to miniature GPS which were attached to birds, we were able to accurately 

track the movements of New Zealand Falcons. In the second year of the project, 15 falcons 
were released which, together with three falcons from the first year, gave us a good number of 
birds that could be tracked. We were particularly interested in the movements of adult birds in 
their home ranges and also natural dispersal of young birds.  The data obtained could help 
with protecting vineyards against pest bird damage.   
 

Four falcons were released at two locations in Marlborough Plains in 2005; two 
females at the Wither Hills site and two males at the Bankhouse site. The distance between 
the two hack sites is 4480 m, with the Waihopai River and its forested banks making a natural 
boundary between them. As the end of summer approached, falcons started to disperse which 
ended up with two pairs - one female moved to the Bankhouse site and one male settled in 
Wither Hills. Latterly the female at Bankhouse was killed by a cat. Two birds at Wither Hills 
survived all year, paired up and we could use them in this study to find out about size of their 
home ranges.  We hope they will breed in the vineyard in 2007/08 season. 

Another 15 falcons were released at the end of 2006 and January 2007. 
 
Location Males Females 
Montana 2 0 
Lanark Lane 0 2 
Wither Hills 2 1 
Bankhouse 1 2 
Blicks 3 2 
Tab 1.: Number of falcons released in five locations in 2006/07 season. Twelve falcons were 
alive on site at the time of the study. One falcon was killed by harrier, one killed by cat, four 
were electrocuted and one was missing due to unknown reason (no signal) before this study 
was conducted.   
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All falcons were taken as chicks (28-35 days old) from nests of wild falcons, fed and 

released in vineyards using hack boxes. They have been fed twice a day near nest barrels. 
Regular feeding by the same people resulted in a loss of fear which helped with trapping the 
falcons.  

 
Methods 
    
GPS units 

Four GPS tags and GiPSy software were provided by Italian company Technosmart 
s.r.l (www.technosmart.eu).  Prior to putting the GPS units on birds, testing was conducted to 
ensure correct usage. Two GPS units were used in the beginning; the smaller (8.0g) was used 
for males, the larger unit (13.0g) carried by females.  Testing showed poor battery results. 
Larger batteries could have been used but due to the fact that the birds are already carrying a 
transmitter (male – 16.1g, female – 26.6g) we did not want them to carry extra weight which 
would affect their flying skills and therefore adversely affect hunting.  With setting 1 fix/2 
minutes the units ran for 12 hours.  With the data (1 fix/2 min.) we could see the distance and 
size of the home range but we would also be able to identify activities such as hunting. This 
would have provided an interesting insight into the biology of the species. Due to short 
battery lifetime we decided to set the GPS for 1 fix/ 20 minutes to obtain data of movements 
over several days.  In this mode the GPS would last more than 60 hours.  Two birds, one male 
and one female, were fitted with tags and data obtained. 

The other two units that were used have larger batteries – 240 mAh, almost double in 
capacity with respect to the previous ones. Their weight is 11.6g. Appropriate testing of new 
units was not done due to lack of time.  
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Fig 1.: Freshly trapped female with attached GPS tag. 
 

A special case to protect and attach the units onto birds was made from heat shrink. 
The waterproof case protected the units from direct rain.  

Birds were located by tracking system – they all are fitted with transmitters (Biotrack, 
Sirtrack). GPS units were attached to a transmitter harness by cable ties. It was easily attached 
to the bird and the whole process of attaching takes only three minutes to put on and half a 
minute to take it off. 
 
 Average 

weight (g) 
Transmitter 
weight (g) 

GPS weight 
(g) 

Case weight 
(g) 

% body 
weight 

Male 320 16.1 8.0 3.0 8.5 
Female 570 26.6 13.0 3.0 7.5 

Tab 2.: Percentage of load 
  

Table 2. shows the load that falcons carried during this survey. Although the females 
showed slight flying problems in the beginning they accepted the tag and showed no further 
impairment of flight later in the day. On the other hand males’ flights were heavy for the 
duration of the unit’s presence.  

Brander and Cochran (1971) recommend to keep loading below about 5% of animal 
weight. Although flying species can manage a 5% loading at 70g without loss of agility 
(Aldridge and Brigham, 1988), it is worth noting that a 3% loading gives an equivalent effect 
on flight power for a 200g bird.  A limit of 2-3% is therefore probably wise for larger bats and 
for birds that migrate or otherwise depend greatly on flight (Kenward, 2001). Falcons’ 
survival depends on flying agility and skills.  Our falcons are fed daily and they do not need 
their full flying skills to obtain food.  For wild falcon studies lighter tags need to be used.  
 
