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The Argos System is a method developed for collecting data, such as location and

temperature, using a satellite.  This system allows us to track birds equipped with

transmitters around the world (Fig. 1).  For example, migration routes (Table 1), home-

ranges, and the foraging behavior of sea birds (Jouventin & Weimerskirch 1990).

Satellite-tracking surveys have also helped with conservation strategies: by showing the

migration routes and important breeding and rest-sites of large bird species, such as cranes

and swans (Higuchi et al. 1994, 1996, Kanai et al. 1997) they have contributed to conserving

these sites (Ichida 1994, Morishita & Minton 1997).  Recently, it has become possible to track

bird species of about 1kg using compact transmitters devised by NTT/Toyocom (T-2060,

15g), and Microwave Telemetry (PTT-100, 20g), and the migration routes of many other

bird species have been studied using the Argos system (Table 1).
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Fig. 1.  Argos System.  Illustrated by Michiko Shigehara.
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Table 1.  Bird species that were tracked their migration routes by satellite-tracking.

English name Scientific name Literature
Magellanic Penguin Spheniscus magellanicus Stookes et al.  1998
American White Pelican Pelecanus erythrorhynchos Fuller et al.  1998
Black Stork Ciconia nigra Peske et al.  1998
White Stork Ciconia ciconia Bossche et al.  1998

Kaatz & Kaatz 1998
Black-faced Spoonbill Platalea minor Unpublished
Osprey Pandion haliaetus Kjellen et al.  1997

Meyburg & Meyburg 1998
White-tailed Eagle Haliaeetus albicilla Ueta et al.  1998
Bald Eagle Haliaeetus leucocephalus Strikwerda et al.  1986
Steller's Sea Eagle Haliaeetus peragicus Meyburg & Lobkov 1994

Ueta et al. in press
Short-toed Eagle Circaetus gallicus Meyburg et al.  1998a
Swaison's Hawk Buteo swainsoni Fuller et al.  1998
Ferruginous Hawk Buteo regalis Fuller et al.  1998
Lesser Spotted Eagle Aquila pomarina Meyburg & Meyburg 1998
Greater Spotted Eagle Aquila clanga Meyburg et al.  1998b
Steppe Eagle Aquila nipalensis Meyburg & Meyburg 1998
Imperial Eagle Aquila heliaca Meyburg & Meyburg 1998
Wahlberg's Eagle Aquila wahlbergi Meyburg et al.  1995
Golden Eagle Aquila chrysaetos Brodeur et al.  1996
Peregrin Falcon Falco peregrinus Howey 1994

Fuller et al.  1998
Trumpeter Swan Cygnus buccinator Strikwerda et al.  1986
Whooper Swan Cygnus cygnus Pennycuick et al.  1996

Kanai et al. 1997b
Whistling Swan Cygnus columbianus Nowak et al. 1990

Higuchi et al.  1991
Bean Goose Anser fabalis Unpublished
White-fronted Goose Anser albifrons Kurechi et al.  1993

Kurechi et al.  1994
Lesser Snow Goose Anser caerulescens USFWS 1992

Fuller et al.  1998
Brent Goose Branta bernicla Benvenuti et al.  1995
Spectacled Eider Somateria fischeri Fuller et al.  1998
Common Crane Grus grus Higuchi et al. 1994a
Black-necked Crane Grus nigricollis Unpublished
Hooded Crane Grus monacha Higuchi et al.  1992

Higuchi et al.  1994b
Red-crowned Crane Grus japonensis Higuchi et al.  1998
White-naped Crane Grus vipio Higuchi et al.  1992

Higuchi et al.  1994b
Siberian Crane Grus leucogeranus Kanai et al.  1997a
Demoiselle Crane Anthropoides virgo Kanai et al.  Unpubl.
Blue Crane Anthropoides paradiseus McCann & Shaw 1998
Little Bustard Tetrax tetrax Osborne et al.  1997
Houbara Bustard Chlamydotis undulata Combreau et al.  1998
Eastern Curlew Numenius madagascariensis Ueta et al.  1997



Argos System and location error

Location data are received through Service Argos.  Location classes (LC) range from Z, B,

A, 0, 1, 2, to 3 in order of accuracy.  The one-standard-deviation accuracies reported by

Argos (1992) were more than 1,000 m for LC 0, 350-1,000 m for LC 1, 150-350 m for LC 2, and

less than 150 m for LC 3 (Table 2).  The system did not estimate the location accuracies for LC

A, B, Z because reception frequency was inadequate.  In addition to the system location

errors, location data include errors from variation in short and medium term transmitter

oscillator frequency, from inaccurate transmitter elevation data given to the Argos Processing

Center, from ionospheric propagation error, and from the transmitters  being on the move

while the satellite is receiving the signals (Soma 1994).  So, the location error is larger than

reported in Argos (1992).  Keating et al. (1991) calculated the accuracy of satellite locations

based on the studies of transmitters (Telonics ST-3) designed for ungulates and wolves.

They found that location classes 1, 2, and 3 had one-standard-deviation accuracies of 1188m,

903m, and 361 m, respectively.

Cost of satellite-tracking

A Microwave PTT-100 costs US$2,900 and a NTT/Toyocom T-2060 JP¥260,000.