TRAPPING 

Trapping of falcons turned out to be very difficult mainly because the birds had to be 
caught twice in such a short time. The initial catch was always easier as most of the falcons 
are used to coming for food and trust people. We used pigeon nooses attached to day-old-
chick (DOC). After catching and handling all birds learned the trick and other traps had to be 
used. These were balchatri, doghaza and bow-net. Only one falcon was caught four times 
using pigeon nooses on DOC. This young female was trained to come to my hand which 
made it easier to catch her. 
 
 
Results 
 
DATA 
Four sets of GPS data were obtained. Each is discussed separately.  
 
Female “Jackie“ Ring no. S81215  
 

The young female that was released at Bankhouse in January 2007 was first used as a 
trial bird.  She was chosen because of her accepting food from my hand which made it easy to 
catch her. Pigeon nooses attached to day old chick held in a hand was used as a trap. The bird 
was caught on 22 March at 8:20 (GPS switched on at 8:24) and immediately released. After 
release, DOC was offered to her and she came and took it without hesitation. The fact that she 
came and took food from the hand again ensured easy recatch. Using the same method the 
bird was caught again two days later for GPS removal. 
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Impaired flying ability was observed after the release, but generally the GPS unit was 
accepted. The bird was closely observed during the afternoon of the same day and she did not 
show any problems during flying. The unit could hardly be seen during evening feeding, 
which demonstrates how well it was preened into her feathers. 
 

 
Fig 2.: Feathers perfectly cover the GPS unit. 

  
The GPS was irritating for the female as its obvious from the damaged blue case. This 

would have put the unit at risk of being damaged by rain. Luckily the weather during the data-
collecting period was good. It shows the need for better casing in future studies.  
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Fig 3.: Damaged case from young female 

 
The unit was set for 1 fix/20 min, and the battery lasted 3340 minutes (2 days 7 hours 

40 min.). This was long enough to find two roosting places and also the falcon’s daily 
movements. The set period fluctuated from 13 to 29 minutes with an average of 20minutes. 
Sometimes one fix was recorded 5 times in 5 seconds. Irregular period between fixes and 
repeated recording of one point are signs of satellite loss. These faulty measurements affect 
the battery lifetime. 

Data revealed that the female spent two nights in different places. The places were in 
trees near the river, 570m apart. The bird was observed near the first roosting place during 
bad weather and on other nights. The first flights of the day were made between 5:40 and 
6:00. The sunrises were at 6:29 and 6:30 but enough light and good visbility for the human 
eye was observed 20 minutes prior to these times. Extensive flying was done during the two 
days, sometimes to remote places in mountains. The reasons for this are not known but 
surprisingly the bird always came back to the feeding tray at feeding time. Falcons kept by 
falconers are known for a biological clock and they always know their feeding time. The 
presence of released falcons at feeding sites at a specific time confirms the learning behaviour 
of falcons and their biological clock. 

The longest movement was made in the afternoon of the second day. A distance of 
9700 m was covered in 20 minutes. The calculated speed from these figures is 29.1 km/h 
(18.08miles/hour). 

On the first day of recording the bird moved 18.5km (11.5miles). The falcon was very 
active during the second day and flew 54.5km (33.8miles). Only 8 hours 20 minutes were 
recorded the last day and in this time bird moved only 4.3km (2.7miles). In total, the bird 
moved 77.3km (48.0miles) in 55 hours. It is very difficult to recognise where the falcon 
stayed motionless because there are no two points recorded at same exact place.  

On the morning of the last day the bird visited the feeding tray early in the morning 
(06:41) and, finding no food, flew to the hack site to search for food there. This was after a 
month of not feeding the birds at the hack site.  This can be explained by a strong bond to the 
hack site and good memory. 
 
 



 6 

 
Fig 4.: Roosting places 

 
Two visits to a bridge near the main road, one visit a day, were recorded. Pigeons and 

other birds are abundant near the bridge and this particular bird moved to this place later in 
the season.  

At feeding time the bird came back to the feeding tray even from a very long distance. 
Feeding times were between 8:00 and 9:00 am and 17:00-18:30. 
 