The cost of using a satellite differs between countries.  In Japan, the basic cost of satellite-

use/day/transmitter is JP¥3,540.  Effective satellite-tracking of birds requires the collection of

LC 0 data and tracking by three satellites: the LC 0 and three-satellite service cost respectively

JP¥384 and JP¥354/day/transmitter.  So the total daily cost is JP¥4,278/day/transmitter.

Since few people in Japan are using the Argos system, the discount rate of satellite-use

cost is low and satellite-use remains expensive.  However, in countries where there are

many Argos users, the cost of satellite-use is low because of favorable discount rates.

Comparison between PTT-100 and T-2060

There are only two kinds of transmitters that weigh less than 20 g and are suitable for

tracking Black-faced Spoonbills Platalea minor.  They are Microwave PTT-100 and

NTT/Toyocom T-2060.  The shape of each transmitter is shown in Figures 2  and 3.  The

weights are 20 g for PTT-100 and 15 g for T-2060.  The battery life of PTT-100 is slightly longer

than T-2060; 400 h for PTT-100 and 386 ± 68 h for T-2060, if the transmitters are sending

signals continuously.

Of the 10 PTT-100 and 5 trial-produced T-2060 that were attached to Eastern Curlews,
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Table 2.  Loocation error of Argos System

Location Class Argos (1992) Keating et al.  (1991)
3 < 150 m 361 m
2 150 m < accuracy < 350 m 903 m
1 350 m < accuracy < 1000 m 1188 m
0 > 1000 m 12099 m
A no estimate of location accuracy -
B no estimate of location accuracy -
Z invalid locations -



eight birds with PTT-100s and one with a T-2060 were successfully tracked.  The proportion

of high accuracy data (LC 1, 2, and 3) of all data was 18.2 ± 10.6% for PTT-100 (N = 8) and 45.3

% for T-2060 (N = 1). 

The medium sized transmitters (60-100 g) of both the manufacturers show a similar

proportion of LC 1-3; 15.9 ± 10.4% (N = 4) in Microwave and 45.9 ± 11.0% (N = 11) in

NTT/Toyocom.  So, the circuits of NTT/Toyocom transmitters may be better than those of

Microwave PTTs.  However, the trial-manufactured T-2060s frequently stopped sending

signals.  NTT and Toyocom developed a new type of T-2060.  The new T-2060 was available

at the end of December 1998, and we attached two PTTs to Black-faced Spoonbills in January

1999 at Hong Kong.  They have worked well at least until March 1999.  

When high accuracy data are needed, therefore, the T-2060 is more suitable  than the PTT-

100, and the PTT-100 is probably better if one wants to know approximate migration  routes

with certainty, because the tracking rate success for T-2060 is  unknown.  

Methods of attaching transmitters to Black-faced Spoonbills

There are two ways to attach transmitters to birds.  One way is to attach transmitters to

their back feathers with glue; the other  is to harness transmitters on their backs.  We tested

the "glue method" on an Oriental Ibis Threskiornis melanocephalus in Tama Zoo.  We attached

a  transmitter on 28 June 1996, but the transmitter fell off two days later.  Since waterfowl

have a rich layer of down feathers, the "glue method" may be suitable for those species.

But since Black-faced Spoonbills, like Ibises, don't have many down feathers, the transmitters

will fall  off easily, if the "glue method" is used.

Nylon ribbons treated with Teflon are used for harnessing.  Transmitters are harnessed to

the backs of the birds with Teflon-treated ribbons.  We have had experience of harnessing

transmitters to cranes.  The ribbon was put  through the holes of the flanges of a transmitter,

and crossed at the crane's breast.  Both ends of the ribbon were joined with rivets (Nagendran

et al. 1994).

While researching the movements of Eastern Curlew Numenius madagascariensis, we used

an elastic band inside of the teflon ribbon.  With this method, the harnesses can expand and

contract.  A harness with an elastic band is suitable for birds which have large seasonal

changes in body weight.  However, the method is not without fault.  If we attach a transmitter

to a powerful bird, the bird can expand the harness and take off the transmitter.  

Therefore, it may be better to use normal harnesses to attach transmitters to Black-faced

Spoonbills.

Effect of attaching transmitters to Black-faced Spoonbills

If a transmitter is less than 4 % of the body weight, the transmitter does not affect  the bird

(Brander & Cochran 1969), unless it is  irritated by the transmitter, in which case it  may not

show normal behaviour.  So, we studied the effect of transmitters (15 g; about 1 % of body

weight) on the  behavior of a captive Black-faced Spoonbill by observing time spent pecking

the transmitter (time / 15 minutes).  After attaching a transmitter to a  captive Black-faced

Spoonbill at Tama Zoo on 28 June, 1996, we recorded the time spent pecking the transmitters

34



per 15 minutes.  We conducted 4  sets of such observations from 9 AM to 1 PM.

The spoonbill pecked the transmitter on average 33.25 seconds per 15 minutes on the day

after attachment.  The pecking time decreased rapidly to an average of 17.2 sec. / 15 min.

three days after attachment (Fig. 2).  A week later, the spoonbill pecked the transmitter only

a few seconds when it preened itself.  Similar results have been observed in captive and wild

Whooper Swans (Ueta et al. 1997).  So, the effect of  transmitters on the spoonbill behavior

was not  significant.

From these results, we concluded that satellite-tracking could be an effective method

for revealing the migration routes and unknown breeding sites of Black-faced Spoonbills.
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