The weather was same all three days – sunny, no wind.  
 

 
Fig 5.: Distance/time graph. Time is the actual recording time of the unit not UTC time. 
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Fig 6.: Map of movements. Legend is shown in Table of Activities. Yellow area represents 

vineyard. 
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Table of Activities. 
 
Real time GPS 

Time 
Activity Map 

legend 
8:20    Bird caught near feeding tray 1 
8:22   GPS turned on   
  8:26 First fix obtained   
    Feeding and moving around office-house 2 
  10:23     
    Long flight to the bridge near road 3 
  10:45     
  12:20     
    Long flight to the viewpoint hill 4 
  12:40     
  13:02 Trees opposite office-house  5 
    Observed hunting   
 16:41 Moved back to feeding tray where she 

was fed 
  

  18:20 Feeding tray 1 
  19:00 Roost site no. 1 6 
  22:40 River - probably drinking, bathing 7 
  23:01 Roost site no.1 6 
  2:20 Recorded movement   
6:34   Sunrise - but light earlier than prediction   
  6:00 First move of the day   
  6:20 Move across river 8 
    Extensive movements blue line 
  8:00 Back to feeding tray 1 
  12:23 Bridge-road 3 
  1:20 On move to mountains   
    All afternoon spend in mountains red line 
  18:21 Longest flight back to the feeding tray black line 
  19:00 Roost place no.2 9 
18:32   Sunset - but complete darkness at 19:00   
6:30   Sunrise - but light earlier than prediction   
  6:01 First flight of the day   
  6:41 Feeding tray 1 
  7:00 Hack site 10 
  7:40 Office-house 2 
    Moving near office-house   
  14:22 Last fix   
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Fig 7.: Map of movements without alterations: GPS data transfered to a map. 

 
 
 
 
Male "Robbie“ Ring no.H34460 
 

Robbie is a juvenile male that was originally released in Wither Hills vineyard 
together with another  juvenile male and a female.  All three young birds were accepted by an 
already established pair. The pair, released in 2005, actually fostered the fledgelings and fed 
them regularly. Later, when fully fledged, all juveniles left the vineyard – probably due to 
presure from the adult falcons. This particular male was lost for three weeks and eventually 
found in vineyards 12.9 km (8.1miles) from hack site. Once found, it has been regularly 
coming for offered food and settled in new vineyard.   
 

The smallest unit, set for 1 fix/ 2 minutes,  was used. The bird was caught on 
Wednesday 28/03/07 at 7:10 using pigeon nooses on DOC, and was watched for one hour 
after release.  Most of this time the bird spent preening and trying to remove the unit. Short, 
clumsy flight was observed in the beginning but no extreme flying problems were shown 
later.  
It was cloudy all day with rain (from 10:20 to 11:00 and from 15:00 to 19:40). 
 

Unfortunately the battery lasted only 9 hours and 38 minutes. The tag lost satellite 
signal five times.  Periods without signals are  14:02, 9:00, 9:40, 24:53, 10:52 minutes – that 
is 70:27 minutes altogether and 35 track points missed. Three of those five times the bird was 
in trees, twice in open space.  



 10 

The unit was switched on at 7:11 New Zealand time (20:06:48 unit time). The bird 
spent the first 4 hours and 42 minutes within a circle of 250 metres from the releasing place 
with flights towards north up to 600 metres. At 11:52 it started moving south mainly using 
trees as rest places. When it reached a big cluster of trees 2180 metres from the releasing 
place it stopped for 1 hour and 48 minutes. In this time it was conducting small flights 
between trees.  Interestingly although the short flights were up to 280 metres the bird always 
came back to the centre of the trees. On the map it looks like a star – flights in all direction. At 
15:32 the falcon continued south towards mountains. It spent 1 hour and 23 minutes in a small 
bush 3535 metres from the releasing place, then it began flying back to the vineyard where it 
stayed the rest of the time.       

The longest flight was made at 16:08. The young male flew 2170 metres in 1 minute 
48 seconds. This represents a speed of 72.3 km/hour (45.2miles/hour).  
During the entire recording time the bird moved 15800 metres. 

Despite the short interval time judging of movements is very difficult because of jitter. 
In general, 50% of the points are within a circle of 4.2m radius and 90% within a circle of 
11m (Del’omo, personal comments). In vineyards where there are many wooden poles only a 
few metres apart we cannot tell whether the bird moved or not. This jitter brings confusion to 
data where the recorded time is very short. 
 

 
Fig 8.: Map of Robbie’s movements. Red dot represents releasing place (feeding tray). 
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In the whole recording time Robbie moved 21.6 km (13.4 miles) as its shown in the graph. 
 

 
Fig 9.: Distance/time graph. Time is the actual recording time of the unit not UTC time. 

 
Female “Maggie” Ring no.? 
 

This female was particularly chosen for data collection as she has been established in 
vineyards for a year. The data could reveal the area she occupies. At the same time a GPS unit 
was attached to a male which occupies the same vineyard but unfortunately this bird has not 
been caught yet and the data can not be used in this study. 

The female was released at Wither Hills vineyard in 2005 and was joined by a male 
later in autumn the same year. They had been seen copulating but there is no evidence of eggs 
being laid. They fostered three chicks in 2006/2007.  Four nest barrels have been put up in the 
vineyard and we hope they would use them as a nest in future.  
 

The falcon carried one of the new GPS units. It was set for 1fix/20 minutes and lasted 
79 hours and 35 minutes. The bird was caught on 1 April at 8:00 same way as others – pigeon 
nooses on DOC. The unit quite often lost signal with the satellite as some points are recorded 
several times. This again discharged the battery and it needs to be improved for future studies. 
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A distance of 37.5 km (23.3miles) was covered by this female during the entire time of 
recording. The able below shows distance covered each day.  Recording time for day 
movements was between 5:00 and 23:00. Interestingly the bird moved at night; 550m, 660m 
and 230m were recorded in three nights. Moves after dark were recorded between 23:00 and 
5:00. The bird spent all three nights in trees near nest barrels. Bright sky and moon light 
provided good visibility for the bird to fly in thick forest at night. Roosting places are marked 
on the map. 

 
 

 
Day Distance (metres) 

1 8590 
2 12190 
3 9210 

4 (5:00 – 15:41) 6070 
 
 
 

The longest flight was recorded on the second day at 14:40:35. A distance of 1750m 
was covered in 20minutes which represents a speed of 5.25km/hour. This is a very slow speed 
and shows that a recording interval of 20 minutes is very long and important movements 
could be missed. This fact also makes the overall distance very underestimated.  

 

 
Fig 10.: Distance/time graph. Time is the actual recording time of the unit not UTC 

time. 
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Four days is not a long enough period to certainly establish the home range of this 
female.  Four days’ recording provided data to see a part of the home range.  The falcon has 
been observed outside this area. The calculated area of the polygon is 3.165km2.  Daily radio-
tracking for 3 months and visual observation confirm that this female spent most of the time 
within this area.  The yellow area represents GPS data plus radiotracking.  The overall area is 
3.792km2. 

 

 
Fig. 11: Home range of female #5 
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Fig 12.: Four maps (one for each day) show movements in a day. 
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Fig 13.: Map of movements in four days. Yellow area represents boundary of vineyard. Red 

dots refer to roost places. 
 

From the map it is obvious that this female spent most of her time in the vineyard or 
near its borders.  This vineyard uses high windmill-like towers to break frost.  The towers are 
evenly distributed between tree rows and are 10m high. They provide an excellent perching 
option for falcons. Situation of these towers is an important element in choosing potential 
vineyards for future releases.   
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Female “Jackie” Ring no. H81215 
 

The young female which was first used for data collection was caught again and that 
gave us another opportunity to attach a GPS and monitor her movements. This happened on 
10 April -19 days after the previous recording. In this time the female had moved to a place 
7350m from the hack site and stopped visiting feeding tray at feeding times.  The new place 
has a good number of pigeons which had been taken by this female. Despite a full crop from 
her last “pigeon” meal the female came down to offered chick and got caught in nooses. The 
GPS was programmed to record her position every 10 minutes and attached to her transmitter.   

Unfortunately the datalogger recorded only 32 hours and 13 minutes. The falcon with 
attached GPS unit was released near the hack site at 11:50. After spending the first 40 minutes 
near Bankhouse (945m NE of the hack site) the falcon started moving south.  A distance of 
7060m was covered in 30 minutes heading back to the place where she was trapped. She 
stopped for 12 hours and 20 minutes in large plantation. Sunset was at 18:02.  Interestingly 
she made a circle of aprox. 760m between 23:00 and 23:40.  Between 1:20am and 3:31 – on a 
dark night – she moved another 1800m south-west of the place of capture where short 
movements were recorded.  She kept moving right through sunrise which was at 6:50. Each 
recorded point is on different place – she didn’t stop for 20min until 13:38 (1200m east from 
place of capture). From the map it is clearly visible that the falcon stopped on the stony bank 
of the river at 15:01 where she probably had a bath.  The last records are again from the 
plantation near the river, suggesting that she probably spends the night there. 

The total distance covered in 32 hours is 17.1km (10.6miles). This again is the 
minimum distance calculated from the map. We cannot see the movements between 
individual points.  
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Fig 14.: Map of all movements of Jackie#7 

Red dot 1. – Place of release 
Red dot 2. – Place of capture 



 18 

 
Fig 15.: Cutout of Map 10. - Movements at night and next day. 

  
 

 
Fig 16.: Distance/time graph. Time is the actual recording time of the unit not UTC time. 
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Discussion 
 

Interesting findings were revealed by GPS units attached to New Zealand falcons 
during the second year of the Falcons for Grapes project in Marlborough. Unexpected 
extensive movements of young falcons, as well as the size of home range of one female, 
broaden knowledge of this species.  The calculated home range area of 3.792km2 is very small 
compared to 14.4km2 found by Fox (1977) but seems to be enough to support the female. 
Additional feeding and a high abundance of food in the vineyard probably reduces the area.  
   

Most of the falcons tend to come for food at certain times.  It would be interesting to 
use GPS for birds that are not fed regularly.  How much would the size of their range change 
if we reduce the food supply?  Many falcons had been successfully hunting and feeding on 
various prey.  The young male which was used in this study is still, after 4 months, present in 
the vineyard and keeps coming for offered food.  On the other hand Jackie #S81215 – juvenile 
female – was lost soon after this study due to an unknown reason.  Possible reasons could be 
that she moved to the mountains where we cannot radio-track her, the transmitter stopped 
working or she was killed.   

 
The calculated percentage of weight the falcons carry is very high. How much does it 

affect the bird?  The male at Wither Hills still carries a GPS unit at the moment and so far 
there have not been any problems observed.  He had been seen catching various prey with the 
transmitter and GPS unit which represents 8.5% of his body weight. 

A better understanding of data and more time could reveal more precise information of 
distance, speed and altitude during movements.  How precise is the signal when the unit is in 
cover – trees?  Are most of the recorded night movements just a jitter caused by poor 
reception or do falcons move a lot at night?  

In the following six months after release five falcons had been electrocuted.  Due to 
jitter – inaccurate positioning – we cannot use the data to see how much time the falcons 
spend perching on lethal power lines.  

  
 
 The main aim of the first two years of the project is to show that falcons can survive 

and settle in a human-made environment – vineyards.  In the last year of the project we will 
look at the relationship between falcons and small birds that cause huge damage in vineyards. 
GPS tracking can bring important information to this subject. 
   
 

In order to achieve good results, knowledge and prior testing of units is necessary.  
Better battery results can be achieved before a new unit is put on animals.  The case made 
from heat shrink proved to be sufficiently protective and, more importantly, light, but easily 
damaged if not accepted.  Depending on the aims of future study the weight of the whole unit 
with transmitter must be considered.  A lighter transmitter with a shorter lifetime can be used 
and it can be sealed together with the GPS in a waterproof case.  Nestlings, and young birds 
are usually easier to fit with backpack and they also accept it well, but due to short recording 
time switching on must be planned carefully to obtain the required data for a particular 
project. Catching falcons has proved to be very difficult hence a releasing mechanism should 
be developed to eliminate the need for recapture for GPS removal.   
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Plans for future research 
 

The usage of the GPS units during 2007 field season gave us some insight into 
movements of New Zealand falcons. In 2008 we are planning to use the tags on 2006/07   
falcons; those that are already settled in vineyards.The aim is to obtain more information on 
home ranges, habitat use and activity patterns of falcons in vineyards. Improvement of the 
tags is in progress to achieve longer battery life and data storage. New harness design has 
been suggested and it will be tested before the field season. The new harness should come of 
the falcon after certain time which would eliminate recapture of the bird. Conventional radio 
tracking tags will be used to monitor movements of wild falcons around Marlborough.  
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